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Editor's Note 

The value of an International Symposium can be judged only when the meeting documents 

have been published. It is essential, therefore, that the editing of contributions should be carried 

out as speedily as possible. 

To meet this need for the Redfish Symposium, technical editing has been limited and major 

interpretational disagreements between Editor and author - and there have been some - were 

not entered into. They could only have led to delays whilst papers were rewritten. It would 

also be unwise at this stage of knowledge for anyone to be categorical about many aspects of 

redfish research. All necessary alterations, for clarity of meaning, have been made with the 

author's approval. 

It is a pleasure to record my thanks to Miss Rose Bedford of the Fisheries Laboratory, Lowes

toft, for her valuable help in preparing the manuscripts for publication and for her meticulous 

care in checking them. 

G. C. Trout 
5.7. 1960. 
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THE RED FISH OF THE NORTH ATLANTIC 

Chairman's Report and Introductory Remarks 
ChaUm.an: Dr. J. LUNDBECK; Rapporteur: G. C. TROUT 

The Redfish Symposium was held at Copenhagen in 
the Charlottenlund Slot, between 12. and 16. October 
1959, under the joint sponsorship of ICNAF and ICES 
and the Chairmanship of Dr. J. Lundbeck. 

The absence of the late Dr. A. Vedel Taning was felt 
deeply during the meetings and frequent reference was 
made in discussions on many topics to his pioneer work 
on this genus. Because of his early definition of the 
many problems and potentialities of the North Atlantic 
redfish populations, and. in particular, his wide ranging 
studies of their larval stages, it was fitting that the 
Symposium should be held at his laboratory. 

During the Biarritz meetings on fisheries method
ology in 1956, when differences in interpreting redfish 
otolith structures had persisted after a workshop meet
ing, it became evident that a meeting devoted solely to 
redfish problems was required. Furthermore, there was 
a general lack of information on many aspects of red
fish biology and also a dissatisfaction with the nomen
clature used on both sides of the Atlantic. 

At the 1957 Annual Meeting of ICNAF, the Com
mittee of Research and Statistics decided that a Redfish 
Symposium should be held, and, since many of the 
problems were common to the north-east and the 
north-west Atlantic, ICES wa.., asked to co-sponsor the 
meetings. Furthermore it was decided that the Sym
posium should be held in Copenhagen immediately 
after the ICES' meeting in order that more European 
redfish workers could attend. 

The Symposium covered several topics largely con
cerned with taxonomy but these were considered 
necessary preliminaries to the solution of conservation 
problems, which required, for example the determina
tion of the distribution and the boundaries of each of 
the several North Atlantic Redfish stocks. Clarification 
of one problem-namely whether the growth-rate of 
redfish was fast or slow - acquired a considerable 
urgency, when, in June 1959 the ICNAF Fishery 
Assessment Working Group was set up to investigate 
the state of the main fisheries and fish stocks in the 

north-western Atlantic, including the redfish, and to 
assess the effects of different conservation measures 
which might be applied to them. 

The discussions on systematics and on age determina
tion were therefore of the greatest importance and it 
was indeed fortunate that all participants to the Sym
posium were able to attend these, and other discussion 
group sessions. These were arranged as follows:-

Systematics, morphometry 
Systematics, serology and 

natural marks 
Distribution, including 

hydrography 
Larval studies 
Sex and maturity in relation 

to migration 
Age and growth 

Discussion Leader 

Dr. Giles Mead 

Dr. Carl Sindermann 

Dr. W. Templeman 
Dr. H. Einarsson 

Dr. J. Magnusson 
Dir. G. Rollefsen 

In connection with the discussions on Systematics, a 
demonstration of a number of redfish samples from 
many regions, including nearly related forms from the 
Pacific, proved of considerable value. Redfish otoliths 
and the methods of preparing and viewing them, were 
also demonstrated, prior to the Age and Growth 
session, and Mr. George Kelly enlivened the meeting 
with an excellent film of his tagging experiments in the 
Eastport, Maine, redfish population. 

During the last session, on age determination, the 
Symposium reached a decision in favour of slow growth 
-though further work is still required to confirm this 
interpretation-but no firm agreement was reached in 
discussions on Systematics and stock identification. 
However, the discussions and the demonstration 
clarified the situation to some extent. Far more work 
must be done before a full understanding of the status 
of the various North Atlantic Sebastes populations is 
forthcoming. In the meanwhile, interpretation of the 
data is still controversial and readers should refer to the 
joint report of Drs. Giles Mead and Carl Sindermann. 
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Nevertheless, on morphological, serological, ecological, 
and behavioural grounds there seems good reason to 
separate the Sebastes marinus and Sebastes mentella of 
the Barents Sea as full species, although this is not 
evident from Kelly's treatment of morphometric data. 
On the other hand, the common North American red
fish, often referred to as Sebastes marinus, or some
times, and surely, since it is a "beaked" redfish, more 
logically, as the "American mentella'~~ has been shown 
to produce larvae with caudal pigmentation. In this, it 
differs from S. mentella caught elsewhere. 

Although Templeman and Sandeman's observations 
were restricted to late pre-extrusion larvae from the 
Hermitage Bay area of South Newfoundland, Flemish 
Cap, and from as far north as Hamilton Inlet Bank, 
off Labrador, Taning's earlier field studies from the 
region of the Flemish Cap, can be taken as confirma
tion of caudal pigmentation occurring in the released, 
planktonic larvae. No such caudal pigmentation has, 
so far, been reported in planktonic larvae from the 
Barents Sea or Central North Atlantic, except in the 
larvae of the commercially unimportant S. vivipaTus. 

Thus whilst S. marinus appears to possess relatively 
uniform characteristics, whether it comes from the 
Barents Sea or from the coast of Labrador, there 
appear to be major differences between the "American 
mentella" and the S. mentella from the Barents Sea 
and other regions. The main difference-larval pig
mentation-would appear to be genetic and is thought 
to be sufficient to warrant a different name being given 
to the American ~~mentella"-like form. Whether this 
should be a specific or sub-specific name is for the 
results of further work to decide. Whether, too, the 
widely separated fisheries for S. marinus are dependent 
upon a central, largely pelagic and oceanic reservoir of 
this species, still requires confirmation and this problem 
will have to be settled before the redfish assessment 
studies can be completed. The facts presented by Soro
kin and other Russian workers for the Barents Sea; by 

Magnusson for the Iceland/Greenland region; and 
those derived by Dietrich, Aurich and Kotthaus, from 
their important hydrographic approach to the study of 
larval distribution, would appear to be against this con
cept of one oceanic population. Again, more research 
is required before the position is clear. 

Recommendations for future research are contained 
in the reports of the Chairmen of the Discussion 
Groups. They should be implemented by a co-ordinated 
research programme using serological and biochemical 
techniques particularly in the north-west and central 
regions of the Atlantic, in order to resolve the status 
and the interrelationships of the several redfish stocks 
and the relationship and origin of the "intermediates" 
reported and demonstrated by Dr. Kotthaus. 

Results from larval studies showed a remarkable 
measure of agreement in the many papers tabled, so 
that an extension and intensification of the present 
work and methods should be adequate to fill in the 
gaps in the knowledge of larval distribution, origin and 
parentage. 

\Vhilst these are perhaps the main issues, the more 
detailed reports and recommendations of the six Topic 
Chairmen point to many more problems still to be 
elucidated. Some of these would derive benefit from 
joi~t planning of research projects and shared research 
vessel effort, in order to make the most effective use 
of research time and resources. 

Acknowledgments 

At the conclusion of the meetings, Dr. Lundbeck 
expressed his gratitude to the Discussion Leaders for 
their contribution to the success of the Symposium, and 
asked that the thanks of the entire meeting should be 
conveyed to the staff of the Danish Institute for Fishery 
Research at the Charlottenlund Slot, whose constant 
attendance and help had made for the smooth running 
of all activities. 
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SECTION I 

SYSTEMATICS AND NATURAL MARKS 

DIseussion Leader.: Dr. GILES W. MEAD aDd Dr. CARL J. SlNDERMANN 

Section A 

Alverson, D. L., & Westrheim, S. J. "A review of the 
taxonomy and biology of the Pacific Ocean perch 
and its fishery". 

Kelly, G. F., Barker, A. M., & Clarke, G. M. "Racial 
comparisons of redfish from the western North At
lantic and the Barents Sea". 

Kotthaus, A. "Contributions to the race problem in 
redfish", 

Kotthaus, A. "Preliminary remarks about redfish oto
liths" . 

Phillips, J. B. "Problems in the identification of fishes, 
with a comparison between shallow-water and deep
water species of SebastodeJ (Scotpaenidae)", 

Templeman, W., & Pitt, T. K. "Vertebral numbers of 
redfish, Sebastes marinus L. in the north-west At
lantic, 1947-1954". 

Travin, V. I. "A brief survey of Soviet investigations in 
redfish (Sebastes genus) ". 

Trout, G. C. "Sebastes viviparUJ (Kreyer) and the red
fish problem". 

Section B 

O'Rourke, F. J. "An immunological and chromatogra
phic study of Sebastes marinus L. and Sebastes men
tella Travin". 

Schaefer, H. "A biochemical contribution to the redfish 
problem". 

Sindermann, C. J. "Parasitological tags for redfish of 
the western North Atlantic". 

Sindermann, C. J. "Serological studies of redfish". 

Templeman, W., & Squires, H. J. "Incidence and dis
tribution of infestation by Sphyrion lumpi (Kmyer) 
on the redfish, Sebastes marinus L. of the western 
North Atlantic, 1949-1953". 

Since the section devoted to a discussion of "natural 
marks" (serological, parasitological, and biochemical) 
and that devoted to the methods and results of systema
tics studies, are directed toward a common end, a joint 
report of the results of these two sections is submitted 
here. 

The participants in this symposium have recognized 
the two parallel taxonomic aspects of the redfish 
problem. The first is the systematic nature of the popu
lation of North Atlantic Sebastes in an evolutionary 
sense and is concerned with ancestry, biological or 
reproductive isolation and gene flow, and speciation 
and variation in a rather comprehensive sense. The 
second aspect is a more pressing one of direct concern 
in fishery assessment and management: what popula
tion units, or stocks, can be delimited for management 
purposes, and whether such definition can be attempted 
in the immediate future. These two aspects are com
parable, and the full answer to the problem in a syste
matics sense would provide complete answers to the 
questions asked by students of population dynamics 
and the fishery. 

The several contributions to the symposium on 
morphological variation and the separation of popula
tions by anatomical differences, although to some 
extent inconclusive, have helped to define the problem 
and to clarify our understanding of it. Dr. Krefft has 
provided a provocative hypothesis concerning the 
origin of the North Atlantic Sebastes, particularly the 
American fonus known as mentella-type and the eastern 
Atlantic marinus-typc., from two subspecies of the 
related and more primitive genus Helicolenus (H. dac
tylopterus maderensis and H. d. dactylopterus respec
tively) or their predecessors. 

Similarly, in a discussion not presented to the sympo
sium in written form, Mr. B. B. Parrish has provided 
notes on the criteria necessary to the assessment bio
logist in any consideration of "stocks". Similar remarks 
were presented in Mr. GulIand's contribution to this 
symposium. Since Mr. Parrish's comments will not 
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appear elsewhere, we have included a part of them in 
this report, as follows:-

"Whereas the taxonomic status of 'groups' of fish is 
of major importance in the proper understanding of 
the evolution and genetics of the group, population 
studies are interested, principally, in identifying unit 
stocks or management units which can be treated as 
separate dynamic groups. Thus 'groups' of very dif
ferent taxonomic status can, as dynamic groups, have 
the same significance in population management". 

liThe essential property of a unit stock, as a manage
ment unit, is that it is sufficiently self-contained bio
logically so that its abundance (number and weight) is 
detennined by factors operating within its boundaries, 
which affect either recruitment, growth or mortality. 
A consequence of this is that any fishery management 
procedure will operate principally on the parameters of 
that defined group." 

"The specific demands in the unit stock concept will, 
in fact, vary according to the type of management 
measure under consideration. For some types, e. g. 
control of age of first capture, the principal require
ments are 'groups' of 'unifonn' growth-rate and mor
tality, but for some others, the demand is for more 
'complete' biological groups". 

"In many instances there is wide biological variation 
within the boundaries of a single taxonomic group, and 
often there are major differences between the sexes in 
growth, maturation, etc. In population studies these 
differences may be of greater importance than differen
ces between taxonomic groups. Further, it may some
times be possible to treat two or more distinct taxonomic 
groups, having similar population parameters, together 
for assessment purposes". 

"Essentially, the major task with Sebastes at present 
is to look for geographical boundaries between groups 
within its total distribution, for which, despite much 
variation, there is some evidence of uniformity about 
its population parameters." (End of quotations from 
Mr. Parrish.) 

It has become apparent during this symposium that 
satisfactory answers can be provided for but few 
questions. It has become equally apparent that answers 
or at least close approximations must be had now. The 
conclusions which follow may represent the concensus 
of the participants in the systematics and natural marks 
discussions. 

1. Sebastes vivi parus is a species clearly distinct from 
its congeners in general form, structure of otolith, fin 
ray, vertebra and scale complement, colour, growth
rate, and perhaps other features. It is common in 
waters more shallow than those of the larger species but 
does occur throughout the depth range of the com
mercial populations. S. viviparus has been found from 
East Greenland and Iceland eastward to Great Britain, 

the Faroes, and the coast of Norway. There are indica
tions that S. viviparus is more closely allied to the 
American mentella-type rcdfish than to the eastern 
Atlantic forms. Since it is easily recognizable and not 
important in the commercial landings, it need be of no 
further interest in population dynamics problems. 

2. The commercial American fishery for redfish in 
the north-west Atlantic is based upon the mentella-type 
redfish which may constitute three stocks for assessment 
purposes. The first of these lives in waters comprising 
ICNAF Subareas 4 and 5, and Division 30 and 3 P 
(the south-west Grand Banks and westward to the Gulf 
of Maine and including the Gulf of St. Lawrence). 
The second area is ICNAF Division 3 K, 3 L, and 
Subarea 2 (the northern Grand Banks, the Newfound
land shelf, and the coast of Labrador). These two 
groups intenningle in Division 3 N, the south-eastern 
Grand Banks, in which the situation is not yet clear. 
The third area is Division 3 M (Flemish Cap). 

The restriction of reproduction in the north, and the 
restrictive influence which the Gulf Stream waters will 
have on the eastward drift of viable larvae in the south, 
together with suspected larval drift patterns in the 
area, contribute to the isolation of these populations. 
There may be local variation within these populations, 
for the studies of parasite infection reported by Dr. 
Templeman and Dr. Sindermann, and the analysis of 
vertebral counts reported by Dr. Templeman, show 
that these fishes are chiefly non-migratory. Further 
suggestions of slight geographical variations were de
monstrated in Mr. Kelly's morphometric analysis. The 
growth-rates reported by Mr. Kelly and Mr. Sandeman 
were similar, the sexes being considered separately. The 
occasional marinus-type individuals, and the local 
inshore populations of peculiar behaviour such as the 
Eastport, Maine, population discussed by Mr. Kelly, 
should be excluded for assessment purpm:es. 

3. From the morphometric data available, the known 
growth-rates, behavioural patterns, the structure of the 
otolith, and lastly the biochemical distinctions discussed 
by Professor O'Rourke, it seems apparent that Barents 
Sea mentella-type and mm-inus-type Sebastes must be 
considered distinct for population analyses, whatever 
the systematic status and relationship of each may be. 

4. In the absences of discrete characters for the sepa
ration of marinus-type from mentella-type redfish in 
the East Greenland/Iceland/Faroes area, we concur 
with the conclusion reached by Dr. Kotthaus: that the 
separation of types in this area is at the present time 
difficult and in many instances impossible. The possible 
influence of length of pelagic life in this area, food 
preferences, conditions at time of spawning etc., on 
morphometry was discussed, and the con census was 
that much more information of the first few years of 
life would be required before a meaningful taxonomic 
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analysis would be possible. The opinion that the inter
mediate types abundantly represented in Dr. Kotthaus's 
material could be allocated to one type or another was 
expressed. In the absence of objective criteria for a 
more complete separation, no conclusion could be 
reached. Biochemical and serological methods could 
appropriately be applied to a study of these inter
mediates. A similar approach could be used to establish 
the distinctiveness, or the relationships, of the llgiant" 
fish occasionally found in most areas. 

5. Biochemical and serological characteristics offer 
definite promise of providin!S information of value to 
the study of redfish groups. 

6. Opinion was divided on the usefulness of otolith 
form as an indicator of environmental conditions, races, 
subspecies or species. It is obvious that in certain areas 
otolith type is a species or type characteristic, but it is 
equally obvious that a great deal of geographical 
variation exists. 

Several suggestions for future work seem in order:
(a) Available data on the American mentella-type 

commercial redfish stocks, as tentatively defined above, 
should be reviewed by biologists in the ICNAF area 
with respect to the parameters essential to assessment 
and management, prior to the further application of an 
assessment programme. 

(b) In view of the potential value of biochemical 
and serological methods for studying systematics and 
populations of fish, these methods should be encouraged 
in the analyses of redfish populations of the North 
Atlantic. There are several ways in which they could be 
assisted by ICES and ICNAF. 

(i) By encouraging senior university staff bioche
mists and serologists with grants in aid and summer 
employment at fisheries laboratories; 

(ii) by arranging for the preparation and publica
tion of a handbook describing various methods used; 

(iii) by encouraging government employment of 
serologists and biochemists in fisheries laboratories; 

(iv) by arranging a world meeting, possibly in 
conjunction with the forthcoming FAO conference 
on fish physiology, of those working with serological 
and biochemical approaches to fi~h taxonomy. 

(v) It is further recommended that certain bio-

chemical detenninations be accomplished at sea on 
freshly-caught individuals. 

(c) Whereas the eastern, and the western, mentella
type and marinus-type redfish can be distinguished 
visually in the Barents Sea and the more northern 
American waters, less progress has been made toward 
the separation of typcs in morc central areas. A study 
of the changing characteristics of thcse types, starting 
with the more northern areas, should be attempted in 
an effort to interpret the nature of the intermediate 
types prominent in data such as that presented by Dr. 
Kotthaus. 

(d) One recommendation proposed by Dr. H. 
Einarsson and included in his report on the "larval 
studies" discussion is of particular significance to the 
taxonomic question. The further study of larval charac
teristics, particularly the pre-extrusion larvae in the 
ICES area and the planktonic larvae in the waters 
south and west of Greenland, is essential. 

(e) The morpholo!(ical data presented by Dr. Kott
haus and Mr. Kelly do not separate adequately the 
redfish types found between East Greenland, Iceland, 
and the Faroes. Similarly, an adequate explanation of 
larval peculiarities such as the differing length
frequency modes reported by Mr. Vagn Hansen and 
Mr. K. P. Andersen may involve taxonomic as well as 
reproductive factors. Reproduction, pelagic life and its 
duration, food preferences and growth, etc., have a 
direct bearing on taxonomy; the accumulation of in
fonnation bearing on these questions is vitally needed. 

(f) Attempts to provide objective criteria, including 
colour and other field characters, for the separation of 
mentella- and marinus-type redfish should continue. 

(g) The possible effect of environment on body form, 
the behaviour of larvae, and many other questions of 
importance in taxonomy and red fish biology in general 
was reflected in all discussions. Many of these questions 
could be resolved if redfish and their young could be 
kept in controlled aquaria. The occurrence of redfish in 
shallow water, such as the Eastport, Maine, population 
studied by Mr. Kelly, provides a source of material for 
such experimental work, and it is strongly urged that 
such studies be undertaken whenever and wherever 
the opportunity may arise. 
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A Review of the Taxonomy and Biology of the Pacific Ocean Perch and its Fishery 
By 

DAYTON L. ALVERSONI) and SIGURD J. WESTRHEIM') 

Introduction 

The development of a fishery for Pacific ocean 
perch, Sebastodes alutus, along the west coast of the 
United States and Canada has stimulated interest in 
the biological and taxonomic relationships which may 
exist between this species and the Atlantic species of 
redfish, Sebastes marinus. To aid fisheries workers in 
current or future comparative studies of the differences 
between the commercially-exploited scorpaenids of the 
Atlantic and the Pacific Oceans, the authors have 
reviewed and abstracted the more important publica
tions relating to the biology and the taxonomy of the 
Pacific ocean perch and its fishery. 

Systematics 

The family Scorpaenidae is represented on the west 
coast of North America by three genera. Two of these, 
Sebastolobus and Sebastodes, have a range extending 
from Baja California to the Bering Sea. The other, 
Scorpaena, is represented by one species, the sculpin 
rockfish, S. guttata, which inhabits the waters from 
Baja California north to Point Arguello, California. 

A key to the genera of North American scorpaenids 
taken from Phillips (1957) follows. 

A Key to Genera of Scorpaenidae 

I-a. Dosal fin spines, 15 or 16; rarely 17; dorsal 
fin rays, 8-10; vertebrae, 29 ...... SebastolobUJ. 

I-b. Dorsal fin spines, 13; rarely 11, 12, or 14; 
dorsal fin rays, 11-18; vertebrae, 26-27 ... 
............................................. Sebastodes. 

I-c. Dorsal fin spines, 12; dorsal fin rays, 9 or 
10; rarely 8; vertebrae, 24 ............ Scorpaena. 

S ebastolobus is represented by two species, alascanus 
and altivelis, which are called "idiots" by fishennen 
and "'thomheads" by taxonomists. These species are 
common along the continental slope at depths ranging 
from 80 to 500 fathoms; however, the bathymetric 
range is probably more extensive. Phillips (op.cit.) 
reports a depth range from 50 to 800 fathoms. 

. 1 Chief, ~o~th Paci~ic Fisheries Exploration and Gear Research, U.S. 
Fish ~d WildlIfe Servlcc, Bureau of Commercial Fisheries, Seattle, 
WashlDgton. 

2 Director of Research, Oregon Fish Commission, Clackamas, Oregon. 

The genus Sebastodes* is one of the most complex 
and confused groups confronting west coast marine 
taxonomists. The work of Phillips on the rockfishes of 
California represents an excellent contribution and 
effort towards unravelling the existing taxonomic 
chaos. Other recent works concerning the systematics 
of Sebastades include papers by Sunde and Lindsey 
(1958), Wilimovsky (1958), and Alverson and Welan
der (1952). All of the studies however consider 

. " restncted portions of the generic range, and no com-
prehensive review of the rockfishes along the west coast 
of North America has been attempted since the work 
of Jordan and Evermann (1898). 

The number of described species of Sebastodes within 
the literature far exceeds the number that local taxo
nomists accept as valid. Contemporary estimates as to 
the number of species range between 53 and 58, with 
authors qualifying the stated number with "about" or 
"approximately". In recent years reviews of the rock
fish. group have reduced some previously accepted 
speCIes to synonym or subspecies status, and hybridiza
tion has been noted. Phillips (1957) reports eight 
synonyms and three tentative hybrid fonns. 

1?e greatest number of species types along the 
PacIfIc coast of North America occurs at the southern 
end of the generic range. Forty-nine Sebastodes are 
reported off California by Phillips (op. cit.). Alverson 
and Welander (1952) and Welander and Alverson 
(1954) record 29 species for Washington and adjacent 
waters. Sunde and Lindsey (1958) report 23 species 
off British Columbia. Wilimovsky (1958) records 20 
species occurring off Alaska. Only one of the 20 species 
listed for Alaska, 's. polyspinus, is restricted to the 
Alaska portion of the generic range, while 17 of the 
species occur off British Columbia and the States of 
Washington, Oregon, and California. One species, S. 
entomelus, has been reported from Alaska and from 
California, but not from off Washington and British 
Columbia. Of the 23 species known off British Colum
bia, all have been reported taken off the State of 

.* T~r?ughout the text the authors have used genus name Sebastodts • 
whIch IS 10 common usage by west coast taltonomists. We however are of 
the opinion that the inter.generic differences betwe~n Seb.:u;es and 
Sebasto1es do not warrant this separation and suggest following Matsubara 
(1943) III use of Sebasus for the Pacific species of Sebastodes. 
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Figure 1. Pacific ocean perch (Sebastodes alutus). 

Washington. All but two species, S. emphaeus and S. 
ciliatusJ recorded off Washington are known to exist 
off the California coast. 

The species within the Sebastodes group vary con: 
siderably in osteology, morphology, and colour patterns. 
Differences in skull shape and the presence or the 
absence of cranial spines are chief characters used for 
identification. The interorbital space may be strongly 
convex with vestigial or no obvious spines on the supra
orbital ridges, such as in S. melanops and S. t1avidus, 
or greatly concave with strongly developed ridges and 
spines as in S. nigrocinctus. Between these extremes lie 
intermediate forms which are described as having 
moderately or slightly convex and sometimes flat inter
orbital areas. Morphometric and meristic data for many 
of the SebastodeJ group of North America are given by 
Phillips (1957). 

Colour patterns vary considerably between species, 
and therefore the patterns in fresh specimens can be 
used to aid identification. Rockfish with shades of 
brown, black, yellow, green, orange, and pink are 
common in the shallower waters « 100 fathoms) 
along the continental shelf. In the deeper waters 
( > 100 fathoms), rockfish of shades of red predomi
nate. The species of Sebastodes inhabiting the shallower 
waters are, for the most part, larger and rotund in 
contrast to smaller, elongate ones found along the con
tinental slope. Body depth varies considerably between 
species and may range from 4: 1 in the standard length 
(S. nigrocinctus) to 2·5:1 (S. jordani). 

Many of the closely related species show only slight 
differences, which makes field identification difficult. 
Keys used at present for species identification have 
been provided by Sunde and Lindsey (1958), Jordan 
and Evermann (1898), Schultz (1936), Clemens and 
Wilby (1949), Alverson and Welander (1952), Phillips 
(1957), and WiIimovsky (1958). A field key for identi
fication of S. alutus only ha, also been published by 
Westrheim (1958). 

Sebastodes alutus was originally described from a 
6-inch specimen captured by the "Albatross" off the 
Santa Barbara Islands of southern California (Gilbert, 
1890). Other specimens have been reported as far 
north as the Bering Sea (Rathbun, 1892; Gilbert, 
1895). The species is systematically grouped, with the 
varieties of rockfish characterized by a slightly convex 
to flat interorbital space, a strongly projecting sym
physeal knob, and a moderately elongated body (Figure 
1 ). Meristic and morphometric data as given by Phil
lips (1957) for S. alutus are shown in Table 1, and a 
,~eneral description of S. alutus as taken from Phillips 
follows. 

General Description of Sebastodes alutDs 
(from Phillips 1957) 

Body colour: Light red including fins j a dark olivaceous area 
on back under soft dorsal and a smaller dark area on caudal 
peduncle; some light olive stippling on sides. 

Mouth and gill cavities: Mouth mainly pink, but with somc 
duskiness; gill cavity pink, with considerable black blotching 
in adults. 

Peritoneum: Gray with black dots or black. 
Top of head, at mid-orbits: Slightly convex to flat. 
Spines on top of head: Nasal, preocular, supraocular, post

ocular, tympanic and parietals usually present, but small 
and weak (a tympanic or supraocular spine may be absent 
occasionally). Coronal and nuchal spines aount. 

Parietal ridges: Low and thin. 
The five preopercular spines: Moderately strong, sharp, usually 

radially directed but sometimes with upper two directed 
backward. 

The two opercular spines: Moderately strong, thin and sharp, 
the uppermost usually longer. 

Supracleithral and cleithral spines: Strong to weak. 
Lower maTgin of suborbital bone: Two small, sharply trian

gular spines, or rounded lobes present. 
Lower posterior edge of gill cover: Spines present. 
Symphyseal knob: A prominent, pointed, forward-projecting 

knob is present. 
Raised patch of teeth on tip of lower jaw: A strongly raised 

patch of teeth present; not completely included by snout 
when jaws are closed. 

End of maxillary: Under mid-orbit or rear of pupil. 
Maxillaries: Covered with scales. 



Table 1 
Morphomebic and meristic data on Sebastodes alatus 

(from Phillips, 1957) 

Frequency of Frequency 
Measurement measurement into: of orbit 

Standard Head width into 

14 -

Mandibles: Covered with scales. 
Branchiostegals: With scales. 
Ends of pectoral and ventral fins: Tips of pectorals extend to 

tips of ventrals, or slightly beyond, sometimes reaching anus. 

length length measurement 

Second anal fin spine: Usually twice as thick as third, occa~ 
sionally only slightly thicker. Tip of second fails to reach 
tip of third by about one~sixth of orbit width (spines de
pressed) . 

Length of head 2-6-2-8 
Depth of body at origin 
of ventral fin .... 2-8-3-4 1-1-1-2 -2-8-3-5 
Depth of body at origin 
of anal fin 3-7-406 H-1-6 2-1-2-7 
Length of base of anal fin 6-1-7-1 2-4-2-6 1-4-1-6 
Length of snout 10-0-11-3 3-Il-+2 O-Il-I-O 
Width of orbit ...... 9-3-10-1 304-3-8 
Width of 
interorbital space 4-6-4-9 0-7-0-8 
Width of 
suborbital bone --- 0-1-0-2 
Length of upper jaw ... 5-6-6-2 2-/-2-3 1-6-1-8 
Amount that lower 
jaw projects 0-2-0-4 
Thickness of body ..... 1-4-1-7 
Width of base 
of pectoral fin ... 0-S-0-9 
Longest pectoral fin ray 3-6-4-1 1-3-1-5 204-2-8 
Longest ventral fin ray l-1l-2-0 1-8-2-1 
Length of 
ventral fin spine ........ 2-9-3-4 1-0-1-2 
Length of 
first anal fin spine ..... 0-4-0-6 
Length of 
second anal fin spine .. 8-3-10-8 3-5-4-2 0-9-1-0 
Length of 
third anal fin spine .... 0-9-1-1 
Longest anal fin ray .. 5-9-6-6 2'3-2,4 1-5-1-6 
Longest dorsal fin spine 7-9-8-9 2-9-3-'1 1-1-1-2 
Longest dorsal fin ray. 6-7--7-8 2-5-2-9 1-2-1-5 
Least depth of 
caudal peduncle 10-6-12-:3 4-1-4-5 O-Il-I-I 
Ventral length of 
caudal peduncle 1-8-2-0 1-8-1-9 
Dorsal length of 
caudal peduncle .... 2-5-2-8 1-3-1-5 
Posterior of anus to 
origin of anal fin ...... 0-3-0-6 
Longest raker on 
first gill arch ........... 0-4-0-6 

Number of rays in dorsal fin 
Number of rays in anal fin. 
Number of rays in each 

14 or 15 (rarely 16 or 17) 
8 or 9 

pectoral fin ................... . 
Unbranched rays in each 
pectoral fin ................... . 
Number of rakers on first 
gill arch ...................... . 
Number of pores in 
lateral line .... 
Diagonal rows of scales 
below lateral line ... 
Number of specimens 
examined ...................... . 
Size of specimens examined 

18 (occasionally 17) 

8 (occasionally 5, 7, or 9) 

33-38 

44-51 

49-55 

11,plus4 
13'0-17'8 inches 

Spinous dorsal fin membrane: Moderately incised. 
posterior profile of caudal fin: Strongly indented. 
Terminal pr,ofile of anal fin: Nearly vertical, or with slight 

posterior slant. 

Jordan and Evermann (1898) indicate a close taxo
nomic relationship between S. alutus~ S. miniatus, S. 
proriger, and S. brevispinis. The relation to S. miniatus 
and S. brevispinis was not considered significant by 
Alverson (1954), since they differ conspicuously from 
S. alutus in osteology, morphology, and colour. We 
believe S. alutus is more closely allied to S. saxicola 
than other species. Field differentiation between these 
species is difficult. 

History of the Fishery 
Pacific ocean perch, Sebastodes alutus~ were known 

to be available off the Washington and the Oregon 
coasts a number of years prior to commercial exploi
tation. Trawl fishermen who occasionally made catches 
of this species when fishing near the continental slope 
sorted the largest fish from the haul and returned the 
others to the sea. The retained catch was sold along 
with other SebaJtodes under a number of market names 
including rockcod, rockfish, and snappers. Fishermen, 
however, generally avoided grounds inhabited by small 
(less than 15 inches in length) scorpaenids such as 
S. al.utus, as the buyers usually would not accept these 
speCles. 

Historical notes of the west coast "ocean perch" 
fishery, chronologized by Alverson (1954) and Westr
heim (1958), indicate that active exploitation of the 
fishery began in 1946_ During 1946 and in early 1947 
small quantities of S. alutus purchased by the Yaquina 
Bay Fish Company of Newport, Oregon, were filleted 
and sold as fresh fish. The manager of the company, 
D. W. Turnacliff, noted the close similarity between 
the east coast ocean perch and the newly exploited 
west coast deep-water rockfish and initiated labelling 
frozen fillets as "ocean perch" late in 1947. The 
packaged and labelled product at that time contained 
S. alutus, a considerable amount of the split-nosed 
rockfish, S. diploproa, and a comparatively unknown 
species, S. crameri. The vernacular applied by fisher
men to the small, red, deep-water rockfishes was "rose
fish", and no attempt was made to differentiate species 
within the heterogeneous catch. Following the labelling 
of the fillets as "ocean perch", landings of "rosefish" 
(mainly S_ alutus) greatly increased_ 
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Figure 2. Photograph of a scale taken from a Pacific ocean perch, 364 mm fork length, and showing 10 annuli. 

The new fishery, which for several years remained a 
lone venture of the Yaquina Bay Fish Company, was 
confronted with a set-back in 1949 when an interstate 
shipment of Pacific ocean perch was seized by the U.S. 
Food and Drug Administration*. Libel action was then 
initiated against the company for using the label "ocean 
perch". Prior to the trial, an "ocean perch" committee 
was organized to acquaint the U.S. Food. and Drug 
Administration with the taxonomic similarities of the 
two genera Sebastodes and Sebastes and the close taxo
nomic position of the species S ehastodes alutus and 
Sebastes marin us. 

Testimonies concerning the taxonomy of the species, 
.. The United States Food and Drug Administration may prohi!Jit 

shipment between states of produce which it considers to be fahcly 
labelled. 

which demonstrated a divergence of opinion of the 
experts as to the validity of generic differences, must 
have thoroughly confused the authorities. The case was 
never tried, and in June of 1951 permission was granted 
to market S. alutus as "Pacific ocean perch". Other 
members of the genus Sebastodes were not authorized 
for interstate shipment under this trade name. 

Subsequent to this ruling the fishery expanded 
rapidly. Fishennen prospected grounds to the north 
and south of the area off central Oregon, and other 
fish processors began accepting Pacific ocean perch. 
Successful exploratory fishing surveys conducted aboard 
the Fish and Wildlife Service's vessel, "John N. Cobb" 
(Alverson 1951-1953), also helped to expand and 
accelerate development of the fishery. By 1955, deep-
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Table 2 
Pacific coast landing. (pounds) of Pacific ocean perch! 

Year California Oregon 
. British 

Washmgton Columbia Total 

1946 97,000 97,000 
1947 164,000 164,000 
1948 211,000 211,000 
1949 - 1,044,000 1,044,000 
1950 - 1,525,000 1,525,000 
1951 1,856,000 1,856,000 
1952 - 4,737,000 1,696,000 6,433,000 
1953 - 2,647,000 3,102,000 407,000 6,158,000 
1954 - 3,761,000 6,672,000 481,000 10,914,000 
1955 57,000 1,637,000 3,499,000 72,000 5,265,000 
1956 7,000 3,115,000 4,996,000 295,000 8,413,000 
1957 - 3,328,000 4,549,000 243,000 8,120,000 

1 Sources of statistics include WUhingtOD State Department of Fim
eries.!. Oregon Fish Commission, Pacific Marine Fisheries Commission. and 
the yaquina Bay Fish Company. 

water banks (100 to 200 fathoms) between northern 
California and Queen Charlotte Sound, British Colum
bia, had been prospected. Although much of the con
tinental slope was found Uuntrawlable", excellent perch 
grounds were located off the Columbia River, northern 
Washington, and central Vancouver Island, and in 
Queen Charlotte Sound. Some of the more productive 
Pacific ocean perch grounds currently exploited are 
shown in Figure 3. All of these grounds yielded excel
lent catches during initial fishing, but fell off somewhat 
following a reduction in the accumulated stock levels. 
The largest and most productive perch grounds cur
rently (1955/59) being fished lie at the north end of 
Vancouver Island in Queen Charlotte Sound. 

The fishery for Pacific ocean perch has heen pursued 
almost exclusively by trawlers fishing out of the States 
of Oregon and Washington, although trawlers from 
the State of California and from the Province of British 
Columbia, Canada, make occasional landings. Avail
ability of commercial quantities of S. alutus off Cali
fornia is apparently limited to the northern part of the 
state, and although large concentrations of Pacific 
ocean perch are known to exist off Vancouver Island, 
Canadian fishermen have not yet exploited this species 
intensively. Annual Pacific coast landings of "perch" 
in recent years (1952/1957) have ranged from 5'3 to 
10·9 million pounds (Table 2). During this same period 
total trawl landings for all species along the Pacific 
coast ranged from 107 to 142 million pounds (unoffi
cial figures of the Pacific Marine Fisheries Commis
sion) . 

Although the growth of the west coast "ocean perch" 
fishery appears to have been largely influenced by the 
marketing problem, the expansion of trawling and 
prospecting of the offshore banks was imminent. In 
this, the adoption of various electronic devices devel
oped and modernized during World War II played a 
major role. The use of echo-sounders and loran were 

significant post-war changes in both the Washington 
and the Oregon fleets. With accurate offshore navi
gation and the ability to survey bottom contours 
quickly, the small trawlers became proficient in locating 
and maintaining their position on the deep-water perch 
grounds. Details concerning the evolution of gear and 
fishing methods for west coast trawling have been des
cribed by Scofield (1948), Harry (1956), and Alverson 
(1959). 

Trawling for Pacific ocean perch has been carried 
out at depths ranging from 50 to 300 fathoms (92 to 
549 metres) ; however, the bulk of the catch is taken at 
depths ranging from 80 to 200 fathoms (146 to 366 
metres). Studies of annual bathymetrical catch distri
butions for S. alutus were conducted by the Washing
ton State Department of Fisheries during the period 
1955 through 1957. Catches for these years are graphed 
to show the vertical catch distribution in each 10-
fathom interval (Figure 4). The quantity, the percent
age of the total catch, and the cumulative percentage 
of catch for these depth increments are given in Table 
3. The largest production, at present, is obtained at 
depths between 100 and 160 fathoms (183 to 293 
metres). Westrheim's (1958) data for the Oregon 
fishery indicates a similar range. 

The average catch per hour for Washington trawlers 
working perch grounds has, in recent years, ranged 
between 800 and 2,000 pounds'. Studies of yield per 
hour by area show a general increase toward the north
ern extremity of the geographical fishing range (these 
grounds are the most distant from U.S. fishing ports) 2. 

The continental slope, throughout the present range 
of the fishery, is comparatively steep and even the 
available trawling grounds within the species' depth 
range are not equivalent in area to those of the North 
Atlantic. The species' range extends from southern 
California to the Bering Sea but has not been recorded 
along the Asiatic coast. 

It seems doubtful that the production potential of 
Pacific ocean perch is comparable to that of Sebastes; 
however, present catches are taken from a relatively 
small portion of the known range of the species, and 
total landings have been influenced by market demand 
rather than abundance or availability of the species. 
Recent U.S. Fish and Wildlife Service exploration in 
Alaskan waters (Schaefers, et ai., 1955; Greenwood, 
1958) have shown S. alutus to be abundant off south
eastern Alaska and in the Gulf of Alaska off Prince 
William Sound. Further studies will probably demon
strate commercial abundance of the species along the 
Aleutian Islands. These unexploited areas offer con
siderable prospects for expansion of the existing fishery. 

1 Estimates by Wa3hington State Department of Fisheries and Oregon 
Fish CommiSsion. 

2 This trend may be influenced to some extent by greater efficiency or 
fishing power of vessels fishing the northern grounds. 
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Table 3 
Catch, percentage of total catch, and cumulative percentage by lO·fathom intervals for Pacific ocean perch 

(all offahore areal. 1955-1957) 

Depth in Catch in 1 DaDs of pounds fathoms 
1955 1956 1957 1955 

<51 11·5 8·5 5'2 0'4 
51--60 9·7 5·0 6.1 0·4 
61-70 25·5 14'0 122'6 0'9 
71-80 130·1 8·5 79-6 4·7 
81-90 167-4 117·3 159'2 6·1 
91-100 252·7 181·9 45-4 9·2 

101-110 505·9 448·8 516·4 18·4 
111-120 212·5 299'6 563·4 7.7 
121-130 199·0 1043·8 889'9 7'2 
131-140 127·7 469·0 549·0 4-6 
141-150 390·8 323·1 131·9 14·2 
151-160 315·3 465·5 256·0 11-4 
161-170 80·7 12+1 159·3 2·9 
171-180 111'3 61·8 205'0 4·0 
181-190 145·8 48·6 226·0 5·3 
191-200 35·8 22'5 113·1 1·3 
201-210 12'0 44·7 14·4 0·4 
211-220 8'9 18·1 39·0 0·3 
221-230 9·1 3·0 
231-240 3·5 6·6 0·1 0·1 
241-250 4·0 0'1 0'2 
>250 5'0 10·5 0·2 

Total 2755·1 3731'0 4084'7 100·0 

Contemporary catches are therefore probably but a 
small fraction of the potential of the fishery. 

Related species 
Species of Sebastodes commonly taken in trawls 

along with catches of S. alutus include: saxicola, era
meri~ aleutianus, and diploproa. Sebastode,~ .wxicola 
has a smaller average size than alutus, and because of 
its small size (the average length taken by trawlers is 
about 10 inches, or 25-4 em), only a fraction of those 
available on the grounds are captured. 

Sebastodes crameri was a rare and relatively un
known species prior to the inception of the Pacific 
ocean perch fishery. Following the expansion of trawl
ing to the deeper waters of the continental slope, 
crameri was found to be common and is now a com
mercially-marketed species. This species, although it 
has not been found to be as abundant as alutus, has 
been noted throughout the bathymetric and the 
geographic range where Pacific ocean perch are now 
fished. S. crameri is relatively deep-bodied, and its 
average size is somewhat larger than S. alutus. 

S. aleutianus, one of the largest varieties of rockfish 
taken during perch fishing, may attain weights exceed
ing 25 pounds. The larger specimens of the species are 
normally taken by trawlers fishing at depths exceeding 
150 fathoms (275 m) and are common at depths 
exceeding 200 fathoms (366 m). Alverson (1954) 
reports good catches of aleutianus were made during 
deep-water explorations off the Washington coast. 

% of total catch Cumulative catch by % 

1956 1957 1955 1956 1957 
0·2 0·1 0-4 0·2 0·2 
0·1 0·2 0·8 0·3 0'2 
0·4 3·0 1·7 0·7 3-2 
0·2 1·9 6·4 0·9 5'1 
3·1 3·9 12·5 4·0 9·0 
4·9 1·1 21·7 8'9 10·1 

12·0 12·6 40·1 20·9 22·7 
8·0 13·8 47·8 28·9 36·5 

28'0 21·8 55·0 56·9 58·3 
12·6 1304 59-6 69·5 71·7 
8·7 3'2 73·8 78·2 74'9 

12·5 6·3 85·2 90·7 81·2 
3·3 4'0 88·1 94·0 85'2 
1·7 5·0 92·1 95·7 90'2 
1·3 5'5 97-4 97'0 95·7 
0·6 2·7 98·7 97'6 98·4 
1·2 0·3 99·1 98·8 98·7 
0·5 1·0 99·4 99·3 99·7 
0·2 0·2 99·5 
0'2 99·5 99·7 

99·7 
0'4 99·9 100'0 

100·0 100'0 100·0 100·0 100·0 

S. diploproa, the split-nosed rockfish, is the most 
common species of S('bastodes a')sociated with catches 
of alutus. It is easily identified by projections of the 
premaxillaries which have prominent dentiguous knobs. 
The species attains a size somewhat larger than saxicola, 
but smaller than alutuJ. 

Management problems 
Management problems for Pacific ocean perch have 

been practically non-existent. Economic conditions 
appear to be the limiting factor in the total production 
of this species. The promulgation of a minimum mesh 
size regulation for trawl nets (4·5 inches or 11-4 em, 
stretch measure between knots) caused considerable 
difficulty when it was found that the Pacific ocean 
perch could not be fished properly with so large a mesh 
size. Provisions have now been made to permit Pacific 
ocean perch trawlers to use a smaller mesh size (3'0-3·5 
inches between knots). Savings-gear experiments and 
subsequent regulations were coordinated and recom
mended by the Pacific Marine Fisheries Commission. 

Technology 
It may seem peculiar that of the 55 known species of 

rockfish, S. alutus alone has recently gained prominence 
as an important commercial fish. Rockfish have been 
landed in quantity by trawl and line fishermen for a 
number of years. Various species have dominated rock
fish catches, depending on regional preferences and 
availability. A large portion of the catch has been sold 
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on the fresh fish market, and some quantity has been 
sold as frozen fillets. 

The commercial species of rockfish differ in flavour, 
texture, and time the fillets may be retained as a frozen 
product. Some of the major factors influencing and 
handicapping the market acceptance of frozen rockfish 
fillets have been the comparatively poor keeping 
quality, the development of off-colour, rancidity, and 
undesirable changes in flesh texture. Technological 
studies concerning the keeping qualities and cold
storage life of various rockfish, conducted by the U.S. 
Fish and Wildlife Service (Miyauchi and Stansby, 
1952; and Miyauchi and Alverson, 1955), have demon
strated S. alutus to be superior to other rockfish tested. 
A comparison of fillets of S. alutus and Sebastes mari
nus indicated the two species were "similar in appear
ance, flavour, and texture throughout most of their 
cold-storage life". The relatively good freezing qualities 
of aIutus have therefore increased their value in the 
frozen-fish trade. 

A major problem confronting the Pacific bottom-fish 
industry has been the parasitization of rockfish. With 
the Pacific ocean perch this has been especially 
important, as a large portion of the catch is sold to the 
United States military forces who require the fillets of 
fish to be largely free of parasites. Stern and Liston 
(1958) report the most cornman muscle parasite of 
S. alutus "appears" to be the trematode Prosorhynchu,\'. 
The larval stage of this parasite fonns pale yellow to 
black cysts (spots) in the muscle tissue which arc 2 to 
5 mm in length. The incidence of parasitization, which 
varies with the area of capture, may range from 15 to 
90 % of the catch. Objections to the parasite in fish 
destined for human consumption are apparently based 
on aesthetic grounds, as there is no evidence that this 
trematode can infect man. 

General Biology 
The taxonomic difficulties of species identification, 

the relatively subordinate position rockfish play in the 
Pacific coast fisheries, and the cost of collecting various 
stages of rockfishes at sea have resulted in a paucity of 
information concerning the life histories of species of 
the genus Sebastodes. Of the 55 or more varieties 
known to exist off the coast of western North America, 
only two have been studied in any detail. Wales (1952) 
studied the life history of the blue rockfish Sebastodes 
mY5tinuJ and Westrheim (1958) has published data on 
the biology of the Pacific ocean perch S. alutus. The 
post-war development of the Pacific ocean perch 
fishery fostered interest in this species, and a greater 
effort has been made by biologists to collect information 
concerning the species. As a result, probably more is 
known concelning the biology of this rockfish than all 

,. 

other S ebastodes. The knowledge however, even with 
this species, is fragmentary. 

Early life history 
The Pacific ocean perch is an ovoviviparous species 

similar to other members of the Sebastodes and Seba-
5tes groups. Westrheim (1958) reports that the young 
are released during the months of January and Febru
ary, although there are indications that "spawning" or 
release of young may commence as early as October 
and extend through March. 

The bathymetric and the geographic distribution of 
the young has not been established. Large numbers of 
young S. alutus ranging from 20 to 50 mm in length 
have, however, been found in the stomach of albacore 
tWla, Thunnus. germo, caught during the summer 
months several hundred miles off the Oregon and the 
Washington coasts (Powell and Hildebrand, 1950; 
Powell, et aI., 1952). In one instance four albacore 
stomachs yielded 487 small Sebastodes. Approximately 
85 % of the small rockfish taken from albacore 
stomachs during the studies conducted in 1950 were 
identified a<; S. alutus. Most of the small S. alutus 
ranged between 20 and 30 mm in length. These fish 
are presumed to be the progeny of females who 
"spawned" during the preceding winter. 

In many instances the young of S. alutus taken from 
stomachs were in excellent condition, and at times they 
were regurgitated alive. Young Pacific ocean perch 
have also been collected at sea with dip nets, and 
occasionally have been observed to "balr' at the surface 
in thp manner of herring. Mid-water trawl studies 
conducted in the Gulf of Alaska have yielded young 
Sebastodes as small as 6 mm in length at distances up 
to 300 miles from shore (Aron, 1958). Their identity 
has not been established. 

The young of S. alutus appeal' to lead a pelagic 
existence dispersed in offshore waters at considerable 
distances from the fishing banks where adults are 
captured. Although the vertical distribution of the 
young has not been established, the observations of 
surface schooling by them and the regurgitation of 
living young by albacore indicate that they inhabit 
surface waters at least during daylight hours. 

The colour pattern of young S. aIutus taken during 
their pelagic life is similar to that of other pelagic 
fishes, i.e., greenish-blue dorsally and silvery on the 
ventral surfaces. A deep purple blotch is present on the 
cheek of the young. The body colours become a light 
rust-brown dorsally and white ventrally when speci
mens are preserved. Age at which transition from the 
pelagic to demersal state might take place is a matter 
of conjecture. We speculate, however, from the size 
ranges of perch collected from trawl grounds that the 
transition may occur during the 2nd or 3rd year of life. 
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Table 4 
Relationship between Icale ring count and body length for 229 male Pacific ocean perch 

Fork 
Scale ring count length 

2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 IS 19 Total 
(em) 

18 

28 1 2 
29 I 0 1 
30 2 1 0 0 4 
31 2 2 2 3 1 10 
32 1 3 3 2 0 9 
33 I 2 5 5 4 1 18 
34 I 2 7 11 2 23 
35 0 2 5 5 6 2 20 
36 0 I 6 6 9 6 I 1 1 31 
37 0 2 5 5 9 7 8 3 I I 41 
38 0 0 2 6 2 6 8 2 2 2 I 31 
39 0 2 I 0 3 I 4 2 6 0 19 
40 I 2 2 I I 2 2 I 12 
41 1 0 0 I I 3 
42 I I 0 3 
43 0 0 
44 1 1 

Total 0 6 10 19 39 41 34 24 24 12 9 4 3 0 229 
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Table 5 

Fork 
Relationship between scale ring count and body length for 304 female Pacific ocean perch 

length Scale ring count 
Total 

(em) 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 >20· 

27 1 1 
28 0 0 
29 0 1 1 
30 0 0 0 
31 1 0 2 0 1 4 
32 0 1 2 1 1 5 
33 0 3 0 3 0 2 8 
34 1 2 5 3 1 3 1 16 
35 2 4 3 4 1 1 1 16 
36 1 2 5 5 4 4 0 1 22 
37 2 3 6 12 5 1 1 1 32 
38 2 4 6 9 11 8 3 2 1 1 47 
39 3 10 10 5 3 2 1 0 34 
40 3 7 3 8 2 4 3 2 1 33 
41 1 2 6 4 2 3 3 2 3 1 27 
42 1 0 1 3 0 4 1 2 1 1 2 16 
43 1 1 3 2 1 2 1 1 2 3 17 
44 1 0 4 0 3 2 0 1 11 
45 2 2 1 2 2 0 9 
46 2 0 1 3 
47 0 1 1 
48 1 1 

Total 2 10 19 23 31 52 43 28 17 16 23 9 11 6 6 8 304 
* Ring Count/Length: 22142: 22/43; 22143; 22/44; 24/43: 24/46; 25/42; 27/47. 

MALES 5.0 FEMALES 5.0 
W ' (7.2510 X 1O.9)l324960 W 11.5339 X 10 .8)l 3.11877 
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Figure 5. Length/weight relationship for male and female Pacific ocean perch. (Solid dots indicate observed values 
from which each curve was calculated). 
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Age and growth 

The section on age and growth as well as the follow
ing section dealing with mortality and fecundity 
represent summaries of results obtained by Westrheim 
(1958). Length-weight relationships for Pacific ocean 
perch by sex were detennined from a sample of 244 
males and 230 females (Figure 5). The derived for
mulae are:-

Males: W = (7·2510 X 10-")L3.249GO 
Females: W = (1·5339 X IO-S )L3.11877 

where W = weight in pounds and L = fork length in 
millimetres. 

Table 6 
Bertalanffy constants calculated from Pacific ocean 
perch growth data obtained from the scale method 

of growth analysis 

Constants 

t 
L~ 
K 
W~ 

'0 
t;, 

Males 
1-14 

Scale method 
Females 

1-14 
432mm 

0·18 
2·541b 

-1·09 year 
34 years 

403mm 
0·20 

2'061b 
-0·71 year 

29 years 
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Age determination of Pacific ocean perch was 
attempted using dry-mounted scales (Figure 2). A total 
of 533 readable scales was obtained from fish sampled 
in the Oregon trawl landings during the period 1950-
1953. The readability of the scales was only fair. 
Multiple readings by one reader of each scale produced 
a percentage agreement of 70. The percentage agree
ment varied inversely with size of fish and number of 
rings on the scale. Reliability of the scale readings was 

imperfectly demonstrated, because the absence of 
juvenile fish hindered this studyl. The annulus IS 

apparently formed during the winter months. 
Tabulations of the age-length relationship by sex 

obtained from the 533 scales are given in Tables 4 and 

1 At the time of this study the author considered the first annulus 
indicated in Figure 2 a~ doubtful. Therefore it was not used in the age 
and growth analysis. Subsequent data now indicatl" that this decision may 
havc been in er1'Or. Thus, the Pacific ocean pcrch included in this study 
may be one year older than indicated. 
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5. The absence of juvenile fish is evident. Age-length 
relationships (Figures 6 and 7) established by extra
polation from scale measurements were used to perfonn 
a Bertalanffy growth analysis (Table 6). Figures 8 and 

< 

" "0 

~ , 
Z 

N = 1.168 

<00 

300 

200 

100 

oL_-
10 15 20 '20 

A" 
Figure 11. Calculated age-frequency histogram of Pacific 

ocean perch, sexes combined, for the sampling period 
September 1950 through September 1952. 
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Figure 12. Fecundity/length relationship for female Pacific 
occan perch. (Circled dots indicate observed values, and 

numerals indicate age of each fish.) 

9 show the age-weight relationships for male and 
female Pacific ocean perch. 

These data indicate that growth is very slow, 
particularly after the 10th year of life and the life span 
may exceed 30 years. These conclusions, of course, 
depend upon the validity of the age determinations. 

Mortality 

The size composition of the trawl catches of Pacific 
ocean perch is shown in Figure 10. The fork lengths 
ranged from 25 to 48 cm, and the mean length (sexes 
combined) was 371 mm. The mean length of males 
(359 mm) was smaller than for females (381 mm). 
The age composition (sexes combined) of the catch is 
shown in Figure 11. The histogram indicates that fish 
are probably not fully recruited to the fishery until age 
lIar 12. Since the fishery did not begin to remove 
appreciable quantities of perch from the stock until 
1949 (1-3 years before these data were collected), the 
descending line of the histogram should be representa
tive of survival of the unexploited population. From 
these data an estimate was obtained of the total 
mortality rate! (or natural mortality) prior to the 

1 Assumes fishery has remolled fully-recruited age-groups at an equal 
rate and recruitment was reasonably constant. 



- 25 - I 
A. 1 

inception of the fishery. A semi-log transfonnation of 
these data and subsequent regression analysis yielded 
an estimated annual natural mortality rate of 32 o/(J. 
Maturity 

Little direct infonnation is available regarding size 
and age of Pacific ocean perch at maturity. Of 875 
females examined only 18 (2·1 ~f,) were immature 
(Westrheim, op. cit). The current fishery apparently 
is exploiting only the mature members of the stock. 

Fecundity 
A total of 13 pairs of ovaries was used to determine 

the length-fecundity relationship. The number of 
yolked eggs per fish was gravimetrically estimated. The 
length-fecundity relationship is shown in Figure 12. 
The observed values range from 32,400 eggs for a 
324 mm fish (7 years) to 305,200 eggs for a 436 mm 
fish (20 years). The fecundity relationship is expressed 
mathematically by the fomlllla: 

F = (4·S57 X 1Q-15)L6.>3'O' 
where F = thousands of yolked egg:; and L = fork 
length in millirnetres. 

Habitat description 
Rockfish are fOWld in waters ranging from a few 

fathoms deep to depths exceeding 900 fathoms. Pacific 
ocean perch are commonly found along the outer con
tinental shelf and upper continental slope at depths 
from SO to 250 fathoms (146 to 457 m). The species is 
common in and along the gullies, canyons, and sub
marine depressions of the upper continental slope. 
These areas are characterized by gravel or rocky bottom 
and frequently contain large boulders deposited during 
post-glacial periods. Alaska "coral", Borganaria sp., 
varieties of deep-water staliish, and sea urchins are 
typical invertebrate animals taken while trawling for 
Pacific ocean perch. 

Information on seasonal or annual temperature 
patterns occurring in waters inhabited by S. alutus is 
scarce. Bathythermograph records taken during explo
ratory fishing cruises of the U.S. Fish and Wildlife 
Senrice indicate bottom temperatures in the areas of 
the present fishery range between 41 and 46 degrees 
Fahrenheit (5 to 7·S0C). 

Behaviour patterns 
Trawl fishermen who have had experience in fishing 

Pacific ocean perch report that the best catches of S. 
alutus are made during the "morning drag", just at 
sun-up. Drags made during the late morning and the 
afternoon also yield good catches, but are not generally 
of the magnitude of the morning drags. This, perhaps, 
reflects diurnal vertical shifts of the stock, which result 
in availability changes. 

Studies of the catches by depth interval for the 
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Figure 13. Percentage total catch of Pacific ocean perch, 
summer versus winter, in 10-fathom intervals, as recorded for 

Washington trawl vessels, all areas, 1955-1956-1957. 

various seasons of the year indicate an offshore move
ment of S. alutus into deeper water during the winter 
months. A graphic comparison of the summer and the 
winter vertical catch distribution, as reported in 10-
fathom intcnrals by Washington trawl fishermen for 
the years 1955 through 1957, is shown in Figure 13. 
These data arc taken from interview records and repre
sent about 70 % of the total landings. Opposing 
seasollS, January through March and July through 
September, were arhitrarily selected to demonstrate the 
seasonal catch patterns. The catch by depth shows 
marked difference in the two periods contrasted: major 
smnmer catches were taken at depths between 80 and 
160 fathoms while winter catches were taken at depths 
between 151 and 220 fms. The figure shown is a com
posite including all offshore banks exploited by trawlers 
of the State of Washington. The pattern, indicating a 
seasonal shift to deep water, is better defined when the 
study is restricted to individual banks. The illustrated 
seasonal shift to deep water is a qualitative effect which 
may reflect variations in seasonal distribution of effort 
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by depth. The changes in seasonal availability by depth 
arc, however, supported by a study of catch effort data 
through the same seasons and comparable depth 
ranges1 , 

Some evidence of differential seasonal availability by 
sex was found by Westrheim (1958). During February 
and March males constituted 60-82 9~ of the landings. 
Subsequently the percentage of males declined to a low 
of 24-45 % during September. The period (February
March) in which males predominate coincides with the 
time the young are "born", The high percentage of 
males may indicate that the females arc less available 
to the fishery at that time. 

To date, west coast investigators have not attempted 
to study geographic migrations of S. alutus. Studies of 
quantitative parasitic infestation suggest that the stocks 
inhabiting the major offshore banks may be somewhat 
independent. Stem and Liston (1958) have shown a 
progressive increase in the numbers of Prosorhynchus 
sp. noted in the integument of S. alutus as the location 
of the catch moves northward. 

There has been speculation by some authors that 
adult S. alutus may have a bathypelagic existence in 
offshore waters (Alverson, 1953; Alverson and Powell, 
1955). This hypothesis has been proposed to interpret 
the widespread pelagic distribution of small S. alutus 
in offshore waters and as a possible explanation of 
adult rockfish which have been commonly noted in 
the stomachs of whales captured several hundred miles 
off the continental shelf. No actual specimens of S. 
alutus have, however, been verified or recorded as 
being captured from midwater areas off the continental 
slope. 

Parasites 

The parasite fauna of S. alutus has received little 
attention. Wilkes (1957) examined specimens of S. 
alutus caught off the mid-Oregon coast for presence 
and incidence of parasitic copepods. He found seven 

1 Material being prepared for publkatlon. 

species, four of which were listed as probably new 
spe,ies. Species identified by Wilkes included: 

Haemobaphes theragrae Yamaguti 
Peniculus sp. (probable new species) 
Chondracanthus pinguis Wilson 
Chondracanthus sp. (probable new species) 
Clavellopsis sp. (tentative identification and 

probable new species) 
Colobomatus sp. (probable new species) 

Mr. Wilkes has provided (by private communica
tion) additional information he obtained but did not 
include in his thesis. The non-copepod species which he 
found in S. alutus included: three trematodes Megalo
cotyle trituba. Prosorhynchus sp., and Lepidapedon 
sp.; three cestodes Bathriocephalus scorpii and two 
distinct types of larval cestodes at the Plerocercoid 
stage; and at least two unidentified species of nema
todes, one of which was a larval form. The regions of 
infestation included gill filaments, eye muscles, 
stomach, pyloric caeca, liver, intestine, visceral cavity, 
and gut wall. 

Stern and Liston (1958) examined S. alutus fillets 
from fish caught over a wide range of the Northeast 
Pacific Ocean (Cape St. James, British Columbia, to 
Cape Bianco, Oregon). They report that Prosorhynchus 
sp. and Porracaecum decipienJ (larval form) are 
common in the musculature of S. alutus. 
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Racial Comparisons of Redfish from the Western North Atlantic and the Barents Sea 
By 

GEORGE F. KELLY, ALLAN M. BARKER, and GEORGE M. CLARKE 
Bureau of Commercial Fisheries. Biological Laboratory, Woodll Hole, Massachusetts, U.S.A. 

Introduction 

This paper reports the results of a review of meristic 
and morphometric characteristics that may be of value 
in redfish racial studies. The study was begun at the 
req uest of the Committee on Research and Statistics of 
the International Commission for the Northwest 
Atlantic Fisheries. It is not a comprehensive taxonomic 
study, but is rather a review of a large number of 
characteristics to SCIVC as a background from which to 
select a few that might be useful in distinguishing races 
or populations of redfish for population dynamics 
studies and management purposes. 

In recent years those working on the commercial 
fishery have felt some dissatisfaction with the present 
classification of the entire Sebastes group. In the 
opinion of some workers, the three forms of redfish 
referred to as Sebastes marinusJ S. mentellaJ and S. 
viviparus were not sufficiently different to be classed 
as full species. It was felt that the genus had not been 
adequately sampled throughout its range and the 
normal racial variations were not known. Redfish from 
widely separated parts of the North Atlantic had never 
been compared critically. 

The classification and nomenclature of the species 
or subspecies of North Atlantic Sebastes has been some
what confused in the past. The following citations 
summarize chronologically the pertinent changes in 
classification of the three main types or species of 
redfish, S. marin us, S. mentella and S. llivifJarus, up to 
the present time:-

Perea marina (Linnaeus), 1758 
Sebastes norvegicus (Cuvier and Valenciennes) 1 1829 
Sebastes viviparus (Kmyer), 1844-45 
Sebastes marinus (White), 1851 
Sebastes fasciatus (Storer), 1854 
Sebastes marinus viviparus (Jordan and Gilbert), 

1883 
Sebastes mentella (Travin), 1951 
Sebastes marinus mentella (Andriiashev), 1954 

Until very recently the names Sebastes marinus and 
S. viviparuJ included all of the known stocks of North 
Atlantic redfish. S. marinus was the name applied to 
the deep-water fish and S. viviparus was associated 
with the shallow-water fonn of the European coast. 
Differences in colour, size composition, and depth 
distribution of the deep-water fish from different geo
graphical areas were known to exist. These were gene
rally considered to be local variations of stocks that 
were sufficiently similar to fit within the broad limits 
of the early description of Sebastes marin us. At one 
time even S. viviparus was classified as a subspecies of 
S. marinus. 

The sampling of new grounds that accompanied the 
expansion of the commercial fishery beween 1940 and 
1946 disclosed redfish having greater variability in 
body form than had been previously recorded. Some of 
these were given descriptive common names before 
Travin (1951) described the large-eyed, long-chinned 
fonn as the new species Sebastes mentella. While his 
was the first step toward clarifying the status of the 
many S ebastes groups presently exploited by the 
modern fishery, Travin's naming of S. mentella posed 
the question whether each separable group of Sebastes 
qualified as a new species or simply as a local variation 
of S. marinus. Andriiashev (1954) questioned the 
validity of S. mentella as a full species, on the grounds 
that the variability of the characteristics used to des
cribe it was not adequately known for the populations 
of redfish throughout the range in the North Atlantic. 
Andriiashev's view that differences of this magnitude 
could be at the subspecific level is shared by others. It 
is the purpose of this study to show the degree of varia
tion of some of the characteristics that have been used 
in describing groups of redfish in the past. These results 
may direct future studies toward characteristics most 
likely to produce valid separations. 
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Methods 
The three general areas: the Barents Sea, Iceland, 

and the Northwest Atlantic were initially established 
by the ICNAF committee as the sampling areas that 
were most likely to include the widest range of valiation 
in racial characteristics. During 1958 samples of rcdfish 
were obtained from the Barents Sea in the east and 
from the Labrador coast, the Gulf of St. Lawrence, and 
the Gulf of Maine in the western Atlantic. Unfortun
ately it was not possible to obtain samples from Iceland 
in time for the material to be included in this study. 

At the outset of the study a comprehensive list of 
62 meristic and morphometric characteristics was 
compiled for consideration (Figure 1 and Appendix I). 
The definitions of terms and the methods of counting 
and measuring body parts follow the recommendations 
of Hubbs and Lagler (1958) as closely as possible. 

Because of the limitations of time only a few of the 
measurements could be made on each fish. In order to 
concentrate on the marinus-mentella separation, the 
greatest number of measurements were made on fish 
from the areas displaying the greatest range in eye size, 
namely the Barents Sea and the Gulf of St. Lawrence. 
The location of the areas sampled, the list of measure
ments. and the number of fish measured from each 
area are summarized in Table 1. The results of earlier 
work on a selected few meristic and morphometric 
measurements are included for comparison with the 
more recent data. Thes(> include material from the Gulf 
of St. Lawrence" the Grand Banks, three areas on the 
Nova Scotian Banks, and six areas in the Gulf of Maine 
(Figure 2). 

Results 
There was a wide variation in the range of lengths 

of fish sampled from different areas (Figure 3). In 
some instances (e.g. Eastport and Labrador) the ranges 
of two groups did not overlap. This lack of consistency 
in size range had no effect on the meristic comparisons 
but was of importance in comparing the regressions of 
the morphometric characteristics. Regression lines of 
the small fish could not be extrapolated to the larger 
sizes with accuracy. 

Meristic characteristics are summarized in Tables 2 
to 5. Appendix II contains the unpublished redfish 
meristic notes of A. Vedel Taning~ the only other 
material available for meristic comparisons of Sebastes. 
In the new data the number of dorsal spines ranges 
from thirteen to eighteen, the mode at fifteen in all 
areas. The modal number of soft rays in the dorsal fin 
is thirteen in the Gulf of Maine and Nova Scotian 
waters and fourteen in the areas to the north and east. 
The mean number of spines and rays in the dorsal fin 
shows a general increase from the Gulf of Maine north-

Table 1 
Location and date of collection of samples and list of 

characteristics and number of fish measured 
(See Appendix I and FiguJ:'e 2) 

Area Sample Date Latitude and Depth 
number collected longitude (fm) 

Barents Sea July 2,1958 74° 26-29' N- 195-220 
16° 23' E 

6 Sept. 9, 1958 74" 20-24' N- 190-215 
16" 24---26' E 

Labrador 3 Sept. 8, 1958 54" 00' N- 135-150 
54° 30' W 

4 Aug. 30, 1958 54° 00' N- 135-165 
54° 30' W 

Eastport 7 July-Aug. 1958 44 0 55' N- 0--5 
67" DO' W 

Gulf of St. 2{ 12 Aug. 1+, 1958 50" 25' N- 125-150 Lawrence 22 58° 40' W 

Chal'actl'ri~tic Sample number 
number (See Characteristic 
Appendix I) 2 3 4 6 7 

1 Standard length 93 198 103 36 48 50 
2 Totallcngth 93 198 103 36 48 50 
5 Body depth, 

dorsal to ventral 93 19B 10:1 36 48 50 
6 Body depth, 

dorsal to anal 93 198 17 - ·18 50 
7 Df'pth of 

caudal pf'dundc 93 198 103 :!6 
9 Head length 93 198 JU3 36 41l 50 

JU Parietal sp. to anl. 
prcop. sp. 9:1 198 47 

II Snout length 93 198 47 ·w 50 
12 Horizontal diam. 

of orbit 93 198 103 36 48 50 
13 Vertical diam. of orbit 93 198 47 
If Interorbital width 9:1 198 103 36 48 50 
15 Postorbital length 93 198 103 36 48 50 
16 Orbit to dorsal 

preop. sp. 93 198 47 
17 Orbit to anterior 

preop. sp. 93 198 47 
18 Length of upper jaw 93 198 47 48 50 
19 Width of posterior 

maxillary 93 198 47 - 48 50 
20 Length of schnabel 93 198 103 36 48 50 
23 Snout to dorsal fin 93 198 47 36 
24 Snout to anal fin 93 198 47 
25 Snout to pectoral fin 93 198 47 
26 Snout to ventral fin 93 198 47 
50 Dorsal fin count 93 99 47 - 48 50 
51 Anal fin count 93 99 47 - 48 50 
52 Pectoral fin coun t 93 99 47 - 48 50 
54 Caudal fin count 93 99 47 - 48 50 
58 No. of gill rakers, 

1st arch 93 99 47 - 48 50 
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Nwnher of 
Area Sample Specimens 10 20 30 .40 50 

Barents Sea #1 93 d 1 

~ 

#6 48 dl 
~ 

Gulf of St. f2 { 12 198 d 
Lawrence 22 ~ 

Labrador #3 103 d 

#4 36 J, 
~ 

Eastport #7 SO ,J 
~ 

Gulf of St. 
Lawrence From ear'liL'r rJ XIX A studies (1!.l56) 42,t ~ 

Grand Banks rJ - 7 xx C I (iO 
I D :!l~ - 7 

Nova Scotia Banks rJ XXI C ]00 - ~ 
H " 175 J - ~ 
0 " 148 rJ - ~ 

Gulf of Maine 
rJ XXII C " 120 ~ 

D 181 ~ - ~ 
E " 802 - ~ 
F " 172 ~ ~ 
G " 159 7 
H " 126 rJ - ~ 

10 20 30 40 50 

STANDARD LENGTH - eM. 

Figure 3, Range of standard lengths of specimens from different areas. 
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Table 2 
Number of spines and soft rays in tbe dorsal fin of redfish from different areas 

<lIee Figure 1) 

SPINES 
XIII XIV XV 

Area SOFT RAYS 
13 14 II 12 13 14 15 16 

Barents Sea 
Sample 1 
Sample 2 

Area XVII 
(Labrador Coast) 

Area XIX 
(Gulf of St. Lawrence) 

Subarea At 6 2 
SubarcaA2 3 
Subarea C I 

AreaXX 
(Grand Bank) 

Subarea C 
Subarea E 

Area XXI 
(Nova Scotia Banks) 

Subarea C 2 
Subarea 0 
Subarea N 

Area XXII 
(Gulf of Maine) 

Eastport 
Subarea C 
Subarea D 3 
Subarea E 2 
Subarea G 1 
Subarea M 2 

Total 2 14 13 3 

ward to the Barents Sea, suggesting a possible elinal 
distribution of the characteristic in the whole popu
lation complex (Table 3). All of these values fall 
between the highest and lowest values shown by Taning 
for marin us and viviparus respectively. 

12 13 14 

29 45 
I 15 

- 21 24 

6 54 
- 34 46 

6 13 

3 12 
B 9 

I 6 6 
I 14 11 
- 38 30 

11 70 22 
- 17 4 
2 16 13 
- 30 24 
- 10 8 
- 42 32 

17 351 368 

Area 

Barents Sea 

AreaXVn 
Labrador 

Area XIX 
Gulf of 
St.Lawrence 

Area XX 

15 

17 
25 

26 
14 

I 

2 

2 

2 

92 

25 

-

The number of spines and rays in the anal fin and 
pectoral fin display variations within each sample and 
area, but there is no apparent pattern of consistent 
differences between areas. There is perhaps the sugP 

gestion of an increasing gradient from south to north. 
T!ming's values for viviparus are consistently at the 
lower end of the range of values for the other samples. Grand Banks -

The number of gill rakers ranges from 30 to 40 in 
the new samples, compared with 30 to 41 in Taning's 
marinus-viviparus data. Sample modes range between 
34 and 36 for marinus in all areas, compared with 38 
for viviparus. The mean number of rakers suggests a 
decreasing gradient from south to north, the reverse of 
the distribution indicated by the other meristics. 

Area XXI 
Nova Scotia 

AreaXXn 
Gulf 
of Maine 

Total number 
of rays 

-

XVI XVIII 

12 13 14 15 16 13 Total 

93 
45 

47 

2 99 
99 
21 

3 20 
20 

2 20 
26 

4 77 

2 106 
21 

I 37 
I 61 
1 20 
I 79 

4 14 5 3 891 

Table 3 
Dorsal fin counts 

Number of rays Total Mean 

26 27 28 29 30 31 32 no. no. 
of fish of rays 

31 61 44 - I 138 29'12 

- - 22 24 47 28'55 

47 125 45 - 219 29'00 

12 25 2 - 40 28·70 

2 62 51 4 2 - 123 28'47 

- 15 195 109 4 - 324 28'32 

1 20 369 395 100 4 891 



- 34 -

Table 4 
Number of rays in anal fin and pectoral fin of redfish from different areas 

(lee Fjgure 1) 

N umber of rays Total Mean Number of rays Total Mean 
Area Anal fin number number Pectoral fin numbN' number 

9 10 11 12 13 of fish of rays 18 19 20 of fish of rays 

Barents Sea 33 74 30 138 10'99 9 115 13 137 19'03 

Area XVII 
Labrador Coast 3 32 12 47 10·19 2 35 9 46 19·15 

Area XIX 
Gulf of 8t Lawrence 

A 1 61 100 36 199 10'87 11 150 35 196 19·12 
C 21 21 11'00 16 5 21 19'24 

Area XX 
Grand Banks 

C 17 2 20 10·05 3 15 2 20 18·95 
E 15 5 20 10'25 19 1 20 19·05 

Area XXI 
Nova Scotia Banks 

C 9 7 4 20 10·75 2 15 3 20 19·05 
N 66 10 77 10·12 4 68 5 77 19'01 
0 19 7 26 10·27 4 20 2 26 18'92 

Area XXII 
Gulf of Maine 

B 22 80 4 106 9·83 35 71 106 18'67 
C 1 20 21 9·95 4 17 21 18·81 
D 6 .10 37 18·86 
E 2 53 6 61 10·17 17 44 61 18·72 
G 16 4 20 10'20 4 15 1 20 18·85 
M 59 20 79 10·25 2 69 8 79 19·08 

Total 31 480 272 70 2 855 10·45 103 699 85 887 18·98 

Table 5 
Number of gill rakers on first gill arch of redfi.h from different areas 

(lee FIlfUre 1) 

Number of rakers Total Mean number Area 30 31 32 33 34 35 36 37 38 39 40 number of rakers of fish 
Barents Sea 6 37 55 30 8 137 34·00 

Area XVII 
Labrador Coast 2 9 17 15 4 47 34·21 

Area XIX 
Gulf of St. Lawrence 

A 1 11 50 54 57 20 4 198 34·81 } 34'64 C 3 11 20 9 4 48 33·92 
Area XXI 
Nova Scotia 

N 5 6 34 17 12 2 77 35-45 
Area XXII 
Gulf of Maine 

B 3 21 37 17 3 82 34·84 } C 6 8 4 1 20 } 34-82 
D 1 3 6 10 34'80 
M 6 4 11 3 24 

Total 13 82 180 201 120 37 7 643 
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Tuning's viviparuJ is obviously different from all other 
samples in gill raker number, despite its similarity to 
the Gulf of Maine fish in dorsal, anal, and pectoral fin 
count. 

T!'ming's count of the number of scale pouches below 
the lateral line (Appendix J) is undoubtedly the best 
characteristic for separating viviparus from the other 
redfish groups. Whether it is of value in marinus
mentella separation is not known. The count is best 
done on fresh specimens. Since most of the available 
material for the present study was preserved in for
maldehyde, this cOllnt was not taken. 

The quantity of morphometric data at hand is too 
great for presentation in this paper. Regressions were 
computed for the relationship of each morphometric 
characteristic on standard length. Regression lines for 
the same characteristic from each sample were com
pared in order to classify the degree of variation. Three 
categories were established and were approximately 
defined in terms of regression slope and standard 
deviation as follows:-

Group A - Greatest variation - When one or more 
regression lines did not intercept all other regression 
lines within the range of the data, and when the values 
of the means (plus or minus 2 standard deviations) of 
two or more samples did not overlap each other. 

Group B - Medium variation - When one regression 
line did not intercept al1 others at Of near their point 
of convergence, and when the values of the means 
(plus or minus 2 standard d('viations) of two or more 
samplcs showed little overlap. 

Group C - Least variation - Whcn all regression 
lines converged at or ncar a common intercept point, 
or when each value of the lllean (plus or minus 2 
standard deviations) ovcrlapped all others. 

Under these teIn1s, the characteristics arranged 
themselves into the groups as follows:-

Group A - Greatest variation 
12 Horizontal diameter of orbit/Standard length 
13 Vertical diameter of orbit/Standard length 
5 Body depth (dorsal fin to ventral fin) / 

Standard length 
26 Snout to ventral fin/Standard length 
24 Snout to anal fin/Standard length 

Group B - Medium variation 
20 Schnabel length/Standard length 
15 Postorbital length/Standard length 
14 Interorbital width/Standard length 
6 Body depth (dorsal fin to anal fin) / 

Standard length 
23 Snout to dorsal fin/Standard length 
25 Snout to pectoral fin/Standard length 
16 Orbit to most dorsal preapercular spinel 

Standard length 
10 Parietal spine to most anterior prcop. spinel 

Standard length ,. 

[ 
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Group C - Least variation 
9 Head length/Standard length 

11 Snout length/Standard length 
18 Length of upper jaw/Standard length 

7 Caudal peduncle depth/Standard length 
19 Postmaxillary width/Standard length 
17 Orbit to most anterior preopercular spinel 

Standard length 

Examples from each category are presented in Figure 
4. The vertical scale in the figure is exaggerated to 
show the small differences in the lines which would 
othelWise be obscured. The means and standard devi
ations were computed for each regression, using a 
standard length of 250 mm, for all samples. This 
method of presentation reduces the bias caused by 
inadequate sampling and pennits comparison of the 
degree of overlap of each characteristic between 
samples. 

Diameter of orbit appears to be the morphometric 
characteristic showing the most consistent pattern of 
variation and is the most promising for separating 
groups of Sebastes. Although Travin (1951) associated 
large eye size with long schnabel) the regressions of 
schnabel on standard length indicate that it is a less 
reliable characteristic than eye size for separating 
groups. 

The Gulf of St. LawrenC-(' sample was separated into 
two groups on the basis of eye size in order to compare 
the variation of other characteristics in large-eyed and 
small-eyed fish. There was a natural separation in that 
sample at an orbit diameter of 35·0 111m. The smal1-
eyed fish were called sample No. 12 and the large-eyed 
fish sample No. 22. Sample No. 22 contained, on the 
whole, larger fish and in most of the regression com
parisons it stands out as widely different from all other 
samples, as would be expected in a selected sample. 

A comparison was made of the large-eyed and srnall
eyed (Gulf of St. Lawrence) fish to determine whether 
differences in some of the meristic characteristics were 
associated with eye size. The average number of gill 
rakers and TIlunber of dorsal spines and rays were 
computed for both groups. The mean values are:-

Sample Number Mean standard Mean diameter 
No. of fish length (mm) of orbit (mm) 

12 42 275·3 30·7 ratio ·111 
22 49 304-3 40·9 ·134 

Sample Number Mean number Mean number 
No. of fish of gill rakers of dorsal rays 
12 42 34·74 29·17 
22 49 34·78 29·30 

The extremely small difference in mean value of the 
meristics between samples of fish differing so greatly in 
mean orbit diameter indicates that variations in orbit 
size are not related to variations in meristic numbers. 
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Table 6 
Means and confidence limits (± 2 standard deviations) of measurements for males, 

computed with standard length equal to 250 mm 

Measurement Barents Sea Labrador Eastport St. Lawrence 
Sample Nos. 6 3 4 7 12 22 

Group A 
Horizontal diameter 

of orbit 28·9 ± 4·4 30·5 ± 8'2 28·4 ± 4'4 25·8 ± 2'8 33'9 ± 2·2 28·4 ± 2-2 39-0 ± 3-0 
Vertical diameter of orbit 28-0 ± 4·2 26-9 ± 3'2 27'3 ± 2'2 36·9 ± 3-2 
Body depth 

(dorsal to ventral fin) 93-5 ± 8·1 86'8 ± 7-0 91-7 ± 14·8 86-5 ± 7'2 94·7 ± 3-7 83'9 ± 7-6 88-6 ± 7-4 
Snout to ventral fin 101-1 ± 6'6 96·8 ± 7-4 94·8 ± 7-2 96'3 ± 7'2 
Snout to anal fin 170-0 ± 8·2 178·6 ± 13·0 173-0 ± 11-8 175·7 ± 11-6 
Group B 
Body depth (d. to a. fin) 65·8 ± 5'0 69·7 ± 10-4 69'1 ± 10·2 68-0 ± 5·4 65·3 ± 5-4 62·3 ± 6'2 
Snout to dorsal fin 89·3 ± 8·8 92-1 ± 9-8 86·3 ± 7'0 87-1 ± 6-0 100·2 ± 7'0 
Snout to pectoral fin 86·7 ± 5-6 84-5 ± 7·0 83'6 ± 5-6 87·3 ± 6·6 
Schnabel length 9·0 ± 1·8 8·4 ± 3·4 8'9 ± 2-0 9·9 ± 1·8 9·7 ± 1'0 8·6 ± 1-0 11·5 ± 1-6 
Interorbital width 18-5 ± 2-0 18'6 ± 2-2 19·8 ± 3-6 18-2 ± 3-0 18·0 ± 1-2 17-6 ± 1-6 18-5 ± 4-2 
Postorbital length 37·8 ± 3·0 36'2 ± 3'8 38·9 ± 6-4 41'O±4-0 36'9 ± 1-4 39'1 ± 3-2 39·0 ± 4-0 
Orbit to 

dorsal preop. spine 20-4 ± 2·6 20·7 ± 3·8 20-9 ± 2-2 17·8 ± 2'8 
Parietal sp. to 

dorsal preop. spine 63-6 ± 40 64·7 ± 6'2 62'9 ± 40 72·2 ± 3'2 
Group C 
Orbit to anterior 

preop. spine 25·7 ± 2-0 26·1 ± 3-0 25'9 ± 2'2 25·5 ± 2'6 
Head length 86'1 ± 5-0 87-5 ± 4-6 88·0 ± 11'2 88·5 ± 5'2 89-2 ± 3·0 86·0 ± 44 95·6 ± 5'6 
Snout length 21·5 ± 2'2 21·7 ± 3-4 19·7 ± 1·8 20'1 ± 2·4 20'4 ± 2-4 
Upper jaw length 42-2 ± 2·6 42·4 ± 3-8 41-8 ± 3'2 42'2 ± 1·2 41·4 ± 2-6 43-5 ± 3'2 
Postmaxillary width 14'6 ± 2·6 14-7 ± 2-2 15·6 ± 2'2 16·5 ± 1-4 14·3 ± 1-6 14·9 ± l-6 
Caudal ped uncle depth 21-4 ± 2·4 25-1 ± 4'6 23·6 ± 4'0 22·8 ± 2-2 23-4 ± 2·4 

Since eye size is the characteristic that consistently 
shows the greatest variations in relation to other body 
dimensions, an attempt has been made to compare 
the ratio of diameter of orbit/standard length for all 
samples available with sexes separate. The ratios range 
from 0·085 to 0·155 with a rather broad range of values 
in each sample (Figure 5). The values were smoothed 
by threes and plotted as percentages. It is interesting to 
note that in most areas a unimodal or trimodal distri
bution occurs, rather than a simple bimodal distribution 
that should occur if a clear separation of marinus and 
mentella were possible. The Labrador fish have an 
orbit/length ratio distinctly different from all other 
groups. The highest ratio is present in the Gulf of St. 
Lawrence and on the Nova Scotian banks, values well 
above the Barents Sea mode. In fact, the major mode 
in the Barents Sea distribution coincides with the lowest 
of three ratio modes present in the Gulf of St. Law
rence. Whatever the number of orbit/length ratio 
groups represented in the samples, when they are added 
together the total sample distribution tends toward a 
normal distribution. While this ratio comparison is 
admittedly a rough approximation, perhaps uniform 
sampling across the North Atlantic will disclose a 
normal distribution of eye size for the whole Sebastes 
population complex. 

Discussion 
From the data presented in this study it would be 

difficult to determine whether the forms of S ebastes 
represented in the samples are genetically or environ
mentally controlled. It is clear that relative orbit 
diameter is a variable characteristic in all groups of 
Sebastes sampled. In most comparisons of eye size it is 
assumed that the orbit diameter/standard length ratio 
is genetically fixed and is constant throughout the life 
of the fish. Some of the data suggest that this may not 
be true. The mystery of the origin of the large-eyed 
fish in the Gulf of St. Lawrence is a case in point. 
Random samples of the commercial catch show a con
stant ratio in fish up to a total length of about 30 cm. 
From 30 em upward, a large-eyed group of fish is 
present that is not represented at smaller lengths. This 
condition could be the result of the smaller fish of the 
large-eyed group being unavailable to the otter trawl 
for a period of years because of sustained pelagic 
existence. HoweverJ it could also be the result of 
adverse ecological conditions such as inadequate food 
supply, invasion of parasites or disease resulting in 
detrimental effects to the well-being of the fish_ Ema
ciation of the larger fish might lead to a change in the 
orbit diameter/standard length ratio. 

Although it is impossible to enumerate the racial 
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characteristics of Sebastes that are genetically or 
environmentally influenced, now that meristic and 
morphometric data have been studied in detail and 
comparatively small differences across the whole range 
of Sebastes have been found, other factors must be 
scrutinized in the same detail. It is necessary to establish 
the validity of previously reported relationships between 
racial characteristics and environmental conditions 
before those which are the diagnostic characteristics 
can be determined. Some attributes that have been 
linked with ecological factors may in fact be largely 
independent of environment. The present interpreta~ 
tion of the Sebastes racial structure is influenced by 
these environmental relationships which may be valid 
in local populations but which do not apply to the 
whole Sebaste,'i complex. In the earlier racial sepa
rations of S. marinus, S. mentella, and S. uiuiparus, 
characteristics such as comparative eye size, growth 
rate, time of spawning, and depth distribution were 
cited as evidence of the separateness of groups that 
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suggested species differences. Each of these could be 
genetically or environmentally related and could 
represent differences between species or merely local 
racial variations. 

Perhaps some basic ecological relationships can be 
established if the same problems in all parts of the 
Sebastes range are considered. The following questions 
are submitted for the consideration of investigators in 
future redfish studies:-

1. Is there good evidence indicating that two groups 
of Sebastes spawn in the same area at widely different 
times? 

2. Has a positive relationship between increasing 
orbit diameter/standard length ratio and greater water 
depth been shown for S ebaste.I'? 

3. What is the effect of fast or slow growth on body 
proportions of fish from the same population? Does 
early or late maturity result in mea<iurable differences 
in body fonn? 

4. Is there evidence from any species that an ex
tended pelagic period of life could result in body form 
different from that of the bottom-dwelling stoch of 
the same species? 

5. Is there evidence from any species of changes in 
body proportions caused by changes in nutrition or the 
invasion of parasites or disease? 

Conclusions 

This review of meristic and morphometric character
istics has served to broaden the view of the Sebastes 
racial variations, and has narrowed the range of 
characteristics to be investigated. More widespread 
sampling of the whole Sebastes group is necessary. The 
measurement of a few selected meristic and morpho~ 
metric characteristics in conjunction with studies of 
serology, genetics, and incidence of parasites and disease 
in key areas of the range should provide satisfactory 
answers to the present prohlems of SebaJle,\' classi
fication. 
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APPENDIX I 
Definitions of Redfish Racial Measurements 

1. Standard length. The distance from the most 
anterior part of the snout or upper lip at the midline 
to the caudal base. 

2. Total length. The greatest dimension between the 
most anteriorly projecting part of the head (the tip of 
the lower jaw with the mouth closed) and the farthest 
tip of the caudal fin when the rays are spread normally. 

3. Greatest depth of body. The greatest vertical 
dimension of the body exclusive of fins. 

4. The number of the dorsal spine beneath which the 
body is most deep. 

5. Body depth at origin of dorsal fin to origin of 
ventral fin. The least dimension between the base of 
the first dorsal spine and base of the ventral spine. 

6. Body depth at base of last dorsal spine to base of 
first anal spine. Distance from base of last dorsal spine 
(i.e. the spine just ahead of the soft rays) to the base 
(anterior edge) of the first anal spine. 

7. Least depth of caudal peduncle. 
8. Width of body between uppermost points of gill 

openings. The body width measured at the points 
where the gill flap joins the body. 

9. Length of head. The distance from the most 
anterior part of the snout or upper lip at the midline to 
the posterior point of the opercular spine. 

10. Tip of last parietal spine to tip of most anterior 
preopercular spine (a measure of head depth) . 

11. Length of snout. The least dimension between 
most anterior point of upper jaw at the midline and 
the nearest point on the orbit. 

12. Diameter of orbit - horizontal. 
13. Diameter of orbit - vertical. 
14. Interorbital width. Least bony interorbital width. 
15. Postorbital length. Least dimension between the 

tip of the spine on gill flap to the nearest point on the 
orbit. 

16. Distance between orbit and tip of most dorsal 
preopercular spine. 

17. Orbit to most anterior preopercular spine. Least 
distance between tip of anterior preopercular spine and 
nearest point on orbit. 

18. Length of upper jaw. Greatest dimension between 
tip of upper jaw, at the midline, to the posterior end 
of the maxillary. 

19. Greatest width of posterior end of maxillary. 
20. Length of "schnabel". The dimension made by 

placing one point of the dividers or the knife-edge of a 
caliper on the anterior midline of the upper surface of 
the lower jaw between the teeth; the other divider tip 

or caliper edge on the most distant point of the 
mandibular projection or schnabel. 

21. Length of longest gill raker. Distance from base 
of gill raker, on the side at which it forms an acute 
angle with the arch, to the tip of the raker. 

22. Number of longest raker. The first raker which 
has both roots in the lower limb is counted as number 
one. 

23. Snout to origin of dorsal fin. Anterior midpoint 
of tip of snout to base of first dorsal spine. 

24. Snout to origin of anal fin. Anterior midpoint of 
snout to base of first anal spine. 

25. Snout to insertion of pectoral fin. Anterior mid
point of snout to base of uppermost pectoral ray. 

26. Snout to insertion of ventral fin. Anterior mid
point of snout to base of ventral spine. 

27. Origin of dorsal fin to uppermost point of gill 
opening. 

28. Origin of dorsal fm to insertion of pectoral fin. 
Distance from base of first dorsal spine to base of 
uppennost pectoral ray. 

29. Origin of ventral fin to origin of anal fin. 
Distance between bases of ventral spine and first anal 
spine. 

30. Posterior edge of anus to origin of anal fin (i.e. 
base of first anal spine). 

31. Origin of anal fin to base of last dorsal ray. 
Distance from base of first anal spine to the rear edge 
of the base of the last dorsal ray. 

32. Length of caudal peduncle. Distance between 
rear edge of base of last anal ray and the hidden base 
of the midcaudal ray. 

33. Length of base of dorsal fin (spinous and soft). 
Distance between origin of first spine and rear edge 
of base of the last soft ray (exclusive of the membrane 
which connects the proximal third or quarter of this 
ray to the dorsal midline of the body). 

34. Length of base of soft dorsal fin (including its 
spine). Distance from base of last spine in the dorsal 
fin, which is the first spine in the second dorsal fin, to 
the rear edge of the base of the last dorsal ray. 

35. Length of base of anal fin. Distance from base of 
first spine to rear edge of the base of the last ray 
(exclusive of the membrane which follows the last ray) . 

36. Length of first dorsal spine. 
37. Length of longest dorsal spine. 
38. Number of longest dorsal spine. 
39. Length of penultimate dorsal spine. 
40. Length of last dorsal spine. 
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41. Length of longest dorsal ray. 
42. Number of longest dorsal ray. 
43. Length of longest ray of pectoral fin. Distance 

between the base and the tip of the longest ray (used 
in preference to a pectoral length measured from upper 
point of fin insertion because the pectoral length so 
measured varies with the position of the fin). 

44. Length of ventral fin. Distance between base of 
ventral spine and tip of longest ray, with the fin laid 
back against the belly. 

45. Length of ventral (fin) spine. 
46. Length of first anal spine. 
47. Length of second anal spine. (It is usually neces

sary to remove some of the skin which covers the bases 
of these spines.) 

48. Length of third anal spine. 
49. Depressed length of anal fin. Distance from base 

of first anal spine to the farthennost point when the fin 
is flattened down. 

50. Dorsal fin count: e.g. XV, 13, indicating 15 
spines in first dorsal and 13 rays in second or soft 
dorsal. 

51. Anal fin count: e.g. III, 7. 
52. Pectoral fin count: e.g. 4,6,9= 19. 4 uppermost 

pectoral rays unbranched followed by 6 branched and 
9 lower unbranched rays. 

53. Ventral fin count: e.g. I, 5. (This count will 
doubtless prove to be worthless.) 

54. Caudal fin count: e.g. I-II-I. Eleven branched 
rays flanked above and below by one long and major 
but unbranched ray. 

55. Vertebrae count - total including hypural. 
56. Precaudal vertebrae count. 
57. Caudal vertebrae count - including hypural. 
58. Number of gill rakers on first arch, e.g. 10+ 1 + 

24. Ten on upper arch, twenty-four on the lower, and 
one which straddles the two. 

59. Number of lateral line pores. 
60. Number of scale pouches below lateral line; 

upper end of gill opening to base of midcaudal ray. 
(Remove scales with forceps or by scraping with blade.) 

61. Number of scale rows between origin of anal fin 
and lateral line, counting upward and fOIWard. 

62. N tunber of scale rows around narrowest part of 
caudal peduncle. 

Prepared by: 

G. F. Kelly 
G. W.Mead 
U.S. Fish and Wildlife Service 
March 21, 1958 

APPENDIX II 

Summary of Meristic Characteristics of Sebastes (Adult) 
(From unpublished notes of A. Vedel Taning. Data given to senior author by the late Dr. Taning.) 

Number 

67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

marinus1 

1 
2 
3 
6 
5 
7 
6 
6 
7 
5 
1 
1 

a"50 = 57·38 

Scale pouches below late.-al line 

fasciatus2 

I 
1 
3 
4 

11 
11 
11 
13 
12 
If 

1 
1 

a83 = 60'47 

Number 

49 
48 
47 
46 

viviparus 

45 3 
44 9 
43 10 
42 20 
41 30 
40 31 
39 44 
38 31 
37 29 
36 25 
35 5 
34 1 

a238 = 39·27 
1 S. m4rinus 
2 American form; "fasciatus" should be replaced by new name(?). 
* a = average. 



Number 

41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
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Number of gill rakers (Gi) Number of raYIl in caudal fin 

marinus fasciatus viviparus Number marin us fasciatus 

1 41 3 
5 40 4 

1 14 39 22 
2 17 38 7 

1 7 15 37 2 
2 10 8 36 
3 14 1 35 
2 9 34 
1 3 33 
1 2 32 

1 31 
1 30 

all = 35·09 a50 = 35·08 a61 = 37-89 a38 = 38·97 

Number of spine. and ray. in dorsal fin (01 + D~) 
Number marinus fasciatus viviparus mentella 

31 4 1 
30 17 3 3 
29 14 27 83 
28 3 19 165 
27 9 
26 1 

a38 = 29·58 a51 = 28'69 a260 = 28'31 
(15 + 14-15) (15 + 13-14) (15+13-14) (15+14-15) 

Number of ,_pineR IUld rays in anal fIn (3+;11;) 

Number marin,us fasciatus viviparus mentella 

13 1 
12 18 
11 16 20 5 
10 3 30 215 
9 1 41 

a38 = 11'45 a51 = 10·37 a261 = 9·86 (3 + 8-9) 

Number of rays in pectoral fin 

Number marinus fascial us viviparus mentella 

20 5 2 
19 32 42 15 
18 1 14 233 
17 1 13 

a38 = 19·11 a59 = 18·76 a261 = 18·01 (18 -19) 

Total number of vertebrae 

Number marinus fasciatus viviparus mentella l 

32 1 
31 80 9 3 10 
30 16 23 116 76 
29 2 3 

a97 = 30·85 a32 = 30·38 a121 = 30'01 a89 = 30'08 
(Kotthaus: 30·9) 

, s. menttlla Travin 1951 = "Tiefenbarsch" 

I 
A.2 

viviparU5 

1 
10 

131 
69 
45 

3 

a259 = 36'40 
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Contributions to the Race Problem in Redfish 
By 

ADOLF KOITHAUS 
BloloKillche ADslalt Helgoland, Bremerhaven 

Abstract 

Introduction 
Lundbeck (1940) was the first to call attention to 

the fact that the North Atlantic redfish population docs 
not form a unifOJTIl stock but that at least two different 
types of rcdfish may be distinguished, in addition to 
the small species SebaJte.~ viviparuJ Kr. 1844. He 
separated first the common redfish, known from litera
ture as SebasteJ marinuJ (L.), and secondly a deep 
sea type differing in many respects from the first and 
which had been previously found in the Bear Island 
region and on the Iceland-Faroe Ridge ('Rosengar
ten'). The question wa<; left open whether this deep sea 
redfish (called in GenTIan "Schnahelbarsch" = the 
beaked perch) was a new species or not. Subsequently 
this deep sea redfish was found in the deeper layers of 
all regions of the Northern Atlantic. Kotthaus (1950 b) 
described it from the Lofoten area and compared it 
with the common redfish, but he also could not decide 
about its taxonomic status, since the amount of material 
was rather small, and he therefore merely referred to 
two different "forms" of the fish. Travin (1951) des
cribed the deep sea redfish of the Barents Sea ilnd the 
Bear Island region as a new species and called it 
Sebastes mentella. Andriascheff (1954), (following 
Berg) restricted Sebastl?s mentella to the status of an 
infra-species, because he found the differences at that 
time not clear enough to justify it as· a separate species. 
From this there appear dearly some of the difficulties 
met with in the race problem in redfish. The author, 
therefore, preferred to speak of different "types" of 
fish until a definitive solution is possible. 

Since publication of his paper dealing with the race 
problem in redfish, the author has investigated many 
redfish samples from all parts of the North Atlantic 
between the Barents Sea and Labrador. Many obser
vations have been made about the occurrence of the 
different redfish types. From these observations it was 
found that the race problem was much morc compli-

cated than ever supposed. Especially it was remarkable 
that fish were often found (sometimes in considerable 
numbers) which could be looked upon neither as 
marinus nor as mentella types, for they possessed 
characters of both types in a varying manner. Some of 
the fish resembled more the one type, some more the 
other, and some took a truly intermediate position 
between the two, so that it was possible to arrange a 
series of fish} at the one end of which was the marinus 
and at the other end the mentella type. Between them 
were found all kinds of transition links. These latter 
were included in the group of "intermediate types", 
which is therefore a very heterogeneous one. It is inter
esting; that all small fish up to about 20 cm total length 
have intermediate characters. On the other hand no 
mentella type fish were found smaller than about 30 
em or larger than 57 cm total length. 

There is a fourth group of fish which must be 
mentioned-the so-called "Riesen" or "giants". These 
¢ant fish are caught mostly in the deeper layers where 
usually only the mentella type occurs. They are mostly 
above 60 em in length and are) therefore, well separ
ated from the normal range of marin us and mentella 
length curves. On the whole, they resemble the mari
nus type, but some noticeable differences exist in both 
proportions, e.g. in the average number of gill rakers, 
and in the internal structure of the otoliths, and it is 
therefore doubtful that these giants are merely large 
specimens of the marinuJ type. 

The question arises, therefore} what is the taxonomic 
status of these different types? Are they true species, 
are they subspecies, infra-species, or ecotypes? This 
question may only be solved by a taxonomic study of a 
very large material, comprising fish from all parts of 
the redfish area. 

By investigating a considerable material during the 
last two years the author has tried to make a contri
bution towards the solution of this problem. 
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Material and Methods 
The material comprised a total of 1,512 redfish, 

including 96 specimens of the species Sebastes uivi
parus; 768 fish were of the marinus type (including a 
small number of giants), 311 fish were of the mentella 
type, and 337 of the intermediate types. The fish were 
collected on two cruises of the R.V. "Anton Dohm", 
one in Marchi April, 1958 (East Greenland, Iceland
Greenland Ridge, and West Iceland) and the other in 
ApriI/M"y, 1959 (South and East Iceland, Iceland
Faroe Ridge, north-east of the Faroe Islands, and 
Rockall Bank). Material from West Greenland was 
collected by the Greenland Fisheries Investigations and 
placed at the author's disposal. 

The studies comprised: (a) body proportion 
measurements (1,412 fish), (b) fin-ray counts (1,502 
fish), (c) vertebrae cOllnts (1,325 fish), and (d) gill 
raker cOllnts (247 fish). 

From each single fish twenty hody measurements 
were made and the following were used for comparison: 
(1) standard length, (2) head length, (3) length of 
snout (pre-orbital space), (4) horizontal diameter of 
orbit, (5) inter-orbital ridge, (6) length of the upper 
jaw, (7) length of "Schnabel" (=hook of the dentale), 
(8) height of body, (9) pre-dorsal length, (10) pre
anal length, (11) distance of the anus from the tip of 
the snout, (12) base length of the dorsal fin, and (13) 
base length of the anal fin. 

Fin rays were counted in the dorsal, anal, and 
pectoral fins. Vertebrae were counted either on dried 
vertebral columns or from projected Rontgen-slides 
(24 X 36 mm). For gill-raker counts the first left gill 
branch was used consistently. 

Measurements were expressed as percentages, those 
of the body as percentages of the total length, and those 
from the head region as percentages of the head length. 
All data of total fish length were grouped by one centi
metre length groups and then averaged. These mean 
values were used for drawing percentage CUlves after 
having hcC'n smoothed in the usual way. 

Result. 

Morphometric characters 
All body proportions show a very strong VarIatIOn 

and a considerable overlap in the different types of 
redfish. The percentage curves, however, are, on the 
whole, well separated, at least if the mentella and the 
marinus type alone are compared. The percentage 
curve of the intennediate fish lies between the two 
others, but oscillates much more than either of them. 
If all single percentage figures for anyone character 
are plotted, no separate group of values is found, but 
always, without exception, the groups merge together. 

This means that no true differences exist, in a systema
tic sense, which would allow the fish to be treated as 
different species. 

In contrast to this, in most cases Sebaste.{ viviparus 
characters show well separated groups of observations 
so that there is no doubt that this fish must be 
considered as a separate species. 

Numerical characters 
A comparison of numerical characters of Sebastes 

types show few differences, but those of S ebastes vivi
parus stand out strikingly in Table 1. 

Type 

Number of fin-rays 

Table I 
marinl/s mentella Inter- Sebastes 

mediate viviparus 

;0 D XV!l5·r XV!l4·a XVIl4-7 XV1l3·7 
Number offin-rays in A 111/8·4 111/8·6 111/8·5 11117·0 
Number of fin-rays in P 19'1 18·9 18'9 17·5 
Number of vf'rtebral' 29·9 29·9 30·0 29·0 
Number of gill rakers 35·2 34·5 34'6 37·7 

Although the standard deviation has not yet been 
calculated, it is possible to suppose that the small 
differences shown in the values for the Sebastes marinUJ 
types lie within the limits of error. 

As with the body proportions, the range of variation 
in the numerical characters is very great and overlap 
occurs if the typf'S are compared. It may be added that 
the number of gill rakers in the giant fish is much 
lower than in the other types (34·2 and 33·6 in two 
samples), but since the number of specimens is rather 
small these figures may not represent the true average. 

Discussion 

From the results of these investigations there is no 
doubt that Sebastes lJz'ltiparus must be considered a.r;; a 
true species. The different types of Sebastes marinuJ, 
however, show no differences either in their meristic or 
their numerical characters which would justify their 
being given the status of different species. At the 
moment it is not possible to decide the question of 
whether these types are subspecies, infra-species, or 
ecotypes, bec.ause corresponding investigations from all 
other parts of the North Atlantic have not yet been 
canied out. Nor could all length groups, beginning 
with the smallest bottom stages, be included in equal 
numbers. Below, three alternative possibilities are con
sidered, to explain the existence of the three Sebastes 
marinus types. 

1) Two different species existed, S ebastes marinus 
and S. mentella~ having produced, by interbreeding, the 
intennediate fish, in which the genetic characters of 
one or of the other either predominate or are equally 
represented. In this way the occurrence of an transition 



-#-

links could be easily explained. However, in this case 
typical marinus and mentella specimens might be 
expected among the smaller fish, as well as among the 
intermediate fish. But up to now only the latter have 
been found. This finding, however, does not preclude 
completely the possibility of interbreeding, for it could 
well be that the small marinus and mentella fish live in 
places where "Anton Dohm" has not yet fished. 

2) Originally there was one single species, Sebastes 
marinusJ living in relatively shallow water. From this 
species fish have gradually penetrated into deeper 
waters, and have changed their external appearance in 
adapting themselves to the new conditions of life. If 
this development is not yet completed, then the species 
is in "stato nascendi" and the occurrence of inter
mediate type fish could be readily explained. The 
question of where the smaller deep sea redfish live still 
remains, however, for it seem'i rather improbable that 

only specimens above about 30 cm in length would 
penetrate to live in deeper waters. 

3) All the types originated from the intermediate 
fish, from which either the marinus or the mentella 
type fish developed according to the preferred depth, 
whilst some of the fish, living under intermediate con
ditions, remained at the status of intermediate type 
fish. This theory too, however, is not satisfactory in 
every respect, since it infers that the larvae of all types 
of fish would show no differences. In the field invest
igations up to now only differences between larvae of 
Sebastes viviparus and Sebastes marinus have been des
cribed, but Templeman (1959) who used pre-extrusion 
larvae for comparison, found typical differences 
between the North American marinus and mentella 
type larvae, which might possibly occur in other parts 
of the North Atlantic, too. But this can be decided 
only by further investigations. 
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Preliminary Remarks about Redfish Otoliths 
By 

ADOLF KOTTHAUS 
Biologische Anstalt Helgoland, Bremerbaven 

When studying redfish otoliths for age determin
ations some interesting observations about the external 
feature and the growth of otoliths were made. 

In Plates 1 and 2 redfish otoliths from different areas 
of the North Atlantic between Barents Sea and Labra
dor are compared. It is not difficult to observe that the 
otoliths of the samples are of very different appearance. 
Only the most striking features are dealt with here. 
The samples which should be compared first are 
samples Nos. 2, 5, and 16 from the Norwegian coast, 
the Iceland-Faroe Ridge, and from Labrador, for 
which the otoliths were taken from fish of 44 to 46 em 
total length. No.2 shows the common features of mari
nus-type otoliths. They are rather thin and slender. 
Their dorsal margin is slightly serrated in comparison 
with the ventral, which is rather smooth. The anterior 
part of the otoliths is deeply furcated. Marinus-type 
otoliths from other regions in general show the same 
features, with only small deviations, as may be seen 
from samples Nos. 6, 7, and 8 (south-east Iceland, 
south-west Iceland, and West Greenland). In contrast 
to these the mentella-type otoliths (No.5) are much 
thicker (not visible in the photograph) and noticeably 
longer. The teeth of the dorsal margin are much 
broader, more rounded, and more marked. In many 
cases the furca is almost absent, or at least it is not as 
pronounced as in the marinus-type otoliths. Thus these 
otoliths give the impression of being degenerate, similar 
to the gill rakers, as pointed out in the "Contributions 
to the race problem in redfish". It may be added that 
the mentella-type otoliths have a very distinct radial 
sulcus, which is seen best by transmitted light. 

These two types of otoliths differ very much from 
those of the North American (Labrador) redfish (No. 
16). The latter are very broad and relatively thick. The 
dorsal margin is almost entirely smooth, but the ventral 
border in general is sharply serrated by a great number 

of small and acute teeth (which do not appear clearly 
in the photograph). The angle between the two 
branches of the furca is somewhat rounded and not 
always very clear (compare sample Nos. 9 and 10 of 
smaller rosefish which are of the same appearance"). 
These otoliths resemble most closely those of Sebastes 
viviparus. 

The intermediate type redfish have otoliths resembl
ing partly marinuJ, partly mentella otoliths, whilst some 
of them have characters of both types. In many cases 
they also give the impression of being more or less 
degenerate (Nos. 1 and 3). 

The otoliths of giant redfish, as shown by samples 
Nos. 11 to 15, mostly resemble the marinus type, espe
cially in respect of the fonnation of the furca, which in 
general is well developed. Only the otoliths of giants 
from the NOIwegian coast (No. 11) differ somewhat 
and resemble more the mentella type, especially in the 
formation of the dorsal border; also, their size is much 
more variable than in otoliths of giants from other 
regions. 

Because of these differences it is possible in most 
cases to decide, by comparison, from which type of fish 
the otoliths are taken or from what region of the North 
Atlantic the fish are derived. Since the range of vari
ation of the single characters overlaps in the different 
types, it is necessary to have at hand a large number 
of otoliths for comparison in order to see the mode 
variation. 

Not only are the otoliths of the different types of 
redfish distinguishable from each other, but on the 
whole each type exhibits differences from area to area
see, for example, the differences between the mentella
type otoliths from the Iceland-Faroe Ridge (No.5) 
and those from the Bear Island region (No.4) which 
infer two separate populations. 

The length of the melltella otolith is obviously 



No.1. Barr-nts Sc-a; type intermediate; 
total length +4-46 cm. 

No.5. Iceland-Faroe Ridge; type mentellaj 
total length 44-46 cm. 

No.9. Newfoundland; type roscfish; 
total length 35-36 cm. 

No. 13. Iceland NW coast; type giants; 
total length 65-67 em. 
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No.2. Norwegian coast; type marinus; 
total length 44-45 cm. 

No.6. Iceland SE foast; type marinus; 
total length 44---46 cm. 

No. 10. Labrador; type roscfish; 
total length 35-36 cm. 

No. 14. Greenland E coast; type giants; 
total length 65--67 cm. 

Plates 1-2. Rcdfish otoliths from different types an 



No.3. Norwegian coast; type intermediate; 
total length 44-46 cm. 

No.7. Iceland SW coast; type marin us; 
total length 44-46 cm. 

fit t~fii 
\t • " 

No. II. Norwegian coast; type giants; 
total length 65--66 cm. 

No. 15. Greenland W coast; type giants: 
total length 65-67 em 

ot areas of the North Atlantic. 

- 47 -

No.4. Bear Island; type mentella; 
total length 43-46 cm. 

No. B. Greenland W coast; type marinus; 
total length 44-46 em. 

No. 12. Iceland SW coast; type giants; 
total length 64--67 cm. 

No. 16. Labrador; type giants; 
total length 44-46 cm. 

I 
A.4 
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Figure 2. Growth of redfish otoliths from the Lofoten area 
1959. 

larger fish were some marinus-type redfish and some 
giants. This characteristic growth curve for the Rosen
garten otoliths is dependent upon the mixed population 
- the curve flattens out because the marin us-type 

30 " 40 45 50 
10 otoliths and those of the giants are very much slower 

elll growing than the mentella-type otoliths. The giant fish, 
in particular, have very slow-growing otoliths. (This is 
demonstrated from a large material from the Nor
wegian coast (Fig, 2) in which the smaller fish are 
mostly of the marin us type. The bigger ones from about 
60 to 65 cm are giants. The changes in the curve here 

Talal lugth of fl.h 

Figure 1. Growth curves of redfish otoliths from four different 
areas. 

--- = W Greenland, marinus type (539 measurements). 
x-x-x- = E Greenland, interm. type (740 measurements). 
---- ::::- Iceland-Faroe Ridge, mentella type (1,452 meas.). 
......... = Norw. coast, mannus type (1,387 measurements). 

greater than that of the marinus otolith, but there are Ltngth of 

other differences between the types which also persist ~~i-r;_th_, __________________ _,.______,___, 
from area to area. In general the differences are not 1.& / 

striking and are not seen by a superficial glance at the , ' 
material; they appear most clearly in the growth cUIVes t7 /'~"~-' 
of the otoliths. In order to examine this feature the //'-'~/ 
maximum length of about 30,000 redfish otoliths was " ,/--
obtained by a special apparatus reading to 1/100 mm. / 
The observed values were rounded off to the nearest is ' 
1/10 mm. For each centimetre of total fish length the I' 
average length of otoliths was calculated, and the , 
growth CUIVes of Figures 1 to 5 were drawn from these 
averages. 

" Figure I depicts the growth curves of redfish otoliths 
of four different areas, which show at once that the 

12 
otoliths of West Greenland fish are the slowest growing. 
Those from the Norwegian coast are somewhat faster 

11 growing. In both cases marin us-type otoliths were 
chosen exclusively. The growth cUIVe of redfish otoliths 
from the Iceland-Faroe Ridge area is very clearly .0L, __ ... __ ..-_ ...... __ ... __ .-_-. __ -r--' 
distinguishable from those of the other two regions; 
here the growth-rate is much higher. This curve derives 
from samples in which the types of fish were not 
separated, The smaller fish up to about 47 em total 
length are exclusively of the mentella type, whilst the 

" '0 40 45 '0 60 tm 
Total Itnqlh of fish 

Figure 3. Comparison of otoliths of the American roscfish 
(whole line, Newfoundland, 202 measurements) with those of 
the marinus type (dashed line, SW Iceland, 1,411 measure-

ments) . 
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Figure 4. Difference between otolith growth of West and East Greenland redfish. 
----- = West Greenland (539 measurements) 
- - - - =East Greenland (1.391 measurements). 

are also caused by the fact that both kinds of fish occur 
at the same length.) The growth curve of intermediate 
type otoliths is drawn for East Greenland (see Fig. 1). 
Up to about 47 em total length it is intermediate 
between those of the marin us and the mentella type. 
Above this length it approaches the marin us-type 
curve. This is the typical form of growth curve of 
intermediate fish otoliths. It must be mentioned that 
the length at which the two curves approximate differs 
somewhat from area to area. This is shown in Figure 5, 
for material from south-west Iceland and from the 
Iceland-Faroe rudge. 

It should be noted that the differences in the length 
of otoliths and in fact in growth-rate generally, become 
evident from about 30 cm total fish length onwards. 
Otoliths of smaller fish of different types are hardly 
distinguishable in length. 

Comparing otoliths of the American rosefish with 
those of the marin us type (Fig. 3) no essential differ
ences are to be seen up to about 37 em, but for otoliths 
of larger fish the growth-rate is much greater in the 
rosefish. 

Figure 4 once more shows the differences between 
the otolith growth from West and East Greenland 
redfish, including giants up to about 75 cm. The West 

4 

Greenland material consisted almost exclusively of 
marin us-type fish up to about 65 cm, whilst in the East 
Greenland material there were intermediate types in 
the smaller fish up to about 47 cm, marin us fish up to 
about 63 cm, and the largest fish from about 63 cm 
onwards were mostly giants. In the West Greenland 
material the growth-rate of the marinus and giant 
fish otoliths does not differ much, and the curve suffers 
no appreciable deflection. In the East Greenland 
material, however, the giant. fish otoliths grow some
what more slowly than those of the marinus type, and 
these latter again more slowly than intermediate type 
otoliths. It was therefore the composition of this sample 
which was responsible for the two distinct peaks in 
the curve. 

Sometimes big fish of the marinus type and giants of 
the same length cannot be readily distinguished from 
each other by their external appearance. In such cases 
the otoliths are a good guide. Figure 6 demonstrates 
this by a schematic drawing. Looking at an otolith of 
the marinus (or mentella) type fish by transmitted 
light, the centre of the otoliths up to the first spawning 
zone has generally four, sometimes five broad annual 
rings, implying that these fish mature for the first time 
at an age of four to five years. In contrast to this, the 
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Figure 5. Length of otoliths from different areas. 

--- = Iceland-Faroe Ridge - type: mentella 
- . -' - = Iceland-Faroe Ridge - type: intermediate 

= Iceland, south-west coast - type: marinus 
......... = Iceland, south-west coast - type: intennediate 

giant fish have in general six to seven annual growth 
zones before the beginning of the very narrow rings laid 
down after their first spawning. This observation 
strengthens the view that giants are not to be looked 
upon as merely large marinus fish. 

The question might be asked, "Why this great use of 
otoliths?" Now, these observations are of great value 
in distinguishing different redfish types in foxmer 
otolith samples, since in the first years of sampling, 

B 

Figure 6. Schematic vic'w of two otoliths in transmitted light. 

A == Giant redfish showing 7 broad annual rings before the 
first spawning, 

B == Type marinus, showing only 4 broad annual rings before 
the first spawning . 

The additional, very narrow rings are not shown. 

otolith types were not separated. It is now possible, for 
instance, to decide from the growth curve of otoliths 
whether the sample is of mentella, marinuJ, or inter
mediate fish, or if it is a mixture of otoliths of different 
types. The external appearance of the otoliths is also 
a valuable help for separating otoliths. Finally, it is 
possible to decide whether a large redfish is of the 
marin us type or a giant fish, by examining the internal 
structure of the otoliths. 
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Problems in the Identification of Fishes, with a Comparison 
between Shallow-Water and Deep-Water Species of Sebastodes (Scorpaenidae) 

By 
J. B. PHILLIPS 

Marine Re.o1ll'C~ Operationa. California Department of Fi.h and Game, 
SacralDento, Calif., U.S.A. 

The task of a fish systematist is not easy: often he is 
faced with inadequate type descriptions, species lacking 
distinctive external characters, forms that undergo 
certain morphological changes with age, and other 
related problems. 

A great deal has been written on the subject of what 
does or does not constitute a species. In some cases, 
young of previously described adult forms have been 
described as new to science, usually in good faith 
because forms of intennediate size were not available 
at the time. Also, on occasion a specimen of a pre
viously described species has, on the basis of certain 
variations, been separated and described as new. 
Because of poor original descriptions for the species in 
question such action may be excusable. 

Even though a species has been adequately identified~ 

the fisheries biologist who is concerned with population 
studies may not be satisfied. In the management of fish 
populations it is necessary to know what separable units 
are present and how they can be identified. 

Although species separation in fishes is usually based 
on morphological features of form and structure, in 
racial studies physiological characteristics such as 
growth-rate, time of spawning, and migration patterns 
might be used. According to Kesteven (1950): "There 
does not seem to be any reason why almost any feature 
whatsoever could not constitute a racial character, 
whether a minor morphological feature, a physiological 
one, an ecological habitat, or a preference for a certain 
food. Any of these could be demonstrable and 
constant." 

Morphological Characters 

Morphological characters may be grouped either as 
those that can be examined externally, or those involv
ing dissection and internal examination. Morphological 
characters reducible to digits can be grouped either as 
meristic counts or proportional measurements. In 
counting the number of spines or rays in the median 
fins, it may be found that some of the anterior or 
posterior elements are minute or buried beneath the 
skin. This was true with the Pacific coast sablefish, 
Anoplopoma fimbria~ a demersal species found to 
depth of at least 400 fathoms (Phillips, Clothier and 
Fry, 1954). This situation does not exist in species 
belonging to the genus Sebastodes. 

Sometimes a character simplifying field identification 
may go unnoticed for years. Only recently a fisheries 
biologist discovered that invariably Pacific coast silver 
salmon (Oncorhynchus kisutch) differ from king 
salmon (0. tshawytscha) in having the crown of the 
gums through which the teeth protrude white, in 
contrast to all dark gums in the king salmon. Previously, 
separation of these forms when similar in size, was 

4· 

difficult under field conditions. A POSItIve internal 
character - fewer than 85 pyloric caecae in the silver 
and more than 100 in the king ~ is of little avail when 
salmon are landed in a cleaned condition. 

Some systematists working on species lacking in 
differentiating characters have been tackling the 
problem facing them by an examination of internal 
anatomy, larval characters, and type of blood. 

Internal anatomy 

Godsil and Byers (1944), following the style of 
Kishinouye (1923), found proportional measurements 
and meristic counts of little value for distinguishing 
five Pacific tunas, and external colour was specific for 
only one. However the appearance of the viscera was a 
valuable identifying character for all five species. When 
the walls of the body cavity were cut away exposing a 
ventral view from heart to anus, it was found that the 
position and visible amount of the caecal mass, liver, 
stomach, intestine, and spleen were characteristic for 
each species. Furthermore, such characteri~tics as a 
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striated or non-striated liver, a straight or folded 
intestine, a conspicuous or inconspicuous gall bladder, 
and presence or absence of an air bladder, were in
variable to each species. Additional items of value in 
specific determination of the five tunas were: the 
vertebra under which the kidney terminated; the 
vertebra under which the ureter divided, and the type 
of divergence; the number of branches to the coeliac
mesenteric artery; the presence or absence of a conical 
plexus; the position of the anterior arterial, the 
cutaneous system and, if present, the post-cardinal vein. 

To facilitate their study of the blood-vascular system, 
Godsil and Byers made injections of red and blue latex. 
Various osteological comparisons also were made, but 
only the bones of the cranium and the spinal column 
provided the most useful characters. 

As a result of establishing the validity of five species 
of tuna by comparing internal features, Godsil (1945) 
later produced a satisfactory field key for the identific
ation of these fish. 

This field key is based primarily on external char
acters, but has the added protection of a specific 
internal character where an external feature may be 
questionable. 

Further evidence that a thorough examination of 
internal anatomy might be productive in speciation 
and racial studies is indicated in a recent article by 
Harder (1958). He found that the anatomy of the 
intestine is useful in identifying systematic groups, such 
as the Engraulididae, Clupeidae and Dussumieriidae. 
He suggested that the length of the intestinal tract 
might be a useful racial character. Since intestinal 
length increases with fish length, comparisons would 
have to be made by calculating regressions of intestinal 
length on standard length. Harder pointed out that 
among the Engraulididae, Cetengraulis mysticetus and 
Anchovia macrolepidota are somewhat alike externally, 
except for a thin membrane connecting the gill covers 
in Cetengraulis, but differ enormously in the gross 
anatomy of their intestines. In Cetengraulis the 
intestinal length, from anterior end of mouth to anus, 
is 6 to 10 times the standard length, while in Anchovia 
the intestinal length is but 1·24 times the standard 
length. Likewise, the gross appearance of the intestine 
differs. 

Vertebral characters 
Following the work of Ford (1937), who described 

and illustrated differences in the vertebral columns of 
several fishes, Clothier (1950) produced a key to the 
identification of 163 species of teleostean fishes taken 
off the coast of southern California. The main portion 
of the key was based on the total number of vertebrae, 

and the vertebra upon which occurred the first haemal 
spine and the first haemal arch. Secondarily, and in 
the more complex parts, additional osteological char
acters were taken into account, such as the size and 
shape of the bones of the skull, size and shape of the 
haemal and neural spines, and other bony peculiarities. 

Such a key is of little help, however, in separating 
species of S ebastodes because the total number of 
vertebrae in the spinal column is invariable. Clothier 
reported upon 39 specimens representing 10 species 
from southern California waters, and including the 
urostyle, the total vertebrae in all but one was 26. In 
one instance a count of 27 was found. In all cases, the 
first haemal spine appeared on the twelfth vertebra. 

Vertebral counts in the other species of Sebastodes 
probably are similarly invariable. Jordan and Ever
mann (1898), used a vertebral count of 27 in separating 
Sebastodes and Sebastopsis from other genera of Scor
paenidae. This is one more than Clothier found in the 
species he examined. But, Clothier counted the urostyle 
as a single element, even though the upper lobe is 
jointed and undoubtedly was counted as two by Jordan 
and Evermann. 

Larval identification 

Morris (1956) in presenting descriptive information 
on the early larvae of Sebastodes paucispinis, S. gaodei, 
S. jordani, and S. saxicola, noted differences in melan
ophore patterns that were characteristic for each. 
Although specific identification of all 49 species of 
larval Sebastodes occurring in California waters might 
prove difficult, the problem on the Atlantic coast 
should be simplified by the presence of but a few fonns 
of Sebastes. Also, it might be possible to rear the larvae 
of such ovoviviparous species to an advanced size, thus 
affording a greater possibility of observing recognizable 
differences. 

That Sebastodes larvae lead a pelagic existence is 
noted in a report by the Marine Research Committee 
(1952). In plankton hauls they were widely distributed 
along the California and Baja California coasts during 
every month of the year. Their persistent occurrence 
up to 300 miles offshore suggests that some species lead 
a pelagic existence. 

Blood tests 
Serological techniques, wherein the serum of blood 

is used as a means of distinguishing racial groups, are 
currently under investigation. At present, the U.S. 
Bureau of Commercial Fisheries, in its studies of North 
Pacific salmon, and the Inter-American Tropical Tuna 
Commission, in its study of South Pacific tunas, are 
both actively exploring this approach to possible speci
fic and sub-specific separation. 
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Scorpaenid Fishes 
In a systematic review of the rockfishes (Scorpaeni

dae) in California waters, Phillips (1957) identified 49 
species of Sebastodes, two of Sebastolobus and one of 
Scorpaena. An artificial key based on characters that 
did not involve dissection was provided. Morphometric 
measurements were converted to proportions rather 
than to percentages of standard length. Specific de
scriptions included but one internal character - the 
colour of the peritoneum. An examination of other 
internal features was not undertaken. 

Shallow-water versus deep-water form 

To determine the differences that might be asso
ciated with shallow-water as contrasted to deep-water 
Sebastodes, six species associated with each depth zone 
were selected for analysis of morphometric measure
ments. The shallow-water fonns selected were: S. my
stinus, S. rastrelliger, S. carnatus, S. chrysomelas, S. 
caurinus, and S. serriceps. The maximwn depths 
reported for these are 25 to 50 fathoms, and the 
maximum reported total lengths range from 15 to 20 
inches (38 to 51 cm). The deep·water species selected 
were: S. saxicola, S. crameri, S. aleutianus, S. aurora, 
S. diploproa, and S. rubrivinctus. The maximum 
depths reported for these are 200 to 300 fathoms, and 
the maximwn reported total lengths range from 13 to 
33 inches (33 to 84 em). 

After completing a comparison of these 12, another 
six species occurring in waters of intennediate depth 
were compared. The species used in this analysis were: 
S. paucispinis, S. goodei, S. entomelas, S. pinniger, S. 
miniatus and S. levis. The maximum total lengths 
range from 21 to 36 inches (53 to 91 cm). Between 45 
and? 5 specimens were examined in each group of six 
speCIes. 

The various morphometric measurements for each 
fish were converted to percentages of standard length, 
and these percentages were plotted against the standard 
length in order to observe the trends and ranges of the 
ratios. Comparisons were made in the size range of 4 
to 14 inches (10 to 35 cm), standard length, because 
none of the shallow-water forms in this analysis 
exceeded 14 inches (35 cm). 

For a comparison of the meristic and other general 
features, all 49 species of Sebastodes reported from 
California waters were grouped by maximum depth of 
occurrence. The three groupings used and the number 
of species fitting each were: shallow water (0-99 
fathoms; 20 species), intermediate water (100--199 
fathoms; 17 species), and deep water (200-300 
fathoms; 12 species). Between 240 and 290 specimens 
were examined in each of the three categories. 

The following summary illustrates the magnitude of 
the morphometric, meristic, and other features resulting 
from these analyses:-

Shallow-water species 
Greater maxillary length 
Greater body depth 
Greater length of fin rays and fin spines 
Shorter gill rakers 
Greater proportion of species with a white, rather 
than a dark peritoneum. 

Intermediate water species 
Greater width of interorbit 
Greater number of gill rakers 
Greater number of lateral line pores 
Greater number of longitudinal rows of scales 
Greater average maximum length of fish 
An equal proportion of species with a white, as with 
a dark peritoneum. 

Deep-water species 
Greater width of orbit 
Greater length of head 
Stronger spines on head 
Stronger symphyseal knob at tip of lower jaw 
All species with a dark or black peritonewn. 

The average number of dorsal, anal and pectoral 
fin rays, and the snout length were not significantly 
different. 

Allometric growth of various body parts for Seba
stodes, regardless of depth distribution, was sufficiently 
similar to be included in general summaries, as follow:-

Rate of increase significantly slower than increase 
in standard length 

Width of orbit 
Length of second anal fin spine 
Length of ventral fin spine 

Rate of increase generally slower than increase 
in standard length 

Longest dorsal fin spine 
Longest dorsal fin ray 
Longest raker on first gill arch 

Rate of increase generally faster than increase 
in standard length 

Length of head 
Length of snout 
Length of maxillary 
Width of interorbit 
Greatest body depth 



Rate of increase variable but generally constant 
with standard length 

Longest pectoral fin ray 
Longest ventral fin ray 
Longest anal fin ray 

It should be pointed out that the foregoing analyses 
were based on material that was previously processed 
in a systematic study of the Scorpaenidae in California 
waters. Four to five inch fish (10 to 13 ern) were not 
available for all species. Likewise, in some cases mate
rial in the larger sizes was not available because of the 
relatively short maximum lengths attained by some 
rockfish. Therefore, these analyses should be considered 
as provisional until a more critical study can be made 
with a series of a comparable size. 

The inclusion of juvenile sizes is important in a 
morphometric study, if trends based on an increasing 
standard length are to be representative. Recently, a 
small Sebastodes, one inch in standard length, was sent 
to me for identification. Fortunately, the gill raker 
count was sufficiently low to narrow its identity to onc 
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of three species. Two of these were disqualified on the 
basis of the pectoral fin ray counts and the absence of 
certain cranial spines. The remaining possibility, S. 
rastrelliger, qualified in every respect except for long 
and slender gill rakers. Phillips (1957) noted a key 
character for S. rastrelliger as: "Rakers on first gill 
arch short and flat, about as high as wide but not more 
than two times high as wide;" However, since 
publication two small specimens, one 4·5 inches (11·5 
cm) in standard length, have been obtained. The gill 
rakers in the 4·5 inch specimen were somewhat longer 
than indicated for the key character, being 2·6 per cent 
of standard length, compared with 1·4 to 1·8 per cent 
for a series of specimens 6-4 to 13·7 inches (16 to 35 
cm) in standard length. The longest gill raker in the 
one-inch specimen was 5·0 per cent of standard length. 
Thus it would appear that the gill rakers in juvenile 
S. rastrelliger are proportionately as long as the rakers 
in a number of other species, but become progressively 
shorter with age. S. rastrelliger lives among kelp in 
rocky areas, close to shore. 

Conclusions 

In a tentative analysis of external characteristics of 
Pacific coast species of Sebastodes (Scorpaenidae), 
comparisons were made between shallow-water and 
deep-water fonns. Consistent differences were not 
apparent in all cases. The average number of dorsal, 
anal, and pectoral fin rays was found to be essentially 
identical for all species. 

Shallow-water fonns generally had longer maxil
laries, deeper bodies, longer fin spines and rays, and 
shorter gill rakers. Wider orbits, longer heads, stronger 
head spines, and stronger symphyseal knobs were 
associated with species living in deep water (200-300 
fathoms). However, those living in waters of inter
mediate depth (100-199 fathoms) are characterized by 
having the greatest number of gill rakers, lateral line 
pores, and longitudinal rows of scales on the body. Also 
Sebastodes found at intennediate depths attain the 
greatest average maximum length. 

The rate of increase in width of orbit, length of 
second anal spine, and length of ventral fin spine was 

significantly slower than it was for standard length. In 
general it was also slower for the dorsal fin elements 
and the gill rakers. It was generally faster for snout, 
head, and maxillary lengths, and for interorbital width 
and body depth. 

When external characters are not entirely satisfactory 
for typing species of fishes, it is suggested that an 
examination of the internal anatomy be undertaken. In 
recent years workers have shown that important differ
ences are sometimes evident when comparing internal 
organs, while differences in external features may be 
difficult to evaluate. 

Newly hatched larvae of ovoviviparous fishes may 
reveal consistent specific differences in the melanophore 
pattern, or other features. 

Currently, serological techniques or blood tests 
appear to hold promise for identifying North Pacific 
salmon stocks and South Pacific tuna stocks. If success
ful, such methods could be applied to other stocks, such 
as the scorpaenoid fishes. 
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Vertebral Numbers of Redfish, Sebastes marinas (L.). 
in the North-West Atlantic, 1947-1954 

By 
WILFRED TEMPLEMAN and T. K. PI'IT 

Fisheries Reaearch Board of Canada, Biologieal StatiOD. St. John's, NOd. 

Part 1 

Redfish Vertebral Numbers and Averages in the North-West Atlantic 

Introduction 
During the period 1947-1954 vertebral counts of 

redfish, Sebastes, were made at the St. John's station. 
The fish were first filleted and the fresh or salted 
skeletons were boiled for a short period; then the 
vertebral columns were placed on a wire screen set at 
an angle and the flesh was thoroughly cleaned off by 
water from a pressure hose. The vertebral columns 
were dried immediately in a small salt fish dryer. All 
whole vertebrae between but not including the basi
occipital bone and the urostylar half-vertebra were 
counted. For purposes of this paper, all skeletons with 
fused vertebrae were discarded; these were not numer
ous. All vertebral colwnns were examined by several 
people. Two vertebral counts in agreement were made 
by a technician, and a third check count was done, 
usually by a biologist; also, the senior author has 
consistently checked 5 % to 10 % of the counts and 
usually all exceptional counts for each sample and such 
greater numbers as were necessary whenever inaccur
acies were noted. 

During the period covered by this paper Sebastes 
marin us marin us (L.) and Sebastes marinus mentella 
Travin were not separated. Over most of the area 
the mentella type is greatly predominant (Templeman, 
1959). Marinus-type redfish live shallower (at least 
during late spring, summer, and autumn), grow larger 
and become sexually mature at larger sizes than men
tella; also the sizes, depths, and sexual maturities of 
these redfish, together with knowledge of the distribu
tion of the marinus and mentella types in the area, 
indicate that there is little error in assuming almost all 
these redfish to be mentella. There are a few cases, 
however, where it is indicated that a larger or smaller 
proportion of the sample may be marinus type. These 
will be noted. 

A list of all vertebral samples and data relating to 
them is given in Table 1, and place names are shown 
in Figure 1. Only random samples were used for Figures 
2-14 and Table I. 

The vertebral numbers of individual redfish ranged 
between 28 and 31; each sample was usually restricted 
to only 2 or 3 numbers (Table 1, Figures 3-7). This 
produces a sharply peaked vertebral number curve, but 
it is assumed that standard statistical methods will 
apply, although, for reasons which will develop later in 
this paper, statistical comparisons of vertebral averages 
from random samples will not be argued too rigidly. 
For the convenience of the reader in making his own 
comparisons, the standard error is given for the average 
vertebral numbers in Table 1 and the numbers of red
fish in the samples are shown in Figure 2. Almost all 
samples were of 110 to 120 fish and very few were 
below 50. 

In these samples differences between vertebral aver
ages (Figure 3) of 0·2 or over will usually be significant. 
In view of data to be presented later it is not worth 
while to push the argument regarding statistical differ
ences too closely, but major differences may often be 
noted with confidence. 

A redfish sample obtained from Tunugdliarfik Fjord, 
West Greenland, in 1956 has been included for com
parison. These redfish were of the mentella type and 
had a vertebral average of 30·04, similar to the usual 
Labrador average. 

It is apparent that the Labrador samples from Lat. 
60° to 54° N, with vertebral averages of approximately 
30·0, are most significantly distinct from those of the 
Gulf of Maine with averages of 29·0, from the Nova 
Scotian Shelf samples. with average, of 29·1-29·2, and 
from Flemish Cap and the eastern, southern, and south
western Grand Bank samples, in which vertebral 
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averages are usually between 29·1-29·3. Whereas the 
Hamilton Inlet Bank redfish between Lat. 55° and 
54 oN have vertebral averages between 30'0 and 30·05, 
immediately southward across Hawke Channel, 
between Lat. 53° and SOON, the vertebral averages are 
distinctly different, ranging from 29·2 to 29·6, and with 
few exceptions they continue to decline still further in 
the Grand Bank and Flemish Cap areas. However, 
once these areas are reached, in Lat. 48° to 46°N, there 
is no further decline in the typical vertebral averages, 
29·3 to 29,1, neither toward the southern tip of the 
Grand Bank at Lat. 43°N, nor on the south-western 
Grand Bank. Five exceptional samples with higher 
vertebral averages ranging from 29· 7 to 30'1 were taken 
between southern Labrador and Flemish Cap, and will 
be discussed later. 

Another track of declining vertebral numbers leads 
from Labrador through the Gulf of St. Lawrence 
southward along the southern edge of the Laurentian 
Channel, across the Nova Scotian Shelf to the Gulf of 
Maine. The Gulf of St. Lawrence redfish, typically, 
have high vertebral averages of between 29·6 and 30·1, 
but occasionally within the same small locality, or 
closely adjacent, may be found very significantly differ
ent vertebral averages as low as 29·3. The high vertebral 
averages (30·0) cease abruptly at sample No. 77, at the 
southern entrance to the Gulf of St. Lawrence, and 
only a few miles to the east there is a group of 5 
distinctly different vertebral averages (Misaine Bank, 
samples Nos. 78-82) all between 29·1 and 29'2. This 
pattern continues, with only a slight decrease in the 
vertebral averages, southward across the Nova Scotian 
Shelf to the Gulf of Maine where the 2 samples show 
vertebral averages of 29·0. 

The vertebral averages of redfish from St. Pierre 
Bank and the south coast of Newfoundland are typic
ally between 29·1 and 29·3, resembling those of the 
Grand Bank and of the northern part of the Nova 
Scotian Shelf. The many samples from the same small 
area of Hermitage Bay are exceptional in possessing 
higher averages ranging between 29·4 and 30·1. 
Samples from within Hermitage Bay also in many cases 
have significantly different vertebral numbers. 

Additional comparisons, showing exactly the same 
trends that have been discussed for average vertebral 
numbers, are seen for percentage of redfish with 30-31 
vertebrae (Figure 4) and with 29-28 vertebrae (Figure 
5). Actually, as will be noted in Table 1 and Figures 
6--7, almost all redfish have either 29 or 30 vertebrae. 
In Tunugdliarfik Fjord in West Greenland 98 % of 
the mentella-type redfish have 30-31 vertebrae; in 
Labrador redfish the percentages run between 81 and 
99. Similarly high numbers of vertebrae occur in the 
Gulf of St. Lawrence, in some of the Hermitage Bay 
samples, in the exceptional samples, already noted, 

between southern Labrador and Flemish Cap and in 
one sample from very deep water on the south-western 
Grand Bank. 

In the parts of the area with low vertebral numbers, 
the percentages of redfish with 30--31 vertebrae vary in 
most samples from 10 to 30 % on the Grand Bank and 
Flemish Cap, between 9 and 17 % on the Nova Scotian 
Shelf, to only 3 to 5 % in the Gulf of Maine (Figure 4). 

Redfish with 31 vertebrae are so unevenly distributed 
in the samples (Figure 6) that this characteristic can, 
to a considerable degree, act as a tag, when considering 
the amount of intermingling between redfish popu
lations. Redfish with 31 vertebrae are most common in 
Labrador, eastward and northward from Hamilton 
Inlet Bank; in the Gulf of St. Lawrence; in Hermitage 
Bay; on the south coast of Newfoundland and in 
the following samples: No. 20, Flemish Cap; No. 13, 
Badger Bay; No. 16 and 17, Trinity Bay; No. 14, north
east of Cape Bonavista; No. 31, a deep-water sample 
from south-western Grand Bank; and No. 40, Halibut 
Channel. 

It is reasonably certain that sample No. 20 (12·3 % 
with 31 vertebrae) consists mainly of marinus-type red
fish, and that there are at least some in sample No. 14. 
The few redfish with 31 vertebrae in Flemish Cap 
samples No. 19 and 21 may also be marinus-type fish, 
and some were probably present also in the Halibut 
Channel sample No.40 (2·6 % with 31 vertebrae). 
However, for sample No.31 (13'6 % with 31 verte
brae) the evidence (later presented) indicates that it 
consists of mentella-type redfish of larger size, greater 
age and from a greater depth than neighbouring 
samples which contained no fish with 31 vertebrae. 
There is also evidence that the great majority of redfish 
in the remaining samples are of the mentella type. 

From the distribution of rcdfish with 31 vertebrae 
(Figure 6) there is no evidence of migration of adult 
redfish or of redfish larvae southward from the Hamil
ton Inlet Bank area across Hawke Channel or eastward 
from the Gulf of St.Lawrence over the Northeast New
foundland Shelf. The adult mentella-type redfish of the 
Gulf of St. Lawrence could not migrate eastward 
through the Strait of Belle Isle in any case, since the 
Strait is too shallow, but redfish larvae and fry could 
be expected to pass outward with the surface current 
on the eastern side of the Strait. Similarly there is no 
evidence of movement of adult, or larval, redfish from 
the Gulf of St. Lawrence out along the Laurentian 
Channel between St. PietTe Bank and the Nova Scotian 
Shelf, or from the Gulf over or around the Nova 
Scotian Shelf. Yet it is to be expected, unless such 
larvae are blown by the prevailing Wand SW winds 
towards St. Pierre Bank and the western part of the 
south coast of Newfoundland, that they would be 
carried by the Cape Breton Current from the Gulf, 
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over the Nova Scotian Shelf. It is evident that to utilize 
such vertebral number data adequately, more data are 
required over the whole depth range of the species, so 
that the distribution of the fish with 31 vertebrae may 
be compared by depth and fish size and age and by 
mentella and marinus type. 

There are even fewer redfish in the area with 28 
vertebrae (Figure 7) than there are with 31. They are, 
however, more widely distributed, and a small per
centage of these fish occurred occasionally in samples 
taken over most of the area. For adequate discussion 
more data are required on the variation in vertebral 
count throughout the whole depth and size range of 
each of the mentella and marinus types of redfish. It 
is unlikely, however, that the analysis of such data on 
the presence of 28 vertebrae will be as fruitful for the 
study of adult migration and larval drift as similar data 
for redfish with 31 vertebrae. 

Vertebral number in relation to fish length and sex 

Although otoliths were collected it has not been 
possible to age most of the large number of redfish in 
these vertebral samples. 

Since these redfish grow very slowly, and females 
faster than males, analysis of vertebral number by 
length and sex can, to a considerable degree, take the 
place of analysis by age, although the latter is desirable 
also, particularly in order to explain differences in 
vertebral count in the same area or in different areas in 
relation to hydrographic conditions. 

Figures 8-15 show the relationship between vertebral 
number and fish length. Neighbouring samples of the 
same kind are combined and the exceptional samples 
from an area are usually shown separately. 

In Tunugdliarfik Fjord in West Greenland mentella
type redfish of all sizes possessed 30-31 vertebrae almost 
without exception (Table I). 

The Labrador samples (Figure 8) show that most 
fish of all lengths possess 30-31 vertebrae; this was also 
true of sample No. 13, Badger Bay; sample No. 14, 
north-east of Cape Bonavista; samples No. 16-17, 
Trinity Bay (Figure 8) and sample No. 20, Flemish 
Cap (Figure 9). 

Off the north-east coast of Newfoundland (samples 
No.8-12) and north-east of Cape Bonavista (sample 
No. 15 (Figure 8)) the numbers of redfish at each 
length with 29-28 or with 30-31 vertebrae are approxi
mately equal, but usually with a tendency for the larger 
sizes to have the greater number of vertebrae and the 
smaller sizes the lower. 

At Flemish Cap (Nos. 19 and 21 (Figure 8)) redfish 
with vertebral numbers of 29-28 predominate at all 
sizes except the very largest, which are too few in 
number to affect the averages significantly. 

The north-eastern Grand Bank, south-eastern and 
,. 

southern Grand Bank, south-western Grand Bank and 
St. Pierre Bank redfish have predominantly 29-28 
vertebrae at almost all sizes. On the south-western 
Grand Bank the 30--31 vertebral numbers become in
creasingly important toward the larger sizes and pre
dominate in the few fish of the largest sizes. Similarly, 
among the few redfish of the largest size on St. Pierre 
Bank the vertebral numbers 30--31 are predominant 
(Figure 9). 

On the south coast of Newfoundland vertebral 
numbers 29-28 predominate at all sizes at which there 
are significant numbers of fish, both in Fortune Bay 
(Figure 10) and in the Ramea and Rose Blanche 
samples (Figure 11). In the intennediate area between 
these two groups, Hermitage Bay (Figure II), the 
vertebral group 30-31 predominates at the larger sizes 
and the 29-28 at the smaller sizes, both in 1947-48 and 
in 1953-54. 

In the Gulf of St. Lawrence as a whole (Figure 14) 
the larger redfish are predominantly of the 30-31 
vertebral group and the smallest redfish of the 29-28. 
In the individual areas of the Gulf, however, there are 
departures from the overall pattern. Thus samples Nos. 
69-71,73, from north and east of Anticosti (Figure 11) 
have vertebral numbers 30-31 predominant at both 
smaller and larger sizes, whilst in sample No. 72, from 
north of Anticosti, counts of 29-28 predominate at 
these same smaller sizes. St. George's Bay (Figure 12) 
possesses two well-separated length groups, with the 
30--31 vertebral group predominating in the larger and 
the 29-28 vertebral group in the smaller sizes of each 
length grou p. 

In the Nova Scotian Shelf area, No. 78~6 (Figures 
12 and 14) and in the Gulf of Maine (Figure 14) the 
vertebral group 29-28 predominates at all sizes. 

Use of vertebral numbers to dissect and elucidate 
length-frequencies, and use of length-frequencies 
to improve the accuracy of vertebral averages 

At best, compared with the large numbers of redfish 
measured at sea, only small numbers of vertebral 
columns are examined for vertebral number; also, these 
fish are generally from group samples and are thus only 
an approximation to a random sample. The much 
larger numbers of redfish actually measured on board 
ship or on shore should thus much more closely 
resemble the actual length-frequency of the population. 

Therefore, in a restricted area, Hermitage Bay, from 
which many redfish were measured, and for which 
there are moderately large numbers of vertebral counts 
in relation to fish lengths, the percentages of redfish 
with various vertebral numbers at different sizes have 
been calculated and applied to show the distribution 
of vertebral numbers in the actual frequency (Figure 
15). For both the 1947-48 and the 1953-54 periods, 
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the actual length-frequencies have a general similarity 
to, but also some differences from, those of the redfish 
samples used for the vertebral counts. The details of 
this figure will be discussed later. By these calculations 
from a vertebral number/fish-length key, a more exact 
vertebral average for an area should also be obtained. 

General discussion and conclusions for each area 
Labrador 

Most of the 7 Labrador samples with very high 
vertebral numbers at all lengths were from localities 
where few marinus-type redfish have been noted; their 
lengths were not those of the typically very large 
marinus fish; most of the depths were greater than 
those where marin us-type fish are abundant. Two 
samples were from 204 and 300 fathoms (373 and 
549 m), at which depths marinus-type fish are usually 
very scarce, and yet in each case the sample had 
98-99 % with 30-31 vertebrae. It may thus be said 
with some assurance that the mentella-type redfish in 
Labrador, south to Lat. 54°N, have a high vertebral 
number and that very few redfish at any length have 
fewer than 30----31 vertebrae. 

Northeast Newfoundland Shelf and east coast bay. 

Between the high vertebral numbers in the Labrador 
area and the low ones on the north-eastern Grand Bank 
(samples Nos. 18-24) are found intennediate numbers 
(samples Nos. 8--12) significantly different from those 
of Labrador north of Lat. 54°N and usually from those 
of the north-eastern Grand Bank. In this general area, 
also, there are four high vertebral averages, three of 
which resemble the Labrador averages more closely 
than those of the areas in which they are located. In 
one of these areas, Badger Bay (sample No. 13, vert. 
avo 30·07,100 % 30-31 vertebrae), there is a very low 
temperature (O·I°G) in redfish depths at 155-160 
fathoms (284-293 m). The high vertebral averages for 
samples Nos. 16 and 17, Trinity Bay (29'96 and 29·74) 
are also associated with low temperatures at redfish 
depths (0·8 and 0·6°G at a depth of about 180 fathoms 
or 330 m). In the deep waters of these bays the popul
ation is of the mentella type. These bays and fjords on 
the east and particularly the north-east coast of New
foundland are filled to a greater depth with water from 
the colder, inshore part of the Labrador Current than 
are the seaward slopes of the continental shelf. 

The high vertebral average of sample No. 14, north
east of Gape Bonavista (30·04, 100 % 30-31 vertebrae, 
175 fathoms, 320 m) came from a sample of mainly 
small fish (Figure 8), in which the few large females 
present were immature at a larger size than is usual for 
mentella-type redfish from this area and depth. There 
are very likely at least some marin us-type fish present, 
but it is felt that there is insufficient information on 

the relative numbers of marinus- and mentella-type 
redfish to explain the vertebral numbers in this sample 
with any degree of confidence. 

There are probably a few marin us-type redfish in 
some of the other vertebral samples, Nos. 8-12, and 15, 
from the Northeast Newfoundland Shelf, but the 
evidence, from size at sexual maturity, is that these 
samples are mainly mentella. 

Flemish Cap 

Flemish Gap sample No. 20 (vert. avo 30·1, 100 % 
30-31 vertebrae, 109-116 fathoms, 199-212 m, Figure 
9) comes from an area and depth where investigations 
have shown that marin us-type redfish predominate. 
The predominantly large sizes and the large size at 
sexual maturity make it reasonably certain that this 
sample is entirely or almost entirely of the marinus 
type, whereas samples Nos. 19 and 21 (vert. avo 29·3, 
71 and 72·% 29-28 vertebrae, 158--163 fathoms, 289-
298 m, Figure 8) also from Flemish Gap are established, 
by their considerably smaller size at sexual maturity 
and their lack of very large fish, to be almost entirely 
mentella. The very largest sized redfish in these two 
samples, however, are larger than have been found in 
recent checks of the sizes of mentella-type redfish in 
the area, and the complete change-over to a pre
dominance of the 30---31 vertebrae type among these 
large fish is certainly due to the presence of a few 
marin us-type redfish in the samples. 

Eutern Grand Bank 

Recent research vessel findings make it certain that 
the low vertebral numbers on the eastern slope of the 
Grand Bank (Nos. 18, 22-29, vert. avo 29·1-29·3, 
72-94 % 29-28 vertebrae) are due almost entirely to 
mentella-type redfish. This evidence includes the find
ing of only very small numbers of marin us-type redfish 
on the eastern slopes of the Grand Bank and the 
presence at all depths of the much more numerous 
mentella-typc redfish; the normally small (as for 
mentella) sizes at which sexual maturity occurs in the 
fish of these vertebral samples; the lack of numbers of 
very large fish (Figure 9) and the depths, all over 160 
fathoms (293 m) and almost allover 170 fathoms 
(311 m). It is concluded that although at the very 
largest sizes (NE, SE and S Grand Bank, Figure 9) 
there may be a very few marin us-type redfish with the 
predominantly 30~31 vertebral count of that type, 
there are not enough of them to affect the vertebral 
averages significantly. 

South-we.tern Grand Bank 

Marinus-type redfish are extremely scarce at any 
depth on the south-western part of the Grand Bank, 
although redfish are normally found there at the shal
lowest depths of any in the Newfoundland area, 50-80 
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fathoms (91-146 m). There is no evidence, either from 
sexual maturity or size, that there were any marin us
type redfish in the whole group of samples from the 
south-western slope of the bank. Certainly there are 
not enough marin us-type fish to affect the averages 
significantly, and they can therefore be considered to 
be of mentella-type redfish. Six samples in the central 
part of the south-western Grand Bank area (Nos. 30, 
32-37) have vertebral averages between 29·04 and 
29·21 with between 84 and 94 % of the vertebral 
numbers 29-28. These samples all come from depths of 
45-150 fathoms (82-274 m) but this fact, together 
with the small size at sexual maturity, the generally 
small fish sizes and the knowledge that marinus-type 
redfish are absent from the area, indicates that these 
are mentella-type redfish. One sample, No. 31, is from 
the same area but from deep water, 230-360 fathoms 
(421-658 m); it possesses a much higher vertebra1 
average of 30·0, with 88 % of the vertebral numbers 
30-31. Similarly, the small size of sexual maturity; the 
absence of large marinus-type fish; the general know
ledge of the area and the considerable depth which. 
over the whole area and especially west of the tail of 
the Grand Bank, is inhabited almost entirely by 
mentella, indicate this sample to be of the mentella 
type. They are, however, larger than mentella~type 
redfish from shallower samples from the same area and 
have the high vertebral numbers characteristic of the 
larger mentella from Hennitage Bay and the Gull of 
St. Lawrence (Figures 10--15). This high vertebral 
count is thought to be due to their development during 
a period of water temperatures lower than those in 
which the shallower, younger and smaller redfish devel
oped in recent years. 

The most northerly of the samples from the south
western slope of the Grand Bank (No. 38-39), although 
from 52 fathoms (95 m), possess higher vertebral aver
ages (29-46 and 29-45) and higher percentages (46 and 
45 %) of fish with 30-31 vertebrae than the other 
samples mentioned above from the shallower water. 
These also give every indication, from the small size at 
~xual maturity and the absence of very large fish, that 
they consist mainly of mentella-type fish. They come 
from an area where much cold water from the cold 
inshore branch of the Labrador Current flows through 
the Haddock Channel and over Whale Bank. Hence, 
although the samples are from near the area south of 
Green Bank where marinus-type fish are common in 
.bout 90--120 fathoms (165-220 m), they are never
theless considered to be most probably mentella, with 
the higher vertebral number usually found in colder 
water than is present farther south on the Grand Bank. 
!h. Pierre Bank and Halibut Channel 

A sample with a still higher vertebral average (No. 
40, vert. avo 29·7; 64 % 30--31 vertebrae) was taken in 

70--90 fathoms (128-165 m) at the southern end of the 
Halibut Channel, east of St. Pierre Bank. This is a 
locality and depth in which many specimens of 
marinuJ-type redfish have since been collected. Also, 
the large sizes of many of the immature females and 
the numbers of fish of the larger sizes make it reason
ably certain that this sample contained a large pro
portion of marinus-type fish, with the high vertebral 
numbers characteristic of this fonn. 

The two samples (Nos. 41 and 42) from the western 
slope of St. Pierre Bank, with low vertebral averages of 
29·2 and 82 and 85 % vertebral numbers 29-28, show 
no evidence either by sexual maturities or by sizes that 
marin us-type fish are present. Sample 41 from 148 
fathoms (271 m) was from a depth where mm'inus
type redfish arc exceedingly rare, west of the tail of the 
Grand Bank. In this whole area the usually few (but 
locally more numerous) marinus-type fish are found 
mainly between 90 and 120 fathoms (165-220 m). 
Sample 42 is from a depth (95-112 fathoms, 174-205 
m), in which some marinuJ-type fish could be present 
in this area, but the available evidence indicates that 
no significant numbers of them were, in fact, present. 

South coast of Newfoundland, Gulf of St. Lawrence, Nova Scotian 
Shelf, and Gulf of Maine 

In the remaining Canadian area, the south coast of 
Newfoundland, the Gulf of St. Lawrence, and the 
Nova Scotian Shelf, there is no evidence, either from 
size at sexual maturity or from fish size, of marin us
type fish in these samples. They can all he considered 
as mentella type, with the possibility on the south coast 
of Newfoundland, near the southern entrance to the 
Gulf of St. Lawrence and on the northern Nova Scotian 
Shelf, that occasional individuals of the marinus type 
may be present, but not in sufficient numbers to affect 
the vertebral averages significantly. 

South coast of Newfoundland 

In the redfish area on the western part of the south 
coast of Newfoundland all the vertebral averages, 
except those from Hermitage Bay, are low. In Hermit
age Bay (Nos. 48--56), where there is little variation in 
depth, vertebral averages are significantly different in 
many samples, ranging from 29·4 to 30·1, and with 38 
to 98 % of the fish possessing 30-31 vertebrae. In these 
samples (Figures 10, 15 and Table 1) the vertebral 
numbers are predominantly 29 and 30--31 in the smaller 
and larger fish respectively - a distribution of vertebral 
number with size which has been relatively constant 
during the whole period of the investigation - and the 
vertebral average of anyone sample therefore depends 
on the relative nwnbers of large and small fish in the 
sample. It is known from recent investigations over 
several years at the same stations in Hermitage Bay, 
that the numbers of large and small fish can vary with 
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time of day and with time of year. At certain times, 
especially in late winter and early spring, preceding the 
spawning season, large mature females are very scarce, 
while the males of all sizes and the smaller females are 
usually present. Furthermore, in the earlier period 
(1947-48) the research vessel "Investigator II" was 
using a cod-end without a liner of shrimp netting, and 
thus there were fewer small fish in the catch and con
sequently higher vertebral numbers on the average than 
during the period 1953-54. 

In Fortune Bay, east of Hermitage Bay (samples 
Nos. 43-47) and in the Ramea/Rose Blanche area west 
of Hermitage Bay (samples Nos. 57-62 (Fig. 14)) 
vertebral averages are low and significantly different 
from those of Hermitage Bay. These samples however, 
mainly consist of the smaller sizes at which similarly 
low vertebral numbers are predominant in Hermitage 
Bay (Figure 13). The predominantly . low vertebral 
nwnbers can again be attributed to the predominance 
of small fish of a younger year- or period-class and the 
lack of large, older fish. Greater numbers of the larger 
and older fish, with a higher vertebral number, would 
doubtless have been obtained in these areas if the 
samples had been collected from greater depths. 

Gulf of St. Lawrence 

In the Gulf of St. Lawrence (Figures 11, 12, 14) in 
general the vertebral averages arc high and the larger 
fish have a high vertebral number, as in Hermitage 
Bay; also, although not as extreme and general, the 
smaller sizes have, on average, a greater proportion of 
fish with low vertebral numbers, and thus the vertebral 
number depends somewhat on the sizes of fish in the 

sample and consequently on depth, season, time of 
day, etc. 

Nova Scotian Shelf and Gulf of Maine 

On the Nova Scotian Shelf (Nos. 78-86), low verte
bral numbers predominate at both smaller and larger 
sizes (Figures 12, 14), and in the Gulf of Maine also 
(Figure 14) the redfish are almost entirely (95-97 %) 
of the lower numbers (29-28) at all sizes. Both of these 
areas have vertebral averages very significantlv different 
from those of the Gulf of St. Lawrence. The large, 
older fish with higher vertebral numbers, if they were 
ever present, would be largely fished out in the Gulf of 
Maine, whereas most of the Gulf of St. Lawrence and 
Hermitage Bay samples came from a period either 
before commercial fishing began or while the redfish 
population was a relatively virgin one. 

A comparison of the vertebral numbers at the large 
sizes in the overlapping parts of the curves in Figure 12 
indicates that there are real differences between the 
averages of the Gulf of St. Lawrence part of the south
ern border of the Laurentian Channel (Nos. 74-77) 
and those of the neighbouring Nova Scotian Shelf 
(Nos. 78-82 and 85-86). Certainly the averages them
selves are distinct. However, samples Nos. 75 to 77 
were from 163-173 fathoms (298-316 m), whereas 
Nos. 78-82 were from 110-120 fathoms (201-220 m), 
except for sample No. 79 which was from 130-148 
fathoms (238-271 m). Thus, it cannot be certain here 
that the actual change to much lower vertebral averages 
is as abrupt as it appears to be, because there may have 
been larger fish of an older generation and with higher 
vertebral nwnbers in the deeper water. 

Part 2 

Relationship of Redfish Vertebral Numbers to Environmental Conditions 
Introduction 

Because there is apparently only a small number of 
marinus-type redfish included, comment will be con
fined to mentella-type redfish. On hatching from the 
eggs redfish larvae remain in the ovary and oviducts of 
the parent until they have reached a stage, about 7 to 
9 mm long, when they are perfect little larvae with 
eyes and eye-pigment weIl developed, the yolk sac 
completely absorbed into the normal body shape and 
are ready to feed. 

Temperature and vertebral number 

Gabriel (1944) found vertebral number to decrease 
continually with increasing temperatures between 13·5 
and 24·5°C, during the development of Fundulus 
heteroclitus (L.). Dannevig's (1950) temperatures of 

development for plaice eggs ranged only between means 
of 4·9 and 5-4°C and yet his experiments indicated a 
decrease of 0-4 vertebra with only ~ °0 increase in 
temperature. It has been shown by the work of a 
number of authors (Schmidt, 1921; Tining, 1944, 
1952; Lindsey, 1954; Molander and Molander-Swed
mark, 1957; Seymour, 1959) that lower temperatures 
during egg stages and early larval development of fishes 
increase vertebral numbers, whereas they are decreased 
at intermediate temperatures and increased again at 
still higher temperatures. There seems to be little 
evidence of such increase in vertebral numbers with 
high temperature in nature. It is possible that in the 
experimental environment there are often many factors 
which retard development and increase vertebral count, 
and that these wiIl be especially present at high 
temperatures. 



remperature and atage of determination 
,f vertebral number 

Gabriel (1944) showed that vertebral number was 
lOt yet determined at the point of development when 
he first four or five somites had appeared, and that it 
vas still affected by changes in temperature. He was of 
he opinion that vertebral number was determined 
,efore hatching and that the last possible stage for 
emperature control of vertebral number was at the 
ime during late egg development when the interverte
lral regions differentiate. 

Taning (1944,1952) in experiments on the sea trout, 
talmo trutta trutta L. found that for a very short 
leriod in embryo development in the egg - from 
.bout 145 day degrees (DO) to 165 DO - the number 
If vertebrae could be readily changed by a change in 
emperature. This period is just before the development 
,f eye-pigment in the embryo. After about 165-170Do 
he number of vertebrae was generally no longer influ
-need by small temperature changes. Taning concluded 
hat the number of vertebrae in the common fishes, 
uch as cod, plaice, herring, etc. was certainly deter
ained before the egg hatched, but that this still needed 
'erification. 

In the work of Dannevig (1950), although temper
,tures were not kept constant and all the results were 
lot consistent, there was some indication that vertebral 
mmber in the plaice, Pleuronectes platessa L., was 
letermined during development in the egg and not 
ater in the larvae. 

Seymour (1959), from the results of a chance 
~xposure of the eggs of the chinook salmon, Oncor
,ynchus tshawytscha (Walbaum) to water of low oxy
:en content during early development, concluded that 
he plastic period for the determination of vertebral 
lumber begins before the mid-point of the egg stage. 

The work of Lindsey (1954), however, for the para
lise fish, Macropodus opercularis (L.), which differ 
rom Salmo trutta trutta in that development to the 
latching stage is very rapid, about 24 hours at 28°C, 
ndicated that the caudal and consequently the total 
"ertebral numbers in the larvae were subject to change 
Iy temperature as late as 13 days after fertilization 
11-12 days after hatching). 
Molander and Molander-Swedmark (1957), also 

'roduce evidence, from several experiments on plaice, 
hat changes in temperature after hatching can change 
ertebral number. They concluded that in these ex
leriments the determination of the number of vertebrae 
ccurred later than 184 DO (2 weeks after hatching) 
'lit earlier than 750Do. Thus, although Taning's 
ritical pre-eye-pigment stage for vertebral determina
lon is probably more than a month before extrusion of 
b.e redfish larvae, these experiments on plaice, and on 
he paradise fish, leave the question still in doubt 

79 -
I 

A.I> 

whether redfish vertebral number is in fact completely 
or mainly determined before extrusion. It is thus 
possible that vertebral number is influenced by hydro
graphic conditions either in deep water during larval 
development in the ovary, or in the more superlicial 
water layers after the larvae are extruded. At the time 
of hatching the trout is a much larger and sturdier larva 
than the redfish and there may well be differences in 
the stage of development of these two forms, during 
which the greatest effect of temperature or temperature 
change on vertebral number occurs. Also, the location 
of most of the mentella females is not known for several 
months before the extrusion of the larvae (Templeman, 
1959). They may be pelagic at this time and either 
shallower or deeper than their usual abode. This period, 
when the pregnant females are not numerous on their 
usual grounds, includes for many redfish Taning's 
critical pre-eye-pigment stage for vertebral deter
mination. 

Salinity and vertebral number 

Schmidt (1917, 1930) could see no proof in popu
lations of Zoarces viviparus L. from the north European 
region, that the salinity was an effective agent in con
trolling vertebral number. He concluded that the same 
average number of vertebrae may be found in the 
North Sea as in the eastern Baltic, where the salinity of 
the water was only 1/9 of the North Sea value. In other 
areas populations of Zoarces living in water of about 
the same salinity could have vertebral averages differing 
by as much as 12. Zoarces viviparus, however, produces 
large embryos 4 to 5 cm in length, with the vertebral 
number and even the fin ray number already deter
mined long before birth (Schmidt, 1917). Because, 
presumably, the internal salt concentration of the 
female parent is not greatly different in waters of 
different salinity it is not to be expected that the 
vertebral numbers of the developing embryo of Zoarces 
viviparus would be affected greatly by the variations in 
the salinity of the parent fish's external environment. 

In the cod, on which information is available for the 
Baltic and for the whole North Atlantic (Schmidt, 
1930), it is apparent that water temperatures rather 
than the low salinities influence the vertebral number 
determination in the eastern Baltic. 

Heuts (1949) showed that the number of fin rays in 
the developing stickleback, Gasterosteus aculeatus L., 
depend on both temperature and salinity. 

Compared with the range of temperature variation 
there does not appear to be any considerable variation 
in salinity in redfish depths and ranges in the North
west Atlantic. As for Zoarces viviparus, it is unlikely 
that variations in salinity of the external environment 
could have any great effect on the vertebral number of 
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developing redfish eggs or free larvae within the female 
parent. 

Similarly, such small salinity variations as occur 
within the surface layers do not appear to be related to 
variations in vertebral nwnbers. The lowest surface 
salinities in the redfish areas are in the Gulf of St. 
Lawrence, but the vertebral nwnbers in this area are 
intemlediate between the higher Labrador and lower 
Gulf of Maine numbers. In both these latter areas 
salinities are higher than in the Gulf of St. Lawrence 
(Hachey et al., 1954). 

The effect of changes in oxygen teosion and 
carbon dioxide tension 

Taning (1952), showed that decreasing the pressure 
of either oxygen or carbon dioxide during development 
of the sea trout produced an increase in the number of 
vertebrae. 

In the North-west Atlantic (Sverdrup, Johnson and 
Fleming, 1942) there is a reduction in oxygen content 
and an increase in carbon dioxide content from north 
to south. From the results of Taning's experiments 
these should have opposite effects on the vertebral 
number. Apart from the general trend in distribution 
of oxygen and carbon dioxide there are considerable 
diurnal differences in the oxygen and the carbon diox
ide content of the surface layers, especially during the 
season of phytoplankton bloom; there should also be 
considerable differences in the depth relationships of 
the laIVae to the surface during day and night. The 
effects of these factors on redfish vertebral nwnbers 
cannot be discussed in detail, from lack of adequate 
data. 

The effect of varying light intensity 
The work of Dannevig (1932) indicated the possi

bility that higher light intensity reduced vertebral 
number during the early larval period of the cod, 
Gadus caliaTias L. The lack of information, however, 
on the source of the larvae and the conditions under 
which the eggs developed, the lack of suitable controls 
for comparison, and the fact that higher temperature 
may also have contributed, renders the observation of 
doubtful significance. McHugh (1954), in experiments 
on the grunion, Leuresthes tenuis (Ayres), found 
evidence that increasing intensity of light during 
embryonic development was associated with lower 
vertebral numbers. Lindsey (1958) for the kokanee, 
Oncorhynchus nerka (Walbaum), found that a 16-
hour exposure to artificial light produced a significantly 
lower number of caudal vertebrae than an 8-hour 
exposure of the same intensity. 

It is apparent that differences in intensity or duratjon 
of light cannot affect the redfish eggs or larvae within 
the ovary of the parent, but only the larvae after 
extrusion. It is likely that, since redfish rise off the 

bottom at night, the duration and intensity of light can 
affect the amount of time the mature female spends 
pelagically in water which is (over most of the North
west Atlantic) colder than the deeper water near the 
bottom. 

Flemish Cap and the north-eastem part of the Grand 
Bank are in the same latitude as the south-eastern part 
of the Gulf of St. Lawrence, and yet vertebral numbers 
of mentella-type redfish are low in the first two areas 
and generally high in the Gulf. Vertebral numbers on 
the north-eastern Grand Bank are as low as those of 
south-eastern and south-western Grand Bank, a differ
ence of 4 to 5 degrees of latitude. The low vertebral 
numbers of north-eastern Grand Bank and Flemish Cap 
are approximately in the same latitude as the high 
vertebral numbers of Trinity Bay. Hence it is unlikely 
that the vertebral differences between redfish in the 
North-west Atlantic can be readily explained by light 
differences, although allowances must be made for 
foggy Grand Bank areas; for differences, in light pene
tration between silty water such as that of the Gulf of 
St. Lawrence and the clearer oceanic water, and for 
the unknown ability of the larvae to adjust themselves 
to approximately the same light intensities in different 
areas. 

Differing vertebral numbers in the same area 

Many authors including Lea (1919) and Runnstrom 
(1933) have shown that in Atlantic herring, Clupea 
harengus L., the mean vertebral numbers of different 
year-classes from the same locality may differ 
significantly. 

Roumefell and Dahlgren (1932) found significant 
differences between the vertebral averages of different 
year-classes of Pacific herring, Clupea pallasii Valen
ciennes, from Prince William Sound, Alaska; there was 
a negative correlation between the vertebral averages 
and mean air temperatures during the spawning 
months. 

Tester (1937) showed, for a number of British 
Columbia localities, many significant differences be
tween vertebral averages of Pacific herring of different 
year-classes in the same area. He also showed a negative 
correlation of vertebral nmnber with air temperature 
for J ap Inlet. 

Tester (1938) found a negative correlation between 
mean vertebral nwnber of Pacific herring and water 
temperatures during the spawning period in Berkley 
Sound, British Columbia. 

McHugh (1942) showed that samples of young 
herring in British Columbia may differ widely in verte
bral count in the same locality in different years. Also, 
fish from successive spring spawnings in the same area, 
with increasing water temperatures, showed declining 
vertebral averages. 
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Vertebral number and fish length in the same 
year· class in the same area 

Thompson (1917), for year-groups 3 to 5 of the 
Pacific herring, indicated the possibility that the larger 
individuals of a year-class may have a higher number 
of vertebrae than the smaller individuals. 

Similarly Hubbs (1925), for the a-group of the 
PacIfic herring, found the larger fish to have a higher 
vertebral number, and attributed both characteristics 
to earlier hatching of the larger fry. These larger fry 
were products of earlier spawning. They developed in 
lower temperatures and thus had higher vertebral 
numbers and grew to a larger size than the fry from 
eggs spawned later. 

The work of Dannevig (1933) for a-group fish of 
the coalfish, Gadus virens L., collected from four 
NOfW'egian areas, gave strong evidence that the larger 
fish of a year-class had a higher vertebral number than 
the smaller fish. 

Mottley (1937) showed that in a-group fish of the 
same brood of rainbow trout, Salmo gairdnerii 
Richardson, all reared under the same experimental 
conditions, there was a significant correlation between 
length of fish and the number of vertebrae, larger fish 
having higher vertebral numbers. 

Tester (1937) showed that there was a slight 
tendency for the larger fish of 3- and 4-year-old Pacific 
herring to have higher vertebral counts. In comparisons 
of herring with 51-53 vertebrae an increase of 1 ver
tebra, however, was associated with a gain in length of 
only between 0·1 and 0·2 cm in fish about 19 cm long. 

McHugh (1942) also showed that in the Pacific 
herring larger fish of the same year-class had a higher 
vertebral count than the smaller fish. 

The fish described above as showing an increasing 
vertebral average with increasing size, under natural 
conditions spawn in the early part of the year, when 
temperatures are rising; they are therefore not compar
able to the redfish, because the redfish live in deep 
water which changes little in temperature throughout 
the year. The comparison would hold better, however, 
if the final determination of vertebral number in the 
redfish were made in the upper water layers after 
extrusion. 

On the other hand, Ford (1930) found that, for 
young herring in their first year at Plymouth, the 
average vertebral number decreased with increase in 
length. This appears to be an exception which proves 
the nile. because these Plymouth herring (Ford, 1928) 
spawn from late September to March over a period 
with gradually declining temperatures. Thus the young 
herring from early spawnings, which develop at higher 
temperatures, grow larger and have a lower number of 
\Certebrae than those from eggs spawned later which 
develop at lower temperatures. 

6 

Causes and implications of differences in redfish 
vertebral numbers in the same area 

Hennitage Bay 

In most localities of the North-west Atlantic there is 
some variation in redfish vertebral number with size 
and presumably age, so that the vertebral average 
depends to some degree on the sizes collected and thus. 
in me~ztella-type rcdfish at least, on the depths fished: 
and, smce mature females are not equally available in 
all months, on the season of the year. There are some 
areas where the differences in vertebral number at 
various sizes are more extreme. Among them is 
Her-n:?tage Bay, for which there are abundant data, 
showmg double-peaked length-frequency curves for 
both males and females (Figure 10). The peak at the 
larger sizes, possessing predominantly 30-31 vertebrae, 
is distinct by many years (about twenty; see later dis
cussion) from that of the smaller sizes, where vertebral 
nwnbers 29-28 are predominant. These smaller sizes 
are about ten years of age. The larger fish with pre
dominantly 30-31 vertebrae have apparently attained 
their maximum size. There was no change in size for 
this group between 1947-48 and 1953-54 in vertebral 
samples (Figure lO) and little change in the length
frequencies (Figure 15). These fish may, therefore, 
have been close to their maximum size for many years 
before 1947-48. 

In the North-west Atlantic redfish live in the warmer 
layer below the cold upper or intennediate portion 
(depending on season) of the Labrador Current 
(Templeman, 1959). It is well known that during 
colder years or periods the superficial layer of cold 
water is colder, greater in volume and extends more 
deeply than in wanner years and periods. There are 
occasional unusually warm years during cold periods 
and vice versa. The area of Hermitage Bay receives its 
cold water from local cooling and by the. overflow from 
the cold inshore branch of the Labrador Current 
passing through the channel between St. Pierre Bank 
and the Burin Peninsula. Since this channel is shallow, 
with depths of about 50-60 fathoms (90--110 m), the 
deeper water of the Hermitage Bay area is protected to 
a large degree from the colder water of the Labrador 
Current. In cold periods and cold years, however, the 
colder overhead ceiling will extend to the upper part of 
what in wanner years would be 3 to 5°C water in
habited by redfish. Both surface and bottom water 
temperatures in this bay, also, are reduced somewhat in 
the colder years. 

Redfish migrate upward at night. Also, most female 
redfish disappear from the fishery for several months 
before spawning, and presumably move either pelagic
ally or deeper than the usual fishing depths. It cannot 
be ascertained whether at this time they live at a higher 
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or a lower level than during their known period of 
bottom-related existence (Templeman, 1959). 

The larvae of the mentella-type redfish of the 
approximately 120-160 fathom (220-290 m) Hermit
age Bay area are mainly extruded in May, June and 
early July. At the bottom of the bay, in shallower colder 
water at about 100 fathoms (185 m) where a small 
redfish population exists, larval extrusion is later, 
possibly by as much as a month. The larvae are fully 
developed, with the yolk sac absorbed into the normal 
body shape, before extrusion. Thus, if the redfish is 
similar to the sea trout in this respect (T~ming, 1944, 
1952), vertebral number would have been established 
for some time before extrusion. The redfish distribution 
over the whole area tends to he deeper if the overhead 
layer of cold water is colder and thicker. Thus, in years 
when the upper part of the redfish habitat is either 
colder or warmer than usual, the final depth and 
temperature arrangements of the redfish would 
probably be a compromise between their normal depth 
habits and their reaction to the lower or higher temper
atures. It follows, furthermore, that in colder years and 
periods the female redfish, with their developing larvae, 
live in colder water than during warmer years and 
periods. From the later discussion, however, it will be 
apparent that the vertebral number in redfish of the 
North-west Atlantic is very likely determined in the 
larval stage after extrusion, by the temperature of the 
surface water layer in May and early summer. 

Climatic changes in air and sea of the western North 
Atlantic area in recent decades have been discussed by 
Jensen (1939), Smed (1947, 1949), Timing (1953), 
Templeman and Fleming (1953), Riehl (1956), Lau
zier (1954, 1958), and by Taylor, Bigelow and Graham 
(1957). Although there arc some warm years during 
cold periods and some cold years during warm periods, 
sea temperatures have increased considerably, at least 
in the surface layers, since the early 1920's, reaching 
higher levels particularly since 1940. 

Otolith readings of these Hermitage Bay mentella
type redfish by E. J. Sandeman of the St.Jolm's Station 
have indicated that in 1947-48 larger fish, with pre
dominantly 30-31 vertebrae, were mainly between 
25-40 years of age, whereas the smaller fish in the 
vicinity of 25 em, with predominantly 29-28 vertebrae, 
were mostly 8--12 years old in 1953-54. Thus, the year
classes producing most of the group of larger redfish 
with high vertebral number were those produced 
during the earlier cold period before 1920, whilst the 
smaller fish, with chiefly lower vertebral numbers, were 
developed in the later warmer period. 

Apart from the fact that the older size group devel
oped as larvae during the earlier colder period and the 
smaller size group during the more recent wanner 
period, there is a gap of about twenty years between 

the peaks of these two groups, indicating that abundant 
larval survival in the area occurred only in occasional 
years. Thus, in wanner years during cold periods or in 
colder years during warm periods, if they were years 
of considerable larval survival, redfish with lower or 
higher vertebral numbers could be produced in suf
ficient numbers to affect significantly vertebral avc
rag-es in an area. 

There are, of course, definite indications in the 
Hermitage Bay data (Figures 10, 14) that there is 
another moderately strong year-class or period-class 
with predominantly 29-28 vertebral number, somewhat 
hidden in the skewed left side of the peak of larger 
fish of predominantly 30--31 vertebral number and 
centering on 30-33 em in the males and on 36--37 in 
the females. There are also indications in the 1953-54 
data (Figure 10) especially for the males, of another 
year-class or period-class, with predominantly 30--31 
vertebrae, centering on 26-29 em. In the actual length
frequency for Hermitage Bay 1953-54 (Figure 15 B) 
this latter group is very strong and readily distinguished, 
with a distinct peak at 28-29 em in the curve of the 
males but less distinct in that of the females. 

Thus, in Hermitage Bay, during the period con
sidered in this paper, the vertebral average depends on 
the relative numbers of large and small redfish in the 
sample, and a sample of mainly small fish would usually 
have a vertebral average significantly different from 
one in which large fish predominate. 

Gulf of St. Lawrence 

In the Gulf of St. Lawrence area (Figure 14) it is 
probable that the same four groups occur, two pre
dominantly of high vertebral number and two of low, 
but, possibly because of the combination of a very wide 
area and a span of years from 1947 to 1954, the two 
largest size groups with distinct numbers of vertebrae 
are not so different in length. 

The four groups 1, 2, 3 and 4 mentioned above, 1 
and 3 of low vertebral number and 2 and 4 of high 
vertebral number, are not found together in all samples 
from different parts of the Gulf (Figures 11, 12). 
Sometimes this is very likely due to the smallness of the 
sample and to collecting redfish from only a small part 
of its depth range, so that all sizes of fish are not 
obtained. In other areas all year- or period-groups may 
not be present. More data than are available at prescnt 
are needed from local areas of the Gulf in order to 
provide the correct explanation. St. George's Bay 
(Figure 12) possesses all four groups. Group 4, consist
ing of large fish with high vertebral number, is common 
to most areas of the Gulf. Group 3, with low vertebra] 
number is usually, but not always, of lower length than 
Group 4. 



Use of frequencies of differing vertebral numbers 
as aids for dissecting length .. frequencies and 
for checking age estimation 

In many of the samples of Figures 8-15, such as 
those from Labrador, Nos. 1-7; Badger Bay, No. 13; 
north-east of Cape Bonavista, No. 14; Flemish Cap, 
No. 20; the Nova Scotian Shelf and the Gulf of Maine, 
no difficulties of interpretation arise, since the vertebral 
numbers at all sizes are very predominantly of one type. 

In others, as for example Flemish Cap Nos. 19 and 
21, north-east Grand Bank, south-east and south Grand 
Bank, Fortune Bay, Ramea and Rose Blanche, consid
ering both male and female, the main peaks of the 
frequencies for 29-28 vertebrae and for 30-31 verte
brae, although of different heights, generally fallon 
the same centimetre sizes and consequently these fish 
can be supposed to belong to the same year-classes or 
period-classes. 

There is a third group of frequencies, of which 
Hermitage Bay is the best example, because of the small 
size of the area, the numbers of redfish examined for 
vertebral number and the large number of redfish 
measured. In this group the adjacent frequencies of low 
vertebral number and of high vertebral number against 
fish length are different enough to make it more 
difficult to believe that they belong to the same year
class or period-cla'is. In Figure 15, for example, in 
which the vertehral-frequency data have been applied 
to the much larger amount of length-frequency data 
from the Hermitage Ray area, the group of large rcd
fish with a high vertebral number of 30-31 is readily 
recognizable for both sexes, both in the 1947-48 and 
in the 1953-54 periods. In both periods the high
vertebral-number male group is almost entirely con
tained between 30·5 and 40·5 CIll, with the curve 
approximately balanced at 35·5 em in 1947-48 and 
with a peak at 36·5 em in 1953-54. In the females the 
high vertebral group in the larger Hermitage Bay red
fish has its peak frequency at 38·5 em for the 1947-48 
period and at 39·5 em for 1953-54. Obviously the red
fish of the largest size group have about reached their 
maximum length and growth has ceased or is very slow. 

Another group with high vertebral numbers extends 
in the 1953-54 period from about 18·5 to 30·5 em in 
the males and about 20·5 to 32·5 cm in the females, 
with peaks in both cases at 28·5. Obviously this is a 
year-class or period-class separate from the group of 
larger fish with similarly high vertebral numbers, and 
thus its growth can be fonowed separately until it 
merges with the larger fish. This group is not apparent 
in the 1947~48 data, either because too few small fish 
were examined, or because it has moved into the area 
or into the depths fished during the intervening period. 

To the left of each group of high vertebral number 
(males and females) there is a relatively distinct group 

,. 
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of redfish with the lower 29-28 vertebral number. Two 
possibilities exist: (a) that these low vertebral number 
frequencies, although receiving some low vertebral 
count recruitment from the same year-classes which 
produced the peak frequencies with high vertebral 
numbers, arc in the main separate frequencies from 
year-classes different from those producing the higher 
vertebral numbers; (b) that the low-vertebral-number 
fish belong to the same year-classes which produced 
the fish with high vertebral numbers, but by reason of 
their fewer vertebrae or from being born later in the 
season have been handicapped in growth and have not 
reached the size attained by the fish with higher verte
bral numbers. The accuracy of age estimation in red fish 
at the present time does not appear to be great enough 
to settle this question completely and in any case not 
enough age-reading has been done for the redfish of 
this area to render other types of argument superfluous. 
It is obvious, however, that there is a good opportunity 
to check age-reading for the largest group with high 
vertebral numbers, because ages should have increased 
by 7 years between 1947 and 1954. 

In 1953~54 the smaller-sized low-vertebral-group 
centred on 22·5 em in the male and 24·5 em in the 
female, and the larger-sized one at about 31·5 cm for 
the males and 37·5 em for the' females. These size 
differences are due to the faster growth of the females, 
which again is presumably due to their becoming sexu
ally mature in this area at about 30 em, compared with 
usually less than 20 cm for the males. 

In the males the larger-sized low-vertebral-group 
shows no growth progress whatever in the six years 
between 1947-48 and 1953-54. The centre of the 
length-frequency of females of this group has moved 
1 CIll, from 36·5 cm in the earlier to 37·5 em in the 
latter period. Thus it may well be argued that this 
group also ha.<.; approximately attained its maximum 
size. The smaller-sized low-vertebral-group, so evident 
in 1953-54, may be represented also in the scanty 
material for these sizes obtained in 1947-48, and again 
there is no evidence of growth of this group in the 
intervening period. However, the absence of small
meshed netting in the cod-end during the 1947-48 
period means that this youngest group was not fully 
represented in the samples, especially at the smaller 
sizes. In the Hermitage Bay area small redfish are more 
numerous in water of about 20-30 fathoms (35-55 m), 
shallower than the deep water area of the bay from 
which most of the above specimens came. Still deeper 
water is present in the outer part of the bay and outside 
it. In general these mentella-type redfish are larger at 
greater depths. There is a possibility that the larger 
individuals of a year-class gradually migrate deeper at 
an earlier age than the smaller members of the same 
year-class. The presence of widely distinct size groups, 



- 84 -

however, at the same depth indicates that this factor 
will probably be responsible for only small differences 
in the length-frequencies, usually not greater than 
several centimetres, but the possibility must be kept in 
mind in growth studies of redfish. 

Considering again the 1953-54 redfish from Hermit
age Bay (Figure 15 B), in view of their very slow 
growth it seems unlikely that the low-vertebral-count 
length-frequencies, with modes at 22·5 and 24·5 em 
respectively for males and females, are mainly from the 
same year-class which produced the high-vertebral
count length-frequencies with modes of 28·5 cm for 
males and females. Similarly the larger-sized low
vertebral-count frequency for males centred at about 
31·5 em is, in view of the very small yearly growth at 
these sizes, very distinct from the high-vertebral-count 
groups with modal size of 36·5 em. The comparable 
groups of females, though still about 2 em apart, have 
come closer together in the seven years from 1947-48 
to 1953-54, since with the larger group almost at a 
stand-still, the faster growing females have more rapidly 
approached the maximum size. However, there is again 
good reason to believe that, for redfish near their 

maximum size, 2 cm represent many years of growth. 
As a counter argument, if they do not belong to the 
same year- or period-classes, it is a strange coincidence 
that the high-vertebral-number frequencies alternate 
so regularly with the low-vertebral-number frequencies. 

In an area such as Hermitage Bay, where different 
year- or period-groups may have distinctly different 
vertebral numbers, the collection of adequate lengtb
frequency and vertebral-count data, preferably from 
different depth levels, may enable age and growth to be 
detennined independently of age-reading. Combined 
with age-reading it may serve as a check on its ac
curacy, and may even show how this can be improved. 
This will especially be the case when such a distinct 
age- or period-group can be followed throughout its 
lifespan. 

Reference to Figures 10-12 indicates that, in addition 
to Hennitage Bay, the same technique may be applic
able to many areas of the Gulf of St. Lawrence. There 
may also be a number of other areas where the tech
nique could be used if adequate observations were 
taken over a sufficient number of years. 

Part 3 

Relationship of Redfish Vertebral Numbers to Temperature in the North-West Atlantic 

Introduction 
For marine fishes in nature and especially for known 

spawning stocks, it is often possible to attribute varia
tions in vertebral averages, at least in large part, to 
temperature during egg and early larval development 
(Schmidt, 1930; Runnstmm, 1933; Rounsefell and 
Dahlgren, 1932; Tester, 1937, 1938; McHugh, 1942). 
Because factors other than temperature, known from 
experimental evidence to affect vertebral numbers of 
certain fishes, are either unlikely to be very important 
in determining redfish vertebral numbers in the area, 
or cannot be discussed for lack of data on the 
distribution of these factors in the sea, only the evidence 
of a relationship between vertebral number and tem
perature will be considered in detail. 

The discussion must begin with the fact that due to 
the differing results of the experiments of various 
workers (see previous discussion) on the stage of fish 
development in which vertebral number is detennined, 
it cannot be certain whether the redfish vertebral 
numbers are entirely or mainly detennined in deep 
water in the ovary of the female before extrusion or in 
the surface layers where the fry are most abundant 
after extrusion. These observations are restricted to the 
mentella type. 

In Hennitage Bay extrusion of larvae by mentella
type redfish extends from April to September but 
almost all occurs between May and early July. In at 
least most of the remainder of the Newfoundland area 
the main time of extrusion appears to be approximately 
this same period of May to early July. The limited data 
of Bigelow and Schroeder (1953) indicate a similar 
time of extrusion for rcdfish in the Gulf of Maine, 
though possibly a few weeks later. The vertebral 
colwnn of the 7 to 9 rom larva at the time of extrusion 
is not ossified and vertebral numbers cannot be deter
mined. 

Taning's critical pre-eye-pigment period, at which 
the number of vertebrae in the sea trout were readily 
influenced by a change in temperature, is probably 
more than a month before extrusion of the redfish 
larvae. This would make the months of March-May 
most significant if vertebral number is mainly deter
mined in the egg, April-June most important if it is 
detennined in the hatched larvae within the female 
ovary, and May to June or to early July most im
portant if vertebral number is mainly determined 
during early larval growth soon after extrusion. It is 
presumably possible for the vertebral number to be 
influenced by temperature at anyone of these three 
stages. 
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There remains the additional complication that on 
the way to the higher layers the larvae may often pass 
through water colder than that to which they were 
exposed while within the parent redfish. This water 
may be much colder, often below DoC, as is generally 
the case in the Gulf of St. Lawrence and often on the 
fringes of the Grand Bank, especially the eastern slope, 
and also on the western slope of St. Pierre Bank and 
the northern, north-eastern and coastal parts of the 
Nova Scotian Shelf. The larvae may also take so long 
in passing through this colder layer, that some increase 
of vertebral number (through low temperature shock) 
may possibly occur if it has not already been determined 
before extrusion. It is difficult to see, however, how this 
idea can help to explain differences in vertebral 
numbers. 

Factors other than temperature 

It is possible that the discussions above have already 
complicated the matter enough. However, larval drift 
and the amollnt of redfish migration must also come 
into the picture, and genetic influence may be im
portant. The discllssion of these matters must, in the 
main, be left to the future when evidence may be found 
on the subject of migrations of mentella-type redfish 
within the area, and further knowledge of genetic 
influence, of redfish larval drifts, or of the most critical 
egg or larval period for effect of temperature on verte
bral number may be gained. Furthelmore there is at 
present too little information available on such matters 
as oxygen and carbon dioxide contents of the sea in 
the redfish areas, and on other influences, which may 
affect the vertebral number. Knowledge is lacking 
concerning the vertical distribution and temperatures 
experienced by the larvae, either within the parent or 
in the sea. More detailed information on the spawning 
period is required for many parts of the area. When 
vertebral frequencies and fin ray numbers of mentella 
and marinus types are available over the whole vertical 
and horizontal range in the area, it may be possible to 
analyse differences more clearly. Finally, more know
ledge is needed on the ages of redfish in these samples 
and on their biology and its relationship to the environ
ment of the area. 

Vertebral numbers in relation to deep-water 
temperatures at redfish levels 

In Labrador redfish live mainly in water between 
about 2·5° to usually 3·5° to 3·9°C. They are found at 
similar or even slightly lower temperatures on the 
continental slope of the Northeast Newfoundland Shelf 
and on the north-eastern and eastern slopes of the 
Grand Bank. Their Flemish Cap temperatures are 
usually slightly below 4°C. In the central part of the 
south-westeln slope of the Grand Bank deep-water 

temperatures at redfish depths are highly variable, 
usually between 2° and 8°C, but are probably on the 
average mainly between 4° and 6°C for mature females. 

In the Gulf of St. Lawrence, in the seaward extension 
of the Laurentian Channel between St. Pierre Bank 
and Banquereau, and on the south coast of Newfound
land, most redfish live at between 3° and 5·5°C. In the 
Gulf of Maine and in the area covered by the samples 
from the southern Nova Scotian Shelf, temperatures in 
March-April at redfish depths were usually found to 
be approximately go to 6°C. For a more detailed 
account of the depth distribution of redfish in relation 
to temperature, see Templeman (1959). The tempera
tures on which the remarks above are based are mainly 
from summer and autumn sections, but since the red~ 
fish water is mostly below the influence of winter 
cooling the remarks should hold for the late spring and 
early smnrner period also, when vertebral number 
detennination should be occurring. 

On the basis of vertebral number determination 
within the ovary of the female in deep water it is pos
sible that the Labrador deep-water temperatures are 
that much lower than those of the south-western Grand 
Bank, the southern part of the Nova Scotian Shelf and 
the Gulf of Maine as to produce the existing vertebral 
differences, the averages being almost 1 vertebra higher 
in Labrador than in the other areas mentioned. Tem
peratures are similarly lower at redfish depths in 
Labrador compared with the Gulf of St. Lawrence, the 
Laurentian Channel and the western part of the south 
coast of Newfoundland. Whilst some of the younger 
redfish in these latter areas, however, have low verte
bral numbers, most of the older and larger redfish have 
high ones similar to those of Labrador. 

The Flemish Cap temperatures at the main redfish 
depths are only about 0·5° to 1°C higher than those of 
Labrador, and, allowing for the presence of some high 
vertebral count marinus types in the samples, the 
Flemish Cap averages of mentella-type redfish are 
ahnost 1 vertebra lower than the Labrador vertebral 
numbers. The production of this great vertebral dif
ference in a fish with so few and so large vertebrae as 
the redfish, by so small a temperature difference, is 
difficult to imagine, but it may be more reasonable if 
the mentella redfish live in shallower depths during the 
critical egg determination stages. This would bring 
them into temperatures of 1 ° to 2°C or lower in Labra
dor, whereas at the shallower redfish depths on 
Flemish Cap temperatures are very similar to those of 
the deep water. 

However, there is some indication in recent Russian 
data (Travin, 1959) that redfish go deeper during the 
winter months. This is true for other fishes of the area,. 
the cod and haddock, and hence is very likely true of 
the redfish. Thus there is the probability that the large 
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differences in vertebral number of Labrador and 
Flemish Cap mentella-type redfish occur with only 
small differences in temperature during the critical 
determination period in the egg or early larva within 
the female. 

Still more difficult to explain on the basis of ovarian 
determination of vertebral number are the lower 
vertebral numbers (lower than for Labrador) over the 
Northeast Newfoundland Shelf, and the still lower 
vertebral numbers on the north-eastern and eastern 
slopes of the Grand Bank. Temperatures at redfish 
depths over the Northeast Newfoundland Shelf are 
generally between 1·2° and 2·5°C. These are lower 
than the normal 2·5° to 3·5° or 3·9°C at the contin
ental slope east of Hamilton Inlet Bank. Eastward of 
the Northeast Newfoundland Shelf and on the north
eastern and eastern slopes of the Grand Bank, tem~ 
peratures at redfish depths are little different from 
those east of Hamilton Inlet Bank in southern Lahra
dar, and yet vertebral numbers are typically a half 
vertebra lower on the Northeast Newfoundland Shelf 
than off Labrador and almost a vertebra lower on the 
north-eastern and eastern slopes of the Grand Bank 
than off Labrador. In the Grand Bank area, although 
temperatures are several degrees higher on the central 
slope of the south-western Grand Bank than on the 
eastern and north-eastern slopes of the bank, vertebral 
nrnnbers are approximately similar in this whole area. 

Samples Nos. 13, 16 and 17 from the Newfoundland 
east coast bays have a high vertebral number, related 
to lower temperatures at appropriate depths in these 
bays than on the continental slope from Labrador to 
the eastern Grand Bank. 

Temperatures are higher in the Gulf of St. Lawrence 
than on the northern and eastern slopes of the Grand 
Bank, but vertebral numbers are considerably lower in 
the latter area. 

Neglecting the question of larval drift, and seeing 
very little possibility that the main differences in verte
bral number can be accounted for on the basis of 
migration of redfish after descending into the bottom 
water layers, there remain the major differences in 
vertebral numbers in relation to only small differences 
in temperatures. In some cases there is agreement 
between lower deep-water temperatures and higher 
vertebral numbers, and in other cases there are major 
differences in vertebral numbers with little or no differ
ences in temperature. In some areas higher vertebral 
numbers and also higher deep-water temperatures are 
found than in others. With the present knowledge, 
therefore, the argument is very imperfect for a relation
ship between the temperatures at redfish depths and 
the vertebral number. Consequently there is no very 
clear indication that vertebral number is completely or 
mainly determined in the egg or hatched larva within 
the ovary. 

Relationship of vertebral numbers and temperatures 
in the upper water layers 

The limited information available at present on 
larval distribution (Templeman, 1959) indicates that 
the redfish larvae are most plentiful in the upper 50 
metres or even close to the surface. In rising to the 
surlace layers there will often be a considerable tem
perature change and thus some shock, which Taning 
(1944, 1952) found very effective in changing vertebral 
numbers in trout larvae. 

The period when the larvae rise to the surface over 
the greater part of the area is most likely to be May to 
early July, but surface water temperature data (most 
readily available as indicative of the upper 50 metres) 
for the main red.fish areas of the North-west Atlantic 
in the same month and year as these samples are for 
August 1950 (Hachey, Hermann and Bailey, 1954). 
In that month, in the areas from which vertebral 
samples have been taken, surface temperatures were 
approximately as follows: eac;;t of Hamilton Inlet Bank, 
6° to 8°C, with still colder water (4° to 5°C) on the 
inshore border; north-eastern Grand Bank, 6° to BOC: 
Flemish Cap, BO to 9°C; eastern slope Grand Bank, 70 

to 10°C; east coast Newfoundland bays, probably 12° 
to 13°C; Gulf of St. Lawrence and western part of 
south coast of Newfoundland, 130 to 15°C; Nova 
Scotian Shelf, mainly 14° to 16°C with some water of 
100 to 15°C at the coastal, south-western, part of the 
Nova Scotian Shelf and in the northern part of the 
Gulf of Maine. In the southern part of Gulf of Maine 
temperatures (from Bigelow, 1927) were about 180 to 
200C on the average in August, and on the south
western Grand Bank, 16° to lBoC. 

There is even less agreement between vertebral 
number and surface temperatures in August than there 
is with vertebral number and deep-water temperatures. 
The differences between the low-surface-temperature 
high-vertebral-number Labrador area and the high
surface - temperature low -vertebral- number south -
western Grand Bank, Nova Scotian Shelf and Gulf of 
Maine areas are great and in the right direction. How
ever, although the surlace temperatures of the eastern 
Grand Bank and Flemish Cap are considerably lower 
than those of the Gulf of St. Lawrence and off the 
south-west coast of Newfoundland, there are lower 
vertebral numbers in the former than in the latter 
areas. 

From other sources surface temperatures in May and 
June are available for comparison from a few widely 
separated parts of the area. 

On the redfish grounds east of Hamilton Inlet Bank, 
during an "Investigator II" cruise in 195B, which was 
not an especially cold year, surface temperatures 
obtained on B.-10. June ranged from 0.2 0 to -O·5°C, 
and for B stations averag-ed -0·1 °C. 



- 87 -
I 

A.6 

At the hydrographic station 2 miles off Cape Spear 
near St. John's, surface temperatures in May 1947-
1957 averaged l·l°C and during June 5·1 DC. In some 
years surface temperatures in May were as low as 
-O·5°C. These may be taken as indicative of surface 
temperatures in Trinity Bay and Badger Bay, although 
those of Badger Bay may be lower. 

In the Gulf of St. Lawrence (Lauzier, et al., 1957) 
from observations for a number of years, surface tem
peratures over the deep channels were mainly 2° to 
4°C in May (4° to 6°C in May 1948) 4° to 7°C in 
June, 12° to 17°e in July and approximately the same 
in August. 

Over the Grand Bank redfish area in 1934 (Smith, 
et al. J 1937) surface temperatures ranged approxi
mately from 30 to 4°C at the north-eastern corner on 
17.-20. May, from 3° to 4°C on the mid-eastern slope, 
22.-23. May, and from 3° to 6°e on the south-westelTI 
slope, 19.-20. April. At 43 stations well distributed on 
the redfish grounds between 85 and 780 metres on the 
south-western slope of the Grand Bank from 1. to 13. 
May 1959, surface temperatures taken from the 
research vessel "A. T. Cameron" ranged from 2·3° to 
4·8°0 and averaged 3·4°0. 

Over the deep channels of the Gulf of Maine (Bige
low, 1927), the surface temperatures for the first half 
of May 1915 were 4° to 6°0, whilst in mid-June, for 
a combination of years, they were 9° to 13°0. By mid
August surface temperatures were 16° to 20°0 over the 
areas of the Gulf containing most of the redfish (from 
available infonnation for a number of years) . 

When the surface temperatures in May and June are 
considered, particularly those of early June in Labrador 
as compared with those for May in other areas, it is 
evident that there is an extremely good association of 
high vertebral number and low surface temperature in 
Labrador. The essentially comparable higher surface 
temperatures and low vertebral nrnnbers on both north
eastern, eastern and south-western Grand Bank, and 
in the Gulf of Maine; the probability that intermediate 

surface temperatures are present at this time of year, 
associated with intermediate vertebral averages on the 
Northeast Newfoundland Shelf, are both in agreement 
with the expected relationships between temperature 
and vertebral nrnnber. In the Gulf of St. Lawrence 
where recruitment of young redfish is very intennittent, 
it is likely that surface temperatures in May and June 
of different years may vary enough to produce high 
vertebral numbers in certain low-surface-temperature 
years, and low nrnnbers in high-temperature years. 

The argument cannot be carried much further until 
more information on the surface water temperature 
is available for May and June and until the compara
tive larval extrusion periods over the area are known 
more accurately. A difference of two weeks in Mayor 
June will allow considerable differences in surface 
temperature. However, it is evident that, at the present 
level of knowledge, by far the best agreement between 
redfish vertebral numbers and an environmental factor 
is with surface temperatures in May and June. It con
sequently follows that the most likely stage for deter
mination of redfish vertebral nrnnbers in the North
west Atlantic is in the surface swimming larvae over 
7-9 mm in length in May and June after their extrusion 
from the parent. On the other hand, over the whole 
area there is no very adequate relationship between 
vertebral number and August temperatures. Conse
quently it is probable that for most redfish larvae the 
plastic period for the determination of vertebral 
numbers is completed before August. 

From the apparent relationship between vertebral 
number and temperatures of the surface water in the 
same areas, it follows that in most large areas popula
tions of adult redfish are self perpetuated and that they 
develop from larvae produced by essentially local 
populations, or at least from larvae whose vertebral 
numbers are largely determined during the late spring/ 
early summer plastic period by the surface tempera
tures in the general area occupied by the local adult 
population. 

Summary 

Vertebral numbers of mainly mentella-type redfish 
caught in 1947-1954 in the North-west Atlantic are 
compared. Vertebral averages, not including the U1'O

stylar half-vertebra, decline from about 30·0 off Labra
dor and in one West Greenland sample, southward 
along the Northeast Newfoundland Shelf to 29·1-29·2 
on the north-eastern, eastern and south-western Grand 
Bank. Another line of declining vertebral averages runs 
from Labrador through a range of between 30·1 and 
29·3 in the Gulf of St. Lawrence, to 29·1-29·2 on the 
Nova Scotian Shelf and to 29·0 in the Gulf of Maine. 

The full range in vertebral numbers is from 28---31 J 

the great majority of vertebral columns having either 
29 or 30 vertebrae. In Labrador 95 % of the redfish 
have 30-31 vertebrae; at the southern extreme, in the 
Gulf of Maine, the percentage is only 3-5. 

The closest relationship of vertebral numbers and 
environmental factors is a negative correlation with 
May-June surface temperatures. It is consequently 
inferred that the plastic period for the determination 
of vertebral number in the redfish extends to or occurs 
in the early larval pelagic stage, after extrusion from 
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the parent female. There is no correlation between red
fish vertebral numbers and August surface tempera
tures, so that the plastic period must be ended before 
August. 

On the south-west coast of Newfoundland and in the 
Gulf of St. Lawrence, vertebral numbers of small and 
of large redfish and average vertebral numbers of given 
samples often differ very significantly in the same area. 
In these areas the older redfish examined during- this 

period have had predominantly 3Q.-.31 vertebrae and 
were developed mostly during the colder period before 
1920. The younger redfish from the same areas often 
had the 29 vertebral number predominant and were 
developed in the later wanner period. 

The distribution of redfish vertebral numbers indi
cates that there was little migration by these mentella
type redfish of the Northwest Atlantic. 
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A Brief Survey of Soviet Investigations in Redfish (Genus Sebastes) 
By 

V.I. TRAVIN 
Polar Institute of Marine Fhlberies and Oceanography, Murrnanllk 

Some infonnation about redfish appeared for the 
first time in the works of Russian scientists, who had 
investigated the Barents Sea in the second half of the 
past century; see P. N. Danilevski (1862), N. M. Knip
ovich (1904, 1927), L. A. Breitfuss (1913), S. V. Aver
intsev (1924, 1927), T.S.Rass (1929),A.A.Shorygin 
(1933). 

The data reported by the authors listed above are 
brief and incomplete, as until the latc twenties of this 
century the Russian fishery had been operating gene
rally along the Murman coast and on the Kanin Banks, 
where the redfish, as a rule, is rarc. Only in the early 
1930's did the Soviet trawler fleet start operating in 
the western Barents Sea, in the Bear Island area and in 
the open part of the central regions. As redfish began 
to appear more often in the catches, and with biological 
information accumulating, a great interest arose in 
this species. Since the beginning of this period a series 
of papers by Soviet scientists has been published, out
lining more clearly certain aspects of the life cycle of 
redfish from the Barents Sea, so that now a fairly full 
picture of the biology of this fish is available. 

Systematics 
For a long time it was considered that only three 

redfish species lived in the Barents Sea: S. marin us L., 
S. viviparus Kr., and Helicolenus dactylopterus Dela
roche. The latter two are of no commercial importance. 

S. viviparus is very small and of low quality as a food 
fish. Its distribution is limited to a narrow strip along 
the western and northern coasts of Norway. Helicolenus 
dactylo pterus occurs very rarely in the western Barents 
Sea, occasionally immigrating from more southern 
Atlantic regions. S. marinus has been considered the 
only redfish species in the Barents Sea, widely distri
buted in these waters, forming dense concentrations 
and being of a great significance to the fishery. 
Recently, however, observations made by fishermen 
and scientists revealed the fact that the redfish from 
the Bear Island Bank area is far smaller and more slow 
growing than that from the southern Barents Sea. 
Special investigations were carried out in the Bear 
Island area at different depths just after World War 
II, and a new species, SebaJtes mentella Travin, was 
discovered, differing from S. marinus not only in the 

rate of growth but also with regard to several morpho
metric characters, depth range, areas of distribution and 
- as was established later (Sorokin, 1956) - "spawn
ing" areas. The relevant data have been published in 
the thesis of V. I. Travin (1949) and in the fonn of a 
brief summary in the "Doklady Akadernii Nauk SSSR" 
(Proc. Acad. Sci. USSR) (1951). It was assumed that 
S. mentella would become of great importance for the 
deep-water trawl fishery. This assumption has been 
fully justified by the development of fisheries on new 
grounds in the Kopytov area, in Icelandic waters and 
later in the North-west Atlantic. 

Distribution 
Redfish are distributed widely in the Arctic and in 

the North Atlantic. However, the data reveal that S. 
mentella is more characteristic of Atlantic waters than 
S. marinus. Thus S. mariuUJ is distributed farther to 
the east and to the north than S. mentl'lla~ though their 
habitats sometimes overlap. In the Barents Sea, the 
25°E meridian may be considered the eastern boundary 
of S. mentella concentrations suitable for a fishery; 
concentrations of S. marinus can be found up to the 
Goose Bank, 45-50DE; in smaller quantities it occurs 
as far as Novaya Zemlya. In the western Atlantic a 
successful fishery for S. menteZla exists only up to the 
southern part of Labrador, the northern slopes of the 
Grand Bank of Newfoundland, and the western and 
southern coasts of Iceland. S. marinus~ on the contrary, 
is found in fishable concentrations in the Davis Strait 
and off the East Greenland coast. This character of 
habitat of the two main redfish species, in the writer's 
opinion suggests a more ancient origin of S. menteZla. 
During the glacial period, when the greatest part of the 
relatively shallow water area of the Arctic Basin, which 
is now the main habitat of S. marinus~ was covered 
with ice, favourable conditions for this species could 
hardly have existed. At that time redfish must have 
inhabited deeper waters, where S. menteZla shoals pre
fer to live nowadays. By the end of the glacial period, 
when relatively shallow water areas had become free 
from ice, redfish immigrated to such areas. The distri
bution of S. marinus seems due to such an immigration, 
followed by adaptation to the new life conditions. This 
is to be considered only as an assumption, to be con
firmed by future investigations, particularly anatomical. 



Migrations 
The migrations present one of the main problems of 

fish biology, having a direct bearing on fishing and its 
distribution in time and space. The problem is particu
larly difficult regarding redfish migrations, because 
thus far no satisfactory methods of tagging have been 
developed. Nevertheless, analyses of the drift of the 
larvae, extent of the fisheries and the age, size and sex 
compositions of catches, provide a basis for a general 
scheme of S. marinus migrations in the Barents Sea 
(Maslov, 1944). This scheme still remains valid with 
only few corrections. 

The redfish larvae, spawned off the north-west coast 
of Norway, drift with the branches of the North 
Atlantic Current northwards (in the direction of Bear 
Island and Spitsbergen) and eastwards (along the 
coast and towards Novaya Zemlya). Many larvae seem 
to perish, meeting unfavourable environmental condi
tions: young redfish are found commonly in the western 
Rarents Sea, while in the eastern region, to which the 
young of almost all species spawning in the Lofoten 
area are carried, young redfish occur only very rarely. 
In the early years of the life of the redfish the migra
tions are limited to the region to which it has been 
brought by the currents: in winter the young migrate 
to the warmer deep water areas, in spring and summer 
to shallow water regions. As the young redfish grow up, 
the migrations of the immature fish from the south
western part of the central areas of the Barents Sea -
and Hopen in the wann season - become more exten
sive and extend to the western regions and Bear Island, 
where they contribute considerably to the winter/spring 
concentrations. The most extensive migrations are those 
of mature redfish; essential differences exist between 
the migration routes of males and females. The females 
migrate from the "spawning" areas with the wann 
currents to the north and to the east, meeting the male 
shoals in the Bear Island area and at the northern coast 
of Norway. Then they travel together to the very 
utmost boundaries of their habitat. Here feeding and 
copulation take place. With the onset of cooling, male 
and female shoals begin their return migrations. By 
winter, the shoals reach the areas of hibernation of the 
immature male redfish. The latter remain there till 
spring, while the females, in whose ovaries fertilization 
of the eggs is going on, continue their way to the 
"spawning" places. Thus, for a certain period the 
shoals of mature males and females live separately and 
females predominate in the "spawning" areas. A 
similar migration trend is characteristic for S. mentella~ 
with the only difference (V. P. Sorokin) that the move
ments take place in the westernmost part of the Barents 
Sea, and liberation of larvae occurs in the deep area 
south-west of Kopytov. 

Unfortunately, there are as yet no data indicating 
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any relationship between the migrations of the Barents 
Sea redfish and those from Iceland and other southern 
Norwegian Sea areas. Drift of the larvae, observed on 
sections across the Norwegian Sea, makes such a rela
tionship quite possible. 

Reproduction 
The reproduction process is similar for all Sebastes 

species. This appears from Schmitt (1944) and Sorokin 
(1956,1959). Schmitt has studied the sexual cycle of 
S. marinus females, the embryonic development of the 
eggs, spawning, geographic distribution of pelagic 
lalvae and their development during the drift. Sorokin 
collected much material, particularly of histological 
data, so his studies were naturally more exact and more 
complete, especially as to copulation and fertilization 
of eggs. He has also made a detailed study of spenna
togenesis in S. marin us. The singularity of the repro
duction process of redfish lies in the consecutive devel
opment of gonads of males and females. The males 
mature in autumn, when the eggs in the ovaries are far 
from being ripe. Copulation occurs in areas of summer
autumn feeding of the mature redfish and the sperma
tozoa remain inactive in the ovaries of the females 
until the eggs ripen. Then a change in the pH of the 
ovarian fluid brings about an increased activity of the 
spennatozoa and gametic syngamy takes place. Then 
follows a normal egg development, hatching of the 
embryos in the body cavity, and liberation of the larvae 
into the water. 

The different migration pattern of males and females 
and the formation of unisexual shoals after fertilization, 
is fraught with the danger of a one-sided fishing of one 
or the other sexual group, as observed for instance in 
the fisheries on the Kopytov ground, where only males 
were subject to fishery. A disturbance of the nOTIllal 
sex ratio may result, which could affect reproduction. 
Thus, preliminary data, collected during recent years 
by Sorokin on the feeding grounds during the copula
tion period of S. mentella, reveal a considerable 
decrease in the percentage of males. 

Growth and age 
Soviet investigators determine the growth of redfish 

from scales taken from the region of the pectoral fins. 
The scales are preserved, washed in ammonia solution 
and examined by means of a microprojector with a 
magnification of 35 times. If necessary, the annual 
rings are used for back calculation of growth-rate. The 
length of the fish is taken from the end of the snout to 
the end of the caudal fin, using 2 cm groups. Mass 
measurements and age sampling are done on a large 
scale in the areas of the most intensive fisheries, so that 
the samples represent the actual catch. In recent years, 
in connection with the differences in opinion as to the 
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growth and age of the redfish, samples of the young of 
redfish have also been studied. 

Soviet scientists (Smaragdova, 1936; Veschezerov, 
1944; Travin, 1951, 1952; Surkova, 1957) agree on 
the slow growth-rate of all S ebastes species; the maxi
mum increase in size during the first year of life; the 
late maturing and the longevity of the redfish (Sur
kova). According to these data, both S. marinus and 
S. menteUa have approximately the same growth-rate 
during the first 5-7 years, owing to similar living 
conditions during this period. When they pass to the 
demersal mode of life, which presents essentially dif
ferent conditions for each species, the growth-rate of 
S. mentella lags behind considerably. During the first 
year both species reach an average length of 6-8 cm 
(according to observations) with a full length range of 
4-10 cm. 

Feeding 
Investigations on feeding behaviour also present con

siderable difficulties, since most of the fish discharge 
their stomach contents during hauling. Despite this, 
many years of continued sampling and biological 
analysis of catches have furnished sufficient infonna
tion. The most detailed and complete data concerning 
feeding behaviour of redfish are reported by Boldovski 
(1944), and are confinned by later observations. 

Considerable differences occur in the feeding habits 
of the small, immature and adult redfish. The fonner, 
inhabiting the free water, feed on small plankton 
organisms, which are practically absent from the food of 
adult fish (small crustacea - Copepoda, Hyperiida
planktonic wonns, e.g. Sagitta) and to a lesser degree, 
on shrimps; fish are rarely found in the stomachs. No 

strong seasonal fluctuations in the feeding of young 
redfish are observed. 

The main and favourite food of adult redfish is fish 
(herring, capelin, gadoid fry make up to 65 % of the 
stomach contents; krill make up to 21 %; followed by 
large plankton organisms, such as shrimp, Ctenophora 
~about 11 %). Bottom animals are only rarely found in 
the stomachs and seem to be a rather accidental food. 
Owing to the extensive migrations of the adult redfish, 
their feeding shows considerable seasonal and regional 
variations, determined by the seasonal and geographical 
distribution of food organisms. Nevertheless, judging 
from the feeding behaviour, the redfish does not seem 
to be a typically demersal fish, as for instance are 
haddock or flatfish, but a bathypelagic one. In this 
connection, one can easily explain the considerable 
fluctuations in catches of redfish, not infrequently 
observed within the 24 hours, as due to diurnal vertical 
migrations in search of food. This observation justifies 
the use of the upper otter boards (kites) on the trawl's 
headline to enlarge their vertical opening. 

As to the biology of the redfish in the North-west 
Atlantic, there is not yet sufficient infonnation. How
ever, the data available suggest that in many biological 
aspects they resemble the redfish of the Barents Sea. 
Also in the ICNAF area, both S. marinus and S. men
tella are found, but relationship with the Barents Sea 
species can hardly be established without special investi
gations. The reproduction mechanism and even the 
periods of liberating larvae, as well as the age composi
tion of the stocks and the feeding behaviour, seem to 
be similar. The migrations of both species have been 
little investigated. This presents a noticeable gap in our 
knowledge of a problem having a practical importance. 
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Sebastes viviparus (Krsyer) and the Redfish Problem 
By 

G. C. TROUT 
Fisheries Labol'atory, Lowe.toft 

The controversy over the interpretation of the rcd
fish otolith structure became crystallized at the 1956 
Biarritz Meetings. (See Convenor's and Meeting 
Reports, 1958). Kelly on the one hand, supported by 
earlier work of Bratberg (1956), produced seasonal 
evidence that only one opaque zone was laid down 
each year and that a full year's growth was composed 
of one opaque and one hyaline zone. Kotthalls, on the 
other hand, maintained that the opaque summer 
growth was laid down as a complex structure and that 
a number of opaque and hyaline zones had to be 
grouped together to count as a full year. Even after an 
exchange of material, during a ~'workshop meeting", 
neither worker would agree to a common interpre
tation. 

With this in mind the writer consulted the only red
fish collection in the U.K. known to contain specimens 
from the American coast. Throug-h the kindness of 
Mr. N. B. Marshall of the British Museum of Natural 
History, specimens sent hy the Smithsonian Institution 
from the Gulf of Maine in 1879 were examined; so also 
wa~ the original collection of Collett's S. vivijmfUJ 
dated 1887. 

The latter proved of value since it showed the varia
bility of the pre-opercular spines of S. viviparus. This 
character was one of the most important used by 
Andriiashcv (1954) in his key differentiating S. vivi
parus from other European species. The spines of 
Collett's specimen from the Christiania Fjord were 
small, the lower two, 4 and 5 (Ginsburg, 1953) heing 
almost vestigial. The tips were, none the less, directed 
backwards towards the tail. Samples collected by the 
"Ernest Hole' from the NW Norwegian coast had con
siderably larger spines but of these the lower spines 
were also directed posteriorly. 

The direction of the lower spines, 4 and 5, was 
examined closely in the 1879 specimen from the Gulf 
of Maine. The fish was in reasonable good condition, 
apart from wme damag-e to the eyes and tailfin. The 
head annature was well developed, and the pre-oper
cular spines were long and thick. The tip of No.4 
pointed downwards and backwards but No.5 spine had 
damaged tips on both sides of the head. The knob of 
the lower jaw symphysis was more accentuated than in 
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Figure 1. Mt·thods of measuring redfish otoliths. 

the European S. viviparus but was downcUlved and 
morc rounded than the beak of the European S. 
mentella. 

Mr. Marshall generously allowed the otoliths of this 
specimen to be removed, on the offchance that, 
despite an 80 year sojourn in alcohol, it might be 
possible to determine its size and shape and also what 
opaque zone structure lay inside. The left otolith only 
was removed. It wa<; large and although it was much 
stained, it showed, after clearing in xylol, a ring 
structure which in certain portions looked somewhat 
like that of S. viviparus of the NOlwegian coast 
population. 

Now a feature of the samples of S. viviparus, caught 
hy the "Ernest Holt", was the noticeably larger size of 
their otoliths for a given size of fish, compared with 
those of S. marinus. It was thought that this qualitative 
difference would be most simply and quantitatively 
stated by means of otolith length measurements. 
Otolith widths were also recorded so that an index of 
shape could be obtained. 
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Two methods of measurement wcrc used. The 
smallest otoliths were measured on a low powered 
binocular microscope with a Ramsden Screw Drum 
Micrometer (Figure I). This has (i) a scale through 
the centre of the field, (ii) a base line at right angles 
to the scale, and (iii) a cursor which can be moved 
from the ba~e line to any desired position along the 
scale. Otoliths longer than the scale were mea~ured by 
an engineering or workshop micrometer and their 
measurements, made in millimetres, were merely COll

verted to eyepiece units. Whilst the eyepiece micro
meter could be set lip to measure the maximum length 
A B, the workshop micrometer exerted a pressure on 
the otolith which tended to twist it into such a position 
that a slightly different length was measured - A Bl 
The variability of the angle of the flat at the posterior 
end of the otolith also added to the spread of the 
observations obtained by this method, which thus, on 
the whole, gave an underestimate of otolith length for 
the larger fish of both species, i.e. those above approx
imately 15 cm. 

Measurements of S. viviparus samples from both the 
NOlwegian coast and the Faroe Islands were plotted 
against the length of the fish measured to the nearest 
millimetre (Figure 2). It will be seen that the points 
fell on a common curve, despite the fact that the curve 
was based upon fish froIn two populations. with two 
different growth-rates and from areas with very differ
ent temperature and environmental regimes. Such a 
curve may be said to indicate a species or specific 
relationship. 

Otoliths of juvenile S. marinus, from a number of 
positions on the Spitsbergen Shelf from SW and W of 
Bear Island, from Hornsund Spitsbergen, from Hopen 
and from the Norwegian coast, were measured and the 
results plotted in the same way. These observations lay 
on a different curve and showed very little overlap 
with the S. viviparus measurements; two observations 
are arrowed in Figure 2. Left hand otoliths only were 
used, from both species. 

The length of the single large otolith of the British 
Museum Gulf of Maine specimen fell within the S. 
viviparus observations. (This single observation is 
labelled B.M. in Figure 2.) It is possible that damage 
to the tail led to an underestimate of the fish's length 
- by a millimetre or two only. 

Mr. George Kelly of the Woods Hole Biological 
Laboratory, kindly sent a small sample of rcdfish 
otoliths collected from the Gulf of Maine and from off 
Gloucester, Massachusetts. Measurements of these 
appear in Table 1, but unfortunately a nlUTIber of the 
otoliths were smashed in transit and only 19 were 
usable. 

As the fish lengths were in centimetre groups the 
otolith mea~urcmcnts were plotted at the half centi-

Table 1. Rosefish from Gulf of Maine and from 

Fish 
length 
group 
(em) 

11 
13 
14 

15 
17 
18 
19 
20 

Gloucester, Massachusetts 

Otolith measurements (in eyepiece units) 

1346 X 807 , 1-162 X 937 , 1214 X 794 
1630X 1067 
1546 X 1012, 1576 X 960,1547 X 992 
1640X 1070, 1677X 1078, ,1614X 1055 
1869 X 1202 , 1844 X 1214 , 1864 X 1175 
2041 X 1250 , 1851 X 1253 , 1843 X 1246 
1949 X 1284 

All smashed 
2382X 1598, 2148X 1429 

Mean 
otolith 
length 

(in ('.p.ll.) 

1341 
1630 

1600 
1859 
1912 
1949 

2265 

metre above. It will be seen that all observations 
derived from this sample lie close to the S. viviparus 
curve. It should also be noted that the detailed struc
ture and appearance of the whole otoliths, in addition 
to their shape and relative size, are strikingly compar
able to those of the European S. viviparus. (Kelly, 
1959, and Trout, this volume) (see Figs. 3 and 4). 
They are quite unlike those of the European S. marinus 
depicted by Kotthaus (ibid.), either in gross form or 
microscopic structure. 

Of interest is the regression of otolith length on 
width for S. viviparus from the northern Norwegian 
coast and from the Faroe Islands. The plotted values 
from both populations lie on the same straight line and 
show little spread (Figure 5A). Values derived from 
the Gulf of Maine material (Table I) (and, subsequent 
to the Symposium, from Hermitage Bay material lent 
by Mr. E. J. Sandeman, St. Johns) also indicate a 
closely similar otolith length/width relationship to S. 
viviparus and one which is significantly different from 
the European S. mentella (pecked line). Figure 5B 
shows the values of the small material of S. mentella 
compared with S. marinus from Barents Sea samples. 
Both species show a much greater variability of otolith 
shape than does S. viviparus or the N. American fish. 
This, together with the relative size difference of the 
otolith for a given fish length, suggests a species differ
ence. It docs not, of course, resolve the problem of 
systematics, but the implication is that the North 
American redfish is not Sebastes marin us. Its otolith 
size and shape also differs from the NE Atlantic S. 
mentella. 

Since the nineteenth century controversy, well docu
mented by Gill (1863) and Liitken (1876), other 
writers have questioned the specific name used for the 
rcdfish or rosefish of the American coast. Jordan and 
Gilbert (1882) considered that S. uiuiparus was en
countered on the American coast, as far south a..; Cape 
Cod. Taning- (1949) states that the small " ... American 
Roscfish seems to be distinct from the two European 
species ... but in some characters more closely allied 
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to the small Redfish (Sebastes viviparUJ) ... " -at that 
time only S. marinus and S. viviparus were recognised 
- whilst Travin (1952) considers the species living in 
the Gulf of Maine to be S. viviparuJ) but gives no reason 
for this conclusion. 

The data put forward in this paper is additional 
evidence supporting Taning's view that the American 
coastal Rosefish is a fonn more closely related to the 
European SebaJtes viviparUJ and is not Sebastes 
marin us. The similarity of growth-rate of the small 

European redfish (Trout, this volume) lends additional 
weight to this evidence. 

Serological techniques appear to oHer the best 
solution to the problem of exact relationship hetween 
the American coastal form and S. viviparuJ and also 
the other forms, but the inference to be drawn from the 
observations contained in this paper is that one major 
problem of the controversy may possibly be removed, 
because it arose from a comparison of material from 
two different species. 
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An Immunological and Chromatographic Study of Sebastes marinus (L.) and 
Sebastes mentella Travin 

By 

FERGUS J. O'ROURKE 
Univenity College, Cork, Ireland 

Some time ago Mr. G. C. Trout of the Lowestoft 
Laboratory asked if it would be possible for my 
department to undertake an investigation of the 
relationship between Sebastes marin us (L.) and S. men
tella Travin using the serological methods described by 
Boyden and Defalco (1943) and used in a recent study 
of the genus Gadus (O'Rourke, 1959). As Mr. Trout 
agreed to collect and send us the blood we were happy 
to undertake the project. After some time, however, we 
found that it was very difficult to produce satisfactory 
antisera for use in photronrcflectometric studies, in 
the rabbits available to us, We therefore tried Ouchter
lony (1949) plate studics and Comden and Kohn's 
(1959) cellulose acetate immuno-diffusion method. 

We also became interested in the possibility that the 
mucus of the two forms of SebaJtes might differ as it 
does in other fishes. It had recently been shown in our 
laboratory that the mucus of fishes, like that of snails 
(Wright, et al., 1957) was, for the species investigated, 
a species specific characteristic (Barry and O'Rourke, 
1959). Mr. Trout was able to supply us with the gill 
mucus of both S. marin us and S. mentella and we 
studied the chromatographic characteristics of both 
fonns. 

This paper deals with the results of these investi
gations. 

A. Immunological Studies 

(a) Photronreflectometric curves 

The photronreflectometer was devised by Libby 
(1938) for the measurement of the turbidity produced 
by the interaction of antigen-antibody (AnAb) systems. 
The instrument has been much used in the study of 
relationships between species (Boyden and Defalco, 
1943). It has the advantage that the entire range of 
interactions between all the antigens and antibodies in 
the system studied are mcao;ured over the full range 
from antigen excess to antibody excess. In our studies 
senlffi from Sebastes has been used to inject rabbits 
which were used as the antibody producers. The serum 
was collected and sent to our laboratory mcrthiolatcd 
(i.e., with sodium ethyl mercuri thiosalicylate Eli Lill,)', 
1 in 1,000 added to give a final concentration of 1 in 
10,000), where, after centrifugation, it was kept at 4°C. 
Despite a series of courses of injection given to a 
number of rabbits we were able to produce only onc 
anti-Sebastes serum which gave satisfactory photron
reflectometric curves. This was an anti-mentella serum 
R 918 produced in a male albino rabbit which had a 
series of subcutaneous injections of 0·5 ml of S. men
tella serum on three alternate days in July 1958 but 
failed, at that time, to produce a suitable antiserum. 

The animal was kept a year and had a further course 
of three subcutaneous injections in the neck region at 
five day intervals in July 1959. The first injection of 
this course consisted of O· 7 5 ml of serum, the other two 
of 0·5 ml. The animal was bled out two weeks after the 
last injection. The antiserum gave a homologous pho
troner curve sigma tau value of 617. The heterologous 
curve using S.marinus serllm gave a sigma tau value of 
502, indicating an 81 ry,J affinity between the two forms 
(Fig. 1). Unfortunately, we have not been able to get 
a satisfactory reciprocal curve. 

(b) Ouchterlony agar diffusion studies 

In the Ouchterlony agar diffusion technique antigen 
and antibody are put into cups cut out of an agar plate 
so that the antigen and antibody diffuse towards each 
other, forming zones of precipitate along the lines of 
optimal proportions. The method has the advantage 
that the two or more antigen mixtures can be compared 
simultaneously. Where two antigens in separate cells 
are identical the AnAh precipitation lines fusc, whereas 
if they are distinct species of antigen the lines cross 
unaffected (Fig. 2). 

Again, we were able to use only anti-mentella serum 



- 101 - I 
B.l 

.. 

, 
, 

I 

" 

~h~~·i~' i:l:~W~~U~~~'" 
f,! :I! ,,'1:""'"'''' :i' 

_.t: 

" , 

" 

j .. 

" :I i 
1.1: ' 

, 

:1 

'I I 

Figure 1. Photroner curves produced by interacting anti-men
leila serum R 918 with Sebastes mentella serum (dotted 1ine) 

and with Sebastes mnrinlJ.S serum (solid line). 

R 918 for Ouchterlony agar diffusion studies, The 
results obtained by allowing diffusion for 45 hours at 
24°C by the Ouchterlony method are shown in Figure 
3, It will be seen that the homologous reaction men
tellalanti-mentella gave two clear AnAh reactions 
whereas the heterologous reaction gave only one band. 
By allowing diffusion to continue for 65 hours we have 
found that there is, in some cases, a possible third 
reaction. Paper electrophoresis of both sera, with the 
standard veronal buffer at pH 8,6 with 0-4 rnA per em 
strip width for 14 hours followed by staining with 
either nigrosine WS or lissamine green, gave us two 
clear cut fractions and a somewhat fainter third. With 
Kahn cellulose acetate electrophoresis using veronal 
buffer at pH 7·9 and a current of 0·2 rnA per em width 
for two-and-a-half hours we have had four fractions 
with marinu!i serum. We have had some curious 
Ouchterlony reactions which require further study. 

(c) Consden-Kohn cellulose acetate immuno-diffusion 

This technique is a modified Ouchterlony method 
described recently by Consden and Kohn ( 1959) , 
Cellulose acetate membrane replaces the agar gel, and 
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Figure 2. (Upper) Diagram of the Ouchterlony type of reac
tion given by an antiserum to A and B antigens when a 
mixture of A and B are placed in the antigen cup and the 

reaction allowed to occur. 
(Low{'r) Diagram of the Ouchterlony type of reaction given 
by an antiserum to A, B. and C antigens when three different 
antigen mixtures are reacted with it. Both cups 1 and 2 con
tain A and B but in different relative proportions. Cup 3 
contains antigens Band C. Note that since antigen C is not 
identical with A it crosses the A-anti-A line of precipitate. 
Since antigen B is present in all three cups the B-anti-B lines 

of precipitate fuse. 

microlitre qualities of antigen and antiserum are used 
instead of millilitre volumes, thus conserving antisera 
which may be difficult to produce. The results obtained 
with anti-marinuJ serum R 936 and anti-mentella 
R 918 are shown in Figure 4. Anti-marinus R 936 was 
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produced III a female albino rabbit by giving four 
weekly subcutaneous injections of 1·0 ml in the neck 
and then the animal was bled out nine days after the 
last injection. It will be seen that in each case two 
bands are found in the homologous reaction but only 
one in the heterologous. There is a suggestion that the 
dense inner hand may be in fact a complex and that at 
least some of the antigenic components of this band 
may be common to both fanns. Further investigations 
are clearly warranted and are planned. 

(d) Conclusions from immunological studies 

The serological studies show clearly that the two 
forms S. marinuI and S. mentella are immunologically 
distinct. The degree of affinity as shown in the pho
troner study, viz. 81 %, is less than that found in the 
well differentiated haddock C. aeglefinus L. and 
pollack C. pollachius L., which show a 90·5 % affinity 
(O'Rourke, 1959). The immtmo-diffusion studies 
suggest that some antigenic components may be either 
common to both forms or very closely similar in their 
antigenic properties. Clearly future work on these 
problems would be advisable. 

5 

o 
-:.... 

A 0 '1\IlMIi 0 #,t8IWiW 0 A 
IffI~~lr' ~~,-

~~ 
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5 
Figure 4. Consden Kahn immuno-diffusion studies with anti-mentella serum R 918 (left centre AS cup) and anti-marinus 
R 936 (right centre AA cup). In both reactions undiluted Sebasles serum was used in the peripheral spots; maTinus in 
upper and lower positions, mentella on right and left sides. The strongest most peripheral band in the homologous reactions 
(upper and lower on left and left and right on right) are Ponceau C positive whereas the diffuse multiple AnAb innf'r band 

reactions are only stained by nigrosine. 
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B. Chromatographic Studies 

(al Experimental 

Barry and O'Rourke (1959) have shown that fish 
mucus shows species specific characteristics, as Wright 
et al. (1957) had previously found for snails. The gill 
mucus of the two forms of Sebastes were studied using 
ultraviolet fluorescence methods and also by ninhydrin 
staining of Kawerau chromatograms, after running in 
the standard butanol acetic acid and phenol ammonia 
and phenol water solvents. 

Mucus from Sebastes marinw and Sebastes mentella 
produced similar fluorescent patterns after running 
with butanol acetic acid and showed eight identically 
coloured bands after treatment with ninhydrin. How
ever, on viewing undC'r ultraviolet light while still Wf't 
at the end of a run in phenol ammonia solvent, the 
diffuse outermost band (i.e., the band with the highest 
Rf value, viz. 0·75) is split in the fonner species by an 
evanescent absorption band not seen in the latter. After 
drying, the split band of marinus is no longer detectible 
as it is replaced by a single cliff use band as in mentella. 
Ninhydrin staining of the chromatogram produced by 
running in phenol ammonia gives ten identically 

coloured bands in both species. Running in phenol 
water gives two fluorescent bands with marinus and 
only one with mentella; the extra band in marinus has 
an Rf value of 0·2l. 

The fluorescent band pattern after phenol ammonia 
and butanol acetic varies with the sample, in that we 
have never had more than three bands with anyone 
specimen of mucus from either marinus or menteila, 
but in all six different bands have been found in mari
nus and only five in mentella. The fluorescent bands 
are always faint, so that it is sometimes difficult to 
decide whether or not a band is present, and when 
there is doubt we count only dearcut bands. We, there
fore, feel the total of five or six may well be the normal 
pattern of every fish, but that in some cases the bands 
are too faint to be detected with certainty. 

(b) Conclusions from chromatography 

The mucus of both fOITIls differ on chromatography 
and this suggests that the two fonns may well be 
separate species. 

C. Conclusions 

Two immuno-diffusion techniques, photronreflecto
metric measurements and two separate methods of 
chromatography provide evidence of biochemical spe
cificity of Sebastes marin us and S. mentella. The degree 
of distinctness is such that we may consider the two as 
distinct although probahly sibling species. 
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A Biochemical Contribution to the Redfish Problem*) 
By 

HEINZ SCHAEFER 
Biolo,r.che Aa.ta1t Helgoland 

In recent years biochemical analysis has joined the 
ranks of conventional methods of systematics. In this 
way, for example, Plouvier (1955) when searching for 
the occurrence of sorbitol in the Rosaceae, found valu
able pointers to the inter-relationship of some plants, 
the systematic state of which wa<; formerly a contro
versial question. This analysis and many others in 
botany and zoolog-y showed that systematic g-roups are 
often characterized by the occurrence of certain 
substances. 

In this respect the study of nitrogen compounds 
seems to be particularly promising, since every species 
contains specific proteins. Thanks to the development 
of paper chromatography, a method is available by 
which these problems can be followed with a relatively 
small expenditure of material and time. Several authors 
(Micks, 1957; Buzzati-Traverso and Rechnitzer, 1953, 
and others) squashed complete insects or pieces of fish 
muscle on the chromatography paper and produced 
patterns of ninhydrin positive substances to which the 
amino acids belong. These patterns proved to be speci
fic for the individual species. The closer the relationship 
between the species, the smaller were the divergences 
to be seen on the paper chromatograms. Buzzati
Traverso (ibid.) believed, however - the visible spots 
on the chromatograms were not identified - that there 
are substances other than amino acids which are pre
dominantly responsible for the differences between the 
species. The same belief was expressed by E. H. Danne
vig (1956), who distinguished various sub-species of 
cod by such a method. 

B. Ranke (1956) of the Bramstedt-school, worked 
with another method, that is, by means of alcoholic 
extracts from fish muscle, identifying the spots by 
means of two-dimensional paper chromatography. He 
concluded that the species dealt with could he 
distinguished, above all, by the occurrence of varying 
quantities of some free amino acids. His investigations 
were based on the work of Florkin (1956) who assumed 
a specific composition and a specific average concen
tration of the free amino acids in the muscle tissue for 
the individual species, particularly invertebrates. 

* Dedicaled to Prnri"SSnr Kandler or Kid UniWfsity lin his sixtieth 
birthday. 

The results hitherto f(~ached regarding the species 
specificity of the pattern of free amino acids in the 
muscle gave the impetus for dealing with the muscle 
tissues of redfish, using Ranke's method (1956). Since 
Lundbeck (1940) had reported on the existence of an 
unknown form of Sebastes, later described as Sebastes 
mentella Travin (Travin, 1951), numerolls morpho
logical and ecological features have been described 
which allow this type to be distinguished from the well 
known conunon redfish, SebasteJ marinus L. (Kott
hallS, 1952, 1959). Certain characteristics suggest that 
these two types are true species (see e.g. Trout; 
Templeman and Sandeman; O'Rourke, this volume). 
The purpose of the present investigation was to 
establish whether or not differences are to be found in 
the pool of the free amino acids in the skeletal muscle 
of both Sebastes marinus and Sebastes mentella. 

Material and Methods 
During the research expeditions of the R/V "Anton 

Dohrn" in the international Geophysical Year 1958, 
samples from fre.hly caught redfish were collected at 
variolls trawl stations between Iceland and Greenland 
(Fig. 1). These muscle sanlples were immediately 
homogenized and preserved by the addition of ethanol 
and a few drops of chloroform. Later on they were 
analysed by means of two dimensional paper chroma
tography. In the first analyses the spots of the free 
amino acids visible on the chromatograms were 
arranged into five groups of concentration, from very 
weak to very strong, according to the size and colour 
intensity of the spots. From each muscle extract a 
quantity containing 0·1 mg Kjeldahl-nitrogen was 
placed on the chromatogram paper. On this basis a pre
liminary comparison of the quantities of the individual 
amino acids occurring in the different specimens was 
possible. It was seen that the quantities of some amino 
acids were different in mentella and marin us. 

In order to confinn this finding a more exact method 
was applied. The concentrations of some free amino 
acids were detennined according to Bode et al. (1952). 
The chromatograms were first sprayed with ninhydrin 
and then with a coppf'r solution. The copper complex 
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FIgure 1. Trawl statIons for Tedflsh. 

which fonned on the spots of the amino acids was then 
eluted and measured at a wave length of 504 m,l/. 
Some amino acids could not easily be separated. In 
these cases two substances with the nearest Rf-values, 
(glycine-serine. alanine-th reonine) were determined. 
Proline was detected with the Falin's reagent and the 
content in the spots compared with spots of known 
concentrations. Using Bode's method determinations 
were also made of the total quantity of the ninhydrin 
positive substances to which, in the case of redfish, the 
amino acids, a peptide PR (Ranke, E. and B., and 
Bramstedt, 1955) and some unidentified substances in 
very weak concentrations, belong. 

Results 
In the qualitative pattern no difference is to be seen 

between marinUJ and mentella (Fig. 2). The two types 
contain the same free amino acids. There are some 
spots which have not yet been identified, but they occur 
in such small concentrations that it is not possible to 
detect them in all the specimens. 

The content of total nitrogen extract (Fig. 3) is 
nearly the same, but the amounts of the ninhydrin 
positive substances differ in the two types. M ari1lUI 

seems to contain about 30 % more ninhydrin positive 
substances than mentella. TillS wa<.; observed in both 
winter and summer samples. 

The average values of some free amino acids are 
shown in Figure 4. The content of glycine-serine and 
of proline is lower in mentella but the content of glut
amic acid and alanine-threonine is somewhat higher. 
Samples of the marinus type caught in winter contain 
less alanine-threonine than those obtained in summer. 

It does not seem possible, however, to justify a 
comparison of fish caught at different stations, since in 
the paper presented at the Special Meeting of the IGY 
(Schaefer, 1959) it was shown that the individuals of 
a given species which come from different fishing 
grounds display some considerable variations in the 
relative concentration of free amino acids. For this 
reason only specimens of the two redfish types which 
came from the same haul were subsequently compared. 
The results of three stations are recorded, as follows:~ 

For the ninhydrin positive substances, clear differ
ences existed between marinus and mentella only at 
station 2579 (Fig. 5). Here, the amount of these 
substances in mentella was very small. 

At the winter station 2305 (Fig.6) more glutamic 
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Figure 2. The pattern of the free amino acids in the muscll' 
of Sebastes mnrinus. 

acid and alanine-threonine were found in mentella. 
whilst the amount of glycine-serine was nearly the same 
in both the types. 

Figure 7 shows the range of concentration of some 
free amino acids at station 2305. For glutamic acid 
and alanine-threonine differences are very consider
able, there being no value common to both marillus 
and mentella. 

At station 2579 (Fig. 8) differences can be seen in 
the content of glycine-serine and alanine-threonine. 
The values of glutamic acid and, also, the estimated 
amounts of proline are little different in the two types. 
A similar result for glutamic acid is observed in the 
analysis of the fishes from station 2536 (Fig. 9) but 
here rather more proline was found in marinus. 

In reviewing these results it wa.'i necessary to analyse 
statistically (Koller, 1955)* the values obtained. First 
the applied method sometimes contains considerable 
errors in determinations; secondly a great biological 
variability of the single values has been found in some 

<I- Tht' statistical calculations had not bet'n madt' wht'n tht' results cited 
wefe presented at the ICESIICNAF Rl'dfish Symposium 1959. 
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cases; thirdly the number of the fishes dealt with seems 
to be relatively small. Therefore it must first be proved 
whether the errors in the analytical detenninations are 
so great that they could come within the range of the 
biological variability. According to the distribution of 
F, the variances of the biological variability (si) are 
compared with those of the errors of the method (s~). 

2 2 The result is shown in the column sis!! of Table 1. 
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Figure 5. Content of ninhydrin positive substances in redfish 
typl'S from sf'veral stations. 

The differences between the fishes of each class can
not be attributed only to the errors of the detennina
tions. In nearly all cases the biological variahility is 
sig-nificantly higher than the errors at the 0·1 ?" level, 
and even at the 5 % level in a few cases. 

Next, the differences betwf'cn marinus and mentplla 

Substance 

n.p.s. 

Table 1 
Comparison of Sebastes marinas and S. mentella with regard to 

some substances of the skeletal muscle 
S. marinus S. m.entella 

Season X s n si/s2 
·2 X s n si Is2 

2 

winter 156 +0·9 1+ sig! 92 53·8 7 sig! 3·06 
summer 152 49·3 12 sig! 99 60·3 9 sig! 2·27 

1 %! 
5%1 

N winter 158 30·9 26 sig! 191 31·0 8 sig! 2·67 2%! 
sUmmf'r 185 46·1 12 sig! 192 13·8 9 sig! 0.5 ~ 30 % 

gly-se winter 15·7 5·39 H sig! 11·8 3·16 6 sig! 1-62 ~ 20-10 % 
summer 20·5 8·88 12 sig! 12·9 5·19 9 sig! 2·29 5%! 

glut. winter 1·86 1·52 14 sig! ,A,·03 2.25 6 u=5% 2·52 5%! 
summer 1·91 0·9+ 12 sig! 1·99 0·88 9 u=5% 0'2 

al-thr winter 5·54 3·83 14 sig! 9-67 4·35 6 u=5% 2·12 5%1 
summer 7·72 3·45 12 sig! 5·78 2·37 9 sig! 1-45 ~ 20 % 

Abbreviations: 

x = mean n.p.s. = total ninhydrin positive substances , = standard deviation N = total nitrogen in the muscle 
n = number of fishes extracts, mg in 100 g fresh muscle 
t = t from t-distribution gly-se = glycine-serine 
sig! = significant at the 0·1 % level al-thr = alanine-threonine 
! = significant at the indicated level glut. = glutamic acid 

" = h'vel of significance 
The concentrations of n.p.s. and of the 

si/s2 = comparison of the variances of amino acids, expressed in mg, are referred to 
2 

the biological variability and the 100 mg total extract nitrogen. 
f'rrors of detf'rmination. F -test 
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are regarded statistically. The two types of fish are 
separated in summer and winter catches and for each 
class a common mean vallie ex) and standard d{'viation 
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(5) is stated. This "s" is composed of 51 of the biological 
variability and of 52 caused by the methodical errors 

V
- 2 

according to s - si + :2. The comparison of the two 

red fish types is made according to the- distrihution of t. 
The results are listed in Table 1. 

Whilst only a slight difference is to be seen between 
marinw and mentella in Figure 3 in the concentrations 
of total nitrogen extract, it could he proved statistically 
that this difference is significant in the winter catches, 
hut not for the samples taken in summer. The great 
difference in the amounts of the ninhydrin positive 
substances are confirmed, too. 

The divergences demonstrated in Figure 4 are sig
nificant at the 5 r;~ l£'vel for glycine-serine, glutamic 
acid, and alanine-threonine. 

The comparison of marinus and mel1teila by means 
of the distribution of t confinns that there are bio
chemical differences between the two redfish types. 

These positive results are confirmed if fishes of the 
two types caught in the same haul are compared. Two 
examples are given in Table 2. Station 2305: A very 
high significance is shown for glutamic acid and 
alanine-threonine. The results given in Figures 6 and 7 
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Table 2 
Comparison of SebQstes marinas and S. mentella 

caught at the same stations 

(The concentrations of the n.p.s. and of the amino acids 
expressed in mg referred to 100 mg total extract nitrogen, 
the concentrations of N in mg referred to 100 g fresh muscle.) 

ubstancc Type x n " 
Station 2305 

marinus 151 n.p.s. 
mentella 122 

65'5 4 0·65 61'0 ·1 

gly-sf! 
marinas 15·4 
mentella 13·5 

HI 4 
0'5 1'85 4 

glut. marinus 1·3 
mentella 5-4 

0·78 4 6·07 0·1 % sig! 1·10 4 

al-thr 
marznus 2·1 
mentella 12·2 

2'2 4 6·3 0·1 % sig! 2'4 4 

N marinus 197 
mentella 199 

39 4 0·1 31 4 

Station 2579 
mann us 218 n.p.s. mentella 51 

16 ~ 17·9 5·4 3 0-1 % sig! 

gly-se mann us 18'2 
mentella 12·4 

8·36 2 0·9 2'62 3 

glut. 
marinus 2·2 
mentella 2·1 

0·08 2 0·15 0·72 3 

al-thr marinus 8·4 
mcntella 4·9 

1'63 2 1·81 2·33 3 10--20 % 

N mann us 195 
mentella 197 

23·1 ~ 0·15 12'5 3 

Abbreviations: set' Table 1. 

are thus confimlcd. Station 2579: The results obtained 
from Figure 8 cannot be confirmed. The differences are 
not significant, though there is a high probability (of 
about 80-90 %)) for alanine~threonine and of about 
70 'io for glycine-serine. However, at this station the 
valuC's for the ninhydrin positive substances (Fig. 5) 
differ between the types by the very high significance 
of the 0·1 % level. 

Table 2 confirms in any way that marin us and nUll
trlla do not present at all homogeneous populations. 

The problem as to whether the differences in the 
free amino acid pools of the skeletal muscle of the red
fish types are conditioned genetically or by some other 
unknown influence cannot be decided by this investiga
tion. Differences due to environment (salinity, oxygen 
content, temperature) are ruled out, since the bio
chemical differences were evident at those stations 
where rnarillus and mentella were cau~ht in the same 
haul. Is it possible that the "spawning" time of rnarinus 
differs from that of mentella? 

Investigations of the pattern of free peptides in 
marinus and mentella are being carried out. 

Summary 
Redfish of the types marinus and mcrztella have been 

caught at several fishing- grounds in the North Atlantic 
between Iceland and Greenland during two seasons. 
By means of two-dimensional paper chromatography 
alcoholic extracts of the skeletal muscle were analysed 
for free amino acids. 

No qualitative differences in the pattern of these 
substances were found in the two redfish types. 

The concentration of some amino acids was deter
mined by a quantitative paper chromatographic 
method, using the copper complex of the ninhydrin 
coloured spots. 

The significance of the resuIts is shown by means of 
Rtatistical methods. It was· found that marinu5 and 
mentella differed significantly in the content of certain 
free amino acids, of the ninhydrin positive substances 
(which above all are composed of amino acids) and of 
total nitrogen extract in the muscle tissue. 

The divergences were found, too, in marinus and 
menteUa caught at the same station. 

It is thus proved that marinus and mentella do not 
present homogeneous populations. 

The biochemical analysis confirms and completes the 
findings hitherto reached by other biological methods. 
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Parasitological Tags for Redfish of the Western North Atlantic 
By 

CARL J. SINDERMANN 
U. S. Bureau of Commercial Fiaheriea, Boothbay Harbor, Maine 

Introduction 

Parasites and diseases of animals may vary in abun
dance geographically, so that individuals sampled in 
one area may be recognized by certain frequencies of 
particular parasites, or even by parasites that are not 
found in another area. If we can characterize marine 
fish in this way, by assessing parasite frequencies on 
each fishing ground, or in spawning aggregations, it 
should be possible to determine the nature and extent 
of movements, if any. This method has already been 
applied with some success to sea herring of the western 
North Atlantic, which have been found to participate 
in only local movements (Sindennann, 1957a; 1957b). 
Some information has also been gained about redfish 
(Sebastes marinus) stocks of the western North Atlantic 
by studying the distribution of a single parasite, the 
copepod Splt)"';OIl lump; (Herrington, 1939; Temple
man, 1950; Knapp-Fisher, 1952; Perlmutter, 1953). 
LUling (1951) noted that rcdfish from different 
grounds off Iceland varied widely in incidence of 
larval nematodes (Anisakinae). Since redfish from 
deep water are difficult to tag, a detailed study of 
parasites as "natural marks" may be a method of 
choicf' in population and migration studies. 

Since the discontinuous distribution of SJlhyrion in 
redfish of the western NOIih Atlantic had already 
indicated lack of extensive movements of host fish, it 
seemed that by examination of the distribution of other 
rcdfish parasites, it might be possible to detcnnine the 
precise amount of interchange, if any, among th!;' 
major fishing grounds. Although much more intensive 
sampling over a long period is needed, results to date 
have been informative and are presented in this report. 

Methods 

Redfish samples of 100 fish each were obtained from 
otter trawlers unloading at Rockland, Maine, and 
Gloucester, Massachusetts. Figure 1 shows locations of 
major fishing grounds sampled. Only fish of commer
cial size were examined, so individuals below the 
minimum size for filleting (approximately 15 em) were 
not included. Some selection for size was also imposed 
by the nature of the catches, since some were composed 
principally of smaller fish (as in Grand Banks samples) 

and others were composed principally of larger fish 
(especially Cape Cod Highlands and Gulf of Saint 
Lawrence samples). Although not detennined in the 
present study, the age of the fish may affect its parasite 
burden. This is a factor that should be investigated in 
any future large-scale parasite sampling programme. 

When possible, several samples taken during dif
ferent months were obtained from each area. Fish were 
examined individually for the following parasites:-

(1) Sphyr;on lump; - an ectoparasitic copepod with 
its anterior end permanently embedded in the 
body of the host; 

(2) Chondracanthopsis nodoJUs - an ectoparasitic 
copepod attached to the basal portions of the 
gills; 

(3) I chthyosporidium hoferi - a systemic fungus 
parasite which produces white nodules on and 
in the heart, splcen, and liver; 

(4) Trypanorhyncha - larval eestodes encysted in 
the stomach wall and adjacent mesenteries; and 

(5) Anisakinae - larval nematodes, encysted or 
migratory, in the viscera. 

The parasite fauna of redfish is much larger than 
this, but the parasites listed were selected because they 
could be recognized readily, because they seemed to be 
relatively permanent, and becaw;e in preliminary work 
they were found to vary in abundance geographically. 
All parasites were preserved for subsequent identifica
tion, and incidence of each species was recorded for 
each major fishing area. 

Results 

Photographs of certain parasites considered in this 
study as "natural tags" are included in Figure 2. 
Average incidence in each major fishing area is 
summarized in Table 1, and data from each sample 
arc included in Table 2. 

The data illustrate the often dramatic differences 
in abundance of certain parasites on different fishing 
grounds. In some ca~es such as SphYl'ion~ Trypano
rhyncha, and I chthyosporidium the parasite was absent 
from samples taken in certain areas, but was abundant 
in other areas. There was no evidence that the 



Q
U

E
B

E
C

 

- - '" 
6R

A
N

O
 /

lA
N

II
S

 

F
ig

ur
e 

1.
 L

oc
at

io
ns

 o
f 

m
aj

o
r 

fi
sh

in
g 

gr
ou

nd
s 

sa
m

pl
ed

 i
n 

th
e 

pr
es

en
t 

st
ud

y.
 



- 113 - I 
B.3 

Table 1 
Parasite incidences in redfiah of the western North Atlantic 

Parasite Incidences (%) 

Fishing Ground Sphyrion Chandra- Ichthyo- Trypano-canthopsis sporidium Anisakinac lumpi nodosus holeTi 
rhyncha 

Grand Banks .. 0 14 1 0 7 
Western Bank. ' ............ . 0 46 5 25 10 
Roscway Bank .......... . 0 25 U 22 69 
Mount Desert Rock ... . 24 23 0 50 56 
Jeffrey Ledge . 0 8 0 46 68 
Cashes Ledge ........ . 14 13 0 26 31 
Cape Cod Highlands 9 6 0 14 45 
Gulf of Saint Lawrence ................ . 0 2 1 0 21 

Table 2 
Results of parasite examination of redfish 

Parasite Incidences (%) 
Fishing ground Dated Sphyrion Chandra- Ichthyo- Trypano-sample canthopsis sporidium Anisakinae 

( 1959) 

Grand Banks ...... Jan. . . . . . . . . . . . . . Mar. 

Western Bank ..... Jan. ............. .............. 
Jan. 

Roseway Bank .... May 

Mount Desert Rock . Jan. 
Jan. 

Jeffrey Ledge. Jan. 

Cashes Ledge Mar. 

Cape Cod Highlands Mar. 

July 
Gulf of Saint Lawrence .............. Aug. 

Aug. 

abundance of one para'iite was in any way influenced 
by another, although factors such as temperature, 
depth, presence of intennediate hosts, and proximity 
to shore may have had an effect. There was no definite 
evidence for seasonal variation in frequency of para
sites, although more extensive sampling might modify 
this finding. 

S phyrion lum pi was found only on fish from the 
8-ulf of Maine, with a peak abundance in the Mount 
Desert Rock samples. More detailed studies of the 
listribution of tills copepod in the Gulf of Maine have 
)een made previously (Herrington, 1939; Perlmutter, 
1953; Kelly, 1957) and incidences reported here agree 
,veil with published data. Greater numbers of samples 
night disclose very low incidences of this and other 
)arasites in certain areas listed as negative. This proved 
;0 be the case in extensive sampling for Sphyrion 
:eported by Templeman (1950) and Knapp-Fisher 
:1952). 

The gill copepod, Chondracanthopsis nodosusJ 

'eached a peak of abundance in samples from Western 

8 

lumpi nodosus holeTi 
rhyncha 

0 15 1 0 8 
0 12 0 0 6 
0 45 6 10 
0 ,8 3 25 

0 25 0 22 69 
~5 21 0 50 56 
22 'L6 0 
0 U 0 ,b 68 

14 13 0 26 31 

9 6 0 H 45 

U 1 U 21 
0 0 0 
0 4 0 0 

Bank, and decreased in the southcln Gulf of Maine, 
while larval nematodes (Anisakinae) were least 
abundant on the offshore banks. Larval cestodes 
(Trypanorhyncha) were absent in Grand Banks and 
Gulf of Saint Lawrence samples, and were most 
abundant in the northern Gulf of Maine. Ichthyo
sporidium hoferi, the fungus parasite, was absent from 
Gulf of Maine samples, and was found only in fish 
from Western and Grand Banks and the Gulf of Saint 
Lawrence. 

Discussion 

It should be possible with data such as these to 
detennine with some precision the maximum possible 
interchange of redfish between any two fishing grounds. 
This method considers parasites and parasite frequen
cies as characteristics of stocks in any particular area, 
and is based on the following assumptions:~ 

( 1) that the parasite is relatively permanent 
persisting for at least several years; 
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Figure 2. Parasites used as "natural tags" for redfish. 
(a) Photomicrograph of spores of the fungus Ichthyosporidium hoferi in a redfish heart. Spores range in diameter from 

30--60 microns, arc characteristically multinucleate with a heavy spore wail, and arc encapsulated by host connective 
tissue. The parasite produces white nodules on heart, liver and spleen. 

Figure 2 (b). A larval cestode (Trypanorhyncha) encysted in the mesenteries of a redfish. 
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Figure 2 (c). Parasitic copepods (Chondracanthopsis nodosus) on the exposed gills of a redfish. 

(2) that the parasite will not kill its host; and 
(:~) that incidences of particular parasites in an area 

will remain rdatively stahle for several years, or 
at least will not fluctuate widdy from one year 
to the next. 

Experimental and ecological studies therefore should 
be a part of any attempt to usc parasitological tags, in 
order to be certain that the above criteria are fulfilled 
by each parasite studied. 

In some cases the absence of a parasite in an area 
t{ives a strong indication of the extent of possible inter
mixing of fish from adjacent areas. For example, in 
our data, larval cestodes (Trypanorhyncha) were 
absent from Grand Banks and Gulf of St. Lawrence 
redfish samples, but were abundant in all other area<;. 
This discontinuity could only be maintained by lack of 
any effective movement of fish from areas where the 
parasite occurs to the Grand Banks or the Gulf of St. 
Lawrence. Also, the localization of the copepod 
r:; phyrion in the Gulf of Maine and its virtual absence 
in adjacent areas preclude any extensive movement of 
redfish so parasitized out of the Gulf. 

Usually, however, the situation is not so definitive. 
Most parasites occur throughout the host range, but in 
Nidely varying abundance. In this situation detennina~ 
lion of average incidences in each area for several 
}arasites can provide a maximum estimate of intcr
nixing. For example, redfish from Western Bank have 
limost twice as many gill copepods as fish from the 

adjacent Koseway Hank, but only one~scvl'nth the 
numbers of larval nematodes. This suggests that 
maximum possible interchange between these two areas 
is slight, otherwise greater homogeneity would exist. It 
is, therefore, the composite of frequencies of several 
parasites that characterizes fish from a geographic area 
and that may be compared with composites from other 
areas to obtain an indication of maximum possible 
intennixing. For example, comparing parasite inciden
ces in Roseway, Western, and Grand Banks samples 
(Figure 3) the maximum possible interchange could 
be determined mathematically. 

Parasite frequencies, then, can provide a means of 
estimating or calculating maxirnunl possible movement, 
but the actual movement may be much less. As is true 
of most methods for the study of marine fishes, a 
para<;itological study by itself would rarely produce 
definitive answers to population and migration prob
lems. However, when parasitological data are com
bined with information derived from other methods of 
study, a significant contribution may be made. 

Conclusions 

(1) A survey has been made of the frequencies of 
five redfish parasites from the western North Atlantic. 
Parasitt,'S were selected for use as "natural tags" because 
they were relatively permanent, easily visible, and 
varied in abundance on different fishing grounds. 

(2) Fish from each of the major fishing grounds 
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were characterized by a composite of frequencies of all 
parasites. Samples from each area were distinguishable 
parasitologically from those of any other area. 

(3) The discontinuous distribution of a larval 
cestode indicated that Grand Banks redfish stocks 
receive no contribution of adults from stocks to the 
westward. Localization of an ectoparasitic copcpod in 

the Gulf of Maine indicated that the fish populations 
on more eastern grounds receive no contribution from 
the Gulf of Maine. 

(4) Composite parasite frequencies of adjacent 
redfish stocks in and near the Gulf of Maine suggest 
that maximum possible intennixing is slight, even for 
those stocks not widely separated geographically. 
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Serological Studies of Redfish 1) 
By 

CARL J. SINDERMANN 
U. S. Bureau of Commercial Fisheries, Boothbay Ha .. bor, Maine 

Abstract 
During the pa.'it decade there has been increasing 

interest in the use of serology for systematic studies of 
fish. Of the varied techniques available to serology, 
investigation of erythrocyte antigens, and subsequent 
description of blood group systems containing them, 
offer greatest promise to the understanding of infra
species groups. Quantitative study of antigen frequen
cies in fish from different geographic areas may provide 
information about the degree of intermixing and 
movement of populations within a species. 

As the first phase in such a programme for redfish, 
Sebastes marinus, from the North Atlantic, individual 
variations in cellular antigens have been examined. 
The existence of two closely related antigens, tenta
tively labelled "Ai" and "A2 ", has been demonstrated 
with specific reagents created by absorptions of rabbit 
antisera. Each reagent would agglutinate (f':Hs of only 

one antigenic type, so it was possible to identify fish 
as possessing Ai or A2 antigen. Although much more 
extensive sampling is needed, it has been found that 
individuals with the A2 erythrocyte antigen make up 
less than 10 % of the Eastport (Maine) redfish 
population. Since antigen frequencies may vary from 
one population to another, quantitative studies of each 
major fishing area should provide further infonnation 
about discreteness of the groups involved. 

In addition to quantitative studies of A antigen 
frequencies, search should be made for other antigens 
and systems in redfish, to enable more precise charac
terization of each population. Serology can then con
stitute an important criterion, along with traditional 
morphometric and meristic studies, for understanding 
the infraspecies structure of red fish. 

1) The l'Omple{(' papl'r in Fi,h. Bull. U.S. Fi~tl & Wildl. S(,I"V" 6/. 
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Incidence and Distribution of Infestation by Sphgrion lampi (Knlyer) 
on the Redfish, Sebastes marinas (L.) of the Western North Atlantic, 1949-1953 1

) 

By 

WILFRED TEMPLEMAN and H. J. SQUIRES 
Fisheries Research Board of Canada Biological StaHon, St. John'lI, Newfoundland 

Abstract 
Investigation of the infestation of redfish by female 

Sphyrion lumJJi) in the Newfoundland area, showed 
that in the Labrador area the parasites were generally 
distributed all over the body, but that the greatest 
infestation occurred in the cloacal region. In the 
eastern Grand Bank area there was a strongly ventral 
distribution of the parasite on the trunk, with over 
40 % in the cloacal area. This is contrasted with 
previously published data from the Gulf of Maine, 
where most of the Sphyrion were situated antero
dorsally, near the base of the spiny first dorsal fin. 

In the Newfoundland area, the major geographical 
centre of infestation was off southern Labrador, east of 
Hamilton Inlet Bank, where up to 8 % of the redfish 
were infested. Centres of lower levels of infestation 
were found on the southern part of the eastern slope 

of the Grand Bank and in the south-eastelTI part of the 
Gulf of St. Lawrence. S phyrion were very scarce on the 
south-western Grand Bank, the western part of the 
south coast of Newfoundland, and in the northern part 
of the Gulf of St. Lawrence. They were not noted on 
redfish from the north-eastern Grand Bank, Flemish 
Cap, and from the Nova Scotian Shelf. 

A study of cephalothorax remains in redfish fillets 
showed the same geographical centres of abundance as 
derived from live para<;ite counts, but there was some 
evidence of a spread of previously infested fish moving 
into some other areas. The data suggest a slow migTa
tion in the direction of a deep water current. 

I t is believed that almost all the redfish discussed in 
the paper were of the mentella type. 

1) Comptet!' pap'-"l' ill J. Fi~h. Rl.'s. Bd. Canada, ]7 (I): 9-31, 1960. 
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SECTION II 

RED FISH DISTRIBUTION 
Discussion Leader: Dr. W. TEMPLEMAN 

The following papers were presented and discussed:
Bergeron, J. uRedfish explorations in the Gulf of St. 

Lawrence, 1957". 
Dietrich, G., Aurich, H., & Kotthaus, A. "On the 

relationship between the distribution of rcdfish and 
redfish larvae and the hydrographical conditions in 
the Irminger Sea". 

Freund, K. "Some observations on the redfish of the 
Labrador region". 

Jean, Y., & McCracken, F. D. "Incidental catches of 
redfish in cod and haddock surveys off the southern 
Canadian Mainland during- the years 1957 to 1959". 

Martin, W. R. "The distribution of redfish catches 
landed on the southern Canadian Mainland, 1949-
1958". 

Templeman, W. "Redfish distribution in the North 
Atlantic". (Abstract from Hull. Fish. Res. Bd. Ca
nada, No. 120. 1959.) 

Templeman, W. "Redfish distribution off Baffin Island, 
northern Labrador, and in Ung-ava Bay in August
September 1959". 

1. Species discussed 

The papers presented were mainly concerned with 
both types of Sebastes marin us and to a minor degree, 
only, with Sebaste.l' viviparu,\·. 

2. Redfish landings 

The total landing-s of redfish from the ICNAF area 
in 1957 were 159,000 metric tons and in 1958 the catch 
rose sharply to 315,000 metric tons. The total redfish 
landings in 1957 from the remainder of the North 
Atlantic, the part of the ICES area from East Green
land to the Barents Sea were 233,000 metric tons. In 
recent years many virgin redfish populations have been 
discovered, but usually the catch per unit effort has 
quickly decreased in each of these newly fished area..;;. 

3. Depth distribution of Sebastes vi'lliparus 

New verbal infonnation was brought forward show
ing that individuals of Sebastn viviparus extend as 
deeply as those of other redfish species. 

4. Relationship of marinas and mentella forms 
of redfish to depth and temperature 

Although individuals may be found at all redfish 
depths, populations of the marin us type usually live at 
lesser depths than those of the mentella type. In the 
northern and eastern Labrador and Newfoundland 
bank and shelf areas where the overhead layer of cold 
Labrador Current water is deeper, both marinuJ and 
mentella live more deeply than in the western and 
southern parts of the Canadian area where this over
lying cold layer is thinner, but in each case the relative 
depth levels of marinus and mentella remain approxi
mately the sarne. 

In the North-East Atlantic the marinus type lives in 
the upper warmer layer of North Atlantic Current 
water whereas the mentella type lives in North Atlantic 
Current or mixed water of lower temperatures below. 
In the North-West Atlantic, on the other hand, the 
mentella type lives in the wanner water below, whereas 
the shallower marinus type lives in lower temperatures 
nearer the overlaying cold layer. At Flemish Cap both 
types live in water of the same temperature. Since in 
all these cases the main concentration of the marin us 
type is above and that of the mentella type is below, 
within the redfish usual temperature range of about 
3-8°C the depth adaptation and not the temperature 
is the most important factor in determining the relative 
vertical distribution of the marin us and the mentella 
types. 

M arinus-type redfish appear to be much more 
plentiful in waters of the North-East and North Central 
Atlantic where they have abundant living space, with 
suitable temperatures in their main depth range, in the 
thick upper layer of North Atlantic Current water. 
Marinus-type redfish arc relatively scarce in the North
West Atlantic where in the whole area where marinus
type fish exist, these fish, accustomed to a shallower 
depth range than the mentella type, have little living 
space of suitable temperature available to them. 

Considerable evidence was brought forward to show 
that large redfish populations were only to be found in 
or near areas where temperatures of approximately 
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3-8°C (in the North-West Atlantic usually 3-6°C) 
were present in the normal redfish depths. In the 
vicinity of such areas with suitable temperatures, good 
catches of redfish may often be made at temperatures 
as much as several degrees lower than are found in the 
above depth range. 

5. Pelagic populations 

Temperature conditions at redfish depths adjacent 
to the northern redfish areas are suitable for the 
existence of pelagic populations of redfish. There is, 
however, very little evidence at present that large 
pelagic populations exist in these areas. In the southern 
part of the redfish ran~e in the North-West Atlantic 
temperatures, at redfish depths, are too high for large 
pelagic populations to be expected. 

6. Factors producing' redrish concentrations 

Many factors may help to produce local concentra
tions of redfish. Among these are light, food, spawning 
cycle, temperature, bank slopes and ridges, depres
sions in the continental shelf, stranding by currents, 
V-shaped areas, projections or valleys at the edges of 
banks, and type of bottom. The considerable value of 
detailed topo~raphical bottom surveys such as that 
presented by Dr. Dietrich for the East Greenland area 
was appreciated by the group, and it was apparent that 
such detailed surveys are very important as an assi~ 

stance to fishing and in understanding the redfish 
distribution. 

7. Northern distribution of redfish on the Canadian 
side of the Labrador Sea 

On the Canadian side of the Labrador Sea off Baffin 
Island and Labrador it is unlikely that large commer
cial concentrations of redfish occur between latitudes 
67° and 58 oN and it is evident that the redfish which 
do exist from latitude 67°N at least as far south as 
latitude 600 N are almost entirely mentella-type redfish 
which had their origin in larvae coming from West 
Greenland. 

8. Future work on redfish distribution 

(a) More detailed information is needed over the 
whole redfish area of the North Atlantic for 
Sebastes viviparusJ Sebastes marinUJ marinus, and 
Sebastes marinus mentella, on distribution of each 
fonn by depth, temperature, numbers, weight, sex 
and size. This information is required not only for 
research vessel catches but also for commercial 
landings. 

S. viviparus is apparently readily separable now 
under field conditions and in any case is not usually 
a commercial species. To facilitate field separation 
of other types every effort should be made to find 
and describe adequately characters which can 
quickly be used in the same way by all workers to 
separate the marin us and mentella types under 
field conditions. The parameters of nonnal varia
tion in these two types should be studied with the 
object of finding field characters to assign as many 
as possible of the redfish presently called inter
mediates to one or other of the present types. The 
problem of whether European and American types 
of adult marinuJ and of mentella can be separated, 
although an interesting scientific problem, is not 
of immediate practical importance compared with 
that of separating adequately by rapid field 
identification the marinus- and mentella-type fish 
within each of these two areas. 

(h) Bottom topowaphy appears to have a very im
portant bearing on the distribution and abund
ance of redfish and indeed of all groundfish, and 
more effort should be devoted to this subject. 

(c) Although considerable data are available in most 
areas with regard to temperature and salinity, the 
knowledge of currents, particularly in depths 
where redfish live, is inadequate for many area.~. 
Efforts to produce this infonnation and to study 
the effects of the deeper currents on the concen
tration and dispersal and movement of redfish 
populations should be considerably increased. 

(d) Efforts should be made to investigate the question 
of the existence of pelagic populations of redfish 
over the deep water of the North Atlantic. 
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1. 

Redfish Explorations in the Gulf of St. Lawrence, 1957 
By 

JULIEN BERGERON 
Station de Biologie Marine, Grande-Riviih'e, Quebec 

In recent years the economic importance of the red
fish (Sebast(:s marinu5 L.) in the Gulf of St. Lawrence 
has increased greatly. It was already known that the 
commercial catches were made only in the deep-water 
channels of over 100 fathoms of the St. Lawrence. 

During summer 1957, the Station de Biologic Marine 
of Grande-Riviere, Quebec, carried out a survey in a 
previously unexplored area of the Laurentian Channel 
south of Anticosti Island. 

The fishing was carried on with the 58 foot dragger 
M.V. "Astrid", belonging to the Quebec Department 
of Fisheries. Three fishing trips were made in July, 
August, and September and 33 stations were fished 
(see the map, Fig. 1.). 

On average 2-hour tows were made with a 3/4 style 
No. 35 Yankee otter trawl having a 39-foot headrope 
and a 50-foot footrope, and 400 pounds otter boards. 
The average distance towed per drag was about 4 

---"\ 
" " I ,." ...... ~ __ r-..; L '-

c.. '" 

..... .... 
', , 

.... , 20 
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33 
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- ---~-_ .... --100 -_ .... 
.... .... ' .... -- ...... _--

Figure 1. Map showing fishing stations of redfish in the Laurentian Channel, July, August, and September 1957. 
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Table 1 
List of trawling stations and yield of redfish per hour 

1. 

No. of 
station1 ) 

2 .............. . 
3 ............. . 
4 
5 ........ . 
6 
7 
8 ................ . 
9. 

10. 
11 .... 
14 . 
15. 
20 ................................. . 
21 . 
22. 
23. 
24. 
25. 
26 .. 
27. 
28 
29 
30. 
31 . 
32 .. 
33 

Depth 
(fm) 

148 
148 
148 
151 
150 
140 
140 
144 
142 
142 
128 
130 
140 
145 
200 
170 
150 
150 
120 
30 

160 
140 
90 

128 
140 
100 
125 

1 These numbers rf'ff'r to thl' position on t1l(' map. 

Catch 
(lb per hour) 

649 
686 
434 
882 

1,325 
1,183 

400 
615 
820 
984 
353 
369 
574 

40 
75 

128 
2,000 

375 
1,200 

1,157 
305 

965 

nautical miles. Depths between 90 and 150 fathoms 
were surveyed. 

Redfish were absent in the 90 and 100 fathoms depth 
but abundant from 120 fathoms down to 150 fathoms. 
The best catches were taken along the 145-150 fathom 
line. All hauls were made in daylight. 

Water temperatures near bottom ranged from 38°F 

Figure- 2. Redfish. Length distribution of males and females in 
two samples:-

A - 10. July 1957; 219 males and 271 females. 
B - 20. August 1957; 384 males and t 83 femalps. 

(3'3°C) in 100 fathoms, where no redfish were caught l 

to 42°F (5·6°C) at 150 fathoms, where catches were 
g-ood (see Table 1). Two random samples were taken 
at one month interval in the same region and total 
length measurements were made. In July, the size 
range for males was 21 to 40 em and 25 to 45 em for 
the females, with a sex ratio (M/F) of I : 1·23. In 
August the size range was 22 to 45 cm for the males 
and 32 to 48 cm for the females, with a sex ratio 
(M/F) of 2·09: 1 (Fig. 2). 

Neglecting the very small proportion of the fish less 
than 25 em (10 inches) ~ the catches were indicative of 
excellent suitability for commercial fishing in the 150 
fathoms range. 

The bottom in the area deepens gently and is 
smooth. No serious damage to the net was encountered 
in 33 drags. 
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2. 

On the Relationship between the Distribution of Redfish and Redfish 

Larvae and the Hydrographical Conditions in the Irminger Sea 
By 

G.DlETRICH 
In.titut ffir Meel"eSkunde, Klel 

and 
H. AURICH _d A. KOlTHAUS 
BiologillChe An.lltalt Helgoland 

Those who have been concerned with the relation
ship between fish and environment know how difficult 
it is to arrive at exact statements. 

One statement may apply to special circumstances 
and may then serve as tactical infonnation for fisher
men - for example - those which have been compiled 
for herring, codfish and tuna (G. Dietrich, D. Sahr
hage, K. Schubert, 1959). In other circumstances only 

conjecture about the relationship between fish and 
environment can be put fOlWard. Finally, in most ca.<;es, 
little can be stated with certainty, and the few facts 
available are of such a general nature that they are 
useless as strategic and tactical information for the 
fishennen. It is thought that the knowledge available 
for the redfish has, so far, not passed beyond this lowest 
level. Because of this situation, the three authors dis-

~ ~ • W ... - ... '- - ·-....... ·----~-r-"..---9J:IlIII---~_'i~-··~--~---~--·~ ,,..--.--- iii 

''0 Cruise • 
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26.5. - to.7.1955 
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• Ch~m,cal "'Iallons 
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·Ur 30 

Figure I. 
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Cruise 
AntonDohrn

" 5.9.-1910.55 

• HydrogrCPI"l" Sldllo,,~ 

4e1-

I'igurc 2. 

cussed their results, based partly on the same cruises, to 
investigate the relationships between the redfish and 
redfish larvae and the hydrographical conditions, 
especially in the waters between Iceland and Green
land. 

1. The cruises 

On the whole, seven research cruises are considered. 
1. In June 1955, the "Anton Dohrn" made a cruise 

in order to study hydrography and the biology of fish 
(Fig. 1). It was her maiden trip, on which the three 
authors, with other scientists, worked extensively on 
different physical, chemical and planktological pro
blems, as well as on problems concerning the biology 
of fish. Below follow the results of that cruise, parti
cularly those which are already available. 

2. In September 1955, the "Anton Dohrn" undertook 
another cruise investigating hydrographic and biolo
gical fishery problems (Fig. 2). This cruise led to the 
discovery of the "Anton Dohm" Bank, with its rich 
redfish grounds. 

:1. In April 1957, the hydrographic and fishery bio
logical cruise of "Anton Dohm" was concentrated orl 
the GreenlandlIceland Ridge (Fig. 3) . 

4. In Marchi April 1958, there followed the syste
matic sUlvey for the IGY, which was planned to cover 
even more subjects than the first cruise and was 
directed towards the investigation of physical and che
mical problems of water, towards planktology, bottom 
fauna, and the biology of fish (Fig. 4). 

5. The next cruise in August/September 1958, was 
similar in cover to the IGY cruise late in winter, 1958 
(Fig. 5). Already the first cruise had shown that the 
topography of the sea bottom, complicated in itself, 
was by no means sufficiently well known. An urgent 
necessity seemed to be the provision of reliable bathy
metric charts, which again demanded a systematic 
survey of the sea. Fortunately, the director of the 
Hydrographic Institute in Gennany, Dr. G. B6hnecke, 
agreed to such a survey, for he knew the particular 
conditions of this area from personal experiences on 
the "Meteor" cruises, 1929~lg35. 
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Figure 3. 

6. Thus, in Slimmer 1956, "Gauss" succeeded in sur
veying those parts of the Greenland/Iceland Ridge 
important for the fishery (Fig. 6). This was merely a 
surveyin~ expedition and only a few hydrographical 
observations were made. 

7. During the summer of 1957 the area south-west 
of Iceland was surveyed, including the Reykjanes 
Ridge, which is of particular interest from the geo
physical point of view (Fig. 7). 

2. The bottom topography 

The elaboration of all available soundings resulted 
in the depth chart, shown in Figure 8. Examination of 
the main outlines shows that a trough, with a sill at a 
depth of about 650 ill, crosses the Greenland/Iceland 
Ridge. Two deep prolongations of the Greenland 
fjords, the Store Fjord and the Scrmilik Fjord, run 
across the broad East Greenland Shelf. Neither of 
them, however, ends in the deep sea. They are barred 
by a wall which is part of a larger wall, one flank of 
which runs continuously along the continental slope. 
This wall may be assumed to be a terminal moraine 
dating from the pleistocene. To this moraine belong 
the fishing banks, namely the "Anton Dohrn" Bank, 

the "Hcimland" Ridge, and others. These hanks are 
comparatively level, but further away, towards Green
land itself, the bottom configuration soon becomes 
complicated. The bottom was also found to be rough 
and for this reason fishing with a trawl was not 
possible. In this area bad fishing conditions were 
experienced and many nets were torn. South of 65°N 
the character of thc shelf changes. It is only very 
narrow and the continental slope is very steep. This is 
shown clearly by thc sounding: section of Figure 9. Only 
on the very narrow strip at the edge of the East Green
land Shelf is it possible to fish by trawl. The soundings 
taken to date have been compiled in a large-scale 
depth chart 1 : 1 Mill., which was published as the 
Fishery Chart D 256 by the German Hydrographic 
Institute. 

3. The hydrographical conditions 

The absolute g-eopotential topography of the sea 
sulface, which was evaluated with the aid of those 
observations made in June 1955 (G. Dietrich, 1957), 
indicates a great cyclonic current system near the 
surface (Fig. 10). The Irminger Current follows the 
Reykjanes Ridge, bifurcates north-west of Iceland into 
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the North Iceland Current and another branch which 
joins the East Greenland Current. These currents arc 
reflected in the distribution of the surface temperature 
(Fig. 11). The wann Atlantic water of the Irmingcr 
Current divides into two warm branches which can be 
traced far beyond the north of Iceland and the east of 
Greenland. Notable is the thermic front in the East 
Greenland Current, where the temperature suddenly 
rises by 7°C over a distance of a few hundred metres. 
This is also reflected in the surface salinity (Fig. 12). 
The two branches of the highly saline Atlantic water 
are immediately adjacent to the East Greenland water 
of low salinity. 

In greater depths the conditions become ever clearer. 

The great cyclonic eddy of the Irminger Current, 
marked hy relatively high temperatures (Fig. 13), 
sends one branch to the north-cast around Iceland and 
another to the south-west towards South Greenland. 
The great cyclonic whirl is the dominating pheno
menon of this area and it may be assumed that the 
deep water, which is cold, is concentrated at its centre 
and rises to ncar the surface. This is seen in the long 
cross section from Cape Farewell to North Scotland, 
where in May/June 1955, the upper layer reaches a 
thickness of only a few metres (Fig. 14). This is not a 
unique case. When, in the autwnn of the same year, the 
"Anton Dohrn" repeated the section from Farewell to 
northern Scotland, the result was the illustration shown 
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in the lower half of Figure 14: the highest position of 
the isotherms was still in the central Irrninger Sea, 
whence they sink into greater depths on both sides. 
The Mid-Atlantic Ridge is thus within the reach of 
the warm Atlantic water. The distribution of the 
chemical components corresponds with these condi
tions. If the distribution of the phosphates in solution 
is considered in the section of .T tine 1955, a relatively 
high percentage of dissolved phosphates is found, with 
a maximum in the central Irmingcr Sea. There is also 
plenty of oxygen, at least in those layers which concern 
the fisheries. The vertical distributions of both phos
phate and oxygen have been discussed by Kalle (1957). 

To complete the outline sketch of the hydrographic 

conditions some remarks are necessary about the surface 
turbidity, as deduced by Joseph (1959) from the 
recordings ma-de during the cruise of May/June 1955 
(Fig. 15). On this chart, the more densely an area is 
hatched, the more the coefficient of extinction differs 
from that of pure water and the more turbid, there
forc., is the water. It may be added that this turbidity 
was predominantly of organic origin. The darker an 
area is hatched, the richer it is in plankton. In particu
lar the plankton was very rich in species. This inte
grating optical method does not, of course, reveal 
which species of plankton caused the turbidity in the 
specific areas. M. Gillbricht (1959) investigated this 
part of the problem and was able to demonstrate that 
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Figure 6. 

the patch of dense plankton south-west of Iceland 
consists chiefly of zooplankton and detritus from a 
previous phytoplankton outburst. 

In the whole area of the Irminger Sea, which, as will 
be seen later, is of special importance for the biology 
of redfish, the East Greenland Shelf is of outstanding 
importance, because it is in this region that the main 
redfish grounds are to be found. For this reason some 
hydrographical details of the shelf must be discussed. 

Three temperature sections of the area of the Green
land/Iceland Ridge reveal the remarkable facts evident 
in Figure 16. In the north the cold Polar water covers 
the shelf down to the bottom. In particular, it is 
divided into two cold currents, that is to say, two East 
Greenland Currents, as Krauss (1958a) has already 
pointed out. One of them runs along the coast, the 
second along the edge of the transverse trough. The 
latter is clearly distinguished from the warm Atlantic 
water. Farther to the south the heavy, and at the same 
time, wann waters move slowly over the bottom to
wards Greenland. In this way, and this is a most essen
tial feature, relatively high bottom temperatures occur, 
which reach 4°_5°C. This process extends stilI further 
to the south. The East Greenland Current is thus only 
a surface phenomenon. It remains bifurcated only over 
the Greenland/Iceland Ridge; southwards, however, it 
joins into onC" current. Due to the predominance of 
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SURFACE TURBIDITY 
tJEK/m RG 21 

Figure 15. 

the rnclt water in this area, the salinity is reduced in 
the surface layer (Fig. 17); near the bottom it reaches 
34.8-34.9 0/ 00 _ As far as salinity is concerned, there
fore, the fishing grounds are relatively uniform. 

Of remarkable importance are the two fjord troughs 
mentioned in the discussion of the topography. It be
comes evident that the relatively warm Atlantic water 
enters these troughs primarily from their eastern ends 
(Fig. 18) and advances almost as far as Greenland, 
circling round the banks in a clockwise direction, a 
fact well known in the northern hemisphere as a con
sequence of the Carialis force. In this way the shelf 

obtains its distinct thermal g-radients, which certainly 
are of !:ome importance for the fish on the bottom. 

A diagrammatic representation of the surface cur
rents is given in Figure 19. There are the two East 
Greenland Currents and the Irminger Current, which 
bifurcates north-west of Iceland, mavin?: to the south
west together with the outer branch of the Ea~t Green
land Current. What seems here to be a stationary, that 
is to say a permanent, arrangement of layers and move
ments, is certainly not permanent at all. Clear evidence 
of this is given by the distribution of surface tempera
ture (Fig. 20) which was measured over a short period 
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by the "Gauss" during the survey in summer 1956 
(Fig. 6). What was originally thought of as a set of 
nearly straight, tightly packed isothenns, and conse
quently as a narrow current, changes into a strongly 
meandering band. The current meanders accordingly. 
It should be noted that the edge of the shelf represents 
the central axis of these meanderings, which means 
that the East Greenland Current also meanders. The 
meanderings are not stationary, however, but move 
slowly in the direction of the main current, theoretically 
with 1/10 of the current velocity. The picture of the 
various layers and currents thus developed proves to be 
far from simple, though, in its essential parts, it is quite 
understandable today. The question arises how this 
knowledge may be used successfully to help with the 
biology of redfish. 

4. The distribution of redfish larvae 
Considering first the larval stage, as mentioned 

before, on some of the cruises, namely of the three 
out of seven, systematic hydrobiological surveying was 
attempted, including systematic fishing for larvae. The 
distribution of these larvae, based on hauls from 
different depths with the Helgoland larva net made 
on three of the seven cruises mentioned above, are 
represented in Figure 21. Their distribution in the 
Inninger and Labrador Seas was studied in three 
different seasons: in late winter (Marchi April 1958), 
in spring (May/June 1955), and in late sununer 
(August/September 1958). 
(a) Marchi April 1958. Except for one catch on the 

Newfoundland Bank, which was rich in larvae of 
the American rosefish (211 larvae/m2 ) , only small 
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numbers of redfish larvae were found in the area period was only just beginning. But another obser
vation was quite remarkable: Over the greater 
part of the Irminger Sea the upper layers down to 
500 m were free of Calanus finmarchicus - surely 
an important food organism for the larvae. In 
May of the same year Einarsson (this volume) 
found no indications of larvae on the echo-sounder 
records in the Irminger Sea, contrary to experience 
at the same time in other years. 

of the Reykjanes Ridge (3-60 larvae/m2 ). The 
reason for this may lie in the fact that the breeding 
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Figure 18. 

(b) In May/June 1955, redfish larvae were distributed 
over a wide region (Fig. 21). The highest fre
quency was obtained in the area of the Reykjanes 
Ridge (39 larvae/m2 ). 

(c) By August/September 1958, the larval stage was 
almost completely over, and hauls in the Inningcr 
Sea had negative results. 

To return to the findings of May/June 1955. In this 
case the observations from the first systematic cruise 
with "Anton Dohrn" in the Irminger Sea were made 
during the main breeding period. Other physical and 
biological observations of this cruise are now available. 

Hauls from different depths proved that the larvae 
were concentrated in the upper 50-100 m. It is, how
ever, difficult to give a clear correlation with other 
factors. The current, which is weak (see Fig. 10) ) can 
hardly be a convincing reason. There is a correspon
dence with the statement of Timing (1949), that the 
breeding places of redfish are to be found where boreal 
surface water, with temperature of 8°-goC, does not 
reach deeper than 200 m, and cold deer water of 
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3°-4°C lies deeper than 200-500 m. In the present 
case this condition is fulfilled in the area of the Rey
kjanes Ridge (see Fig. 14). Water with temperature 
of 4°-BoC lies between 50 and 1000 m. Eastwards of 
the ridge the BOC isotherm sinks below 500 m depth 
:;md westwards the 4°C isotherm approaches the 
iurface; both of the latter conditions would exclude 
Jreeding places of the redfish. 

There arc, however, also two other conformities, that 
5, with the distribution of the turbidity of the water 
(see Fig. 15) and with the distribution of Aglantha 
(see Fig.21). It has been mentioned already that in 
"lus case, according to the planktological findings, this 
'lrea of high turbidity was rich in zooplankton and 
ietritus. It is possible that an appropriate feeding
Jasis for redfish larvae does exist here. This interpre
ation is supported by the observation that the areas 
.yith redfish larvae correspond with high densities of 
4..gldntha. This is a point in favour of the theory that 
he redfish chooses as breeding places areas with good 
lOurishment for the larvae. Hypotheses on the causes 
)f this organic production associated primarily with 
he Reykjanes Ridge do exist (Joseph, 1959). It seems 
hat this phenomenon of upwelling described by Jo"eph 
loes not occur regularly every year nor at the same 

time in the year. This would explain the absence of 
larvae in the Inningcr Sea in 1958 during March, and 
the findings of Einarsson (p. 199) that there is not a 
constant position for the breeding grounds every year. 

S. The distribution of adult redfish 

Considering the adult redfish on the new fishing 
grounds of East Greenland, all results of the test 
catches, comprising more than a hundred hauls, were 
mapped on a transparent paper covering the new 
fishery chart. The data, based mainly on the list com
piled by Kotthaus and Krefft (1957) include the depth 
of water and the weight of redfish caught (in kg); the 
bottom temperatures were treated separately. It is 
difficult to give these results exhaustively and they are 
therefore summarized in a few short sentences, firstly 
for the relationship between redfish and hydrographic 
conditions, which can be gathered from what has been 
stated above and from the facts contained in these 
charts. Ten test catches of the "Anton Dohrn" in the 
northern part of the Greenland/Iceland Ridge showed 
that no high catches of redfish were taken when the 
bottom temperatures were below 2°C. The redfish, 
therefore, seem to avoid temperatures below 2°C. 
Although, apart from these ten hauls, three rather 
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heavy ones were made at temperatures of 0-40
, 1.00

, 

and 1·3°C respectively, this is not necessarily contra
dictory evidence, for they were made immediately at 
the polar front where, as has already been seen, the 
temperature suddenly changes by several degrees within 
a short distance. The remaining part of the Greenland 
Shelf had bottom temperatures of 3°_5°C, and the 
Iceland Shelf temperatures were of 5°_7·5°C. In these 
areas there was obviously no correlation between red
fish and bottom temperatures. There were rich hauls 
as well as complete failures at the same temperatures. 

Another relationship - not with hydrography, but 
with the topography of the sea bottom - must be recog
nized on the Greenland Shelf. The rich hauls were 
almost exclusively confined to the edge of the shelf, to 
the wall mentioned in the discussion of the bottom 
topography as a probable terminal moraine. In this 
special case the preferred area included also the edges 
of the two great fjords, the Store Fjord and the Ser
milik Fjord, when temperatures were above 2°C. The 
exact reasons for the correlation with the topography 
of the sea bottom can hardly be defined with certainty, 
and the following hypothesis is put forward tentatively. 
The results of the systematic survey leave no doubt 
that the bottom of the marginal wall is comparatively 
level. Further landwards, the configuration becomes 
rugged. It consists partly of polished smooth rock, 
partly of deep depressions filled with soft mud, the 
sediments of glacial meal. This area is very dangerous 
for the use of trawl gear and a~ was stated earlier, 
curiosity was rewarded with torn nets! This area is not 
at all suited for commercial trawling. Moreover, 
according to the few successful trawl catches, the red
fish seems to avoid these shelf-plains. It must be 
assluned that the icebergs which in this area frequently 
touch the bottom, destroy much of the bottom fauna. 
Although the redfish does not live on this fauna 
direct1y~ its feeding depends largely upon animals living 
on the bottom fauna. Whatever the reasons for the 
concentration of redfish may be, it was obvious from 
the first cruise in this area, in 1955, that the bottom 
topography plays an important and decisive part, and 
in comequence Germany undertook the first and most 
urgent step: a contribution to an exact survey of the 
topography. 

Summary 

The main features of the bottom topography (Figs. 
8, 9) and of the distribution of temperature, salinity, 
turbidity, and currents in the Irminger Sea and on the 
Greenland/Iceland Ridge (Figs. 10-20) are explained, 
based on seven research cruises of "Anton Dohrn" and 
"Gauss" 1955-1958 (Figs. 1-7). The comparison be
tween the distribution of redfish larvae (Fig. 21) and 
the distribution of turbidity (Fig. 15) shows a remark-

able agreement. Both reach high values in the region 
of the Reykjanes Ridge, south-west of Iceland. The 
comparison of the natural environment with the results 
of more than a hundred test trawl hauls proves that 
the adult redfish avoids bottom waters colder than 3°C, 
the only exceptions being very close to the boundary 
of the warm Atlantic water. In areas with bottom 
temperatures between 3° and 7·5°C there is obviously 
no correlation between redfish distribution and bottom 
temperature. In the3e areas the adult redfish prefers 
the shelf edge. 
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Some Observations on the Redfish of the Labrador Region 
By 

K. FREUND 
\nstitut flir Hocueefischerel und Fiscbverarbeitung, Rostoek-Marlenehe 

During 1958 there was a great increase in the 
interest shown by some European countries in the 
fishing area of Labrador. In the autumn of that year 
the opportunity was taken to make some observations 
on the redfish stock in this area. The fishing grounds 
were between 53°02' to 53°06'N and 52°15' to 
52°30'W, and the depth between 280 and 310 m. The 
temperature (end of October 1958) of the bottom 
water was 3·8° to 3·9°C. At 250 and 200 m the tempera
ture had decreased to 2.30 and 2·1 DC respectively, 
whilst at the surface it was 3°C. 

Three samples of redfish were taken on board a 
commercial trawler on the fishing grounds (28. Oct" 
30. Oct., 3. Nov. 1958), whilst two further samples 
were measured later at the port of landing (7. Jan., 
7. Feb. 1959). 

Both Sebastes marinus and S. mentella occurred in 
the catches, but the composition of the catches varied 
from 0·95 to 14-46 % of marinus. Thus the mentella
type redfish was by far the predominant form. No 
difficulty was experienced in differentiating between 
the two forms. They could be separated by means of 
colour, by the process of the lower jaw (this, however, 
was not quite so pronounced in these mentella from 
the Labrador area as in those of the Bear Island 
region), and by the orbit's diameter. For the mentella
type redfish the means of these observations are sum· 
marized in Table 1. 

Table 1 
Sex composition and mean length of mentella~typ. 

redfish from the Labrador region 

Sex Mean length (em) 
Day of catch composition n 

03 03 (%) 0303 'i''i' Total 

28. Oct. 1958 48·13 33-67 37'34 35·57 401 
30. Oct. 1958 51·91 33-47 36·34 34-85 418 

3. Nov. 1958 54-55 32·97 36·76 34·69 528 
7. Jan. 1959 ... 55·01 3404 41·75 37·50 349 
7. Feb. 1959 59·52 35'50 42-08 38·16 331 

(The aberrant mean length in the samples of the 7.1. and 7.2. 
1959 may be due to the handling or sorting of the catch in the 
eommacial fishery.) 

JO.x.58 

26.X58 

Figure I. Length distribution of mentella·type redIish fr ..... l 
the Labrador region (October 1958 - February 1959); males 

white. females black. 

The mean length and especially the length distribu
tion (Fig. 1) of mentella redfish clearly differs from 
the corresponding values in the "Kopytov" area (south 
of Bear Island) during the main fishing season April
June. In this latter locality the peak is at 38-40 em, 
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Table 2 
Body length and otholith weight of redfish 

of the Labrador region (Oct. 19SB-Feb. 1959) 
(In brackets: S. marin us) 

Body Otolith weight (mg) 
length n 
(em) Mean Minimum Maximum 

25 IH 123 H -H -H 
26 6 (-) 149 H 128 H 170 (-) 
27 4 (-) 156 H 142 (-) 162 (-) 
28 ... 12 H 161 H 135 H 195 H 
29 15 H 171 (-) 153 H 197 (-) 
30 25 (I) 176 (134) 159 H 210 H 
31 13 (I) 186 (142) 169 H 218 H 
32 20 (I) 211 (146) 176 H 251 H 
33 18 (2) 237 (147) 193 (140) 302 (153) 
34 13 (2) 268 (153) 231 (150) 312 (156) 
35 35 (I) 278 (180) 210 H 333 H 
36 29 (4) 283 (170) 248 (155) 370 (187) 
37 15 (5) 290 (171) 227 (154) 319 (188) 
38 22 (4) 325 (187) 253 (171) 424 (204) 
39 10 (1) 348 (251) 290 H 425 H 
40 13 (6) 350 (217) 307 (205) 424 (230) 
41 9 (5) 359 (215) 300 (198) 403 (236) 
42 16 H 394 H 333 H 470 H 
43 26 (4) 402 (257) 345 (226) 479 (301) 
44 16 (I) 427 (220) 346 (-) 506 H 
45 15 (6) 451 (265) 353 (222) 568 (312) 
46 7 (I) 496 (263) 389 H 579 H 
47 2 (2) 472 (310) 429 (305) 514 (314) 
48 .. 2 (5) 527 (300) 423 (274) 631 (316) 
49 4 (1) 519 (288) 478 H 578 H 
50 I (2) 523 (312) - (296) - (327) 
jj - (2) - (332) - (323) -(341) 
52 - (I) - (308) -H -H 
54 - (1) - (302) -H -H 
i5 - (1) - (455) -(-) -(-) 
j I - (I) - (473) -H -(-) 

with a steep decline on both sides. At Labrador (Octo-
ber-February) the bulk of the samples were spread 
~ver a more extended range. Here the separation of 
the sexes by length was more evident, with the maxi-
mum lengths of the females and males at 51 and 41 em 
respectively. 

The sex ratio and also some other obsetvations (e.g. 
:ondition of gonads) seemed to indicate that the shoals 
Nere fonned for the purpose of mating. Feeding was 
.ntensive; nearly all stomachs were full. The scopelid 

o 
BODY LENGTH (em) 

Figure 2. Body length and otolith weight (mean and variation) 
of redfish from the Labrador region. x=mentella, o=marinus. 

M aurolicus miilleri was very frequently observed in the 
stomachs. Fat was abundant in the body cavity. 

As has been observed in other areas, the relation 
between body length and otolith weight in the mentella· 
type redfish is different from the marinus-type in the 
Labrador area too. In Figure 2 the values for the 
otolith weight are plotted against the body length (see 
Table 2). It will be seen that the otolith weights are 
somewhat lower for a given length in S. marinus. The 
differences seem to be quite clear; there is, apparently, 
no overlapping of the observations. 

It would be of great interest to test this finding with 
observations from a larger material and to study this 
relation with respect to the "intermediate" types 
described by various authors, in order to determine 
whether this criterion is valuable in separating the two 
redfish forms in such populations. 
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Incidental Catches of Redfish in Cod and Haddock Surveys off the 

Southern Canadian Mainland during the Years 1957 to 1959 
By 

Y. JEAN and F. D. McCRACKEN 
Fisheries Research Board of Canada, Biolosical Station, St. Andrews. N.D. 

Introduction 
During the years 1957 to 1959 bottom trawling sur

veys were conducted off the southern Canadian main
land (ICNAF Subarea 4) by the Fisheries Research 
Board of Canada Biolog-ical Station, St. Andrews, N.B. 
The regions surveyed, as shown in Figure 1, include the 
western Gulf of St. Lawrence off northern New Bruns
wick and Gaspe (Subdivision 4T), the waters off Cape 
Breton Island (Subdivision 4V and a small portion of 
4T), and the Nova Scotian offsbore banks (Subdivi
sions 4V and 4W). Hauls extending from shallow to 
deep water, but concentrated on top of the banks, 
caught mainly cod in the Gulf of St. Lawrence, off 
Cape Breton Island, and on the north-eastern part of 
Nova Scotian banks, and mainly haddock on the south
western part of there banks. These were the chief 
species being studied and the survey hauls caught red
fish only incidentally. 

This paper describes where redfish were caught, but 
more frequently records their absence from survey 
catches. It is a contribution which supplements infor-

mation about the distribution of commercial redfish 
catches in the areas described by Martin (this volume, 
p.148). 

Methods 
From May 1957 to June 1959 six cruises were made 

in Subarea 4. The dates, research vessels, size of nets, 
and other pertinent data for each cruise are summa
rized in Table 1. 

A total of 700 hauls were made at about 150 stations, 
the locations of which are shown by circles in Fig-ure 1. 
Open circles show stations where no redfish were 
caught and black circles stations where some were 
caught. No attempt has been made to plot actual 
numbers of redfish caught at each station, since catches 
made with different vessels, different sizes of nets, and 
different lengths of hauls are not quantitatively com
parable. Instead, the importance of redfish in relation 
to the rest of the catch has been plotted: a small black 
circle where a few redfish were caught, a medium-size 
circle where about one-half of the catch was redfish, 
and a large circle where the catch was mostly redfish. 

Table 1 
Cod and haddock survey cruises off the southern Canadian mainland during the years 1957-1959 

Net s i z e 
Number Duration 

Date Region Vessel Gross Headrope of of hauls 
tonnage length Cod-end hauls in minutes 

in feet 
May-Oct. 1957 Western Gulf "J. J. Cowie" 49 37 3 y~ and 4 inch m('sh nylon 245 45 

of St. Lawrenct' with I YOl inch mesh COVf'r 

May-Nov. 1958 Western Gulf "j. J. Cowie" 49 37 4 inch mesh nylon 162 45 
of St. Lawrenct' with 1 Y2 inch mesh COVf'T 

August 1958 Nova Scotian "Han'ngus" 107 60 4Y2 inch mesh nylon 81 45 
banks with 1 Y~ inch mesh COVf'f 

Feb.~Mar. 1959 Nova Scotian "A. T. Cameron" 753 79 1!h inch mf'sh manila; 128 30 
banks no cover 

May 1959 Off Cape Breton "Harengus" 107 60 4Y2 inch mesh nylon 61 30 
Island with 1 YOl inch mesh coVPr 

June 1959 Western Gulf "Harengus" 107 60 4Y2 inch mesh nylon 29 30 
of St. Lawrence with 1 YOl inch mt'sh cover 
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Figure 1. Distribution and relative abundance of redfish in areas surveyed for groundfish off the southern 
Canadian mainland, 1957 to 1959. 

The total number of hauls per station varied from 
to 30, the greatest numbers being in the Gulf of St. 

Lawrence, where surveys have been carried out for a 
longer time. Off Cape Breton and on the Nova Scotian 
banks one or two hauls per station were usually made. 
Where more than one haul caught redfish at any sta
tion, the greatest catch has been plotted in Figure 1. 

The presence of two types of redfish - marinUJ and 
mentella - in Canadian waters of the North-west At
lantic was first mentioned by Templeman and Sande
man (1957). In the present surveys, redfish catches 

were sorted into marinuJ and mentella types only 
during part of one cruise on the Nova Scotian banks 
(February/March 1959, Table I). During that cruise, 
only one haul out of 56 caught redfish of both marinus 
and menlella types. In all other hauls redfish were of the 
menlclla type except for a few that were recorded as 
"doubtful". The growth cUlves shown by Steele (1957) 
indicate that redfish caught at depths of 100 to 160 
fathoms in the western Gulf of St. Lawrence in 1953 
and 1954 were of the mentella type. For these reasons 
it is probable that most redfish caught in the present 
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survey were of the mentella type. Templeman and 
Sandeman pointed out that the mentella type was also 
the dominant one in the 1956 survey catches in the 
south-eastern Gulf of St. Lawrence. Exploratory otter 
trawling in the north-eastern Gulf of St. Lawrence in 
1957 caught mostly the mentella type (ICNAF Annu. 
Proc., 8: 25, 1958). 

Results 
Redfish were absent from about 90 % of the survey 

hauls, and in all regions were absent from catches on 
top of the banks at depths less than 50 fathoms (Table 
2 and Fig. 1). The hauls in which red fish were caught 
are listed in order of increasing depths in Appendix I. 

Table 2 
Depth distribution, by regions, of survey hauls in which 

redfish were caught 

Number of hauls ..... . 
Hauls with redfish ...... . 
% of hauls containing 

redfish ..... 

Number of hauls ....... .. 
Hauls with redfish ...... . 
% of hauls containing 

redfish ..... 

Number of hauls .. . 
Hauls with redfish ...... . 
% of hauls containing 

redfish ...... 

Number of hauls .. .. 
Hauls with redfish ..... . 
% of hauls containing 

rcdfish '" ........ 

Number of hauls ......... 
Hauls with redfish . 
% of hauls containing 

redfish ............... .. 

Depth range in fathoms 
12-50 51-100 101-230 

Western Gulf of St. Lawrence 
304 lIB 14 

0 16 10 

0 14 71 

Off Cape Breton Island 
21 32 12 
0 8 10 

0 25 83 

Nova Scotian banks 
Top of banks 

118 
I 

Outer slope 
42 13 
4 6 

to 46 

Inner slope 
36 
13 

36 

In the western Gulf of St. Lawrence, off the east 
coast of Cape Breton, and along the outer slope of the 
Nova Scotian banks, not more than one-quarter of the 
hauls between 51 and 100 fathoms caught redfish, 
whilst most hauls deeper than 100 fathoms did. On top 
of the shelf, along the inner slope of the Nova Scotian 
banks, redfish occurred in shallower water an d were 
caught in one-third of the hauls between 51 and 100 
fms (mainly between 55 and 75 fms, see Appendix I). 

The results are consistent with the pattern of distri
bution of commercial redfish catches shown by Martin 

(this volume, p. 148). The research vessel hauls supple
ment the commercial catch data in showing that redfish 
are absent from the top of the banks where there is no 
commercial fishing for redfish. Both survey hauls and 
commercial catches show that redfish are confined to 
deep-water channels in the western Gulf of St. Law
rence. On Nova Scotian banks they occur at similar 
depths along the outer edge of the continental shelf, but 
also in shallower water in channels on top of the shelf. 

The distribution of adult redfish is conshtent with 
the distribution of larvae off the southern Canadian 
mainland. Larvae are also found mainly over the deep
water channels of the Gulf of St. Lawrence and the 
Nova Scotian Shelf (Dannevig, 1919; Jean, 1955; 
Steele, 1957; Day, this volume). 

More detailed consideration of survey catches on the 
Nova Scotian banks (Table 3) shows that in winter the 
largest numbers of redfish were taken deeper than 100 
fms along the outer slope of the banks. Between 51 and 
100 fros in the same region, only small numbers of 
redfish were caught. Along the inner slope of the bank 
catches of intermediate numbers were made at depths 
of 51 to 100 fms. 

Summer catches along the inner slope of the banks 
at depths of 51 to 100 fms were much larger than 
catches there in winter, even though summer fishing 
was carried out with a smaller vessel and smaller net 
(Table 1). No redfish were caught in summer at 
similar depths along the outer slope. Since only one 
haul deeper than 100 fms was made in summer, it is 
impossible to compare winter and summer abundance 
of redfish in deep water of the outer slope. 

The inner and outer slopes of the Nova Scotian 
banks are regions of contrasting temperatures (ICNAF 
Annu. Proc., 7: 27, 1957). Along the inner slope, at 
depths of 51 to 100 fms, where redfish were taken more 
frequently and in relatively large nmnbers, warmer 
water (4°_7°C) was present in both summer and 
winter (Table 3). On the outer slope at similar depths, 
where redfish were caught only occasionally and in 
small numbers, cold water (OO_3°C) was present in 
winter. In this region, warmer water (3°_4·5°C) was 
found only deeper than 100 fms, and redfish were most 
numerous there in winter. 

Sizes of redfish from the Nova Scotian banks region, 
for a few samples taken during the winter of 1959, are 
presented in Appendix II. Average length of females 
was generally 1 to 3 cm greater than that of males from 
the same catch. Most redfish caught in shallow water, 
from 51 to 100 fms, along the inner slopes of the banks 
were small (about 22 em). Those caught deeper than 
100 fms on the outer slope of the banks were larger 
(about 37 em). According to Schroeder (1955) still 
larger redfish (about 40 ern) were found in 1952/53 
at depths of 220 to 370 fms along the southern slope 
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Table 3 
Numbers of redfish in summer and winter survey hauls on 

the Nova Scotian banu 

Number of hauls ..... " 
Bottom temp. range °C 
N umber of redfish in hauls ... 

Summer 

8 
7-9 
o 

Depth range in fathoms 
51-100 101-230 

Winter Summer 

Outer slope 
34 1 

0-3 9·8 
4,97,2,3 3 

Winter 

12 
3-4'5 

351, 129,472, 
222,2765 

Number of hauls ................ . 
Bottom temp. range 0 C ...... . 
Number of redfish in hauls '" 

5 
3·5-7·5 

14,262,4431, 
1553, 13 

Inner slope 
31 

4-5-7'5 
196,495,53, 
21, 15, 2, 1 

of the Nova Scotian banks. The observations made 
during the present survey are consistent with those of 
Steele (1957) who showed an increase in size of redfish 
with increasing depth in the Gulf of St. Lawrence off 
Gaspe. 

The larger fish caught on the outer slope of the 
Nova Scotian banks are comparable in size (about 37 
em) with those caught in previous surveys (Steele, 
1957) in deep water off Gaspe and to those caught 
commercially in the Gulf of St. Lawrence (about 35 
em, Martin, this volume). Redfish caught on the inner 
slope of the banks are comparable in size (22 cm) to 
those caught commercially (25 cm) on the western 
Nova Scotian banks (Martin, ibid.). 

Summary 
Redfish were absent from about 90 % of the hauls 

made in groundfish slITVeys during the years 1957 to 
1959. 

No redfish were caught on top of the banks at depths 
shallower than 50 frus in any of the regions surveyed. 
Redfish were found most frequently at depths greater 
than 100 fms in all regions. In hauls at intennediate 
depths (51 to 100 fms) redfish occurred more fre
quently and in larger numbers on the inner slope than 
on the outer slope of the Nova Scotian banks. This is 
believed to be related to the fact that bottom tempera-

I' 

tures are higher all the year round on the inner slope 
than at comparable depths on the outer slope of the 
banks. 

The average size of redfish was larger in deep water 
on the outer slope than in shallow water on the inner 
slope of the Nova Scotian banks. 
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APPENDIX I 

List of bottom trawling hauls which caught redfish In [CNAF Subdivisions 4T, 4V, and 4W 
(in order of increasing depth) 

Position Depth Bottom Number Position Depth Bottom Number 
Date temp. of Date temp. of Lat. Long. fms °C redfish Lat. Long. fms °C redfish 

Western Gulf of St. Lawrence 
28. May 1957 48°201 63 0 52' 56 1'3 1 27. Aug. 1957 48°42' 63°36' 87 3·9 25 
21. Oct. 1958 48 ° 25' 63°46' 57 1·3 1 8. Oct. 1957 48°42' 63°37' 89 3·0 10 
28. Aug. 1958 48°20' 63 0 52' 62 l-8 1 B. Oct. 1957 48"42' 63°37' 90 3·4 27 

7. Oct. 1957 48°25' 63°46' 77 2·2 1 26. June 1957 48°48' 63°36' 110 H a few 
1. July 1958 48°41' 63°37' 77 2·6 2 21. Nov. 1958 48°48' 63°36' 110 3·0 abt.45 
7. Oct. 1957 48"25' 63°46' 79 1·9 2 30. May 1957 48°48' 63"36' 112 3·9 6 
3. Sept. 1958 48"41' 63°37' 82 2·4 15 30. May 1957 48°48' 63°36' 114 4·0 21 
3. Sept. 1958 48°41' 63°37' 82 2·4 10 21. Nov. 1958 48°48' 63°35' 115 3·0 abt.50 

22. Oct. 1958 48"41' 63°37' 84 2-4 2 27. Aug. 1957 48"48' 63°35' 119 5·3 a few 
22. Oct. 1958 48°41' 63"37' 84 2-4 13 9. Oct. 1957 48°49' 63°36' 120 4·4 173 

4.June 1958 48"42' 63°36' 85 2·7 1 21. May 1958 48"49' 63°36' 120 4·0 20 
4. June 1958 48°42' 63°36' 85 2·7 8 27. Aug. 1957 48°49' 63°36' 121 5·0 a few 

27. Aug. 1958 48°42' 63°36' 86 3·8 50 30. May 1957 48°53' 63"30' 150 7 

Off Cape Breton Island 
7. May 1959 46 "09' 59 °04' 52 0·6 1 13. May 1959 46 °48' 59"45' 104 3·4 10 
7. May 1959 46° 14' 58 0 58' 77 2·8 4 21. May 1959 47°28' 60°22' 105 1 
7. May 1959 46°14' 58°58' 77 2·8 1 20. May 1959 47 "16' 60"21' 108 4·9 16 

13. May 1959 46°52' 60"03' 86 3·0 6 22. May 1959 47"40' 60°32' 111 3·5 10 
15. May 1959 47°02' 60"10' 91 4·4 9 15. May 1959 47°04' 60"09' 113 4·8 4 

7. May 1959 46°18' 58°58' 94 3·8 280 15. May 1959 47"04' 60°09' 113 4-8 150 
7. May 1959 46°48' 59°45' 96 3-4 75 20. May 1959 47°16' 60° 21' 113 4·9 18 
7. May 1959 46"27' 59°14' 100 3·0 244 13. May 1959 46°53' 59°53' 117 4·2 40 
7. May 1959 46°27' 59"14' 103 3·0 75 16. May 1959 47°16' 60" 19' 124 4-5 120 

Nova Scotian banks 
16. Mar. 1959 44°21' 60°52' 50 2 27. Feb. 1959 43°57' 61 ° 59' 72 6·9 53 
22. Mar. 1959 43"30' 62°04' 54 2 16. Aug. 1958 44"15' 60°20' 73 3·8 262 
26. Feb. 1959 44° 13' 61"19' 57 6·5 495 1. Mar. 1959 42°52' 62"36' 74 2·8 4 
17. Mar. 1959 43°24' 60"30' 60 97 15. Mar. 1959 44°13' 60°28' 82 25 
13. Aug. 1958 43°50' 61 °53' 63 6·8 1553 9. Sept. 1958 43"49' 62°32' 96 7·4 14 
27. Feb. 1959 43°52' 61 ° 59' 63 7·0 21 19. Aug. 1958 42°58' 61"56' 103 9·8 3 
18. Mar. 1959 44°20' 60°35' 64 1 26. Mar. 1959 43"53' 62°42' 114 3 
26. Feb. 1959 44°22' 61°08' 65 4·4 196 22. Feb. 1959 45°21' 57°34' 120 4-4 351 
17. Mar. 1959 43°25' 60" 19' 65 2 24. Feb. 1959 44"22' 57°21 ' 125 3·0 472 
27. Feb. 1959 43°50' 62" 12' 70 H 15 28. Feb. 1959 42°55' 62°05' 138 3·1 2765 
13. Aug. 1958 43"44' 62°14' 71 7-2 13 28. Feb. 1959 42"58' 62 <> 27' 210 H 222 
13. Aug. 1958 43 °44' 62"14' 71 7-2 4431 22. Feb. 1959 45°22' 57 0 34' 230 4·4 129 
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APPENDIX II 

Size compositions of redfish caught in the Nova Scotian banks region in February-March 1959 

Region Outer Slope Inner Slope 
Latitude 45"21' 44"22' 42"55' 42"58' 45"22' 43"57' 44" 13' 44°22' 
Longitude 57"34' 57"21' 62"05' 62"27' 57"34' 61 "51' 61" 19' 61 °08' 
Depth in 120 125 138 210 230 57 57 65 fathoms 

Length, 55 'i'I' 55 'i'I' 55 'i'I' 55 'i''i' 55 'i'I' 55 'i''i' 55 'i''i' 55 'i'I' em 
5 ......... 3 
6 ......... 3 
7 ......... 
8 ......... 3 
9 ......... 

10 ......... 
II ......... I 6 3 
12 ......... 3 2 1 6 3 
13 3 I I 6 
14 7 12 2 6 
15 ......... 16 6 2 6 
16 ......... 3 17 12 I I 3 3 2 
17 ......... 5 21 9 4 9 9 8 
18 .... 3 29 17 2 3 21 9 9 3 
19 ......... I 34 27 3 I 42 27 12 5 
20 ......... 5 30 26 I 3 33 30 13 9 
21 ......... 8 8 20 19 3 2 57 33 10 5 
22. 8 22 25 19 3 I 39 39 12 5 
23 ......... 17 27 36 II I 5 24 15 15 4 
24 ......... 23 29 32 17 2 2 18 3 7 6 
25 ...... 32 29 30 13 3 2 I 2 12 3 13 8 
26 39 16 17 12 4 4 I 6 6 6 6 
27 ...... 19 19 9 7 9 I 5 6 4 II 
28 13 19 5 5 I I 3 3 5 
29 ......... 7 18 7 8 2 1 4 
30 ......... 4 5 5 4 4 
31 ........ 5 4 1 4 1 2 
32 ......... 7 I 1 3 I 2 
33 ..... 24 6 2 2 I II 3 
34 ......... 34 10 I 2 I 15 I 
35 ........ 48 12 1 2 23 2 
36 ......... 38 16 I 21 4 
37. 22 14 3 12 2 
38 ......... 17 15 I 2 2 
39. 15 12 2 2 
40 ........ 7 12 3 5 
41 ......... 5 10 3 
42 .... 2 4 I 4 
43 ......... 3 4 
44 ......... 2 I 
45 ......... 2 I 
46 ...... 3 

>46 ......... 3 

rota! ........ . 227 123 181 211 344 209 45 29 97 32 27 26 297 195 116 80 
\.V. length 

inem ...... 36 38 26 24 21 20 29 31 36 39 20 21 20 21 22 24 
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5. 

The Distribution of Redfish Catches landed on the Southern 
Canadian Mainland, 1949-1958 

By 
W. R. MARTIN 

Fi.heriel Research BOlII'd of Canada, Biological Station, St. Andrews, N. B. 

Introduction 

Annual landings of redfish (Sebastes marinus L.) on 
the southern Canadian mainland (Maritimes and Que
bec) increased from 2 million Ibs in 1949 to 35 million 
Ibs in 1958. Data on area fished and fishing cffort, 
collected from captains of commercial draggers landing 
these catches, are summarized below. 

Ca~adian research vessel studies of redfish in 
ICNAF Subarea 4 are reported by Steele (1957), 
Templeman (1959), and by Jean and McCracken 
(this volume). In these papers distribution is described 

by depths, sizes, and sexes for limited survey areas. The 
present paper extends these observations by describing 
the distribution and sizes of redfish as they have been 
found in commercial concentrations by otter trawlers 
based at ports from Lunenburg to Louisburg in Nova 
Scotia, and from Shippegan, New Brunswick, to Fox 
River on the Gaspe coast of Quebec. 

The locations of fishing ports and fishing grounds 
considered in this paper are shown in Figure 1. 

Table 1 
Redfish landings by months for the years 1952 to 1958 in Canada (excluding Newfoundland) 

in thousands of pounds round fresh weight 

Month Jan. Feb. Mar. Apr. May June 
Year 
1952 ........ 562 364 55 2 236 529 
1953 602 342 437 148 606 2,441 
1954 937 344 326 426 1,345 5,165 
1955 315 337 220 494 827 2,487 
1956 ............ 66 84 251 71 677 6,409 
1957 32 125 39 102 361 4,013 
1958 ............ 660 367 295 79 1,524 4,810 

Totals ......... 3,174 1,963 1,623 1,322 5,576 25,854 

% by months .. 2 3 14 

Season 

Landings for the years 1952 to 1958 are presented 
by months in Table 1. Most of the landings (84 % ) 
were made in the months of June to October, and half 
of these (42 % of total) in July and August. Redfish 
dragging in the important Gulf of St. Lawrence area 
has been restricted from November to May by winter 
weather and ice conditions, and by conversion to more 
profitable cod and haddock dragging in the spring 
months, when these species are concentrated on Nova 
Scotian banks. 

Since most redfish are caught in the smnmer months, 
no attempt has been made to describe seasonal varia
Lions in the distribution of catches. 

July Aug. Sept. Oct. Nov. Dec. Annual 
Total 

1,773 988 485 1,367 931 639 7,931 
2,642 4,655 4,1I2 964 529 631 18,109 
6,484 6,746 4,021 2,963 655 104 29,516 
2,758 7,522 4,630 3,680 1,570 414 25,254 
7,310 6,060 6,298 5,276 1,726 586 34,814 
6,539 6,532 4,102 4,033 1,962 1,509 29,349 
8,358 7,123 4,301 4,475 2,510 1,035 35,537 

35,864 39,626 27,949 22,758 9,883 4,918 180,510 

20 22 15 13 5 3 

Areas 

The changing distribution of redfish catches is 
shown, for representative years, in Figure 2. As the 
Canadian mainland fishery has grown, otter trawlers 
have shifted to more distant grounds. In 1949 the red
fish catch of 2 million Ibs was mainly taken off the 
Nova Scotian coast. By 1951 part of the catch was 
taken from Grand Bank, and in 1952 over half the catch 
of 8 million lbs came from the southern edge of the 
Grand Bank, with the remainder mainly from the Lau
rentian Channel. In 1953 the annual catch increased 
to 18 million Ibs, and the Esquiman Channel in the 
Gulf of St. Lawrence became the major fishing ground. 
The Mingan Channel in the Gulf of St. Lawrence was 
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Figure 1. Ports and fishing areas occupied by Canadian mainland redfish trawlers. 1949-1958. 

Table 2 

U.5 

00· 

\ 

Catch in relation to hours dragged by Canadian mainland otter trawlers (100 to 350 gross tons) 
in thousands of lb. round fresh weight 

Nova Scotian Banks St. Pierre and Grand Banks Gulf of St. Lawrence Labrador 
Subdivisions Subarea Subdivisions Hamilton Inlet area 
4X-4W-4V 3 4T-4R-4S 2J 

Wt Rrs C/P/R Wt Rrs C/P/R Wt Rrs C/P/R Wt Rrs C/P/R 
862 383 2'3 
65 28 2·3 
95 96 1·0 1,856 377 4.9 
74 57 1'3 1,057 377 2·8 580 393 1·5 

306 208 1·5 1,501 539 2·8 10,214 4,537 2·3 
609 336 1·8 1,146 529 2'2 20,305 8,710 2·3 
67 48 H 393 195 2'0 19,335 8,277 2·3 
42 22 1·9 550 209 2'6 27,778 15,492 1·8 
12 15 0·8 126 103 1·2 22,396 15,132 1·5 

815 644 1·3 147 128 1'1 16,285 13,141 1·2 6,341 2,520 2·5 
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Figure 2. Distribution of commercial redfish catches which were landed on the southern Canadian mainland during 
the years 1949, 1952, 1955, and 1958. 
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Figure 3. Distribution of red fish catches which were landed by Canadian mainland trawlers during the years 1949 to 1958 
inclusive. The largest catches are shown as cross hatching. 

the important fishing area in 1954. The 1955 catch of 
22 million lbs was largely taken from the deep channels 
of the north-eastern Gulf of St. Lawrence, and they 
continued to be the principal redfish fishing grounds 
through 1958. In 1958 about 7 million lbs of redfish 
were caught in the Hamilton Inlet Bank area off 
Labrador, and the total Canadian mainland landings 
reached 35 million lbs. 

A composite map of the distribution of redfish 
catches landed in Canada (excluding Newfoundland) 
during the years 1949 to 1958 is presented as Figure 3. 
It is apparent that commercial catches of redfish have 
been taken at one time or another all along the 100 
fathom contour, throughout the area fished. This 
distribution of catches for a IO-year period gives a 
clearer picture than that presented in Figure 2, of the 
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continuous distribution of redfish along the edge of the 
continental shelf and in the deep-water channels on 
the shelf. 

Depth 

As the redfish fishery shifted to more distant grounds, 
the depth fished has increased. In 1949 redfish draggers 
fished from 60 to 100 fathoms on Nova Scotian banks. 
They fished down to 180 fms on the edges of St. Pierre 
and Grand Banks, to 200 fms in the Gulf of St. Law
rence, and as deep as 220 fms south and east of Hamil
ton Inlet Bank. Although redfish have been taken over 
a large area and a wide range of depths, most redfish 
catches have been taken from the Gulf of St. Lawrence, 
between the 100 and 180 fathom contours. 

Abundance 

The extension of fishing grounds to new areas has 
:>een related, in part, to decreasing abundance of red
fish. A summary of data on catch per hour is presented 
n Table 2 (p. 149) for the major fishing areas. In each 
irea the availability of redfish has decreased with time. 
During early years of exploitation of each area, catch 
,er hour dragged exceeded 2,000 Ibs, but as fishing 

continued catch per hour dragged dropped to about 
1,000 Ibs. When catch per hour dragged decreased, 
otter trawlers moved to more distant but more lucra
tive grounds. 

Sizes 

The shift of commercial redfish dragging to areas 
more distant from Nova Scotia has also been related to 
the size composition of the fish. Occasional samples of 
the length frequency of commercial landings of redfish 
are summarized in Table 3. Redfish landed from 
western Nova Scotian banks (4X and W) have been 
small, with a mean length of about 25 em. Redfish 
from Grand Bank (30) had a mean length of about 
30 em and a mean weight of about one pound. Samples 
of redfish landings from the Cape Breton area (4 V) 
and the St. Pierre Bank area (3P) had mean lengths 
of about 32 cm. Those from the Gulf of St. Lawrence 
(4R, S, and T) had mean lengths of about 35 em 
(approximately I y, pounds). Finally, although samples 
were not taken, it was reported by field technicians 
that redfish from the Hamilton Inlet area (2J) were 
the largest of all, with many large marinus-type redfish 
in the catches. 

Summary 

1. Commercial landings of redfish on the southern 
::::anadian mainland have increased from 2 million lbs 
n 1949 to 35 million Ibs in 1958. 

2. Most redfish have been caught in a 5-month 
eason, June to October. In the period 1952 to 1958 
mly 16 % were landed from November to May. 

3. Fishing grounds have been extended from Nova 
icotian banks in 1949 to the southern tip of the Grand 
3ank in 1951, to the Laurentian Channel in 1952, to 
~squiman Channel in 1953, to Mingan Channel in 
954, and finally to an area south-east of Hamilton 
nlet Bank in 1958. To date, the most important fishing 
~rounds have been in the north-eastern Gulf of St. 
... awrence. 

4. Commercial catches of redfish have been taken all 
.long the 100 fathom isobath from Nova Scotian and 
;ewfoundland banks, through the Gulf of St. Law
ence, to Hamilton Inlet Bank off Labrador. The 
listribution of redfish is continuous. 

5. As fishing has shifted to more distant grounds, the 
depth fished has increased. Most fishing on Nova 
Scotian banks has been shoa.ler than lOa fms. On New
foundland banks and in the Gulf of St. Lawrence most 
redfish dragging has been from 100 to 180 fms. Recent 
fishing near Hamilton Inlet Bank has been still deeper, 
down to 220 fms. 

6. The abundance of redfish, as measured by catch 
per hour dragged, has decreased with continued ex
ploitation in each of the major redfish areas fished by 
Canadian mainland otter trawlers. "When abundance 
dropped on local grounds, fishing operations shifted to 
more distant and more lucrative fishing grounds. 

7. The extension of commercial operations to more 
distant grounds has also been related to the progres
sively larger sizes of redfish taken by otter trawlers as 
they have moved north through the Gulf of St. Law
rence to Hamilton Inlet Bank. 
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6. 

Redfish Distribution In the North Atlantic * 
By 

WILFRED TEMPLEMAN 
Fisheries RlMearch Board of Canada, Biological Station, St. Jobn's, Newfoundland 

Abstract 

The distribution of S ebastes marinus and to a much 
lesser degree that of Sehastes viviparus are described. 
Although Sebastes marinus may be divided into Sebas
tes marin us marinus~ the ordinary redfish, and Sebastes 
marinus mentelia, the deep-water redfish, these two 
subspecies have not, a'i a rule, been differentiated in 
the available statistical and other data. Therefore, with 
regard to most of the information, it is possible to con
sider only the distribution of Sebastes marinus includ
ing both subspecies. The name red fish in this abstract 
refers to Sebastes marin us. 

Sehastes viviparus is well differentiated from S. 
marinus by the greater number of scale rows in the 
latter. S. marinus mentella has a sharply projecting 
beak on the lower jaw and a large eye whereas in S. 
marinus marin us this beak is absent, or present as a 
rounded protuberance, and the eye is relatively small. 

In S. viviparus the most anterior preopercular spine 
is directed backward. In S. marin us marin us of the 
Newfoundland area it is usually directed downward or 
obliquely downward and backward. In S. marinus 
mentella of the Newfoundland area this anterior pre
opercular spine is usually directed obliquely downward 
and forward. 

Redfish larvae and young have been found abund
antly in the Norwegian Sea, west and south of Iceland 
(including a great oceanic area south of Iceland and 
extending almost to Flemish Cap), in southern Green
land waters, (llld in the Newfoundland, Grand Bank, 
Gulf of St. Lawrence, Nova Scotian. and Gulf of Maine 
areas. Larval redfish tend to be most numerous 
above the deeper water bank and channel contours 
where adult redfish are abundant; they have a pelagic 
life of at least several months in the upper water layers. 
Although in northern Greenland waters young redfish 
up to 45 to 50 rum are numerous in these upper water 
layers, in the region from Newfoundland to the Gulf of 
Maine, redfish of 30 mm and over are not commonly 

* The complete paper in Fish. Res. Bd. Canada, Bull. No. 120: 1-173. 
Ottawa, 1959. 

caught near the surface in plankton nets but rather in 
bottom trawls. Some redfish of these sizes have recently 
been captured, however, in mid-water in the Gulf of 
Maine by means of a mid-water trawl. 

The redfish fishery in the ICNAF area, which began 
as a special fishery in the Gulf of Maine in 1935, is now 
carried out in all ICNAF subareas. The greatest catch 
was 159,000 metric tons in 1957. In the latter year the 
United States catch was 61,000 metric tons; followed 
by the USSR, 49,000; Canada, 21,000; Gennany, 
15,000; and Iceland, 13,000. Almost half the catch was 
obtained in Suharea 3 of ICNAF (the Newfoundland 
subarea). The total redfish catch by the European 
countries of the International Council for the Explora
tion of the Sea (ICES) and the USSR increased 
gradually (with some downward variations during 
wars) from 1,000 metric tons in 1907 to 294,000 in 
1955, falling ag-ain to 251,000 in 1956. As a rule, before 
1955 over half of the catch came from the Icelandic 
grounds, with, until 1954, the Barents Sea, Bear Island, 
and Spitsbergen area usually next in importance. In 
1954 the redfish catch in Greenland increased beyond 
that in the Barents Sea, Bear Island, and Spitsbergen 
area, and in 1955 the catch from Greenland was slightly 
greater than that from the Icelandic area. In 1956 
landings from the Greenland area again fell consider
ably below those from the Icelandic area. In 1956, 
50 % of the redfish was caught by Gennany, 27 % by 
Iceland, and 17 % by the USSR. The redfish catch in 
the West Greenland Subarea (1) of ICNAF amounted 
to 14,000, 16,000,32,000, and 14,000 metric tons in the 
years from 1953 to 1956 respectively, and less than 
1,000 in earlier years, and is included both with the 
ICNAF and the ICES catches; otherwise the ICES 
and USSR catches up to and including 1955 were from 
east of the ICNAF area. In 1956 the ICES landings 
include 13,000 metric tons taken in the Newfoundland 
subarea almost entirely by the USSR. 

Explorations by the research vessel "Investigator II" 
of the Fisheries Research Board of Canada's Station at 
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St. John's from 1947 to 1954, and the commercial 
fishing largely resulting from these otter-trawling 
explorations, have shown redfish in the various deep 
chaonel, of the Gulf of St. Lawrence and in deep 
water around the fringes of the banks in the New
foundland and Labrador area, a<; far northward as off 
the northern tip of Labrador. Commercial fishing 
possibilities exist at least as far north as east of Hamil
ton Inlet Bank and as far east as Flemish Cap. 

Sebastes viviparus lives in considerably shallower 
water than Sebastes marin us. It occurs in numbers 
from the Finnmark coast of Norway southward along 
the NOlwegian coast, in the northern North Sea, off 
Scotland, Ireland, northern England, the Faroes, and 
south and west of Iceland. 

Sebastes marin us is common in the Barents Sea to 
Spitsbergen, along the Norwegian coast to the Faroes, 
Iceland, southern Greenland, Labrador, Flemish Cap, 
the Grand Bank, the Gulf of St. Lawrence, and south
ward to the Gulf of Maine. Individual captures are 
reported to the north-east off West Spitsbergen at Lat. 
Boo06'N and Long. II °17'E, off West Greenland north 
to Umanak Fjord in about Lat. 71°N, and the most 
southerly record along the American continent is at 
Lat. 39°4B'JO"N, and Long. 71°4B'40"W. 

Sebastes marin us mentella is distributed in the deep 
water from south of Bear Island to West Greenland. 
It is the common form throughout the Labrador, New
foundland, and probably the whole North American 
area. Sebastes marinus marinus is abundant in the 
shallower parts of the deep-water area from the Barents 
Sea and the Bear Island grounds to West Greenland. 
It is moderately abundant in limited portions only of 
the Newfoundland-Labrador area, but here also it 
occurs in shallower water than the deep-water mentella 
fcnn. Bottom temperatures and depths suited to the 
mentella form are continuous over the whole redfish 
range from Georges Bank to the most north-easterly 
part of its distribution off the Russian coast. The bot
tom connection between West Greenland and Baffin 
Island and also the bottom areas in some of the chan
nels to the east are suited in depth only to the menteUa 
form. Populations of the marin us form may be con
nected only pelagically, across these channels. 

The marin us type and probably also mentella are 
plentiful off West Greenland, and both are abundant 
off East Greenland. On the basis of the available im
perfect data, although mentella is present, marinus is 
the common fonn on the Norwegian grounds and in 
the Barents Sea. Marinus is present in the shallower 
and mentella in the deeper water near Iceland, whereas 
mentella is the common form on the Iceland-Faroe 
Ridge and on the Bear Island deep-water grounds. It 
must be remembered, for the European area, that 
marinus lives shallower, is larger and is more favoured 

in the market, and thus when in equal or in slightly 
lesser abundance will usually be fished for instead of 
mentella. Most of the redfish landed in Iceland and 
Europe, at least until recent years, have been of the 
marinus type. 

The pelagic existence of numerous redfish, over 
water much too deep for them to descend to the 
bottom, has been demonstrated for the Norwegian Sea. 
The presence of great quantities of redfish larvae over 
a wide area south of Iceland, in the absence of another 
explanation, makes it plausible to believe that a large 
pelagic population of redfish may be present in this 
area, but this belief cannot in any way be regarded as 
proven. In the area from west of the tail of the Grand 
Bank southward to Cape Cod, there are no extensive 
areas, at suitable redfish depths seaward of the bank 
slopes, with temperatures suitably low for redfish. It is 
thus extremely unlikely that large pelagic populations 
of redfish exist seaward of the bank slopes in the south
ern part of the North-west Atlantic. 

In comparisons of redfish catches by Newfoundland 
otter trawlers over the 24-hour period, sets carried out 
more than an hour before sunrise or after sunset usually 
had negligible redfish catches compared with the day
light period. However, in some deep-water areas where 
redfish were abundant, night sets, although consider
ably smaller than daylight sets, were large enough to 
make night fishing worth while. Although more data 
are desirable, there was a tendency in the 50 to 75 
fathom depths, and in the May to July catches at most 
depths, to have morning and afternoon peaks in the 
catch. Between 76 and 160 fathoms the morning 
catches were usually greater than the afternoon catches. 
In the darkest months, November to January, the 
largest catches in the deeper water were in the late 
morning or at noon. In the deepest water, 161 to 190 
fathoms, the highest catches were from late morning 
to the earlier part of the afternoon. Good catches 
extended over a longer part of the day in the brightest 
months with the longest period of daylight, May to 
July. 

In the Newfoundland redfish catches from January 
to April mature females were much less abundant than 
large males. In May and June mature females were 
scarce at the shallower depths but plentiful in greater 
depths. In July and August and in November and 
December females were more numerous than males. 
During September and October mature females were 
scarce at intermediate depths. Corresponding to the 
lack of availability of mature females, the catch of 
redfish per hour's dragging was at a minimum in 
March. In Hermitage Bay, in catches between April 
and December, mature females were considerably fewer 
than large males. In April, in fish of mature size 30 em 
and over, females formed only 9 % of the catch. 
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European, Icelandic, and Greenland commercial 
redfish are usually larger than those of North America. 
Redfish from the deep water off Labrador are also 
large. Close analysis is impossible since usually dIe 
marinus and menteUa forms have not been separated 
in the length-frequencies, but differences in the size at 
sexual maturity and in temperature and other environ
mental factors in these areas, with resulting growth 
differences, are doubtless factors of importance in 
detennining the limits of redfish size. 

At depths between 51 and 210 fathoms in the various 
divisions of the Newfoundland area, greatest redfish 
catches were obtained in the 131 to 210 fathom range. 
Most large catches occurred at depths wh~re average 
temperatures were between 3-4 and 5·00 C, but on the 
eastern slope of the Grand Bank the greatest catches 
were at a depth where the average temperature was 
2·1°C. When catches at individual depths are con
sidered the larger catches were usually between 1 ° and 
5°C. The tendency to obtain large catches at these 
moderately low temperatures was particularly evident 
at the greater depths whereas at the lesser depths (51 
to 90 fathoms) where redfish are smaller and fewer the 
best catch averages were at 5° to 6°C. In the New
foundland-Labrador region large populations of redfish 
exist only in or near areas where temperatures at red
fish depths are over 3°C. 

In many parts of the bank slopes of the North-west 
Atlantic from Georges Bank to southern Labrador, 
redfish investigations in deep v.dter during recent years 
have demonstrated abundant redfish beyond the 200 
fathom depth which until recently was the usual com
mercial fishing limit. These redfish, usually larger than 
those of the same subspecies (mentella) from shal
lower water, occur in apparent commercial abundance 
often to 250 fathoms, sometimes at 300 and occasion
ally at 350 fathoms. Individual redfish have been 
captured at 451 to 500 fathoms. 

The data available agree with Taning's conclusion 
that redfish are not plentiful except in areas where 
temperatures between 3° to 8°C exist in depths of 
about 200 to 500 metres (110 to 270 fms). Over most 
of the North-west Atlantic the temperatures at these 
depths in areas of redfish abundance are usually 

between 3° and 6°C. In the Icelandic area redfish are 
abundant mainly in the wanner water to the south and 
west and are usually scarce in the colder water to the 
north and east. The decreasing quantities of redfish, 
found in proceeding southward on the seaward slope 
of Georges Bank, may be explained by the increasingly 
high temperatures in redfish depths, and the existence 
of a large population of redfish in the Gulf of Maine is 
correlated with moderately low sea temperatures over 
most of the year. Both on the southern Nova Scotian 
Shelf area and in the Gulf of Maine the greatest 
amount of redfish is coastward where the lowest tem
peratures are to be found, or in deep water on the sea
ward edge of the slope where deep-water temperatures 
are lower than those in the shallower water. 

Within the temperature range suited to redfish, 
depth is more important than temperature in the ver
tical distribution of the marz"nus and the menteUa types 
of redfish. In the European area mentella lives in 
colder water than marinus, but in the North-west 
Atlantic marinus usually lives in colder water than 
mentella. In the Flemish Cap area both forms live in 
water of the same temperature. In all three areas men
teUa is in the deeper and marinus in the shallower 
water and the depth relationships of the two fonns are 
approximately the same in all three areas. 

Many factors may be responsible for local concen
trations of a redfish population. Among these factors 
are light, food, spawning cycle, temperature, bank 
slopes and ridges, depressions in the continental shelf, 
stranding by currents, V -shaped areas, under-water 
projections of banks, and type of bottom. 

The abundance of the marinus type in the European 
area coincides with the presence of a thick upper layer 
of moderately warm North Atlantic Current water, 
whereas this shallower water form is relatively scarce in 
the North-west Atlantic, where the water at the levels 
inhabited by marinus is typically cold. The menteUa 
type is abundant in the North-west Atlantic where the 
water at the greater depths suited to adults of this fonn 
is generally moderately wann, and in the North
central and North-east Atlantic the mentella type is 
abundant, also, in areas where the wann North Atlantic 
water extends deeply into the mentella range. 
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7. 

Redfish Distribution off Baffin Island, Northern Labrador, 
and in Ungava Bay in August-September 1959 

By 

WILFRED TEMPLEMAN 
Fisheries Researeb Board of Canada Biologieal Station, St. John'., Nfld. 

Introduction 
During a cruise of the "A. T. Cameron", 18. August 

to 14. September 1959, a series of stations was worked, 
beginning with a line off Cape Dyer at the southern 
end of Baffin Bay and at the northern end of the Davis 
Strait Ridge in Lat. 66°42' -66°48'N and continuing 
southwards, usually on each degree of latitude line, as 
far as Lat. 58°N off Labrador, and also in Ungava Bay 
(Figure 1). At each station fishing by otter trawl was 
carried out in depths generally of 100 or 150 or both, 
200, 250, 300, and 400 fathoms (180, 270, 370, 460, 
500, and 730 m). The dragging period on bottom for 
each set was a half-hour. On the northern lines it was 
often impossible to take the 100 fathom (180 m) and 
sometimes the 150 fathom (270 m) drags because of 
ice. Dragging in all depths of 175 fathoms (320 m) 
and deeper was carried out in daylight, between sun
rise and sunset. A commercial sized No. 41 otter trawl 
was used and the cod-end was lined with 11/ 8 " mesh 
nylon netting. The towing speed was 3Y2 knots but 3 
knots at 400 fathoms (730 m). 

Redfish Catches 
On Line I off Cape Dyer only two small redfish 

were found and on Line II, Lat. 66°N, only one. One 
hundred and fourteen redfish were obtained on Line 
III at Lat. 65°N, and thereafter on the more southern 
lines they were usually present in the sets in varying 
numbers. Only a few small redfish, however, were 
found in Ungava Bay. Details of the catches are shown 
in Table 1. No commercial catches of redfish were 
obtained over the whole area, the greatest quantities in 
a half-hour's dragging being about 500 Ib3 (230 kg) in 
297 fathoms (543 m) at Lat. MON, and about 800 lbs 
(360 kg) in 305 fathoms (558 m) in Lat. 62°N. Espe
cially in the northern part of the area the greatest red
fish catches were taken at the 300 fathom (550 m) 
level. 

Sizes, types, maturities, and larval drift 

Table 2 shows the sizes of small redfish, 6-14 cm in 
length, and of females above these sizes, obtained in 
the different sets. Apart from a very small number of 
large marinus-type fish obtained at 300 fathoms (550 
m) on all lines from 65°N to 62°N, all redfish definitely 
belonged to the mentella form typical of the Labrador/ 
northern Grand Bank areas. That is, they were men
tella with intennediate eye sizes, thick bodied and in 
good condition, with the usual long and thin dorsal 
spines, the most anterior pre-opercular spine usually 
projecting obliquely downward and forward, and the 
chin beak sharp angled, but short, having a base 
approximately as wide as the beak length. 

Many mentella-type females up to 48 cm in length, 
a large size for this subspecies, were found from Lat. 
64°N southwards, but although in the southern Cana
dian area mentella-type females become sexually 
mature at 30 em or smaller, all females were immature 
as far south as Lat. 62°N. Surprisingly also, all 8 
marinus-type females encountered between Lat. 65°N 
and 62°N, although they ranged in length from 54-65 
CID, were immature. At Lat. 600 N off Cape Chidley, 
Labrador, only 3 % of 148 mentella-type females 
30-48 em in length were sexually mature, while further 
south at Lat. 58 ON off Labrador, 40 % of 45 mentella
type females of 30-47 em in length were sexually 
mature. 

Small, 6-13 em, mentella-type redfish were present 
in the catch from Line IV off Cumberland Sound 
(Lat. 64°N) to Ungava Bay, and were especially 
plentiful (173 individuals) at 155 fathoms (284 m) on 
Line V, north of Frobisher Bay (Lat. 63°N). There 
was a small number of these little redfish in U ngava 
Bay but none were found in the two lines at Lat. 60° 
and 58°N, off northern Labrador. 

Since redfish larvae and fry live in the upper water 
layers for at least several months after extrusion and 
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Figure 1. Location of otter-trawling sets by the "A. T. Cameron", 24. August to 10. September 1959. 
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Table 1. Catches of redfish in half-hour drags by the "A. T. Cameron", August-September, 1959 

(I pound = 0-45 kg.) (Time is the mid-time of the half-hour set in Atlantic standard time for the 60th 
meridian W. Four hours earlier than G.M.T.) 

Time Position Bottom 
Redfish captured 

Depth range Mentella- Marinus-Set Date Atl. (mid-point of drag) temp. 
No. type type 

stand. Lat.N Long. W Fathoms Metres °C Pounds Pounds 

Line I off Cape D}Jer~ Baffin Island 
1 Aug. 24 21·32 66°42' 60"55' 149-150 273-274 -1·05 0 0 
2 " 

18·10 66"47' 60°53' 200 366 -0'48 0·5 0 
3 13·20 66°48' 60°10' 300 549 1·16 0 0 
4 09·22 66°48' 59°49' 375-390 686-713 1'22 0 0 

Line II ofl Cape Walsingham, Baffin Island 
5 Aug. 25 14·43 66"04'30" 60°27' 155-159 284-291 -0·39 0 0 
6 10·33 66°02' 59°45' 200 366 0·31 0 0 
7 06·38 66°04' 59"28' 287-300 525-549 -1·07 0 0 
8 19·55 66°04' 59°00' 310 567 1'03 0·5 0 

Line III off Cape Mercy, Battin Island 
9 Aug. 27 20·40 65°05' 60"'22' 150-155 274-284 0·25 0 0 

10 17·00 65°07' 59°32' 200 366 1·05 0·3 0 
11 " 

12·44 65°07' 58°48'30" 248-250 454-457 1·28 11 0 
12 Aug. 26 11·58 65 °08'30" 58 0 10' 298-300 545-549 2·24 40 40 
13 05·42 65 ° 12' 58°13' 410-420 750-768 3-44 12 0 

Line IV off Leybourne I., Cumberland Sound, Baffin Island 
14 Aug. 29 17'28 64"01' 62°54' 175 320 1·15 4 0 
15 

" 
08'15 64"01' 59°28' 20()"208 366-380 1·22 19 0 

16 
Aui~ 28 

06'05 64°02' 58°43' 240-250 439-457 1·59 13 0 
17 07-47 64°00' 58"30' 294-300 538-549 2·29 499 16 
18 16·10 64°00' 58" 10' 400 732 3·52 0 0 

Line V east of Lady Franklin l.~ Baffin Island 
19 Aug. 31 19·16 62°59' 63"00' 107-112 196-205 -1·36 0 0 
20 13·15 63"00' 62°34'30" 125 229 -0·25 0·5 0 
21 10'05 62°58'30" 62°13'30" 150-160 274-293 1·13 25 0 
22 

Aui~ 30 
05·55 63°04' 61°20' 200 366 2'15 12 0 

23 17,49 63"00' 60°58' 250 457 1·84 25 0 
24 05.57 62 P 55' 60°48' 288-300 527-549 2'07 211 7 
25 10'45 63°01' 60 0 la' 395-398 722-728 3·57 3 5 

Line VI off Frobisher Bay, Baffin Island 
26 Sept. 2 20·10 62°20' 63"'13' 153-156 280-285 H8 0·3 0 
27 17-45 62 0 14' 62"55' 200 366 3·34 25 0 
28*) 

" 
1H8 62"10' 64"02'30" 210 384 2·81 0 0 

29 
Scpt~ 1 

06·00 62°00' 63"08' 25()"260 457-476 3·90 30 0 
30 15·55 62°00' 60"'40' 300-310 549-567 3·78 767 18 
31 

" 
07'20 62°02' 61 c07' 300-310 549-567 4·10 45 0 

32 13·10 62°00' 60°25' 390-410 713-750 4-07 57 0 

Line VII off Hudson Strait 
33*) Sept. 3 13-47 61 "QO' 61 °05' 315-320 576-585 4-12 4 0 
34*) 

" 
09·57 61°00' 60°53'30" 408-415 746-759 4·30 0 0 

Line VIII Ungava Bay 
35 Sept. 6 06·35 60° 16' 67°50' 27-28 49-51 1·98 0 0 
36 Sept. 5 20·20 60"26' 67°00' 57-58 104-106 0·56 0 0 
37 19'23 60°26' 66°59' 58-59 106-108 0'56 0 0 
38 

" 
10'23 60°27'30" 66°20' 100-102 183-187 -0'60 0 0 

39 
Sep;~ 4 

07'13 60°33' 66° 19' 148-155 271-284 0·19 0·2 0 
40 18'40 60°36' 66"19' 200 366 0-12 0·5 0 
41 16·01 60°40' 66°21' 300 549 1·51 0·5 0 
42 12'26 60°41' 66°20' 395-402 722-735 1·75 0 0 

Line IX Ungava Bay 
43 Sept. 6 15'18 60"45' 67°02' 200 366 1·03 1 0 
44 19'30 60°52' 67°00' 295-300 540-549 H6 0 0 

) Unsuccessful sets; nct torn badly; not on bottom etc. 
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Table 1 (continued) 
Line X off Cape Chidley, Labrador 

45 Sept. 8 14-20 60 0 00' 60°57'30" 205 375 4·02 99 0 
46 

" 
10·35 60"00' 60°53' 240-250 439-457 4·02 272 0 

47 
" 

07.40 60°00' 60"50' 300-310 549-567 4·03 243 0 

Line Xl off Cape Mugford, Labrador 

48 Sept. 10 20·05 57°33' 59°52' 
49 14-31 58"00' 59°52'15" 
50 IH8 58°00' 59°44' 
51 09·10 58"00' 59°41' 
52 

" 
06'22 58°00' 59°37' 

since the course of the Labrador Current is rapidly 
southward, it is to be expected that larvae produced 
on the 58°N latitude line, where the most northerly 
significant nwnbers of sexually mature redfish OCCUC, 

will generally settle a long distance southward. Also, 
from the lack of evidence of long migrations in redfish, 
it is to be expected that only very slow migrations of 
fish of gradually increa~ing size would occur from the 
settling area. The distribution of the small redfish 
found at the northern stations indicates recent settling 
and not northward migration. 

The source of these young redfish, therefore, is evi
dently West Greenland. Although ages have not yet 
been estimated, the length of the more numerous group, 
with a peak length at 10-11 em, indicates that they 
were possibly produced in 1957, a year when, as indi
cated by Hansen (1958), there was probably a greater 
than usual transfer of West Greenland water, with a 
resultant shift of cod larvae further west than usual. 
The same movement is indicated by the higher tempe
rature conditions in 1957 in the deep water inhabited 
by redfish off Labrador and off the north-east New
foundland Shelf (Templeman, 1958). From Table 2 
it appears that there is also another age-group, one 
year younger, with a peak length of 8 cm. This group 
is dominant in Ungava Bay and is numerous also at 
the 155 fathom (284 m) level on Line V at about Lat. 
63°N. If growth in this northern area is very slow it is 
possible that these smaller redfish, and not the 10-11 
cm fish, were produced in 1957. 

On the northern Lines III-V there were some 
15-19 em redfish and on Lines III-VI fair numbers of 
those between 20-24 em. The 15-19 em group was not 
represented, and the 20--24 cm group was extremely 
scarce, on Lines X and XI off northern Labrador. 
Similarly the 25-29 em group was moderately nume
rous on Lines IV-VI off Baffin Island but scarcer off 
northern Labrador. 

Thus, not only the distribution of the very young 
6-14 em redfish, but, also that of fish of 15-29 em and 
even of 15-34 cm, indicates a settling of redfish fry in 

98-100 179-183 -0·39 0 0 
150-160 274-293 3·25 10 0 
200-210 366-384 3·S8 118 0 

300 549 4'07 123 0 
410-420 750-768 4-03 32 0 

the northern area of Baffin Island, mainly between 
Lat. 64°-63°N, judging from Table 2, and also points 
to a spreading out, chiefly southward, from the settling 
area. These redfish also go into deeper water as they 
grow older. In some years there may be some settling 
southward to Lat. 62°N and some of the larvae or fry 
may be drawn into Ungava Bay. The scarcity of larger 
redfish in Ungava Bay (only one male of 20---24 em 
and one female of 13 cm, in addition to the twelve 
females between 6--10 cm in length) indicates that the 
entrance of numerous redfish larvae into Ungava Bay, 
or at least their subsequent survival, is a rare occurrence. 

Apart from 3 male and 8 female marinus-type red
fish, all between 54 and 65 cm in length, the remaining 
approximately 2,800 fish captured were all mentella 
type. Since there were no small marinus-type redfish 
present on the Canadian side, the large marin us-type 
fish, 10 from 300 fathoms (550 m) and 1 from 400 
fathoms (730 m), represent the downward extension 
of the occasional marinus-type fish from West Green
land on Line III, and either southward migration from 
the Davis Strait Ridge along the deeper parts of Lines 
IV-VI or recruitment from a pelagic population in 
the Labrador Sea. 

Opposed to the latter idea and in favour of the 
former is the lack of captures of marin us-type redfish 
in Lines X and XI off northern Labrador. 

On the other hand, the evidence available indicates 
that the mentella-type redfish of the area investigated 
come as larvae or larger fish from West Greenland. 
Although in the deep 300 fathom (550 m) water of 
Line IV, Lat. MON, there may be incursions of large 
mentella-type fish from along the southern edge of the 
Davis Strait Ridge, there is general evidence of settling 
of the mentella-type fry in the less deep, and rather 
cold water (a little over 1°C) off southern Baffin 
Island, especially at about 150-160 fathoms (270-290 
m). There is also evidence of a growth to larger sizes 
as they pass deeper and spread out southward. North
ward, the coldness of the water (_1°C at 150 fathoms 
(274 m), -O·5°C at 200 fathoms (366 m), and 1·2°C 
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at 300-390 fathoms (550-710 m) on Line I), prevents 
the northward extension of the redfish range and prob
ably the success of survival of the floating larvae and 
fry, since rarely do they seem to be found deeper than 
200 fathoms (370 m) (only I of a total of 224). 

From West Greenland, Kotthaus and Krefft (1957; 
also see Templeman, 1959, Figs.41 and 42) have 
found the marin us-type redfish to be the most common 
in their hauls, although some mentella-type redfish 
were caught. Only some of the hauls were taken, how
ever, in typical mentella depths. Similarly Kotthaus 
(see Templeman, 1959) found 9 German landings of 
commercial redfish trawlers from West Greenland to 
be 100 % marinus type. Templeman (1959) found 61 
redfish 7-33 em in length from Tunugdliarfik Fjord in 
West Greenland to be all mentella type. 

According to Dunbar (1951; after Kiilerich, 1939) 
most of the West Greenland Current, including the 
outer part of the current, leaves the Greenland slope 
between Godthaab (about La!. 64°N) and Holsteins
borg (about Lat. 67°N). Mentella-type redfish are 
present in the deeper water of the West Greenland 
slope to seaward of the marinus type and thus may be 
more likely to be carried with the outer fringes of the 

West Greenland Current to the westward, in a latitude 
south of the Davis Strait Ridge. Most of the marin us
type larvae may pass northward as far as the Davis 
Strait Ridge on the West Greenland side, and may be 
lost by their penetration into the colder Baffin Bay area 
via the more easterly part of the West Greenland 
Current. 
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App. 

APPENDIX TO SECTION 11*) 

Some Observations on Redfish in the Icelandic Area 
By 

ARNI FRIDRIKSSON 

1. Preamble 

During the years 1935 to 1939 some of the cruises 
with the patrol vessel "Thor" in the waters round Ice
land were devoted to preliminary redfish research. 
Even though the observations mentioned in this paper 
are 20-25 years old it is possible that they may be of 
some use, since they relate to the first years of exploita
tion of redfish in the Icelandic area and they have 
never been published before. 

In the summer of 1935 the herring fishery of the 
north coast of Iceland was poor and the processing 
plants lacked raw material for the production of oil 
:md meal. It was known that very rich redfish grounds 
were situated off the north-west peninsula on the banks 
popularly called the "Halamid". Processing of redfish 
in herring oil and meal factories had never been tried 
Jefore, but as the redfish liver, with its high content of 
vitamins, would make a valuable by-product, the 
~xperiment to substitute the herring by rcdfish was 
:arried out in August. The experiment was successful 
md marked the start of the Icelandic redfish industry. 

t. Early development of the fishery 

In Table 1 a survey is given of the redfish landings 
n Europe in the thirties (1932-37) and the relative 
mportancc of the Icelandic area with regard to 
·edfish. During thls period the total quantity landed 
ncreased about fourfold. 

Table 1 
European landings of redfish during 1932-37 

(metric tons) 

(aJ (bJ (bJ 
Year All European Icelandic as percentages 

waters waters of (aJ 

932. 20,004 13,721 68·6 
933 ...... 22.318 12,630 56'6 
934 .... 27,597 11,621 42·1 

935 ..... 42,406 24,315 57·3 
936 ..... 79,020 57,634 72·9 
937 ....... 80,983 45,386 56'0 

~verages 

932-34 ... 23,306 12.057 51'7 
935-37 ... 67,470 38,359 56·9 

*) Thi~ paper was submitted after the Symposium but it had beeD 
grred at the meeting that it should be included as an Appendix. 

U' 

Table 2 
German and Icelandic landings of redfish 

during 1932-37 

Year 

1932 
1933 
1934 
1935 
1936 
1937 

Average 
1932-34 
1935-37 

" . m·S .'0 

C5.E 
16,162 
19,146 
23,401 

31,732 
49,554 
61,561 

19,517 
47,616 

(metric tons) 

" " . """ • 0.. 
-ObO e ~.S 
l::~"'C 
cu ...... ~ 
0.0_ 

80·8 
85·8 
84·8 
74-8 
62'7 
76·0 

84'0 
70'6 

357 
15 

607 
4,002 

23,053 
12,150 

326 
13,068 

H 
19-4 

'0 
C 
• U " c;.o ~bD S @ .... go.S 
.... _ 0 "",'"0 

C5 !h~~~ 3 
82'6 
85·9 
87'0 
84'2 
91·9 
91'0 

85·4 
90·0 

The rapid development which is revealed by the 
figures in Table 1 was mainly due to two causes - the 
German expansion of the high-sea fisheries and the 
Icelandic processing of redfish, both starting about the 
middle of the thirties. In Germany the redfish was 
mainly used for human consumption and on the 
markets was sold at similar prices as for instance, cod, 
which was higher than the average price for all other 
species landed. It is also seen that the major part of the 
catches came from the Icelandic grounds, which con
tributed about 42-73 % of the total European catch. 
The redfish from Iceland seemed to suit the Gennan 
markets quite weI1, as only about 2 % of the landings 
(by nmnber) were under the size-limit for marketable 
redfish (32·5 em). 

Table 2 shows the relative importance of the redfish 
for Germany and Iceland. In the case of Iceland the 
turning point was obviously in 1935, when processing 
was introduced. Before that time redfish was of prac
tically no value to that country. 

3. Abundance of redfish 

The following section is mainly concerned with the 
first two cruises, which took place from 20. June to 12. 
August 1936, and from 23. May to 29. June 1937. 
Investigations were made all round the island, particu
larly far offshore. The fishing operations were carried 
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Table 3 
Localities where the best redfish catches where made 

in June-August 1936 

Station Position Depth 
Weight (kg) 

Locality Date per one hour's 
No. N W (rn) trawling 

8 off Reykjanes 63°58'8" 25°29' 241 2l.VI 825 
51 " Kolbcinscy 67°06'9" 18"29' 160 2.VII 690 

205 " Hvalhak 64"16'2" 11 "3B' 374 27.VII 970 
206 64°13' 11 "36' 366 27.VII 3,000 
209 64"10' 11042'04" 366 28.VII 3,000 
210 

:: Ska~i 
63°36' 11 0 15' 316 2B.VII B40 

247 66"03'3" 20"53' 238 6.VIII 1,400 

out by means of a V. D. trawl with a 75 feet headline 
and at a speed of about 3 knots when trawling in deep 
water. As the rather small grounds on the "Halamid" 
showed early signs of decreasing yields, the main task 
of the first cruise was to investigate the density of 
redfish at different places all round the coasts, in order 
to find new and profitable fishing grounds. Special 
efforts were made to find rich grounds off the east 
coast, to feed two new factories in Seydisfjordur and 
Nordfjordur. 

In agreement with earlier experience the redfish was 
found to be very widely distributed, both horizontally 
and vertically as deep ac; the trawl could be used (about 
500 m). On the other hand, there were relatively few 
localities where redfish was found in great quantities. 
The best localities, where the average catches per one 
hour's trawling ranged from about 700 to 3,000 kilos 
are shown in Table 3. A commercial trawler of that 
time with her larger gear (about 90 It headline) and 
more powerful engine- would have caught about 50 r;k, 
morc. 

It is observed that the best grounds, the so-called 
"Thorsmid" (named after the vessel), yielded on an 
average 3 metric tons. Grounds which (~ould not yield 
approximately that quantity would be of little use for 
commercial trawling, since the processing plants could 
pay no more than 3 aurar - approximately a farthing 
- per kilo. It should also be remembered that redfish 
fishing is relatively expensive owing to great depth, 
rough bottom, strong currents on the grounds, and an 

Table 4 
Water temperatures on the "Halamill" (1) and at a 

station 3 n. m. further NW (2) at the end of June, 1936 

Surface 
100m. 
200 rn . 

Depth 

277m ...... . 
300m .. 
350m 

"Halamid" (1) Cold water (2) 
67°05'N-23°45'W 57"Ol·9'N-23°50'W 

°C °C 

6'41 2-6B 
5·10 2'30 
5·35 2·32 
5'37 

1·01 
0·50 

unusual ammtnt of "wear and tear" on the net on 
account of the "spiny" nature of the fish. 

4. Occurrence in relation to water temperature 

No trawling experiments were carried out on the 
well-known "Halamid" owing to shortage of time, but 
temperatures observed there revealed some extremely 
interesting features. It is sufficient to say that on the 
redfish grounds there was nearly pure Atlantic water 
from surface to bottom, whereas only 3 nautical miles 
further north-west, cold water masses predominated, as 
appears in Table 4. 

At the first station (1) the depth was 280 In and 
355 m at the other (2). It is evident that the dense 
occurrence of redfish wac; situated in the Atlantic 
water very near the boundary between the wann and 
cold water masses, this boundary being exactly vertical. 
Later there wa'i an opportunity to ascertain that the 
boundary hctwef'n the warm Inninger Current and the 
cold East Greenland CUlTent in the Denmark Strait 
was like a vertical wall and just as sharply marked at 
the surface. Unfortunately no fishing experiments for 
redfish have been carried out in this area, but it is 
reasonable to helieve that the greatest densities are 
found in the Atlantic water ncar the boundary of the 
Polar Current. 

Bearing in mind the importance of the temperature 
gradients, new grounds were sought off the east coast 
where conditions similar to those off the north-west 
coast were supposed to prevail. Temperature measure
ments and trawling experiments gave a positive result. 
In 1936 the best catches were made on station 206, 
which was situated in the warm water area at 64° 13'N 
-11°36'W (see Table 3), but at station 212 at 65°11' 
48"N-11°54'06"W, where the bottom temperature 
was only about l°C, there were very few redfish. 

In 1937 it was possible to compare the temperature 
conditions and to carry out experimental fishing on 
both sides of the temperature boundary, i.e. at stations 
52 and 53. Both trawling and temperature observations 
occurred on the same day (16. June) and the positions 
of the stations were 64°14'12"N-ll047'W (Atlantic 
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Table 5 
Temperature conditions at stations 52 and 53, 1937 

Depth Station No.52 Station No. 53 
(m) "C 'c 

0 ..... . 
20. 
40 ..... . 
60. 
80 ............ . 

100 ... . 
150 .. 
200. 
260. 
100 

9·0 
10·4 
10·5 
9-6 
8·9 
8·6 
7·9 
6·9 

6·3 

9·2 

6·4 

3·8 
0·5 

water) and 64°34'30"N-12° 1 0'30"W (cold bottom 
water). The depth at station 52 was 348 m and at 
station 54 it was 263 m; the distance between them 
was about 20 n.m. 

The main difference between the stations was 
Dbviously the bottom temperature. At station 52 the 
Atlantic water predominated from surface to bottom, 
whereas at 53 there was a layer of cold water near the 
bottom but the Atlantic water extended from the sur
face down to more than 100 m depth. The boundary 
between the warm and the cold water was therefore 
tlot vertical, as on the north-west coast, but was 
inclined, due to the fact that the cold water had pene
trated llllder the wann water masses at the more 
~ortherly station. 

Owing to the cold bottom layer there was a big 
:iiffercnce between the fish fauna at these two stations, 
1S is shown in Table 6, where the average number of 
:ish of various species per hour's trawling is indicated. 
fhe main difference was in the density of redfish in 
:he warm water and of cod in the cold water. It must 
)e mentioned that nearly all the cod were immature, 
md it is interesting to recall that the nursery grounds 
'or cod at Iceland are mostly in the cold water area, 
¥here the fish spends its life until the age of maturity 
tpproaches. It is not surprisin~ that Atlantic species, 

Table 6 
Number of fish per hour's trawling 

at stations 52 and S3 
Species 

'ebastes marin us ...... . 
Irgentina silus ........... . 
>repanopsetta platesJOides ..... 
folva byrkelange ...... 
;adus poutas.sou .. 
~aja radiata ............. .. 
tro.smius brosme . 
Inal'hicha.s minor .... 
lippoglo.s.sus vulgaris ... 
lnarhichas lati/rons 
:lupea harengus ........ . 
;adus callarias ................ . 
leinhardtiuJ hippoglosJoideJ 

Station 52 

948 
61 

7 
6 
+ 
1 
1 
1 
1 
o 
o 
o 
o 

Station 53 

93 
o 

27 
5 
3 
5 
9 
3 
o 
3 
4 

377 
17 

Table 7 
Length distribution of redfish at stations S2 and 53 (0/0) 

Length group 
(em) 

10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 .. 
65-69 
70-74 
75-79 

Station 52 

0·5 
3-3 

43·0 
48·1 

2·5 
1-4 
0·2 
0·2 
0·6 
0'2 

Station 53 

1-6 
3·2 
8'1 
1-6 

21'0 
19·4 
6·5 
6·5 
8·1 

11'2 
11'2 

1-6 

such as Argentina, were limited to station 52, and 
Arctic species, such as Reinhardt-ius, to station 53. It is 
however, interesting to note that Anarhichas minor, 
which is a cold water species, was met with on the rcd
fish grounds and, on the other hand, Molva b,)!rkelange 
and Gadus poutassou (which are normally restricted to 
an Atlantic habitat) appeared in the catches from 
station 53. This indicates how close to the boundary, 
between warm and cold water, the great accumulations 
of rcdfish were situated. 

Comparing the len1(th distribution of the redfish 
from stations 52 and 53, as shown in Table 7, it may 
be noted that on the redfish grounds more than 91 % 
of the catch, by number, ranged between 40 and 50 em 
in length, whereas these length groups were only 
sligh~ly represented in the cold water catches, where 
relatIvely larger and smaller fish predominated. The 
total weight of redfish per one hour's fishing was 
1,340 kg at station 52 but only 90 kg at station 53. It 
is most likely that the comparatively old and young 
redfish at ~tation 53 "belong" to the cold water area, 
together WIth the other ichthyological elements which 
are found there, even though these fish were mixed 
with fish fr?m the warm water. It is thought that the 
young redflSh (30-39 em and smaller) were mostly 
immature, and it is possible that some of the oldest 
fish (50 em and upwards) do not migrate annually 
into the wann water for spawning. On the other hand, 
the medium-sized fish (40-50 ern) at station 52 cer
tainly belonged to the active stock which is mainly 
carried by currents from the spawning area, and which 
accumulates at the boundary bcween wann and cold 
water - exactly as in the Denmark Strait. 

The theory of accumulation ncar temperature boun
daries is supported by an important experience made 
by fishing vessels. In September 1935 a steam trawler, 
SIS "Brimir", went to the position where the largest 
density had been recorded earlier on the research 
crllise, but found practically no redfish. The skipper 
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of HThor" was sent to assist her and the following c 

important facts were revealed:-

1. The boundary was situated somewhat further 
north. 

2. There were great densities of redfish at the new 
boundary, yielding from 1 to 8·2 tons per hour or 
4·6 tons on an average in an hour's haul. 

Two areas have now been mentioned off Iceland, 
where wann and cold water masses border each other, 
viz., off the north-west peninsula and off the east coast. 
There is, however, a third region at the north-east 
corner, off Langanes. Temperature was measured in 
three localities in this area on 17. June 1937, at surface 
and bottom, the result being as shown in Table 8. 

Table 8 
Surface and bottom temperature at the north-east 

coast of Iceland 

Station Position 
Depth Surface Bottom 
(m) °C "C 

No. 54 67°09'N-14°43'W 308 6·25 2-68 
No. 55 66°09'N-14°53'W 310 6·63 2·50 
No.57 67°15'N-15°11'W 338 6·62 0·04 

It is obvious that at all three stations the Atlantic 
water was predominant at the surface and cold water 
at the bottom. As a consequence of this, the boundary 
between wann and cold water was quite different from 
that observed off the north-west and cast coasts. The 
boundary was generally horizontal. In good agreement 
with this, only cold water species were caught by the 
trawl at the bottom, such as Greenland halibut, which 
was taken in large numbers, up to 1,200 fish or morc 
in a single hour's haul. No redfish were found in this 
region. Redfish might perhaps, have been found in the 
wann water at some distance from the bottom, but 
with the primitive equipment of the vessel there was 
no opportunity to examine this possibility. 

s. The problem of age and growth 

In the hope that time could be found later to tackle 
this question, several thousand otoliths were collected. 
About 800 were cut, ground, and polished for easier 
age-reading. An attempt has been made, so far, to 
examine only some of the youngest specimens and the 
results are shown in Table 9. 

The otoliths examined were collected at deep-water 
stations off the west coast in April 1938. It has not yet 
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Table 9 
Age determinations of 85 young redfish 

Length 4 years 5 years 6 ypars 8 years Total 
(em) 

11 1 
12 7 7 
13 1 11 12 
14 2 11 13 
15 21 21 
16 16 1 17 
17 6 1 7 
18 3 1 4 
19 1 2 3 

Total 10 69 5 85 

Av.ll'ngth 11·00 12·20 15·12 17·18 14·92 

been possible to establish how the Brings" in the redfish 
otoliths should be interpreted. If they are annual rings, 
the growth seems to be extremely slow. Starting with a 
larval length of 4-5 mm, the fish should have attained 
a total length of 17-18 em only when 8 years old, cor
responding to a growth-rate of a little more than 2 em 
a year (see Figure 1). The age at first maturity should 
then be 15-20 years, and the largest individuals could 
be at least 50 years old or even much more. 

6. Conclusion 

It is indicated that the greatest accwnulations of 
redfish, during summer, are found in Atlantic water 
near boundaries of cold water currents. It is reasonable 
to assume that instead of an active migration taking 
place after spawning, the fish are carried passively by 
the currents. 
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SECTION III 

LARVAL STUDIES AND LARVAL DISTRIBUTION 

Dbeunion Leader I Dr. H. EINARSSON 

The following papers were presented and discussed:
Ahlstrom, E. H. "Distribution and relative abundance 

of rockfish (Sebastodes spp.) larvae off California 
and Baja California." 

Baranenkova, A. S., & Khokhlina, N. S. "The distribu
tion and size composition of larvae and young redfish 
in the Norwegian and Barents Seas." 

Corlett,]. "Distribution of redfish larvae in the western 
Barents Sea." 

Corlett, J. "Redfish larvae from Ocean Weather Sta
tion 'A' in 62°N, 33°W." 

Day, L. R. "Summer surface distribution of redfish 
larvae in ICNAF Subarea 4, 1954-55." 

Einarsson, H. "Distribution, abundance, and size of 
young stages of Sebastes in Icelandic waters and 
adjacent seas." 

Einarsson, H. "On the environment of the Sebastes 
larvae in the Irminger Sea." 

Hansen, V. K., & Andersen, K. P. "Recent Danish 
investigations on the distribution of larvae of Sebas
tes marinus in the North Atlantic." 

Henderson, G. T. "Continuous Plankton Records: The 
distribution of young stages of Sebastes." 

Kelly, G. F., & Barker, A. M. "Vertical distribution of 
young redfish in the Gulf of Maine." 

Taning, A. V. (Introduction by E. Bertelsen). "Larval 
and post-larval stages of Sebastes species and Heli
colen us dactylopterus. n 

Templeman, W., & Sandeman, E. J. "Variations in 
caudal pigmentation in late-stage pre-extrusion lar
vae from marin us- and mentella-type female redfish 
from the Newfoundland area." 

Wiborg, K. F. "The distribution of redfish larvae in 
NOIwegian coastal and offshore waters during the 
years 1948-1958." 

1. Identification of the larvae 

Previously scientists in the European area have used 
Taning's criteria to distinguish the larvae of the red
fish, until recently believed to include only the species 
Sebastes marin us and S. viviparus. However, the gene
ral opinion of workers in this field in recent years is 
that Umentella"-type adults are also found and this 

introduces additional problems. We must ask where the 
larvae of the "menteIla"-type adults are to be found, as 
no pigment spotted larvae similar to those distinguished 
by Templeman et aI. as belonging with certainty to 
crmentella~)-type parents have been reported in these 
oceanic waters. 

The general opinion of the meeting appeared to be 
that the solution of this problem be furthered by the 
inclusion of pre-extrusion larval studies in the ICES 
area, and by an extension of the study of the planktonic 
larvae in the western Atlantic. There is some prospect 
that progress may shortly be made in this field, which 
might be assisted by an exchange of larval material 
between various workers. 

It is felt most desirable that the drawings and notes 
prepared by the late Dr. A. Vedel Taning should be 
made available as widely as possible at the earliest 
possible date. (They arc included, with Dr. Bertelsen's 
explanatory notes, at the end of this section.) 

It might also be profitable to carry out some addi
tional studies on the morphological and developmental 
characteristics of the larvae, with the purpose of deter
mining some additional diagnostic features. 

2. Horizontal distribution 

A great deal of additional material relating to the 
distribution of Sebastes larvae was presented to the 
meeting, and the results from all workers supported a 
common distribution pattern in the North Atlantic. 
However, some deficiencies in sampling were noted. 
Among the suggestions made to overcome these defi
ciencies were an extension of plankton sampling from 
Weather Station 'ALFA' and the addition of a com
parative section across the Irminger Sea to complement 
the results available from the 62°N section carried out 
by Danish workers. 

S. Vertical distribution 

It was thought that several aspects of the vertical 
distribution require further attention, in particular an 
assessment of the depth at which extrusion takes place. 
It was also felt that further effort was needed in the 
definition of the downward migration and the sub-
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sequent dispersal of the larval stock, so that this might 
be linked with the bottom or bathypelagic stages in the 
development. For this purpose it was thought that 
investigations both in the open sea and in the shelf 
region were needed, but that the sampling of the shelf 
waters might be more easily included in research pro
grammes for next year. 

4. Abundance 

The results of all the surveys in the area show a 
generally similar pattern of annual fluctuations in 
abundance, and all agree in pointing to the year 1958 
as an exceptionally poor year for Sebastes larvae in the 
North Atlantic. Danish investigations suggest that J 950 
was an exceptionally prolific year. It is felt that a close 
study of associated data for 1958 might provide some 
evidence to explain the very low numbers of larvae 
found in this year compared with the larger numbers 
taken in previous years. Attention is drawn to the 
possibility of the evaluation of echo traces as an aid 
in observing changes in abundance. 

s. Size composition of planktonic population of larvae 

It is noted that the size composition of catches of 
larvae appears to indicate some degree of spread of 
modes, possibly as many as four minor ones, in the 

samples taken from the plankton. The general impres
sion, however, is that they are all "the young of the 
year" and that the spread in sizes and the occurrence 
of several minor modes may be due to the fact that 
extrusion of young may last for a period of up to four 
months in some areas. The constant replenishment of 
the smallest sizes caught during a period when the 
larger sizes may be diminishing in particular sampling 
due to mortality, descent or dispersal, or even to 
avoidance, may well account for these peculiarities. 

It is considered that some investigations are required 
in respect of the following matters:- (1) the size at 
which the larvae commence taking food, (2) the kind 
of food taken and a comparison with its availability, 
(3) and more difficult perhaps, some estimate of the 
duration of time lx·tween extrusion and the commence
ment of feeding. 

6. Future work 

It is considered that several of the contributions in 
this section point to the importance of relating- the 
environment to the larval population, and that any 
further effort which can be made in this direction 
might well be of considerable value in any considera
tion of fluctuations in abundance from year to year as 
well as in assessing the variations in the onset of the 
first extrusion in a"uy given year. 
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1. 

Distribution and Relative Abundance of Rockfish (Sebastodes spp.) 

Larvae off California and Baja California 

By 

ELBERT H. AHLSTROM 
Fishery Research Biologist, U. S. Bureau of Commercial Fillheries 

Biological Laboratory, La Jolla 

The information presented in this paper concerns 
the distribution and abundance of S ebastodes larvae in 
the area off California and Baja California that is 
surveyed by agencies participating in the California 
Cooperative Oceanic Fisheries Investigations. The 
pelagic distribution of rockfish larvae, especially their 
presence at considerable distances offshore, should be 
of interest, since it parallels, in part at least, the wide
spread oceanic distribution of Sebastes larvae in the 
North Atlantic_ 

The fishery for rockfish off the Pacific coast of North 
America is not as important as the Atlantic fishery for 
Sebastes. In the early years of the fishery, between 1916 
and 1935, California landings averaged about 6 million 
pounds per year (range, 4·6-8·2 million pounds), and 
landings in the Pacific Northwest were less than 1 
million pounds. There was nearly a twelvefold expan
sion in the Pacific catch of rockfish between 1940 and 
1945, the landing-s increasing from 5-2 to 60-4 million 
pounds. Most of the increase occurred off Oregon and 
Washington. Since World War II, annual landings 
have fluctuated around 25 million pounds (Table I)_ 
It is interesting to note that there has been a slow but 
steady rise in the California landings during the past 
10 years: the 1958 catch of 17-6 million pounds was 
the largest on record. 

The rockfish marketed off Oregon and Washington 
as the Pacific ocean perch is Sebastod('J alutUJ; this 
species is not common off California. The bocaccio" 
Sebastodes paucispinis, is the dominant species in the 
California catch. Other important species are S. serra
l1oides, S. crameri, S. entomelas, S. diploproa and S. ru
berrimus. Most of the above information was obtained 
from Phillips (1958)_ 

As background infonnation, a brief account is given 
Df the hydrographic-biological survey cruises being 
conducted under the California Cooperative Oceanic 

Table 1 
Total annual landings of rockfish along the Pacific 

coast of North America (in millions of pounds) 

Year California 
Oregon and British Columbia Total 
Washington and Alaska 

1936 4-6 0-6 0-4 5-6 
1937 +3 0-6 0-2 5-1 
1938 3-6 0-7 0-7 5-0 
1939 3-3 0-7 0-3 4-3 
1940 3-6 1-3 0-3 5-2 
1941 H 2-4 0-6 6-4 
1942 H 3-6 0-7 5-7 
1943 2-8 12-3 2-5 17-6 
19+4 6-4 20-8 3-9 31-1 
1945 13-3 42-6 4-5 60-4 
1946 11-2 23-:1 3-5 38-0 
1947 8-5 13-3 0-8 22-6 
1948 6-5 15-4 1-2 23-1 
1949 6-1 17 -7 I-6 25-4 
1950 8-1 18-3 0-7 27-1 
1951 11-0 16-0 0-9 27-9 
1952 10-7 20-2 0-9 31-8 
1953 12-2 12-0 0-5 24-7 
1954 12-6 19-5 0-5 32-6 
1955 12-7 \3-1 0-5 26-3 
1956 14-9 *) *) *) 
1957 15-9 *) *) *) 
1958 17-6 *) *) *) 
4) Not available. 

Fisheries Investigations (CCOFI) _ A basic purpose of 
the cruises is to supply observations for an under
standing of oceanographic conditions off California 
and Baja California. An equally important purpose is 
the collection of data for the study of the distribution, 
abundance, and fluctuations in pelagic marine fish 
populations l particularly of the Pacific sardine (Sar
dino ps caerulea). The distribution and amount of 
sardine spawning as well as the survival of sardine 
larvae are assessed annually. Infonnation on the pela
gic stages of other marine fishes is a by-product of this 
investigation. 
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Figure 1. Station plan, 1957, of stations occupied on cruises of the California Cooperative Oceanic Fisheries Investigations. 
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Cruises are usually made at monthly intervals, 2 to 4 
research vessels participating. The U.S. Bureau of 
Commercial Fisheries operates a single research vessel, 
the "Black Douglas"; the remainder are operated by the 
Scripps Institution of Oceanography. The survey area 
is illustrated in the Station Plan, 1957 (Figure 1). 
Coverage is usually rather extensive during the first 
seven months of each year, partial during the last five 
months. Stations in the principal spawning areas of the 
sardine, i.e. between Point Conception, California, and 
Point San Juanico, Baja California, are usually occu
pied 9 or 10 times during the year; stations off central 
California and southern Baja California are seldom 
occupied more than 3 to 5 times per year. 

Fish eggs and larvae are collected in plankton nets 
hauled obliquely from a depth of about 140 m to the 
surface. The nets are 1 m in diameter at the mouth by 
approximately 5 m in overall length. The main strain
ing portion of the nets is constructed of No. 30 grit 
gauze, a heavy grade of Swiss bolting silk; the posterior 
portion, including the detachable cod-end, of No. 56 
grit gauze. The openings between threads in No. 30 
grit gauze are approximately 0·70 mm before use, but 
shrink to approximately 0·55 mm after use. 

In taking a plankton haul, the research vessel moves 
ahead at a slow speed, usually between 1 Y2 and 2 knots. 
The net is fastened by a bridle to the towing cable at 
a point which is approximately 10 m above a 100 lb 
weight. The net is lowered to its greatest depth (200 m 
of cable out) in approximately 4 minutes and retrieved 
at a rate of approximately 20 m of cable per minute. 
The total towing time is thus between 14 and 15 
minutes per haul. During each haul, an inclinometer 
is suspended from the boom, riding freely on the towing 
wire. The angle-of-stray of the towing wire from the 
vertical is recorded at one-half minute intervals. Vessel 
speed is adjusted as necessary during the haul to keep 
the angle-of-stray of the towing wire as close to 45° 
as is possible. The depth of the net at any instant 
during a haul can be approximated by multiplying the 
amount of tow wire out by the cosine of the angle-of
stray of the towing wire from the vertical. The usual 
depth of hauls is hetween 130 and 145 metres. 

The amount of water strained during each haul is 
determined from the revolutions registered by a current 
meter fastened in the mouth of the net. Hauls are put 
on a comparable basis by expressing all counts as 
numbers in a column of water under 10 m3 of sea 
surface. Estimates expressed in this way are valid only 
if the vertical range of the organism has been encom
passed. Studies on the vertical distribution of fish larvae 
have shown that rockfish larvae occur in the upper 
mixed layer and in the upper portion of the thermo
cline, but seldom deeper than this (Ahlstrom, 1959). 
Seventeen vertical distribution series containing Sebas-

todes larvae gave the following average depth distribu
tion of the larvae:~ 

Depth of 
stratum 

(m) 

0-23 ............... . 
24-48 
49-;;4 .............. . 
65-88 ............... . 
89-122 ........................... . 
Below 122 m .. .. 

Average weighted percentage 
in each stratum 

% 
14·5 
41-2 
24-7 
16·1 

3·5 
o 

Inasmuch as the standard plankton hauls sample a 
wider depth stratum than rockfish larvae are known to 
occupy, it is a safe assumption that their vertical range 
is routinely encompassed. 

Sebastodes larvae 

Scorpaenid fishes in the eastern North Pacific are 
given the common name of rockfish. The family Scor
paenidae is the largest family, in number of species, in 
the area that is being surveyed on cruises of the 
CCOF!. This region, which includes the waters off 
California and Baja California (and the Gulf of Cali
fornia), has approximately 61 species of scorpaenid 
fishes belonging to 5 genera: Sebastodes~ Sebastolobus, 
Scorpaena~ Scorpaenodes~ and Pontinus. Sebastodes, by 
far the largest genus, has its centre of distribution off 
California. Forty-nine of the approximately 59 species 
of Sebastodes that are known to occur in the eastern 
North Pacific occur off California (Phillips, 1957). The 
southern limit of the distribution of the genus is in the 
vicinity of Magdalena Bay, Baja California. Two spe
cies apparently are endemic to the Gulf of California. 

The genus Sebastolobus, with only two species in the 
eastern Pacific, interestingly enough, nearly encompas
ses the latitudinal distribution of the genus Sebastodes: 
Cape San Lucas, Baja California, to the Bering Sea. 
The other three genera are subtropical or tropical in 
distribution. There are about 10 species assigned to 
these genera in the eastern North Pacific. Eight occur 
off Baja California or in the Gulf of California, and 
only one, Scorpaena guttata~ occurs as far north as 
southern California. 

Scorpaenid larvae are readily distinguishable from 
those of other fish families. Their most characteristic 
feature is the paired parietal ridges on the back of the 
head, which tenninate in spines. These first develop on 
larvae of 4 to 5 mm in length, and increase in promi
nence during the larval period. Each ridge ends in a 
single spine in Sebastodes, in a bifurcate spine in 
Sebastolobus. 

Larger Sebastodes larvae can be distinguished from 
other scorpaenid larvae on the basis of meristics. Spe
cies of Sebastodes characteristically have 13 dorsal 
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Table 2 
Relative abundance (standard haul totals) of the 12 most common kinds of fish larvae during 1957 

in the area surveyed by CCOFI, compared with their contributions in 1955 and 1956 
1955 

Number % Rank 
Engraulis mordax ... ............ 140,183 39·0 1 
Merluccius productus ............ 60,090 16·7 2 
Vinciguerria lucelia . 12,654 3·5 9 
Sehastodes spp .... 29,341 8·2 3 
Leuroglossus stithiu! 15,111 4·2 5 
Trachurus symmetricu! .... 13,246 3·7 7 
Lampanyctus leucopsarus 7,454 2·1 10 
Lampanyctus mexican us . 13,165 3·7 8 
Citharichthys spp .......... , .... 20,411 5·7 4 
Diogenichthys iaternatu! 4,771 1·3 11 
Sardinops canulea 14,121 3-9 6 
Bathylagus wesethi .. 3,245 0·9 12 
All others ............... 25,363 7·1 

Total ............ 359,155 100·0 

spines. This character alone is sufficient to separate 
Sebastodes from other rockfishes in the eastern North 
Pacific, with the exception of Scorpaenodes x,),ris. 
There are but 12 dorsal spines in the species of Scor
paena and Pontinus that occur in the CCOFI area, 
15 to 17 in Sebastolobus. The simplest character for 
separating Scorpaenodes x')'ris from Sebastodes is the 
number of dorsal rays: S. x')'ris almost always has 10, 
while species of S ebastodes have 12 or more. 

All members of the genus Sebastodes give birth to 
young, i.e., are ovoviviparous. This mode of reproduc
tion may be limited to this genus in the ea'5tern Pacific, 
since both Scorpaena and Sebaslolobus are known to 
lay their eggs in large masses. It is unlikely that any 
scorpaenid spawns free pelagic eggs - hence scorpaenid 
eggs are not a constituent of the plankton hauls. 

The most recent three years for which data are 
complete have been chosen - 1955 through 1957 - to 
illustrate the distribution and abundance of SebaJtodes 
larvae in the area being surveyed by the CCOFI. The 
basic data for these years are given in Ahlstrom and 
Kramer, 1957; Ahlstrom, 1958; and Ahlstrom, 1959. 
The abundance of larvae of Sebaslodes are compared 
with those of other pelagic marine fishes in Table 2. 
In 1955, Sebastodes larvae constituted 8·2 l);'; of the 
larvae obtained on the survey cruises; in 1956, 7·1 %; 
and in 1957, 7-4 %. In 1955 and 1956, SebaJtode.f 
larvae were exceeded in abundance by only two kinds 
of larvae: northern anchovy (Engraulis mordax) and 
Pacific hake (MerlucciuJ productuJ). In 1957, Sebas
lodes larvae ranked. 4th, behind northern anchovy, 
hake, and Vinciguerria. 

Distributions of Sebaslodes larvae during the three 
years, 1955-1957, are illustrated in Figures 2 to 4. The 
distributions are essentially similar in that the larvae 
are widespread throughout the survey area. The values 
shown on the charts are the average numbers of lalvae 

1956 1957 
Number % Rank Number % Rank 

134,931 33·1 1 146,631 29·7 1 
89,857 22·0 2 78,283 15·9 2 

9,832 2-4 9 55,114 11·2 3 
29,144 7·1 3 36,473 7-4 4 
18,620 4'6 5 29,506 6'0 5 

8,027 2·0 10 20,006 4·0 6 
15,125 3·7 7 16,808 3·4 7 
10,802 2'6 8 16,207 3·3 8 
23,635 5·8 4 15,813 3·2 9 

3,158 0·8 13 11,603 2·3 10 
15,523 3·8 6 9,833 2·0 11 

2,146 0·5 17 6,347 1·3 12 
47,340 11-6 50,925 10·3 

408,140 100·0 493,549 100·0 

obtained per haul at each station. This is a measure of 
relative abundance only. 

The southern extent of the distribution of Sebastodes 
lalvae has been delimited by these surveys, since this 
genus occurs only as far south as Magdalena Bay. The 
offshore distribution appears to be delimited off much 
of Baja California, but not off California, since S ebas
lodes larvae were obtained at some outer stations of 
the survey grid. Outer stations in the survey pattern off 
southern California are approximately 250 miles off
shore. 

The northern extent of the distribution is in no wise 
delimited by the CCOFI survey cruises. Sebastodes 
larvae are known to be common even in the Gulf of 
Alaska. There is evidence, however, that their centre 
of abundance is off southern California. 

Ocurrences and abundance of rockfish larvae in 
different parts of the survey pattern are summarized in 
Table 3. The average number of larvae per haul for 
each area is given in the last column of the table. The 
largest value in all three years occurred in the area off 
southern California (station lines 80-93), although in 
one season, 1955, the average number per haul off 
central California (station lines 60-77) was nearly as 
large. Abundance off southern California was very 
similar in 1955 and 1956, but there was a marked 
increase in the average number of rockfish larvae 
obtained per haul in 1957. It is interesting to note that 
the frequency of their occurrences in this area has 
remained quite constant during these three years: 
between 62· 7 % and 63·9 % of the collections made 
off southern California each year have contained 
S ebastodes larvae. 

Seasonal distribution of Sebaslodes larvae for the 
three years are summarized in Table 4. Because of the 
varying number of stations occupied per month, the 
values are given in terms of the average number of 
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Table 3 
Relative abundance of Sebadodes larvae in various 

parts of the area surveyed on cruises of the CCOFI, 
1955-1957 

larvae per station (i.e., haul). The picture is a fairly 
consistent one. The largest number of Sebastodes larvae 
per haul lIsually is obtained in February, and higher 
than average numbers are taken from December 
through April. Low numbers per haul prevail during 
the months of June through October. Coverage of the 
survey area was restricted during most cruises made 
between August and December, hence values for this 
portion of the year are not as reliable as during January 
through July. Even allowing for this, it should not 
basically alter the seasonal pattern alii outlined above. 
Most rockfish larvae are released during the winter 
and spring months. Ina"imuch as a number of species 
of Sebastodes are included in the collections, most of 
them must have a similar seasonal pattern of repro
ductive activity. 

Station 
lines 

1955 
60-77 
80-93 
97-107 

110-120 
123-137 
140-157 

Total 

1956 

86 
391 
290 
334 
202 

72 

1,375 

40-57 54 
60-77 112 
BO-93 393 
97-107 274 

110-120 308 
123-137 IBO 
140-157 76 

Total 1,397 

1957 
60-77 101 
80-93 364 
97-107 287 

110-120 360 
123-137 267 
140-157 114 

Total 1,493 

58 
250 
133 
133 

75 
3 

652 

24 
59 

247 
97 

112 
65 
10 

614 

68 
228 

90 
109 
63 

3 

561 

Number of 
stations 

occupied 

January 112 
February 117 
March 142 
April 134 
May 184 
June 189 
July 196 
August 
September 43 
October 109 
November 43 
December 106 

Total 1,375 

67-4 
63-9 
45·9 
39·8 
37·1 
4·2 

47-4 

44·4 
52-6 
62·9 
35'4 
36·4 
36·1 
13·2 

43·9 

67·3 
62,7 
31-4 
30<l 
23·6 

2'6 

37'6 

2,893 
14,571 
3,721 
6,336 
1,796 

24 

29,341 

411 
1,570 

14,674 
4,703 
6,306 
1,424 

56 

29,144 

3,170 
23,163 

3,779 
·1,878 
1,466 

17 

36,473 

9·9 33-6 
49'6 37·2 
12·7 12·8 
21'6 19·0 
6·1 B·9 
0·1 0·3 

100·0 20·6 

1-4 
5·4 

50'4 
16·1 
21-6 
4'9 
0·2 

100·0 

8·7 
63'5 
10·4 
13-4 
4·0 

<0'1 

100'0 

7'6 
14'0 
37'3 
17'2 
20·5 

7'9 
0·7 

20'8 

31'2 
63'5 
13·2 
13·5 
5·5 
0·1 

24-4 
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Table 4 
Seasonal (monthly) abundance of Sebastodes larvae, 1955-1957 

1955 1956 1957 
Number Average Number of Number Average Number of Number Average 

of per stations of per stations 01 pe, 
larvae station occupied larvat: station occupied larvae station 

6,281 56·1 110 4,293 39'0 57 1,010 17-1 
6,206 53'0 130 7,717 59'4 142 11,001 77·5 
3,653 25·7 134 6,404 47·8 12·\ 6,585 53·1 
3,533 26·3 178 2,887 16·2 207 7,225 34·9 
1,895 10·3 239 2,286 9·5 205 4,819 23-5 
1,732 9·2 209 1,584 7-6 253 2,742 10·8 
2,676 13·7 201 1,489 7-4 217 1,383 6·4 

Norpac 36 397 11·0 41 47 1·2 
313 7'3 36 (] 0 37 28 0·8 
461 4-2 42 317 7·5 143 231 1-6 

1,897 44-1 40 358 9·0 44 586 13·3 
694 6·5 42 1,412 33-6 23 816 35'5 

29,341 21·3 1,397 29,144 20·9 1,493 36,473 24-4 
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2. 

The Distribution and Size Composition of Larvae and Young Redfish 

in the Norwegian and Barents Seas 

By 

A. S. BARANENKOVA and N. S. KHOKHLINA 
PINRO, Murm.anBk, U. S, S, R. 

An examination of the summarized data on larvae, 
collected by the Polar Institute during 1934-1955, 
reveals that the redfish larvae first appear in the 
plankton off the north-western coasts of Norway, to 
the south-west of the Kopytov area, and in the eastern 
part of the central basin of the Norwegian Sea, in the 
latter half of April. The earliest date on which any 
redfish larva was observed was on 29. March 1951, on 
the Malangen Bank. 

In May the number of larvae increases sharply in the 
catches taken off the north-western coast of Norway 
and on the continental slope over the deep water, 
northwards as far as 73".JN. Newly liberated larvae and 
larvae of a greater size occur along the Norwegian 
coast as far east as 28°E and within the Spitsbergen 
Current up to 74°30'N (1946). They can also be found 
in the central part of the Norwegian Sea. 

In June redfish larvae occur allover the Norwegian 
Sea except in the westernmost parts. Larvae are also 
found in the western Barents Sea as far north as 73°N, 
along the whole northern coast of Norway and the 
western Munnan coast. Single specimens have been 
captured in the Motov Bay and in the Kolafjord. In 
the Spitsbergen Current larvae of redfish were found 
as far north as 74°32'N (1955). 

In July the habitat of the larvae extends northwards 
and eastwards. In the Spitsbergen Current they have 
been found as far north as 76°44'N. In the Barents Sea 
larvae occurred up to the longitude of Teriberka, 
though they did not occur more easterly. 

In August, small, recently liberated, 5-7 mm long 
larvae occur, together with larger ones of 10-16 mm 
in length. 

It is most probable that the small redfish larvae 
found in July and August belong to the species Seba-

12 

stes Vlvt parus. Th us far there is no sufficiently clear 
method of identifying the specific composition of red
fish at the larval stage. However, it has been observed 
that larvae in the coastal areas differ from those caught 
in the western part of the Kopytov area and to the 
south-west of it, i.e., in the area of great depths, in 
that their size is smaller and the body height relatively 
greater. The general picture of the distribution of red
fish larvae in the Norwegian Sea is shown in Figures 
la and Ib (from Baranenkova et al., 1956). The sizes 
of the larvae in different areas of the sea are shown in 
Tables I and 2 and Figures 2 and 3. (Places where 
larvae were found are shown by dots, and places where 
no larvae occurred by crosses.) 

When a length of 15 mm is attained, the larvae 
transfonn into the young-fish stage (Schmitt, 1944). 
In this period they still live pelagically. Young redfish 
17-30 mm in length were found in the stomachs of 
herring, caught on 11. August 1947 in the Spitsbergen 
Current. Single specimens of pelagic young fish still 
occur in later months. 

The largest young redfish captured with pelagic gear 
had a length of 21 mm. 

Young redfish were occasionally caught with bottom 
gear in the West Spitsbergen area and on the Central 
Plateau from October, and in the southern Barents 
Sea from November. In this period the young are 6-7 
cm and longer, but settling begins when they are even 
smaller (4-5 em). 

The young redfish are widely distributed in the 
southern Barents Sea and in the Bear Island/Spits
bergen area; they do not occur in the shallow south
eastern part of the sea. The presence of young fish one, 
two, or more years old in the bottom fishing gear 
(Sigsby trawl, otter trawl, beam trawl) in different 



- 178 -

20 10 o 

•••• •• 'W •• Ii 

10 20 

•••• , •• 1:1 

• 
~ 

30 

75 

.. . ••.• • e •• 
• •• •• , 

cfI'" • •••• ... ~~ ••• :.. ~:~A'f)r-. 
7 '.l(:v ~"'[) ,~ OJ-----t-----t----+---""1I '.:' ~ 7w 

.: .~:~.~~ .. ~ ::~,.,,= ... -.,.,-~, '.,4~.;)~:. '. 
. . .' 

..... 'j ".: ':' .. ' • 

Figure la. Distribution of redfish larvae according to material sampl,ed during 1951-1953. 
Small squares denote absence of larvae at the stations. 

months of the year and in different Barents Sea areas 
has been noted by many investigators (Knipovich, 
1904; Breitfuss, 1903, 1906, 1908; Rass, 1929; Vesh
chezerov, 1944). They encountered small specimens off 
the Munnan coast, in the Matov Bay and the Kola
fjord, on the Demidov Bank, and in the Bear Island 
area. 

Figures 4a and 4b show the frequency of occurrence 
of young redfish measuring 5-10 cm and 11-15 cm, 
taken per hour by commercial trawl in the period 1946 
to 1957. The majority of the hauls were mainly carried 
out in the autumn/winter season by means of a "cover" 
method, i.e., with a special net inside the cod-end with 
10 mm mesh size between knots. It was not possible 
to detennine to which species the young redfish be
longed. It is not improbable that the S. marin us group 
incorporated other redfish forms. Only specimens with 
a clearly pronounced beak on the mandible were attri
buted to the S. mentella type. Some of the matelial is 
given without species definition. 

Generally the young fish of the above size groups 
occurred in the same areas. The extreme eastern limits 

of young redfish were as far east as 52°E and as far 
north as 74°N. Their distribution was associated mainly 
with the principal flow of the warm current. 

The presence of a considerable number of young S. 
mentella in one of the catches taken on the Rybachy 
Bank is worth mentioning (see Figure 4a). Most 
frequently the young S. mentella were found in the 
trawl catches on the Central Plateau. To the east of 
35°E in the coastal regions and within the main flow 
of the current young S. mentella were not found, except 
once in the vicinity of the northern slope of the Goose 
Bank. 

In the present material submitted only specimens 
having a length up to 16 em have been considered. 
These sizes seem to embrace the young fish in the first 
three years of life, 

Summarized calculation of the young redfish for a 
calendar year (Tables 3 and 4) clearly indicates a 
marked increase in nwnber of specimens measuring 7, 
10, and 15 cm in length. This is especially noticeable 
for S. marinus from the southern Barents Sea and the 
north-western regions (Table 4). It is thought prob-



- 179 - 111,2 

20 10 o 10 20 30 

7.~~----i-------~------~------~------~~7 

'. 

, 

. .... ... .... ...... . -.... .......... 11 

-.' • . . " •• 0 .. .. ....... • 
..J... .JJI"'1It 

/?" • " " ., .. •• " ., .. Ie 

-. • 
70'~----~r-------r-------r-----~~~~~~~ 

.. 
. . . . .. .... ... ...e . 

10 

. . . -.. .. 

""--.. 
"eI: • q .... .. .. .. .. .. 

•••• 

....... 

~.: . 

o 10 20 30 

Figure lb. Distribution of redfish larvae according to material sampled during 1954-1955. 
Small squares denote absence of larvae at the stations. 

able that 7 and 10 em long young redfish are specimens 
in their first and second year of life. These sizes cor
respond with the figures obtained by Travin (1951) 
for one and two year-old S. mentella by using the 
method of back calculation. Surkova, using this type 
of back calculation data, refers to the S. mentella speci
mens, measuring on average 12·2 em, as three year
olds. Travin indicates a mean length for 3 year-old 
S. mentella of 13·09 cm, and for S. marin us of 12·87 
cm. Veshchezerov (1944) calculated that S. marin us 
specimens with a mean length of 12·6 em may be even 
four years old. He believed that one year-aIdS. marinus 
has an average length of 5·1 em. 

The analysis of the size composition of young redfish 
(Table 3) caught in May, (when the redfish is known 
to liberate larvae), i.e., at the time the fish accomplish 
their full first, second, or third year of life, has revealed 
an increase in abundance of young fish measuring 7-8, 
12, and 15 em. It is apparently those sizes that charac
terize the redfish specimens by the end of each of the 
first three years of life. 

In 1959 two special cruises were organized by the 

12' 

Polar Institute. The pattern of liberation and the drift 
of eggs, larvae, and young commercial fish were studied 
aboard the R/V "Tunets" in the western Barents Sea 
and in the eastern Norwegian Sea, from the Lofoten 
Isles as far north as 75°N. In addition, studies were 
carried out simultaneously in March-May in the 
Kopytov area aboard the research trawler "Kharkov", 
one of whose tru;ks wru; to search for the places where 
S. mentella liberate their larvae. 

Figures 5a and 5b show the distribution of redfish 
larvae in April/May 1959, according to the catches 
obtained by means of silk No. 140 egg-net of 80 cm 
diameter (5a, vertical haul; 5b, oblique haul). Figures 
6a and 6b show the distribution in June/July of the 
same year (6a, by vertical haul with the egg-net; 6b, 
by oblique haul with the perIon ring trawl of 3 mm 
mesh and 160 cm diameter). 

Figure 5 (a, b), showing the data of the two type, 
of haul, presents a rather similar general picture of the 
redfish larvae distribution during late April/early May 
1959. The larvae occur mainly in the zone between 
the 6° and the 7°C surface isotherms over depths 
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Table 1 
Sizes of red fish larvae in the different areas of the Norwegian Sea 

Month Areas Length (millimetres) 
Year 4 5 6 7 8 9 10 11 12 13 14 
May 
1954 Central basin up to 69° IS'N ... 5 56 186 154 25 3 
June 
1955 "Rosengarten" Bank ................... 2 7 1 3 5 9 2 
1954 Faroe area ...... ,' .... ........... 3. 5 2 2 3 2 5 3 6 
1954 Viking Bank and southern Norwegian 

Gully as far as 60"57' and 61°55'N 4 10 2 
1954 Norwegian shallow and south-west-

ern area as far as 63°QQ'N ............ 4 5 7 2 1 
1954 Norwegian shallow up to 6so45'N .. 8 9 7 5 3 2 2 2 
1955 Norwegian shallow up to 65°45'N .. - 4 15 8 4 
1951 Norwegian Plateau up to 6so24'N " 1 23 51 12 
1954 Norwegian Plateau up to 65°45'N .. - 2 17 4 1 
1955 Norwegian Plateau up to 65°45'N .. - 27 42 17 1 
1954 Central basin up to 6s o 45'N ..... ' ... - 1 3 6 2 
1951 Lofoten shallow up to 67 <> 30'N ..... 3 13 17 15 2 1 
1954 Lofoten shallow up to 67 0 30'N ...... 2 15 9 5 4 
1955 Lofoten shallow up to 67°30'N ...... 3 42 54 10 2 
1951 Norwegian Plateau up to 67 ° 30'N . 2 10 27 12 
1954 Norwegian Plateau up to 67°30'N .. 5 23 20 13 4 
1955 Norwegian Plateau up to 67°30'N .. - 6 17 1 2 
1954 Central basin as far as 67°30'N ..... - 2 1 1 
1951 Central basin as far as 70° 50'N ..... - 2 15 44 64 21 3 
1952 Central Plateau up to 71 Q I D'N ...... - 62 225 132 53 14 9 
1953 Central Plateau up to 71 Q lO'N ...... 1 16 30 11 6 
1954 Central Plateau up to 71 ° lO'N ...... 6 17 19 9 4 
1955 Central Plateau up to 72°50'N 97 137 72 38 14 
1948 Westwards of Bear Island 

up to 74°20'N ........................ 2 40 87 81 37 7 3 
1952 Westwards of Bear Island 

up to 74°20'N ................... 15 19 3 3 3 
1954 Westwards of Bear Island 

up to 74 c 30'N .................... 
1955 Westwards of Bear Island 

up to 74°30'N ...................... 7 30 73 147 167 53 19 

Table 2 
Sizes of redfish larvae in the Norwegian Sea during 1934-1955, by month. (0/0) 

Length (mml 

3 ...................................... . 
4 ................................... . 
5 ..................................... . 
6 ................................ . 
7.............. . ................... . 
B .............................................. . 
9................ ............... . ......... . 

10 """"""... "".,,""""",,""" 
11 """".""" .. """""""" .. "".""" .. 
12 ........................................ . 
13 .............................................. . 
14." .. ". "" " .. """. "".,,"" "" .. " " .. " 
15 ............................................... . 
16 " ... ,," .. """". 
17 ............................................... . 
18 """"""" 
19 ,,"""""""" """""""""""""". 
20 """""""""""" ..... """""""",, 
21 .............................................. . 

Number of specimens ...................... . 

April 

4·5 
12'9 
35·6 
28·0 
12·9 

5·3 

0·8 

132 

May 

0·3 
1-4 

10-5 
36·0 
37-2 
11·9 

1·7 
0·6 
0·3 
0'08 
0·05 
0·001 

8,566 

Months 
June 

0·2 
2·6 

13'3 
23-2 
1% 
15·8 
11·1 

7·0 
H 
2·0 
0·8 
0·2 
0'07 
0·01 

0'01 

8,886 

July 

0·8 
0-7 
0·5 
2·0 
4-7 

12·7 
28·0 
18'5 
14'2 
7'5 
4·0 
2·5 
1·8 
1·1 
0'2 

0·8 

600 

August 

9·8 
9·8 
9·8 

11-8 
25-5 
5·9 
3·9 
3-9 
9'8 
3'9 
3'9 
2'0 

51 

15 

1 

Number of 
specimens 

429 

29 
33 

16 

19 
41 
31 
87 
24 
88 
12 
51 
35 

III 
51 
66 
26 
5 

149 
495 

65 
55 

360 

258 

46 

2 

497 

Number of 
specimens 

26 
148 

1,158 
4,312 
5,303 
2,813 
1,649 
1,212 

764 
462 
229 

95 
31 
18 
8 
1 
1 

5 

18,235 
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Figure 2. The sizes of redfish larvae by areas, in total, 
during 1934--1955. 

(Whole line = May; dashed line = June) 
1. Vesterruen Bank 5. Somya Bank 8. Western slope of 
2. Andenes Bank 6. Kopytov area the Bear Island Bank 
3. Malangen Bank 7. Westwards of 9. Southern slope of 
4. Fug10y Bank Kopytov area the Bear Island Bank 

greater than 1000 m. It is characteristic that in the 
catches taken from the coastal areas in late April, no 
redfish larvae were found. The length of the larvae, 
6-8 nun, suggests that they had been recently released. 
Most of them had a length of 7 mm, and some posses
sed a small oil globule. It may be noticed that larvae 
taken in the Kopytov area from a S. mentella female 
ready to liberate larvae had a length of 7 mm. 

On the basis of observations of the maturity of S. 
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1937 V 621 
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Figure 3. The sizes of redfish larvae in the Kopytov area 
and westwards in different years. 

(Whole line = May; dashed line = June). 

mentella females, the occurrence of spent individuals, 
and the appearance of larvae in plankton hauls, 
Sorokin has. come to the conclusion, that in 1959 mass 
liberation of S. menteUa larvae commenced in the 
period between 25. April and 2-3. May. Most of the 
larvae were 7-8 mm long. Single specimens showed a 
length of 6·5 mm. 

In May the larvae occurred in the catches in in· 
creasing numbers. 

As yet it cannot be said definitely to what species of 
redfish the larvae belonged. It may, however, be sup
posed that most of them belonged to S. menteila, as 
great quantities of S. menteUa females, ready for the 
liberation of larvae, were found in that period in the 
Kopytov area, near the slope. 

Catches of larvae were made from 4. June to 16. July 
(see Figure 6, a and b). To the west of the section 
North Cape/Bear Island, larvae were collected in June, 
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Figure 4a. Distribution of the trawl catches in which young redfish of 5-10 em length were 
present in 1946-1957. The number of young caught during one hour of trawling is 

indicated by circles of different sizes. 
1 = S. marinus 3 = Species of young not identified 
2 = S. mentella 4 = 200 m isobath 

5 = 1000 m isobath 

Table 3 
Sizes of young redfish by month., in all areas of the Barents Sea during 1946-1957 

Months 
I II III IV V VI VII VIII IX X XI XII 

6 2 I I 
20 86 40 27 11 2 1 6 
26 225 108 48 81 3 2 5 5 
23 47 31 6 121 1 2 5 
37 67 27 8 31 1 7 13 
65 51 43 10 10 3 8 5 17 
55 44 29 5 II 7 1 1 2 10 19 
40 92 64 14 14 9 2 I 6 13 45 
45 127 72 13 6 7 I 7 4 14 46 
39 166 106 22 12 18 5 I 5 6 14 71 
65 184 173 44 18 15 7 2 19 16 35 68 

415 1095 695 198 316 64 13 6 33 48 104 295 

Total 

10 
193 
503 
236 
191 
212 
184 
300 
342 
465 
646 

3,282 
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Figure 4b. Distribution of trawl catches containing young redfish of 11-15 em length in 
1946-1957. The number of young caught during one hour of trawling is indicated by 

circles of different sizes. (For key, see Fig. 4a.) 

Table 4 
Sizes of the young redfish from trawl catches, by areas, in total, during 1946-1957 

Sebastes marin us Sebastes mentella Total -. • -. • " " " ~ " " .", '" ,,~ '" ". . . ;;~ .. -i:i e 0 .- eo CiI :i:j s. s. 
" " " c g ~ "@ ~ " ~ ~ " " " " 1l ~ marin us mentella -5~ " . . ~ u ° !: " . ~ u ° - " ""' ~. ;;J:"' ;::Z "'" §. ;;J:"' ;;J:Z 0_ 00: Z"O Z"O 0_ 00: z"O Z"O "'0 "'0 

6 1 1 2 8 2 
118 14 8 1 34 15 3 141 52 
235 24 39 1 163 36 2 3 299 204 
124 2 25 16 56 5 1 7 167 69 
92 2 31 46 10 1 9 171 20 

118 8 41 34 3 1 2 5 201 11 
111 8 35 20 3 1 3 3 174 10 
212 8 36 24 3 3 3 11 280 20 
227 8 37 46 4 5 8 7 318 24 
290 4 42 80 4 17 16 12 416 49 
316 5 66 146 26 19 41 27 533 113 

1,849 84 361 414 306 105 79 84 2,708 574 

111,2 

Grand 
Total 

10 
193 
503 
236 
191 
212 
184 
300 
342 
465 
646 

3,282 
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Figure 5a. Distribution of redfish larvae according to the data of vertical catch 
(bottom to surface) taken with the egg-net, and the surface isotherms in April! 
May 1959. The dashes indicate absence of larvae in the catch. Circles of 

different sizes indicate the number of larvae caught per haul. 

Figure 5b. Distribution of redfish larvae according to the data of oblique haul 
(25 m to surface) made with the egg-net from a boat circling for 10 minutes. 

April-May 1959. Key as for Figure Sa. 
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Figure 6a. Distribution of redfish larvae according to vertical haul data 
(bottom to surface) with the egg·net, together with surface isotherms in 

June-July 1959. Key as for Figure 5a. 
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Figure 6b. Distribution of redfish larvae according to oblique haul data (50 m 
to surface) with a perlon ring trawl; mesh size 3 mm; vessel circling for 10 
minutes. Surface isotherms in June/July 1959. Triangles indicate presence of 
larvae in the catch according to egg-net data. Circles of different sizes indicate 

the number of larvae caught per haul. 
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Table 5 
Sizes of redfi.h larvae during April! July 1959, by five-day periods (from catches taken by egg .. net 

aod ring trawl (0/0)) 

Month Five-day Length (rnillimetres) Number of 
period 6 7 8 9 10 II 12 13 14 15 16 specimens 

Egg-net 
IV 5 13-8 79-3 6-9 29 
IV 6 17-0 59-I 22-5 H 294 
V I 15-5 66-7 15-8 2-0 702 
V 2 22-6 48-2 27-9 l-3 448 
V 3 14-2 61-7 22-5 I-6 '"- 888 
VI 2 H 28-4 20-0 12-6 16-8 9-5 8-4 3-2 95 
VI 3 20-0 2H 24-0 16-0 9-3 8-0 1-3 75 
VI 4 0-8 6-9 10-0 26-1 23-1 18-5 10-0 3-1 1-5 130 
VI 5 H 23-8 33-3 28-5 4-8 +8 21 

Ring trawl 
VI 2 0-9 0-9 
VI 3 4-0 16-0 
VI 4 0-3 1-3 2-6 
VI 5 5-5 
VI 6 7-1 
VII I 

and to the east of this section in July. As can be seen, 
egg-net and ring-trawl catches do not show quite the 
same picture as to the presence of larvae in a given 
locality. That is why, in order to obtain a more ob
jective picture, the results of catches by the two gears 
are given separately. 

In June 1959 redfish larvae were distributed over a 
large area. They were observed in the north as far as 
75°N; they may have occurred further north, but the 
"Tunets" did not operate there. Larvae were also cap
tured early in July in the coastal branch of the North 
Cape Current, but only as far as 300 E_ In the first half 
of July larvae were not found further east. 

The presence of small, 6--7 mm long redfish larvae in 
the egg-net catches (Table 5), suggests that liberation 
continued during June, especially in the first half of 
this month. Besides small larvae, a considerable part of 
the catches consisted of rather large specimens, 9-11 
mm long. The longest larva found measured 14 mm. 
The ring trawl brought even larger specimens, of which 
the overwhelming majority measured 11-13 mm, and 
tbe largest 16 mm_ 

During April and May the redfish larvae remained 
below the surlace and not at the surface, irrespective of 
the time of day. When sampling with the egg-net on a 
boat circling for 10 minutes, more larvae were caught, 
as a rule, in the 25-0 m layer than at the surface. 
During the operation both the nets were fastened to 
one wire, so they could operate simultaneously. 

A similar vertical distribution to that of redfish 
lalVae had formerly been noticed in the distribution of 
larvae of cod, saithe, and others. A comparison of the 
temperature, salinity, oxygen, and phosphate content 
at the sutface and in the 25 m layer reveals that the 
temperature, salinity, and oxygen values were some-

8-8 37-2 22-2 19-5 1-8 0-9 0-9 113 
8-0 28-0 20-0 16-0 8-0 25 

1H 33-1 . 29-8 10-2 5-2 0-4 695 
8-3 25-7 33-9 18-4 6-4 0-9 0-9 109 

28-6 21-5 7-5 21-5 7-1 H 14 
33-3 33-3 33-3 6 

what lower in the 25 m layer than at the surface; the 
phosphate content was somewhat higher. 

From the above it may be concluded that redfish 
lalVae make their first appearance in the plankton 
hauls in the second half of April on the north-western 
coast of Norway, south-west of the Kopytov area and 
in the eastern part of the central Norwegian Sea. Later 
on they are to be found further to the north and east, 
and in July/August they reach 76°44'N within the 
Spitsbergen Current and the longitude of Teriberka in 
the Barents Sea area. 

The most intensive reproduction of redfish occurs in 
May; in June liberation of larvae is continued, though 
on a less intensive scale, in almost all areas of the Nor
wegian Sea_ Small, recently liberated larvae of 5-7 mm 
length are still being encountered in August, along with 
the earlier liberated larvae, the latter by then reaching 
the length of 10-16 mm_ 

The young redfish of 5-10 em and 11-15 em occur 
as far east as .. 35°-4Q°E iri. the southern Barents Sea 
and in the Bear Island/Spitsbergen area_ 

,The length composition of young redfish shows a 
curve with three peaks: 7-8 em, 12 cm, and 15 em. 
This is indicative of three age-groups: 1 to 3 years 
of age_ 

These investigations have allowed the areas and 
times of propagation and the outennost limits of distri
bution of the larvae and young redfish to be established_ 
However, it has not yet been possible to distinguish 
accurately between the different species of the redflsh 
larvae and young, which fact greatly hampers bio
logical studies. Therefore, further investigations in this 
field should first of all be aimed at the study of the 
earlier stages of development of the different redfish 
species, in order to find the right indices for discerning 
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:he specific composition of larvae and young fish. This 
~ill allow a more detailed knowledge of the biology of 
~ach species to be obtained and will consequently aid 
n finding new areas for redfish exploitation. 

Summary 
The contribution is based on the material collected 

)y the Polar Research Institute of Marine Fisheries 
md Oceanography (PINRO) during 1934-55 and in 
. 959. The data obtained on larvae and young of red
'ish have been worked up and have resulted in the 
'ollowing conclusions:-

1. Larvae of redfish usually appear in the plankton 
lauls in the second half of April off the north-western 
oast of Norway, south-west of the Kopytov area, and 
n the eastern part of ,the Norwegian Sea. Later on 
hey can be found further north and east, reaching 
he latitude of 76°N in July-August within the Spits
lergen Current and the longitude of Teriberka in the 
~arents Sea. 

2. The most intensive reproduction of redfish occurs 
[1 May; in June liberation of larvae is continued in 
lmost all areas of the Norwegian Sea, though less 
ltensively. Small, recently liberated larvae 5--7 rom in 
:!ngth can still be encountered in August, together 
,ith the earlier liberated larvae, which by then have 
eached a length of 10-16 mm. 

3. Young redfish of 5-10 cm and 11-15 cm occur "-" 
ir east as 35°-40oE in the southern Barents Sea and 
1 the Bear Island/Spitsbergen area. 

4. The size composition of the young redfish shows a 
urve with three peaks (7-8 cm, 12 cm, and 15 cm) 
orresponding to the three age-groups of 1 to 3 year
ld fish. 
5. Thus, as a result of these investigations the areas 

nd times of propagation of redfish larvae and young 
ave been established; the size composition of the 
:mng fish and some ecological features have also been 
lucidated. 
It should, however, be understood that the methods 

f identification of larvae and young of redfish have 
ot been fully developed, a fact which makes the study 
r their biology more difficult. Therefore, the studies 
f the earlier stages of development of various redfish 
)ecies should be continued, in order to establish some 
Ldices for identifying the species to which the larvae 
rId the young belong. This will, in turn, allow more 
,tailed knowledge of the biology of each species to be 
lined and will help in finding new areas for redfish 
cploitation. 
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3. 

Distribution of Redfish Larvae in the Western Barents Sea 
By 

JOHN CORLETT 
Fisheries Laboratory, Lowelitoft 

Introduction 

The research vessel "Ernest Holt" has worked in the 
western Barents Sea since 1949 and plankton hauls 
have been made on most cruises. No special hauls were 
made for redfish larvae, but many have been caught 
during other work, particularly during studies of the 
distribution of cod larvae between the Bear Island 
Bank and the Norwegian coast in 1952, 1957, and 1958. 
This paper is an account of the distribution and lengths 
of the larvae collected, followed by a short discussion 
of the related distribution of adult redfish. 

Method. 

The following nets have been used:-

(i) A 1 metre stramin net, towed at about 2~ knots 
for thirty minutes with a Kelvin tube recording 
the maximum depth of towing. 

(ii) A 1 metre net of No. 0 bolting silk (40 meshes to 
the inch), non~closing, hauled vertically. A flow
meter was sometimes used but as it was not used 
on all the cruises considered here the actual 
catches are quoted: where the flowmeter was 
used the corrections made no difference to the 
pattern of distribution. 

(iii) A pair of 1 metre nets joined together by a 
"spectacle" frame: in June 1952 the nets were 
made of mosquito netting of about 30 meshes to 
the inch. 

(iv) A modified Gulf III plankton sampler as descri
bed by Bridger (1956), towed at about 5 knots 
and referred to as the High-Speed Tow Net 
(H.S.T.N.). 

(v) A Hensen egg-net with silk of 60 meshes to the 
inch or a similar smaller net with 40 cm dia
meter top-ring was used on all cruises but did 
not catch many larvae. 

The plankton samples were preserved in 2 % neu
tral formalin and, after sorting, the fish larvae were 

preserved in 70 % alcohol. Measurements were made 
to the nearest millimetre below and are quoted as such 
in the length distribution: where the mean length of a 
sample is quoted 0·5 mm has been added to the mean 
calculated from the measurements. 

It was not found possible to distinguish between the 
larvae of Sebastes marinus and S. mentella (see Discus
sion). A few larvae had the pigment spot on the tail 
which Dr. Timing (this section) considered to be the 
distinguishing feature of S. viviparus larvae. The pre
sence of this spot in most larvae of S. viviparus has 
been confirmed by examination of larvae taken from 
ripe females of this species from the Faroes. 

Distribution 

1949. Sebastes larvae were collected only between 
31. May and 10. June, when tows with aIm stramin 
net were made west and south of Bear Island (Figure 
I). The larvae were most abundant over the deep 
water west of the bank in the West Spitsbergen Current 
and few were taken on the bank. The tows were made 
with different lengths of wire but the net was not a 
closing one, so little can be said about the depth 
distribution except that most larvae were caught in 
hauls where the net was mainly in the top 80 metres. 
The length distribution (Table I), with a mean of 
7·80 mm, shows that many of the larvae had been 
recently liberated, since at that time they are about 
5 mm long. Larvae with the pigment spot on the tail 
were taken only at one station on the Troms0 Plateau 
(V in Figure 1). 

1952. Between 19. and 22. June a line of stations 
was worked from Bear Island to the Norwegian coast 
using the 1 m spectacle net hauled vertically from be
tween 400 and 100 metres (Figure 1). The numbers 
on the chart are the mean numbers of Sebastes larvae 
per net per station. The largest catch was in 72°34'N, 
16°20'E where the temperature was 7·60°C at the 
surface and 4·20°C at 410 m, near the bottom. Surface 
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Figure 1. Rcdfish larvae, average numbers per net. 

Table 1. Lengths of redfish larvae 

Locality Net 
Number Percentage at each length (nun) Mean Standard 

measured 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 l(~~~ deviation 

Bear Is. till Strarnin 354 25 35 24 11 3 <1 <1 7'80 1·15 

Bear Is. 
Channel 1 mMoSQ. 338 <1 8 27 39 16 6 2 <1 <1 8'48 1'22 

Malangen 1 mSilk 35 3 63 31 3 6·84 
Bear Is. 
Channel 1 m Silk 66 3 36 50 9 2 7'20 
Malangen 1 m Silk 19 - 16 26 32 11 II 0 5 8·45 
Bear Is. t ill Silk 14 14 29 14 21 7 0 14 14'86 

Malangen 1 m Silk } 32 6 19 75 8·19 0'60 
Bear Is. t m Silk 
Channel H. S. Tow 189 3 8 21 41 23 3 <1 8·35 1·06 
Bear Is. H.S. Tow 116 3 5 18 17 22 21 9 3 3 <1 12·31 1·78 
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Figure 2. Redfish larvae in 1 m silk net (single or upper number) and High-Speed Tow Net (lower number), 

temperatures on the lines ranged from s·ooe in the 
north to 9·8°e near the Norwegian coast. The length 
distribution (Table 1) shows that most of the larvae 
were between 7 and 9 mm. 

On the previous cruise, during the search for cod 
eggs and larvae between 23. and 25. April, 17 stations 
were worked northwards from the NOIwegian coast 
with horizontal and vertical nets (dashed line in Figure 
1). Cod larvae were caught at several stations but no 
Sebastes larvae were found. 

1957. In late April and May the western Barents 
Sea was covered extensively with hydrographic sections 
and plankton hauls. Vertical hauls with the 1 m silk 
net were made at all stations, usually from 600 metres 
or the bottom, and 10 minute oblique hauls with the 
High~Speed Tow Net were made at most stations south 
of 72°N. Figure 2 shows the distribution of Sebastes 
larvae and it will be seen that the majority were taken 

in the West Spitsbergen Current west of the Norwegian 
coast and the Bear Island Channel. A line of stations 
in 79°07'N between 5°38'E and lOoE (not shown on 
the chart) produced no larvae. At the station in 
73°02'N, 14°40'E, where 66 redfish larvae were caught, 
the depth was 684 metres, the temperature being 
5-49°e at the surface, 4·34°e at 400 metres and 2·05°e 
at 636 metres. The hydrographic data for this cnUse 
and the following one are in M.A.F.F. (1957). which 
shows that the surface temperatures at the stations on 
the line between the Norwegian coast and Bear Island 
and westwards, worked between 29. April and 9. May, 
were between 4.60 and 6·3°C. The larvae were mostly 
in the 6 mm and 7 mm groups (Table 1) and so had 
been recently liberated. Only one larva had the caudal 
pigment spot and that was taken off the Norwegian 
coast near Malangen. 

On the next cruise in late June and early July some 
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of the stations worked on the previous cruises were 
repeated (Figure 2). The High-Speed Tow Net tows 
were for 20 minutes on this cruise. The section in 
79°07'N (not in chart) again produced no larvae. Few 
Sebastes larvae were caught and they were in two 
groups. The twelve caught west of Bear Island ranged 
in size from 12 to 18mm (Table 1) and had probably 
been carried there from an earlier spawning further 
south. Off Malangen the 19 larvae were smaller, inclu
ding seven with the caudal pigment spot, suggesting 
more recent spawning. The surface temperatures were 
7·2°C off Malangen and 6·3°C at the station west of 
Bear Island where the larvae were caught. 

The sections worked in May were repeated in August 
(except that west of the Bear Island Channel) but no 
Sebastes larvae were caught. 

1958. In late April and May vertical hauls from 100 
metres with the 1 m silk net and 20 minute tows at 
about 100 metres with the High-Speed Tow Net were 
made between the Lofoten Islands and the Bear Island 
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Channel (Figure 3). As in previous years the largest 
catches of Sebastes larvae were over deep wa,ter in the 
West Spitsbergen Current. The mean length of the 
larvae was 1 mm greater than at the same time in 1957 
(Table 1), which suggests that the spawning was 
earlier in 1958: in the time after spawning the larvae 
would have drifted northwards. The surface tempera
ture decreased from 7°C off the Lofotens to 5°C in 
the Bear Island Channel. 

On the following cruise in late June and early July 
the same nets were used, the 1 m net hauls being made 
from the bottom or 600 metres: on the westernmost 
station west of Bear Island the 31 shown in Figure 3 
is the mean of three tows between 20 and 35 metres.. 
The distribution of larvae (Figure 3) is similar to that 
in June-July, 1957 (Figure 2), except that fewer were 
caught off Malangen in 1958. More larvae were caught 
in the tow net west of Bear Island and the length 
distribution has a wide range from 8 to 17 mm, with 
the peak between 10 and 13 mm. This suggests a long 
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Figure 3. RedIish larvae in 1 m silk net (single or upper number) and High-Speed Tow Net (lower number). 
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Figure 4. Surface currents, redfish larvae, and spring 
trawling area. 

spawning season, no spawning at the time and place 
of the collections, and transport of the larvae in the 
currents from a more southerly spawning area. The 
surface temperature was about 7°C west of Bear Island, 
6°C in the Bear Island Channel and 9°C off Malangen. 

No larvae were found on cruises in March when 
hauls were made off Malangen, or in August south of 
Bear Island and in 77°N off West Spitsbergen. 

Discussion 
Baranenkova et al. (1956) give charts of the distri

bution of Sebastes larvae over a large area of the 
Norwegian Sea and western Barents Sea, but give no 
information on dates Of numbers or lengths of larvae. 
They include the area of the present study as onc 
where larvae were caught at most stations occupied. 

Figure 4 shows the relation between the distribution 
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of the larvae caught by the "Ernest Holt" and the 
main current systems. Most of the larvae are in the 
West Spitsbergen Current off the edge of the conti
nental shelf. From this it seems that the spawning area 
extends from the Norwegian coast south of Malangen, 
to west of Bear Island, probably varying in extent from 
year to year. Most spawning occurs between 72° and 
73°N. From the spawning area the larvae will be 
carried northwards towards Spitsbergen and north
eastwards towards Hope Island, and indeed the young 
bottom stages have been found in autumn on the West 
Spitsbergen banks and on the Bear Island and Hope 
Island banks (Trout, this volume) . 

From the sizes of larvae caught in late April in 1957 
and 1958 (Table 1) it appears that spawning began 
towards the end of April. Some larvae of 6 and 7 rum 
were caught at the end of May and until mid-June in 
1949, 1952 and 1957, showing that spawning was 
continuing. No newly liberated larvae were found in 
July in the areas sampled, which did not include the 
main spawning area. These observations suggest that 
the main spawning takes place between 20. April and 
20. June. 

The area and time of the largest catches of small 
larvae fit well with the Soviet spring trawl fishery for 
redfish in the "Kopytov" area, which has been descri
bed by Travin (1957), Surkova (1957), Adrov (1957), 
and Baranenkova (1957). The area of best catches in 
that fishery in 1952, 1954 and 1956, shown in Figure 
4, is taken from charts in the papers by Adrov and 
Baranenkova. The main fishing area is at the edge of 
the shelf, close to the centre of distribution of the 
larvae. According to Travin the best fishing in the 
Kopytov area takes place from April to June, with the 
heaviest catches usually in May though occasionally in 
April. All the Russian authors quoted here agree that 
the bulk of the catch in the Kopytov area consists of 
Sebastes mentella with some S. marinus, while Bara
nenkova's charts show that more S. marinus are caught 
further south off the Norwegian coast, from Malangen 
eastwards into the Barents Sea. S. viviparus are caught 
in the shallower water of the Malangen bank. Surkova 
says that catches of S. mentella in the Kopytov area 
are 70-90 % males and "females predominate in the 
catches during February and March, i.e. up to the 
beginning of the intensive fishing season and in June 
after the fishing has ceased. They do not fonn dense 
and permanent concentrations in the Kopytov area." 
Both Travin and Surkova say that no spawning area 
of redfish has been found, although Surkova says that 
mature females with larvae have been found in the 
area in April and May. However, the evidence pre
sented in this paper points to the fact that there is a 
spawning area of redfish in the Kopytov area, and it is 
suggested that the absence of females from the trawl 
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catches is a result of their behaviour at spawning time. 
Probably they are pelagic over the Kopytov area and 
over the deep water to the west and so are not caught 
by the bottom trawls - although there would seem to 
be no reason why the males and females should be 
together at the time of liberating the larvae. 

It is unfortunate that it has not been found possible 
so far to distinguish between the larvae of S ebastes 
mentella and S. marinus, but the evidence from the 
trawl catches suggests that larvae of both species are 
present in the larval catches, with S. mentella probably 
in larger numbers. If the larvae of S. viviparus can be 
distinguished by the caudal pigment spot, then the 
little information presented here is confirmed by the 
catches of S. viviparus reported by Baranenkova from 
the coastal banks. It also seems that spawning of 
S. viviparus is later than that of the other species, since 
the newly liberated larvae were found mostly in June. 

Hydrographical conditions in the Kopytov area are 
discussed by Adrov (1957), and data for the plankton 
stations discussed in this paper are given in M.A.F.F. 
(1949, 1952, and 1957). Surface temperatures in the 
part of the West Spitsbergen Current between Malan
gen and Bear Island from late April to late June are 
usually between 5·0° and 7·5°C. The temperatures on 
the bottom between 350 and 450 metres are between 
3° and 5°C in the Kopytov area in May, and Adrov 
states that the optimum temperature for the congrega
tion of redfish in the area is 40 to 5°C. Temperatures 
between 4° and 5°C occur not only on and near the 
bottom but throughout about 150 metres of the water 
column over the Kopytov area and over the deeper 
water to the we:;t where liberation of larvae takes place. 

Summary 

The distribution of Sebastes larvae caught in various 
plankton nets between the Lofoten Islands and the 
Bear Island Bank in 1949, 1952, 1957, and 1958 is 
presented. 

Most lalVae are caught over deep water to the west 
)f the continental shelf. 

From the size distribution of the larvae it appears 
that liberation of larvae takes place throughout the 
area. The spawning area may vary in extent from year 
to year, but it is mostly between 72°N and 73°N. Most 
spawning occurs between 20. April and 20. June. 

This area and time coincide with the large Soviet 
trawl fishery for redfish in the Kopytov area on the 
edge of the shelf. This fishery is mostly for male Sebas
tes mentella. It is suggested here that the females, when 
spawning, are in the same area but in mid-water. 

Temperatures in the Kopytov area are between 30 

and 5°C on the bottom in May, and surface tempera
tures in the area of larval concentrations are between 
5° and 7·5°C between late April and late June. 
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4. 

Redfish Larvae from Ocean Weather Station "A" in 62°N,33°W 
By 

JOHN CORLETT 
Flaherlea Laboratory, Lowe.toft 

British Ocean Weather Ships have been taking their 
tum with ships of France, the Netherlands, and Nor~ 
way in manning Ocean Weather Station "A" since 
1955. While on station the British ships make plankton 
hauls weekly, and this note concerns the redfish larvae 
from samples taken in 1955, 1956, 1957, and 1958. 

The net used is made of No.3 silk (60 meshes to the 
inch) and has a conical canvas top-piece with upper 
ring 40 em diameter and lower ring 50 em diameter. 
It is hauled vertically from 100 metres to the surface 
and theoretically filters 12·5 rnS of water in each haul. 
I t is a good net for collecting copepods and other 
small zooplankton but will catch only the smaller and 
less active fish larvae. The hauls are usually made in 
the dark but this is not always possible in summer. The 
centre of the ship's station is 62°N, 33°W and most of 
the hauls are made within 10 miles of this position. 
This is on the edge of the area considered by Henderson 
(this section, p. 216). 

The catch is presenred in 2 % formalin and the 
lanrae have been measured to the nearest millimetre 

below. The mean lengths quoted have 0·5 mm added 
to the value calculated from the measured lengths. 
None of the lanrae had the caudal pigment which was 
said by Dr. Timing (this section) to distinguish the 
lanrae of Sebastes viviparus in the eastern Atlantic and 
by Templeman and Sandeman (this volume, p. 241) to 
distinguish S. mentella in the western Atlantic. 

Table 1 gives the number and lengths of larvae 
caught in all hauls in April, May and June. Only one 
haul was made in June, and no Sebastes lanrae were 
caught in several hauls in July 1955 and 1957. Surface 
temperatures were not recorded regularly by the ships 
on this station; they were between 5·8°C on 29. April 
and 7·2°C on 13. May in 1955, and between 6·6°C on 
16. May and 7·8°C on 31. May in 1957. 

The most that can be said from the scanty data is 
that liberation of larvae takes place between mid-April 
and the end of May, and more lanrae were caught in 
1956 than in 1955. They were probably the larvae of 
Sebastes marin us. 

Table 1 

Year Date 
Day or 
Night 

1955 7. Apr. N 
20. Apr. N 
28. Apr. D 

5. May D 
12. May D 

1956 19. Apr. N 
26. Apr. N 
17. May D 
24. May D 

1. June D 

1957 19. Apr. N 
25. Apr. N 

3. May N 
16. May N 
29. May N 

1958 6. May N 

Redfish larvae from Ocean Weather Station "A" 
Number 
caught 

0 
0 
0 
4 
2 

17 
46 

4 
5 
4 

6 
3 
4 
4 

12 

5 

6 7 

2 
13 

1 

4 
1 

8 

15 
30 

2 
1 

1 
2 
4 
2 
3 

5 

Length in mm 
9 10 11 

2 
2 

1 
1 
o 

1 
3 

2 
2 

3 

1 
2 

12 13 14 

o o 

Mean 
length, 

mm 

8·75 
9·50 

8·38 
8·19 
8·50 

10·70 
11·00 

7'50 
8·17 
8·50 
8·83 
9·92 

8'50 
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5. 

Summer Surface Distribution of Redfish Larvae 

in ICNAF Subarea 4, 1954-1955 
By 

L.R.DAY 
Fi&herics Research Board of Canada, Biological Station, St. AndrewlII, N. B. 

Surveys for fish eggs and young fish were carried out 
in the Bay of Fundy, Scotian Shelf, and Gulf of St. 
Lawrence areas of north-west Atlantic waters (ICNAF 
Subarea 4) in 1954 and 1955 from the Fisheries 
Research Board of Canada, Biological Station at St. 
Andrews, N.B. This paper is based on the collections 
of lalvae of redfish (Sebastes marinus L.) and deals 
with their distribution, abundance, and size. Dannevig 
(1919), Jean (1955), and Steele (1957) have pub
lished results of previous redfish larval collections in 
Subarea 4. 

Materials and Methods 

Collections were made with a I-metre, high-speed 
net (Gauld and Bagenal, 1951) towed at 4 to 5 knots 
for 10 to 15 minutes at the surface (high-speed tow) 
and a I-metre, conventional-type net towed at a to 2 
knots for 5 minutes at 20, 10, and 0 metres (3-level 
tow). Both types of nets had equal straining surface 
area and were made of grit gauze of 23 meshes per 
inch. A map of the area investigated is shown in 
Figure 1. 

1954 surveys were as follows:-
(1) "Mallotus" Plankton Surveys No.1, 9. to 24. 

August and No.2, 25. August to 14. September. 
Thirty-six inshore stations were occupied off the 
Nova Scotian coast between Canso and Yarmouth 
on each survey (Fig. 1). 

(2) "Sackville" Cruise No. 23, 18. August to 4. Sep
tember. Forty-one offshore stations were occupied 
in the Bay of Fundy off Nova Scotia, and in the 
Gulf of St. Lawrence (see cruise lines I to XII, 
inclusive, of Fig. 1). 

(3) "Sack ville" Cruise No. 25, 8. to 10. October. Eight 
offshore stations were occupied in the Bay of 
Fundy and off south-western Nova Scotia (see 
cruise lines I to III, inclusive, of Fig. 1). 

1955 surveys were as follows:-
: 1) upandalus" Cruise, 21. April to 4. May. 

"Mallotus" Cruise, 14. to 27. May. 
((Cowie" Cruise, 11. to 18. June. 

13" 

Twelve to 14 inshore stations (Fig. 1) were occu
pied from Grand Manan, N.B., in the Bay of 
Fundy, along the Nova Scotian coast, to Northum
berland Strait, to Shippegan Island, N .n., or to 
Miscou Island, N.B., in the Gulf of St. Lawrence. 
Only high-speed tows were made. 

(2) "Sack ville" Cruise No. 26, 12. June to 19. July. 
Sixty-two offshore stations were occupied in the 
Bay of Fundy, off Nova Scotia, and in the Gulf 
and Estuary of the St. Lawrence (see cruise lines 
I to XIV, inclusive, of Fig. 1). 

(3) "Sackville" Cruise No. 27, 14. August to 4. Sep
tember. Forty-one offshore stations were occupied 
in the Bay of Fundy, off Nova Scotia, and in the 
Gulf of St. Lawrence (see cruise lines I to XII, 
inclusive, of Fig. 1). 

Larval Distribution, Abundance, and Size 

Distribution 

1954: The distribution and abundance of larvae 
taken in the August to September cruises are shown in 
Figure 2A. Thirty-five of the total of 52 larvae were 
taken off south-western Nova Scotia, 32 in the vicinity 
of Roseway and LaHave Banks. Five larvae were taken 
in the deep waters at the entrance to the Bay of Fundy, 
6 in the deep waters between Sable Island and Ban
quereau banks, while 5 were taken along the deep
water Laurentian Channel in the Gulf of St. Lawrence. 
Of the 14 larvae taken during the two inshore "Mallo
tus" cruises, 6 and 8 larvae respectively were taken in 
the Roseway Bank area. In October a single larva was 
taken at the entrance to the Bay of Fundy in an off
shore cruise covering the entrance to the Bay of Fundy 
and south-western Nova Scotia (see Sections I to III, 
inclusive, of Fig. 1). 

1955: In the inshore waters between the Bay of 
Fundy and Gulf of St. Lawrence between April and 
June, only 25 larvae were taken. These were taken in 
the Gulf of St. Lawrence between Magdalen and 
Miscou Islands near mid-June (Fig. 2B). In the off
shore waters from June to July a total of 570 larvae 
were taken (Fig.2C). Greatest numbers (283) were 
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Figure 1. Map of the area investigated. 
Solid lines = "Sackville" cruises. Dashed lines = "Mallotus" plankton sUIVeys 

Open circles = "Mallotus", "Pandalus", and "Cowie" stations. 

from the deep waters in the north-eastern part of the 
Nova Scotian banks (sections IV to VII, inclusive). A 
tow on Banquereau Bank took 127 larvae. Of the 
remainder, 215 larvae were taken in the deep waters 
of the Gulf of St. Lawrence. From August to Septem
ber, 40 larvae were taken, 34 between Anticosti Island 

and Gaspe. None were taken on the south-western 
Nova Scotian banks (Fig. 2D). 

Abundance 

Throughout the area investigated larvae were most 
abundant (5·4 per tow) in the offshore areas in the 
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Figure 2. Distribution and abundance of redfish larvae collected in the surface waters of ICNAF Subarea 4 (Bay of Fundy, 
Nova Scotian banks, and Gulf of 8t. Lawrence). 

A. August-Scptember, 1954. C. June-July,1955. B. April-June, 1955. D. August-September, 1955. 
Large triangles = more than 10 larvae. Small triangles = less than 10 larvae. 
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Table 1 
Catch per tow of redfish larvae taken in ICNAF 

Subarea 4 in 1954 and 1955 

Number of tows Number Number 
Cruise High- Three- of of 

speed level Larvae Larvae/tow 
1954 

Aug.-Sept. (inshore) 72 72 14 0'1 
Aug.-Sept. (offshore) 35 31 37 0'6 
Oct. (offshore) 8 1 0'1 

1955 
Apr.-June (inshore) 39 25 0'6 
June-July (offshore) 52 54 570 5'4 
Aug.-Sept. (offshore) 28 36 40 0'6 

June to July period (Table 1). Other offshore cruises 
took 0·6 larva per tow except the October cruise where 
only 0·1 larva per tow was taken in the Bay of Fundy 
and on south-western Nova Scotian banks. The inshore 
cruise in the spring of 1955 took 0·6 larva per tow. 
This was due to the capture of 25 larvae in 2 tows in 
mid-June between Magdalen and Miscall Islands in 
the Gulf of St. Lawrence at a time when spawning is 
reportedly at its peak (Steele, 1957; Jean, 1955). 

Size 

The range in total length of the larvae taken in 1954 
and 1955 was from 4 to 19 mm (Table 2). The June 
and July period provided the greatest abundance of 
recently hatched (5--8 mm) larvae both on the Nova 
Scotian banks and in the Gulf of St. Lawrence. Com
parison of sizes suggests that f:pawning off south
western Nova Scotia is latcr than in the Gulf of St. 
Lawrence. However, spawning dOC3 occur in all parts 
of the area investigated as latc as the August to Sep
tember period. Spawning off south-western Nova 
Scotia apparently does not extend into October. 

Summary 

1. Six hundred and eighty-seven redfish larvae were 
collected in inshore and offshore waters in the Bay of 
Fundy, off Nova Scotia, and in the Gulf of St. Law
rence from August to October in 1954 and from April 
to September in 1955. 

2. In latc summer of 1954 larvae were distributed 
mainly off the south-west coast of Nova Scotia, while 
during the same period in 1955 they were found mainly 
between Gaspe and Antico,ti Island in the Gulf of St. 
Lawrence. 

3. In the spring of 1955 larvae were found only 
between Magdalen and Miscou Islands. 

4. In 1955 larvae were particularly well di,tributed 
throughout the area investigated in June and July (5·4 
per tow compared with 0·1 to 0·6 per tow for other 
seasons in the two years). By the August to September 

Table 2 
Size range of redfish larvae taken throughout ICNAF 

Subarea 4 in 1954-5S. Size was measured as 
total length in mm 

(Numbers of larvae in brackets) 

Bay of 
Nova Scotian banks Fundy 

Sections I II III IV V VI VII 
Period 

1954 
Aug.-Sept. 6-7 7-14 5-16 7-10 

(5) (3) (32) (0) (0) (0) (6) 
Oct. 19 

(1 ) 
1955 

June-July 11-12 8 6-10 5-9 6-9 6-16 
(0) (2) (1 ) (67) (39) (131)(113) 

Aug.-Sept. - 6-9 
(0) (0) ( 2) (0) 

Gulf of St. Lawrence 
Sections VIII IX X XI XII XIII XIV 
Period 

1954 
Aug.-Sept. 9-14 19 15 

(3) (0) ( 1) (1) (0) 
1955 

Apr.-June 7-21 
(25) 

June-July 7-16 6-15 7--ll 6-7 4-15 6-9 
(57) (97) ( 19) ( 13) (0) (17) (12) 

Aug.-Sept. 9-13 6-10 
(0) (4) (34) (0) (0) 

period, larvae were restricted mainly to the Gaspe
Anticosti area with some off the north-eastern part of 
the Nova Scotian banks. 

5. Comparison of numbers and lengths of larvae by 
~easons and areas confirms that spawning is heavy in 
the June to July period in the north-east portion of the 
Nova Scotian banks and in the Gulf of St. Lawrence, 
but may be later in the waters off Nova Scotia and in 
the Bay of Fundy. Spawning extends through to the 
August to September period in all areas sampled. 

6. Larvae at the surface were most abundant along 
the Laurentian Channel and over the deep waters of 
the offshore Nova Scotian banks. 
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6. 

The Fry of Sebastes in Icelandic Waters and Adjacent Seas·) 

By 

HERMANN EINARSSON 
Atvinnudeild Hask61ans. Reykjavik. Iceland 

Summary 
1. The paper is based on stramin net material col

lected by Danish and Icelandic research ships between 
1903-1939 and 1948-1952, from 1,787 stations situated 
mainly in Icelandic waters and the Irrninger Sea. 
Echo-records made during 1954-1958 from the area 
south and west of Iceland were examined. Plankton 
Indicator samples, taken in the Irrninger Sea in late 
May to early June, 1955, were studied. The stomach 
contents of young stages of Sebastes marinus were 
investigated. 

2. For the separation of the fry of S. marin us and S. 
viviparusJ Taning's criteria were used, i.e. the black tail 
spot in the small individuals and the differences in 
head armature in the larger specimens. Photographs 
of the differences are given in Plates I and II. No tail 
spots were observed in the S. marinus fry, and no diffi
culties were encountered in the separation of the two 
species in Icelandic waters. 

3. Distribution charts were prepared for each month 
April-September for Icelandic waters and for July and 
August for the Irrninger Sea. 

4. Photographs of selected samples of echo-records 
from the years 1954-1958 are given in an appendix. 
Plankton collections support the view that the traces 
in 5-30 m depth were mainly due to the presence of 
S. marinus larvae. 

5. The echo-traces could perhaps be evaluated 
quantitatively. According to the results discussed large 
numbers of S. marinus larvae were present in the 
Irminger Sea in 1954, 1955, and 1957, rather few in 

*) This paper was presented at the ICES--ICNAF Redfish Symposium, 
Copenhagen Oct. 1959, in two parts, entitled: 

Doc. E. 3. "Distribution, Abundance and Size of Young: Stages of 
Sebastes in Icelandic Waters and Adjacent Seas" 
,nd 

Doc. E. 13. "On the Environment of the Sebastes Larvae in the 
Irminger Sea". 

Now published in; Rit Fiskideildar, 2(7), title as above. 

1956 and very few in 1958. In the area south of Rey. 
kjanes which was investigated in 1956--1958, the larvae 
were abundant in 1956, few in 1957, and very few in 
1958. 1958 was an extremely poor year in both areas. 

6. Detailed measurements of marin us larvae are 
given in an appendix. During May and June the lengths 
lay within the narrow range of 5 to 15 mm, with aver
age sizes 9·29 and 7·63 mm respectively. In July the 
range increased very rapidly upwards to 38 rom and in 
August to about 60 mm. The average size for July was 
20·20 mm and for August 24·95 mm. Although a slight 
indication of modality was observed, it is thought that 
all the young stages of Sebastes caught by the stramin 
net during summer belonged to the a-group. It is 
suggested that food conditions may explain the sudden 
increase in growth-rate in July. The spawning seems of 
long duration, since small larvae, down to 7 mm, were 
found as late as July. 

7. The size variations indicate a strong effect of en
vironmental factors on the rate of growth in different 
years. 

8. It is pointed out that the extrusion of young 
S. marinus occurs mainly outside the 1,000 m contour. 
Although the temperature requirements postulated by 
Timing (3-8·5°C in 200--500 m depth) are fulfilled, 
fry may be absent or very scarce. This is supported by 
hydrographic data. An alternative hypothesis is postu
lated. 

9. Analyses of Plankton Indicator samples from 2 m, 
15 m, and 30 m depths at 60 stations in the Irminger 
Sea are given in an appendix. The following communi
ties were identified and characterized: (a) The Mixed 
Calanus Community, (b) The Pure Calanus Commu
nity, (c) The CalanuslThysanoessa Community, with 
a slope phase and an oceanic phase, (d) The Arctic 
Calanus hyperboreus Community. The young stages of 
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Sebastes marin us were exclusively confined to the 
CalanuslThysanoessa CommWlity. 

10. The results of the zooplankton studies are com
pared with the investigations of Gillbricht and Joseph, 
made in the Irminger Sea in 1955. The conclusions are 
thought to be mutually confinnative. 

11. Although adult calanoids and euphausids seem 
to feed on decaying matter, live phytoplankton seems 
to sustain a great wealth of juvenile stages of inverte
brates, which serve as food for the fish fry. Annual or 
monthly variations in the location and onset of phyto
plankton production are thought to be the main factor 
governing the size of the year-brood of S ebastes mari
nus, and the displacing of the production centre in 
1958 to the shelf waters, as shown by Mrs. Thordar
d6ttir, may explain the paucity of Sebastes fry in 
that year. 

12. The young Sebastes are selective feeders. Speci
mens, 8-14 mm in length, caught in the Inninger Sea 
in May, feed mainly on juvenile gastropods (Spiratella 
sp.) but also on copepod eggs and crustacean eggs of 
a similar size (about 150 /1). The gill rakers begin to 
develop at about 15 nun in length and the larvae retain 
their ability to filter this size category of organisms to 
about 30 mm. Samples from the middle of August 
showed them to feed exclusively on copepod eggs. Then 
they begin to take larger food. items exclusively, cope
podites, small copepods and even adult euphausids. 

Even small specimens may occasionally swallow sur
prisingly large food items. It is concluded that the 
yOWlg SebasteJ depend largely upon the propagation 
of copepods in July and August, and an onset of cope
pod spawning in July may explain the sudden increase 
in growth of the larvae. 

13. The fry of Sebastes marinus account for about 
90 % of the fish fry caught in tbe upper layers of the 
Inninger Sea. Accompanying species of the macro
plankton are discussed. It is pointed out how closely 
Sebastes marinus and ThysanoesJa longicaudata agree 
in distribution. 

14. Because of their relatively simple nature, it is 
thought that further studies of the Sebastes marin us 
larvae may contribute towards helping to elucidate the 
more intricate problems in coastal waters. 

15. Distribution charts for the months April-Sep
tember are given for the fry of Sebastes viviparus. It 
is a boreal "spawner", breeding inside the 200 m depth 
contour off the south and west coast of Iceland. The 
breeding intensity is very low. The "spawning" begins 
in May, gathers momentum in June, and reaches its 
peak in the beginning of July. At the peak about 20 
specimens were caught per 30 minutes in positive hauls 
and the survey averaged between 3-4 specimens per 
station. The growth of the young stages is extremely 
slow, the average increase in size being about 3 nun 
from May to August. 
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7. 
Recent Danish Investigations 

OD the Distribution of Larvae of Sebasfes marinus m the North Atlantic 
By 

VAGN KR. HANSEN and K. P. ANDERSEN 
Danish Institute for Fishery and Marine Reaeuch. Charlottenhlnd 

Introduction 
Since 1947 the Danish plankton investigations in the 

North Atlantic have, to a great extent, been carried 
out with one main purpose: to investigate the biology 
and distribution of the fry of Sebastes. It was Dr. 
A. Vedel Timing's plan to work up the very great 
material of Sebastes fry collected in these years in 
order to continue and round off the work and ideas 
published in his well known paper of 1949. Unfortu-

nately other tasks prevented Dr. Taning from working 
on the biology of Sebastes fry. He succeeded mainly in 
studying taxonomic problems. 

The present authors intend to outline only parts of 
the abundant Sebastes material collected since 1947. 
There has been too little time to treat the material as 
thoroughly as it merits. Yet it is thought fitting to 
present a preliminary report for this symposium. 

Material and Methods 

The present material was collected with a 2 m ring
net (stramin net). Only in a few cases was a high-speed 
tow net used. Unless otheIWise noted, the catches listed 
below refer to the 2 standard hauls, which were taken 
simultaneously. 

Haul I, 100-50-25 m wire, towed for 10 min. at 
each depth. 

Haul II, 200-150-125 m wire, towed for 10 min. at 
each depth. 

The upper net was fished for 30 min. at about 22-
5 m, the lower one at about 43-22 m depth. In no 
cases were closing nets used. 

With the exception of the year 1947 the material 
has been taken from four different sections:-
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1. A section from the Shetlands to the Faroes. 
2. A section from the Faroes to East Greenland 

along 62°N Lat. (the 62° section). 
3. The sections in the Davis Strait (Cape Farewell 

to Hamilton Inlet and northwards). 
4. Figure 1 shows the northern part of the section 

from Cape Farewell south-eastwards to about 
57°30'N, 40 0 00'W. The remainder of this section, 
from the position given to Ireland, is not shown 
as no SebaJtes were caught there. 

As the western part of the 62° section is the only 
area from which a really large amount of material is 
available, only a part of this material (from 1950 and 
1957) has been treated thoroughly and statistically at 
present. 
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Figure 1. Positions of stations 1-21 at the 62°N section and of the northern stations 24-18 on the 
Cape Far('wf'1l1 Ireland sl:ction. 



Year 21 

1947 7 
48 0 
50 19 
51 -
52 -

53 -
54 -

55 54 
56 32 
57 -

58 2 
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Occurrence of Sebastes Fry on the Four Sections (and Areas) 

1. Faroe-Shetland ChaDDel (Table 1) 

This section was studied yearly in June between 1946 
and 1957. With the exception of 1952 and 1953, the 
catches were poor. There appears to be no agreement 
between the yearly catches from thi:::: section and those 
from the others. But, of course, several conditions, such 
as differences in the time of the year, number of night 
and day hauls, etc, make comparisons difficult. 

The size range may correspond to the group of small 
larvae taken in the eastern part of the 62° section 
(from approximately the Faroes to the Reykjanes 
Ridge) allowing for the difference of time (1-2 mm 
smaller). A few of the larvae were of the same size as 
at extrusion (Ehrenbaum, 1936; Templeman, 1959). 

The size range of the small collection of Sebastes 
marinus fry taken in June from the coastal waters of 
the Faroes is identical to that of the larvae taken 
between the Shetlands and the Faroes. 

In four of the years, the Faroe-Shetland section was 
studied again later in the summer (July-August). By 
then the S ebastes larvae had almost disappeared. The 
same was true in November and December, 1951. 

2. The 620 section from the Faroes to East Greenland 
(Table. 2-5) 

A brief scrutiny of the length and frequency distri
bution of the Sebastes fry indicated quite interesting 
features, and some calculations were therefore tried on 
this material, which indicated that it was reasonable to 
stick mainly to the stations west of the Reykjanes Ridge. 

If it is assumed that the hauls taken from the Irmin
ger Sea each year are a random sample and that the 
numbers of Sebastes per haul are log. normally distri
buted, the Bartlett test indicates that it is very reason
able to assume that the variance is constant from year 
to year. The material was therefore arranged for an 
analysis of variance. Table 3 gives the figures of this 
analysis, showing a real difference in the yearly means. 

The material is split up into day and night hauls. 
The night figures indicate that the day and night 
variance are equal) whereas the mean night catch is 
about 5·1 times the mean day catch. 

In Table 4 the length distributions of the larvae are 
given for the years 1950 and 1957. An examination of 
these figures shows that a possible explanation of the 

Table 1 
Number and length of fry of Sebastes marinus in the Faroe-Shetland Channel 1946-1957 

Year Date Numbers Length (mm) Cruises at Numbers 5 6 7 8 9 10 11 12 13 15 22 30 other periods 
1946 26.-27. Aug. 0 
1947 10. June 3 1 19. July 0 
1948 19.-20. June 6 2 2 12.-13. Aug. 1122 
1950 31. May-2. June 18 5 9 3 17.-18. Aug. 0 
1951 8.-9. June 7 2 2 1 1 1 21. Nov.-13. Dec. 0 
1952 31. May-2. June 116 8 28 27 29 10 10 2 1 
1953 31. May-I 3. June 137 3 14 17 46 31 20 2 I" 
1954 4.-5. June 3 2 
1955 4.-6. June 43 2 11 22 6 2 
1956 19.-20. June 2 1 
1957 3.-8. June 10 2 2 4 

Total number 345 14 49 75 CO 64 47 23 6 3 
.., Plus 2 defective specimens. 

Table 2 
Number of fry of Sebastes (marinas) on the 62 0 section 1947-1958 

Number of stations (No. 21 off East Greenland, No.1 off the Faroes]' 
20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

116 120 13 - 421 40 - 124 1 20 0 0 
89 16 14 120 22 38 24 304 682 212 102 144 79 12 15 9 0 4 3 

106 87 136 69 419 618 477 164 1616 2041 342 1136 1681 84 88 267 39 3 
1136 1681 108 199 17 11 11 58 1 

58 32 - 367 - 270 805 65 231 72 7 2 0 
60 273 326 46 40 30 58 896 244 - 326 35 1 3 93 0 0 0 

2 4' 267 35 91 72 56 76 2 3 1 1 
47 17 169 245 - 397 221 80 0 21 0 0 0 0 0 0 0 
45 190 161 310 40 87 152 49 254' 15 3 3 0 0 2 0 4 0 
15 40 68 150 312 48 65 9 36 77 20 16 3 1 0 0 35 1 0 
46 8 23 170 24 12 58 53 86 172 16 0 1 0 1 0 0 

1) PositioDs of statioDs 1-21, sec Fig. 1. 
2) High-speed tow net. 

S 
2 
1 
2 
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Figure 2. Percentage of Sebastes fry of the total number of fish larvae at the 62°N section (St.l~os. 2-21) 
in 1950 and 1958. The numbers in the columns indicate the total number of fish larvae. 

irregularities is that three different groups of larvae 
are present. For 1950 and 1957 the three groups were:-

1950 1957 
mean to·6 mm mean ....... 11-2 mm 

a variance 2·3 mm2 a variance 2·3 mm2 ... ... 

b 
mean ....... 13·0 mm b mean ..... 140mm 
variance 2·0 mm2 variance 2-0 mm2 

mean ....... 16·6mm mean 18·7 mm 
c variance 5·6 mm2 c variance 3·5 mm2 ... 
It is also worth drawing attention to the influence of 

the Reykjanes Ridge on the length of the larvae in 
;orne years. It should be mentioned that this influence 
is not found every year. In 1950 a very pronounced 
:ifect was found, whereas the material from 1957 did 
lot show any effect whatever (Table 5). 

The annual fluctuations suggest that young redfish 

were extremely abundant in 1950, whereas 1958 was a 
very poor year. But the conditions in 1950 were also 
exceptional in other respects (Fig. 2), Sebastes being 
the only predominant component of the fish larvae, of 
which only 1240 other specimens were caught (12 % 
of the total material). It may be mentioned that the 
1950 year-class proved very important in the Green
land cod populations and the herring in Icelandic and 
Norwegian waters . 

In 1958 the total number of other species amounted 
to 1,972 specimens, which corresponded to 75 % of the 
total material. The predominant species were Mycto
phum glaciale and M. arcticum. 

In 1957 an exceptional inflow of Atlantic plankton 
took place. Figure 3 shows the conditions in the last 
part of June 1957. The quantity and the distribution 
of four important zooplankton elements are shown in 
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Table 3 
Analysis of variance of the total catches of Sebastes 

larvae from the 62°N section 0 
u 

" Day h a u I s 
u 
~"'..s:: 

~ 
~ 0 u 

u "~ -o S u 0_ • 
~ . o.i " 

u • u 

S o ~ ~ 0 '* ~ r:l • . " • • S S • S" Mu ." cu, 
u • " " " " 0-

u u • ~.S E :>< ~ <n <nil" <n " 0<: ;;-

n 8 58 
52 

55D r ,2 
n 

1947 5 8·13 15'07 13·23 1·84 4 0·46 29-216 
1948 7 10'68 17-09 16'30 0·79 6 0·13 27-147 
1950 7 16'15 38·14 37·24 090 6 0·15 162-887 
1952 3 5·70 11-29 10 83 0·46 2 0·23 41-544 
1953 7 13·23 26·04 25·02 1·02 6 0'17 62-340 
1954 7 9·89 16·72 13·98 2·)4 6 0·46 21-113 
1955 6 11-60 23-48 22·41 1·07 5 0·21 64-401 
1956 8 15·37 30·45 29·52 0·93 7 0·\3 71-345 
1957 9 15·29 27·71 25·96 1·75 8 0·22 44-198 
1953 8 10·45 15·66 13·61 2·01 7 0·29 17-84 

1I2 ::::: 2'64 (p t:: 1 %) 
s~ ::::: 0-24· si = 0·62 

Nigh t h a u 1 s 

1947 1 2·08 
1948 2 5·32 14·19 14-13 0·06 I 0·06 
1950 3 8'65 25·80 24·95 085 2 0·42 
1952 1 2·56 
1953 1 2-95 
1954 1 2·43 
1955 I 2·50 
1956 1 2·18 
1957 2 3·89 7·74 7·58 0·16 0·16 

si::::: 0-27 s~ ::::: 0·20 

the upper part, the catches of Sebastes larvae are shown 
in the row of figures immediately beneath, and the 
simultaneous temperature conditions in the upper 100 
metres, together with the lower level of the 2 m ring-
net hauls, are shown in the lower part. 

Inside the 200 m curve of the Faroes a neritic 
plankton occurred, dominated by Scyphomedusae, but 
larvae of Decapoda were also abundant. 

Table 5 
Mean length (mm) of Sebastes larvae at the 

different stations (see Fig. 1) 

Station 
No. 

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

10 . 
11 . 

Reykjanes Ridge 
12 . 
13 ......... 
14. 
15 ....... 
16 . 
17. 
18 
19 
20 
21 ... 

Mean length 
1950 

9·0 

11'1 

11-6 
11·8 
10·9 
10·8 
10·7 
10·0 

14·0 
15·1 
13·2 
13·8 
15·3 
13-3 
13'4 
14'2 
12·9 
14-1 

Mean length 
1957 

9·3 

14·5 
12-1 
13-0 

13-6 
14'0 
13-6 
14·5 
12·7 
13·2 
14·5 

11·0 

In the core of Atlantic water Salpa fusiformis and 
Doliolidae were absolutely predominant, but if they 
are carried into water of lower temperature, such as is 
found west of the Reykjanes Ridge, they die. (Later in 
the summer Salpa fusiformis were so abundant in the 
Faxa Bay that they sometimes prevented commercial 
fishing. ) 

In the oceanic water Aglantha and a few species of 
Leptomedusae (Halopsis ocellata and Laodicea undu
lata) always make up a considerable part of the macro
plankton. The conditions in 1957 did not favour the 
1957 year-class of redfish, judging by this material. 
(The total number of other fish larvae was 373, which 
corresponded to 29 % of the total catch of fish larvae.) 

Table 4 

mm 

a 
b 
c 

Total 

a 
b 
c 

Total 

6 7 

12 34 

12 34 

2 

2 

Length distribution of Sebastes larvae 
1950 

8 9 10 11 12 13 14 15 16 17 18 19 

78 280 475 580 310 80 40 10 
10 32 65 186 299 222 65 35 10 

50 150 178 190 148 92 87 

78 290 507 645 496 429 412 253 225 158 92 87 

1957 
10 29 55 70 65 33 12 3 

5 21 35 47 35 24 5 
4 7 14 25 21 

10 29 55 75 86 68 59 42 31 19 25 21 

Total 
20 21 22 23 24 number 

1,899 
924 

34 18 10 6 3 966 

34 18 10 6 3 3,789 

279 
172 

9 6 3 5 94 

9 6 3 5 545 
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ml 

haul. 

c::::::::J Salpa fusiform is I Doitolidae. 

k~~;:';'w@ Aglantha digitale.laodicea undulata,otherMedusae. 
~CYQnea capillota, Aurelia Gurlta. 

f\;)f-I __ 'C7_--< 

_Other zooplankton esp.Crustacea. 

, 5.00 

------------~=-~-

Reykjanes Ridge. 

- - - - -lower level of the haul •. 
Figure 3, Quantity and composition of macroplankton, number of Sebastes marin us fry, and temperature in the upper 

100 m at the 62°N section, 13. June-3. July 1957. 

The influence of the Reykjanes Ridge (near station 
No. 12, Fig. 2) on the occurrence of the redfish larvae 
is evident. 

3. The VI est Greenland waters (Tables 6-8) 

In 1950 and every year since 1952, the IIDana" has 
made sections in July in West Greenland waters. S eba
stes larvae have been found only on the sections south 
of the Hoisteinsborg section, Section I (Fig. 5). 

As seen in Figures 4 and 5 the Sebastes fry is 
restricted in its distribution to the water masses of 

Atlantic origin. Consequently, in some years only a very 
few are transported north of the Frederikshab section, 
or, in other years, north of the Fylla Bank section. The 
distribution in July 1950 is given by T,ming (1951). 

The total material from the West Greenland waters 
is tabulated in Table 6. As the length of the sections 
differed from year to year, especially in the southern 
region, the variations in the total yearly catches cannot 
be compared. The stations between Cape Farewell and 
65°N (Section II) were well scattered in 1950 and only 
taken in the eastern part of the area. Only in 1953-
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65° 

m" 

60° 

34 

• _164 

"20 4° 

y~ 
177 

- 178 
14 

50° 

45 
-62 

65 

55 

DANA, JULY 6-211954 • 1~2~4~ ISOTHERMS IN 50 M. 
NO. OF SEBAST ES )f Negative hauls 

• Positive 

Figure 4. The quantitative distribution of fry of S, marinus in 
West Greenland waters, July 1954. 

Table 6 
Number of fry Sebastes (marinas) on the standard 
sections (I· IV) in the Davis Strait, 1950-1959, and 

on Section V I) 

Sections 
I II III IV V 

~~ 

'" E " " - .Q "-
Year Date 0 " •• ~.9 

July 1 " -" .;; ~ " > ~ " • ~ .0 ~ I=: '"0 

'" "-'=: 
" • " ] [~ ~.g ~ .. 
~ ." 

-0 ~ " tl~> '0 
" - t'3~ ~ on "- "- f-< "'on~ f-< 

1950 2--6 0 0 6 24 30 701 731 
1952 6-12 0 0 7 105 112 102 41 255 
19532 ) 2-16 0 0 1 122 123 183 291 597 
19542 ) 6-21 0 0 2 24 26 481 138 645 
19552 ) 9-23 0 1 3 47 51 373 112 536 
1956 10-18 0 0 10 253 263 2 265 
1957 7-18 0 18 185 248 451 14 465 
1958 12-23 2 3 33 23 61 2 63 
1959 10-20 0 0 8 6 14 92 29 135 
1) Positions of Sections I-V, see Fig. 5. 
2) The whole Section V was made only in 1953-55. 

60° 

65° 

60° 

., 
74 -9 - ~4° 

~. -4 
78 '\ 

V. 
50° 55 

DANA,JULY 9-23 1955 1~2~4~ ISOTHERMS IN 50M. 
NO.OF SEBASTE 5: X Negative hauls 

• Positive 

Figure 5. The quantitative distribution of fry of S. marinus in 
West Greenland waters, July 1955. 

1955 was the full length of the Cape Farewell/Hamil
ton Inlet section (Section V) worked (7-9 stations). 
In these years by far the greatest number of Sebastes 
wa<; caught in the southern region. A considerable part 
of Section V was worked in 1958 (6 stations) but in 
the rest of the years (1950, 1952, 1956, 1957, 1959) 
only a few stations were occupied; consequently only a 
small portion of Sebastes was taken in this area. 

In the region of Section IV (FrederiksMb section) 
and northwards, the positions and length of the sections 
are practically constant and the yearly variations are 
dependent on the inflow of water of Atlantic origin. 
The collections suggest that Sebastes were extremely 
abundant in 1957. There was also a correspondingly 
successful year-class of cod in that year. 

The size range of the populations taken on the dif
ferent sections usually indicates a decrease of length, 
going northwards, (Table 7). The size distribution in 
the whole area indicates that the greatest part of the 
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Figure 6. Positions of St. 7305-7314, 22.-25. July 1950 
(see text). 

Table 7 
Mean length of fry of Sebastes marinus In 

West Greenland waten in 1954 and 1955 
Section 

(Positions, see Fig. 5) 

II and III .............. . 
IV ........... . 
Between IV and V .... 
V 

Mean length, mm 
1954 1955 

9-5 
11·0 10·4 
12·5 11·9 
11·9 11-6 

population belongs to the group of low mean length 
mentioned, group a (Fig. 8). 

Of particular interest is the material collected in the 
period 22.-25. July 1950 (Table 8, Fig. 6). The Seba
stes from St. 7305-7309 were of the same size range 
(the individual of 26 mm length was caught at St. 
7309. where five other large specimens were taken, 
measuring 9, 12, 13, 15, and 16 mm respectively) whilst 
the size distribution of the material from St. 7311 and 
St. 7314 was quite different, indicating quite another 
population. 

4. The section Cape Farewell/Ireland (Table 9) 

In 1952 and every year since 1954, the "Dana" has 
worked a section from Greenland to Ireland III 

about the middle of August (see Fig. 1). During these 
cruises Sebastes larvae were found at only 10 stations 
(19 hauls), all of which were situated north of 
57°30'N, 40 0 00'W. Every year series of deep hauls, 
with a max. 1400 m of wire, have been taken at about 
the position given above. Only in three deep hauls were 
Sebastes larvae caught and then only one specimen 
per haul. 

With the exception of the hauls at St. 10.053, 3. 
August 1956 (see Table 12), where 62 specimens were 
taken in the upper standard haul and 104 specimens in 
the lower one, the catches of SebaJtn larvae in this 
area have been remarkably poor and the populations 
were restricted to the surface layers. The size range 
\'aried very much, from 10 mm to 40 mm. 

o 
~ 

'" ~ 
'" N 

~ 

N 

1;;; 
on 

-" N 

~~ 
j ~ 

N 

N 
~ 

'" 
I~ 

I '" 

I ~ 

I _ 

on 

IN 

I on 

I 0 

I ~ 

N ~ 

s .,. 
'" N 

I I 1-

;;! I 1 I I I 

eo IIIN 
~ 

,..... I I I C"') 
~ 

-5 co 
MN 

" ""' "N .,. 
N 

~ 
N 

N 
N 

o 

I I I"<t< I 

I-

I I _ I 

I I I O'l I 

I I I Ll") I 
N 

ICON 

I I I C'I_ 

I I I to C<"l 

I I I t- on 

I I 10_ -
I I 1 I I 

I I I "<t< 

I I I I_ 

I I I ..... 1 

111,7 

• 



- 208 -

Remarks on the Oceanic Distribution 
In J unc-July 1947, a cruise was made in the N Drth 

Atlantic between 500 N and 62°N and westwards to 
about 45°W. Taning (1949) has discussed the outlines 
of the S ebastes problem in the ocean, based mainly 
upon the material from this cruise. His conclusions 
were, as is well known, that the postlarvae in the area 
described in this paper, are abundant only above areas 
where the temperatures of the water in depths of 200 
to 500 m are between 3-4°C and 8-8·5°C. 

Figure 7 shows the catches of Sebastes fry in the 
standard hauls (number per hour) at all the stations 
worked up. The importance of the bottom configura
tion is evident, since the greatest catches which were 
taken in the slope areas of the Irminger Sea (28.-29. 
June) may have accumulated by transportation from 
the surrounding areas. As this material is so important 
for the W1derstanding of Taning's theory, we have 
listed the total material in detail in Table 10. Con
cerning the material from 1947 of fry of Sebastes vivi
fJarus and other Sebastes fry with ventral caudal 
melanophores vide pp. 214--15. 

In Figure 8 is [hown the occurrence of the three size 
groups, mentioned previously, in the 1947 material. As 
comparable material does not exist for the West Green
land waters for all the years since 1947, the conditions 

Positive Negative 
stations stoffons 

for 1954, 6.-21. July, are demonstrated. The three size 
groups suggest repeated "spawnings". The distribution 
of the size groups indicates that all three groups occur 
in the areas in which S. marin us fry is found in abund
ance. In the slope areas the Hspawning in situ" may 
cause an accwl1ulation of fry from different "spawn
ings"; in the intervening oceanic regions (such as the 
Irrninger Sea) the large populations found may origin
ate from the surrounding slope areas. But outside these 
areas the transport possibilities are slight and the 
populations consist of only one size group (sometimes 
two). 

In the West Greenland waters size group a has been 
the only important group in the years investigated 
(1950, 1952-1959); only at 1-3 stations per year were 
more than one size group found. 

The vertical distribution (Tables 10-12) 

In the area in which the maximum abundance of 
Sebastes fry has been found, i.e., on the 62° section 
from a little east of the Reykjanes Ridge and west
wards, a shallow scattering layer is usually registered at 
5-30 m depth (echo-sounder: Bendix DR-12). 

Figure 9 shows the conditions on 4. July 1956, at 
61°56'N, 26°01'W. The scattering layer was recorded 

1000 m 
2000 -
3000 .. 
4000 .. 
5000 .. 

• 0 NORTH ATLANTIC WATERS, JUNE 2 -JULYI9 ·1947 

Figure 7. The quantitative distribution of fry of Sebastes mOTinuJ, June and July, 1947. Number per one hour's catch with 
standard hauls 1 and n. (After Dietrich, 1957). 
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Table 10 
Number and length (mm) of fry of Sebastes (marinas) in the North Atlantic taken in 2 m stramin net 

in the period 3. June-IS. July 1947 
t. No. Date Position 

N W 
516 June 
17 
18 
19 
20 
21 
23 
27 
43 
48 
51 
53 
54 
55 
59 

60 

61 

62 

53 

54 

,5 
,6 

;7 

;B 

4 

3 57'27'-13'36' 
3 57'15'_13'14' 
3 57'11'-12'37' 
3 57' 1B'-H'00' 
4 57'22'-14'45' 
4 57'26'-15'24' 
5 58'07'-13'41' 
5 58'59'-12'07' 
7 60"55'_ 8"42' 
7 61'33'- 7' 14' 

10 62'05'_ 6' 10' 
10 62'25'- 6'12' 
10 62'30'_ 5'55' 
10 62'28'- 6'43' 
14 61"40'- 8"17' 

15 
15 Glo15/~lOo19' 

" 15 60'47'_12'33' 

16 60 0 09':15 0 30' 

16 59°29'':lS034' 

17 58°50':2J034' 

17 58"24'':24''31' 

17 57°39':26 0 58' 

" 
18 

18 57'02':29'31' 

18 56"30':32°00' 

21 51 "07':28°54' 

22 49°48':30 0 25' 
NJ 5pecimcns measured. 

1 specimen defective. 

14 

mwire 

150-10G--50 

100- 50- 25 

150-100- 50 
600 
300 
200 

lOG-- 50- 25 

200-150-125 
600 
300 
200 

200-15G--125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
lOG-- 50- 25 
200-150-125 
lOG-- 50- 25 
200-150-125 
100- 50- 25 

600 
300 
200 

20G--150-125 
lOG-- 50- 25 
200-150-125 
lOG-- 50- 25 

600 
300 
200 

200-150-125 
100- 50- 25 

600 
300 
200 

200-150-125 
100- 50- 25 

2000 
1000 
600 
300 
200 

200-15G--125 
100- 50- 25 

100 
o 

50 

Duration Total Length (mm) 
min. no. 7 8 9 10 11 12 13 14 15 16 17 18 19 2021 22 23 24 25 
3 X 10 

" 

60 
" 

fio 

" 

60 

3XlO 

" 
do 

3 X'10 

60 

3 X'IO 

fio 

so 
" 
" 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
3 
o 
o 
o 
o 
o 
o 
o 

1B 
2 
8 
5 
8 
4 

25 
3 

10 
6 

32 
4 
3 
1 
2 

13 
7 
7 

13 
45 
o 
1 
9 

13 
15 

1612 ) 

4401 ) 

10 
13 

6 
43 
57 

2 
o 
o 
o 
o 
2 
1 
o 
o 
1 

-1 ------

2 

1 - 1 - - - - - -

6 5 4 2 
1 1 

123 
2 1 

3 3 
1 2 
2 398 

1 1 
7 

1 - - 1 

3 2 
3 14 10 

1 1 
1 
1 

1 1 
122 
3 1 
3 2 

2 
4 8 

1 3 

1 
3 2 

2 

2 2 2 
2 1 

212 --11-
7854521--

- - - 4 4 - - - 1 - - - -
- - - 4 332 - - - - - - - -

1 324 -1--3 
- 1 5 19 30 48 20 12 6 7 2 6 2 2 - - - -- 3 6 21 34 48 46 23 8 4 4 2 1 - - - - - -

- - - - 3 - - 1 - - 6 - - - - - - -- - 1 - - 1 - 4 3 2 1 - - -
- - - - - - 1 - - 1 1 - 2 1 - -

- - - - 1 - 1 2 5 5 13 8 5 2 - - - -
--- 3 761461054--

--------1-1-- ----

1 -

- 1 - -

{continued 00 next page} 



St. No. Date 
Position 

N W 
79 June 22 48'57'-31 "IS' 

81 23 50 0 09'':32 0 19' 

83 24 50"53':'34'25' 

85 24 51 °07':36"58' 

86 25 51 0 16':38°33' 

88 26 50034'~P39' 

89 26 50°14':42°24' 

90 26 50°00':43 0 29' 

" 91 27 51 '00'_44"20' 

92 27 51'30':'.!4"20' 

93 27 52"06'''43"04' 

94 27 52°24'~2°24' 

95 28 52°48'~1 °29' 

" 97 28 54"02'-38'3S' 
98 29 54"40'-37"00' 

99 29 56°02':38°43' 

" 

6700 30 57'22'-40'23' 

01 June 30 58°32':42°06' 

'02 July 1 61 '00'''39"55' 
03 261"19'-41"30' 

04 2 62 0 00':41 °07' 

05 2 61 °55':40°47' 

06 2 61"55'''39"55' 

07 3 61 °47':32°38' 

08 4 61°50':28°10' 

09 4 61 "42':26 0 52' 

" 11 5 61 "51'_20"20' 

" 
1) 200 specimens measured. 
2) + I specimen defective. 

mwire 

200 
100 
200 
100 
25 

600 
300 
200 

200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 

200-150 
100- 50 
200-150 
100- 50 

200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 

600 
300 
200 

200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 

100 
200-150 
100- 50 
2000 
1500 
600 
300 
200 

200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 

100 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 
200-150-125 
100- 50- 25 

200-150 
100- 50 
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Table 10 (continued) 

Duration Total Length (rom) 
min. no. 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

" 
" 
" 60 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
2 
1 

2x'15 14 

" 

" 
60 

" 
" 

" 

" 

30 
2 X 15 

" 120 

60 

39 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3 
7 
3 
8 

10 
2 

167 
10 
35 
95 
75 
192 ) 

24 
" 59 

3X10 1072' ) 

30 
3 X 10 

" 
" 

961') 
365' ) 
70P) 
202 

732' ) 
606' ) 

4 
6 
3 
4 

15 
101 
44 
76 

3 
10 

125 
296 ' ) 

11 
29 

2x'15 101 
23 

" 

- - - I 
- 1 1 -

- - - - - - 1 
- 1 3 4 6 -

- - - 1 2 4 13 15 2 2 

- - 1 1 - 1 - - - - - -
--1-24- ---

- - - - 1 1 - 1 - - - - -
-2131- ---
12-13-2----

- 1 1 - - - - - -
7 14 43 54 25 13 9 1 - - - - - - - -

--1151-1-1-------
3 11 7 3 5 2 3 - - 1 - - -

- 1 - 2 6 11 15 25 18 10 5 1 1 - - - - -
- I 2 2 8 12 13 15 10 6 3 - 2 

- - - - 3 9 2 1 1 2 - - -
- - 1 - 2 6 6 3 231 - - - - - -

- - - 5 9 16 15 6 4 2 - - -
- - 2 1 5 24 41 55 34 21 7 3 3 3 
- 2 4 14 29 40 39 37 15 7 6 3 2 1 - I 
- 1 18 41 58 52 21 5 - 4 - - - -
- 1 9 35 64 50 29 9 1 I - I -
- - 13 30 55 51 24 10 10 7 I I 

- 13 36 39 47 28 18 9 5 4 1 
- - 1 3 21 60 62 34 13 4 I I 

22- ----
-1221-

11-1--
-111-1--------
-146211- -----
2 19 32 25 14 4 - 2 - - 1 - 2 - - - -
- - 5 13 14 1 9 - 1 
2 - 62322 II 4 - 2 

--11-1 
- - 2 2 2 

4 -

I 2 6 9 10 12 24 20 21 II 7 
2 13 17 21 31 28 22 3021 13 I 

-----11143-1 

I -

I 2 2 346 361 - 1 - - - -
3 2 1 7 6 23 21 25 10 2 I - - - -

- 2 2 3 3 10 3 - - - -



,No. Date 

12 5 

15 14 

17 July 15 

Position 
N W 

61 "57'-lr23' 

61 °50': r25' 

62"20': 7°10' 

1000 m 
2000 -
3000 -
4000 -

--- 5000-
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Table 10 (continued) 

Duration Total Length (mm) mwire min. no. 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
200-150-125 3 X 10 0 - - - - - - -100- 50- 25 

" 
1 - - - - 1 -

200-150-125 0 
100- 50- 25 

2X:15 
0 - - - -

100- 50 0 - - - -

St. 6704 to 6717 belong to the 62" section, see Table 2. 

Positive Negative 
"5~t~a~ti~o~n~5~5~ta~lt~i~o~n~5_ _--;;0..--+_-;0,,- NORTH ATLANTIC WATERS. JUNE 2 -JULY 19 • 1947 • "WEST GREENLAND WATERS. JULY 6 -21 • 1954 

- -

- -

111,7 

22 23 24 25 

- - - -

-

Figure 8. The distribution of size groups a, b, and c, June-July 1947 (North Atlantic) and July 1954 (in the Davis Strait and West Greenland waters). (After Dietrich, 1957). 

14' 

Year 
Date 

mwirc 

100-50-25 
200-150-125 
300 
400 
600 
1000-600 
2000-1000 

Table 11 
Number of Sebastes marinas fry in vertical series of hauls 

1947 '48 '50 '52 1948 1956 1957 1955 
15. J~ne-'1. J~ly 17. July 2. Aug. 10. Aug. 13. Aug. 

Number Aver no. 

1958 
17. Aug. 

o! per Number of fry of Sebastes marinus per hour hauls haul/hr 
16 740 162 124 4 2 0 16 311 16 208 8 14 0 16 31 14 

2 0 16 39 6 0 
7 45 31 0 2 0 0 2 43 1 

Each catch refers to one haul 

1954 
22. Aug. 

0 
0 

0 
0 
0 
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Figure 9. Echo-traces of Sebastes fry and other fish fry 
(see text). 

over a distance of about 17 miles. A high-speed tow net 
(diameter 1 m) was towed 2 X 15 min. with 50 and 
30 m wire respectively at a speed of 6 knots. A de
pressor (19 kg) was ,hackled to the end of the wire. 

When the ship stopped the fish were frightened and 

some of them descended to a depth of 20--30 ill, but 
were soon afterwards found at the upper level pre
viously recorded. 

The catch consisted of: 90 ml of invertebrates 
(Aglantha (x), Calanus finmarchicus (cc), other cope
pods (r), Themisto (x), and Euphausiacea furcilia 
(rr) ). (Symbols: rf = very rare; r = rare; x = occas
ional; c = common; cc = very common.) 

Of fish there were: 3 Motella; 3 Gadus poutassou 
(measuring 14, 15, and 18 mm respectively); 1 Zeu
gopterus megastoma (12 mm); 254 Sebastes (marinus) 
measuring (mm):- 1/6, 20/9, 22/10, 60/11, 70/12, 
30/13, 17/14, 7/15, 1/16, 6/17, 5/18, 1/19, 6/20, 
2/21, 1/22, 3/24, 1/25, and 1/26. 

At the next station (No. 11, see Fig. 1 and Table 2) 
49 Sebastes were caught in the two standard hauls with 
the 2 m ring-net. They were of approximately the same 
size, between 9 mm and 23 mm. This indicates that the 
2 m ring-net sampled the whole size range of Sebastes 
fry in the area and at the time in question. 

Table 12 
Number and length of Sebastes marinas fry in vertical series of hauls 

Station No. * 
Date, Year 
mwire 
Duration, min. 
Length,mm 

6699 6914 10.053 lQ,580 9790 
29. June 1957 17,July 1948 3. Aug. 1956 10. Aug. 1957 13. Aug. I' 

2000 1500 600 300 200 200-150-125 100-50-25 Total Total no. of hauls. Max. m wire: 1400 m 
120 120 60 60 60 30 30 480 150 120 180 120 

•• •• 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3,1 
34 
35 
36 
37 
38 
39 
40 

I 
2 

2 2 
6 8 

II 12 
15 13 
25 15 
18 10 
10 6 
5 3 
I 
I 2 

I 

3 
9 
2 

2 

2 5 
6 9 
6 16 
3 15 
2 6 
3 4 
I 2 

10 
II 19 
5 67 

27 139 
129 192 
220 187 
295 178 
182 72 
112 34 

38 29 
16 14 
16 10 
16 5 

5 
5 

12 
33 I 
76 6 

187 
362 
466 2 
533 9 
291 2 4 
170 I 3 
80 7 7 
31 15 7 
29 19 II 
22 18 21 

6 22 19 
6 19 II 

8 11 
3 25 
3 14 
5 13 2 
4 3 I 
3 3 2 
I 2 I 

0 
2 
I 
I 
I 

* Positions of stations: 6699, 569 02'N, 38°43'W; 6914, 61~57/N, 4O o41'W; 10.053, 57°00'N, 39°29'W; 10.580, 58°00'N, 41oa:FW; 9790, 5go00'N, 4P03'W. 
** See also Took 10. 

2 

2 
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At three stations (in 1948 and 1950) series of hauls 
with the 2 m ring-net were taken in the upper 45 m. 
The material confinns the echo-sounding survey;-

m wire 
15 and 25 
100-50-25 
200-150-125 

No. of Sebastes 

38 
1003 
350 

A considerable number of deep hauls were worked, 
with 2000 m wire as the deepest hauls. 

The material represented in Table 11 confinns the 
echo-sounding surveys that the bulk of fry of S. marinus 
is found in the upper 50 m in J une-July. 

As closing nets were not used the hauls may be 
characterized as horizontal-oblique hauls. Consequently 
the main part of catches taken during the deep hauls 
was probably made when the nets were hauled through 
the upper strata. The length distribution is ahnost 
identical in the catches from the different depths 
(Table 12, St. 6699). 

In Table 11 the catches from the second half of June 
are summarized, whereas the deep-haul stations from 
July and August are given separately. 

In the middle of August the Sebaste., fry disappear 
both in the upper and in the deep hauls (max. depth 
about 300 m). The Sebastes have then a length of 
26-40 mm (Table 12), and are thus of a size at which 
it is still possible to catch them with the 2 m ring-net 

(sec also Table 9). Consequently it may be concluded 
that in mid-August the fry of Sebastes marinus des
cends to a depth of 300-400 m in the oceanic area in 
question. At this time they have a length of about 
30-40mm. 

Investigations from Weather Ship 'B' in the Davis 
Strait (Kielhorn, 1952) and from Weather Ship 'A'in 
the Irminger Sea (authors' investigations) have shown 
that the zooplankton disappears from the upper 100 m 
in August. According to the investigations from 
Weather Ship 'M' in the Norwegian Sea (0stvedt, 
1955; Wibor?;, 1954) the descent of the zooplankton 
takes place there in June-August. It hibernates in the 
deep water (600-2000 m). The ascent of the zoo
plankton to the surface layers takes place in April-May. 
The moulting from stage V to sexually mature stage, in 
the most important copepod species, occurs prior to or 
during the ascent (Calanus hyperboreus and Pseudo
calanus minutus) or after the migration has been 
completed (Calanus finmarchicus) (0stvedt, 1955). 
Immediately after moulting, spawning occurs. Unfor
tunately no observations on the possible fluctuations in 
the outburst of the phytoplankton bloom and the 
spawning of the zooplankton are available from the 
whole area in question, but it is thought that the 
question of food available at the time of extrusion of 
the redfish larvae is the main cause of the yearly varia
tions demonstrated in the North Atlantic. 

Pelagic Catches of Adult and Adolescent Stages of Sebastes marinus 

Specimens at these stages have been caught only in 
four cases during the "Dana" cruises in the North 
Atlantic. 

\. At St. 4206, \. July 1931, one male of 48 cm, at 300 
m over a depth of 3,300 m (Timing, 1949). Pelagic 
trawl. Position 53°38'N-29°41'W. 

2. At St. 6899, 27. June 1948, one female of 49 cm, at 
300 m over a depth of 800 ffi. Pelagic trawl. Position 
62°00'N-26°30'W (62° section St. 11). 

3. In 1953 the "Dana" stopped on the 62° section at 
about 32°W for repairs to the engine. One Sebastes 
30-40 em long was caught by a jig with 30-50 m 
line. Unfortunately no biologist was on bf'ard and no 
other infonnation is available. 

4. At St. 10.580, 11. August 1957. Position 58°00'N-
4J003'W (SE of Cape Farewell), depth 3,080 m. 
Gear S.200. 4 hauls were made:-

mwire 
(1) 1400-1200-1000 
(2) 800-600-400 
(3) 200-150-125 
(4) 100-50-25 

Lengths of Sebastes 
1126 mm, 1/35 em 
1/39 em 
1/15,1/26,1127,1/28 rum ex.c, 
1/28, 1129 mm 

The macroplankton in the upper strata in the last 
mentioned area is usually characterized by large indivi
duals of the deep-sea medusa Periphylla hyacinthina 
and other bathypelagic plankters. Perhaps these large 
individuals of Sebastes were carried upwards into strata 
above their usual level. 
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APPENDIX 
Distribution of Sebastes viviparus and other Sebastes Fry 

with Ventral Caudal Melanophore. 
(Table 13) 

A survey of the material collected by the R/V 
"Dana" in 1947/48 and 1950/58, together with two 
catches of Sebastes fry taken on the Godthaab Expedi
tion in 1928, is given below. 

The quantitative distribution of fry of S ehastes vivi
parus is shown in Figure 10, area I. This species occurs 
in abundance only in boreal, neritic waters (e.g. off the 
Faroes, Shetlands, and Iceland) and in submarine 
ridge areas such as the Reykjanes Ridge area. In Figure 
10 the data from the Faroes are summarized. The 
length of the fry varied between 4 and 14 mm, the 
majority being 6--10 mm long. 

In areas II-IV only a few specimens of Sebastes fry 
with ventral caudal pigmentation are found. 

In area II, east of Greenland, one specimen, 11 rom! 
was taken at St. 9983 I on 6. July 1956 and nine speci
mens (1/9, 2/10, 3/12, 3/13 mm) were caught at St. 

". 

3 --- ------1 
01 : 

". 

o 
~ 
1 

o 
1 
'1 

9986 I on 7. July 1956. These postlarvae may be either 
of the S. viviparus or of the S. marinus mentella type, 
both of which occur as adult fish in the area (Temple
man, 1959). 

In West Greenland waters two specimens have been 
caught, one, 11 mm, at St. 9996 I on 1l. July 1956 and 
one at St. 10.942 I on 9. August 1958 (on the Frederiks
hab section). These two specimens are probably of the 
S. marinus mentella type which occurs in the area in 
question (Templeman, 1959). Furthermore Dr. P. M. 
Hansen (personal communication, November 1959) 
after the Redfish Symposium, examined two ovaries 
from Sebastes marinus (according to his journal) 
caught on 2. June 1947 in the Godthab Fjord (see Fig. 
10). One female was in "spawning" condition; the 
ovary of the other female was quite ripe. In both 
ovaries larvae with caudal pigmentation were found, 

3D. ,,-

••• • • •• 1114101 2B 31 5 1 
2242'22T 

10· o· 

~----r------------i~. 

1763 
49 

• ••• CfI!13388 
1 1 63ll...Je 7; '3' 

I 
I 
I ,,..,..--+----1--------'---+- --"'Ii'''--t--

N: 
T~T 121 .... 

-+----+----1~----~~~. 

, , , 
I , , , 
I , 

n 
''/'"",'-0"=' ===±= ------r-- - -- - --- - - - - -- - -- ---- - ----- -----1 

i ill 19];1 : B-1 , 
8 Tob 0 ! 

60" so .. 

To : 
1° 0 ~: 

1 ,. 

I 

• Sebastes vjvip rus 

g Sebastes with, ventral caudal meLa 

3D- ,,- ". 
NUMBER OF LARVAE AREA r.n.ill."DANA" 1947-48. 1950-58· AREA TIl."GODTHAAB" 1928 NUMBER OF POSITIVE HAULS 

Figure 10. The quantitative distribution of fry of Sebastes viviparus (Area I) and of fry of Sebastes with ventral, caudal 
pigmentation (Areas II-IV). 
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Table 13 
Number and length of fry of Sebastes with caudal ventral pigmentation and S. marinus 

from St. 6689-6695. NE of Newfoundland 1947 

Sebastes with pigmentation 
Length (mm) 

St. No. Date 10 II 12 13 14 

6689 27. June 
91 

28.j'une 92 5 3 
93 

" 
3 5 

94 4 I 6 5 
95 2 8 2 2 

Total 9 20 II 8 

Mean length 11·58 mm 

in accordance with Templeman's figures in his contri· 
bution to the Redfish Symposium (Templeman and 
Sandeman, this volume, section III, p. 241). 

On the Godthaab Expedition 1928, four posdarvae 
of Sebastes with caudal pigmentation were taken in 
area IV, three specimens of 7 mm length at St. 14 on 
6. June, gear S.200, 314 m wire out, at a depth of 35 m, 
and one specimen, 6 mm, at St. 18 on 11. June, gear 
S.200, 475 m wire out, at a depth of 100 m. 

There is evidence for believing that these four post
larvae were of the S. marin us mentella type. The 
occurrence is in accordance with the distribution 
pattern given by Templeman (1959). 

Of special interest is the occurrence in area III of 52 
postlarvae with caudal pigmentation. They were taken 
at six stations (St. 6689-95) on 27. and 28. June 1947. 

3 
I 

4 

9 to 

I 
2 
I 

4 

12·50 mm 

Sebastes marin us 
Length (nun) 

11 12 13 14 

I 
2 
2 

5 

2 
4 

6 

4 
1 
I 

6 

I 
I 
4 

6 

15 16 

2 

2 2 

The identification was made by Dr. TEming who initi
ally distinguished them as USebastes viviparus ameri
canusn~ in view of their similarity to the European S. 
viviparus as regards the caudal pigmentation. They 
were readily distinguishable from fry of S. marinus, of 
which species 32 specimens taken at St. 6693-95 had a 
mean length of 1 mm more than the viviparus type. 
These American postlarvae might probably have been 
carried in the current from the Newfoundland Bank 
area. The depth in the area in which they were taken 
was more than 4,000 m (see Fig. 7). The reasons why 
this type has not been encountered since 1947 may be 
that the present section from Cape Farewell to Ireland 
runs too much further east, and that it is worked .in 
late summer (August). 
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8. 

Continuous Plankton Records: The Distribution of Young Stages of Sebastes 
By 

G. T. D. HENDERSON 
Scottish Marine Biolugical Association, OceanogTapbic Laboratory, Edinburgb 

Introduction 

The western limit of the Plankton Recorder Survey 
in the Atlantic had been for some years at approxi
mately 200 W longitude, but a re-allocation of responsi
bility for weather stations from 1955 onwards resulted 
in the continuous occupation of station 'ALFA' (62°N, 
33°W) by European ships. It thus became possible to 
obtain some records from British, Dutch, and Nor
wegian Weather Ships from the area south and south
west of Iceland. With the help and cooperation of the 
Department of Fisheries of the University Research 
Institute in Iceland, an additional route from Reykja
vik towards New York was started in 1957, and its 
track (Z) crosses that of the Weather Ships IU) to 
station 'ALFA' (see Fig. 1). Young Sebastes were 
taken on these new routes in the months of April to 
June, at times in quite large numbers. The material 
available up to the end of 1958 seemed sufficient to 
suggest the pattern of distribution at 10 metres depth, 
and forms the basis of this preliminary account. 

Methods 

The Plankton Recorder samples at a depth of 10 
metres, and filters approximately 0·3 m 3 of water per 
mile towed. The Records, from tows of up to 450 miles, 
are divided into 'blocks' or samples, each representing 
ten miles of tow. The area traversed by the Recorder 
routes has been divided into squares with sides of 10 

of latitude and 20 of longitude (containing four inter
national squares) and the occurrences of young 
Sebastes were plotted for all squares in which samples 
have been taken. In each square the results are 
expressed as the number caught per 10·0 rn3 sampled. 
On each of the distribution charts a "standard" rect
angle is shown (bounded by the parallels of 59° and 
63°N, and the meridians of 19° and 35°W) within 
which the majority of the Sebastes were found; this 
standard area has been used in examining- the relative 
abundance in the different months and years. 

The identity of the young stages 

The original identifications were recorded as Sebas
tes spp. because of doubts about the specific validity 
of S. mentella, and lack of knowledge of the detail 
differences in the pigmentation of the young of 
S. marinus and S. viviparus (see Taning, 1949, p. 86). 
Through the courtesy of Mr. A. Saville of the Scottish 
Home Department's Marine Laboratory of Aberdeen, 
it has been possible to use copies of a key and of 
drawings of some of the young stages of S. marin us and 
S. viviparus prepared by the late Dr. TEming, but 
which have not been published until now (this section, 
p. 234). With the help of these, about half the S ebastes 
caught have been checked, by re-examining those on 
alternate, odd numbered, blocks. Using Taning's cri
teria, all those examined agree with the description of 
young Sebastes marinus; none show the pigment spots 
below the tip of the notochord which were stated to be 
characteristic of S. viviparus. The observation that the 
spines on the head appear to be slow in development 
and less prominent than in S. viviparus supports the 
belief that the Recorder catches are S. marin us. 
Additional support for this view is provided by the 
differences in pigmentation between marin us-type and 
mentella-type larvae described by Templeman and 
Sandeman (1959). 

The seasonal distribution 

With the exception of two large specimens (28 and 
30 mm) taken in July 1958, no young Sebastes have 
been identified from the Plankton Records in any 
months except April, May, and .June, and none have 
yet been identified from routes crossing the area 
between the British Isles and the longitude of 19°W. 
The distribution of these young stages at the 10 metre 
level, in each of these months, is shown in Figure 2. 
In April only small numbers were taken, the majority 
on a 'u' record late in the month in 1955. Very few 
were obtained during April in the following three 
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Figure I. Chart showing the Continuous Plankton Recorder routes in the Atlantic between the British Isles and Iceland. 
The letters identify the routes, but they are not all sampled in every month, as some arc alternative tracks to Weather 

Ship Stations. 

~ars; all were taken we~;t of 25°W Long. and most 
ccurred within the limits of 59° to 61°N, and 25° to 
lOW. The mean number of young within the stan
ard rectangle in April was 0-8 per 10 rn3 of water. 
Much greater numbers were taken in May, particu

,rly in 1957, the highest numbers lying between 59° 
nd 62°N and 29° and 35°W, The limits of the 
istribution were further to the north and east than in 
pril, with some taken outside the standard rectangle 
est of Reykjanes, and a few outside the south-East 
)rner. The mean number in the rectangle was 2·4 pC'f 

) m3 . There is no evidence so far to suggest any 
Ireading to the north-east as might be inferred from 
,e distribution outlined by Timing (1949, p, 91), but 
Ie Recorder samples were from the 10 metre level 
llYJ so that if the larger individuals tend to inhabit 
~eper layers they would not be sampled. 
By June the numbers taken had fallen, although they 
ere more numerous than in April, with 1·4 per 10 m3 

the rectangle. There appeared to be some tendency 

for the larger numbers to occur at the south-east corner 
of the rectangle, but the unfortunate absence of records 
in June on the 'Z' route, with the consequent inade
quate sampling of the western part of the rectangle, 
diminishes considerably the value of this observation. 

The annual distribution 

No attempt has been made to achieve preClSlon in 
the estimation of fluctuations in abundance and distri
bution which may have occurred from year to year, as 
the material is considered insufficient for this purpose, 
but some comments are offered on the distribution in 
the years 1956--1958, shown in Figure 3, In these 
charts all the samples in the months of April, May, 
and June have been combined for each year; 1955 has 
been omitted, as the sampling depended on a 'U' 
record in April only. Note, however, that the number 
per unit volume for April 1955 equalled the figure for 
all three months in 1956, being 1,2 per 10 m 3 in the 
standard rectangle. In 1956 the sampling was some-
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• < 1·0 
~ \.\ - 300 
• 3'1-10-0 

• > rOO 
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Figure 2. Charts showing the distribution of young Sebastes 
marinus for the months of April, May, and June. The symbols 
indicate the numbers per lOrna for each square, the smallest 
dot showing absence. Squares which are outlined but have not 
been sampled are distinguished by the letters NS. In the April 
chart samples from 1955 to 1958 were combined; the May 
and June charts were produced from a combination of the 
material in these months in 1956, 1957, and 1958. The 

standard rectangle is outlined on each chart. 

what better than in 1955, but the western half of the 
rectangle was sparsely sampled. 

In 1957 the records from the 'Z' route extended the 
sampling to almost the whole of the rectangle, and the 
numbers taken were considerably higher than in 1956, 
on the 'U' as well as on the 'Z' route. Eight squares in 

• < ['0 
~ ['[-3'0 
• 3'1-10'0 
• >10·0 

1956 

1957 

Figure 3. Charts showing the distribution of young Sebastes 
marinus during the months April, May, and June for the years 
1956, 1957, and 1958. The symbols indicate the numbers per 
10m3 for each square, the smallest dot showing absence. 
Squares which are outlined but have not been sampled are 
distinguished by the letters NS. The year 1955 is not included 
as the sampling was limited to April only. The standard 

rectangle is outlined on each chart. 

the standard rectangle show numbers of over 3·0 per 
10m3 of which two exceeded 10 per 10m3• ·("he 
overall figure for the rectangle was 2·9 per 10 rn3 . 

By comparison 1958 must be considered a poor year, 
as in only one square was the number over 3·0 per 
10 m3, and the overall figure in the standard rectangle 
was only 0·7 per 10 m 3• 
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The Recorder results suggest that young redfish were 
more abundant in 1957 than in 1956. The limited 
sampling in 1956 may, however, be the cause of this 
difference, as in net hauls on station 'ALF A' in April 
and May from 1955 to 1958 the largest numbers were 
taken in 1956 (J. Corlett, p. 194 this section). The fall 
in numbers from 1957 to 1958, however, may be a 
rather better indication of a change in abundance, as 
the sampling in both these years was more complete. 
A drop in numbers of young redfish was also reported 
in ICNAF Newsletter No. 30 (December 1958), only 
about 2 % of the 1957 numbers being reported from 
observations in July-August 1958. It is probably too 
early to assess the value of the Recorder results as 
indications of fluctuations, as it is believed that only 
one "sector" of the distribution has been sampled. 
Reference to the May chart in Figure 2, and to the 
1957 chart in Figure 3, shows the possibility that the 
distribution may extend further to the south and west 
outside the range of the Recorder survey. In 1959 
(with the assistance of the Reykjavik Fisheries Labo
ratory) the sampling on the 'Z' route was extended 
south-westwards. A preliminary inspection of the first 

extended records (in May, June, and July 1959) shows 
that young Sebastes marin us were caught up to 500 
miles to the south-west of the standard rectangle used 
in this report. 

A more complete account of the distribution of 
young redfish is being prepared for publication in 
Volume V of the "Bulletins of Marine Ecology", and 
this will include a full consideration of the material 
collected up to 1960, with observations on the size 
range of the young stages taken. 

References 

Corlett, ]. (this volume). "Redfish larvae from Ocean 
Weather Station 'A' in 62°N, 33°W." Section III, p. 194. 

Taning, A. V., 1949. "On the breeding places and abundance 
of the red fish (Sebastes) in the North Atlantic". J. Cons. 
into Explor. Mer, 16: 85-95. 

Templeman, W., & Sandeman, E.]., 1959. "Variations in 
caudal pigmentation in late-stage pre-extrusion larvae from 
marinus and mentella-type female redfish from the New
foundland area." J. Fish. Res. Bd. Canada, 16: 763-89. 

International Commission for the Northwest Atlantic Fish
eries, 1958 Newsletter No. 30. December. Dalhousie Univer
sity, Halifax. 



- 220 -

9. 

Vertical Distribution of Young Redfish in the Gulf of Maine 
By 

GEORGE F. KELLY and ALLAN M. BARKER 
Bureau of Commercial Fillheries Biological Laboratory, Wood!! Hole, MaB!lIlChusettll, U.S.A. 

Introduction 

Geographical distribution 

Exploratory fishing by research and commercial 
vessels of several European and North American 
nations has extended our knowledge of distribution of 
redfish (Sebastes marinus) in all of the North Atlantic 
Ocean. This species is exploited by one country or 
another on virtually all deep-water banks from the Gulf 
of Maine in the south-west to the coast of Norway and 
the Barents Sea banks in the east. Although adult red
fish are found primarily as bottom dwellers on the 
slopes of the continental shelf, diurnal variations in 
availability in some area~ suggest that they sometimes 
rise above the bottom an undetermined distance. There 
is strong evidence that some adult redfish live pelagic
ally at intermediate depths over certain areas of the 
deep ocean. The possibility that these may represent a 
very large pelagic population inhabiting vast areas of 
the ocean is perhaps the most important distributional 
question of the moment. 

The existence of a pelagic population of adult red
fish over deep water was first proposed by Nansen 
(1886). He found fresh specimens of redfish in the 
stomachs of hooded seals caught in the middle of the 
Arctic Ocean over depths of 1,500 fms. The red fish 
could only have been captured near the surface. Hjort 
(1900) confinned Nansen's theory by catching con
siderable numbers of redfish on floating lines set at 
100-200 m over very deep water in many parts of the 
Norwegian Sea. More recently the presence of great 
numbers of larvae at the surface hundreds of miles 
from the nearest known bottom-dwelling rcdfish stock 
suggests that the larvae originated from a pelagic 
population. However, there have been no collections of 
pelagic adults in these areas to substantiate the exist
ence of a large midwater population. Evidence is 
needed from experimental midwater fishing to establish 
the size and distribution of such a population. 

The pelagic larvae of Scbastes have been collected 
at many locations across the North Atlantic, but little 
is known of the duration of the pelagic period and the 
rate of growth, habits and distribution of young redfish 
during that time. The early life history is important in 
considering the definition of redfish stocks, since the 
distance of larval transport by water currents can affect 
profoundly the degree of intermingling of progeny 
from geographically separated stocks. The depth at 
which females release the living larvae and the relation
ship of these larvae to bottom-dwelling stocks is not 
known. Newly-spawned larvae (5 to 6 mm) first appear 
at the surface in late spring. Specimens ranging be
tween 5 and 20 mm have been frequently collected 
during the summer in the upper 10 to 20 m of water 
in many areas. Beyond this size the young fish become 
less available to sampling gear until they again appear 
on the bottom in early autumn at a length of about 
50 mm. Estimates by various investigators of the length 
of the pelagic period, based on these data, have ranged 
from a few months to more than a year. None of the 
estimates was supported by direct evidence from a 
series of length measurements of collected specimens. 
The comparative scarcity of young between 20 and 50. 
mm in earlier collections left a gap that could only be 
satisfactorily bridged through the investigation of the 
natural history of fish of that size. 

Review of earlier larval studies 

In the eastern Atlantic, Sebastes larvae were 
collected from the waters west and south of Iceland by 
Schmidt (1904) and Jensen (1922). Schmidt found 
large numbers of larvae in Denmark Strait during May 
and June 1903. Jensen found them similarly abundant 
in the same general area five years later. He recorded 
adult redfish as being widely distributed along the west 



- 221 - III, 9 

coast of Greenland and in Davis Strait, but he con
cluded that this species does not breed in that area. No 
Sebastes lalvae were taken in his plankton collections 
during spring and summer. It was not W1til late Sep
tember that small fish (27-43 mm) appeared. He con
sidered these to be the young spawned in the Denmark 
Strait which had drifted with the current around Cape 
Farewell to the south-west coast of Greenland. The 
distance traversed would be more than 500 miles. 

Some years later Jensen (1926) altered his hypo
thesis of larval drift when he found young redfish along 
the west coast of Greenland. The specimens were suffi
ciently plentiful and of the proper size (7-17 mm) to 
have been spawned clo~e by the collecting stations. 
While this new infonnation removed the need for the 
hypothesis of extended larval drift to explain the pre
sence of redfish in the Davis Strait region in 1925., it 
did not invalidate Jensen's original hypothesis that 
such an extended larval drift had indeed occurred in 
1908-09. 

Taning (1949) summarized the extensive collection:; 
of the R/V "Dana" and reviewed the earlier studies in 
the light of his own findings. He agreed that Jensen's 
theory of larval drift to West Greenland was probably 
correct for certain periods of years, but he was not 
satidied that larval drift alone could explain the 
occurrence of tremendous numbers of larvae over deep 
water at long distances from the nearest fishing banks. 
He felt that the presence of suitable hydrographic con
ditions over a wide area suggested the existence of a 
"pelagic high boreal community" of adult redfish 
distributed at mid-depths over the deep water nearby 
where larvae were found. Taning was convinced that 
the pelagic population was of tremendous size and 
could eventually support a substantial commercial 
fishery. 

In the western Atlantic, redfish larvae have been 
taken virtually everywhere that adults occur. Bigelow 
( 1914 and 1917) reported larval redfish to be the most 
commonly recurrent fish species in the Gulf of Maine 
plankton in the summers of 1912-1915. They were 
usually found between the coast and the 200 m con
tour. Dannevig (1919) found redfish larvae to be 
numerous in the Gulf of St. Lawrence and on the Nova 
Scotian banks during 1914--1915, mainly along the 
edges of banks adjacent to deep water. Fr03t (1938) 
reported redfish larvae at many stations in the Gulf of 
St. Lawrence and around Newfoundland in spring and 
autumn during 1931 to 1935. Steele (1957) recorded 
the presence of larvae along the Gaspe coast in the 
Gulf of St. Lawrence. 

The point that seems to characterize the findings of 
eastern Atlantic studies is that large numbers of larvae 
appear to be concentrated at the surface in some areas 

where adult Scbastes are not known to occur. Con
versely, in some years no larvae are collected in regions 
where large redfish are abundant. On the other hand, 
in no instance have western Atlantic studies shown 
larvae to be present where adult redfish do not occur. 
If these differences are real, it is not possible to say 
whether they result from different spawning behaviour 
of adults in the two areas, or are, perhaps, the result 
of fundamentally different hydrographic systems in
fluencing larval distribution. 

In earlier studies on both sides of the Atlantic, the 
emphasis was on numbers of larvae encountered, with 
little regard for specific depth of the catch or sizes of 
larvae collected. Many collections were from vertical 
or oblique hauls taken from a specified depth to the 
surface. 

There are relatively few records of redfish greater 
than 20 rum in length that were collected in plankton 
nets. Jensen (1926) listed several specimens ranging as 
large as 49 mm taken in his ring-trawls, but the bul.k 
of his collections were of larvae smaller than 20 rum. 
Tlming (1949) mentions an upper limit of 21 mm, in 
citing the size range of alm03t 1,100 larvae taken in a 
single haul of the 2 m stramin net. Dannevig (1919) 
illustrates redfish larvae ranging from a 5·6 mm larva 
to a 20 mm postlarva, citing only the mid-length of 
each station collection in the text. Although Frost 
(1938) did not list sizes, her data from collections of 
the R/V "Cape Agulhas" were summarized in a table 
by Perlmutter and Clarke (1949). Of more than 600 
specimens in her collections, only three exceeded 20 
mm, the largest being 37 mm. Bigelow (1914 and 
1917) cite] five stations where the size range exceeded 
20 mm, but the number of specimens of greater size is 
not stated. He described the concentration of larvae at 
one station as a "swann" ranging from 14 to 40 rum. 
This probably contained many fish larger than 20 mm. 

There was no specifically directed effort to examine 
the vertical distribution of the larvae in any of the 
studies cited. Perhaps it was presumed by earlier work
ers that once the fish reached 20 mm they quickly 
settled to the bottom wherever they chanced to be. 
Experience while bottom trawling in the Gulf of Maine 
(Kelly and Wolf, 1959) reveals the youngest age-group 
(pre-annulus) ranging between 35 and 55 mm and 
averaging 48 mm in length in November. A comparison 
of the size range sampled by plankton nets and taken 
in the bottom trawls suggests that larger postlarvae 
have been virtually unsampled in most previous studies. 
Special studies of factors affecting the 20 to 60 mm 
young seemed necessary before theories of larval drift 
could be considered in proper perspective. With this 
purpose in mind, a programme of midwater trawling 
was planned for the Gulf of Maine in 1957 and 1958. 
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Objectives 

The purpose of the study was to test the effectiveness 
of the rnidwater trawl for sampling young redfish in 
late summer, to detennine their pelagic distribution, 
abundance and growth-rate during the pelagic period. 
Specific objectives were to: 

(1) detennine the horizontal and vertical distribu
tion of young redfish with respect to water 
temperature; 

(2) measure relative abundance of young redfish; 

(3) examine diurnal variations in depth distribution 
and abundance of young; 

( 4) determine growth-rate of young from changes 
in size composition during the pelagic stage, to 
validate the computed age at first year-zone 
fonnation in scales and otoliths; 

(5) estimate the duration of the pelagic period. 

Methods 
Study area 

This paper is the result of field work done on four 
cruises of the R/V "Albatross III" in late July and 
early September of 1957 and 1958. In 1957 a series of 
midwater stations were sampled in the south-western 
part of the Gulf of Maine, an area where a fairly large 
brood-stock of redfish was known to exist (Fig. 1). The 
station locations were selected, using the records of 
Bigelow's early catches as a starting point, allowing 
freedom for exploratory fishing in areas that appeared 
promising (Table 1). On the basis of the success of the 
1957 sampling, the 1958 programme duplicated the 
sampling as a check on the relative strength of the new 
year-class (Table 2). 

Description of fi.hing gear 

The 10 ft Isaacs-Kidd midwater trawl was used as 
the sampling gear because it is well suited for the high
speed collection of small fish (Isaacs and Kidd, 1953). 
The outstanding feature of this trawl is that no towing 
cables cross in front of the mouth of the net to frighten 
or interlere with animals in its path. The trawl was 
rigged with a Leavitt (1935) net-releasing device 
operating as an opening-and-closing net to minimize 
the contamination of collections while setting and 
retrieving the gear. The entire net was lined with 3/8 
inch (stretched mesh) cotton netting capable of retain
ing redfish as small as 10 mm. 

A cod-end with 3/8 inch mesh was used on all cruises 
except No. 117 in September 1958. At that time the 
fish taken in the first few tows were fewer and much 
smaller than those caught at the same time the pre
vious year. A cod-end consisting of strarnin netting was 
added to retain any smaller fish that might escape. 
This mesh retains fish as small as the new-born 5 mm 
redfish larvae. 

Depth calibration of the gear 

At the outset of operations the net was run through 
a series of calibration tows, to determine the relation
ship of the length of trawl warp to depth of net in the 

1957 
JULY-AUGUST • 

SEPTEMBER " 

41 I ~------¢".,------~~=--J.41 Ig~ 698 68° 

1958 
JULY-AUGUST • 
SEPTEMBER, 

,. 

Figure 1. Redfish midwater trawl stations occupied in the 
Gulf of Maine in 1957 and 1958. (For clarity the cruise 
numbers have been omitted from the figure - see Tables 1 and 

2 for complete station designation.) 

water. A telemetric depth recorder (Boden, et al., 
1955) was used for calibration. 

The trawl was towed at a series of ten depths from 
the surface to 150 m. Depth was checked on the tele-
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Table 1 
Summary of 1957 collections. The number of redfiah and number of midwater trawl tows are listed 

by depth for each station 
(Number of tows in parentheses) 

'Albatross III" - Cruise Number 99 

Itatian Number 

19-1 
19-IA 
19-2 
19-3 
19-4 
19-4A 
19-5 
99-n 
99-7 
99-8 
99-9 .............. . 
99-10 
99-11 

'Albatross III" - Cruise Number 102 
102-1 ..................................................... . 
lD2-2 .......................................... '" 
102-3 ............ . 
102-4 ............. . 
102-5 ............... . 
102-n ... ............... . ................... . 
102-7 ........................... . 
102-9 ......................... . 
102-10 ....................... ............ .. 

'Albatross III" - Cruise Number 99 - July-August 

itation Number 

19-1 .. 
19-IA ........... .. 
19-2 .............. .. 
19-3 
19-4 ...................... .. 
19-4A ...................... . 
19-5 ....................... . 
19-n ....................... . 
19-7 .............. . 
19-8 ........................ . 
19-9 ....................... .. 
19-10 
19-11 

Surface 10 

6(3) 
49(2) 

3(2) 
0(1) 0(2) 
0(1) 25(2) 

I (2) 
82(1) 

o (I) 
113 (2) 

20 

440(3) 
58(2) 

2(2) 
3(2) 

49(2) 
I (I) 
7(2) 

1990(1) 
582( I) 
560 (I) 

31 (I) 
O( I) 

138(2) 

Lat. N Long. W 
Date of 

collection 

42'08' 
42'08' 
42"43' 
42'55' 
43" 12' 
43°09' 
42°47' 
42 0 35' 
42' 3 7' 
42°15' 
42°01' 
42'49' 
42 0 10' 

42'08' 
42°15' 
42°27' 
42°35' 
42°44' 
42'49' 
43°06' 
43'09' 
42"57' 

30 

21 (4) 
36 (I) 
0(2) 
0(2) 
O( I) 

9(2) 

O( I) 
30(2) 

69"30' 
69'30' 
70'10' 
70'13' 
69'55' 
69"48' 
69~21' 

69'11' 
69"04' 
68' 51' 
68"38' 
68"25' 
68'45' 

69 C 30' 
68'51' 
69"04' 
69"11' 
69'19' 
69° IS' 
69'33' 
69°52' 
69"55' 

1957 
July 26-27 
Aug. 1 
July 28 
July 28 
July 29 
July 30 
July 30 
July 30 
July 31 
July 31 
July 31 
July 31 
July 31-
Aug. 1 

Sept. 5-6 
Sept. 6 
Sept. 6-7 
Sept. 7 
Sept. 7-8 
Sept. 8 
Sept. 9 
Sept. 9 
Sept. 9 

Depth in metres 
40 60 80 

7(3) 24(3) 

0(2) 
1 (2) O( I) 
1(1) 0(1) 

2(2) 

o (1) 
12(2) 6(1) 

~otal 0(2) 279(17) 3861(21) 96(15) 23(13) 30(6) 

'Albatross III" - Cruise Number 102 - September 
02-1 
02-2 
02-3 .................... . 
02-4 ...... .. .......... . 
02-5 ..................... .. 
02-6 .. 
02-7 .................... .. 
02-9 ..................... .. 
02-10 

9(2) 
4( 1) 
8(2) 
O( I) 

88(2) 
4( I) 
5 (I) 
o (1) 
3 (1 ) 

6(2) 
O( 1) 
6(2) 

14( II 
51 (2) 

0(1 ) 
0(1 ) 
O( 1) 
6 (1) 

5(2) 
0(1 ) 
1 (2) 
1(1 ) 

17 (I) 

9(2) 
O( I) 

45(2) 
2( I) 
2 (1) 
O( 1) 
0(1 ) 

O( 1) 

16(1) 29(2) 
0(1 ) 

4(1) 387(1) 

o (I) 

0(1) 14(1) 

Depth 
(m) 

233-264 
233-264 
123-143 
141-187 
163-176 

220 
224-246 
268-290 
257-299 

268 
207 
246 

231-251 

233-264 
268 

257-299 
268-290 
231-275 

198 
176-180 

198 
198 

100 

1 (2) 

1(2) 

110 

282(2) 
o (I) 

220(1 ) 
12 (I) 
0(1) 
1 ( I ) 
9( 1) 

177( I) 
I ( I) 
O( I) 

rota! ....................... . 121(12) 83(12) 24(7) 58(10) 20(3) 430(6) 524(8) 178(3) 

Surface water 
temperature 
'F 

66·2 

63·6 
65'4 

67-4 
66·3 
66·2 
66·0 
66·0 
66·7 

66·6 

64·6 
65·0 
6+8 

60'0 
60'2 

"C 
19'0 

17-6 
18·6 

19·6 
19·1 
19·0 
18·9 
18·9 
19·3 

19·2 

18·1 
18·3 
18'2 

15·5 
15·6 

Total 

499(18) 
143(5) 

5(8) 
4( 10) 

75 (8) 
1 (1) 

19(8) 
2072(2) 

582 (1) 
560 (1) 

31 (1) 
0(4) 

299(9) 

4290(76) 

29(8) 
4(4) 

564(14) 
18 (7) 

769(10) 
16( 4) 
5(5) 
1 (3) 

32(6) 

1438(61) 
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Table 2 
Su.mmary of 1958 collections. The number of redfish and number of midwater trawl tows are listed 

by depth for each station 
(Number of tows in parentheses) 

"Albatross III" - Cruise Number 116 

Station Number Lat. N. 

116-1 . ........... ............ 41 "55' 
116-2 .............. 41"56' 
116-3 ............. ........... 42"07' 
116-4 .............. 42° 15' 
116-5 ........... ............... 42"'27' 
116-6 42"35' 
116-7 42"33' 
116-8 42°32' 
116-9 .............. 42°21 ' 
116-10 ..... .. . ,' - ............. 42"09' 

116-11 41 °52' 

~'Albatross III" - Cruise Number 117 

117-7 .............. 41" 56' 
117-8 42°07' 
117-SA 42"07' 
117-9 42"21' 
117-10 42°09' 

~·Albatross III" - Cruise Number 116 - July-August 

Station Number Surface 10 20 30 

116-1 0(2) 0(1 ) o (1) 
116-2 1 (1 ) 1 (1 ) 0(1) 
116-3 ............ 1 (1 ) 1 (1) O( 1) 
116-4 ................ 2(1) 3 (1) 
116-5 11 (1) 1 (1) O( 1) 
116-6 1 (1) 1 (1) O( 1) 
116-7 . . .............. 0(1) O( 1) O( 1) 0(1 ) 
116--ll 0(1) 1 (1) o (1) 
116-9 17 (2) 22(2) 0(1) 
116-10 0(1 ) 1 (1) o (1) 
116-11 6 (1) 8( 1) 

Total . 0(1) 39( 13) 39 (12) 0(9) 

"Albatross III" - Cruise Number 117 - S~ptembcr 

117-7 ... ............ 12 (1) 4 (1) 4(1) 
117-8 ... ................... IO( 1) 
117--llA .................. J+6( 1) 31 (1) 7(1) 
117-9 .................... 36( 1) o (1) 1 (1) 
117-10 2 (1) o (1) o (1) 

Total ............ 206(5) 35(4) 12 (4) 

metric recorder and the amount of trawl warp passing 
over a metered wheel was recorded at each depth. 
This was done at about 4~ knots vessel speed. A curve 
was drawn to the points, and standard trawl warp 
lengths were taken from the curve for 10 metre inter
vals from the surface to 110 m. In all subsequent 
operations the trawl wa" set by paying out on the 
metered wheel the standard trawl warp length required 

Date of Depth 
Surface water 

Long. W collection temperature 
1958 (m) of °C 

69"30' July 28-29 238-255 63·7 17-6 
69" 12' July 29 260-275 64·3 17·9 
69'" 12' July 29-30 238-246 6·j·9 18·3 
63"51' July 30 268 64-4 18·0 
69"04' July 30 257-299 64·1 17'8 
69° 11' July 30 268·-290 64·5 18·1 
69"31' July 31 330-339 64·9 18'3 
69"48' July 31 282-304 62·6 17'0 
69"36' July 31 282-315 64·9 18·3 
69"35' July 31- 273-304 65'1 18'4 

Aug. 1 
69"48' Aug. 1 158 

69"12' Sept. 14 260-275 61·5 16'4 
69°12' Sept. 14 238-245 60'6 15·9 
69"12' Sept. 15-16 238-246 60'6 15·9 
69°36' Sept. 15 282-315 61-4 16·3 
69 0 35' Sept. 15 273-304 61·0 16·1 

Depth in metres 
40 60 80 100 110 Total 

O( 1) 0(1 ) 0(1) 0(7) 
O( 1) O( 1) o (1) 2(6) 
O( I) 0(1) 2(5) 
O( 1) 5(3) 
O( 1) O( 1) O( I) 12(6) 
o (1) 2(4) 

0(4) 
1 (3) 

39(5) 
O( 1) 1 (4) 

14(2) 

0(7) 0(4) 0(3) 78(49) 

1 (1 ) o (1) O( 1) 21 (6) 
10(1 ) 

6 (1) o (1) 190(5) 
O( 1) 1 (1 ) 38(5) 

1 (1) o (1) 3(5) 

7 (3) 1 (2) 1 (4) 262(22) 

for a desired depth, after which speed, measured by 
engine RPM's, was kept constant. 

Station procedure 

At each station, a series of 1 hr tows was made at 10, 
20, 30, and 40 m. If large numbers of redfish were 
found, the entire series was repeated a second or third 
time to determine whether diurnal variations occur in 
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the vertical distribution of the larvae. Occasionally the 
series was extended to 60, 80, 100, and 110 metres. 

The net was set to the desired depth in the closed 
position, opened with the first messenger, and towed 
for one hour. The second messenger closed the net and 

it was then retrieved. The number of tows made at the 
various depths on each cruise is shown in Tables 1 and 
2. Fishing effort was not evenly distributed among the 
depths on any of the cruises. A standard bathythermo
graph cast was made at each station. 

Results 

Abundance 

The number of larvae collected in 1957 was almost 
twenty times greater than in 1958 (Tables 1 and 2). 
Catch-per-tow by depth shows the highest relative 
abundance of young fish at 20 m in July-August and 
at 80-100 m in September 1957 (Table 3). In 1958 
the small numbers taken were mainly in the 10-30 m 
zone. Admittedly, the high and low relative abundances 
of the 1957 and 1958 year-classes afford no basis for 
quantitative evaluation of average relative abundance 
of young-of-the-year rOOfish. However, judged from 
previous experience in sampling young redfish in the 
same area with plankton nets and small-mesh otter 
trawls, the large nwnbers of young available in 1957 
suggest that larval survival in that year was above 
average, and that 1958 survival was below average. 

Observed water temperatures were similar during 
the two years. Minor differences were detected, but it 
appears unlikely that these could cause such great vari
ation in the success of spawning or of larval survival. 
The apparent failure of the 1958 year-class seems more 
likely the result of other causes. 

Distribution 

In July-August 1957 most of the redfish were found 
in the area south of Cape Ann (Fig. 1). A month later 
the greatest numbers were still in this region, but they 
appeared to be concentrated along the easterly side of 
the deep water (stations 102-103 and 102-105). In 

1958, the sampling was confined to the southern area, 
and, although the fish were scarce, in July-August the 
largest numbers of larvae were taken in the same 
general arra as in 1957. 

The 1957 samples indicated that a significant change 
in depth distribution had occurred between J uly
August and September. About 98 % of the fish were 
caught between 10 and 30 m in July-August (Table 1). 
In September, the fish were taken deeper and 80 % of 
the catch was from depths of 80 to 110 metres. 

The 1958 data are generally similar in that July
August larvae were found at 10 and 20 metres, while 
the September distribution included a few specimens 
as deep as 80 m (Table 2). However, 1958 does not 
show the spectacular change in vertical distribution of 
larvae tbat was observed in 1957. 

The vertical distribution of larvae with respect to 
water temperature showed some interesting differences. 
In July-August 1957, all of the large catches were 
taken within the thermocline (Fig. 2). It is surprising 
that the larvae should remain in this area of high 
temperature gradient where it would appear that they 
might be exposed to changes of 6° to 15°F. Perhaps 
their position in the thermocline is advantageous since 
it enables them to select a preferred temperature with 
a minimum of vertical movement in the water column. 

In September 1957, most of the fish were found in 
cool water well below the thermocline. This water 
was almost isothermal from a point just below the 
thermocline to the bottom. 

Table 3 

Depth 
(m) 

Surface 
10 
20 
30 
40 
60 
80 

100 
110 

Total 

Summary of fishing effort and mean catch per tow, by depth, 1957-1958 

July-August 1957 September 1957 July-August 1958 
Number of Catch Number of Catch Number of Catch 

tows fish per tow tows fish per tow tows fish per tow 

2 0 0·0 1 0 0·0 
17 279 16·4 12 121 10·0 13 39 3·0 
21 3861 183·8 12 83 6·9 12 39 3·3 
15 96 6·5 7 24 3·4 9 0 0·0 
13 23 1·8 10 58 5·8 7 0 0·0 
6 30 5·0 3 20 6·7 4 0 0·0 

6 430 71·7 3 0 0·0 
2 0·5 8 524 65·5 

3 178 59.3 

76 4.290 61 1,438 49 78 
Mean catch per tow 56·4 23-6 1-6 

" 

September 1958 
Number of Catch 

tows fish per tow 

5 206 41·2 
4 35 8·8 
4 12 3·0 
3 7 2·3 
2 1 0·5 
4 1 0·3 

22 262 

11·9 
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Table 4 
Summary of numbers of redfish by depth and hour of day captured (Eastern Daylight Time) 

Cruise Number 99 - July-August 1957 

Depth in Hours Sunrise Hours 
metres 0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 

10 0 97 3 23 3 0 
20 583 0 560 49 31 0 2 347 
30 n 0 0 21 0 0 
40 9 I 1 0 3 0 
60 6 22 0 

100 

Total 596 9 6 680 49 52 3 26 5 3·H 

Depth in Hours Sunset 
metres 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 22CO 2300 Total 

10 49 0 16 87 279 
20 0 7 22 36 145 2079 3861 
30 0 17 0 9 36 96 
40 0 0 6 1 2 0 23 
60 2 0 30 

100 0 1 

Total 0 17 49 6 9 33 38 16 123 145 2079 4290 

Cruise Number 102 - September 1957 

Depth in Hours Sunrise Hours 
metres 0008 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 

10 8 5 0 5 4 
20 3 1 0 3 11 14 
30 2 0 3 
40 0 9 18 0 
60 4 0 16 
80 387 14 0 

100 12 220 9 0 0 
110 0 

Total 27 3 392 243 27 19 8 11 0 4 14 

Depth in Hours Sunset 
metres 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 Total 

10 0 0 87 3 9 121 
20 5 0 40 6 83 
30 1 17 24 
40 2 27 0 2 58 
60 20 
80 0 29 430 

100 0 282 524 
110 I 177 178 

Total 2 0 0 6 28 87 322 49 194 1438 

The temperature profiles taken at stations yielding range of temperatures in the thermocline was similar, 
large and small catches of young fish were generally and the temperature of the deep isothermal water was 
similar each month in 1957 (Fig. 2). In July-August nearly the same in both years. 
1957, the areas of larval abundance showed less clearly 

Diurnal variations defined thennoclines. However, it would be difficult 
to detennine if the larvae seek a lower temperature Diurnal variations in numbers of fish were evident 
gradient, or whether the currents that serv,e to con- in the 1957 samples (Table 4). Eighty-seven per cent. 
centrate the larvae also function to disperse the ther- of the total number of fish caught in July-August 1957 
mocline and reduce the temperature gradient. Despite were taken between twilight (1800) and daybreak 
variations of a few degrees in surface temperature, the (0600). In September 1957, 96 % of the larvae were 
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Table 5 
Summary of fishing effort and mean catch per tow 

by time of day (Eastern Daylight Time) 

1957 
July-August 
Cruise No. 99 

Total 

September 
Cruise No. 102 

Total 

1958 
July-August 
Cruise No. 116 

Total 

September 
Cruise No. 117 

Total 

Time of 
day 

0600-1200 
1200-1800 
1800-0000 
COOO-0600 

0600-1200 
1200-1800 
1800-0000 
0000-0600 

0600-1200 
1200-1800 
180G--0000 
0000-0600 

0600-1200 
1200-1800 
1800--1)000 
0000-0600 

17 
25 
14 
20 

76 

12 
10 
16 
23 

61 

13 
9 

12 
15 

49 

7 
8 
4 
3 

22 

11 
9 

12 
12 

44 

7 
3 

12 
16 

38 

6 
3 
4 
3 

16 

5 
4 
2 
2 

13 

434 
114 

2401 
1341 

4290 

37 
9 

681 
711 

1438 

28 
40 
4 
6 

78 

22 
14 

184 
42 

262 

25·5 
4'6 

171·5 
67·0 

56·4 

3-l 
0·9 

42·6 
30·9 

23·6 

2·2 
+4 
0·3 
0·4 

l-6 

3·1 
!-8 

46·0 
14·0 

11·9 

caught at night. With the exception of one large catch 
at 1100 hours in July-August, all of the largest catches 
of larvae at all depths were made during the night. 
This suggests that young fish arc less available to the 
trawl during the day-time, perhaps being able to see it 
in time to escape. 

The catch-per-tow of larvae collected on the four 
cruises is summarized in Table 5, arranged by the 
quarter of the day when caught. In general, the results 
show a higher percentage of night-time tows containing 
redfish, and a higher average catch-per-tow at night 
than in the day-time. The July-August 1958 data are 
not consistent with the rest, but these contain the least 
number of redfish and are therefore less conclusive 
than the other data. It appears that midwater trawling 
at night is many times more effective than day-time 
trawling, with the afternoon period being the least 
likely to produce large catches. 

Day and night fishing was undertaken at several 
stations in an attempt to show a diurnal pattern of 
vertical movement by young fish. Despite this intensive 
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Figure 2. Water temperature profiles recorded at redfish mid
water trawl stations in the Gulf of Maine in 1957 and 1958. 

effort, the tows that netted fish are too dispersed 
through the depths to show any clear pattern of diurnal 
vertical movement. In July-August 1957, the largest 
catches were consistently in the 10 to 30 III depths, day 
and night. In September 1957, the concentrations of 
small fish were at 80 to 110 m at night. The only 
suggestion of diurnal variation on both occasions was 
a slight vertical movement within the relatively narrow 
range of depths where the fish were concentrated at 
the time. There was no indication of diurnal mOVf'ment 
of young fish between surface and deep water. 

On two occasions in 1957 single large redfish were 
taken at mid-depth under circumstances suggesting 
either that they were living- pelagically or were involved 
in a nocturnal vertical migration. Each was caught 
during early morning darkness, between 0230 and 0400 
hOUTS, a 29 cm female at 60 m depth in August and a 
20 cm male at 100 m in September. The female was 
gravid with young about to be released and may have 
been rising in the water to release the young near the 
surface. Whatever the purpose, these occurrences at 
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Table 6 a slight trend toward larger fish in deep water. The 
Summary of redfish length-frequencies by depth, size range from surface to bottom is surprisingly uni-

July-August 1957 ("Albatross m"- Cruise Number 99) form both in July-August and September (Tables 6 
Length Depth in metres and 7, Figure 3). Apart from individual differences 
(mm) 10 20 30 40 60 100 Total between stations, the average lengths of larvae from 

5 each depth are within a few millimetres. In both 
6 months the smallest average length was observed at the 
7 30 m depth. There is no apparent explanation for this. 
8 1 1 In July-August 1958, the fish were concentrated in 9 1 1 

10 1 3 4 
11 2 7 1 10 Table 7 
12 6 23 2 31 Summary of redfish length-frequencies by depth, 
13 10 28 7 46 
14 25 58 13 97 September 1957 (U Albatross III" - Cruise Number 102) 
15 22 74 12 108 Length Depth in metres 
16 12 105 8 127 (mm) 10 20 30 40 60 80 100 110 Total 
17 19 127 8 154 
18 19 153 3 176 15 
19 13 225 7 2 248 16 
20 8 237 5 4 254- 17 1 
21 8 287 4 300 18 2 
22 12 343 2 3 2 362 19 
23 12 349 3 1 2 367 20 2 
24 14 346 3 364 21 2 
25 10 330 4 2 2 348 22 1 
26 7 240 2 2 251 23 2 1 3 
27 11 241 1 1 3 257 24 1 2 5 
28 10 187 3 1 7 208 25 1 2 1 5 
29 13 149 3 1 166 26 2 3 2 1 9 
30 12 90 1 3 3 109 27 1 5 2 9 
31 11 84 95 28 2 3 2 2 11 

32 6 59 2 3 71 29 4 4 3 1 13 
33 6 36 42 30 5 3 5 5 1 20 
34 3 32 2 38 31 3 2 5 5 11 3 31 
35 2 21 24 32 2 2 5 14 21 4 48 
36 3 14 18 33 7 5 2 3 13 26 6 63 
37 2 4 6 H 3 2 2 6 22 42 14 91 
38 7 7 35 11 10 2 6 2 26 59 25 141 
39 36 13 8 6 3 1 22 72 25 150 
40 37 14 10 2 5 37 62 27 157 

38 9 2 2 6 1 26 40 26 112 
Total 279 3861 96 23 30 4290 39 13 5 8 2 33 35 16 112 
Mean Jength 40 6 2 4 3 27 23 13 79 
(mm) 22-2 23·8 19·5 24-1 27·2 23·5 23-6 41 5 4 1 19 20 8 58 

42 6 2 1 21 17 3 51 
43 4 4 24 19 2 54 

mid-depth support the hypothesis that movement off 44 3 1 2 20 13 2 42 
45 2 1 15 7 26 

the bottom is the cause of a nocturnal decrease in avail- 46 1 10 4 16 
ability of redfish in the Gulf of Maine. 47 11 6 19 

48 3 6 9 18 
Length composition 49 11 6 18 

Redfish taken at the southern stations in July-August 
50 2 2 8 5 18 
51 10 7 18 

1957 were considerably larger than those from northern 52 8 2 10 
stations. North of Cape Ann (Fig. 1) the fish were 53 3 3 

from 4 to 10 rum smaller and were fewer than at the 54 7 2 10 
55 4 1 6 

stations to the south. This condition was altered some- 56 2 2 
what in September 1957, and the larger fish were 57 1 1 
found more northerly along the eastern edge of the 58 1 1 

deep water. The numhers of larvae taken in the 1958 59 
60 

collections are not sufficient for a comparison of length 
Total 121 83 24 58 20 430 524 178 1438 

composition. Mean length 
The length composition by depth in 1957 indicates (mm) 37·7 36·0 3+9 36·6 38·4 40·5 38·2 37-4 38·5 
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Figure 3. Length composition and depth distribution of young 
redfish taken by midwater trawl in 1957. 

the upper strata, with equal numbers at 10 and 20 m 
(Table 8 and Figure 4). Size ranges at the two depths 
were similar. In September there was a gradual increase 
in average length associated with increased depth 
(Table 9 and Figure 4). The large numbers of small 
larvae at 10 m depth and the generally smaller average 
lengths at all depths can be attributed to the added 
stramin cod-end. 

In comparing the length composition of the speci
mens collected during the two years, the similarity of 
the July-August data and the dissimilarity of the Sep
tember collections are evident. The average lengths 
recorded in July-August of both years arc nearly ident
ical despite the tremendous difference in the number 
of fish collected (Tables 6 and 8). On the other hand, 
the September collections bear little resemblance to 
each other (Tables 7 and 9). 

Growth of young fiah 
A high growth-rate during the pelagic period is in

dicated by the increru;e in average length of the young 

fish sampled between July-August and September 
1957. An average increase in length of 14·9 mm in 42 
days is much faster than the growth of the adult fish 
in the same area (Table 10). Average length increased 
at all depths, increases ranging between 11·2 and 15·5 
mm at different depths. The consistency of the changes 
in length throughout this comparatively broad area 
suggests that this is a rather precise measure of the 
growth-rate of young redfish in the Gulf of Maine. The 
rapid growth agrees with the growth-rate of young-of
the-year redfish previously estimated from less complete 
data of the pelagic stages (Kelly and Wolf, 1959). 

Starting about 25. June, the middle of the usual 4-
month spawning period, a 5 mm larva growing at the 
rate of 14·9 mm per 42 days would attain an average 
length of 50 mm in 126 days, or by about 28. October . 
This growth agrees closely with the observed average 
length of the youngest age-group (pre-annulus) col
lected in fine-mesh bottom trawls in the Gulf of Maine 
in November of earlier years. Therefore, it appears 
that the Gulf of Maine fish are about 4)1, months old 
when they reach a length of 50 mm and move to the 
bottom. 

In reviewing the earlier studies of Sebastes cited 
above, it was noted that fragmentary records of larvae 
and postlarvae from widely separated areas in the 
North Atlantic are similar. The time of occurrence and 
size of specimens observed differed little regardless of 
where collected. These data are shown together in 
Figure 5 to compare the growth-rates of larvae 
throughout the area. The first part includes all data 
available from the Gulf of Maine. Data from the per
tinent collections of Jensen (1922), Dannevig (1919), 
Frost (1938), and Timing (1949) from other regions 
were combined in the second part of Figure 5 
(Table 11). 

The composite figure gives an almost continuous 
record of the pelagic growth during the summer and 
autumn months. A line fitted to the data leads directly 
to the sizes of fish sampled from the bottom in the Gull 
of Maine in the late autwnn and winter. Data from all 
areas fall close to the estimated average growth curve, 
suggesting that, with local variations, the larval growth
rate in the western North Atlantic is approximately 
the same. 

Duration of pelagic stage 

Evidence from the study of early growth indicates 
a probable average pelagic stage of 4Y2 months' dura
tion. Assuming that the fry are capable of only local 
orientation movements, they could be transported great 
distances by surface water currents in that length of 
time. The relationship of redfish larvae to the hydro
graphy of the Gulf of Maine and adjacent waters is 
not adequately understood to formulate a hypothetical 
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Figure 4. Length composition and depth distribution of young 
redfish taken by midwater trawl in 1958. 

Table 8 
Summary of redfish length~frequencies by depth, 

July-August 1958 
(II Albatross III" - Cruise Number 116) 

Depth in metres Length 
(mm) 10 20 

• 
12 ... 
13 
14 
15 
16 2 
17 3 
18 3 
19 ............. 4 
20 3 
21 4 
22 4 
23 1 
24 4 
25 3 
26 2 
27 2 
28 
29 
30 
31 
32 
33 ............ . 

Total..... ...... 39 

Mean length (mm) .. 22·3 

* No observation~ for 5-11 mm lengths. 

2 
1 
1 
2 
3 
4 
2 
6 
4 
4 
3 
2 

2 

39 

20·2 

Total 

3 
1 
1 
2 
5 
7 
5 

10 
7 
8 
7 
3 
4 
4 
3 
2 

2 

1 
1 
2 

78 

21-2 

Table 9 
Summary of redfish length-frequencies by depth, 

September 1958 (UAlbatross Ill" - Cruise Number 117) 
Length 
(rom) 10 

5 
6 1 
7 3 
8 5 
9 3 

10 10 
11 19 
12 21 
13 19 
14 21 
15 11 
16 17 
17 15 
18 14 
19 12 
20 11 
21 5 
22 6 
23 5 
24 4 
25 1 
26 1 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Total 206 
Mean length 
(mm) 15-8 

20 

1 
3 
4 
2 
5 
4 
2 
2 
2 

2 
1 
1 
1 

2 

35 

Depth in metres 
30 40 60 

2 
1 

1 
2 
1 

12 7 

80 

22·3 24-4 24-8 22-5 21·5 

Table 10 

Total 

1 
3 
5 
3 

10 
19 
23 
19 
22 
11 
21 
19 
18 
14 
17 
11 

9 
8 
7 
2 
4 
1 
2 
4 
1 
2 
2 
2 

2 

262 

17-3 

Increase in average length of young fish. by depth 
zone, between July-August and September 1957 

Depth July-August September Average 
(Cruise No. 99) (Cruise No. 102) increase 

(m) mm mm mm 

10 22-2 37-7 15-5 
20 23-8 36-0 12-2 
30 19-5 34-9 15-4 
40 24'1 36-6 12'5 
60 27'2 38-4 11-2 
80 40-5 

100 23·5 38·2 14-7 
110 37-4 

Mean length 23-6 38-5 14-9 

model of larval drift. The pattern of larval distribution 
in the present study suggests that the currents in the 
Gulf of Maine tend to concentrate large numbers of 
larvae over the deep water in the south and central 
parts of the Gulf. From what is known of the flow of 
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Figure 5. Approximate growth-rate of young redfish in the Gulf of Maine and other north-west Atlantic Ocean areas. 

the Nova Scotian shelf water, it is likely that some 
Sebastes larvae originating from the populations on 
Nova Scotian hanks are transported into the Gulf of 
Maine by the westerly currents around Cape Sable. 
Specific studies in this area will be necessary to establish 
this hypothesis. 

Assuming the same duration of the pelagic stage in 
the Iceland-Greenland area, Jensen's theory of long
distance larval transport becomes very plausible. There 
is ample time for water currents of 3-4 miles per day 
to carry larvae as much as 500 miles from the location 
of spawning. 
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Table 11 
Summary of north-west Atlantie larval and postlarval redfi.h collections pertinent 
to the study of growth-rate of young fi.b during the pelagic stage. Source of the 

data is indicated, with the date of collection, location, size range and number 
of specimens collected 

(Length-frequencies from these collections are used in FigureiS) 

Date of collection Source Location 
Size range :"Jumber of 

(mm) specimens 
1895 18. July Jemen (1922) 61 '44'N-30029'W 12-14 8 
1896 1. June Jensen (1922) 62'40'N-19'05'W 8·5-14 5 

3. June J(·nsen (1922) 62'06'N-22'30'W 7,5-12 9 
12. June Jensen (1922) 60' 30'N-26' 54'W 10-15 5 
13. June Jensen (1922) 60'23'N-27'25'W 12-17 7 

1908 14.-26. May Jemen (1922) 58°59'N-30050'W to 7-9 Several hundred 
58'08'N-39'12'W 

1909 25. Sept. Jensen (1922) 60 c 05'N-46°35'W 27·5-43·0 9 
1912 July Bigelow (1914) Gulf of Maine 6-12 314 

August Bigelow (1914) Gulf of Maine 5-21 467 
1913 June Jensen (1922) East coast Greenland 22-30 Great numbers 

24. Oct. Jensen (1922) 65'40'N 29-45 Some 
1914 July Bigelow (1917) Gulf of Maine 6-13 281 

August Bigelow (1917) Gulf of Maine 7-22 176 
1914 29. May-4. June Danncvig (1919) Gulf of St. Lawrence 5-13 66 

9.-15. June Dannevig (1919) Gulf of St. Lawrence 5-13 108 
21.-29. July Dannevig (1919) Gulf of St. Lawrence 5-16 22B 

3.-12. August Danncvig (1919) Gulf of St. Lawrence 5-22 220 
1. June-lB. Aug. Dannevig (1919) Gull of St. Lawrence 5-15 337 

1915 May Bigelow (1917) Gulf of Maine 10 1 
June Bigelow (1917) Gulf of Maine 7-8 2 
August Bigelow (1917) Gulf of Maine 6-27 Many 
Sept. Bigelow (1917) Gulf of Maine 10-40 Swarm 

1915 Sept. Jensen (1922) West Greenland 38-49 7 
1925 June Jensen (1926) West Greenland 7-13 100+ 

July Jensen (1926) West Greenland 7-17 100+ 
1931 May Kelly and Wolf (1959) Gulf of Maine 8-12 13 

(Albatross II Coli.) 
June-July Kelly and Wolf (1959) GuIf of Maine 5-16 84 

(Albatross II Coil.) 
1932 July Kelly and Wolf (1959) Gulf of Maine 5-18 2,234 

(Atlantis ColI.) 
1932- May F<ost (1938) Newfoundland area 5-21 40 
1935 June Frost (1938) Newfoundland area 5-13 249 

July Frost (1938) Newfoundland area 5-10 117 
August Frost (1938) Newfoundland area 6-19 207 
Sept. Frost (1938) Newfoundland area 6-37 13 

1947 29. June Taning (1949) 56'02'N-38'43'W 9-21 1,072 
1953 August Kelly and Wolf (1959) Gulf of Maine 26-48 10 

Sept. Kelly and Wolf (1959) GuIf of Maine 25-50 17 
Nov. Kelly and Wolf (1959) Gulf of Maine 38-54 26 

1954 Feb. Kelly and Wolf (1959) Gulf of Maine 42-59 83 
April Kelly and Wolf (1959) Gulf of Maine 50-67 25 
August Kelly and Wolf (1959) Gulf of Maine 5-15 216 

1955 August Kelly and Wolf (1959) Gulf of Maine 4-21 97 
1957 26. July-I. Aug. (Present Study) Gulf of Maine 8-38 4,290 

5.-9. Sept. (Present Study) Gulf of Maine 17-58 1,438 
1958 28. July-I. Aug. (Present Study) Gulf of Maine 12-33 78 

14.-15. Sept. (Present Study) Gulf of Maine 6-35 262 
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Summary 

Although the depth at which Gulf of Maine redfish 
larvae arc released is not known, the newly spawned 
larvae (5 to 6 mm) appear at the surface and are con
centrated in the upper 10 metres. As they grow to 
10-15 mm the larvae move deeper to about 20 m 
depth where they remain until reaching a length of 
25 mm. During this period they stay in the thermocline. 
When the fish exceed 25 mm they move deeper into 
the cold water below the thennocline. The movement 
from the cold middle waters to the bottom is probably 
influenced by the requirements of individual fish, some 
going to the bottom when only 25 mm while others 55 
to 60 rum in length remain in midwater. Some large 
postlarvae are found on the bottom as early as August, 
while others appear to remain in midwater until 
Jctober. 

The relatively long pelagic stage is a period of rapid 
~rowth for redfish larvae. The average length attained 
:Jy the time they move to the bottom appears to be 
)etween 40 and 50 mm. This length is reached in 4 or 
) months. 

The pelagic period is long enough to permit the fry 
:0 drift long distances in the water currents. It is likely 
hat the counterclockwise currents in the Gulf of Maine 

serve to concentrate the larvae in certain parts of the 
central area. However, in other less restricted areas, 
strong surface currents could transport the larvae for 
distances of several hundred miles. 

There is little evidence of diurnal vertical move
ments of the planktonic larvae. The only obvious 
diurnal variation is the change in catchability of the 
larvae at all depths. This suggests that the fish can 
detect the trawl visually and escape from it during the 
daylight hours, but are less able to do this at night. The 
effect could be the reverse if taken in a different view. 
Perhaps the luminous planktonic animals are stimul
ated to flare with the approach of the trawl at night, 
thus attracting the fish toward a source of food and 
into the path -of the net. Despite these variations in 
availability of the fish, the Isaacs-Kidd midwater trawl 
is an effective gear for sampling pelagic young redfish. 

Great variations in redfish year-class strength un
doubtedly occur. Midwater sampling indicates that the 
1957 year-class was large and the 1958 class was very 
small in the southern Gulf of Maine. Several more 
years of sampling are necessary to detennine the nonnal 
relative abundance of young-of-the-year redfish in 
mid-depths. 
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10. 

Larval and Postlarval Stages of Sebastes Species and Helicolenus dactglopterus 
By 

A. VEDEL T ANING t 

(With Introductory Notes by E. BERTELSEN) 

During his investigations in Faroe-Icelandic and 
Greenland waters in the 1920's and 1930's Dr. Timing 
observed that the fry of Sebastes could be divided into 
two types according to the presence or absence of a 
distinct caudal pigment spot, consisting of one or a few 
melanophores. 

According to the distribution of the two types he 
assumed that the fry with caudal spot belonged to 
Sebastes viviparus and the others to the, at that time, 
only other recognized species of Sebastes in these 
waters, Sebastes marin us. 

He soon confirmed the first assumption through 
examination of larvae extruded from ripe Sebastes vivi
parus females, which are common in Faroese and Ice
landic waters. Sebastes marinus in this stage were more 
difficult to obtain, and it was not until 1938 that he 
succeeded in obtaining ripe females of this species (one 
from Faroes and some from Iceland). He found that 
all the unborn lalvae examined from these specimens 
lacked caudal melanophores. The series of develop
ment stages in Figures 1-3 were drawn by the artist 
Poul H. Winther under the direction of Dr. Taning. 
The drawings were made in 1944 except for the figure 
of the unborn S. viviparuJ larva, which dates back to 
1937, and the corresponding stage of as. marinusJJ 

which was drawn in 1948. 
Taning drew attention to these observations at 

several scientific meetings and through other personal 
communications, and the pigment character has since 
been regularly used in the separation of different types 
of Seba,~te5 larvae found in the eastern North Atlantic. 
However, publication of the drawings and descriptions 
was delayed by the uncertainty concerning the number 
of Sebastes species present in the North Atlantic, and 
by the fact that in 1947 Timing found Sebastes fry with 
a caudal pigment spot in the western North Atlantic. 
Furthennore Taning found single oceanic specimens 

with caudal pigment, mainly in the area between the 
Faroes and Reykjanes Ridge. They were too young 
(6---12 mm) to have been carried by currents from the 
coastal banks to the pmitions in which they were 
caught, and Taning considered the three following 
possibilities:- that they were either (1) variants of S. 
marinus, or (2) derived from interbreeding with "the 
American form" or (3) were the larvae of oceanic 
living S. viviparus. 

Although it is now known that caudal pigment spots 
are found in larvae of Sebastes species other than S. 
viviparus, and although there are no means of separ
ating larvae of S. marinus from, for instance, S. men
teila, it is felt that Tfming's figures and notes are most 
useful to the further study of these problems and should 
be published. 

The accompanying descriptive notes are fragments 
of an unfinished manuscript by Dr. Taning. In these 
and the descriptions of the figures the specific names 
have been retained as in Taning's original notes, i.e. 
viviparu5 and marinus. As no intermingling with other 
Sebastes species with caudal pigment spot is likely in 
the area where the S. viviparus were collected, the 
identification is no doubt correct, but whether the series 
of as. marin usn fry may contain specimens of S. men
tella is uncertain. 

The series of developmental stages of Helicolenw 
dactylopterus is not commented on in the notes and 
manuscripts left by Taning. Being the only species of 
its genus in the North Sea and eastern North Atlantic, 
where the specimens were collected, the identification 
does not need verification. The most significant feature 
in the pigment pattern seems to be the three melana
phores seen ventrally on the caudal peduncle, well in 
front of the base of the caudal fin. The figures are 
sufficiently self-explanatory to be published without 
further comments. 

E. Bertelsen 
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Figure 1. Sebastes viviparus. 

A. 5-8 mm, from ovary of S. viviparus from Iceland 26/6 1909. 
B-D. "Dana" st. 5288 (62°QQ'N, 6°12'W). sonic depth: 122 m, stramin net, 65 m.w., 11/7 1934. 

B = 8'9 mm. C = 10·1 mm, D = 13·5 mm. 

11/,10 
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Figure 2a. Sebastes marinus. 

A. 6-8 rum, from ovary of S. marinus, 44 em. "Dana" st.6691 (51 °OO'N, 44°20'W, West Greenland), shrimp trawl, 
260 m.w .• 27/6 1947. 

B. -7-4 rom, "Dana" 5t. 5083 (62°45'N, 16°01'W), stramin net, 500 m.w., sonic depth: 1975 ro, 7/51934. 
c. 10·5 rum, "Dana" st. 2307 (60 0 20'N, 29°21'W), stramin net, 1500 m.w., 30/5 1925. 
D. 15·7 mm, "Dana" st. 4438 (64°13'N,38"'15'W), sonic depth: 450-470 ill, stramin net, 15 m.w., 1117 1932. 
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Figure 2b. Sebastes marinus. 

A. 20·9 mm, "Dana" st. 4227III (64°45'N, 36°30'W), sonic depth: 325 m, stramin net, 15 m.w., 1717 1931. 
B. 27·0 mm, "Dana" st.4681 (60° 19'N, 42°11'W), stramin net, 15 m.w., 14/8 1933. 
C. 34-5 mm, "Dana" st. 4682 (60 0 0D'N, 42°25'W), sonic depth: 295 m, stramin net, 65 m.w., 14/8 1933. 
D. 52·0 mm, "Dana" 5t.4681 (60 0 19'N, 42 nll'W), stramin net, 15 m.w., 14/8 1933. 



- 238 -

.. 

A 

B 

c 

D 

Ih..; J(-<,.·.-I.iZ....,/fvr 

Figure 3. H elicolenus dactylopterus. 

A-B. "Thor" st. 21 (58°28'N, 12°13'W), sonic depth: 1200 m, young-fish trawl, 65 m.w., 31/5 1908. 
A = 3-6 mm' B = 5-6 mm 

C. 10·0 mm, "Dana" st. 6094 (61°0B'N, 2°1O'W), sonic depth: 515 m, stramin net, 100 m.w., 14/7 1939. 
D. 19·0 mm, "Dana" st. 5899 (52°3B'N, 15°13'W), sonic depth: 1188 m, stramin net, 50 m.w., 2116 1938. 
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A. On the Identification of the Young Stages of Sebastes marinas L. 
and Sebastes viviparus Kr. 

[dentification of Sebastes lIiviparus 

Just before hatching the eggs of Sebastes VWlparus 
He somewhat oblong, about 2·0 X 1·25 mm. The total 
.ength of the unborn larvae is generally slightly below 
5 mm. A large oil globule is still present. It is of a 
itrong yellow-green colollr of greater intensity than in 
). marin us. Vitellum, head, and the region above the 
tbdomen arc faintly yellow. No other distinct melano
Jhores than those described below are seen. The eyes 
lre pigmented, blue and iridescent. When extruded 
·rom the female the mass of fry (and unhatched eggs) 
s of more intense yellow-green colour than in S. 
narmus. 

There is a single or a small number of melanophores 
In the dorsal side of the head, several above the in
estine and abdomen, and one or a few on its side. 
~llrthermore there is a dorsal and ventral series of 
nelanophores along the body. The dorsal series consists 
If fewer (about 10) and, especially anteriorly, more 
cattered melanophores than the ventral, in which 
here are often 2-3 per each myotome. The ventral 
eries may reach forward to about 1 Y2 eye-diameters 
.ehind the intestine. Posteriorly this series reaches to a 
loint wmewhat in front of the place where, later on, 
lIe notochord turns upwards. The position and number 
f the dorsal and ventral melanophores may vary quite 
onsiderably. 

Finally, below the notochord, there is a distinct 
1clanophore extending onto the embryonic fin, just 
t the place where the first faint traces of the devel
ping caudal rays can be observed. This melanophore 

characteristic of S. viviparus and is absent from S. 
zarinus larvae of the same stage. 
After birth some time elapses before other melano

hores develop, outside the groups mentioned above. 
)f these those on the head and abdomen, especially, 
lCrea'ie in number and intensity. Then, when the 

larvae reach a total length of 10-14 mm, pigment 
starts to develop at the base of the caudal fin, and soon 
cov~rs the characteristic primary caudal melanophore. 
At a similar length, medio-Iateral pigment starts to 
develop on the caudal peduncle and pigmentation 
begins at several places on head and body; also, the 
silvery colour of the abdomen, which may be seen 
faintly in specimens of 9 mm, spreads and becomes 
more distinct. 

By the time when a length of about 15 mm is 
reached, some erythrophores may be found at the base 
of the caudal fin. These are the only colour-chromato
phores behind the anus which have, so far, been 
observed in larvae of this species. 

Identification of Sebastes marinas 

Embryos of S. marinus near the stage when they are 
born, arc very similar to those of S. vivijJarus, but 
according to the material examined, are somewhat 
longer (mostly more than 6 mm), corresponding to the 
somewhat larger egg-size (2·3 X 1·6 rum just before 
hatching). The oil globule is pale yellow (not intense 
yellow-green as in S. viviparus) and the yellowish tint 
on head and abdomen is very faint. Owing to this the 
mass of fry (and unhatched eggs) when extruded from 
the female, is of a paler colour than in S. viviparus. 

The same groups of melanophores as in S. viviparus 
are found on head, intestine, and abdomen as well as 
dorsally and ventrally on the body, but melanophores 
are lacking below the end of the notochord at the place 
where the caudal fin later develops. However, in this 
species also, pigment develops at the base of the caudal 
fin when the larvae are about 10 mm or somewhat 
larger. For this reason it may not be possible to 
distinguish the larger larvae of the two species by 
means of this character. 

B. Colour-Chromatophores in Sebastes Fry 

Whereas chromatophores of any colour but black are 
Jsent from most oceanic fish, weakly developed 
:mthophores, and on rare occasions single erythro
o.ores are present in Sebastf's marinus. In the coastal 
lecies S. viviparus (and S. fasciatus) both kinds of 
>lour-chromatophores are much more numerous. The 
'ason for this difference in oceanic and coastal-bank 
sh is not known, but the phenomenon is very con
licuous and is also evident in the groups into which 
Ie genus Sebastes is divided. 

The distribution of colour-chromatophores in S. 
viviparusJ which is in this respect the best provided, 
will be described first. 

On the dorsal side of the head some bright yellow 
(sometimes more yellowish-green) chromatophores are 
found between the melanophores; occasionally these 
xanthophores spread out so tp.at they form a more 
diffuse pigment between and below the melanophores; 
this diffuse, yellow pigment is also found on the dorsal 
side of the anterior part of the body. It gives the larvae 
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of S. viviparus a conspicuous yellow tinge which is 
almost absent from S. marinus. Between the black 
chromatophores, which are situated dorsally on the 
posterior part of the body and on the caudal peduncle, 
yellow chromatophores are also found extending nearly 
to the base of the caudal peduncle where the series of 
pigment cells stops. In cases where the foremost mela
nophores are absent from this group, yellow chroma to
phares may nevertheless be found there. Xanthophores 
are found less frequently amongst the ventral row of 
melanophores from the anus to the base of the caudal 
peduncle. 

Finally, several calour-chromatophores are found, 
especially media-laterally on the caudal peduncle and 
along the upward curved part of the notochord; they 
are small but quite conspicuous and are best seen on 
young individuals whose caudal peduncle is still 
oblique. These colour-chromatophores are rarely found 
more anteriorly on the base of the caudal peduncle 
than the 6th or 7th myotome (counting from the tail). 
A few scattered colour-chromatophores may be found 
dorsally or ventrally of the more pronounced medio
lateral row. Whereas the most anterior colour-chroma
tophores are always of a vivid light yellow - as are those 
found dorsally and on the head - those situated posteri
orly. along the upcurved end of the notochord, may 
shade off into orange and red. Further, a number of 
small erythrophores - most often 4 or 5 - are found at 
the base of the caudal fin rays. Noteworthy is the fact 
that the yellow chromatophores may spread medio
laterally on the base of the caudal peduncle between 
the myosepta and in this way become internal colour
chromatophores. It should be stressed that the majority 
of the colour-chromatophores mentioned are small and 
not as conspicuous as the melanophores. Furthermore, 
they disappear within 2-4 days in a solution (abt. 4 % ) 
of formaldehyde. 

In SebaJtes fry the abdomen becomes silvery at an 
early stage and the stomach shows brown through the 
body, probably on account of its content of small 
crustaceans. 

Turning to Sebastes marinus the description can be 
brief and is based on that given above for S. viviparus; 
the colour-chromatophores have mainly the same 
distribution but have a much fainter effect, since they 
are fewer and smaller. 

A few yellow chromatophores are nearly always 
found between the melanophores on the head, but they 
are not so numerous that the colour can be dominant -
as it is in S. viviparus. This is perhaps also in part due 
to the fact that the diffuse body-pigment is almost 
entirely lacking in S. marinus. 

Xanthophores are seldom seen between the dorsal 
and ventral pigment rows of melanophores on the 
caudal part. When present they are most often found 
dorsally. 

The medio-Iateral xanthophores are almost absent 
from the base of the caudal peduncle; a few may be 
found medio-Iaterally and dorsally of the middle line 
but as a rule they are very inconspicuous (and may 
only be seen by microscope) ; the erythrophores on the 
base of the caudal fin are likewise nearly always absent, 
or only a single or a few very inconspicuous erythro
phores are to be found. 

The fewest colour-chromatophores are found on 
larvae of the purely oceanic species of Sebastes marin us. 

A number of Sebastes larvae with caudal melana
phores were caught in the western Atlantic, north of 
the Flemish Cap in 1947. They were, with regard to 
colour-chromatophores, very closely similar to S. uivi
paws fry and in this respect did not resemble S. mari
nus. Likewise this fry of the American variety resembled 
the fry of S. viviparus in possessing a melanophore on 
the cleft between the two large hypural plates. Danne
vig (1919) and Bigelow and Welsh (1925) show on 
their figures (drawings) of Sebastes fry that the 
American variety has the above-mentioned characteri
stic melanophore. These things considered, the general 
characteristics of the fry group the American variety 
with S. viviparus; in certain other characteristics it is 
however very similar to S. marinus. 
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11. 

Variations in Caudal Pigmentation in Late-Stage Pre-Extrusion Larvae 
From marinus- and menfella-Type Female Redfish from the Newfoundland Area* 

By 

WILFRED TEMPLEMAN and E. J. SANDEMAN 
Fisherie8 Researeh Board of Canada. Biological Station. St. John'. NfJd. 

Abstract 

Late-stage pre-extrusion larvae have been examined 
:rom 37 marinus-type and 44 mentella-type redfish, 
>btained from three widely separated localities in the 
'lewfoundland area. Examination of 120 larvae from 
~ach fish has revealed that a difference exists between 
he two types, in the relative presence or absence of 
:audal melanophores in their larvae. The caudal 
nelanophores, when present, are situated near the base 
>f the caudal fin and ventral to the vertebral column. 
Jaudal melanophores were ab:::ent in only 2·3 % of the 

* Complete paper in J. Fish. Res. Bd. Canada, 16 (6): 763--89, 1959. 

larvae from me1ltella-type parents, in contrast to the 
absence of caudal melanophores in 76·1 % of the larvae 
from marinus-type parents. When only thm:e larvae 
having caudal melanophores are considered, larvae 
from marinus-type parents usually have but a single 
melanophore whereas those from mentella-type parents 
usually have two caudal melanophores. 

This difference between larval samples provides 
evidence of the existence of a real genetic difference 
between mentella and marinus types of redfish in the 
Northwest Atlantic. 

12. 

Investigations on Eggs and Larvae of Commercial Fishes 

in Norwegian Coastal and Offshore Waters in 1957-1958* 
By 

K. F. WlBORG 
In"titute of Marine Reaearch, Bergen 

Abstract 
The distribution of redfish larvae in the waters of 

orthern Norway has been studied during May-June 
f the years 1948-58. During this period, the mean 
umber of larvae below 1 m 2 of sea surface varied 
etween 3 and 39, with minima in 1950-52 and 1955, 
laxima in 1948-49, 1953, and 1957. 
The horizontal distribution of redfish larvae in the 

ronvegian Sea in May-June 1958 was found to agree 
* Published in full in Fi:;k. Skr., Sec. Havunders., 12 (7). 1960. 
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with that gIven by Russian workers (Baranenkova, 
et al.). 

At the beginning of June 1958, redfish larvae taken 
in vertical hauls with an egg-net in the Nonvegian Sea 
measured 7-13 mm, mean size 9·4 mm, those from 
catches with a high-speed net in the middle of the 
month 7-19 mm (mean 11·7 mm). Redfish taken with 
the high-speed net at the beginning of August 1955 
measured 12-27 mm (mean 19·8 mm). 



- 242 -

SECTION IV 

SEX AND MATURITY 
Sex and Maturity in Relation to Distribution and Migration 

Disculsion Leader: Dr. J. MAGNUSSON 

Three papers were reviewed and discussed during 
this session:-

KreHt, G. "A contribution to the reproductive biology 
of Helicolenus dactylopterus (De la Roche, 1809) 
with remarks on the evolution of the Sebastinae." 

Sorokin, V. P. "The redfish, gametogenesis and migra
tions of the Sebastes marinus L. and Sebastes men
telia Travin." 

Magnusson, J. "The sex ratio of catches of redfish at 
different times and localities." 

(i) Sex 

Shoaling of redfish by sexes allowed :r:ligrational 
investigations to be carried out whilst tagging tech
niques could not, as yet, be employed in oceanic 
populations, although successful taggings had been 
carried out in the Gulf of Maine and West Green
land. 

Of all areas under study, the Barents Sea appeared 
to offer the best understanding of the movements of 
females and fry away from the spawning grounds. 
Assuming a pelagic release of young, this movement 
conformed with what would be expected from a 
knowledge of the seasonal hydrography, although the 
mechanism of the females' return to the spawning 
region was not yet clear. 

(ii) Maturity 

It was agreed that the spring concentrations of ma
ture pre-spawning female S. mentella were not known 
in the Greenland and Iceland regions. The absence of 
planktonic larvae with the 'tail spot', as described by 
Templeman and Sandeman, required further explana
tion. Their absence from the plankton of the Barents 
Sea also, where spawning areas of S. mentella are well 
known, emphasizes this need. 

It appeared that the length of the extrusion period 
of redfish is very variable. ''''hether intermittent release 
of young occurs, and this might be considered from the 
behaviour of the closely related H elicolenus dactylop
terus as described by Dr. Krefft, was not yet established. 

In order to continue this work and improve our 
knowledge of redfish movements it is recommended 
that:-

( 1) Any information concerning areas of pelagic 
redfish concentrations should be investigated, so that 
tagging of line or pelagic trawl caught fish may be 
attempted. In this connexion selected weather ships 
should be provided with tagging equipment. 

(2) Examination of pre-extrusion larvae of S. men
lella and S. marin us from all areas should take place 
in order to determine the spawning areas, and ah:o to 
facilitate the identification of planktonic fry. 

(3) Relative fishing mortality of the sexes should be 
investigated further. 
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1. 

A Contribution to the Reproductive Biology of Helicolenus dactglopterus 

(De la Roche, 1809) with Remarks on the Evolution of the Sebastinae 
By 

GERHARD KREFFT 
Hamburg 

Abstract 

Scientific knowledge concerning the mode of repro
duction of Scorpaenid fishes is limited to only a few 
species. Even for these all the details are not known. 
There arc, for instance, no observations of the copula
tion of any Scorpaenid fish, and it is not even known 
whether or not the oviparous genera and species do 
copulate. 

Sebastes Cuvier, 1829, and Sebastodes Gill, 1861, 
are known to be viviparous, while some species of 
Scorpaena Linnaeus, 1758, extrude their spawn em
bedded in a gelatinous matrix floating on the surface. 

In this paper the mode of reproduction in the genus 
Helicolenus Goode and Bean, 1895, is discussed. Here 
fertilization is internal and at lea~t one species from 
the Indian Ocean has been proven to be viviparous 
(Graham, 1956). Information on the reproduction of 
H. dactylopterUJ found in the literature is both scanty 
and inconsistent. Williamson (1911) and Jenkins 
(1925) were inclined to suppose that the species might 
be viviparous, whereas Ehrenbaum (1905 and 1936), 
Holt (1899), Taning (1949), Dieuzeide, Novella, and 
Roland (1955), and apparently Boutiere (1958) 
thought of Helicolenus as being an oviparous fish. 
Sparta (1928 and 1941) too considered the species to 
be oviparous, while Nybelin (1942) and Andriiashev 
(1954) affirm that it is viviparous. 

Recent findings on Lousy Bank, in May 1959, during 
a cruise of F.R.S. "Anton Dohrn" raised the po<;sibility 
that there may be intraspecific differences in the mode 

of reproduction, dependent on environmental or geo
graphic factors. 

The ripe and immature intraovarian eggs of the 
species are enveloped in a thick gelatinous matrix. 
Those examined wt.'re clear and were found to be in 
an advanced blastoderm stage and to contain an oil 
globule. Beneath the jelly-like layer the ovary contained 
eggs of a much smaller size and in four different stages 
of development. 

With respect to the reproductive characters Heli
colenus appears to be intermediate between Scorpaena 
and Sebastes as, similarly, is its morphology. It certainly 
holds a position at the root of the ancestral line of the 
Sebastinae and is best understood as a link between 
t~at viviparous subfamily and the oviparous Scorpae
mnae. 

There arC seven species and subspecies of the genus 
described to date. They all are so closely related to 
each other that they may represent a single poly typic, 
allopatric "Rassenkreis". The distribution of the dif
ferent forms shows two chains nmning around the 
globe in a bipolar, antitropic sense. This type of 
distribution also links the two subfamilies closely 
together, but there is a gap in the East Pacific. The 
preference for deep water may have been advantage
ous for the wide distribution of the genus. At the same 
time the bathymetric adaptation may have resulted in 
the ability to reproduce viviparously, and so points, 
possibly, to the manner of evolution of the Sebastinae. 
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2. 

The Redfish; Gametogenesis and Migrations of the Sebastes marinas (L.) 
and Sebastes mentella Travin 

By 

V. P. SOROKIN 
PINRO, Mqrmanlk, U.S.S.R. 

The redfish Sebastes marinus (L.) and Sehastes 
menteUa Travin, arc of great importance to the trawl 
fishery by their abundance and the size of concentra
tions they form. It is therefore easy to understand why 
so great and so fully justified an interest in the behavi
our of this fish has developed. 

Within recent years a significant part of the life 
history of the redfish, inhabiting the Barents Sea and 
the NOIVVcgian Sea, has been the subject of study. Age 
and rate of growth have been studied by N. P. Sma
ragdova (1936), V. V. Veshchezerov (1941), A.Kott
hallS (1952), and E. 1. Surkova (1957). It, distribution 
and its fisherie:; have been investigated by V. V. Vesh
chezerov (1941), N. A. Mas10v (1944), V. 1. Travin 
(1949, 1951, and 1957), and A. S. Baranenkova 
(1957). G. V. Bo1dovski (1944) reported on the redfish 
feeding behaviour. 

V. F. Schmitt (1944) studied the development of 
the ovaries, embryonic development of the eggs, and 
the larval distribution after "spawning". Similar studies 
"ave been carried out by K. H. Luling (1951), who 
:lid not seem to know about the work of Russian inve
;tigators (Schmitt and others)) concerned with the life 
rristory of the redfish, as is seen from this quotation 
:rom the introduction to hjs paper: "We may say that 
Ne know almost nothing about the reproductive biology 
)f the redfish SebaJtes marinuJ." Dr. J. Magnusson 
: 1955) and Sorokin (1956) made histological game
:ogenesis studies independently of each other. 

The present paper is not aimed at a critical analysis 
)f all the data on the biology of the redfish. However, 
t was thought useful to try to assess how far the migra
ions of redfish in the Barents and Norwegian Seas are 
nter-related with the processes going on in the gonads. 

The distribution and migration areas of S. marinuJ, 
LS described by N. A. Maslov (1944), still remain valid 
see Fig. 1). Recent investigations have only completed 
Lnd defined this general scheme. 

In the Barents and Norwegian Seas, to the east of 

~1 
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Figure 1. Diagram of S.marinus (L.) migrations according to 
N. A. Maslov. 

1 = "spawning" areas 
2 = areas of autumn/winter concentrations of males and 

females 
3 = areas of spring concentrations of males 
4 = migrations of females 
5 = migrations of males 

the continental slope, S. marinuJ females liberate their 
larvae in the Lofoten Islands area and along the slope 
further north, as far as approximately 71°N. Liberation 
of larvae starts in the second half of Aplil. It is at its 
height in May and comes to an end in the first half 
of June. 

The spent S. marinuJ females migrate to the feeding 
grounds. At least three such areas are known: the 
eastern Barents Sea as far as Goose Bank (Travin 
reports S. marinus being caught incidentally at 73°N, 
500 E); the Demidov Bank (Norwegian fishermen call 
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it "Thor Iversen Banken") and adjacent northern and 
eastern areas; the third area includes the slopes of the 
Bear Island Bank and the continental slope of West 
Spitsbergen. S. marinus is sometimes found north-east 
of Hope Island (78°N; Travin, 1949). 

After liberation of the larvae, the ovaries become 
reduced in size and weight (maturity factor- 0,2-1,1 
'It) ,* and become flabby; the membrane is shrunken. 
Cut sections show connective tis£:ues of the follicular 
membranes to be partly degenerate. Sometimes unfer
tilized eggs in the process of resorption occur in the 
ovaries. The stroma of such an ovary contains sex cells 
of several generations, beginning with oogonia and 
including oocytes with a follicle of onc or two layers. 
In June certain females have oocytes in the ovaries, 
with yolk accumulating in the plasma. Yolk deposition 
in the oocytcs of older generations is not simultaneous, 
i.e. the vitellogenesis is of an asynchronous nature. 

Vitellogenesis does not appear to be very active 
during June, July, and August, and the mJ. does not 
show a significant rise (1·2 o/r' on average); by August 
it increases to 1·8 %. The diameter of the older genera
tions of oocytes varies from 200 to 300 ,u during this 
period. 

The shoals of males and females, formerly separated, 
unite during these three months of the feeding migra
tion, and S. marillus disperses on the feeding grounds 
mentioned above. 

Cut sections of ovaries suggest that in September 
vitellogenesis becomes more active; the yolk granules 
increase in size (12-19 ,u), as also does the ovary-mass. 
MJ. averages 2-3 % and in some cases even reaches 
2·6 %. During November/December S. marinus leaves 
the feeding grounds, this being concurrent with and 
probably due to the beginning of winter cooling of the 
water. 

Yolk accumulation is completed in January-Febru
ary, sometimes in March. The oocyte is filled with large 
yolk granules; the nucleus loses its round fonn and 
becomes amoebiform; the nucleoli disappear and zona 
radiata begin to form. Diameter of such (living) 
oocytes varies from 900 to 1100 fl. The follicular mem
brane is stretched and epithelial cells are stretched out 
and flattened. The ovaries increase more in size and 
become heavier; the membrane stretches and becomes 
thin and transparent, so that oocytes can easily be seen 
through it. MJ. increases to 4-6 %, whilst some females 
have been found to possess a m.f. of 10·2 %; such fish 
occur from MUITIlan Bank to Finnmark Bank; in the 
Norwegian Deep; in the Demidov Bank and Bear 
Island Bank areas. 

Later on, when the albwnen components of the 
oocyte have taken up water, homogenization begins 

* The gonad weight, relative to the total wt"ight of the fish, expressed 
in % is called the "maturity factor" or briefly m.f. 

and the oocyte becomes transparent. Meiosis takes 
place, followed by ovulation and fertilization (gametic 
syngamy). The diameter of the oocyte in the ripe condi
tion attains 1500 It. The ovaries arc of a greenish-gray 
colour. The eggs lie free in the ovary-cavity and, if the 
belly of the female is lightly pressed, are discharged 
from the oviducts. The ovaries grow larger still and 
occupy more than half of the body cavity. MJ. averages 
7 7r', some specimens attaining a mJ. of 12 %. 

Females bearing ripe (and fertilized) eggs are found 
in February and March on the Finnmark Bank and 
westwards, in the Kopytov area, and in the Western 
Deep. Females with eggs already fertilized are rarely 
found east of the Kola meridian or on the slopes of the 
Bear Island Bank. The author, at least, has never had 
an occasion to observe them. 

Egg ripening and fertilization are followed by an 
active migration of females to the "spawning" places. 
This i3 also the period of formation of unisexual shoals. 

After fertilization the period of embryonic develop
ment begins, also characterized by an increase in the 
size of the eggs and of the ovary as a whole. The eggs' 
spherical fornl changes into an elliptical one. That is 
why V. F. Schmitt adopted the value of half the sum of 
diameters for characterizing the eggs' growth. The 
largest egg size so measured (in fixed material) varied 
from 1980 to 21501''' 

As the eggs tend to be discharged from the ovaries 
when they have reached the embryonic stage, the 
weight of the ovaries cannot be determined exactly. 
Despite this fact ovaries were weighed and it was found 
that the mean mJ. of the great majority of specimens 
was not lower than 11·3 %. Figure 2 shows the varia
tion of the mJ. of S. marinus during the year. 

Here a reservation must be made, in that observa
tions from this material do not agree with Luling's 
opinion, that copulation would affect the growth-rate 
of oocytes. 

Observations make it possible to suggest that the 
copulation period does not affect the rate of vitello
genesis and the period of fertilization of the oocytes. In 
the case of some females which remain unfertilized, 
vitellogenesis is not hampered and ovulation takes place 
in the normal way. Unfertilized oocytes become de
generate or, eventually, abortive spawning takes place. 
Females with ripe but unfertilized oocytes have been 
found relatively often, but this problem will be dis
cussed elsewhere. 

At the time when the females start liberating larvae, 
active spermatogenesis is observed in the testes of the 
males. In April nwnerous cells in the testes of most of 
the males are observed in the process of division, at the 
metaphase or prophase of primary meiosis. Spermatids 
are already present in almost 50 % of the spermato
cysts, being especially numerous in the gonads of males 
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Figure 2. Changes in the maturity factor of the redfish (Sebastes marinus (L.)) males and females during the year (%). 

caught during May, while in April they are rarely 
found. In June general transformation of the spenna
tids into spermatozoa is observed. The spermatocysts 
begin discharging sperm into the lumen of the ampullae 
and ductuli efferentes. The number of spennatocysts 
with fully formed spermatozoa increases continually; 
the amount of sperm in the lumen of the ampullae and 
ductuli cfferentes also increases. By August spermato
genesis has ceased. All spermatogonia, which have 
begun to divide, are transformed to spermatozoa. Duc
tuli efferentes and ductus epididymidis are filled with 
sperm; the male is capable of copulation. Insemination 
takes place on the feeding grounds between August and 
October. The period of copulation indicated above 
does not coincide fully with the period reported by J. 
Magnusson. It may be that the two populations obser
ved were of a different ecological character. The copul
ation period varies, probably owing to the circum
stances obtaining at the time of spermatogenesis. 

The spermatozoa lie in the ovaries in the condition 
of physiological rest, influenced - as J. Magnusson 
supposed - by a secretion produced within the bladder 
of the male. Spermatozoa remain in this resting state 
until the oocytes have ripened and ovulated (Februaryj 
March). Ripening and ovulation are effected by 
changes in the pH of the ovarian fluids. According to 
the measurements of pH obtained from this material, 
pH changes from 6·5 to 7·0. As a result the resting sper
matozoa become active, and the oocytes are fertilized. 

A cross-section of a testis during the period following 

copulation clearly shows two zones, a peripheral and a 
central one. The peripheral zone contains the empty 
ampullae after the discharge of sperm. In the central 
zone the dlictuli efferentes, ductus epididymidis and 
part of the ampullae still contain sperm. Several speci
mens at this period (September) show the presence of 
some mitosis of spermatogonia undergoing division, but 
such testes occur only rarely. The remainder of the 
spermatozoa in the testes undergo phagocytosis. The 
role of phagocytes is played by epithelial cells lining the 
ductuli efferentes and ductus epididymidis. On the cut 
sections plasmatic bulges can be seen "seizing" the 
spermatozoa with which the ductuli are filled. The 
duration of phagocytosis of the spermatozoa varies. It 
coincides to some extent with the feeding period, but 
occurs mainly during the winter migrations. In the 
major part of the testes observed, phagocytosis was 
found to end by January/February. But there were 
some testes (May, 1954) in which spermatozoa of a 
new generation had been formed; at the same time the 
ductus epididymidis contained "old" sperm, under
going phagocytosis. 

By early October, secondary and later spermatogonia 
have already appeared in the spermatocysts, first in the 
peripheral zone of the testes. In November testes sec
tions sometimes show spermatocysts containing sperma
tids. Thus, during the winter migrations of the males, 
two processes are going on simultaneously in the testes: 
phagocytosis of the "old" sperm and a new wave of 
spermatogenesis. In December/January, intensity of 
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Figure 3. Diagram of migrations of S. mentella Travin. 
1 :::: females 4 :::: migrations of females 
2 :::: males 5 = migrations of males 
3 = "spawning" areas 

spermatogonal division increases and over all the testis 
spermatogonia of later stages can be observed. Spenna
tocysts with spermatids are by no means infrequent. In 
February spermatid formation intensifies, and by 
March it reaches its height. Figure 2 shows how the 
relative weight of the testes (m.f.) changes during 
the year. 

Investigations have alw been made into the history 
of gametogenesis of the S. mentella. Comparison of the 
data obtained showed that gametogenesis and m.f. are 
very similar for both species. It has been possible, how
ever, to discover that the duration of gametogenesis is 
influenced by the ecological differences of the species 
reported by Travin (1951). It has been found that 
spermatogenesis and oogenesis terminate earlier in S. 
mentella (Bear Island-Spitsbergen populations) than 
in S. marin us (inhabiting the Barents Sea). In 1959 
this difference was at least one month. 

As has been shown by Travin, the habitats of S. 
marinus and S. mentella are different and so are their 
routes of migration. A schematic chart of S. mentella 
migrations (Fig. 3) has been drawn, based on the data 
collected by scientific workers of PINRO since 1946, 
(V. 1. Travin, N. A. Khaldinova, T. S. Berger, A. S. 
Baranenkova, V. P. Sorokin). The feeding areas of S. 
mentella include deep-water areas of the Western Deep 
(to the east and south-east of Bear Island), the south
ern and western slopes of Bear Island Bank, and the 
area northwards along the continental slope, including 
the West Spitsbergen area. Here S. mentella lives from 
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June/August until February/April. In August/Sep
tember insemination of the females takes place; during 
January/February and partly in March, the oocytes 
ripen and are fertilized, and this coincides with the 
beginning of the active "spawning"migration of females 
to the "spawning" areas. The migration of males begins 
approximately a month later than of females. 

In 1959 the migrations of females reached their 
height by February, whereas mass migrations of males 
were observed only at the end of March. At this time 
the formation of unisexual shoals takes place. 

From the Spitsbergen area and the western slope of 
the Bear Island Bank, S. mentella moves southward 
along the slope; from the Western Deep area the fish 
move in a westerly and south-westerly direction, 
keeping to depths greater than 350 m. "Prespawning" 
female concentrations of S. mentella are already being 
fonned at the beginning of March in the south-west 
part of the Kopytov region. This area lies between 
71°50'-72°20'N, 15°00'-16°30'E. The ovaries of 
females caught in this area contain embryos with the 
eyes pigmented; the body is segmented and there are 
chromatophores on the ventral and dorsal side of the 
caudal part of the body. The latest stage of embryo 
development observed in the area of "prespawning" 
concentrations can be characterized as follows: body 
length, 7·7 mm; eye pigmentation is complete; numer
ous chromatophores are present on the dorsal and 
ventral sides of the body; the alimentary canal and 
the occipital region are pigmented. The pectoral fins 
are fonned and the rays of the caudal fin can be seen. 
The embryo lies in the egg membrane. Females with 
such embryos pass to the areas of liberation of larvae. 

Material collected over several years by Baranenkova 
and others (1956) on the distribution of redfish larvae, 
as well as the samples taken in 1959, indicate that 
liberation of larvae by the females of the Bear Island/ 
Spitsbergen populations of S. mentella takes place in 
the area between 700-71°N and 11 0_16°E. 

In 1959 the liberation of larvae belonging to this 
population began between 25. April and 2. May. 
During liberation S. mentella females are not found in 
concentrations suitable for commercial fishing. Mter 
liberating the larvae the females migrate to the feeding 
grounds via the same route. 

The S. mentella males do not undertake such long 
migrations. They remain in the northern part of the 
Kopytov area, north of 72°20'N. In early spring 
(March) shoals of males are observed at 25°E. In due 
course they move to the west, and by June reach 15°E. 
With their advancement to the west their concentration 
increases; the greatest density of shoals of males is 
observed in April. Throughout the whole migration 
period the concentrations of S. mentella males are 
fished intensively by the trawl fishery. 
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Figure 4. Sex ratio dynamics of the S. mentella Travin 
population during the 1959 spring migration. 
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The migration dynamics can be clearly traced by the 
changes in the sex composition of the migrating stock. 
This is illustrated by Figure 4, where the results of 
three months' observations on the sex ratio variations 
during the spring period of the migrations (March, 
April, May) are summarized. 

Summary 
Redfish oogenesis and spermatogenesis take place in 

different seasons. Spermatogenesis is completed by 
August; then copulation takes place, resulting in the 
females' insemination. The spermatozoa arc maintained 
in the ovary in a state of physiological rest until the 
moment of ripening of the oocytes, which occurs in 
February/March. Ripening and ovulation are accom
panied by a pH change of the ovarian fluid, which 
results in an intensification of the spennatozoan activ
ity and fertilization. 

The extent of migrations of S. marinus and S. men
teBa is different. The spring migrations of females have 
a "spawning" character, the migrations of males are 
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winter migrations. The summer/autumn migrations of 
both are associated with feeding. The fonnation of 
unisexual shoals takes place in February/March. 

The bulk of S. marin us mature males inhabit the 
area eastward of the North Cape. S. mentella males 
generally inhabit the area north of 72°20'N. The males 
and females re-unite, after the liberation of larvae, in 
June-July, during their migrations to the feeding areas. 
The small number of males observed by Luling in the 
Andenes, Langanes, Malangen areas (i.e. area of larval 
liberation by females, or the areas of prespawning con
centration) does not signify, as Luling thought, that 
males are in the minority in the S. marinus population 
but is the result of differential distribution brought 
about by different behaviour of males and females in 
the period of spring migrations. 

The time of the migration of females to the "spawn
ing" areas depends on the period of ripening of oocytes, 
their fertilization and subsequent embryonic devel
opment. 

The duration and rate of migrations of males are 
detennined by thermal conditions of the water masses 
in which they spend the winter. The time of the begin
ning of the males' and females' migrations may change; 
it is not necessarily the same in different years . 

These investigations pennit the conclusion that the 
sex ratio in a redfish population) not subjected to fish
ing~ is unity (1·1) . 

The actual redfish fishery results in an upsetting of 
the male: female ratio. Many years' exploitation of the 
shoals of female S. marin us in the Lofoten Islands 
area has resulted in a reduction of females. The inten
sive fisheries for male S. mentella belonging to the Bear 
Island/Spitsbergen population has resulted in a reduc
tion of male S. mentella. 

The general biological timing of the annual cycle of 
the redfish) as established with respect to S. marz'nus 
and S. mentella populations of the Barents and Nor
wegian Seas, is apparently also valid for other Sebastes 
species accomplishing seasonal migrations. 
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3. 

Sex Ratio of Catches of Redfish and Migration 
By 

JAKOB MAGNUSSON 
Atvinnudeild Hask61ans Fiskideild. Reykjavik 

Abstract 

An attempt is made to outline the migration of red
fish in East Greenland, Icelandic, and Canadian waters. 
This study is based upon the sex ratio of catches of 
redfish at different times and localities in these areas. 
The following results were attained:-

( 1) The redfish can appear in shoals consisting 
mainly of one sex. 

(2) The separation of sexes can depend on locality 
and depth. 

(3) The fonning of such shoals may be independent 
of differences in depth and locality. 

The following considerations on the migrations of 
redfish were made:-

( 1) The female redfish at the NW and W coasts of 
Iceland seem to migrate southwards from these places 
for "spawning". * 

(2) In East Greenland waters there are great nursery 
grounds for redfish. The ripening redfish migrate to 
the slopes of these grounds. 

(3) When the fish reaches sexual maturity, the 
females assemble in shoals on the slopes, often in 
definite depths, just before spawning time. 

(4) During the spawning period the females have, 
for the greater part, left these assembly grounds in 
order to migrate to the spawning places, or they become 
pelagic. However, spawning also takes place, at least 
partIy, on the slopes where the required conditions are 
found. 

(5) Immature fish and males do not appear to take 
part in the spawning migration. 

"* Here the term "spawning" is used for the extru:;ion of larvae. 

(6) There seems to he a movement of immature fish 
and males southwards along the continental shelf of 
East Greenland. 

(7) It is assumed that the females migrate south
wards to the Imlinger Sea for spawning. References are 
made to the two main areas in the Irminger Sea, where 
concentrations of plankton are found. One area is 
located off the SW coast of Iceland, the other off the 
SE coast of Greenland. The possibility that the main 
spawning places for redfish may coincide with these 
planktonic regions is discussed, and also, that the East 
Greenland redfish might prefer the area off SE Green
land for spawning. 

(8) The females do not return immediately after 
spawning to the grounds in East Greenland waters. 

(9) However, it must be assumed that the females 
return to these places in autumn for copulation. 

On the Labrador and Newfoundland banks the fol
lowing conditions are found:-

(I) As at East Greenland, the females of the Ha
milton Inlet Bank seem to have a greater tendency to 
migrate from shallower to greater depths than the 
males. Most probably they also migrate away from the 
Bank for spawning purposes. 

(2) At the Ritubanki (off Newfoundland) the 
spawning seems to take place on the slopes of the con
tinental shelf. 

Finally attention is drawn to the fact that the whole 
material discussed in the paper consists exclusively of 
redfish caught by bottom trawl and also to the possible 
errors in the conclusions which this method of sampling 
might cause. 
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SECTION V 

AGE AND GROWTH 

Dbcu •• ioD Leadu: G. ROLLEFSEN 

The meeting commenced with a demonstration by 
various experts of otoliths of redfish and of methods 
for reading otoliths. 

The following papers had been tabled and were 
reviewed:-
Gulland, J. A. '~A note on the population dynamics of 

the redfish with special reference to the problem of 
age determination." 

Hansen, P. M. "Studies on the growth of the redfish 
(Sebastes marinus) in Godthab Fjord Greenland." 

Kelly, George F., & Wolf, Robert S. "Age and growth 
of the redfish (Sebastes marinus) in the Gulf of 
Maine". (Fish. Bull. No. 156). 

Kelly, George F., & Barker, Allan M. "Observations 
on the behaviour, growth, and migration of redfish 
at Eastport, Maine." 

Sandeman, E. "A contribution to the problem of the 
age determination and growth-rate in Sebastes." 

Surkova, E. 1. "Redfish, growth and age." 
Trout, G. C. "The growth of immature Sebastes vivi

parus (Kreyer) from the Norwegian coast." 
Trout, G. C. "The otolith of group 0 Sebastes mentella 

Travin." 
A general discussion of the papers followed, how

ever, with special reference to the following subjects:
(1) Age, (2) Growth, and (3) Maturity. 

1. Age 
Whilst it was generally agreed that both otoliths and 

scales were adequate for estimating age for young fish, 
it appeared from the discussions that sections of oto
liths were most commonly used. It was recommended 
that scale/otolith comparisons and exchanges be car
ried out. 

It was the consensus of the group that due to the 
long duration of the extrusion period and to the dif
fering length of the pelagic stage, differences could 
arise in defining the first annual zone. 

The age of Sebastes viviparus appears to be easily 
readable up to a comparatively old age. 

For marinus and mentella the reading of the age of 
the older fish especially (from about the onset of 

maturity) was often found to be difficult. There is a 
need for the improvement and standardization of the 
technique of otolith-reading and for basing age deter
mination upon criteria obtained from collections of 
young stages from the appropriate area. 

2. Growth 

After a thorough examination of the problem of 
growth and after having considered the evidence 
brought forward by the various experts the group 
agreed: 

that for the purpose of the study of population dyna
mics the conception of the slow growth of marinus 
and mentella, as advocated by a nwnber of the 
experts, should be accepted. 

It was noted that the papers presented included a 
series of data on growth-rates for different species of 
Sebastes from various regions of the North Atlantic, 
and the group recommended: 

that these data be used as a guide for the scientists 
working on the assessment of ICNAF redfish stocks. 

3. Maturity 

The onset of maturity could be connected with the 
attainment of certain lengths by males and females, the 
lengths differing from population to population. 

Specific information on lengths at first maturity was 
presented for a number of populations during dis
cussion. 

The further discussions revealed that more material 
bearing on this subject could be made available from 
the files of the laboratories engaged in redfish research. 

From the papers tabled and from the considerations 
in the meeting it was noted that the onset of maturity 
resulted in a change of the behaviour pattern, causing 
segregation and in some areas also migrations. There
fore, with the onset of maturity, the availability of the 
different sizes of fish, and of the two sexes, changed 
throughout the habitats of the population, i.e., on the 
nursery grounds of the immature fish as well as in the 
feeding and spawning areas of the mature fish. 
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1. 

A Note on the Population Dynamics of the Redfish, with Special Reference 

to the Problem of Age Determination 

By 

J. A. GULLAND 
Fisheriu Laboratory, Lowestoft 

An important part of re:earch of any commercially 
exploited stock is to detect whether fishing is having 
a measurable effect on the stock, and if so, to assess the 
effect on both stock and catches of any changes in the 
fishery due e,g. to expansion or regulation. It is rarely, 
if ever, possible to say that any study is completely 
irrelevant to this problem; for instance it is important 
to know whether growth or natural mortality is likely 
to change appreciably with changes in abundance, and 
for this, knowledge of the absolute abundance of food 
organisms and the extent of para..;;itism and disease is 
entirely relevant. However, not all possible lines of 
research can be pursued at once, and where the "over
fishing problem" is a real one, it is surely vital to 
follow those lines of investigation which will enable at 
least an approximate assessment to be made, rather 
than tho::;e which at best are of secondary importance 
in assessing the effect of fishing. 

Two questions about the redfish have attracted great 
attention, the question of growth-rate, and that of race, 
subspecies, or species. Obviously it is desirable to be 
sure of the correctness of age determination, and hence 
of the subsequent analyses in the fonn of age composi
tions, mortalities, etc. It is possible though that the 
final result in the form of the estimated effect of fish
ing, or result of regulation, may be close to the true 
value even when the age-length relation used is badly 
wrong. This is because the age determination affects 
not only the estimated growth pattern, but also the 
estimates of mortality rates, both due to fishing and to 
natural causes. In effect, the time-scale is distorted if 
age determination is incorrect, but so long as the same 
time-scale is used throughout, i.e. no data such as 
marking returns concerning mortality rates, etc., are 
used which do not involve the age determination at 

least implicitly, the final yield curves are unaltered. 
This was of coun:e clearly brought out at the ICNAF 
meeting at Biarritz (Holt, 1958, pp_ 36-37)_ This is a 
special case of the general principle of using the same 
assumptions throughout the analysis (Beverton and 
Holt, 1957, p. 180), which can give virtually the cor
rect answer even when the assUIllptions are not correct; 
d_ Beverton and Gulland (1948) for assumption of 
complete mixing. 

As shown by Parrish (1957) the discrepancy between 
the interpretation of redfish otoliths, whether or not 
zones should be grouped, is es~entialIy, a difference in 
the value of K, the parameter in the Bertalanffy growth 
equation. Thus under the slow growth hypothesis, the 
growth parameter K for redfish = 0·1 or less, and the 
apparent age composition corresponding to that 
growth-rate gives a low mortality, say Z=0·5 or less, 
while the fa.,t growth gives K=O-2, Z= 1-0_ It is not 
quite so obvious how the separation of Z into F and 
M is affected, but if, as is often done, F and Mare 
estimated by relating changes in Z to changes in total 
effort, the ratio of F: M will be the same whether Z = 
0-5 or Z= 1-0. More generally, Beverton and Holt 
(1959) have shown that for a wide range of species of 
fish K and M are quite closely proportional. Thus the 
set of estimates obtained, supposing the stock is heavily 
or lightly fished, might be as shown in Table 1. 

Table 1 
Heavy fishing Light fishing 

Growth 
Fast Slow Fast Slow 

K 0-2 0-1 0-2 0-1 
F 0-8 0-4 0-2 0-1 
M 0-2 a-I O-S 0-4 
Z 1-0 0-5 1-0 0-5 
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Figure 1. Plot ot density of Gulf of Maine redfish, as measurf'd 
by the catch per day. against the average effort during the 

past three years. 

Though Parrish (1957) did not consider this relation 
between apparent mortality and assumed growth-rate, 
his diagrams can be used to illustrate the effect. Con
sidering first the yield: fishing mortality relation; ex
treme slow growth is illustrated by the curves for K = 
0·1, M=O·l, 1,=6, and fast growth by K=0·6, M 
=0-4, tc= 1 (i.e. in both cases recruitment occurs at 
the same size). (The illustration is not exact, since the 
ratio M:K is not the same; however, the discrepancy 
is small.) Suppose that the present fishing rate cor
responds to F=O·4 or F=2·Q for the two possible 
growth-rates, in both cases the yield would be a maxi
mum at about one-third of the present effort, giving a 
yield some 25 %- above the present level. Similarly 
an approximate pair of corresponding curves of yield 
against age (size) at recfuitment are given by K = 0'1, 
M=O'I, F=0'3; K=0'6, M=O-4, F=O·1. Suppooe 
that the present size at recruitment corresponds to 
tc = 6 Of 1 in the two cases. Then in both cases the 
greatest yield (some 30 j'c up to the present) would 
be obtained with an age at first capture double the 
present, which, of course, implies for both growth-rates 
the same size of fish at first capture, and hence the 
same selectivity of gear. The vital quantity for which 
an estimate is needed is not the absolute values of F 
and M~ but the ratio F:M or the ratio F/F+M (e.g. 
Allen, 1953). Although methods do exist for estimating 
this in a stable fishery, estimation is much simpler when 
there have been large change3 in the amount of fishing, 
and in particular when data exist for a near-virgin 
stock. In this case statistics of catch and effort alone 
may enable an assessment to be made, especially of 
the effect of effort changes (d. Schaefer, 1954). Thus 
data given by Davis and Taylor (1957) enable an 
a')Sessment of the effect of effort changes to be made. 
They gave, in graphical form, figures of catch and 
catch per unit effort for the Gulf of Maine redfish 
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Figure 2. Relation between density of redfish and effort over 
the past six years. Showing (a) the line fitted by least squares, 
and also (b) the line giving the greatest probable slope, i.e. 

slope two standard deviations greater than (a). 

for the years 1935-1955, from which the corresponding 
figure of effort could be at once obtained. As the 
effort had been continually changing, a direct plot of 
catch per unit effort (or catch) against effort will not 
give the relation to be expected under steady condi
tions. The catch per unit effort in any year will depend 
not only on the effort in that year, but on the effort 
in the preceding year - in fact for as many years as the 
oldest fish in the stock has been vulnerable to fishing. 
However, the main effect will be from the effort in 
more recent years, to which most of the fish in the 
stock have been exposed. Accordingly, the mean effort 
over the past 3 and 6 years was calculated from Davis 
and Taylor's data (taking the pre-1935 effort as zero), 
and the catch per unit for the year ha~ been plotted 
against the mean effort (Figs. I and 2). For the 3-year 
period no significant relation emerged, but for the 
6-year period there is a regression, though barely sig
nificant (P=O·I). This relation will be approximately 
the relation between catch per unit effort and effort 
in a steady state. The regression line fitted by least 
squares has been drawn, and also the steepest possible 
line, i.e. the one with slope b + 2sb where b = slope of 
best fitting line, sb=standard deviation of b. This line 
is the one showing the greatest probable effect of fish
ing on the stock. Corresponding to these lines the two 
parabola~ giving the relation of catch to effort in the 
steady state have been drawn (Figure 3). This shows 
that most probably increased effort will give increased 
yield up to an effort of thirty thousand days, i.e. three 
times the average load in the 1940's ,though possibly 
the maximum yield occurs at efforts as low as fourteen 
thousand days. From the isopleths of Davis and Taylor 
this would correspond to a fairly high value of M. 
Following the method of comparing observed and com
puted yield changes w:ed by Cushing, for the herring, 
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Figure 3. Relation between catch and effort in the Gulf of 
Maine redfish in the steady state; showing the most probable 
relation, and the relation with the maximum probable effect 

of fishing. 

length composition (Baranov, 1918), numbers per unit 
we can compare the yield-effort curve so obtained with 
those obtained from the usual methods for a range of 
M, and hence estimate (M). This in tum can be used 
to give a yield-size at first capture curve. 

However, length composition of the landings will 
enable much more accurate assessments to be made of 
both effort and selectivity (Gulland, in preparation); 
for instance the drop in catch per unit effort during 
heavy fishing should be most pronounced for the big 
fish, and negligible for the smallest, as has occurred 
(Perlmutter, 1953). Though the exact method used 
may vary, all depend on relating changes in total 
mortality, or related functions such as the slope of the 

effort, or mean length (Beverton and Holt, 1954) to 
changes in effort. The common factors are effort sta
tistics and length data (which can readily be con
verted to age when the age-length relation is known). 
While later data on the age-length relationship can be 
used to deduce age compositions from past length data, 
e.g. of the near-virgin stock, no subsequent investiga
tions on a heavily exploited stock can replace data on 
the size composition of the near-virgin stock, and it is 
these factors - effort and length composition - that are 
at present most urgent. For redfish, as indeed for many 
species of fish, there is a close relation between size 
of fish and depth of fishing. Special attention must be 
paid to the depth of fishing, not only of the sampled 
catches, but of the commercial fishery generally, as a 
change in depth may be equivalent to a change, pos
sibly large, in selectivity. 

The other major redfish problem is that of "races". 
For complete knowledge of the redfish fishery the 
understanding of the exact taxonomic status of each 
group of fish is valuable. For the present the vital 
question is whether or not the groups can be assessed as 
a single stock. This will depend first on whether by 
differences in behaviour or distribution they are fished 
independently, and secondly the differences, if any, in 
the values of their parameters used in the yield equa
tions. Of these the most important are likely to be F, 
the fishing mortality, and Loo, the asymptotic size, 
particularly if the latter for one group of fish is near 
the selection size. A major danger is that differential 
fluctuation in the abundance of two races with very 
different Loo's will be interpreted as effect of fishing 
on length composition of one stock. Once it is known 
that such differences exist and are important, then the 
groups of fish must be analysed separately, regardless 
of their taxonomic status. Thus if the males and females 
differ appreciably in growth pattern or mortality, for 
accurate assessment, at least of situations greatly differ
ent from the observed, the males and females have to 
be treated as separate stocks and assessed separately; 
d. Davis and Taylor (1957). 
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2. 

Studies on the Growth of the Redfish (Sebastes marinus) 

in Godthab Fjord, Greenland 
By 

PAUL M. HANSEN 
Greenland Fisheriel lavelltigations, Charlottenlund, Denmark 

During surveys for prawn grounds in the Godthab 
Fjord in 1946, an area suitable for prawn trawling was 
found in the Pisigsarfik branch of the Fjord (64°23'N, 
500 23'W) ; the depth was 220-250 m and the bottom 
was clean ooze. In the following years trawling was 
often carried out in order to provide material for the 
study of the biology of Pandalus borealis. The catch 
included, besides the prawn, various spt'cics of fish, 
mainly redfish. A total of 65 hauls was made from 1946 
to 1959 with the shrimp trawl (18 mm meshes) and 
51,000 redfish resulted from all the hauls. 

All redfish caught wefe measured to the Dean'st ('III 
bdow, from the snout to the distal margin of the tail 
fin. The sex was not determined. A number of samples 
of otoliths were collected, covering varioLis sizes of fish, 
but they have not yet been examined for age. 

Fi,gure 1 illustrates the percentage size distribution of 
all samples from 1946-59. The total It'ngth of most of 
the [edfish varies between 10 and 25 cm. Only few 
specimens reach more than 40 cm. The figure shows 
that the length curves have pronounced peaks) and 
that these peaks gradually move to the right in the 
samples from month to month. When a peak appears 
for the first time it is of 7-9 em. In some cases the peak 
can be followed through the curves for the various 
samples right lip to the length of 25 cm. It is obviolls 
that these peaks represent year-classes. The question of 
which year-classes the peaks represent when they first 
appear remains, however, open. 

As reported earlier to ICES and ICNAF (Hansen, 
1957, 1958a, 1958b, 1958e, 1959) there are rea-;ons for 
assuming that the peak of 7-8 cm represents the age
group II. In the following year this peak has moved 
to 10--12 em, which then should be the size of the III
group. Next year again the peak is at 13-1 5 em, corres
ponding to the IV-group. 

Figure 2 demonstrates growth curves for various 

year-classes. The ordinate indicates length in cm; the 
abscissa the years 1952-59, subdivided into month:;. 
The points represent the separate peaks of the length 
curves. Each point represents the average calculated 
from three points on the length curve following one 
another, the central one being doubled. If the peak is 
at the a cm, the two nearest points arc a -1 and a + 1 em; 
x, y' and z being the numbers of redfish of a_I, a, and 
a -t b the average is calculated as follows 

(l 1 X x +2a x .l' + (l, I X Z 

.\. + 2)' + z 

Each of the curved lines in Fig-ure 2 are drawn m as to 
follow as closely as possible the peaks correspondin.g to 
one and the same year-class. 'These curves, thus, are to 
be considered as approximate growth curves for tht! 
separate year-classes. 

In Figure :1 the same observations as in Figure 2 are 
arranged by a,ge-groups. It is apparent that the devia
tions of the mean lengths for the various age-groups arc 
smaller than might be expected. The drawn line repre
sents in a way the growth curves for redfish from the 
locality where the data were collected. The mean 
lengths of each age-group are calculated to be as 
follows:-

II 
8·3 

VII 
22·2 

III 
10·5 

VIII 
24-8 

IV 
13-7 

IX 
26"} 

V 
16·5 

X 
2f1·0 

VI 
19·5 em 

XI 
30·2 em 

The mean lengths for ag'e-gToup X and XI are not 
reliable as the data are very scarce. The yearly growth 
is ca1culated to he a'i follows:-

II-III 
2·2 

III-IV 
3·2 

I V-V 
2·8 

VII-VIII VIII-IX 
2·G 1·6 

IX-X 
1'6 

V-VI 
3'0 

VI-VII 

X-XI 
2·2 

2·7 em 

cm 
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Figure l. Length-frequencies of redfish taken with the shrimp trawl in Godthab Fjord, 64 Q 25'N, 50" 19'W, 1946-1959. 

17' 

V,2 



"'51r.;SARFIK 

'lllI IX 

.. ,. 
l'lI l'lI 

" .. , , 
Y1 YI, , 

, XI 

, , IX 
~;-
'1lI 

, Y 

- 260 

Y~O'· 
do •• 

1~'8 

'950 

'9~' 

'952 

'9~~ 

From the preceding it appears that the growth of the 
redfish in the Godthab Fjord is very slow, with a yearly 
increment of only 2-3 cm. 

Bratberg (1956) has found the same slow growth of 
immature redfish based on scale readings for the region 
off northern Norway. The mean lengths found by Brat
berg are nearly exactly thc same as those calculated for 
the GodtMb material. 

Tagging 

Figur(' 2. Growth curves for various year-classes of rC'dfish. 

By fishing experiments in the Godthab Fjord an area 
\\-'as found in 64° 14'N, 500 55'W wh('re large redfish 
could be caught with jig at a depth of 20-30 m. When 
the fish was hauled in slowly it arrived on deek in a 
condition suitable for tagging. From this locality 14:) 
redfish were tagged; in 1956, 75 specimens; in 1957, 
27; and in 1958,41 specimens. The Petersen disc wa" 
lIsed, fixed to the gill cover. The fish so marked were 
lowered into the water in a steel basket turned upside 
down. In most cases it was only necessary to lower the 
basket a few metres before thc fish swam briskly to
wards the bottom. In some cases, however, thc fish had 
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Figure 3. Growth rurvcs for various age-groups of redfish (groups II-XI). 
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suffered too much from being brought to the surface; 
such specimens were, of course, not used for tagging. 

Up to now fonr of the tagged fish have been recap
tured. Unfortunately one of these recaptures was lost 
and another was measured incorrectly when recaptured 
(c. in the table). Two of the recaptures (a. and b. in 
the table) were delivered as whole fish to the laboratory 
in Godthab. The data of the three specimens arc as 
follows:-

Date of 
Length Length 

Datf' of tagging Sex when when recapture tagged rN·apt. 

fl. 19. June 1956 5. March 1958 1 5+ cm 57 ("111 

h. 24. Aug. 1957 25. April 1959 50 " 53 " 
c. 23. Aug. 1957 16. June 1959 50 " (45)" 

It is apparent that the interval between tagging and 
recapture is nearly the same for the three fish (624, 
609, and 661 days), and a. and b. have grown about 3 
em. As two full years have not passed between tagging 
and recapture the yearly g-rowth must be placed at a 
little more than 1·5 em. 

lf the yearly growth from the 9th year is estimated 
at 1·8 cm and the lengths of the nine year-old fish at 
26·4 cm, the age of a 53 em long redfish may be esti
mated as 24 years, and that of a fish 57 cm long as 
26 years. 
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3. 

Age and Growth of the Redfish (Sebastes marin us) in the Gulf of Maine *) 

By 

GEORGE F. KELLY and ROBERT S. WOLF 

Abstract 

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

Redfish larvae can be collected in surface waters 

* ThO" full paper ha~ appeared in tl ... U.S. Fish. Bull" 60 (15fi): 1-::11. 
Washington, 19:19. 

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 Gulf 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, 
commrrcially availahle fish. 
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4. 

Observations on the Behaviour, Growth, and Migration 

of Redfish at Eastport, Maine 
By 

GEORGE F. KELLY and ALLAN M. BARKER 
Fishery Research Biologi.b 

Bureau of Commercial Fisberies Biological Laboratory 
Wood.ll Hole, Massachullctb. U.S.A. 

There has lon,g been a nct'd for better methods to 
resolve the questions concerning the growth and migra
tion of SebaItes rnarinus (Linnaeus). Various growth
rates have bCPll computed for different Sebastes stocks 
using age estimates from scales or otoliths, but there 
has been no direct evidence of the growth of individual 
fish to corroborate the estimates. Some of the com
puted growth-rates are so extremely low that their 
validity has been questioned) and in recent years a 
lively controversy has developed on the problem of 
redfish age estimation. The most promising method for 
obtaining the necessary information appeared to he:' a 
well designed tagging experiment. 

Previous tagging attempts are known to have been 
made, but all had failed because of the difficulty in 
obtaining live fish from the deep water. Redfish are 
normally found in 40 to 200 fathoms in the vicinity of 
the Gulf of Maine, occa<;ionally deeper to 425 fathoms 
(Schroeder, 1955). Fish brought up from even the 
shallowest of these depths arc damaged by decom
pression and quickly die. This species seems to be more 
vulnerable to decompression damage than most other 
groulldfish. 

An inshore stock of red fish at Eastport, Maint\ near 
the mouth of til(' Bay of Fundy, made the present study 
possible. The existence of this stock was first mentioned 
by Verrill (1871) in his descriptions of the fauna of 
the Eastport region. Huntsman (1922) also reported 
redfish in the St. Croix River and Pa'isamaquoddy Bay. 
Neither record suggested anything more than an occas
ional appearance of small rcdfish in the area. On an 
exploratory field trip to Eastport in .July 1956, fish as 
large as 25 cm were readily caught on hook and line. 
The red fish came near the surface around the docks 
and were caught and tagged without suffering obvious 
damage from decompression. Accordingly, an intensive 
tagging programme was designed to study growth and 
migration of these particular redfish. 

At the present time the relationship of the Ea'itpOli: 
red fish to other Gulf of Maine redfish is not clearly 
understood. The Eastport fish are considered to be a 
group of Sl'bastl's marinus having a dark green-bronze 

or black tone masking the hright red colour of the 
typical deep-water redfish, but apparently similar to 
the deep-water fish in other characteristics. 

The primary objectives of this study were; first, to 
make general observations on the behaviour of redfish, 
second, to obtain a direct measure of red fish growth, 
and third. to determine the migratory tendencies of 
redfish. 

The topography of the Eastport shorelint:. consists of 
steep, stony beaches set between rocky outcroppings 
that drop off sharply into deep water. Much of the 
intertidal zone is overgrown with the rockweed Fucus. 
Docks are set on long wooden pilings extending out to 
the edge of the deep water. Numerous underwater 
rocky ledges line the slope of the shore beyond the 
mean low-water mark. 

The shore is swept by strong tides causing a daily 
rise and fall of between 15 and 25 feet. The incoming 
tide from the channel north of Campobello Island 
presses clos.e against the Eastport shore as it sweeps 
southward around the peninsula into Cobscook Bay 
(Fig. 1). The ebbing tide flows northward through the 
main channel but this northward flow does not press 
close against the Eastport shore. A large eddy from the 
ebbing tide usually predominates, causing a southward 
flow of water past the Ea<;tport docks during the entire 
period of ebb tidp. 

The occurrenc(' of redfish in Eastport harbour is 
apparently the result of the unusual hydrographic 
conditions that prevail there. The fauna of Eastport, 
first descl;bed by Verrill (1872), is similar to that of 
the offshore bottom areas of the Gulf of Maine. The 
westerly current along the New Brunswick coast, des
cribed by Mavor (1922), serves to concentrate pelagic 
fishes and invertebrates between the islands at the 
mouth of Passamaquoddy Bay. The euphausiid shrimp 
M eganyctiphanes norvegica appears there in vast 
swarms and is preyed upon by fish, whales, and sea 
birds during the late summer and autumn. There are 
no barriers to prevent redfish in the deep waters at the 
mouth of the Bay of Fundy from approaching the East
port area through the deep channel at the north end 
of Campobello Island (Fig. 1 ) . 
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Figurf' 1. Tidal flow around Eastport, Maine, 
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Tagging operations began at Ea.o:;tport in July 1956, which the fish could move for shelter. Large electric 
and continued until August 1958, when the first phase lights set high on the dock illuminated the water, 
of this study was completed. During that period almost attracting swarms of shrimp to the area at night. 
5,500 redfish were tagged. Monthly field trips were The bottom around the steamer dock was littered 
made for a year, less frequently during the remainder with rusting metal scraps which made the lise of trawl 
of the period. In July 1959 a sample of 250 tap;ged and nets impractical but did not interfere with hook and line 
untagged fish was collected for studies of the otoliths to fishing. This appeared to be the best collecting method 
determine the effect of tagging on the rate of growth. under the circumstances. Although slow, it had the 
Redfish were collected and tagged at four locations in advantage of bringing fish up in good condition. Small 
the Eastport area (Fig. 1). The best location was at the barbless hooks were used to minimize the hannful 
"old steamer dock" where, according to some of the effects of hooking. Fishing at the three alternate loca
older townsmen, redfish had appeared sporadically tions was limited to times when bad weather made it 
each summer for as long as one could remember. The impossible to fish at the steamer dock. 
location and construction of the dock apparently served Fishing was done mostly at night from a 40 ft power 
to attract the redfish. It extended out into deep water boat moored to the dock. The fish were held in floating 
farther than other docks and was built on a base of live-cars alongside the boat until time for tagging. Day
huge granite blocks set loosely together to fonn a wall light fishing was done occasionally along the channel 
rising about 20 ft from the harbour bottom. The wall edRe about 300 yards off the dock to collect red fish 
simulated a natural rocky ledge with crevices into from the deeper water. 
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The fish were tagged aboard the boat and released at 
the pier. A soft leather glove wa..'i worn on the left hand 
of the tagger to lessen the lacerations from the fin and 
head spines while handling the fish. Petersen disc tags 
were fastened to the left operculum with a red disc 
under the operculum and the serially numbered white 
disc on the outer surface,. the two secured together with 
a stainless steel pin. Fork length was measured to the 
nearest millimetre. 

Recaptured fish were llwasured and erosion damage 

to the operculum was noted. Tags were examined for 
deterioration, and faulty discs or pins were replaced. 

During each fi!'.hing operation, surface and bottom 
water temperatures were taken with a reversing ther
mometer. In August 1956 a series of bathythennograph 
casts was made through the deep water of the channel 
to detennine the degree of temperature stratification. 
At other seasons, surface and bottom temperatures 
were taken at two or three locations in the channel. 

Result. 

General Observations 

Cyclic variations 

Activities of rcdfish seemed to be correlated with 
daily cycles of daylig-ht and tide. Occasionally a few 
fish were seen and caught dudng the day, but llsually 
they appeared only at night. They were most often 
observed and caught during calm weather, particularly 
on foggy or rainy nights. During windy weather when 
the water became choppy, redfish were virtually lln
available. 

Feeding 

Feeding was almost wholly nocturnal, the time vary
ing each night with the stage of the tide. Although 
redfish fed primarily on the euphausiid shrimp, M ega
nyctiphaneJ norvegica J they were attracted to any 
freshly-cut animal bait. As darkness approached, a few 
redfish began feeding at the bottom, gradually rising 
during the evening until they were visible at the surface 
eatin~ euphausiids. Under these conditions unwary fish 
were frequently taken in a dip net as they darted after 
euphausiids on the surface. 

Redfish seemed to prefer low light intPllSity while 
feeding near the surface. When the euphausiids con
centrated bem'ath the dock lights, rcdfish would feed 
at the edges of the illuminated area. If brighter lights 
were turned on, they quickly settled deeper in the 
water, returning again to the surface when the bright 
lights were extinguished. 

Differences in the feeding habits of redfish and small 
pollack were observed when the two species were fced
ing together on concentrations of euphausiids. Schools 
Df pollack dartt'd about striking wildly at the shrimp and 
creating a great disturbance on the surface. The redfish 
fed individually, approaching the shrimp slowly and 
hesitatingly from beneath. With a quick, arching dart 
they would strikc the shrimp at the surface and return 
Jelow. Even when shrimp were present in vast swanns, 
the redfish ne.ver became frenzied but continucd 
nethodically to capture one individual at a time. 

Redfish Wf're similarly cautiolls when approaching a 

haited hook, examining it deliberately for a few seconds 
before gently taking it. Occasionally there wao;; a brief 
competition between fish for thc same bait, but usually 
the first fish to approach the bait was allowed to take it. 
The redfish did not hesitate to chase small pollack from 
the bait, hut they did not attempt to prey on thpm. 

Orientation behaviour 

Water currents swceping past the dock appeared to 
have a direct influence on activities of the redfish. The 
fish were most plentiful at the surface when tidal cur
rents were at a minimum. Under these conditions the 
fish lay almost stationary in the water fanning their 
fins slowly. They might face straight up or down per
pendicular to the water surface or lie tilted at an angle 
toward either side. 

Redfish never appeared near the smface when the 
current was running swiftly or when the water was 
splashing hard against the dock. On several occasions 
when they were abundant in the calm water, thcy 
quickly disappeared and stopped biting when the cur
rent became swift or the surface choppy. If a pulse of 
swiftf'r current SWf'pt along the dock, the fish entered 
crevices betwC'('n the granite blocks. This action ap
peared to be a positive effort to avoid slIdden changes 
in Cllrrrnt. 

When redfish came to the surface they stayed close 
to the face of thf' granite dock base and arollnd the 
pilings. Their actions appeared to be part of a pattern 
of orientation to vertical surfaces. At times when they 
were almost clinging to the rocks, the dark, blotchy 
colour pattern served to conceal them. The whole atti
tudr of the fish at sllch times suggested that this was 
a characteristic reaction to natural surroundings similar 
to what might be encountered arollnd the rocky ledges 
of thf' offshore grounds. 

Temperature tolerance 

Redfish withstood temperatures higher than the ap
proximate maximum of 48° to 50°F (8'9°_IO'O OC) 
suggested by Rigelow and Schroeder (1953). The East-



Date 

1956 
July 
Aug. 
Sept. 
Nov. 

1957 
Feb. 
May 
June 
July 
Aug. 
Oct. 
Nov. 
Dec. 

1958 
Jan. 
Feb. 
Mar. 
May 
June 
July 
Aug, 

Totals 

- 2fifi -

Table 1 
Summary of Eastport tagging operatioDs listing monthly totals of catch. fishing effort, 

numbers tagged and recaptured, and range of water temperatures observed 

Numbl'T of % Number 
Watt'r temperature 
of 'C days fisht tagged tagged of tagged 

fish~ fish fish fisht'd caught recaptured recaptured released 

Tagging location 
ABC D 

48·2-51·5 9·0-10·8 4 317 0 317 317 
50·0-53·5 10'0-11·9 II 1,789 10 0·6 1,779 1,36B - 411 
51·5-53·0 10·8-11·7 9 1,424 153 10·7 1,271 1.049 94 128 
48·5-49·0 9·7-9'4 2 102 25 25-0 18 18 

34·5-35·0 \-4-1·7 2 0 0 0 
42'0-43·2 5-6--£·2 I 25 12 \8·0 0 
46·5-50·5 8·1-10·3 ·1 411 lID 26·H 301 51 226 24 
49·8-53·8 9·9-12·1 7 949 295 31·1 654 374 227 53 
51'2-55·0 10·7-12·8 7 1,043 459 44·1 585 471 109 5 
52·0-52·0 11·1-11·1 ·1 100 72 72·0 28 28 
49·0-49·4 9·4-9·7 2 :135 162 48-4 108 108 
HO-4+5 6·7-6·9 2 135 57 ..j.').') 78 78 

41,2-41,3 5·1-5·2 I I !OO'O 0 
36·.\-37-0 2·5-2·R 2 27 10 :17·0 17 17 
37-2 ·38,0 2·9-3·:1 :1 58 :10 51·7 28 28 
40·7-42·0 .j·8-5·6 + 128 61 47·7 67 67 
4+8-46·0 H-7-B :1 166 126 75·9 '10 40 
48·5-49·5 9'2·-9·8 4 361 306 84·7 55 55 
51·9-53·0 11·1-11·7 4 795 694 87·3 101 33 68 

76 8,166 2,583 3H .\,447 4,047 562 505 333 
1 Includes tagged fj~h 
2 Includt,s mullipll' r .. ('apl\lr('~ 
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FigUrl' 2. Length composition and mean len,gth of 
offshore Gulf of Maine- and Eastport fed fish. 

Figure 3. Length composition and mean length of 
unta~.gf'd Tcdfish from locations A, B, and D at 

Eastport. 
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Table 2 
Length-frequency of Eastport tagged redfish at time of release 

J,ength 1956 1957 
(em) July Aug. Sept. ;-.ro\,. Total June July Aug. Oct. Nov. Dec. Total 

12'6··13·5 9 8 18 2 3 1 6 
1%-14-5 16 20 36 14 4 2 2 23 
14-6-15'5 5 22 17 44 2 18 5 4 29 
15-6-16·5 8 71 39 119 7 33 34 2 1 77 
16'6-17·5 15 137 94 2 248 5 37 36 3 10 10 101 
17·6-1B·5 24 114 151 5 294 15 63 46 3 12 12 151 
18·6-19·5 61 246 171 1 479 2f 70 67 .1 12 9 185 
1%-20·5 85 408 275 768 37 93 62 3 17 5 217 
20'6-21'5 38 27f 237 3 552 52 80 71 7 10 4 224 
21'6-22·5 23 145 88 1 257 52 91 86 2 10 6 2f7 
22'6-23·5 17 98 51 4 170 36 55 70 1 12 5 179 
23,6-2+-5 17 56 34 1 108 15 29 34 .j 4 86 
24'6-25·5 7 69 24 100 16 32 17 2 5 72 
25·6-26·5 7 53 19 79 16 16 22 'I 3 1 60 
26'6-27·5 4 25 19 48 11 7 14 'I 5 4 43 
27-6-28·5 4- 17 7 28 8 4 5 3 3 23 
28'6-29·5 1 10 6 17 2 3 2 2 9 
2%-30·5 5 6 11 1 5 :1 11 
30'6-31'5 :1 2 5 1 1 1 4 
31-6-:12'5 1 1 2 1 2 3 
32'6-33'5 1 2 
33-6-34·5 2 2 
34-6-35-5 

Nurnbf'r of fish 317 1.779 1,271 18 3,385 301 654 585 28 108 78 1,754 

Avcrag-f'If'ngth 20·9 20·9 20-6 20·5 20·8 22·4 21·0 21·5 21·5 21·5 21·3 21·5 

Lf'ngth 1958 1956-1958 
(em) Feb. Mar. May JUlle July Aug. Total Total 

12·6-13·5 1 25 
13-6-14·5 1 1 60 
14·6-15·5 1 2 5 3 2 3 16 89 
15-6-16·5 2 5 2 2 8 19 215 
16·6 .. 17·5 3 2 7 2 2 25 41 390 
17-6-18,5 1 I 6 6 :1 1 :1 30 475 
18·6-19·5 2 10 5 7 10 34 698 
19-6-20'5 1 3 9 10 1:l 15 51 1,036 
20·6-21·5 I 9 12 6 7 11 46 822 
21'622·5 2 6 3 7 8 26 5:10 
22-6-23·5 :1 I I 6 :1 14 363 
2:1'6·24·5 4- 1 5 2 12 206 
24-6-25-5 1 2 2 II 180 
25'6-26·5 2 1 3 142 
26·6-27·5 1 1 3 94 
27·6-28·5 1 2 53 
28·6-29·5 26 
29·6-30·5 22 
30·6-31·5 10 
31·6-32·5 5 
32'6-33·5 2 
33-6-34·5 3 
34-6-35'5 1 

Numbt'c of fish 17 28 67 40 55 101 308 5,447 

Average length 20·7 22·0 19·9 20'0 21'0 19·5 20'2 21·0 
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Table 3 
Summary of numbers of red fish tagged and 

recaptured, July 19S6-August 1958 

Datf' 
Numhrf Numbf'T % 
taggrd recaptured TPcaptured 

1956 
July 317 203 64·0 
August 1.779 918 51-6 
Septemb{'r 1,271 397 31·2 
November 18 7 38·9 

1956 Total 3,385 1,525 '15·1 

1957 
June .101 75 24·9 
July 654 141 21·6 
August 585 100 17·1 
October 2H 0 0·0 
Novembf'T 108 7 6·5 
December 78 4 5·1 

1957 Total 1,751 327 18·6 

1958 
February 17 5·9 
March 2/l fi 2H 
May 67 10 15·0 
June 40 7 17·5 
July 55 0 O·[) 

August 101 0 O·(] 

1958 Total 308 24 7·5 

Grand Total 5,H7 1,876 3+-4 

port fish we're apparently unaffected by temperatures 
ranging from 34·5°F in February to 55·0oF in Allgust 
(1·4°-12·8°C). There wa<; a daily summer variation 
of about 1°F in water temperature, the warmer water 
flowing from the shallow bays causing- the increase 
at low tide. The difference between surface and bottom 
temperatures around the docks averaged 0·2°C. A 
series of bathythermograph ca<;ts through the harhOllr 
channel to the northern end of Campobello Island 
showed the water to he nearly isoth{'lmal at each station 
and progressively cooler offshore. 

The approximate lethal limits of temprratuJ'c for 
redfish were recorded during aquarium studies of fish 
transported from Eastport to Woods Hole. The fish 
withstood winter temperatures of 32°F (OOC) without 
showing distress. As the water cooled further, some died 
at about 31°F (-D·56°C) and all were killed when the 
water was chilled to 29·7°F (-1·28°C). Durin!:: warn1 
weather the temperature ranged between 54° and 58°F 
(12·2°-144°C) for weeks without apparent ill-effects. 
When it wanned to between 59° and 60°F (15.0°-
15·6°C) for 4 days about 10 'Ii, of the [ish died. All 
of these temperature changes were very gradual and 
the fish had some time in which to adjust to the 
changed conditions. 

Summer water temperatures at Eastport apparently 
were suitable [or redfish spawning. Although cOUliship 
heha\'ioHr or mating activities of adult fish were not 

ohserved, gravid females with larvae ready to be 
released were caught in June and J tlly. Conditions 
appeared favourable for larval survival. Lalvae strip
ped from gravid fish and placed in jars remained in 
good condition for hOllrs at harbour water temperature. 

Tagging Studies 

Number and sizes of flah tagged 

Redfish were caught and tagged during- each month 
of the year. Greatest numbers were available in the 
summer with smaller numbers in spring and autumn 
and fewest in winter. A summary of tagging operations 
from July 1956 through August 1958 is shown in Table 
1. A total of 5,447 rcdfish were tagged at four locations 
on the Eastport Peninsula during that time. 

The Ea~tport r('dfish averaged approximately 21 em 
in It'ngth, about 6 em smaller than those landed from 
the nearest offshore Gulf of Maine commercial fishing 
grounds (Fig. 2). The size range of both groups w~s 
abollt the same, but there were comparatively few fish 
larger than 25 em caught at Ea~tpOli. This difference 
is partly the result of gear selectivity, hook and line 
taking many small fish that would escape through the 
meshes of commercial otter trawls. 

There was little seasonal variation in the length 
composition of the Eastport redfish (Table 2). Few fish 
smaller than 15 em Or larger than 30 em were caught, 
and the mean length of daily samples was consistently 
between 18·5 and 21·5 ern throughout the year. Greatest 
differences in length composition were found among 
fish sampled from different tagging sites within the 
Eastport area (Fig. 3). The fish tagged at location A 
w('n~ similar in length each year. Fish caught at loca
tion R, about 300 yards from A, averaged almost 2·5 
em larger. The small numbers of fish taken at location 
D, ahout ;) nautical miles from A, were on average 
consistently smaller than the fish at the other locations. 

Recapture of tagged fiah 

The sllccessful recapture of about 35 % of all tagged 
redfish was, in itself, an important result of this study. 
It showed for the first time that redfish could be 
tagged and could survive to be recaptured in relatively 
large numbers. Almost 1,900 tagged fish were recap
tured in the vicinity of Eastport. mostly at the tagging 
site hy the investigating party (Table 3). These were 
measured and returned to the water unhanned, many 
to be recaptured again, some as often as six times. Tht 
length composition of recaptured fish was nearly iden
tical to that of the total tagged population (Fig. 2), 
indicating that the collecting method was sampling all 
sizes of fish equally. 

The percentage of tagged fish in the nonlllation ~t 
Eastport reached relatively high proportions in 1958. 
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Figure 4. Comparison of otoliths of tagged and untagged ccdfish caught at Eastport, Maine. 
Above - Male tagged 15. September 1956, length 201 mm, age 4 years plus summer growth. Rpcaptured 
16. July 1959, length 205 mm. Wide hyaline zone at otolith edge, typical of tagged redfish otoliths, represents 

34 months of diminished growth since tagging. 
Below - 209 mm female caught 16. July 1959. Age 7 years plus sununt~r growth. Normal pattern of opaque 

and hyaline zones is co05istt:nt throughout the otolith. 

V,4 
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From May through August 1958, between 48 jf, and 
87 (l of the fish caught each month had been tagged 
(Table 1). The highest number of recaptures repre
sented was from groups that had been at large for the 
longest period of time (Table 3). About 45 % of the 
1956 tagging were recaptured, but only 19 tfr and 
8 ~i(' respectively, of the 1957 and 1958 taggings have 
becn retaken. 

Growth 

Pn'iiminary comparisons of lengths at tagging and 
at recapture of a large number of fish indicated that 
the measured growth of tagged fish was slower than 
expected from previous studies of Gulf of Maine red
fish (Kelly and Wolf, 1959). Otoliths of tagged redfish 
were therefore examined for evidence of changes in 
zone pattern that could be attributed to the effect of 
tagging. If the growth-rate of the fish was influenced 
by the tag, the normal growth pattern of the otolith 
should also be influenced. 

Tagging zones in otoliths. In a high percentage of 
otoliths from tagged fish a large outer zone of hyaline 
material was present which differed from the obviously 
banded pattern of opaque and hyaline material in oto
liths of untagged fish caught from the same population. 
The time of formation of this hyaline "tagging zone" 
appeared to coincide with the time of tagging. The 
tagging zone usually included traces of one or two thin 
hands of opaque material (Fig. 4). 

To test the ability of the staff to distinguish otoliths 
[rom tagged and untagged fish, an unmarked sample 
of 155 otoliths from tagged and un tagged fish was 
examined. More than 85 ro of the otoliths were pro
perly identified as from tagged or untagged fish by 
two investigators. The tagged fish had been at large 
for an average of 32 months, and most should have 
shown three winter growth zones in the otoliths. Oto
liths in which tagging zones were mistakenly identified 
were similar to tagged fish otoliths in having a rela
tively large amount of hyaline material in the nonnal 
growth zones. As mentioned before, it was possible to 
detect traces of the opaque summer zone, but these 
traces were seldom clear enough to estimate correctly 
the number of years at large since tagging. Estimates 
of this sort were almost always short of the actual 
period of time that the fish had been tagged. 

Calculated growth. Age readings of otoliths show 
the growth-rate of untagged fish to be approximately 
cq lIal to that of tagged fish prior to the time of tagging 
(Figure 5). Age was read to the beginning of the 
tagging zone in the tagged fish otoliths and was plotted 
against fish length recorded at the time of tagging. 
Average growth of males and females in both groups 
was between 1+5 mm and 20·' mm per year. The 
change from the normal yeal" zone pattern in otoliths 

Table 4 
Approximate annual length increment of tagged and 

untagged redfish 15 to 25 em in length 

Area 

Eastport - Tagged 
Untagged 

Offshore Gulf of Maine - Untagged 

Males 
(mm) 

1·0 
1+5 

20·0 

Females 
(mm) 

'·0 
20·1 

2+2 

to the primarily hyaline pattern of the tagging zone 
suggested that after tagging growth was reduced to a 
very low level. 

Measured growth of tagged fish. The measured 
growth of tagged fish during the period of tagging was 
extremely slow. The deviations of lengths at recapture 
from the original tagging lengths of more than 2,500 
fish are plotted in Figure 6. A regression line fitted to 
these deviations shows an average growth of 1 mm in 
a year. That this value is a small fraction of the 
average annual growth increment calculated for Gulf 
of Maine redfish is shown in Table 4. 

Evidence of the slow growth during tagging is shown 
in more detail by the repeated measurements of fish 
that were recaptured and released several times (Table 
5). Most of the fish grew less than 8 mm during 
almost two years of freedom in natural environments. 

Effect of tagging on growth-rat(~. The great dif
ference in growth-rate of tagged and untagged fish 
suggests that tagging has somehow altered the normal 
growth pattern of the tagged fish. The apparent effect 
of tagging on the growth-rate of each year-class is 
shown diagrammatically in Figure 7. Age readings 
from otoliths of tagged fish were combined with infor
mation on the lengths at tagging and recapture to 
obtain the average length of each year-class at tagging 
and at recapture. The decrease in growth-rate after 
tagging for all ages is dramatic. Although the youn?: 
fish appear to grow slightly faster than the older ones, 
the growth-rates of the separate age-groups were gene
rally less than 4 rum per year during the 3-year period 
of tagging. 

It is impossible to say at this time how the growth 
of the fish is affected by tagging. Tagged fish appeared 
normal and healthy, apparently feeding on natural 
food and biting readily on cut bait. Although the tag 
interferes in no obvious manner with the movement of 
the fish's mouth, perhaps it serves to startle live preYl 
causing it to escape. This would reduce the quantity 
of live food captured and would in turn influence the 
growth-rate. Such starvation would probably increa<;e 
the willingness of the tagged fish to take cut bait and 
could account for the extremely high proportions of 
tagged fish (85 o/r') that were frequently recaptured. 

Summary of growth. All evidence indicates an ab
normally decreased growth-rate of the tagged fish. 
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Table S 
Length measurements of redfish recaptured four or more times 

Length at 
lst Rf"t"i.lptul"l.' 2ud Rc('apturl' :ird Rr'raptul"e .flh Rt'('aplun' 5th Rt'f':.tptUH' 

tag,ging 
Months Months Months Months Months 

(mm) at at at at at 
lar~e Lt'ngth lar.~l' Lcngth largc~ LtOng-th iarg!..: Ll'llgth huge Ltmgth 

157 11 ISf; 21 1.55 2:~ 157 23 ISo 
160 11 16() 21 159 :t2 160 :n 1611 
161 II 157 :..!! i6H 22 168 ~3 168 
165 10 166 13 16:1 2:! 165 2:1 165 
169 12 171 15 In 24- 170 25 In 
175 13 176 H 179 21 179 23 18+ 
176 II 173 12 173 21 17-1 23 175 
188 I 183 10 190 12 189 24 196 
193 12 192 12 191 22 192 23 19:1 
195 10 202 12 204 16 209 25 205 
195 13 195 20 196 25 200 25 200 
198 2 200 12 203 13 202 22 202 2:1 205 
198 10 202 15 205 23 205 24 200 
198 11 203 12 202 23 201 24 202 
202 2 202 1:1 202 2+ 203 25 20:1 
202 12 205 13 200 24 203 25 200 
202 II 203 12 20+ 13 202 16 205 2·1, 207 
203 12 205 13 20+ 16 208 24 210 
205 I 2W 11 205 12 :W:l 21 205 
209 2 206 II 209 12 215 16 213 
21 :1 I 210 :; 21+ 12 221 15 229 
223 12 220 13 225 23 222 2+ 223 
228 12 220 15 225 23 222 25 221 
251 I 248 12 244 21 248 24 250 
252 12 252 15 252 19 256 2~ 255 25 255 
25·1 1 256 II 25M 12 25·1 22 263 23 254 

• • 
• • 
• 
• ; 

25 

(b = 0·08~8~). 

Gth Rf'{"apture 
Months 

at 
large Leugth 

~-! L5!; 



1956 

1957 

1958 

Totals 

- 273 -
V,4 

, , , , , , , , , , , 

AVERAGE GROWTH RATE 
BEFORE TAGGING 

25 \ '-- 1949 - 25 -

/~01950 01950 

0~951 i_--"�95� , 
::0 I ~01952 
U 20 - / ___ 1952 - ::;: 20 - 0 -

U I 
I I 1'...--'953 

I L_-_0 1953 I 

,V'954 
I-

, I 
I I-<.!) I 

Z ~'954 C!C! <.!) 
15 r- - z 15 - 1 <f<f -w I 

...J W I I ...J I 3 YEAR PERIOD OF I 
: DECREASED GROWTH I 

I I AFTER TAGGING 
I 

10 I-- ' - 10 I-- I -
~ , , , , o ' , , , , , , , 

0 
5 10 5 10 

YEARS YEARS 
Figure 7. Apparl'nt effect of tagging OtI growth-n.ttc of separate year-classes during 3-ycar period of tagging. 

Table 6 
Numbers of different fish recaptured one or more times (Cumulative totals in parentheses) 

Number of Total 

Year 
fish different number 

tagged fish of 
recaptured recaptures 

:1,385 1,525 
(2,177) 

............ 1,754 327 
(383) 

:308 24 
(25 ) 

5,447 1,876 
(2,585) 

Table 7 

1,041 
(1,525) 

277 
(327) 

23 
(24) 

1,341 
( 1,876) 

N umber of times recaptured 
through August 1958 

2 3 456 

349 109 20 5 1 
(484) ( 135) (26) (6) (1) 

44 6 
(50) (6) 

1 
(1 ) 

394 115 20 5 1 
(535) (141 ) (26) (6) (1) 

Total number of fish tagged with number and percentage recaptured through August 1958. Arranged by 
location of tagging and recapture to indicate degree of intermixing 

Tagging 
locations 

A - Steamer Dock 

B - Wadsworth's Dork . 

C - Kinney's Mooring .. 

D - Deep Cove . 

Total number of fish % Numbers and % recaptured at 
tagged recaptured recaptured ABC D 

'1,047 1,56:1 1,557 6 0 0 

56~ 70 

505 2~3 

333 20 

:1B-8 (>13-6) (0-2) 

12-5 

H·2 

6-0 

2 68 
(0-4) (12-1) 
223 0 

(44-2) 
o o 

o 

o 
o 

o 

o 
20 

(6-0) 
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First, tagging had a visible effect on the growth pattern 
of the otoliths, suggesting that the physiology of the fish 
was definitely influenced by tagging. Second, tbe 
growth-rate obtained from otolith readings indicated 
that before tagging the tagged fish had grown at tbe 
same rate as untagged fish but that after tagging they 
grew more slowly. Finally, measurements of tagged fish 
show growth to be so slow that it is not in accord with 
the growth-rate of the untagged fish nor with the 
apparent growth-rate of the tagged fish in the years 
prior to tagging. 

Migration 

Redfish are found at Eastport throughout the year, 
and these studies indicate that they do not migrate 
away from the area. The number of fish observed or 
caught at the tagging site varied seasonally, however. 
This wa, probably caused by tbe response of tbe fish to 
seasonal changes in water temperature. Comparatively 
few fish were caught in the winter although consider
able numbers were sometimes seen at the docks. As 
spring approached, greater numbers of both tagged 
and un tagged fish appeared. Large numbers were 
usually present at night throughout summer and 
autumn. About 35 o/r, of the tagged fish were recap
hIred at or near the tagging site (Table 1). There were 
no recaptures from any other location. 

The repeated recapture of the same fish during: a 
span of two years is perhaps the most remarkable a.<;pcct 
of the present study. Almost 400 fish were recaptured 
twice and onc six times (Table 6). Such unexpected 
results in an open marine environment suggest that the 
fish arc strongly attracted to particular home grounds. 

Within the Eastport region, redfish showed little 
evidence of movement over distances of half a mile or 
less (Fig. 1 and Table 7). Fish tagged and released at 
locations A, B, and D were mainly recaptured at the 
same place. Each of these three locations was at the 
edge of deep water where redfish frequently appeared. 
A homing tendency was shown by fish removed from 
their home grOLmds, A, and released in a new location, 
C. Location C was a sheltered mooring in shallow 
water used only during bad weather. The movement 
from C to A of approximately two-thirds of a mile was 
the only clear example of concerted travel between 
areas. In this instance it was natural for the fish to 
seck deep water when released. This suggests that 

Table 8 
Population estimates based on numbers of tagged 

fish released and recaptured at Ea8tpoTt 

Total number of Number of 
Date fish 

tagged tagged fish Estimated 

captured fish recaptured population 
available 

Sept. 1956 1,202 1,685 153 15,289 
Nov. 1956 102 2,734 25 14,733 
July 1957 644 2,803 270 9,573 
Nov. 1957 335 3,676 162 7,955 
June 1958 166 3,974 125 7,781 
Aug. 1958 795 4,014 694 6,498 

although the fish show little normal tendency to move, 
they will travel some distance when removed from their 
normal habitat. 

The most unusual aspect of the local migration 
pattern was the comparative lack of intermixing of the 
two tagged groups betwecn locations A and B. The two 
points are about 300 yards apart with no physical or 
hydrographic barriers bctween. The current sweeping 
along the shore can traverse the distance from B to A 
in less than 5 minutes. The situation would seem to 
dictate the complete mixing of the two groups. Despite 
these conditions, only 0·2 and 0·4 % respectively, of 
the A and B taggings have been recaptured at the 
adjoining location (Table 7). In July and August 1958, 
although 85)1,-, of the fish caught at A were tagged, 
virtually none of the tagged fish were from loc-ation R. 

Population estimates 

The behaviour of the Eastport rcdfish makes it 
difficult to estimate the size of the total population 
with a high degree of accuracy. The tendency for some 
of the fish to appear or to remain only at the steamer 
dock (location A, Fig. 1) results in an unusually large 
nwnber of recaptures from a very small part of the 
total area of the harbour. The repeated recapture of a 
small number of the tagged fish introduces bias which 
gives a low estimate of the total number of fish. 
Estimates of the population at the steamer dock based 
on tbe procedures developed by Schnabel (1938) and 
Ricker (1948) range from 15,289 fish in September 
1956 to the latest figure of 6,498 fish in August 1958 
(Table 8). The authors' own observations would lead 
to the estimate that this population numbered at least 
10,000 individuals, possibly more than 20,000. 
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Conclusions 

Behaviour 

The daily routine of Eastport redfish is influenced 
by the cycles of light intensity and tidal movement. The 
fish remain inactive on the bottom Of in dark, rocky 
crevices during the day, becoming active at night. They 
feed mainly at night, moving toward the surface in 
search of food. Similar movements on the offshore 
grounds would cause a nocturnal reduction in redfish 
availability to the otter trawl, a condition that is typical 
of the commercial fi."hery in the Gulf of Maine. 

Redfish generally appear to avoid swift currents and 
are very scarce at the docks as the "spring" tides of the 
monthly cycle begin. They respond seasonally to tem
perature, becoming inactive when the water cools 
below 40°F (4-4°C). Apparently the range from 
approximately 40° to 55°F (4-4°_12·8°C) is optimal 
for Eastport redfish. 

Migration 

The diurnal cycle of fceding- results in a very local 
vertical migration within th(' area. Redfish will travel 
short distances when necessary, and they may be cap
able of homing to a chosen locality. There is no indi
cation that they pprfonn ('xtemiive mig-rations. Their 
sedental)' hehayiolJf suggests that long'-distance travel, 

if undertaken, is a slow movement into new fceding 
grounds over a long period, rather than a cyclic move
ment to and from an area. 

The Eastport population probably originated in the 
deep water of the Gulf of Maine, moving into the area 
through the deep channel north of Campobello Island. 
Living in the shallow water of the region, they are able 
to rise to the surface to feed on the abundant euphaus
iid shrimp. The apparent effect of living in the bright 
illumination near the surface has been to make the fish 
darker than the offshore group. 

Growth 

The normal growth-rate of Eastport redfish is 
slightly lower than that of the offshore Gulf of Maine 
fish. Growth of tagged fish is much slower than the 
normal growth of the Eastport fish. The lowered 
growth-rate appears to be due to some inhibiting in
fluence of the tag. 
Ta~ging has not validated the growth-rates obtained 

from previous Gulf of Maine studies. The annual length 
increment of tagged fish was only a fraction of the 
amount predicted in even the lowest computed growth
rate. Nonetheless, these results are suggestive evidence 
against the probability of fast growth within the Gulf 
of Maine redfish populations. 
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5. 

A Contribution to the Problem of the Age Determination 

and Growth-Rate in Sebastes 

By 

E. J. SANDEMAN 
Fisheries Research Board of Canada 

Biological Station, St. John's, Newfoundland 

Introduction 

Growth studies on redfish (Sebastes marin us L.) 
have been reported by several workers both in Europe 
(Smaragdova, 1936; Veshchezerov, 1944; Kotthaus, 
1949,1952,1958; Travin, 1951; Bratberg, 1956; Ras
mussen, 1958) and in North America (Perlmutter and 
Clarke, 1949; Anon., 1957; Steele, 1957; Marty, 1958; 
Kelly and Wolf, 1959; and Sandeman, 1957, 1958). 
The integration of these data on growth-rates into an 
overall picture of Sebastes, its distribution and biology, 
is somewhat complicated by the lack of agreement on 
the taxonomic status of the different "types" of redfish 
reported as occurring over almost its complete geo
graphic range. This problem is particularly difficult 
since the maximum sizes attained and the growth-rate 
appear to he considerably greater for marin us-type 
than for mentella-type redfish (Travin, 1951). (The 
literature on, and the distribution of the different 
"types" of Sebastes is discussed by Templeman, 1959.) 

In spite of the difference in growth-rates between 
the two major "types" of Sebastes, and the differences 

in growth-rates that may be expected in stocks of the 
one "type" in different geographical locations and 
different depths, there is still a very wide underlying 
divergence in age detennination apparent within the 
same population, and even within the same group of 
otoliths, when examined by different workers. Some 
workers (Kotthaus, 1949, 1952, and 1958) have come 
to the conclusion that the growth-rate is relatively fast, 
whereas the majority of other workers have concluded 
that it is remarkably slow. The problem was discussed 
at the ICNAF Symposium held in Biarritz, France in 
March 1956, and the general opinion was that the 
wide divergence in growth-rates obtained by adherents 
to these two schools of thought wa'i, for the most part, 
due to basic differences in the method of interpreting 
the zones of the otoliths. 

The evidence presented here amplifies data reported 
at the meeting referred to above (Sandeman, 1958), 
and supports the general conclusion of a slow growth
rate in Sebastes. 

Hermitage Bay and its Redfish 

The fish used in this study were all obtained by otter 
trawling in Hermitage Bay on the south coast of New
foundland (Fig. 1). Tbis bay is funnel shaped, about 
7 miles wide at the mouth with the outer part narrow
ing down over the course of some 13 miles to a width 
of 1 mile. From there it continues inland as a narrow 
cleft varying in width from % to 1 ~ miles before 
finally terminating a further 11 miles inland. The 
edges of tbe bay are steep, and deep water (200 m) 
extends over most of the area to very close inshore. 
Redfish may be caught over the entire deep-water area 
and, even after the bay narrows to a width of 1 mile, 
catches of 3,000-4.000 pounds (1,360-1,820 kg) of 

redfish per 30-minute haul have been obtained only 
2 miles from the head of the bay. 

Hermitage Bay is apparently well suited to redfish, 
and in the two years before the bay was closed to the 
larger trawlers (at the Confederation of Newfoundland 
with Canada in 1949) over 7 million pounds of redfish 
were taken from the outer part and just outside the 
bay. There is no shallow hal' at the mouth and, 
although the temperatures of the surface and inter
mediate layers of water are subject to considerable 
seasonal variation, the temperature of the bottom water 
has remained within rather narrow limits,and at depths 
hetween 250 and :100 TIl has varied only hctwcen 4.5 0 
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Figure 1. Chart of Newfoundland area showing location of Hennitagc Bay. 

and 6·QoC during the six years for which detailed 
hydrographic data have been obtained. 

Almost all the hauls were made in a rather restricted 
area of about 3 square miles in the depth range 130-
145 fathoms (238-265 m). A few hauls outside this 
area, but still within an area of about 14 square miles 
and in the depth range 120-180 fathoms (220-330m), 
have also been included. The variation in the catches 
between the extremes of the depth range may be con
siderable, both in catch per unit of effort and in length
frequency distribution, but in this examination of age 
and growth it is considered that this variation is of 
little importance. 

In the area where most hauls were taken and where 

the depth range was 130-145 fathoms (238-265 m), 
the fish are almost entirely of the typical mentella type. 
This is illustrated by the fact that in some 170 hauls 
which were made in this area during the year 1958J 

only 36 marinus-type fish were taken as compared with 
over 147,000 mentella-type fish. In depths at the shal
low end of the complete depth range and over a more 
rocky bottom, marin us-type fish were found to be 
slightly more plentiful, but were still far outnumbered 
by the usual typical mentella form. Therefore, it is 
suggested that the rate of growth reported here may be 
regarded as a preliminary estimation of that of the 
North American mentella-type redfish from an area on 
the south coast of Newfoundland. 
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Growth-Rate of Juvenile Fishes 

6 B 10 12 14 16 18 20 
I 

I 

/'\ DECEMBER 1953 

I\.r-.. 
131 FISH) 

""" 

~J1 
JUNE 1954 
1137 FISH) 

li~ 
SEPTEMBER 1954 

178 FISH) 

.r--. ~ 

~n 
DECEMBER 1954 

(191 FISH) 

-- _. 

(243 FISH) 
n----. APRIL 1955 

JUNE 1955 
~230FISH) 

-
_~ AUGUST 1955 

~1372 FISH) 

~ NOVEMBER 1955 
11,126 FISH) -

~ DECEMBER 1955 
(132 FISH) 

FEBRUARY 1956 

~ 
APRIL 1956 

~ 
JULY 19~ 
1486 FISH) 

c-

AUGUST I~ 
11,393 FISH) 

-

1329 FISH) 
NOVEMBERI~ 

- ---

A~RIL - MA 
1864 FISH) 

JUNE 1957 -
1241 FISHl 

~, , 
6 B 10 12 14 16 18 20 

LENGTH (Centimetres) 

~ 

~ 

f-

r-

f-

i-

~ 
i-

Examination of length.frequencies (Petersen's method) 

Hansen (1957, 1958 a, b, and e, and 1959) has 
reported a very interesting series of length measure
ments of small redfish from Godthab and Tunugdliar
fik Fjords taken during various months of the year 
from 1952-1957. These measurements illustrate the 
progression of the modes of different year-classes, and 
allow an estimation of the growth-rate during the early 
years of the life of the fish. These data show an 
extremely slow rate of growth. 

A similar series of length measurements of small red
fish taken in Hermitage Bay during various months of 
the year from December 1953 to November 1955 has 
been reported by Sandeman (1957, 1958), and this 
series has be~n continued in somewhat less detail 
during the period 195&-1959. 

The small fish were caught by means of a No. 35 
or 35A * otter trawl, the cod-end of which was lined 
or covered with either 1/2 inch mesh nylon or 3/8 inch 
mesh cotton netting. 

The length-frequency polygons (sexes combined) of 
the small red fish obtained during trips to Hermitage 
Bay, 1953-1957, are displayed in Figure 2. All lengths 
reported here are ""fork lengths", the measurements 
being taken from the anterior tip of the lower jaw, 
with the mouth closed, to the end of the median 
caudal rays. 

During the years 1953, 1954, and 1955, all redfish 
with lengths of 15 em and under were separated from 
the catch and measured to the nearest mm. In Figure 
2 the measurements have been combined in 0·5 em 
groups and the numbers of fish occurring in each 0·5 
em group have been expressed as percentages of the 
total number of fish 15 em and under. In 1956 all fish 
with lengths of 20 em and under were separated from 
the eatch and measured in 0·5 em groups. The 
measurements have been plotted in 0·5 cm groups, and 
the numbers of fish in each 0·5 em group have been 
expressed as percentages of the total number of fish 
20 em and under. In 1957 no special attempt was made 
to separate the small fish, and they were measured to 
the nearest ern as they occurred in the complete catches 
or in random samples of the complete catches. In 
Figure 2 the 1957 data have been plotted in em groups 
and are expressed as percentages of the total number 
of fish 20 em and under. 

The progression of the modes from December 1953, 
through the subsequent months and years to 1956 can 
clearly be observed in Figure 2. This is particularly so, 
since the dominant group represents a single year-class 

Figure 2. Length-frequency polygons of small redfish (sexes 
combined), caught in Hermitage Bay. 1953-1957. 

* The No. 35A otter trawl is a modified No. 35 trawl, but in both nets 
the width of the moulh of the nl't i.~ thl' ~ame, the headlinl' having a 
length of 50 ft (15·25 m). 
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well separated from the remainder of the fish in the 
catch, due to relative failures of year-classes, both 
before and after it. In 1957 this dominant group of 
small redfish cannot be so easily discerned and by 1958 
and 1959 it had, to a great extent, lost its identity, 
having started to merge with the peak above it. During 
these latter two years the group can no longer be iso
lated, and must be examined in relation to the length
frequency of the complete catch. 

Figure 3 shows the length-frequency polygons of the 
complete catch in tenns of numbers of fish caught per 
hour at each cm group during selected trips for the 
years 1954---1959. The catch per hour is based on the 
catches of a No. 35 or No. 35A net having the cod-end 
covered with 1/2 inch nylon or 3/S inch cotton netting. 
The trips have been selected to be representative of 
that period of the seasonal cycle when largest catches 
are to be expected in the area (June to September). 
The merging of the group of small fish in Figure 2 in 
the peak abD\'c it can be observed, and it appears that 
this group is exerting a considerable influence on the 
fish which make up this peak. 

Growth-rate from scales and otoliths 

Although many workers have used the otolith or 
scale method, or both, for estimating the ages of red
fish, few have had good opportunities for checking the 
validity of the method used. Because the divergence of 
opinion between those who favour a slow growth-rate 
and those who favour a fast growth-rate is due, most 
likely, to the different methods of age estimation, the 
establishment of the validity of the method used be
comes of the utmost importance. 

Perlmutter and Clarke (1949), after examining the 
scales of redfish obtained during various months of the 
year from the Gulf of Maine, have shown that, in a 
single year, the scales reveal but a single zone of widely 
spaced circuli followed, during the period November 
through March, by a zone of narrowly spaced circuli. 

North American biologists have also found that for 
redfish of the Gulf of Maine (Anon., 1957; Kelly, 
1958; Kelly and Wolf, 1959) growth of the otoliths 
shows but a single pair of opaque and hyaline zones to 
be formed during a single year. 

Bratberg (1956) has shown, by examination of the 
otoliths from samples taken from a stock of juvenile 
fish at various intervals throughout a period of over a 
year, that one opaque and one hyaline zone constitute 
an annual ring, and that the edges of the scales were 
found to correspond to this, a single band of broadly 
spaced circuli followed by a single band of narrowly 
spaced circuli making the scale growth for a single 
year. 

The group of small redfish, which has been followed 
for several years in Hermitage Bay, Newfoundland, has 
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Figure 3. Length-frequency polygons of all redfish caught 
during trips to Hennitage Bay, 1954--1959. 

also revealed that, during a single year, scale growth 
shows only the formation of a single band of widely 
spaced circuli followed by a single zone of narrowly 
spaced circuli (Sandeman, 1958). This group of fish 
has now been followed for six years, and although it 
becomes rather difficult to distinguish between the 
zones of the scales after the fish are about 4 years old, 
the otoliths have remained relatively clear, and in each 
successive year a further pair of zones, a hyaline and 
an opaque, can be observed to have been laid down. 
The duration of the period in which the different zones 
are fonned is somewhat variable, apparently depending 
on the characteristics of the water and food during the 
different years, but in general the opaque zone of an 
otolith is laid down between April-May-June to Sep
tember-October-November, and the hyaline zone from 
September-October-November to about April-May
June. 
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Ages of the small redfish from Hermitage Bay 

The small redfish in Hermitage Bay first appear on 
the bottom during the winter months when they are 
about 60--80 mm in length. It is perhaps worthy of 
comment that at this time of the year the water column 
is almost unifonn in temperature from top to bottom, 
and the characteristic cold water intermediate layer 
(-1·0 to O·O°C), which is always present throughout 
the remainder of the year to a greater or lesser extent, 
has been dissipated. 

During this winter in which they first make their 
appearance on the bottom, the first indications of a 
definite hyaline zone of the otolith and the first zone 
of narrowly spaced circuli on the scales may be ob
served. It is not known, however, whether or not this 
first zone of narrowly spaced circuli of the scales and 
the first definite and clear hyaline zone of the otoliths 
really represent the first "winter" of the fish, and 
whether the extensive growth from 7-8 rnm in May-
1 une, when the larvae are extruded, to 60-80 mm in 
December takes place during the first year of life of the 
fish, or whether the pelagic period of its post-larval life 
extends over a period greater than a year. There are 
some indications from Hermitage Bay that the fish may 
actually be in their second year of life when they settle 
on the bottom, but, in view of the paucity of this 
evidence and the evidence of Kelly (1958) and Kelly 
and Wolf (1959) that the young redfish in the Gulf 
of Maine attain a length of abou t 50 mm by December 
of their first year, it is better to leave the issue un
decided until more adequate samples of pre-settled 
small fish have been collected from the Hermitage Bay 
region itself. 

Whether the fish are in their first year of life or older 
at the time of fonnation of the first hyaline zone of the 
otoliths or the first zone of narrowly spaced circuli of 
the scales does not affect the use of otoliths and scales 
for the detennination of age, and provided the age 
determination is consistently referred to the easily 
distinguishable first definite hyaline zone of the otolith 
and the equivalent first zone of narrowly spaced circuli 
of the scales, the detennination of age from otoliths 
and scales may proceed. 

All the ages used in this paper are referred to the 
first definite hyaline zone of the otoliths and the cor
responding first zone of narrowly spaced circuli of the 
scales as being the first "winter" zone of the fish's life. 
The end of each zone of "winter" growth is coincident 
with the "birth date" of the fishes and thus a straight 
count of the number of complete "winter" zones pro
vides the estimate of age. Because so little growth takes 
place during the months January-May, it is con
venient to regard the birth date as in January so as to 
put the estimated ages on a calendar year basis. 

In the years 1953-1957, random samples, usually of 
about 150 fish, were obtained from the small redfish 
during each trip to Hermitage Bay. These fish were 
usually measured to the nearest mm before being pre
served in 95 % ethyl alcohol for later examination at 
the laboratory. The scales and otoliths were sub
sequently removed and preserved in vials containing 
95 % ethyl alcohol. 

For age reading the scales were cleaned in a solution 
of sodium peroxide and mounted in a gum-arabic solu
tion on a glass slide under a coverslip. As only very 
occasional otoliths were "clear" enough to be read 
whole, all otoliths were cracked transversely before 
being examined under a binocular microscope (13 X ) . 
The cracked surface of the otolith, moistened with 
95% ethyl alcohol or immersion oil, was usually viewed 
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at each length group. 

by reflected light, with all the otolith surface, other 
than the cracked surface, shielded from the light. 

For the younger fish (to about 4 years of age) the 
otoliths and scales were read independently, and the 
few age estimations which did not agree were re-read 
and argued to best agreement. In the older fish of the 
series no recourse was made to the scales, and two 
independent age estimations from the otoliths served 
the same function. 

Age-frequencies, corresponding to the length-fre
quencies in Figure 2, are shown in Figure 4. These 
have been expressed as percentages of the number of 
fish, 15 cm and under, occurring in the sample during 
1953, 1954, and 1955, and percentages of the number 
of fish 20 cm and under, during 1956 and 1957. 

These age-frequencies emphasize the fact that the 
group of small fish is made up of a single year-class 
which, for several years, dominates the year-classes 
both above and below it, and that during the four years 
following the settlement of this dominant year-class, 
only very few fish of more recent year-classes have 
succeeded in settling to the bottom in this area. 

The dominance of the 1953 year-class can be more 
clearly seen in Figure 5 where the length-frequencies 
shown in Figure 2 for June or July 1954-1957, have 
been broken down to show year-class composition at 
each length group. The length-frequencies are pre
sented as histograms and for the sake of clarity only the 
1951 and 1953 year-classes are shown separately, all 
other year-classes being combined together. The domi
nance of the 1953 year-class is quite striking. 

The mean lengths of the fish of this dominant year-

class have been calculated at each time of sampling, 
and Figure 6 indicates the rate of growth of this single 
year-class. The mean lengths were calculated for most 
samples from measurements made before preservation 
in ethyl alcohol. For a few samples, only measurements 
made after preservation were available, and in these 
cases the mean lengths of fish after preservation have 
been converted to mean lengths of fish when fresh. 
During 1954, 1955, and 1956 sufficient samples were 
obtained at different seasons of the year to illustrate 
the seasonal growth cycle, but in the more recent years 
adequate sampling of the year-class by nets with fine 
meshed covers has been restricted to but one or two 
trips, and the seasonal cycle cannot be recognized. 

A comparison of the growth-rate shown by the 1953 
year-class with that determined from ages derived from 
other year-classes, and from samples in which no upper 
limit for selection of fish was used, indicates that the 
1953 year-class has shown unusually fast growth. 

rAge 0 2 3 4 5 6 

20 

18 

16 

14 . 
! 
~ 12 
o 
• 
~ 
or 10 
~ 
~ 
z 
w 
~ 8 

6 

4 

2 

;;Il ':1 
f' 

¥ 
... ¥./ 

'(" 

x 

x .... ---· • , , 
" ........ / , , , , 

I 

i 
~....-;-x 

/ 
X 

,./ 
I , 

x - Mean lengths of females } 
• _ Mean lenglhs of moles 1953 year-closs 

, , 
I , , 

: '\.Growth os~umed 
j dunng 1st year 

j I 
O-+mT~~rrn~E~'t~'"~'~iO~"~O~f~IO~'~'O~'~rrnrrn4.mTrrn~~mTnJrrnnn~ 

19531 1954'j 1955 1956 1957 1958 1959 
DATE CAUGHT (YEAR, MONTH) 1953 YEAR - CLASS 

Figure 6. Growth of the group of young fish (1953 year-class) 
in Hermitage Bay, all shown by the mean size of the year-class 
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Growth-Rate of the Larger Fish 
Examination of lenlrf:h-frequencies 

The length-frequency distribution of the fish in 
Hermitage Bay, as observed during the years 1954-
1959, is characteristically tri-modal (Fig. 3). In addi
tion to the group of young fish, tentatively regarded ar; 
the 1953 year-class, a second group, having a mode at 
22-23 cm for males and 24-26 cm for females has 
shown up consistently dUl;ng the years 1954-1957. The 
other peak, which for males is well defined at 36 em, 
is not so clear for the females but can usually be 
recognized at 38---40 em. A further peak, intermediate 
in position to the two already mentioned, occurs 
occasionally. (It may be seen in the length-frequency 
polygon shown for 1954 in Fig. 3.) The sporadic occur
rence of this peak continues to be perplexing, particu
larly as its appearance and disappearance may occur 
over a velY short period of time. 

It has been shown that, for the juvenile fish, the 
progression of the modes of the length-frequency poly
gons, although rather slow, is easily discernible, parti
cularly when consecutive years are considered. An 
examination of the length-frequency polygons for all 
sizes of fish in the catch (Fig. 3) does not reveal any 
easily discernible progression of the two major peaks 
of the large fish during the six years for which data 
are shown. Some progression can be seen in the lower 
of these two peaks (males at 22-23 cm and females at 
24-26 cm) during the years 1954-1957, but in 1958 
and 1959 this progression is disturbed by the merging 
of the 1953 year-class with this group. The peak for 
large males, which is particularly well defined, has 
remained at 36 em for the six years shown, and indeed 
also appears at the same length group during catches 
in 1947 and 1948. The corresponding peak for females, 
although not so clear, also appears to have remained 
stationary for many years. 

The very slight progression of the peak with modal 
lengths of 22-23 cm for males and 24-26 cm for 
females and the complete lack of movement of the 
peak for the large fish are suggestive of a very slow 
growth-rate, with the oldest fish attaining a final size, 
after which no further measurable growth in length 
ensues. The relative immobility of the latter peak is 
interpreted as due to the combined effect of the pract
ically negligible growth that would occur in the fish 
of considerable ag-e and the piling- up of a number of 
year-classes within the single peak. 

Age estimation and growth-rate from otoliths 

Although during the early part of the fish's life, 
there is considerable evidence that the annual pattern 
of otolith growth consists of the formation of a single 
pair of zones (one hyaline and one opaque), this defi-
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Figure 7. Growth curve of redfish from Hennitagt' Bay. 

nite evidence is lacking for the older fish. To extra
polate this principle to fish which are older, and in 
most cases sexually mature, is perhaps to invite criti
cism, but in the apparent absence of any real evidence 
of "split rings" (Graham, et at., 1954; Trout, 1954, 
1958) or spawning checks in addition to winter rings, 
and failing any other method of obtaining consistency 
of reading, each hyaline zone, which may be traced 
along the shorter axis when the cross section of the 
otolith is examined, has been regarded as representing 
a further year of life. Checks or false hyaline zones do 
occur and may often be seen in the otoliths of the small 
fish of the 1953 year-class. In following this year-class, 
it has been noted that it is only the true hyaline zones 
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which may be traced along the short axis, and that 
false hyaline zones or checks.. when traced round to the 
short axis, disappear or combine with the true hyaline 
zone. This can also be seen in the photographs of the 
otoliths of both S ebastes marin us and S ebastes vi7Ji
paruJ shown by Rasmussen (1958). 

Ages have been estimated from samples of otoliths 
obtained from Hermitage Bay during trips in 1953, 
1957, 1958, and 1959. Although these samples were 
obtained in different months and years,it is convenient, 
because of the large variety in ages occurring and the 
necessity of separating the males and females, to com
bine the samples in order to provide even an approach 
to an adequate total sample. Age eo;;timations have been 
made from the otoliths of a total of 903 fish. Of these 
205 fish were of the 1953 year-class. As this year-class 
appears to hmre shown unusually fast growth, and its 
numbers are so great relative to the other fish, these 
fish have been excluded in deriving the mean growth 
curves shown in Figure 7. Thus these curves are ha.<;ed 
on age estimations from the otoliths of 366 males and 
332 females. 

When the growth curves shown in Figure 7 arc 
compared to those obtained by other redfish workers 
(Fig. 8), one point is immediately noticeable, namely 
that the ages reached by the oldest fish are consider
ably greater than those of older fish as estimated by 
other workers. 

Of the data which are available on the growth of 
redfish in the North-west Atlantic region, those of 
Perlmutter and Clarke (1949) are concerned with rod
fish only to 10 years of age. 

Kelly and Wolf (1959) show the growth CUIVes of 
redfish from the Gulf of Maine for the years 1951, 
1952, and 1953. These CUIVes, together with those of 
male and female redfish from the Gulf of St. Lawrence 
(Steele, 1957) and those for male and female redfish 
from Hermitage Bay, are shown in Figure 8. All these 
curves, most likely, refer to North American mentella
type redfish. (Kelly and Wolf, 1959, while recognizing 
the rather uncertain taxonomic position of the North 
American form of redfish, in their final table class the 
Gulf of Maine redfish a<; Sebastes marinus marin us. It 
is the author's opinion and that of Templeman (1959) 
that the Gull of Maine redfish are similar to the com
mon North American type, and should be considered 
a.<; of the North American mentella type.) 

Marty (1958) shows the age composition of redfish 
catches from three areas in the North-west Atlantic. 
He does not, however, indicate whether these age com
position data refer to marinus-, mentella- or mixed
type redfish, nor are the sexes separated. An approxi
mate growth curve has been calculated from the tables 
showing size and age composition of the catches 
obtained from ICNAF Subdivision 3L (the north-east 
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Figure 8. Growth curves of redfish from the North-west 
Atlantic. 

slope of the Grand Bank), and this curve is also shown 
in Figure 8. It is likely that these data also refer to 
mentella-type redfish, as it was for this "type" and in 
this region that the trawlers from the U.S.S.R. were 
fishing during the period October-December 1956 
(Marty, 1958). 

Although the fish were from different areas of the 
North-west Atlantic, there is very close agreement in 
the age range 8-15, between the curves based on the 
age estimations of Kelly and Wolf, Marty and the 
present author. (It must be remembered that the curve 
derived from the data of Marty, 1958, refers to fish in 
which the sexes have not been separated.) After age 
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15, however, differences become apparent, and it 
would seem that the divergence between the curves is 
due to something more than differences in growth-rate 
between the areas concerned. This would most likely 
be due to a difference in method of age estimation. 

Although not actually specified in his paper (Marty, 
1958), subsequent conversations have indicated that 
most U.S.S.R. work on age determination of redfish is 
done by reading scales. If this is so, it seems likely that 
some of the difference between the approximate curve 
derived from Marty's data and the other curves shown 
in Figure 8, could be due to the use of scales rather 
than otoliths for age estimations. 

Among those workers who have used otoliths for age 
estimation, a difference in method of age estimation 
could quite easily arise by the use of a different degree 
of magnification when examining the otoliths, and it is 
likely that the high ages obtained by the author for the 
larger fish in Hermitage Bay may be in part due to 

this. The hyaline zones, although distinguishable, are 
very fine, and in counting these zones, particularly 
near the edge of an otolith of an old fish, it was found 
necessary to use a higher magnification (30 X) to 
remain consistent with regard to the principle that a 
single pair of zones constitutes an annual ring. It has 
been the writer's experience that if a high magnifica
tion is not used, many of the fine rings that occur in 
the otoliths of the very old redfish are not seen, and a 
low age estimation is obtained. It is noted in this 
respect, that Dr. A. Fridriksson is cited by Parrish 
(1958) as having examined examples of Sebastes oto
liths on which up to 70 winter zones could be counted. 

The agreement between the growth curves for 
female rodfish of the Gulf of Maine and Hermitage 
Bay is really remarkably close. It seems possible that 
the high sustained fishing pressure to which the Gulf of 
Maine has been subjected has resulted in the relative 
absence of the large very old fish. 
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6. 

Redfish, Growth and Age 
By 

E. 1. SURKOVA 
PINRO. Munnansk, U.S.S.R. 

The increasing importance of redfish in northern 
fisheries during the recent years has intensified the 
studies of this highly interesting fish. Along with other 
biological problems, tbe study of the growth and age 
composition of the redfish stocks has acquired especial 
significance. 

At present, two opinions can be defined concerning 
the growth and age of SebaJ'tf'J. One is that these fishes 
have a rather high growth-rate, reach maturity at the 
age of 3-4 years, and live no more than ten years; also 
that the part of their stocks exploited by fishing con
sists of three to four age-groups. 

The second opinion suggests very slow growth, 
maturity at the age of approximately 10 years, and life 
of 25-30 or more years. The redfish stocks exposed to 
fishing consist of at least 15 age-groups. 

The problem of redfish growth and age is of great 
practical importance. If this fish has a short life cycle 
and is early maturing, the redfish stocks can be ex
pected to be especially vulnerable to yeady fluctua
tions, and also, however, to be restored quickly from 
new, rich year-classes. Furthermore, in the case of a 
short life cycle, the need for the regulation of fisheries 
and for stock protection is not so pressing. If the second 
opinion is correct, it must be assumed that due to the 
many year-classes fonning the fisbable part of tbe 
population, the redfish stock may be more stable; how
ever, if a strong increase of fishing intensity takes place, 
it may reach a state of long depression, which can be 
restored only with difficulty. It is natural that under 
the latter conditions it is necessary to employ the ad
vance measures aimed at the regulation and rationali
zation of the fishcIY. 

The first point of view, whose active adherent is Dr. 
A. Kotthalls, is more advantageous for the fishery. 
However, the majority of investigators, including the 
Soviet scientists, adhere to the second opinion on the 
growth-rate and age of redfish. 

Table 1 
Redfish, growth and age according to Kotthaus' data 

Length Mean Annual 
Age variations length growth 

(em) (em) (em) 

1 11-22 17·2 17·2 
2 ............ 15-31 22·2 5·0 
3 22-40 34·2 12·0 
4 33-46 39·1 4·9 
5 37-51 43·8 4·7 
6 43-55 19·0 5·, 
7 and older. 45-81 

The Symposium., after exammmg the data contri
buted by all participants, must either recognize the 
correctness of one or the other opinion and draw the 
proper conclusions as to the evaluation of the redfish 
stock and its prospective fishery, or, if the data are 
recognized as not convincing, the Symposium must pre
pare a programme and methods for subsequent joint 
investigations for an early solution of the problem. 

Dr. Kotthaus, analysing the material collected in the 
course of the extremely active German redfish fishery, 
makes the supposition that not one but 3-4 rings are 
formed in the redfish scales and otoliths during each 
year, due to the sharp changes in the feeding of redfish 
during their migrations. To distinguish the annual 
rings, he suggested decreasing magnification, used for 
age detennination, from 20-25 times to 5-7 times. He 
believes that in this way only the annual rings would 
be seen and all the supplementary rings would dis
appear as being- less distinct. As a result of his studies, 
Dr. Kotthaus contends that at the end of the first year 
of life, rcdfish reach a length of 11-22 em (mean 
leng-th 17·2 em) and that the largest redfish specimens 
arc 7 years old or a little older (Table J). 

It is thought that such a great change in magnifica
tion during age detennination is not justified from the 
methodical viewpoint. It is known that almost all fishes 
have annual rings, defined differently apparently in 
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Figure 1. Redfish growth according to different authors' data. 
1. Smaragdova, S. mari1lllJ 5. Bratbcrg, S. marinu:; 
2. Veshchczefov, S. marinu.\' 6. Sandt:man, S. mm'inus 
3. Travin, S. marinuJ 7. Travin, S. mentella 
.}. Bigelow & Schroeder, 8. Surkova, S. mentella 

S. marinuI 

connpction with chang-es in life conditions. It i~ obviolls 
that usin~ Dr. Kottlulus' mdhod, tl1f' growth of even 
:o:uch fish whpre the age composition of the stock docs 
not H'quir(', at present, any major corrections, would 
be in doubt. It would be more convincing and more 
logical to use the universally recognized magnification 
which pennits all the annual rings on the scales and 
otoliths to be seen, and to try to find criteria for 
differentiating the annual and supplementary rings. It 
is interesting to note that one redfish species, S. vivi
parus~ which does not accomplish long migrations, has 
annual rings of a character similar to that of S.marinus 
and S. mentella. 

It is impossible not to agree with Dr. Kotthaus that 
marking experiments and direct observation of redfish 
in an aquarium - that is, data which no one has been 
able to obtain as yet - would furnish the most objective 
and the most reliable proof of Dr. Kotthaus' or the 
opposite theory. 

However, it s{'cms that evcn without those data 
wme material illustrating the redfish growth can bc 
ohtained convincingly enough. ]{("dfish fry samples, 
present in most of the sci('ntific research institutes 
working in the North Atlantie, may form palt of such 
material. 

Earlier investigations on the rcdfish growth, by 
means of back calculation, show that at the end of tht" 
first year of life redfish reach a length of 4--10 cm 
(with the mean size of 5-7 cm), with subsequently 
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diminishing annual length increments. These data are 
very similar to the data collected by most scientists 
froIll other countries (Bigelow and Schroeder, Brat
berg, Sandeman, and others) (Fig. 1), and differ essen
tially from Dr. Kotthaus' data. In the light of discus
sion, it was found necessary to verify the back calcula
tion results by direct meaStlrements of the redfish 
length at the first year of its life and at the same time 
to detem1ine the periods of formation of the annual 
rings. 

Samples of redfish fry of non-commercial sizes (from 
4 to 30 em) are available in collections from different 
areas of the Barents Sea (Fig. 2). These juveniles were 
captured by means of an ordinary trawl and also by a 
trawl equipped with a special small-meshed net inserted 
into the cod-end, with the mesh size of 10 mm between 
knots. 2,316 specimens were collected during 1957-
1959. The analysis of the samples has shown that the 
smallest redfish (less than 10 em) were catlght more 
frequently in the winter-spring period, from Janual), 
to May (Table 2). As the period of liberating larvae 
in the Barents Sea is April-May, it can be concluded 
that the fl)' of a size less than 10 cm belong to the 
year-class of the preceding year or earlier. 

Table 2 
Date and place of catches of redfish fry of Ius 

than 10 em 
Minimum 

Month Rt'gion size of 
fry (ern) 

19Sfl Ft·bruary Kildill Bank 6 
Murman Wt'st coast !l 

March Nordkyn Bank ·1 

" 
Demidov Bank !l 

September Rybachi Peninsula Bank S 

1957 March Demidov Bank 4 

April 
Western Deep .j 

Nordkyn Bank 4 

Dce:~mber 
Kildin Bank 8 
Andey Bank 8 

1958 January Demidov Bank 4 

" 
N-E slope of the Murman Bank 6 

" 
Central Gully 4 
Finnmarken Bank 4 

Au;~st 
Central Plateau 6 
Rybachi Peninsula Bank 8 

Decl'mbt·r W slopc of the Goose Bank 8 

Observations on the scales of these young fish con
firm thl'" conclusion that the majority of them have 
one annual ring fanned and often show a considcrablc 
increment thereafter (Figs. 3·-7). 

The data collected seem indisputable, and, based on 
the annual ring formation and on the size of the redfish 
hy the end of its first year, an age analysis of the avail
able fry samples has been made. It is found that red
fish. having lengths fr01l1 4 to 30 em, are 1 to 10 years 
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Figure 3. Scales of Tf'dfish, 5· 7 elll long, Olll' 

year old, Nordkyn Bank, 5. April 1957, 
"Persey 2", trip 96, tr. 43. 

Figure 4. Scales of redfish. 6·7 em long, one year 
old, Nordkyn Bank, 27. March 1957, "Pcrst'Y 2", 

trip 96, tr. 30. 
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Figure 5. Scale of redfish, 8·0 em long, agc 1 +, second 
annual ring not yet formed. West Gully, 14. January 

1959, RT-211, trip 5, tr. 33. 
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Figure 6. Scale of red
fish, 9·8 em long, two 
ycars old, West Spits

bergen, 3. June 1959, 
RT-191, trip 6, tr. 23. 

Table 3 

Figure 7. Scale of redfish, 13·1 em 
(ong, 3 years old, West Spitsbergen, 

3. June 1959, RT-191, trip 6, 
tr.23. 

Size and age composition of the most typical samples of yOUDg redfish 
in the Barent. Sea during 1957 -1959 

Length Mean Number of Areas Months variations size Age Specimens 
(em) (em) 

1957 
Central art'as January 14-24 16·-16 2-8 46 

November 14--25 19.10 3-8 42 
December 15-19 16·75 2 -7 :lO 

Western art'as March 6-15 8·5:1 1-5 206 
April 6-15 7·50 1--4 74 
July 8-21 12·84 2-7 :H 

Coastal ar('as April 9-B 11-44 L -7 18 

1958 
WL'stern areas January 10-30 21·18 2--10 321 

February 7-28 9·71 1-10 44 
August JO-26 16·52 2-8 55 
September 14-26 20·89 3-8 20 

Coastal areas November 14-29 20·76 4-9 48 

1959 
Western areas 
Coastal areas 
North-Wostt-rn areas 

May 
April 
Janual'Y 
March 
June 

old (Table 3). Yearlings that occurred in samples 
(with one very distinct annual ring) had a length of 
4 to 10 em, with the mean length of 6·3 to 8·3 em, i.e. 
a half or a third a'i small as they would be according 
to Kotthaus. An overestimate of the mean sizes of the 
yearlings observed by direct measurcmcnts (in compa
rison with the back-calculated sizes) may, in the au
thor's opinion, be explained by the Lee phenomenon 
or by a partial escapement of the small specimens 
through the trawl, even though equipped with a small
meshed net. 

5-19 11-49 1-6 157 
6-22 15·83 1-7 46 
8-32 23-49 2-11 54 
6-17 11·58 1-8 36 
6-16 10·03 1-5 433 

A back calculation of the growth-rate of S. mentella 
Travin caught on the Kopytov ground in 1958 was 
also made (Table 4). The results confinned the pre
vious obscrvations. No considerable change in growth
rate of S. mentrlla Travin from the Kopytov area has 
be('n observcd dllrin~ 1951-1958. 

Thus, it is believed that therc is no reason to change 
the opinions on redfish growth stated earlier and these 
do not agrcc with Dr. Kotthaus' point of view. 

During the years of Soviet fisheries in the Kopytov 
area (from 1953), the age composition of the S. men-
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Table 4 
S. mentella growth~rate on Kopytov Bank in 1958 (calculated) 

Age 

1 
2 
3 
.( 

5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

N umber of 
sp('cimt'ns 

204 
204-
20't 
:204 
20,1 
21H 
204-
198 
190 
185 
177 
175 
163 
147 
124 
100 
65 
40 
16 
9 

Mal P S 

Mean 
length 
(em) 

HI7 
8--13 

12-15 
IHI 
18-+7 
21<~3 
23·83 
25·97 
28·09 
30'21 
31·89 
33-:17 
3+33 
:16·03 
36·99 
37'85 
38·39 
39·44 
39·05 
39·72 

Growth-
tatt' 

Numbl'r of 

(em) 
SpeCIml'nS 

4·B7 19+ 
.1-56 19·4 
3·n 19·1 
3'26 194 
3·06 191 
2·76 19+ 
2·60 193 
2·14 187 
H2 179 
2'12 173 
1-68 173 
1-48 159 
0·96 154 
1·70 133 
0·96 116 
0·86 94 
0·54 73 
1·05 55 
0·00 32 
0·67 20 

Females Tot a I 
Ml'an Gl'Owth- Number of Mean Growth-
length ratt' specimt'ns l(·ngth ratc 
(em) (em) (em) (em) 

5·11 5'11 398 4-99 4.99 
8'69 3·58 398 8·55 3'56 

12·,1 ]'52 398 12'25 3·70 
15'41 :1'20 398 15-41 3'16 
1)..13 2'02 398 18·33 2·92 
21·15 3·n 398 21'23 2·90 
23·31 ,. 16 397 23'67 2-44 
25·7 I 2·40 385 25·87 2'20 
2)'79 2·08 369 28·03 2·16 
29·73 1·94 358 29·89 1-86 
31·73 2'00 350 31'81 1·92 
:13·23 1·50 334 33-35 1·54 
34·93 1·70 317 :1+91 1·56 
35·97 1·04 280 36·07 1'16 
37'31 1·34 240 37·13 1'06 
38·25 0'94 194 38·15 1'02 
39·11 0'86 138 38·77 0·62 
40·11 1·00 95 :19-64 0·87 
-10-93 0'8, 48 40·31 0'67 
41·52 0'59 29 40'99 0'68 

Table 5 
S. mentella percentage age composition 

l1ishc'ry Age 
years <13 13 14 15 16 

195:~ 5·:1 I·U 9'0 15-:1 15·9 
19.)·1 1 :1,1 5·7 6-::1 1+5 17'0 
1955 6·1 9-6 11'8 19·7 17·9 
1956 IHI 7·9 10'6 t .J.·2 15'B 
1957 2()'L 111·11 ,')." , 5'6 15·[ 
1958 fL·g II'L 1:1·0 IH f5'L 

lelia Travin ~tn('k has IInd('l'golH' snnlt' chang{'s du(' to 
the decrease of the mean age (Table 5). This may 
serve as an additional proof of the view of redfish 
growth and rate of reproduction. The intensive fishing' 
for redfish during the 6-year period, with insufficient 
recruitment, has resulted in a certain decrease in the 
number of fish of older year-classes, 
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7. 

The Growth of Immature Sebastes viviparus (Krsyer) from 

the North Norwegian Coast 

B, 

G. C.TROUT 
Fisheries L.boratory. Loweafoft 

Timing (1943) showed that S. viviparuI, the "lille 
r0dfisk", was taken in the commercial catches at Faroe. 
Elsewhere in Europe this species does not make any 
noticeable contribution as a food fish, being on the 
whole too small or perhaps because it is not -differen
tiated from other rf'dfish. There has been little incen
tin" therefore. to examine its growth-rate and only 
Rasmussen (1958) has ,given even a rough approxima
tion to its annual incrcllIcnt of growth. 

As the otolith of S. viviparuJ' from the Norwegian 
coast appeared to be extremely easy to read, a small 
and restricted material, comprising some 560 otoliths, 
together with length data, was worked through in the 
hope that it might shed some light on redfish otolith 
structures and their interpretation. 

The material was derived from six single hauls on 
the Malangen Bank on the north coast of Norway, 
during periods in 1957 and 1958 when the "'Ernest 
Holt" was in the area to work the Malangen Hydro
graphic Section. A haul for redfish was made when 
and where convenient~ merely as an incidental part of 
the cruise. 

Ekstrom (1836) considered 20 to 60 fathoms to be 
the distribution in depth of this species. Collett (1885), 
however, gave a deeper range, down to 150 or even 
200 fathoms. The present material was derived from 
the deeper part of the species range (scp foot of Table 1 
for depth range of samples) and from temperatures 
of approximately 7·7°C (M.A.F.F., 1957 and 1958). 
I t was limited to cover catches, obtained from a nylon 
shrimp-mesh cover attached to the 110 mm cod-end 
of the "Ernest Holt's"standard trawl. Periods of samp-

19" 

ling were restricted to the winter months, (February, 
March,andNovcmber) 50 that all specimens had either 
completed the bulk of their current year's growth, or 
were about to begin it. 

The cover catches contained the young of both 
S. marinuJ and S. viviparuJ and some difficulty was 
experienced at first in separating them. Mistakes were 
made in identification at sea, until Andriiashev's key 
(1954) became available. After a time the robust and 
chunky outline of S. vivipa,.u,~ became more readily dis
tinguishable without fin-ray counts. Andriiashev's key 
proved invaluable and in particular the separation of 
the species by the pre-opercular spines was found to be 
most reliable. In heavy catches, however, damage 
caused to the backward-pointing spines made it neces
sary to examine both sides of the head in order to 
determine whether an apparent S. marinus was, in 
fact, a S. viviparus with its pre-opercular spines re
moved by the crush in the cod-end. Because of this, 
the last five samples were brought back to the labora
tory in alcohol (70 %) for identification, measurement 
(in mm to the nearest mm) and otolithing. 

On the whole, most of the S. viviparus specimens 
collected were small and immature. Table 1 gives the 
size and age composition of the six samples, totalling 
547 observations. It will be seen that two year-classes 
predominate, those of 1953 and 1949, with 4 and 8 
complete opaque zones in 1957 and with 5 and 9 
respectively in 1958. The range in size of fish of a given 
zone count is considerable and noteworthy. Sexes were 
not separated and are probably responsible for some of 
the spread of the observations. 



Length 
(mm) 

75-79 
80-84 
85-89 
90-94 
95-99 

100-104 
105-109 
110-11,1 
115-119 
120-124 
125-129 
130-134 
135-139 
140-1<14 
145-149 
150-154 
155-159 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205-209 
210-214 
215-219 
220-224 
225-229 
230-234 
235-239 
240-244 
245-249 
250-254 
255-259 

Total 

Age determination 
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Table 1 
Length and age distribution of S. vifJiparU6, from .ix samples 

taken from hauls made on the Malangen Bank 

4 5 

2 
5 , 

II 4 
14 16 
10 27 

.'} 22 
9 :l6 
2 27 
2 22 

13 
6 
2 

2 63 178 

6 
Age (years) 

7 8 9 10 II 

I 6 
5 2 
8 9 

II 9 
7 18 
6 23 
7 22 
8 :W 
4 2:1 
5 18 
4 8 
3 10 
I 8 
:1 6 
I 3 
1 3 

I 
1 

2 76 191 

N E 

3 3 

I ~ 

2 
2 
I 

8 8 

, { ST, II 11576945' 16'53' 260/140 1m U.57 
Sampl,·1. ST.86 1/5770'21' 17'20' 150/90 1m 18.3.57 

2, ST.34 115B 70030' 18'02' 95 1m 9.2.58 
3. ST.12 VII57 70'07' 17'15' 801m 25.11.57 
4. ST.27 11/5870'30' 17'40' 150/170 1m 16.3.58 
5. ST.27 11/5870'30' 17'40' 1501170 1m 16.3.58 

" 6. ST. 12 VI/57 70'07' 17'15' 801m 25.11.57 

II 15 

2 
2 

7 

16 

This was found relatively easy and was carried out 
by means of the otoliths. These were viewed whole, 
flat, in water or alcohol, rarely xylol, and were illumin
ated by reflected light against a black background. A 
low-powered binocular microscope (approx. X 15) was 
used. About 97 % of the samples were read without 
trouble. Of the remainder some were from mature fish
over the age of about 12 years - and the post-maturity 
rings could not be read with certainty, though it was 
found that by cutting these mature otoliths, the multi-

tudinous indistinct and thin opaque rings tended to be 
groupable. Too few matures were present in these cover 
samples for any conslusions to be drawn. Other, 
YOLUlger, otoliths were doubtful merely owing to their 
dense structure or to coalescing or diffuse adjacent 
opaque zones. 

It can be said that a feature of the S. viviparus oto
lith, when viewed whole, was the clear separation into 
relatively wide, single opaque zones and narrow hyaline 
zoncs. One fact, outlined by Rasmussen (1958) was 
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Age (years) 

Table 2. Length at age 

458 9 

148·0 
328·5 

18·12 

12 

206·9 
238·9 

15·46 

13 

210·6 
656·7 

25·63 

Mean length (nun) ................... . 97·9 107-7 141·3 
Variance (a:l) ... , ...................... . 194-6 132·0 344·7 
Standard deviation (0') "', ......... ,_, ±13·95 11-49 18·57 

, 

25 

• • . 
vi i , , 
"' 20 

, , 
0: , , 
I- , 
"' .' , 
::; , 

I- ~/ 
Z 15 i(' 
"' V u 

z . V 10 

J: / l-
e> , SEBASTES VIVIPARUS. 
z , 
"' 

, 

I-MEAN 

5 , 
..J , , LENGTHS , , , , 

--INDIVIDUAL LENGTHS 

0 I -'-
5 10 15 20 

AGE 

Fig;urt' 1. 

confirmed, namely that the otoliths of this species 
differ radically in appearance from those of other red
fish forms found in the Barents Sea. This was indeed 
fortunate, for it permitted wrong identification at sea 
to be rectified since it was quite simple to separate the 
otoliths from a mixed sample. This was simpler and the 
differences were more apparent when the otoliths were 
viewed whole, rather than when cut ao;; ~iUggested by 
Rasmussen. 

Otolith structure wao;; clearest and samples were most 
easily read when they were (a) examined immediately 
after removal from the fish, (b) when stored wet, 
either in sea water, fresh water, or alcohol (70 %). 
If stored dry, then immersion in alcohol or sea water 
for between 30 minutes and 24 hours, according to size, 
would return them to a readable condition. Xylol 
tended to "clear" otoliths too drastically and some of 

the opaque material was lost, especially in small oto
Ii ths, after even short immersion. 

Although the seasons of sampling were limited, there 
was sufficient spread to say that opaque zone formation 
began after March and was complete by November, 
approximately. It has not been possible to arrange 
year-round sampling to delimit the timing of zon(' com
pletion more precisely. 

The crude growth curve derived from this material 
is given in Figure 1 and is offered with some reserva
tions, although the four points obtained from the 4, 5, 
8, and 9 year-oIds may be considered reasonably reli
able. They were derived from 508 of the 547 observa
tions. The recurrence of the two predominant year
classes in the second year of sampling is taken ao;; 
evidence of only one opaque zone being laid down 
each year. 

Table 2 shows the standard deviation, and twice this 
value is plotted for these four points on the curve - it 
is thought that the observed lengths of the older fish 
are probably biased and too high. These were probably 
influenced by the very small number of 12 and 13 
year-oIds, of which only eigh t of each were con tained 
in the total sample. 

It will be seen that the growth of S. vivipaTu.I' is very 
slow compared with that of S. marinu!i and S. mentella 
of the Barents Sea (Travin, 1951), but approaches 
that of redfish of the Gulf of Maine, described by Perl
mutter and Clarke (1949) and with which it appears 
to have a closer affinity than with S. marilluJ (Trollt, 
this volume, pp. 94-99) . 

Three phenomena, observed generally throughout 
this material, are of interest. 

(i) Despite the small level of the sampling in the two 
years, the unequal representation of the age
groups was consistent and very apparent. The 
intelmediate year-classes between those of 1949 
and 1953, and both older and younger year
classes, were virtually absent. Ignoring the selec
tion, by the 110 mm cod-end and shrimp netting 
of 9 mm bar mesh of the upper and lower ends 
of the length range, it is evident that recruitment 
to the one deep area sampled is intennittent. 
Whether this also reflects the true recruitment to 
the NOIwegian coast stock cannot be said, but 
matelial from the Faroe Island population of 
S. IJiviparus indicates that similar intermittent 
rf"CTllitme-nt also occurs there. 
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Plate 1. Otolith of Seba.rtes viviparus showing sequence of wide and narrow 
opaque zonps. 

(ii) Plate 1 illustrates the difference in width of 
groups of four opaque zones observed in these 
samples - a constant feature in this material. This 
grouping and the intennittent recruitment origi
nally led the writer to think that four opaque 
zones per year were produced. 

(iii) Normally the hyaline zones of these otoliths were 
relatively narrow, but those of a particular winter 
- that of 1956/1957 - were of considerable width 
and showed in each of the samples, irrespective 
of age - Plate 2. No explanation is proffered at 
this stage, but these features frequently proved to 
be useful in checking the a~e of a difficult otolith. 
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Plate 2. Otolith of Sebastes viviparus showing wide hyaline zone of the 
1956/57 winter. 
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Plat!" 1. Thf' \nwf'r two fish only arf' of group-O. 
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8. 

The Otolith of Group-O Sebastes mentella Travin 

By 

G. C. TROUT 
Fillberles Laboratory. Lowe.toft 

One of the most controversial redfish problems has 
been the interpretation of the opaque structure of their 
otoliths, when used for age determination. This has 
resulted in alternative estimates of growth-rates being 
put fOlWard. Examination of a sample of bottom living 
young- Sebastes has been of interest, since it throws 
some light on this problem. (Two specimens of this 
sample of 40 are shown, Plate 1, with other larger fish, 
of the same species, from the same haul.) 

The sample was caught by the R!V "Ernest Holt", 
west of Bear Island in 182 metres (position 74°28'N, 
17°02'E) on 30. November 1957, by means of a shrimp 
netting cod-end cover of 9 mm bar mesh on the nor
mal trawl. The young fish ranged from 53 to 67 mm 
in length and were thought to belong to the brood of 
the year. Assuming larval release to be in May/June, 
these fish were appoxirnately six months old and this 
a'isllmption was supported by the earlier work of Jen
sen (1922), and Travin (1951) (and also by Surkova 
and by Einarsson in their papers submitted to the 
Symposium) . 

Although these fish were so small, their general ap
pearance, eye size .. and the presence of a "chin", the 
point of which could be seen and felt to differ from 
other Sebastes juveniles, indicated that these were, most 
probably, the young of S. mentelia, which is readily 
separable from S. marinus in th(' larger, commercial, 
size ranges. 

The first obvious point of interest, on examining the 
otoliths, was their variable shape and appearance, 
which argued that these fish were very young and had 
not achieved the characteristic overall shape of the 
adult (Plate 2). Despite this, there were, however, 
three clearly recognizable and separate opaque zones:-

(i) a densely opaque, 1arg-c, central nucleus. separated 
by a very narrow hyaline zone from 

(ii) a narrow opaque zone, usually slightly less dense 
than the nucleus; 

(iii) the outermost opaque zone, wider but less dense 
than the previous zone. 

The two hyaline zones separating the three opaque 
zones were only between 2 and 6 eyepiece units in 
width. A wide hyaline zone was at the edge of the oto
lith and was approximately the same width as the 
adjacent opaque zones. 

Measurement of the successive structures, across the 
equator of each otolith, gave the following mean values, 
in c.p.u.s. (for righthand otoliths~ outer surface):-

Hyaline edge 
19·8 

Opaque.) 
23-7 -

Opaquc j 

18·1 

Opaqu('l 
23·0 

Opaque2 Nucleus 
14-0 231-4 

Hyaline edg£' 
24·0 

Since the age of these fish, of mean length 61 mm .. 
is unlikely to be more than six months, it must be 
assumed that, in the Barents Sea at least, the nucleus 
is a composite structure. It is thus liable to give rise to 
differences and inconsistencies in age determination of 
larger, commercial sized redfish, unless adequate safe
guards are taken against arbitrary grouping of zones. 

The mean total width of these group-O otoliths was 
354 eyepiece units. This approached, very closely, the 
size of the composite structure a'isumed to be the first 
year's growth in otoliths from fish of commercial sizes. 
The approximate mean otolith widths derived from the 
first five years of 20 Sebastes mentelia, ranging in 
length from 24 to 42 cm were as follows, meamrements 
heing made on the cut face of the otolith'~ equator:-

Year I 
358 

Year 2 
546 

Total width 

Year 3 
659 

Y£'ar4 
774 

Year 5 
871 
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Plate 2. Sebastes mentella group 0 otoliths from fish of l('ngth 56, 61, 65, and 67 mm. 
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Measurements of later year growth zones were found 
to be more variable and difficult to make, whilst the 
spread of values obtained from the small sample, in
creased. The mean lengths of the fish, at the ages 
detennined with the aid of these measurements, agreed 
reasonably well with those of Travin's growth curve 
(1951) and with the data of Surkova (this volume), 
which were based on scale readings. 

Whilst the material described was small and limited, 
it demonstrated the composite structure of the nucleus 
in the Barents Sea S. mentella. Observations from oto
liths of larger, commercial sized fish of the same species, 
show that -this composite structure is visible in the cut 
otolith. 
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SECTION VI 

A BIBLIOGRAPHY OF THE NORTH ATLANTIC RED FISH 

By 

G, C. TROUT 
Fisheries Laboratory, Lowe.!ltoft 

At this early stage in the study of the Recifish and 
whilst the systematics of the genus are still unresolved, 
no attempt ha..<; been made, in compiling this biblio
graphy, to classify the literature by species. 

The bibliography consists, therefore, of a simple 
subject index for each of six broad headings. Two of 
these, namely Biology and Population Studies, arc sub
divided further. No annotation has been attempted. 
again, largely because of the uncertainty of species. 

The bibliography is not exhaustive but it is thought 
that all major works, both modern and of historical 
interest and value have been included. Some details of 
a few of the earlier works arc still in doubt and sllch 
references are so marked. 

Some works have been excluded deliberatcly:-
(i) Check lists, (ii) Records of isolated or rare occur

rences of redfish .• either in commercial catches or during 
exploratory voyages, (iii) Annual Reports which arc 
mimeographed rather than published. These are usually 
concerned with unfinished researches, tend to be given 
a restricted distribution, and are frequently anonymous, 
(iv) Documents presented at international meetings 
(except a number of those presented at ICES meetings). 
These are often in an interim report fom1 and may 

well be modified before finally reaching their published 
form, (v) Reports which are in effect administrative 
reports of work being carried out on redfish but which 
contain no data or results. 

The Bibliography has been amended to include indi
vidual references contained in the Annual Proceedings 
of Le.N.A.F., in compliance with the wishes of the 
Symposium. 

It is hoped that each work appears in all subject 
indexes which its contents justify. Some papers, parti
cularly those for which no full translations are avail
ahlf', may he inrompletely indexed. 
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Subject Index 

I. Statistics 

II. Systematics 

III. Biology 
(i) General and popular 

(ii) Distribution 
(iii) Reproduction 
(iv) Larvae and larval distribution 
(v) Food and feeding 
(vi) Parasites} predators, and disease 

(vii) Physiology and biochemistry 

IV. Population Studies 
( i) Ichthyometrics 
(ii) Age determination and growth 
(iii) Selectivity 
(iv) Effects of fishing 

V. Technology and Commercial 

VI. Special Publications for other regions concerning 
allied genera and species. 

I. Statistics 
(including monthly and annual landings) 

Hiester, 1958. Rorodatov, 1947. Borodatov & Travin, 
1960. Clark, McCrackcIl, & Templeman, 1958. Cote, 
1952. Couture, 1958, 1959. Fridl'ikswn, 1940, J 952, 
195~. Hempel, 1957. Kelly, 1952. Kotthaus, 1942, 
1943, 1952, 1958. Luling, 19500. Lundheck, 19%, 
I 940a, 1942, 1950, 1951, 1954h, 1959. Masl",', 19:\9. 
1944a, I 944c. Ma.gnlrsson, 1957b, 195%. Meyer, 1954, 
1956. Taning, 1943. Templeman, 1957d, 1959. Travin, 
1957a, 1957b, 1959. Rasmussen, 1959. Rass, 1957. Sol
datov, 1920. 

In addition to the authors named, reference should 
be made to international publications, e.g., Bulletin 
Stati.~tique of ICES; Statistical Bulletins and the 
Sampling Yearbook of ICNAF; Yearbook of Fi.>lury 
StatiJtic~ of FAO. Many countries also publish statist
ical tables annually. 

II. Systematic. 
{including detailed anatomy, morphology, and 

meristic counts) 

Artt'di, 17~·)8. Ascanius, 1772. Andriiashev, 1954. 
Bigelow & Welsh, 1925. Bigelow & Schroeder, 1953. 
Barry & O'Rourke, 1959. Ber~ d at., 1949. Rorodatov 
& Travin, 1960. Boulen.gel', 1910. Chaine & Dllvergier, 
1934. Collett, 1875, 1880a, 1880 b, 1885, 1905. Couch, 
1863. Cuvier & Valenciennes, 1829. Day, 1880-84. 
DeKay, 1842. Diincker, 1927. Ehrenhaulll, 1902, 1936. 

Ekstrom, 1836-48. Faber, 1829. Fabricius, 1780. Fle
ming, 1828. Ford, 1937. Frost, 1929. Fryd, 1901. Gins
burg, 1953. Goode & Bean, 1895. Gill, 1863. Gunther, 
1860, 1887. Grasse, 1958. Hollberg-, 1819. Jenkins, 
1936. Jensen. 1922. Jcnyns, 1835. Jordan & Evcrmann, 
1926. Jordan & Gilber1, 1882. Kolthaus, 1950b, 1952, 
1960. Knipovich, 1926. Kroyer, 1838--40, 1844-45, 
1845. Lilljeborg, 1891. Llitkcn, 1876. Linnaeus, 1758, 
1761. Lacepi-de, 1799(?). Lundbeck, 1940b. Maim, 
1877. Malmgren, 1865. Nilsson, 1832, 1855. Nybelin, 
1942. Norman, 1935. Otterstmm, 1912. Pennant, 1776. 
Regan, 1913. Richardson, 1836. Saernundsson, 1926, 
1932. Schaefer, 1959, 1961. Scott, 1906. Shepherd, 
1910. Smitt, 1892. Soldatov, 1920. Storer, 1839, 1846, 
1856, 1867. Strom, 1881. Swenander, 1906. Travin, 
1951, 1952. Vanhiiffen, 1897. Williamson, 1911. 
Willughby, 1686. Winther, 1882. Yanulov, 1960. 
Yarrell, 1836. 

III. Biology 
(including general references and popular articles) 

(i) General 

Anon., 1952, 1956(a, b), 1958. Boulan,!.{l'r, 1958. 
Bigelow, 1914. Bigelow & Schroeder, 1953. Comm. 
Fish. Rev., 1950, 1951, 1953 (a,h), 1955 (a,b,c), 1956 
(<l,h,c,d), 1957 (<l,h.c,d), 1958 (a,b,c), 1959 (a,b). Firth, 
1942. Glanville, 1956. Goode, 1884. Graham, 195:1, 
1954, 1956, 1957. Hansen, 1957, I 958a. Hardy, 1959. 
Huntsman, 1922. Klalls('witz, 1956. Kotthalls, 1949b, 
Komtantinov, 19:)~J. Lucas & Wim}Jt'nny, 195:~. Liiling-, 
1950a, 1950h. Lundbcck, I 940b. Martin, 195:1, 1954, 
1955, 1956, 1958. Ma<;lov, 1944b. Messiatzeva, 1932. 
Meyer, 1958, 1959. Nikolsky, 1957. O'Brien, 1956. 
Poulsen, 1954, 1957, 1958. Raslllllssen, 1949. Sac
lllllndsson, 1927, ]949. Steele, 1957. T[ming, 1949. 
Templeman, 1953, 1954, 1955a, 1957e, 1958, 1959a. 
Theimer, 1958. Vel'n, 1954. Veshchezefov, 1944. 

(ii) Distribution (including vertical and spatial distri
bution, ecology, exploratory surveys, migrations, hydro
graphy) 

Anccllin, 1953. Anon., 1950. Awerinzew, 1924, 1927 
(a,b). Adrov, 1957. Big-elow, 1914. Ili,~elow & Schroe
der, 1939. Baranenkova, 1957(a,h). Bergeron, 1958. 
Biester, 1958. Breitfuss, 1903, 1906, 1908. Collett, 
I 880b. Dunhar & Hildebrand, 1952. Ehrenbaulll, 1905. 
Freund, 1958, Grasse, 1958. Gunther, 1887. Hachey, 
Hermann, & Bailey, 1954. Hjort, 1901. Huntsman, 
Bailey, & Hachey, 1954. Jensen, 1922, 1926. Knipo
vich, 1902, 1925. Konstantinov & Shterbino, 1958. 
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Kotthaus & Krefft, 1957. Liitken, 1898. Magnusson, 
1956(a,b), 1957b, 1958(a,b), 1959b. Maslov, I 944a, 
I 944c, 1960. Murray & Hjort, 1912. Nansen, 1886. 
Pawsey, Davis, Atkinson, & Goodchild, 1924. Rasmus
sen, 1959. Schmidt, 1904. Sehroeder, 1955. Shorygin, 
1933. Sorokin, 1960. Steele, 1957 (1958 Abstract). 
Taning, 1949. Templeman, 1957d, 1959(a,b). Tem
pleman & Squires, 1960. Thielemann, 1922. Travin, 
1957b, 1959. Veshehezerov, 1944. 

(iii) Reproduction (including embryolo!,:y and devel
opment) 

Anon., 1944. Firth, 1931. Goodchild, 1924. Grasse, 
1958. Kasanova & Pertseva-Ostroumova, 1960. Kott
haus, 1950a. Liiling, 1951 (a,c,d). Magnusson, 1955, 
1956c. Rass, 1936, 1949. Ryder, 1887. Scrimshaw, 1945. 
Sorokin, 1958, 1960. Williamson, 1911. 

(Iv) Larvae and larval distribution 
Bigelow, 1926. Bigelow & Welsh, 1925. Baranenkova, 

Khokhlina & Yudanov, 1956. Comm. Fish. Rev., 
1957c, 1958b. Dannevig, 1919(a,b). Ehrenbaum, 
1905-09. Einarsson, 1960. Frost, 1938. Holt, 1898. 
] can, 1955. Jensen, 1'926. Kasanova & Pertscva
Ostroumova, 1960. Messtorff, 1960. Rass, 1929, 1933, 
1936, 1949. Schroeder, 1955. Tiining, 1949, 1951. 
Templeman, 1959(a,b). Templeman & Sandeman, 
1959. Wiborg, 1950(a,b), 1952, 1954, 1956, 1957, 
1960(a,b). 

(v) Food and feeding 
Boldovskii, 1944. Brotskaja, 1931. Idelson, 1930. 

Liiling, 1951 b. Lambert, 1960. Magnusson, 1956b. 
Steele, 1957. Verrill, 1871. 

(vi) Parasites, predators and disease 
Basikalova, 1932. Herrington, Bearse, & Firth, 1940. 

Kahl, 1937. Kmycr, 1845a. Liiling, 1951e, 1952. Mc
Intyre, 1953. Messtorff, 1960. Meyer, 1951. Nigrelli & 
Firth, 1939. Perlmutter, 1951. Rae, 1959. Tuck & 
Squires, 1955. 

(vii) Physiology and biochemistry 
Anon., 1960. Brandes & Dietrich, 1957. Grasse, 1958. 

Schaefer, 1959, 1960. Scho1ander & van Dam, 1953 
(a,b), 1954, 1957. Scholander, 1954. Scholander, Claff, 
Teng, & Walters, 1951. Stern & Lockhart, 1953. Temp
leman & Sandeman, 1958. Templeman & Squires, 
1960. Wunder, 1958 (a,b) . 

IV. Population Studies 
(i) Ichthyometrics(including length and girth measure
ments length differcnces of sexes, sex compositions of , , 
catches) 

Bigelow & Schroeder, 1939. Baranenkova, 1957 
(a,b). Fridriksson, 1952, 1953, 1954. Graham, 1956. 
Hansen, 1958b, 1959, 1960. Kelly & Martin, 1958. 
Kotthaus, 1943, 1952, 1958(a,b). Lundbeck, 1953 
(a,b), 1954a, 1956. Magnusson, 1957 (a,c,d), 1958 
(a,b), 1959a, 1960. Marty, 1958. McIntyre, 1957, 1959. 
Meyer, 1956. Perhnutter & Clarke, 1949. Poulsen, 
1959. Steele, 1957. Surkova, 1957. Templeman, 1957b, 
1959. Travin, 1957a, 1959. 

The Annual Proceedings of ICNAF from Vol. 2 on
wards contain ichthyometrics. See also Sampling Year
books. 

(Ii) Age determination and growth (including tech
niques, growth from scales or otoliths) 

Bratberg, 1955, 1956(a,b). Comm. Fish. Rev., 1957a. 
Fryd, 1901. Kelly & Martin, 1958. Kelly & Wolf, 1958. 
Kotthaus, 1949a, 1952, 1958c. Magnusson, 1956c. 
Parrish, 1958. Perlmutter & Clarke, 1949. Rasmussen, 
1958. Sandeman, 1957, 1958. Smaragdova, 1936. 
Steele, 1957. Surkova, 1957. Templeman, 1956, 1959 
a,b). Travin, 1951, 1952, 1957a, 1959. Veshchezerov, 
1944. 

(iii) Selectivity 
Clark, 1957. Clark, McCracken, & Templeman, 

1958. McCracken, 1957. Sa·tersdal, 1957. Templeman, 
1957(a,c). 

(iv) Effects of fishing (including estimates of mortality, 
tagging and tagging tcchniq ues, stock assessments) 

Beverton, 1960. Camm. Fish. Rev., 1956c, 1957b. 
Davis & Taylor, 1957. Kelly, 1957. Kotthaus, 1957. 
Konstantinov, 1956. Parrish, 1957. Perlmutter, 1953. 

V. Technology and Commercial 
Anon., 1959. Brandes & Dietrieh, 1956, 1957, 1958. 

Dietrich, 1956. Dussault, 1957. Grinko & Alimov, 1958. 
Konokotin & Zuikova, 1955. Stansby, 1951. 

VI. Special Publications 
Alvcrson & Welander, 1952. Botltierc, 1958. Matsu

bara, 1943. Phillips, 1957. Smith, 1950, 1957(a,b), 
1958. Sunde & Lindsey, 1958. Westrheim, 1958. 
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