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sented a series of lectures at

facilities of NOAA’s National
Marine Fisheries Service (NMFS)
in Woods Hole, Mass.; Seattle,
Wash.; Auke Bay and Juneau,
Alaska; La Jolla, Calif.; Beaufort,
N.C.; and Silver Spring, Md. This
tour was initiated and organized
by Michael Sissenwine, NMFS Sen-
ior Scientist at the time, and spon-
sored by NMFS.

I n May 1994, Ray Beverton pre-

The NMFS Northeast Fisheries
Science Center (NEFSC) in Woods
Hole was the first stop on Ray’s
itinerary, and it was my honor and
privilege to welcome and intro-
duce him at the first of his three
lectures during May 2-3. My wife,
Geri, and | also had the pleasure of
hosting Ray and his wife, Kathy, at
our home during those few days.

Ray was kept quite busy during
his 2-day stint in Woods Hole. He
delivered the first lecture entitled
“Man or Nature in Fisheries Dy-
namics: Who Calls the Tune?” the
morning of May 2 in the Woods
Hole Oceanographic Institution
(WHOI) Redfield Auditorium, and
then spent the afternoon being
shown around Woods Hole and
preparing for the next day’s activi-
ties. That evening, he and Kathy
were entertained at a typically
boisterous and enjoyable party at
the home of Vaughn and Jody An-
thony. On the second day (May 3),
Ray discussed “Fish Population Bi-

Kathy Beverton

Professor Raymond J. H. Beverton.

ology and Fisheries Research” in
the morning in the Marine Biologi-
cal Laboratory (MBL) Whitman
Auditorium, and concluded that
afternoon with his “Reflections on
100 Years of Fisheries Research” in
the NEFSC Aquarium Conference
Room.

Ray’s original intent was to
write up and publish the lectures
as a package of autobiographical
reflections on the respective
themes upon which they were
based. It was fortuitous, therefore,
that we had made arrangements to
videotape the three Woods Hole
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Steven Murawski, NMFS

Guests at the party in honor of Ray and Kathy
Beverton held at the home of Vaughn and Jody
Anthony in East Falmouth, Mass., on May 2, 1994.
Kneeling (I-r): Marvin Grosslein, Stephen Clark,
Steven Murawski, and Andrew Rosenberg.
Standing (I-r): Herbert Graham, Jack Pearce,

Frank Almeida, William Overholtz, Wendy Gabriel,
Kevin Friedland, Vaughn Anthony, Ray Beverton,
Ray Conser, Emory Anderson, and Paul Rago
(holding his daughter, Grace). Spouses of most
of the above individuals were present at the
party, but not included in this photo.

lectures, ostensibly to accommo-
date some NEFSC personnel who
were unable to attend them. As it
turned out, these were the only
videotapes made of any of his lec-
tures given during the tour.

Following his return to Wales,
Ray asked if it would be possible
to have the text of the lectures tran-

scribed to provide him with a start-
ing point for the intended manu-
scripts. However, both of us imme-
diately became involved in other
projects and, inter alia, he began
making plans for a return trip to
North America in 1995, in part to
present the first Larkin Lecture at
the University of British Columbia
in Vancouver, B.C., and also to

spend some time working with col-
leagues in Seattle, Wash. Regretta-
bly, Ray was never able to see any
of these initiatives to fruition, as he
became ill and eventually passed
away on July 23, 1995. However,
his Larkin Lecture, which he was
unable to deliver orally, was even-
tually drafted by Tony Pitcher
(University of British Columbia)



and Terrance lles (University of
Wales), from detailed speaking
notes that Ray had prepared, and
published in 1998 as the lead pa-
per in the Beverton and Holt Jubi-
lee Special Issue of Reviews in Fish
Biology and Fisheries®.

It was not until after his death
that | decided to undertake the
project of preparing Ray’s lectures
for publication. What initially be-
gan as a full-time effort on my part
to transcribe the lectures and
quickly produce a set of manu-
scripts gradually grew into a much
more difficult and painstaking task
than | had ever imagined. Further-
more, as other duties increasingly
demanded more and more of my
time and energy, the project
evolved largely into a “spare-time”
endeavor and ultimately took far
longer than originally intended.

In contrast to the tedium of
hours and hours of listening to
tapes and trying to decipher each
and every word was the sheer plea-
sure of listening over and over to
Ray’s presentations. On each occa-
sion when | was able to devote time
to working on the transcription, it
was so enjoyable to again hear his
voice. Each time | replayed a par-
ticular section to try to clarify what
Ray had said (the audio portion of
the videotapes was not of high

Beverton, R. 1998. Fish, fact and fantasy:
along view. Rev. Fish Biol. Fish. 8:229-249.
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quality), | seemed to pick up an
additional nuance or meaning. Ev-
ery effort was made to retain the
exact words used by Ray so as to
retain the distinctive “Beverton-
ian” delivery, while making mini-
mal changes primarily to provide
a more “reader-friendly” descrip-
tion of figures. The question-and-
answer sessions following each lec-
ture, which provided a further op-
portunity for Ray to elaborate on a
variety of topics, are included in
full.

The main purpose in publishing
this set of lectures was to record
and preserve for future reading
and reference some of the accumu-
lated wisdom, ideas, hypotheses,
and recollections acquired over a
distinguished career by one of the
most influential, respected, and
beloved fishery scientists of the
20th century. In addition, this pub-
lication constitutes my personal
tribute and memorial to a unique
and humble man who endeared
himself to every person who had
the good fortune of crossing paths
with him either professionally or
otherwise. This was a labor of love
and served, in part, to convey some
small measure of thanks and ap-
preciation for the friendship and
many kindnesses which Ray and
Kathy bestowed on me and my
wife over the years.

Everyone who knew Ray
counted him as a genuine friend,

and the loss we all felt at his pass-
ing is reflected in the extraordinary
number of in-depth, heartfelt, and
well-deserved complimentary
obituaries published worldwide in
various scientific journals, newspa-
pers, and trade magazines, the con-
tents of which I will not attempt to
review or emulate here. In addi-
tion, several professional fisheries
societies honored Ray by bestow-
ing upon him posthumously their
highest achievement awards.
These included the Silver Medal of
the Fisheries Society of the British
Isles and the Outstanding Achieve-
ment Award of the American Insti-
tute of Fishery Research Biologists,
both conferred in 1995 and pre-
sented to his widow, Kathy. | per-
sonally had the honor of present-
ing the latter award to Kathy dur-
ing the Opening Session of the 1995
Annual Science Conference of the
International Council for the Ex-
ploration of the Sea (ICES) on Sep-
tember 21, 1995 in Aalborg, Den-
mark.

Although | first heard of Ray
Beverton in 1965 when | entered
graduate school at the University
of Minnesota, | do not recall actu-
ally meeting him until 1987. The
occasion was the ICES Statutory
Meeting (now called the Annual
Science Conference) held in
Santander, Spain. At the time, | was
ICES Statistician and Ray was Edi-
tor of the ICES Journal du Conseil
(now called the ICES Journal of
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ICES

Kathy Beverton accepting the AIFRB Outstanding Achieve-
ment Award for 1995 presented posthumously to her late
husband, Professor Raymond J. H. Beverton at the 1995 ICES
Annual Science Conference in Aalborg, Denmark, by Emory
Anderson, former General Secretary of ICES.

Marine Science), and he was attend-
ing the meeting in that capacity
with Kathy. My wife, Geri, and |
were invited by Basil Parrish, then
General Secretary of ICES, and his
wife, Hilda, to join them for din-
ner with the Bevertons. After get-

ting over my sense of genuine awe,
I discovered that Ray was ex-
tremely personable and unpreten-
tious. | soon settled into a very
comfortable friendship with Ray,
and Kathy became (and still is) one
of Geri’s dearest friends. After |

succeeded Basil as General Secre-
tary in April 1989, my interactions
with Ray, both professionally and
socially, became more frequent and
generally revolved around issues
pertaining to the Journal or ICES
publications in general.

A favorite memory of Ray re-
lates to the 1991 ICES Statutory
Meeting in La Rochelle, France.
Ray had earlier announced his in-
tention to retire as Editor of the
Journal effective the end of the year,
so the Council seized the opportu-
nity to recognize his 8 years of ser-
vice. Jakob Jakobsson of Iceland,
who was President of ICES at the
time, paid tribute to Ray during the
Opening Session and presented
him with an oil painting of theR/V
Ernest Holt, the first research ves-
sel on which Ray had worked dur-
ing his years at Lowestoft, U.K. Ray
was completely surprised, dumb-
founded, and virtually speechless
following his receipt of the gift, but
later asked for and received per-
mission to render a response 5 days
later at the Closing Session.

Those of us who were privileged
to be present that day witnessed
what, in essence, was one of the
most eloquent farewell addresses
ever delivered. His speech touched
on a multitude of points, as Ray
was generally prone to do, but they
all focused on the Journal and in-
cluded his usual sage advice about
how to write scientific papers. His



closing remarks, which to me high-
lighted his farewell, consisted of
some light-hearted “Advice to Pro-
spective Contributors to the ICES
Journal of Marine Science,” con-
veyed as a parody of the final verse
of Rudyard Kipling’s poem “If.”
Ray and Kathy had lovingly and
cleverly crafted the words in their
hotel room the previous evening.
A full account of his address and
the parody are contained, inciden-
tally, in the “ICES Annual Report
1991.” However, what impressed
and touched me deeply that day
and has remained with me ever
since is that the final verse of the
original poem by Kipling really
speaks about Ray and his approach
to life. In fact, the verse, as follows,
was read by one of his grand-
daughters at his funeral service on
July 31, 1995:

“If you can talk with crowds
and keep your virtue,

Or walk with kings—
nor lose the common touch,

If neither foes nor loving friends
can hurt you,

If all men count with you,
but none too much;

If you can fill
the unforgiving minute

With sixty seconds’ worth
of distance run,

Yours is the earth
and everything that’s in it,

Preface

And—which is more—
you’ll be a Man,
my son!”

2.

I am indebted to a number of in-
dividuals who assisted in large or
small measure with this project.
Most importantly, Kathy Beverton
granted permission to undertake
this task and kindly supplied all of
the notes, slides, original figures or
drawings, and other materials
which she could find in Ray’s files
pertaining to the lectures. Terrance
lles, a colleague of Ray’s at the
University of Wales, assisted Kathy
in searching Ray’s files for hard-to-
find items and answered various
guestions. John Ramster from
Lowestoft, who had worked
closely with Ray on the editorial
team of the ICES Journal of Marine
Science, was particularly helpful in
providing the photographs used as
figures in the third lecture and in
answering a number of questions.
Others at Lowestoft who helped or
advised, particularly in tracking
down literature citations, were
David Cushing, Bob Dickson,
David Garrod, John Pope, and Sa-
rah Turner. Henrik Sparholt and
Judith Rosenmeier in the ICES Sec-
retariat assisted in locating a litera-
ture citation and several figures.
Tore Jacobsen (Institute of Marine
Research, Bergen, Norway) and
Steven Murawski and Mark
Terceiro (NEFSC, Woods Hole)

provided special assistance in clari-
fying information on Figure 31 of
the first lecture. Murawski, William
Overholtz, Fred Serchuk, Jackie
Riley, and Jorge Csirke also helped
with some literature citations.
Brenda Figuerido made 8.5 x 11-
inch reproductions from the 35-
mm slides used by Ray in giving
the lectures that were used in pre-
paring many of the figures in this
publication. Malcom Silverman
videotaped the lectures. My wife,
Geri, assisted in transcribing the
audio portion of the videotapes
onto Dictaphone tapes to facilitate
my efforts to record in writing the
full text of the lectures and all the
guestion-and-answer sessions.
Last of all, I owe a huge debt of
gratitude to David Stanton of the
NMFS Scientific Publications Of-
fice (SPO) in Seattle for the monu-
mental task of reproducing, from
assorted drawings, handmade
sketches, and graphs, most of the
figures included in this book, for
the layout of the book, and for all
of the interactions with the Gov-
ernment Printing Office. SPO Chief
Willis Hobart provided editorial
assistance. The NMFS Office of Sci-
ence and Technology in Silver
Spring, Md., provided the funding
for this publication.

Emory D. Anderson
Editor

Silver Spring, Md.
May 2002






“Man or Nature
In Fisheries Dynamics:
Who Calls the Tune?”

LECTURE 1
May 2, 1994

Redfield Auditorium
Woods Hole Oceanographic Institution






adies and Gentlemen. | am
L Emory Anderson, and on
behalf of the NMFS North-
east Fisheries Science Center, as
well as the Woods Hole Oceano-
graphic Institution and the Marine
Biological Laboratory, who have
graciously provided auditorium
facilities, it is my pleasure to wel-
come you to the first of three lec-
tures to be presented today and to-
morrow by a very distinguished
European guest. | might add that
our guest is starting a nationwide
lecture tour here today that will
continue in Seattle, Wash.; Auke
Bay, Alaska; La Jolla, Calif.; and
Beaufort, N.C.; and then conclude
in about 3 weeks in Silver Spring,
Md., the headquarters of the Na-
tional Marine Fisheries Service.
This tour is sponsored by the Na-
tional Marine Fisheries Service.

Our guest is one of the world’s
preeminent fisheries scientists
whose name is synonymous with
guantitative fisheries science. He
was educated at Cambridge Uni-
versity, received his M.A. degree
with first class honors in zoology
in 1947, and in that year joined the
staff of the Fisheries Laboratory in
Lowestoft as a research officer.
However, as he told me, he actu-
ally started working there briefly
in 1945 after the war, but then went
on to Cambridge to finish his de-
gree. Together with colleague
Sidney Holt, he authored the clas-
sic 1957 monograph entitled “On

the Dynamics of Exploited Fish
Populations” (Beverton and Holt,
1957) which, perhaps more than
any other single contribution, has
defined and described the theoreti-
cal and quantitative basis for fish
stock management. The results of
that work are still as relevant to-
day as they were 40 years ago. The
familiar “Beverton and Holt yield-
per-recruit” concept constitutes
only a small part of that master-
piece.

Ray remained in Lowestoft for
18 years, leaving in 1965, having
served as Deputy Director since
1959. During those years, he was a
very energetic proponent of the use
of quantitative methods for provid-
ing a sound scientific basis for the
management and rational exploi-
tation of fisheries resources. As
such, he was very active in inter-
national fisheries work in the
North Atlantic under the auspices
of organizations such as the Inter-
national Council for the Explora-
tion of the Sea (ICES) and the In-
ternational Commission for the
Northwest Atlantic Fisheries
(ICNAF).

In 1965, he assumed the post of
Secretary and Chief Executive of
the newly formed U.K. Natural
Environment Research Council
(NERC) which was the principle
U.K. funding source for nongov-
ernmental life science and environ-
mental research. The NERC was re-

sponsible then and until recently
for directing the activities of, for ex-
ample, the British Geological Sur-
vey, the British Antarctic Survey,
and the well known Continuous
Plankton Recorder survey.

In the early 1980’s, following
mandatory retirement from NERC,
Ray ventured into the academic
arena and returned to a more di-
rect involvement in fisheries re-
search, first at the University of
Bristol as a Senior Research Fellow,
and later at the University of Wales,
Cardiff, where he became Profes-
sor of Fisheries Ecology in 1984.
From 1987 to 1989 he was Head of
the School of Pure and Applied Bi-
ology and then, again because of
reaching another mandatory retire-
ment age, he was obliged to retire
a second time. Since 1990, Ray has
been Professor Emeritus at the
University of Wales, but he has
continued to lecture (giving the
only fisheries course there), write
papers, and provide advice to stu-
dents. To say that he had retired is
really a misnomer of the first order.

Since the early 1980’s, Ray has
held positions of leadership in a
number of societies, committees,
and organizations including Presi-
dent of the Fisheries Society of the
British Isles, Vice President of the
Freshwater Biological Association,
Head of the U.K. Delegation to the
Intergovernmental Oceanographic
Commission (I0C), and President

11
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of the Challenger Society for the
Advancement of Marine Science,
just to name a few. | might also
point out that Ray is a recipient of
several very prominent awards, in-
cluding Commander of the British
Empire in 1968, Fellow of the In-
stitute of Biology in 1973, Fellow
of the Royal Society in 1975, Hon-
orary Doctorate of Science from the
University of Wales in 1989, and
most recently, which some of you
in this room witnessed in August
1993, the American Fisheries Soci-
ety Award of Excellence.

As author of innumerable scien-
tific papers, Ray established a very
high standard in the art of de-
scribing, in writing, the results of
scientific inquiry. It was perhaps
only natural, then, that in 1983 he
was asked to assume the post of
Editor of ICES’ premiere publica-
tion, the Journal du Conseil (now
called the ICES Journal of Marine
Science). In that capacity, and with
the assistance of his good wife,
Kathy, he singlehandedly restored
the quality and reputation of this
prestigious journal. While serving
as Editor until the end of 1991, he
gained the respect of many young
authors for his willingness to work
with them to improve their manu-
scripts to acceptable standards. |
think it is fair to say that this at-
tribute is not universally shared by
many journal editors. When | was
General Secretary of ICES, | had the
good fortune to interact with Ray

12

in his capacity as Editor and to be-
come personally acquainted with
him.

As university students and then
as fish stock assessment scientists,
many of us have for years been in
awe of this man and his achieve-
ments in fish population dynam-
ics. But in spite of his brilliance, in
spite of having had such a pro-
found impact on his profession and
on the discipline of a magnitude
that few others can claim, and de-
spite being a recipient of so many
accolades, he is still a very down-
to-earth, enthusiastic, likeable,
friendly person, which is why he
has endeared himself to so many
of us.

We are indeed fortunate to have
such a stalwart with us today and
to be privileged to hear him speak
on the topic “Man or Nature in
Fisheries Dynamics: Who Calls the
Tune?” Please join me in welcom-
ing Professor Ray Beverton.”

Ray Beverton
Emory, Ladies and Gentlemen.

First of all, thank you, Emory, for
those very kind remarks. If | sound
a little hoarse, it’s because | have
spent all morning saying hello to
many old friends and making
some new ones, and | mean some
very old friends. It’s wonderful to
see Bob Edwards and Herb Gra-
ham in the back row, former Direc-
tors, of course, of the NMFS Woods

Hole Laboratory, and indeed many
others with whom | have been able
to resume acquaintances that were
forged many, many years ago. |
first came to Woods Hole in 1961
for the ICNAF Tagging Sympos-
ium, and have been helping to
identify some of the names on a
group photograph of those partici-
pants, and | need some help from
Bob Edwards and Herb Graham to
finish that job off before I leave. I'm
very grateful to have this opportu-
nity of coming back to the United
States where I’ve been many times
before.

It seems a long time ago when |
first came in 1951 to Beaufort, N.C.,
and this is a wonderful opportu-
nity. I’'m most grateful to Michael
Sissenwine who first conceived of
the idea of having this tour, and |
thank the National Marine Fisher-
ies Service for making it possible. |
think I’d better leave things at that
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point to get on with the substance
of my talk because there is quite a
lot | want to try and say in a rela-
tively short time. Incidently, | also
want to thank Brenda Figuerido for
getting last-minute slides done for
me which | couldn’t get through in
time before | left.

The subject of today’s talk,
“Man or Nature in Fisheries Dy-
namics: Who Calls the Tune?” was
chosen because | felt that this is a
dilemma, a polarization of ap-
proaches, attitudes, and evidence
that has been with us right from the
beginning. You’ve only got to turn
the clock right back to the begin-
ning of ICES at the turn of the cen-
tury, and there you find the Scan-
dinavian lobby, the Norwegians in
particular, pressing for studies in
fluctuations® because they had
been used to knowing what it is
like to have a fishery that was
highly fluctuating, which I will tell
you more about in a moment.

This led to the establishment of an ICES
Committee on Migration of Food Fishes,
headed by Johan Hjort of Norway.
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The other committee [the sec-
ond of the three ICES Committees
established initially] that was set
up was, in effect, on the overfish-
ing problem in the North Sea,
which was perceived quite clearly
even in those days. This Commit-
tee was headed initially by Walter
Garstang, who founded the Lowes-
toft Lab in 1902, and later by
Friedrich Heincke who took it over
from him. So there were the initial
steps, but they were running in
parallel in those days, and it wasn’t
too difficult to keep the two lines
of approach separate. Of course,
the first one led to Johan Hjort’s
classic paper [on the great fisher-
ies fluctuations of northern Eu-
rope] (Hjort, 1914). The Commit-
tees reported in 1913 and 1914,
each with very important mon-
ographs, of which Hjort’s is possi-
bly the better known, but Heincke’s
(1913) was equally important.

But nowadays, of course, we’ve
got much more complicated situa-
tions. We’ve got both fishing and
nature’s influence going hand in
hand, and the problem of how to
disentangle these, how much of a
given change or lack of change is
being due to one or other factor.
How to unravel their joint action
or effect is no trivial problem. And
it pervades all our thinking just as
much now as it did a hundred
years ago. And | expect you will
find, if you talk to your colleagues,
some of them are much more con-

cerned with the oceanographic
side of things and others with the
fisheries side, so you will still get
tendencies of, well, “Most of it’s
due to big influences and climate
and all the rest of it,” while others
will say, “No, the fisheries has re-
ally been the thing that really made
the profound impact.”

So I’m going to see if | can just
lead you gently through a little bit
of this undergrowth in the hope
that, at the end of it, we can per-
haps get at least some idea of how
it is possible to unravel, to a cer-
tain extent, these complicated in-
teractions. Tomorrow’s lecture will
be looking down to the individual
fish and asking how they can re-
spond, in terms of their lifestyle
and their reproductive strategies,
to the sort of changes, natural and
manmade, that are imposed on
them.

Let’s get started then. I think it
might be appropriate, since | am in
the area of the Pilgrim Fathers, to
show you a little example where,
for once, it is possible (because al-
most certainly the influence of fish-
ing was very trivial in those days)
to go back to the 1600’s and see an
alternating act between two spe-
cies?, herring and pilchard in the
U.K.’s West Channel, and it gives

2scientific names of the fishes referred to
in this book are given in Appendix I.
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Figure 1. Map showing the western approaches to the United Kingdom and
Ireland, with surrounding water bodies delineated as ICES statistical areas.

you a little confidence that indeed
you can see some effects without
having to worry too much about
the complexities of extrapolations.

In Figure 1, Plymouth and Fal-
mouth are in the southwest corner
of the U.K., so that locates you with
two names you are very familiar
with. The oceanography of this

14

area is dominated by a front that
appears between essentially the
Gulf Stream, with its meanderings
and sawtooths going up to the
north, and the more reserved wa-
ter that eventually finds its way to
the North Sea. People at Plymouth,
not so long ago, unearthed the his-
tory of this right back to 1660 (Fig.
2) with a sufficient temperature

record to follow it. The shaded ar-
eas are where the temperature is
below the long-term norm, and the
unshaded areas are above. You can
see, in general, the herring was
strong, in terms of the fishing activ-
ity, when the temperatures were
below normal, and the pilchards
took over when the temperature
was above. There are one or two
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cases when the evidence is miss-
ing, but by and large this alter-
nation between herring and pil-
chard fits pretty closely to the
temperature regime. You may ask,
“Well, temperature, yes, but what
is the mechanism?” Actually, Da-

vid Cushing and people at Ply-
mouth have done a lot, in what he
calls the Russell cycle3, trying to
unravel the mechanism. It did get
quite complicated and | don’t need
to take you into that for the mo-
ment.

Figure 2. Long-term fluctuations in her-
ring and pilchard landings in Devon and
Cornwall vs. air temperature (from
Southward et al., 1988). Upper plot: Fish-
ery data for 1650-1820 compared with
mean air temperatures for central Eng-
land (Manley, 1974). The temperatures
are shown as 5-year running means
(black line) and as smoothed curves
drawn through 11-year running means
(gray line). The horizontal line is the
mean for the whole period. Lower plot:
Fishery data and scientific evidence
compared with mean air temperatures
for central England, 1820-1984, as for
the upper plot. The temperature series
has been extended to 1984 as suggested
in Lamb (1977).

| need to turn now to a little
study which | did on this theme in
1990 when our Fisheries Society of
the British Isles held a Symposium
on the Biology and Conservation
of Rare Fish (Beverton, 1990). | was
asked by David LeCren, who or-
ganized the Symposium, to try to
answer the question, “What impact
has fishing had on the major small
pelagic fisheries worldwide?” re-
membering, of course, that for
those who were close to the events
of the late 1960’s and the early
1970’s (or indeed earlier still in

’s,=S,+ (A+G)-(C+M)whereS, is the
weight of the stock at the beginning of the
year and S, at the end, A is the sum in
weight of the number reaching the mini-
mum size of the catchable stock during the
year, G is the annual increment in weight
by growth, C is the annual decrement in
weight of catch, and M is the annual dec-
rement in weight due to natural mortality.
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Peak Collapsed
Stock Sequel
Year Adult Year Adult Fraction
nos. 10° nos. 10° of peak

Norweglan Spl’.lng— 1957 20 1972 0.16 1/250 Limited recovery after 10 years;
spawning herring dependent on 1983 year class
Icelandic spring- 1957 3 1972 0.001 | 1/3000 | No sign since 1982
spawning herring
Icelanc!lc summer- 1961 1 1972 0.03 1/30 Strong recovery to highest recorded
spawning herring level
Sothern North Sea 1949 25 1976 0.01 1/300 Moderately strong recovery to about
herring 1/4 of peak

. probably | probably | Virtually disappeared 1977-84;
Georges Bank herring 1967 5 1976 <0.01 <1/500 now recovering fairly strongly

. . . 1965 0.015 1/250 20 years with no fishery, but larva pre-
California sardine 1949 s (1975) (0.01) (2/750) sent; fairly strong recovery since 1985
South African pilchard 1960 4.5 1982 0.06 1/70 Slow recovery since 1982
. 1973 25 1/20 1972 and 1982 were El Nifio years;
Peruvian anchoveta 1962 500 1980-82 25 1/20 rapid recovery, but not back to peak
Barents Sea capelin 1981 35 1986 0.3 1/100 No fIShl.ng since 1986, but stocks
recovering rapidly
Pacific mackerel 1933 1 1968 0003 | 1300 | NOrecords between 1968 and 1975;
then rapid recovery to 1/2 peak size

Figure 3. Collapses of various marine pelagic fisheries.

California), the memory of some of
those very dramatic collapses is
only too fresh. So | thought, “Well,
that’s an interesting one; we’ll have
a look and see what can be done.”

Somewhat to my surprise, what
didn’t seem too promising at the
time turned into a very systematic
study. | got out a list of the ten best
documented examples (Fig. 3) of

16

what I could call pretty serious fish-
ery collapses, right down to 1/20
or less of their peak abundance.
The first five are herring, and the
first three of those are the Atlanto-
Scandian (which | shall go into
more detail in a moment), south-
ern North Sea, and Georges Bank.
Then come some related species
(not herring): the California sar-
dine, South African pilchard, Peru-

vian anchoveta (of course, that’s
the El Nifio story), Barents Sea
capelin, and Pacific mackerel.

These species all had boom
years around about 1950 and 1960,
and then collapsed at the end of the
1960’s or early 1970’s. Some went
right down to a very small fraction
of their peak abundance. The final
story, which we can pick up later,
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isthat in all but one case, they hung
on, as it were. They persisted, of-
ten at very low levels, and eventu-
ally, to some degree or other (in one
or two cases very substantially),
notably right on your doorstep
here on Georges Bank, they have
come back with a bang. But one,
the Icelandic spring-spawning her-
ring, didn’t, and we’ll have a look
at that in a moment.

Atlantic herring, Clupea harengus.

Now, we have to know how to
examine the data when we have
enough to be able to disentangle
the effects. Because just looking at
the ups and downs, or even at good
abundance estimates rather than
catches and some kind of environ-
mental signal that you hope is go-
ing to be the relevant one, is not a
terribly rewarding experience, ex-
cept in the very simple case like |

showed you in Figure 2. Indeed,
there have been many false alarms
in pursuing that inevitably natural
question. Where else can you have
all the data that you need to see
whether the ups and downs are
correlated? But here, in most cases,
in this top ten, we have much more
information than that.

17
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Let me just remind you of the
way you need to analyze the situ-
ation when you have these esti-
mates of stock and recruitment as
in Figure 4. If you have stock size
on the bottom and recruitment up
the side (Fig. 4A), and if you have
asituation in which the survival to
recruitment from the stock is given
by the curve there, and any of the
straight lines is the other way
around, that is the stock produced
throughout the subsequent lifetime
giving you recruitment, and where
those two lines cross is the stable
point. If they don’t cross, then the
population is either in the process
of declining or expanding.

If fishing pressure increases
(Figs. 4A, C, E), then the steepness
of those lines increases because the
amount of stock which a given re-
cruitment can produce becomes
less and less. If it gets to the point
at which it doesn’t intercept that
curve anymore, then the popula-
tion is heading for its graveyard.
How long it takes to get there will
depend, of course, upon fluctua-
tions and various things, but soon-
er or later, it is technically in an un-
stable state.

Figure 4.Theory of collapse as described
by stock-recruitment relationships, with
A, C, and E illustrating the effects of in-
creasing fishing pressure and B, D, and
F representing the effects of environ-
mental impacts.
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The symptoms, therefore, indi-
cate (if that’s what’s happened to
astock) that this is a fishing gener-
ated event, and then the stock will
fall as this goes across that way. It
will initially stay up pretty well,
depending on how flat-topped the
curve is, but eventually it will start
to plummet quite radically (Fig.
4C). A particularly valuable index
is, in effect, the reproductive rate
(recruitment rate per parent or R/S)
which increases steadily through-
out (Fig. 4E), because on that shape
of curve, the recruitment rate (the
proportion of the recruitment over
stock), the survival rate is improv-
ing all the way as the stock falls.
So in time, the recruitment rate
goes up as the stock falls.

The British herring fleet departing at daybreak.

Now, the other way around is
when it’s an environmentally me-
diated event (Fig. 4B, D, F), espe-
cially if it’s an event that is affect-
ing the early life history, and most
are. It’s a bit of a simplification to
take that as the only way it can hap-
pen, but it’s the general way. Then,
fishing pressure stays the same, but
the survival curve would grad-
ually decrease and you’d get fewer
recruits from a given stock. And so
there will be a series of stable
points (Fig. 4B), falling possibly, if
the survival rate’s going faster than
that, you might even come down
the right side. The effect of that is
that the stock still declines as be-
fore, but the recruitment falls also
initially and at roughly the same

rate (Fig. 4D). Whereas, in particu-
lar, the recruitment success rate, in-
stead of going up all the time, ac-
tually is either staying constant or
even possibly declining slightly as
the population attempts to stabilize
itself on the way down (Fig. 4F).

I’m sorry about that little bit of
an explanation, but I think we need
that in order to examine, therefore,
these top ten stocks in terms of
what happened, the time sequence
of stock abundance and recruit-
ment success rate as time went by.
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Figure 5. Plots of spawning stock biomass (SSB) and
the natural logs of recruitment/stock (R/S) for stocks
of Atlanto-Scandian herring: Norwegian spring-
spawning herring (A), Icelandic spring-spawning her-
ring (B), and Icelandic summer-spawning herring (C).
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In each part of Figure 5, the stock
size is the heavy gray curve and
years are along the bottom, start-
ing back in 1945 right up to the
1990’s as near as | can get it. The
heavy gray curve is the stock size,
and the black dots are the recruit-
ment rate [R/S] calculated year by
year. The shaded area is where the
fishing pressure has exceeded the
capacity of the recruitment rate at
that moment to replenish itself. In
other words, the recruitment rate
would have to go up to the top of
the shaded areas to be able to com-
pensate, over the lifetime of those
recruits, for the depletion, caused
by fishing, of the spawning stock.
It’s a little bit of a problem because
recruitment rate happens year by
year and these are the other way
around. It’s a long-term projection,
but it’s an unavoidable problem
with this kind of data, and it’s the
simplest way of indicating whether
the reproductive rate, the recruit-
ment success rate, is able to keep
up with or compensate for the
depletion.

Now, in the case of the Norwe-
gian spring-spawning herring (Fig.
5A), the answer was that as the
population fell, especially when it
got down to the extreme low level
in the early 1970’s [A], the recruit-
ment rate went up quite markedly.
Fishing was stopped in about 1973,
but then as the population recov-
ered a bit, it [recruitment rate] came
down very substantially, much
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more than you would have ex-
pected it to, and except for one blip
[B], which is the 1983 year class, it
stayed rather disappointingly
down. As a result, the recovery of
the Norwegian springs has been
very slow.

The Icelandic spring-spawning
herring is a real boom-bust story
(Fig. 5B). It came from very small
beginnings and then faded away,

A catch of herring.

but as it was going down, the re-
cruitment rate did not increase as
it did for the Norwegian springs;
it too went on down. So the deficit,
the condition caused by fishing,
was enormous. The stock didn’t
even make any attempt to replace
the depletion that was going on.

Finally, in Figure 5C, is the Ice-
landic summer-spawning herring
which first went up, then came

down, and then has come back up
again. The recruitment rate [R/S]
went down, following quite closely
the rise, and then went steeply up
as the population dropped. Then
as the population came up again,
the R/S declined, which stabilized
out at the point which enabled the
stock to sustain itself at that higher
level.

21
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Now, the next two figures are on
this same topic, which I won’t have
time to go into detail, but I’ll just
run through very quickly just to
show you that the same kind of
patterns can be found in the vari-
ous others. That’s the southern
North Sea herring (Fig. 6A) where
it went down and stayed down
over a long period. The reproduc-
tive rate did increase, especially in
the end, and they were able to
bounce back fairly well. Georges
Bank herring (Fig. 6B) was very
much like the Icelandic springs in
the sense that, over the period, its
R/S ratio did not respond to the de-
clining stock. California sardines
(Fig. 6C) were dipping about for
some 10-20 years and finally gave
up the ghost, as it were, and their
reproductive rate fell off quite dra-
matically toward the end, and that
meant a complete collapse of the
stock. Finally, the South African pil-
chard (Fig. 6D) did respond quite
well to the initial decline, but then
has not responded beyond that
point.
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Figure 6. Plots of spawning stock biomass
(SSB) and the natural logs of recruitment/stock
(R/S) for stocks of southern North Sea herring
(A), Georges Bank herring (B), California sar-
dine (C), and South African pilchard (D).
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Figure 7. Plots of spawning stock biomass (SSB)
and the natural logs of recruitment/stock (R/S)
for stocks of Peruvian anchovy (A), Barents Sea
capelin (B), and Pacific mackerel (C).
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Finally, just to finish the top ten,
the Peruvian anchovy (Fig. 7A),
which of course had this very mas-
sive El Nifio effect in the early
1970’s, responded up to a point, but
not very dramatically so. So, it
didn’t recover as well as it might
have done because fishing had to
be pretty drastically stopped.
Barents Sea capelin (Fig. 7B) was
going up and down all over the
place, but that’s a story we’ll have
to come to in a moment. Finally,
with Pacific mackerel (Fig. 7C),
again, we see a recruitment rate
that was rather erratic, sometimes
tracking the declining stock and
sometimes not, although at the end
it went up quite steeply. By this
time, the depletion caused by fish-
ing was too much for it to cope
with, and it too disappeared for
guite some time.
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Figure 8. Distribution of stocks within the Atlanto-Scandian
herring group. Redrawn from Dragesund et al. (1980), and
with additional detail provided by Ray Beverton.

So much for that story. Now we
have to look in a little more detail
and concentrate on the three
Atlanto-Scandian herrings: the
Norwegian and the two Icelandics.
Between them, they really cover
the full range of what’s happened:
one disappearing completely, an-
other recovering very strongly, and
the third dithering about for a long
time before it reappeared. Indeed,
I’d just remind you that we’re talk-
ing about the area between Nor-
way and Iceland (Fig. 8), the feed-
ing area up against the polar front,
a migration back for the Norweg-
ians to spawn, and then starting,
when they’re mature, that cycle
again. The Icelandic springs and
summers spawn off the southern
part of the island and feed and mix
up with the top ones to feed in the
summer. So that’s the general ge-

ography.

An early scientific illustration of
a herring, showing fine detail.
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Now, here’s a diagram (Fig. 9)
which | shall show two or three of
for the next few minutes, with
apologies for the current part that
itis attempting to distinguish. Here
is the difficulty with this: you have
to look at several variables going
at once, or otherwise you can’t re-
ally see the interplay, what’s hap-
pening. The catch is the black line,
the stock size (gray line) the same
as you’ve seen before (in Fig. 5),
and then the dotted line is the fish-
ing mortality rate [F]. You see that
in each case there was a dramatic
increase in the fishing mortality
rate up to levels which imply a re-
moval rate of around 75-85% per
year. And then, of course, a com-
plete zero because the fisheries
were all through—they stopped for
several years. Then gradually the
fishing rate was allowed, in the
case of the Norwegian spring
spawners (Fig. 9A), to catch up
very little; there was no fishing un-
til the early 1980’s. On the 1983 year
class, some fishing was allowed.
The Icelandic springs disappeared
altogether (Fig. 9B). The Icelandic
summers (Fig. 9C) came up, and
the fishing rate was maintained
around about 0.1, and that indeed
has been a very good example, as
you will see in just a moment of
how things are happening.
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Figure 9. First-order diagnostics of the Atlanto-
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F=12
(1967)

10

Recruits at age 1 (10'6)
6]

50
? oo
(1964)

F=015
(1960)

F=0.05
(1947-57)

But now, in terms of the stock
and recruitment diagram for the
Icelandic springs (Fig. 10), first of
all, it disappears. They went up
with the dots (@) (upper arrowed
curve)—this is the actual data cor-
responding to those theoretical pic-
tures | showed you (in Figure 4)—
and came down with the circles (O)
(lower arrowed curve). You see
they came down on that right hand
side; they didn’t come down the
left loop. That meant the R/S ratio
was declining instead of respond-
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Figure 10. Stock-recruitment relationship for

Icelandic spring-spawning herring.

ing positively to the depletion. And
the replacement rate starting off
somewhere like that for an un-
exploited fishery, which meant that
it could stabilize out here probably,
under no fishing, ended up by 1967
at F = 1.2. There was no question
of it’s being anywhere near a stable
situation. It was miles away from
any possible attempt for the popu-
lation by then to cross over, as it
were, on that replacement rate.

10

Now, at the opposite extreme
(Fig. 11), the Icelandic summers
came down on the circles (0).
Again on the [lower arrowed
curve], notice the two or three very
poor year classes in the middle of
the late 1960’s. The fishing pressure
was building up, the replacement
line is seeking an all-time high (F
= 1.0, 1966), but then fishing was
stopped, so it dramatically came
right back to the line at F = 0.05
(1974). In the meantime, the good
response of the recruitment rate
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meant that the recovery went up
on the upper arrowed curve, the
dots (®). So now, | think this was
certainly one of the best, if not one
of the few, cases where you see a
complete cycle of growth, collapse,
and recovery. And they are now
around about here [top graph,
right side of thick black arrowed
curve] on the curve which enables
you, on that curve, to really put in
a real yield calculation with that
stock-recruitment relationship in it.
AnditpredictsanF . ofabout0.3,
and they are just about at that point
now [in 1994]. So, it’s, to a very
large degree, the fact that they got
that fishery under control after
such a dramatic collapse, due to the
Director of the Marine Research In-
stitute in Iceland, Jakob Jakobsson,
who himself is a son of a fisherman.
In fact, he fished on the east coast
before he went to Glasgow to get
his degree. He personally has
monitored the recovery of this
stock and persuaded the industry
that they really couldn’t expect to
return to anything like the fishing
pressure that occurred before the
collapse. | think it is one of the suc-
cess stories, and | hope that they
will be able to keep the fish popu-
lation up at that point. Of course,
if there is another series of very bad
year classes, this will put some real
pressure on the system. But, at the
moment, they are working very,
very effectively, as close as they
need get, to the maximum sustain-
able position.
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Now, in terms of the Norwegian
springs, they are taking a long time
to get back up; just to remind you,
these springs are much more fluc-
tuating than the other ones. They
are the ones in Figure 12 with the
heavy periods of landings from
1810 to 1870, a very bad period,
and then they came back with a
bang with the 1904 year class
which put it right up and was fol-
lowed by a bigger one. Eventually
in the immediate post-war period,
it was at its height with a stock size
of 10-12 million metric tons (t) and
a very low fishing rate during this
period. I'm working on some of
their old data now with Ole Johan
@stvedt, and it appears that F
couldn’t have been much more
than about 0.1 during that period.
But, then came again some bad
year classes and the whole position
changed dramatically.

I’'ve got a better stock-recruit-
ment figure in a moment. What |
really want to show in Figure 13 is
the age composition in 1965-70
compared to that in 1950-60. This
[1950-60] is the period when there
were many old fish, right up to 22—
23 years old, with an average age
way up in the early teens. By 1965—
70, all of these old fish were gone
and we were left simply depend-
ing on rapidly declining recruit-

ment. That’s another of those di-
agnostics that [shows that] fishing
has had a very profound effect. You
can’t always get this sort of good
age composition data, but when
you can, it adds to the whole inter-
pretation.

There is the stock-recruitment
diagram (Fig. 14) with the replace-
ment lines going first shallow and
then up to the top and back again.
The circles show the decline, con-
nected with a very difficult-to-
draw curve because of the two very
good year classes (1950 and 1959),
but if you put it somewhere like
that, you can see that when they
are down here (lower left corner of
left plot)—the 1962, 1965, and par-
ticularly the 1965, 1967, 1968, 1969
are very poor indeed—the median
sort of line, and when it came back
from 1973, it was very weak in-
deed. You can’t see it from there,
so | expanded the square (right

Figure 12. Landings (millions of hecto-
liters) of winter herring from western
Norway. Redrawn from and data through
1960 taken from Devold (1963).

1760 1770 1780 1790 1800 1810 1820
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plot), and there is the attempt to re-
covery along the bottom with the
1973 year class. And it wasn’t until
the 1983 year class that enabled the
stock to begin to pick up and then
it’s the last two, 1990 and 1991, ex-
tremely good year classes, and that
stock is back on the map again with
a replacement line somewhere
around 0.2 or 0.3.
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1950-1960

Figure 13. Age composition of the stock
of Norwegian spring-spawning herring
in the periods 1950-60 and 1965-70.
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Figure 14. Stock-recruitment relationship for Norwegian spring-spawning herring.
The right plot is an enlargement of the block in the lower left corner of the left plot.
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Figure 15. Plots of catchability coefficient (g) vs. stock size for
Norwegian spring-spawning herring (A) (Ulltang, 1980), Peruvian
anchoveta (B) (Csirke, 1989), Georges Bank haddock (C) (Crecco
and Overholtz, 1990), and Cape hake (D) (Gordoa and Hightower,
1991). Plots were redrawn from figures in these references.
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Now, you may ask why the fish-
ing mortality rate went up so dra-
matically and catastrophically and
the catch dropped so fast com-
pared with all those we’ve looked
at, and the answer was that it
wasn’t entirely due to an increase
in fishing effort. The number of
boats, of course, and the gear had
indeed increased up to about 1960,
but that wasn’t anywhere near
enough. What happened was that
the catchability—that is, the abil-
ity to catch a given proportion of
the stock—went up as the stock
shrank. Don’t forget, this was a
spawning fishery. They were accu-
mulating quite close to the coast,
there wasn’t a long searching time,
they had advanced acoustics, and
had a very good acoustic survey

The Peruvian anchoveta,
Engraulis ringens.

group in the lab [Institute of Ma-
rine Research, Bergen] helping to
catch them, to locate the shoals.
And so, it was nearly as easy to
catch 10 shoals out of 11 as it was
to catch 10 shoals out of 100. And
that created a massive mortality
rate which is manifest by the fact
that the relationship between this
catchability coefficient and the
stock size is almost hyperbolic (Fig.
15).

It’s interesting that there are
similar kinds of relationships (Fig.
15). I'm very glad to see that this
lab [Woods Hole], amongst others,
has been looking into this problem
in other fisheries. There is a ten-
dency for this to happen in some
others: silver hake, Georges Bank

© Instituto del Mar del Peru

haddock, which has been down in
the last few years, but the escala-
tion doesn’t happen until the stock
size is a much smaller percentage
of the unexploited than it was in
the Norwegian herring. So that’s
why it [decline in stock abundance
due to fishing] got out of control,
it wasn’t just that fishing went
along increasing in terms of num-
ber of vessels. This is what made it
so difficult; it was happening so
very quickly, so suddenly, it was
just impossible to convince the ad-
ministrators and the fishermen,
and even | think the scientists were
only finally sure that they were on
an edge of a precipice. And itis the
catchability problem that did it.
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Figure 16. Stock-recruitment stability envelopes for
Norwegian spring-spawning herring, where X, which is
F/(F+M)b, is plotted against catchability for three different
assumptions about M (instantaneous natural mortality).
F = instantaneous fishing mortality. A: stochastic mode:
effect of lognormal recruitment (LR) on reference stability
envelope; discrete time (DT) model with zero random
recruitment equivalent to reference envelope of steady
state model (REF). B: stochastic mode: combined effect
of lognormal recruitment and density-dependence of
growth and maturity parameters (LRD-D). C: continuation
of reference envelope (discrete time model) to positive
values of the catchability coefficient.
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I have actually done a little bit
of modeling with this population
with a very weak curvature on the
stock-recruitment curve (Fig. 16).
Anyway, in any case, even without
any bad year classes, this catch-
ability business means that an in-
crease in effort from the 1950-60
period could only accept about a
two-fold increase in effort before it
became unstable, even with a low
catchability. With a high catch-
ability coefficient, which is what it
was, it meant that even a small in-
crease in effort would have set the

Herring circling in a ball.

population on a course which
eventually would have rendered it
unstable. I can give it more elbow
room by putting in density depen-
dence, of which we’ve got good
data, and change the maturity, but
still, when you’re up in this range
of catchability, it meant that a very
small proportional increase in ef-
fort would put you, sooner or lat-
er, into an unstable position.

Now, let’s now turn our atten-
tion to the fact that in all those
cases, | picked up the point that, in
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the 1960’s, there were some very
poor year classes. They, of course,
made things much more difficult
because just that alone would have
decreased the population size even
without a catchability problem.
With a catchability problem, it
meant that the natural decrease in
population size caused the catch-
ability to go up. So if they’d done
nothing at all except just fish as
usual, they would have been catch-
ing a much higher proportion of
the stock for that reason alone.
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Figure 17. Temperature (left) and salinity (right) of the 50-200 m layer in
sections A, B, and C, and temperature in 50-200 m in the Kola section (K),
August-September, 1970-83.

Nowy, let’s return to the question
of what happened in the 1960’s.
Well, the answer was that the
1960’s, at least in this part of the
North Atlantic, proved to be a very
difficult time for fish stocks. The
evidence was rather poor, in fact,
in the 1960’s; it was nonexistent
until quite recently. But, there was
avery strong signal coming through
in the late 1970’s with temperature
and salinity and the polar merid-
ian, which is up off northern Nor-
way, showing very distinct dips
(Fig. 17), and that’s what started it.
What they came up with (Fig. 18)
is that this wasn’t just in the late
1970’s, but this was an event that
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could be traced back to the mid
1960’s. It was called by Bob Dick-
son, Gunter Dietrich and others at
Kiel, Germany, and Arthur Lee—
and there was an ICES Mini-Sym-
posium in the middle 1980’s on it
—the “Mid-Seventies Anomaly.”
That was a funny name, but it
means there were some unusual
temperature and salinity events at
particular parts of the Norwegian
Sea in the North Atlantic. They
were able to trace it as a large mass
of Arctic water overflowing from
the Arctic basin, very cold, much
colder than normal. It’s possible,
with a certain amount of guess-
work, to trace it down on the East

Greenland side, where it got en-
trained with the Irminger Current.
It circled around off the east coasts
of Labrador and Newfoundland
and then got tangled up in the early
1970s in the main Gulf Stream and
went up much more to the east this
time. It looped into the northern
North Sea, caused a marked drop
in salinity there, and upset the
whole Atlantic salmon migration
in those 2-3 years, and finally
ended up off Norway again, this
time much more to the east in the
late 1970’s and 1980’s.

So, the extraordinary thing
about this is that it took so long to



Lecture 1: Man or Nature in Fisheries Dynamics: Who Calls the Tune?

70° —

—

50°

40° |-

1969-70

1973-74

1980-82

50°

40° 30° 20°

10°

Figure 18. Projected track of the “Mid-Seventies” temperature/
salinity anomaly (black) (after Dietrich et al., 1975) and the Gulf
Stream (gray).

be picked up. I suppose the answer
is, as much as anything, that at-
tempting to do any sort of moni-
toring off the East Greenland coast
is extremely difficult. It’s the most
inhospitable place to work, with ice
traveling at high speeds. | remem-
ber trying to get a section done off
Cape Farewell, and the innermost

section was 4 miles off. We really
much wanted to complete it be-
cause we knew we were picking up
this very crucial current system.
The captain was on the bridge and
was watching us like a hawk. He
wasn’t watching us as much as he
was watching the ice flows mov-
ing down on us. Of course, if we'd

had one very close, we’d have had
to cut the wire and lose all the wa-
ter bottles and give it up. Fortu-
nately, we managed to hang on and
do it. Trying to do it up off East
Greenland would have been much
more difficult, and it would have
been difficult on the very inhospi-
table Labrador coast.
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However, there is little doubt
that that was what was causing it.
In this little diagram I've put to-
gether (Fig. 19), the anomaly of the
recruitment success rate, over the
long-term average, is taken as a re-
sidual in the stock-recruitment
curve (Fig. 19A), and shown as a
time sequence with the counter-
meridian temperatures section,
also calculated above and below
the means. So | think you can see
that without too much difficulty, at
least for the Icelandic springs (Fig.
19B) and summers (Fig. 19C),
which were much more affected by
the anomaly on its way down, as
it’s going to the west, fits the lower
temperatures. Even though that
section (Fig. 19D) isn’t in the right
place to catch it, we still see the
backwash from it. On the way
back, when it was going to the east
side, it missed the coastal Icelan-
dic springs altogether, a very weak
effect on them. They were far too
far to the west, but it really hit the
Norwegian spring-spawning her-
ring badly in 1979 and 1980. Of
course, it was more of a different
sort, it wasn’t a temperature signal

Figure 19. Reproductive rate anomalies
in the Atlanto-Scandian herring stocks
depicted as 4log, R/S normalized for
stock size vs. years (A, B, C) and tem-
perature anomalies at the Kola section
(33°30’ E) vs. years (D).
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Figure 20. Main food webs in the Barents Sea ecosystem (after Ajiad et al., 1992).

here that was doing it, and we’ll
come to it in just a moment. So, |
think, although this is rather spot-
ty data, and you have to work your
way around all the uncertainties,
the message is fairly clear. There is
a signal coming through here—a
message, that is, even despite all
the differences of the information.

We now have to answer the
guestion, “Why did Norwegian
herring take all through the 1970’s
and did not come back up again as
the springs did, because the Mid-
Seventies Anomaly didn’t affect

them on its way back until the end
of the 1970’s.” To do this, we have
to go beyond the physical story. We
have to look at the whole of the
Barents Sea ecosystem (Fig. 20),
and I only had time to just pick out
a few headlines to remind you it’s
what | call an oligospecific system.
It’s got a small number of very
strongly interacting species, unlike
the North Sea or Georges Bank,
which has more species and com-
plexities, which certainly Steve
Murawski will know because he’s
shepherded the Multispecies Work-
ing Group through the last 3-4

years. Life in the Barents Sea is a
much more straightforward simple
system, with much stronger inter-
actions on which the main players,
leaving aside for the moment—but
it won’t last long—the marine
mammals, which haven’t been
brought in yet, but they’ve got to
before long. The Atlantic cod is the
main predator, with the capelin
and the herring. For the moment,
that’s the main triangle that we can
look at. They dominate the middle
and upper trophic levels. This is a
program which the Norwegians
and the Russians are doing. There
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Figure 21. Cod and capelin in the Barents Sea. The winter spawning
migration of capelin is shown by the arrows (Tjelmeland, 1992).

have been one or two meetings, but
they haven’t really started publish-
ing in the full press yet. I've had
the privilege of being over in Ber-
gen in the last year or two [1993—

38

94] and put in the picture. They’ve
kept me up with what’s going on
and given me permission to use
some of this material in this talk
and others.

The interaction, on the other
hand, between capelin and cod
(Fig. 21) is variable from year to
year and greatly complicates the
guestion of measuring the preda-
tion effect. But broadly speaking,
the capelin moves into the shores
to spawn, as it does, of course, in
Newfoundland. The cod, to vary-
ing degrees, are overlapped in dis-
tribution.

Now, | just have to quickly raise
the capelin story again (Fig. 22).
The stock crashed in the mid-late
1980’s, with a fishing mortality rate
again estimating the same prob-
lem. The stock-recruitment curve
(Fig. 22B) was initially well up, al-
most throughout this period (1965—
85). In fact, it was capelin that the
Norwegian fishing industry went
onto when their herring collapsed,
and they were managing it very
well. There were debates going on
between the Norwegian scientists,
administrators, and the fishing in-
dustry on or about this sort of posi-
tion until, first in the 1983 year class
and then dramatically in 1984, the
bottom fell out of the whole thing
(Fig. 22A). There were very poor
year classes in 1985 and 1986. It’s
only been in the last year or two
that it’s come back up again.
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capelin (redrawn from Fossum, 1992) compared with
cod and herring year-class strength (R) in numbers.

So, | think now | can show you
the missing jigsaw piece for this
(Fig. 23); that is, there are the cape-
lin year classes dramatically fall-
ing, as measured in the year as 1-
group—so it’'sayear less than what
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I've just shown you—and that cor-
responds to the herring and cod
year classes, of which the 1983 year
class (I've already mentioned the
herring made a good one), so it was
for cod. They know from feeding

experiments, stomach content
analysis, that it (capelin) was
essentially very heavily preyed
upon by the 1- and 2-group cod,
and, to a lesser extent, by herring.
The herring story is not so clear,
and the cod is very much stronger,
and it was this that has caused that
particular situation.

Now, the answer so far then is
that the cod and herring year
classes really hit the capelin hard,
but have we explained why the
herring didn’t recover until 1983
and why they did then? Well, my
theory, which my Norwegian col-
leagues are treating with some re-
serve at the moment, quite un-
derstandably, is that what’s hap-
pened is that if the herring get re-
ally low, which they did in the late
1960’s and early 1970’s, the cape-
lin in effect take over. They are very
similar in their ecological status,
and it does look very much as if
once the herring got below the
threshold, caused primarily by
fishing, but by a mixture of fishing
and the very poor year classes due
to the Mid-Seventies Anomaly, the
capelin held them down and they
couldn’t get back into the system
until 1983. And then once that hap-
pened, it’s just the whole situation
back again, to more like it was
when the herring were more abun-
dant. It is, | think, one example as
near as | can get to a really good
example—there may be several
others, but there aren’t many—
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Figure 24. Changes in temperature and salinity conditions

at sections A and B off northern Norway, 1977-91.

what ecologists would call alterna-
tive stable states. It does look as if,
until the very good 1983 year class,
the herring would have gone on
bumping along the bottom, as it
was all through the 1970s. As for
the question of what caused that
good year class, the best clue is that
in 1983 there was a very consider-
able upward blip in both tempera-

ture and salinity off northern Nor-
way (Fig. 24) of a kind that hadn’t
been seen for some while. Now,
here is the favorable signal [i.e. in
1983]. I don’t know of a mech-
anism, and | don’t think anybody
does, but | have a feeling, and |
shall mention it again in the last
part of my talk, that the salinity sig-
nal is a better diagnostic than the

temperature alone, not because sa-
linity at those ranges is itself nec-
essarily harmful, but it could be
more indicative of water condi-
tions than temperature alone. But
whatever it was, that was the phy-
sical situation that was associated
with the timing with those two
good year classes in both species.
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Now, I’'m going to move over in
the last part of my talk to cod, be-
cause cod and herring are very
different animals. | used to tell
David Cushing when he first start-
ed work on herring at Lowestoft,
“David, you must remember that
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herring isn’t really a fish at all, it’s
an animal unique to itself, and
you’ll have to learn all about the
biology of this animal; it’s nothing
like plaice or cod or haddock.” And
indeed, the more | see of the com-
parative population biology of cod

and herring, to take these two main
species, the more | see examples,
and | can show you some tomor-
row, where they clearly do live
quite differently. Even although
they appear to be living in the same
cold environment, | have to remind
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you that we are talking about a
whole series of cod populations
scattered over the northern fringe
(Fig. 25), a fascinating distribution
because it gives you a double-de-
gree temperature gradient each
side of the Atlantic, with some very

fringe physical conditions, around
Greenland, in the middle. | expect
you know the Greenland story
pretty well (Fig. 26). There is the
current system, the warm [lrm-
inger Current], the cold [Polar Cur-
rent] coming around West Green-

land. The spawning area, when
there are fish to spawn, is off the
West Greenland side. The story is
one of these where there’s no ques-
tion of disentangling the effects
here, not the start of it anyway or
indeed the finish of it. There are
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catches (Fig. 27A), and that’s a fair
measure of abundance too, starting
with nothing, just a few catches in
the 1920’s until the peak of half a
million tons a year in the 1960’s and
then down to nothing again or very
small levels in recent years. The
temperature picture (Fig. 27C) was
down around about 1° C or less,
which was obviously too cold for
any of the migrants, because they
are migrants from Iceland which
stay and spawn; they go to West
Greenland and spend some time
and go back to Iceland to spawn.
To comment on this at West Green-
land, they say they couldn’t do this
when the temperature was like
that. When the temperature got up
above 2-3° C, they could and did.
They stopped here, but then went
up and stayed up consistently all
through the 1960’s, and that led to
sustained population spawning for
a period of some 30 years.

So, that’s a very clear-cut signal
and it’s now possible to see the cir-
cumstances which led to that, and
this, I think, is one of the more dra-
matic developments in under-
standing the relationship between
atmospherics in the Northern
Hemisphere, comparable to the in-
fluence that the Southern Os-
cillation has on the El Nifio in the
southern part of the Pacific.
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This is the North Atlantic (Fig.
28), and what Bob Dickson and
others particularly—there are very
recent publications—have been
able to show is that, when there is
a general high pressure system in
this [southern] part of the North
Atlantic and a low pressure over
Greenland (Fig. 28A), you’'re get-
ting, of course, that kind of anti-cy-
clonic winds, and that is associated
with an increase in the year classes
in the period which saw expansion.
And then, particularly in the 1960’s
and 1970’s, the whole thing changed
over (Fig. 28B). This [over Green-
land] became a high pressure cen-
ter and that led to northeasterly
winds, and it was those, so they
surmised—and | think with good
reason—that led to the generation
or origin of the Mid-Seventies
Anomaly. In fact, it was cold water
being sucked out of the Arctic ba-
sin. | can remember, incidentally,
talking about the barrenness. Jakob

Figure 28. North Atlantic wind fields,
1910-90 (A and B) (from Buch, 1990 and
Dickson and Brander, 1993). A shows
winters of negative pressure over
Greenland, 1910-30 and 1970-80. B
shows winters of positive pressure over
Greenland, 1935-45 and 1960-70. C
shows Kushnir’s (1994) index of cyclo-
nicity, 1906-80. Positive values corres-
pond to a cyclonic center in the central
North Atlantic, positive pressure over
Greenland, and strong northerlies from
the Arctic. Negative values depict
opposite conditions. Redrawn from
figures in the above references.
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Log, recruits at age 3 (10_6)
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Figure 29. Year-class strength vs. temperature on the spawn-
ing grounds for Northeast Arctic and West Greenland cod.

Jakobsson recalls how he was off
northern Iceland at this time in the
middle 1960’s and he said that the
seawas just crystal clear, very cold,
and actually devoid of any obvious
life. | can remember trawling—we
had some time on our hands and it
was very good weather—in the late
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1950’s. We trawled right around
the top of Spitsbergen doing a bit
of fishing as we went. We got bro-
ken up a lot, lots of rocks up there,
but we hardly caught a thing. The
net would come up after 3 hours
with virtually nothing in it. It was
clear, very clear, very cold, and

very fresh. So, that sort of Arctic
water—I don’t know if it’s true of
the Arctic basin generally, but that
could possibly have been Arctic
water coming down—uwas clearly
very inhospitable to anything from
primary production onwards. |
think that is rather a very convin-
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cing demonstration over a period
of half a century when you have
waxing and waning of the weather
systems as being the prime cause
of what’s happened to the Green-
land cod

In fact, so strong is the signal be-
tween recruitment and tempera-
ture that, without any attempt to
adjust for stock size or anything,
you get a very strong correlation
between recruitment against tem-
perature in Greenland (Fig. 29).
Compare this with the Northeast
Arctic cod; a much more limited
range of temperature, they spawn
in Lofoten, which is never exposed
to these extreme conditions, it fluc-
tuates somewhat, as you can see,
between 1.5 and 4° C, but that’s still
not as intolerable as it would be
down at 0.5° C or so, which hap-
pened at Greenland in the early
part of the century. So, there is a
weak signal here, but other things
obviously have a big influence on
what actually happens in terms of
recruitment.

I did mention that the returning
slug of cold water caused prob-
lems, not only for the Norwegian
herring in the late 1970’s, but also
for the cod (Fig. 30). So, the North-
east Arctic cod was nevertheless
very much affected at that end at
that time. It wasn’t affected early
on because the whole slug of cold
water moved much more to the
west.

Alog, RIS

-2

-3

Figure 30. Reproductive rate anomalies in the
Norwegian spring-spawning herring (A) and
Northeast Arctic cod (B) stocks depicted as

Year

Alog, R/S normalized for stock size vs. years.
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Figure 31. Catch (C), spawning stock bio-

mass (SSB), fishing mortality rate (F),
and recruitment in Northeast Arctic cod.
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Just to see what the picture looks
like for cod, there is the general
story (Fig. 31), nothing like the dra-
matic collapse that we see in the
pelagics, but a steady attrition on
its stock size over a long period, ex-
cept at the very end when two very
good year classes would come in
(Fig. 31A). The fishing mortality
rate was gradually increasing up to
a pretty high level, nearly 1, which
is nothing like the extremes of the
Norwegian spring-spawning her-
ring fishery, but it’s still pretty high.
In terms of a stock-recruitment dia-
gram (Fig. 31B), we haven’t got, of
course, the collapse and recovery
in the same sort of way. The near-
est you can get to it is the upper
arrowed line, with the replacement
lines, unexploited at one point,
steepening, as they did, right up to
another point, leaving still a possi-
bility of a stable sustainable situa-
tion, a very poor one in terms of
stock size and yield, but neverthe-
less sustainable when recruitment
was between 0.4 and 0.5 x 10° and
SSB was between 0.2 and 0.4 x 10°
t. But you see again there were
some very poor year classes, and
these have helped pull the thing
down.

The other important cod fishery,
the Icelandic (Fig. 32), has a rather
similar story: slow decline, a bit
steeper, the stock size is a bit more
erratic, and a gradual climb in fish-
ing mortality nearly the same
amount. There is a more strongly



Lecture 1: Man or Nature in Fisheries Dynamics: Who Calls the Tune?

compensated stock-recruitment
curve, in the sense that it’s pretty
well horizontal over a wide range,
and where it goes down [near ori-
gin], I don’t know, and I hope we
don’t find out because that’s not
where the fishery should be at all—
it should be up at a higher level.
You might say, “If they got the her-
ring up, why haven’t they got the
cod?” The answer is that it’s prob-
ably one of these problems we face
here. At least the collapsed herring
did, at least, jolt the whole indus-
try out of its old frame of mind to
realize that life just couldn’t go on
as it did before. The cod fishery
hasn’t suffered such a collapse, and
the problem is to get the fishing
pressure permanently down. Even
for a country that’s got it all to it-
self, its own shelf and its own stock,
like Iceland, it’s not easy to do it.
Even with a director [Jakob Jakobs-
son] who’s got a great reputation
in Iceland in getting the herring
straight, he’s having a tougher job
getting the cod straightened out.
But he knows what’s got to be
done, and I'm pretty sure that
they’ll get it right over the next few
years. They are, at the moment,
somewhere on the replacement
line, with a stable point which is
safe, in that sense, but it’s not
where it should be, in terms of
whether or not they’re getting the
maximum sustainable yield out of
it.
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Figure 32. Catch (C), spawning stock
biomass (SSB), fishing mortality rate
(F), and recruitment in Icelandic cod.

0.5




The Raymond J. H. Beverton Lectures at Woods Hole, Massachusetts

Now, it would be, | think, inap-
propriate to finish my lecture with-
out some mention of the northern
cod, much closer at hand on the
western side. May | say straight
away that | don’t think it’s very
wise for an outside person to try
and tell the professionals on the
spot what their answer is or what
their job should be, in the sense of
sorting this out. It’s problem
enough, a desperate problem, with
having an industry virtually crip-
pled like this. But it did seem to me
that if  am going to try to give you
this kind of scan around what’s
happened to some of these fish
stocks, in terms of the interplay be-
tween fishing and natural causes,
it would be inappropriate not to
mention this one because it’s, in
some ways, the most unexpected
and the most dramatic of all. At
least the herring stocks that we’ve
looked at, many of them, those that
we know a long history of, there’s
been a history of instability. So it’s
not all that surprising if we’re in
the middle of one now. But | think
your northern cod have never had
anything near that degree of erratic
behavior in the past, at least not
that I’'m aware of. The Grand Banks
fisheries have been going more or
less off and on with some fluctua-
tions, but they’ve going for many
hundreds of years.

Now, this seemed to me to be a

critical diagram (Fig. 33). Thisisin
Rivard and Maguire (1993) from
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Figure 33. Productivity of the northern cod stock (NAFO Div. 2J3KL).
The productivity of the early 1970’s is compared with that of the late
1980’s.The productivity curves correspond to the yield per recruit (using
the growth characteristics for these periods and assuming knife-edge
selection at age 5) multiplied by the average recruitment for the year
classes contributing to these periods (redrawn from Rivard and

Maguire, 1993).

the Canadian workshop on Risk
Evaluation and Biological Refer-
ence Points for Fisheries Man-
agement which was held a few
years ago. They plotted the actual
yield against fishing mortality rate

in the 2J3KL and 3NO stocks, the
Labrador and northern banks
stocks. They regard this as a quasi
stable point there [about 450,000 t],
and another one here [about
200,000 t], but the yield’s half that,
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and yet the fishing mortality rate
appeared to be the same in both
cases. Now, if that’s to happen, ei-
ther one or the other wasn’t a stable
point at all (it was on the way
down), or else there was a dramatic
drop in recruitment, or both.

Let’s just see whether we can see
that, in terms of a stock-recruit-
ment diagram (Fig. 34A). The data
I’m using are read off a graph; I
couldn’t get hold of the original
CAFSAC* report. | didn’t ask for
the information to be changed.
Anyway, here’s the stock-recruit-
ment story. This is the earlier per-
iod when yield was higher, and this
is the later period. I notice first of
all there’s no doubt there is a clus-
ter of bad recruitment in the early
1970’s. If you plot the recruitment
rate against time (Fig. 34B), there
isthe drop inthe early 1970’s. It re-
covered quite a bit, but hasn’t kept
up, and the recruitment rates there
[last two on right side] are rather
worrying. | think that’s probably
the Mid-Seventies Anomaly at its
southern-most point. In a paper at
the Reykjavik Cod and Climate
Symposium last summer, Taggart
et al. (1994) did detect a signal in
salinity, although not in tempera-
ture. | think that’s probably what
it was. However, at the moment, if
we look at it in terms of how to in-
terpret this, | think probably the an-

4Canadian Atlantic Fisheries Scientific Ad-
visory Committee.
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Figure 34. Stock-recruitment plot for cod in NAFO
Div. 2J3KL (A), and reproductive rate anomalies
(B) depicted as Alog, R/S vs. years.
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swer is it wasn’t in equilibrium, it
wasn’t a stable point here. If you
had a safe fishing rate then, you
must have more or less the same
replacement line, subject to growth
rates and things not being all that
dissimilar. If it’s stable down here
[lower left side of Fig. 34A], which
is where it might just be or where
it was in the 1980’s, it could not be
up there [on the F = 0.5 replace-
ment line], and | think the reason
for this is that it’s a very shallow
curve. This is a very weakly com-
pensated stock on the northern end
of its limits, which is what we
would expect. Alec MacCall’s ideas
on dynamic geography of fish
stocks would suggest exactly that.
Stocks at the fringe of their distri-
bution have a very weak density
dependence, but are very much in-
fluenced by the environment, a
harsh environment. And we can
probably see, rather like the Nor-
wegian herring story, a very poten-
tially unstable population doesn’t
take a lot of fishing to drive it
down. Fishing at that level is al-
most certainly too much for it, but
thatisn’t, of course, the real answer.
I think the real answer to the im-
mediate problems must lie in this
very massive downward push of
cold water. It’s almost like a cold
slug coming down (the Mid-Sev-
enties Anomaly) the Labrador
coast and pushing everything in its
path.
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There are still some unexplained
events. Why the fish have gone into
deeper water may be to get away
from the temperature. Whether the
capelin is partly responsible, |
think it’ll be a little while yet be-
fore we really know the answer.
But it is one of the most disturbing
of all the events I've seen and heard
in my time because it really seems
to be unexpected. But it’s so wide-
spread and so dramatic, and fish-
ing may have weakened the stock,
in the sense that it was, the north-
ernone in particular, a very poorly
compensated one, but it wasn’t an
escalation problem like as the her-
ring had been, I’'m sure.

So, let’s see if | can sum up now,
for I've been talking longer than |
should have anyway. | think the
picture that | get from all this is
how complex the environment is
in time and space. It is only when
things really become very sharply
defined, as in the extremes of mar-
ginal habitats or in extremely es-
calating fishing pressures, that we
really become convinced of what'’s
happened without having to weigh
one thing up too carefully with an-
other.

In terms of the small pelagics
that we were looking at—the top
ten—there was only one that really
disappeared and never came back.
That was the Icelandic springs, but
two or three others that were
clearly on the way down—and

what fishing did was to hasten
them on their way and push them
over the edge—would have gone
anyway in time. Then there would
be the intermediate case where
they would have been in a pretty
poor state, but they were driven
down by fishing in such a way that
when there was some adverse en-
vironmental condition, you were in
a pretty poor state to deal with it.
There’s no doubt fishing pushed
down the Norwegians particularly,
and southern North Sea herring as
well, and several of the others, into
a state much lower—much, much
lower—than they would have been
in just on their own, and indeed
this happened in the case of the
Norwegian one—it upset the whole
balance of the ecosystem in the pro-
cess. Finally, for those for which the
Icelandic summer spawners is a
good example, where they are
pretty resilient and fishing did
push them down quite a bit, no
doubt about it, they probably
would have just done a little blip
and ridden out one or two bad year
classes quite easily, but having
been pushed down, they at least
came back up again quite quickly.

So, can we make any sort of
check list of [situations] when fish-
ing is a real threat, in the light of
this review (Fig. 35). I still think
that the most important single
thing, as far as the fishing side, is
when catchability escalates out of
control, and especially when a de-
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resource, when:

a) long-lived,

Fishing poses a threat to sustainable harvesting and, potentially, to the viability of the

1. Catchability escalates out of control, especially when accentuated by a declining stock
whose reproductive potential has been weakened by adverse environmental conditions.

2. Long-term fishing capacity is maintained or increased by political/economic incentives
remote from, ignorant of, or indifferent to the long-term productivity of the resource.

3. The species is caught incidentally, but is more vulnerable than the target species.

4. Capture is by interception on a migration route to a spawning ground, making it
possible to harvest the whole spawning stock with no immediate economic penalty.

5. These threats are compounded if the species is:

b) has a low per capita reproductive rate,

¢) has a weakly compensated parent-progeny relationship,
d) is easily accessible and cheap to catch, and

e) has a high market value.

In these circumstances, clear objectives, good science, strong political will, firm control,
and a cooperative fishing community are more than usually necessary for sustainable
harvesting and good resource husbandry.

clining stock’s reproductive poten-
tial has been weakened by adverse
environmental conditions, which
was true for some of the herring ex-
amples. That’s a very serious situ-
ation. Another one is when the
long-term fishing capacity is main-
tained or increased by political and
economic incentives remote from,
ignorant of, or indifferent to the

Figure 35. Summary points.

long-term productivity of the re-
source. Now that’s a rather pom-
pous sort of statement, but what
I’'m trying to say is that this is
where management in general, or
industry or whatever, just doesn’t
see what is happening, and maybe
until there is rapid escalation of
fishing, it’s hard to expect that they
could. There are many other cases

where they could see it, and you
have some on your doorstep and |
don’t need to remind you of them.

When a species is caught inci-
dentally, of course, but is more vul-
nerable than the target species, that
creates a problem we haven’t
talked about, but it is obviously a
problem. There are some examples,
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possibly one of the rays, the com-
mon skate in the Irish Sea, that
seems to have disappeared, proba-
bly because it was caught not as a
target species, but was taken very
easily while fishing for other spe-
cies. Thisis a general category, and
it is not just on marine species ei-
ther. Another is when you're inter-
cepting fish on the migration route,
more especially in rivers, and you
can take the whole run totally with-
out any immediate economic pen-
alty for so doing. You just wake up
to the fact the next day there aren’t
any fish left. That is an extreme
case, but there are some other ex-
amples in the marine fisheries
where it gets quite close to that sort
of thing.

Problems in all those situations
can be compounded: the species is
long-lived, it has a low per-capita
reproductive rate anyway. In other
words, it has a low fecundity rate
and a low birth rate, so it’s not able
to ride out these troubles. It has a
weakly compensated parent-prog-
eny relationship, such as some of
those I've shown you. Of course, it
is easily accessible, cheap to catch,
and has a high market value, which
adds to the problem. Under these
circumstances, fair objectives, good
science, strong political will, and
firm control by a cooperative fish-
ing community are more than usu-
ally necessary for sustainable har-
vesting and good husbandry. Usu-
ally one will say, “Yes, that’s what
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we’re doing; we’re very familiar
with that situation.”

Well, | started to ask the ques-
tion right at the beginning: “Who
calls the tune?” Perhaps if | just
simply finish by saying that it
seems to me nature decides what
the melody should be and pro-
duces the score, and man has to
decide how he going to play it. It
might be a very complex score, and
it might be that an orchestra is
needed to play. Therefore, it de-
pends very much on whether the
conductor can read the score in the
first place, and whether his musi-
cians can play their instruments
decently. I’'m afraid the record
shows that most of the time man
makes a right old hash of playing
most of the scores that nature pro-
duces. The only possible excuse is
that nature will produce a new
score at the last minute. The con-
cert will be halfway through, and
along will come the second half of
the concerto which will require a
new score that nature’s just pro-
duced. But we haven’t seen that
one before, so we’ve got to be good
at sight reading and we’ve got to
have a good memory, and we’re
not good at either of those things.
Thank you very much.

Emory Anderson
Ray has talked for a little over

an hour, but I’'m sure he’d be will-
ing to answer a few questions at
least. Do any of you have particu-

lar comments? | see a few hands
going up.

Andy Rosenberg
I wonder if maybe you have a

unigque perspective because you
watched the development of a lot
of these fisheries, both as they were
going up and when they came
down again. Some of us, | guess,
only saw them coming down. Do
you think it’s possible, given those
pictures of stock and recruitment
that you have, to have been able to
diagnose what was going on at the
time? In other words, to use your
musical analogy, instead of know-
ing or having rehearsed the score
in advance, could you have pre-
dicted what was going to happen?

Ray Beverton
I don’t think, at the time (the

1950’s), that we had the experience,
the know-how, or the evidence to
really pick up anything like the
pulse. So | don’t really think there
was much that could have been
done at the time. But another as-
pect of your question is whether
we could again pick it up, armed
with what we now know. | think
this is a very important question.
One thing that could be done, and
I’ve thought about trying to do it,
but | haven’t got around to it yet,
and it may be something which
needs more advanced computing
than I can do now, is to actually try
to hindcast backwards.
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Supposing we really were on
that and we didn’t have those two
year classes or supposing we had
stopped fishing when the stock,
such as the Norwegian herring,
had fallen to, say, 4 million t, could
they have held it at that point,
could it have sustained itself with
no fishing then, not waiting until
they had no fish and then stop fish-
ing? That means you’ve got to be
able to predict, given the recruit-
ment rate at that moment from
your expected curve and the actual
thing, whether you could safely as-
sume that’s what would have hap-
pened if you’d had a bigger stock.
The trouble with the herring is you
would have a great problem, if I'm
right, because of the threshold be-
yond which capelin takes over. But
you could hindcast the Icelandic
one, the summer spawners, | think.
Reversibility enables a hindcasting
to be done.

Say, had you stopped at such
and such a point, this is what
would have happened. And | think
this sort of approach—I’ll call it so-
phisticated hindcasting—is some-
thing we really ought to develop. |
think it’s maybe possible, espe-
cially with computer interaction.
Fishermen are prepared to listen
and are able to respond, and you
can say to them, “Look, here’s what
actually happened, remember?
Now, this is the story of what we’ve
done. Now try and press this but-
ton and see what would happen if

you had done that.” In Australia,
they actually did something like
this for one of their little inshore
fisheries. | believe it’'s something
we should do. How you put it
across is another thing. Only those
who know their fishermen and
know how to talk to them should
say how to do it, but it seems to
me we have an opportunity here,
with data as good as that, for some
of us to hindcast and say, had we
been able to hold the fishing back,
keep the fishing mortality down,
we could predict with some rea-
sonable precision what would hap-
pen. | don’t think we’d really start
doing it very systematically, but I
think it would be very valuable to
do. I don’tknow if that is what you
had in mind, Andy, but it’s cer-
tainly what your question trig-
gered off in my mind.

Andy Rosenberg
Yes, | think it is what | had in

mind. Even if you took on some of
these stock-recruitment plots and
blocked out the information so you
just looked at the first 10 years to
see what you would come to, and
then 20 years, and so on. If you
could actually come to a conclu-
sion, that would reasonably sug-
gest what would happen next.
Now, that’s difficult to do because,
of course, you have only one his-
tory to pick.

Ray Beverton
I think in some of our stock-re-

cruitment data—and they look
awful on the diagram—there really
is a lot more information. There is
an enormous amount of informa-
tion in them, and if it is possible to
manipulate them in such a way,
you could draw out a signal from
a mass which, at first sight, seems
to be impossible.

George Kelly
If a bumper year class of any of

the major species in the North At-
lantic were to come, is anyone pre-
pared to manage them scientifi-
cally or otherwise?

Ray Beverton
Well, | gave you the example of

the summer-spawning herring
which the Icelanders are doing,
exactly on that basis.

George Kelly
Is it the Norwegians who were

responsible?

Ray Beverton
No, this is the Icelanders. It was

not an ICES fishery because once
Iceland had extended her 200-mile
limit, this put both their herring
and their cod entirely under their
own jurisdiction. So it never came
to either NEAFC® or the EC® be-
cause it was outside the jurisdic-
tion of both. And indeed, it wasn’t
until about 3 or 4 years ago that the

°North-East Atlantic Fisheries Commission.
®European Commission.
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story has really been produced at
ICES scientifically. | think | can take
a very modest credit for persuad-
ing Jakob: “Now come on Jakob,
you’ve got awonderful story here,
you must put this into the ICES
bowl.” He did it; he and Gunnar
Stefansson, his very good statisti-
cian, have done this very effec-
tively. So, they’re doing it, but the
Norwegians are doing it with the
Russians now. The Russians, of
course, are very much affected by
the recent upheaval in Russia.
That’s what’s led to the withdrawal
of much of the Russian fishing
pressure and enabled the fishing
mortality rate to dramatically drop
up in the north, on the Arctic cod
in particular. That one I'm hoping
they will be managing in accord-
ance with this joint Russian-
Norwegian multispecies exercise
they’re getting now. They’ve got to
make a decision as to how much
more cod they want. If they really
bring the cod anywhere near to its
maximum, they’re not going to
have anything like the capelin fish-
ery they’ve got. And the herring is,
at the moment, the joker in the
pack. They haven’t really got that
putinto the system, but they’ve got
a decision to make about how to
balance between these three major
species.

George Kelly

Did you say you were optimis-
tic for the future of the fisheries in
the north?
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Ray Beverton
For that one | am, as long as the

Russians can keep up with it, as it
were, and put into practice what
their scientists are saying. Their
scientists are pretty involved in
this, but it’s a question of whether
they can deliver the goods. But |
think there is a good chance for
that, and I think we’ll see the Ice-
land cod coming under a better
management before long. As to the
rest of it, that’s a different matter,
at least on our side of the Atlantic
it's a very different problem and
something | might talk about to-
morrow, but that’s another story.

George Kell
You mentioned the California

sardine only in passing, but I didn’t
get whether you were attributing
[the problems to] man’s operation
or the environment.

Ray Beverton
Both were to blame, I'm pretty

sure. You have an upwelling that
was causing periodic upheavals,
and every time there was a bit of a
drop in the stock size, up would go
the catchability. So the effort was
suddenly taking a lot more [fish]
than it should have been. And then
there was another bit of a relax-
ation [in effort]. It dribbled around
in a half-baked state between sort
of going off and finally it did tip
over and went down, with, of
course, the sardine coming back up
again, | mean in that case the Pa-

cific sardine. That’s happened in
historical times, so we’ve seen the
alternation between sardine and
northern anchovy, I mean in this
case, and so also in the Peruvian
story. There’s some very compli-
cated, knock-on effects once either
man or nature starts really to up-
set the system to this extent.

Steve MurawskKi

In the last few years, the concept
of sustainability has entered into a
lot of our natural resource manage-
ment, at least in theory if not in
practice. | wonder, given the in-
terplay between environment and
fishing mortality, if sustainability
asaconceptin fisheries is really an
unattainable goal?

Ray Beverton
I very firmly believe that it is a

perfectly attainable goal, provided
we can really get the fishing pres-
sure down to where we often said
it should be, which is down well
below F_ ... Thenyou are to a point
at which none of the stock-recruit-
ment arrays I've seen, the replace-
ment line, would be anywhere near
a nonsustainable situation. So |
think any stock that cannot sustain
a doubling of its natural mortality
rate would be in difficulty anyway,
because that could easily happen
for natural reasons. I’'m trying to
put some evidence together on this
one. I don’t think there will be time
tomorrow, but I think | can begin
to show that you’ve got, histori-
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cally, some pretty sustainable situa-
tions provided you can get that
fishing mortality right down. It’s
not a new thing; if you like, it’s
Gulland’s F;, (Gulland and Boer-
ema, 1973). | would not put it in
terms of economics. I’d just say, for
goodness sake, get that fishing
pressure down to something around
about the natural mortality rate or
not much more. You may say that’s
not proof that it’s sustainable, but
you have then to rely upon all the
background evidence that you’ve
got about what’s made things un-
sustainable and make sure you’re
not in that situation. You could, at
least in the negative sense, say that
we’ll avoid all those situations that
in the past made it unsustainable.
Not a particularly convincing an-
swer, but you asked me a very pro-
found question which | think is a
vitally important one which we’ve
got to face in terms of the Rio Con-
vention’ and all those sorts of
things—sustainability and bio-
diversity. But a fishing pressure of
an amount that is not more than,
at the most, twice the natural mor-
tality rate and preferably less, is
below F_ .. usually, and that means
only a biomass of about half the
unexploited biomass or at most
one-third of it.

"United Nations Conference on Environ-
ment and Development (UNCED) held in
Rio de Janeiro, Brazil, in June 1972.

Steve MurawskKi

I think it’s safe to say we can find
fishing mortality rates that are so
low that would guard against al-
most any sort of fluctuation in the
environment. On the other hand,
that may be the price of a tremen-
dous foregone yield in times when,
in fact, there are good year classes
to harvest.

Ray Beverton
If you approach it in terms of

keeping a harvesting rate at a very
modest level, you will then have
to accept that, if you’ve got some
good year classes, you will get bet-
ter yields, but the harvesting rate
will still be the same. Now, that’s
not what the industry likes; they
want stability. I think the industry’s
pressure for stability has been one
of the real difficulties that has
caused us to try to manage stabil-
ity by fiddling about with the har-
vesting rate. John Shepherd tried
atan ICES Dialogue Meeting (ICES,
1990) to convince our industry that
you can’t have both good hus-
bandry and try and stabilize it all
by fiddling about with the harvest-
ing rate. Fishermen know in the
past that their resources have fluc-
tuations; they expect good years
and bad years. Fishermen don’t re-
ally expect the scientists to sud-
denly produce everything full,
calm, and unruffled and going on
evenly from year to year; they
know it’s going to vary. | think
we’ve got ourselves hooked on try-

ing to satisfy an economic demand
for stability—which is a genuine
one, | accept that—by trying to ma-
nipulate the harvesting rate. That’s
a recipe for trouble. If we keep the
harvesting rate there or there-
abouts, then you have to accept
that the stock will go up and down.
It’s only when there’s a succession
of very, very unfortunate year-class
events that you really have to look
at even that harvesting rate and
say, “I’'m sorry, we’re now down to
such a low level that we’ve got to
stop even that.” Now that makes
life a lot nicer if you can get that
across. Don’t forget, this would be
the stock left which would be very
productive on the average. The
problem would be to hold it like
that because it would attract
people who would look at this and
say, “Look at these profits!” You
have to have a system—you are
getting me into my management
theories now—you have to have a
way of feeding off the excess pro-
fits. In the ideal world—and maybe
this is too socialistic an answer—
you’d put these profits away for a
rainy day, and they would be re-
leased when, on scientific evi-
dence, it was shown that, yes,
things are now falling below the ac-
ceptable profit margin. So you can
now release some of the pie. But
basically, that’s how you try and
stabilize the situation. You don’t try
and stabilize by maneuvering the
harvesting rate all the time, be-
cause it causes all kind of trouble.
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y name is Vaughn An-
thony. I'm from the
NMFS Northeast Fish-

eries Science Center, and | want to
welcome you to the second lecture
by Professor Ray Beverton. | as-
sume everyone attended the lec-
ture yesterday and heard the fine
introduction by Emory Anderson.
There will be another informal lec-
ture this afternoon from 3:15 to 5:00
in the NMFS Woods Hole Lab-
oratory’s Aquarium Conference
Room.

Just to repeat a little bit of intro-
duction so you’ll know who our
speaker is. Ray worked at Lowes-
toft, in the U.K., from 1947 to 1965
and was there, with Sidney Holt,
when they put together the mater-
ial for this very fine book, “On the
dynamics of exploited fish popu-
lations” (Beverton and Holt, 1957).
From 1965 to 1980, he was Secre-
tary and Chief Executive of the
newly formed U.K. Natural Envi-
ronment Research Council (NERC).
He was there for 15 years. During
1981-82, he was a Senior Research
Fellow at the University of Bristol,
and from 1982 to 1986, he was a
professor at the University of Wales
at Cardiff. During 1986-87, he was
head of the department, and in
1987-89, following restructuring,
he was head of the School of Pure
and Applied Biology at the Univer-
sity of Wales at Cardiff. In 1990, he
became Emeritus Professor at the
University.

Emory went through a lot of the
things that Ray has done over the
years, and | won’t repeat them. He
was, of course, editor of the Jour-
nal du Conseil for about 10 years.
Some of you probably met him in
that capacity. He worked very hard
and did a very fine job of putting
some good documents together.
He spent a long time digging and
searching for the right material and
pushing people to produce infor-
mation from lots of places that nor-
mally would not have come for-
ward without his urging.

For those of us who have been
involved with ICES, ICNAF, and
NEAFC over the years, we have
known Ray for a long time and
known how helpful and useful he
has been, with his knowledge and
inspiration and ideas, just facing all
these functions that he has served
over the years. He has been lead-
ing committees or certainly on the
committees helping everybody un-
derstand the population dynamics.
He has received a number of awards,
the latest one being the Award of
Excellence from the American Fish-
eries Society last year.

| think the thing that he will be
most remembered for is his 1957
book. Mine is a little ragged; I
bought it in 1960 at the University
of Washington and paid $16 for it,
by the way. When | went to the
University of Washington for my
degree, | was told by Karl Lagler

at Michigan and Harry Everhart at
Maine not to go there for a PhD
because it would take forever to get
through. So when | went there, |
approached the Dean of the Col-
lege, Richard Van Cleve, to try to
impress him and said, “There are
people here now that have been
here 10 years and don’t have a de-
gree. How long will it take to nor-
mally get a degree at the Univer-
sity of Washington?” Van Cleve
reached behind him and took his
latest edition of Beverton and Holt
(1957) off the shelf and handed it
to me. I hadn’t seen it at that time—
this was 1960. He asked me to go
through it, and | sat there and
thumbed through pages 1-100,
100-200, 300-400, 400-500, going
through these things, and he said,
“Look, when you understand ev-
erything that’s between those two
covers, you’ll deserve to get your
PhD from the University of Wash-
ington.” | said, “Thank you very
much,” but, | fooled him. | got my
degree, and | never ever under-
stood everything between those
two covers, and | never will.

You can see all the notes | have
on this thing; 1 still go back to it;
it’s a bible; it’s very useful. It’s
amazing what'’s in this. Constantly,
right today in ICES and many of
the working groups, when people
talk up new ideas, they say, “Oh,
it’s in the back of Beverton’s book,
we just haven’t gotten there yet.”
When you go through the table of
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contents, go to the last 100 pages—
everybody reads up to about page
370 where you look at the yield iso-
pleths of plaice and so forth—but
after that you’ve got the econom-
ics material, the regulation options,
eumetric curves, the technical
interaction work that people like
Benoit Mesnil are doing in France
and Steve Murawski is doing a
little bit here, biological inter-
actions, multiple species, multiple
fisheries management, and so
forth. The book is amazing; the
only problem is we just haven’t got
to it yet.

Now, I'll move on so we can get
to what we really want to get to
today. He’s going to tell us a little
bit about some of the biology that’s
in here [his book], like food con-
sumption and diffusion rates.
There’s chaos theory in here for
anybody who’s interested, and it
was 40 years ago that he put this
together. Just looking at the slope
of the recruitment curve, the egg
production curve, you can see
things explode—a typical cobweb
model. People are taking those
ideas today and calling it chaos.
Ray did this 40 years ago.

I’'m very pleased to introduce
Ray Beverton for his second lec-
ture: “Fish Population Biology and
Fisheries Research.”

Ray Beverton
Thank you, Vaughn, for those
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introductory remarks. It’s hard to
follow that; I’'m not quite sure how
best to start. | had my ideas thought
out and that sort of sneaked me.
I’m sorry about that.

Seriously though, thank you for
coming, those of you who came
yesterday, for sticking it out for two
consecutive sessions. As for the
newcomers, | hope I’ll have a little
something to tell you about fishes,
the way they do things—mainly
food for thought.

Actually, much of what I’'m go-
ing to talk about today has prob-
ably arisen after that period [pre-
1980s]. Indeed, it’s very interesting,
I think, to look back and realize that
fisheries biology has always been
and always will have to be very
closely linked with fundamental
marine biology, both in terms of the
ecological and the individual
physiology and behavior of the
fishes and the other animals they
interact with. Right back in the 19th
century, some of the first explor-
atory work was undertaken on the
sex of fish species, alongside the
deep-sea exploration. It’s inter-
esting that in the last decade or so,
fisheries laboratories proper have
probably been more heavily
pressed with day-to-day problems.
It’s an applied science, and, of
course, they’ve got to produce the
answers that are needed for good
management of natural fish re-
sources. The advent of attempting

to manage through TAC’s [total al-
lowable catch] and other matters
has put a very heavy burden on the
use of ship time and the use of
people. | rather feel yet, at the same
time, that the importance of the un-
derstanding of the fundamental bi-
ology has not decreased, but has
gotten more important.

As we look ahead to the issues
raised by the Rio Convention’—the
long-term effects of sustainability
and biodiversity—it becomes all
the more important that fisheries
biology should be closely linked
with, both contributing to and re-
ceiving from, the more fundamen-
tal aspects of fish biology and fish
ecology which have increased
enormously over the last two or
three decades. In fact, if | had been
talking to you 40 years ago, | would
have had only about three, four, or
five journals | needed to keep in

'United Nations Conference on Environ-
ment and Development (UNCED) held in
Rio de Janeiro, Brazil, in June 1992.
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LIFE HISTORY STRATEGY

BROAD CONCEPT—Rationalizing natural history in terms
of staying alive long enough to breed successfully for the
next generation, i.e., satisfies the Euler-Lotka equation for

stability:

Reproductive Strategy

Spawning
Eggs Hatch

Larvae  \jetamorphosis

Juveniles  n1atyration
Adults

Growth
Mortality
Maturation
Fecundity
Longevity

A
where E e‘”ltmt =1
t=0

I =intrinsic rate of increase
|t = probability of survival to age t
M = production of female offspring at age T

2. DEMOGRAPHIC INTERPRETATION

L.C. Cole (1954)
G.C. Williams (1957)
A. Comfort (1955-65)

Population Ecology

Pearl
MacArthur
Southward
Fenchel
May

r/K hypothesis
Foraging theory
Energetics
Predator/prey

Figure 1. The broad concept and demographic
interpretation of the life history strategy of fish.

touch with everything, and per-
haps two or three dozen people
around the world, the Bill Rickers
and so forth, of that type. Now it’s
almost impossible for any one per-
son to keep up with the relevant
information that is standing about
on fish stocks and fish biology. It’s
spread over a whole host of jour-

nals, not just in the fisheries world,
but outside. So, I must apologize,
in a way, that | can only give you
possibly a rather narrow look at
fish.

However, the theme I'm think-
ing of for today is what has come
to be called life history strategy.

Now that, to me, is almost another
way of saying simply how best to
get through the problems of living,
reproducing, and producing the
next generation. It embraces almost
every aspect of ecology and biol-
ogy. | think we have to narrow that
down somewhat.

Let me just start then to put us
in the picture, as it were, of the
overall context of that which I've
been exploring aspects (Fig. 1). Ra-
tionalizing natural history in terms
of saying, “lI’ve got enough to
breed success over the next genera-
tion.” If you want to put it in math-
ematical terms, it would satisfy the
Euler-Lotka equation of stability,
which is another way of saying that
each adult has got to produce
enough eggs to carry off against
losses and mortality, at least to re-
place themselves by one individual
in the next generation. If that’s the
case, then you have essentially a
stable situation.

The demographic interpretation
of that formal mathematical equa-
tion owes a lot to L. C. Cole and
his classic paper in 1954, which is
very interesting because it was
written as a rebuttal to very severe
criticisms by William Allee, the
great American field ecologist who
said that theoretical ecology was
useless. Having been stung by that
criticism, Cole wrote what was to
become the classic in setting down
the framework for producing a the-
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oretical interpretation that would
guide us into the complexities of
the real world.

I have to mention also George
Williams (1957), who really devel-
oped the theory of senescence and
longevity, and Alex Comfort (e.g.
Comfort, 1965) in London, who
was also working on the whole
guestion of the relationship be-
tween the sexes, longevity, and the
whole of that aspect of fishes. So,
in a sense, I've sent those three up
because they do enable us to sub-
divide people into two branches,
of which I’m going to deal essen-
tially with reproductive strategy.

66

There is the reproductive strat-
egy of how the individual fish, in
this case, and its cohorts with it, go
through their life cycle—spawning
to eggs and larvae, through to ju-
veniles and adults. The parameters
that we need to be able to mea-
sure—to understand how this is
happening—are essentially those
of growth, mortality, maturation,
fecundity, and longevity. Think of
that in parallel with the population
level—the philogeny level—con-
cepts like the r/K hypothesis, the
foraging theory nowadays, ener-
getics, predator-prey interactions
pioneered not just in the previous
works, but, of course, very much

Cod eggs, hatchling, and larva.

in the fundamental world. It start-
ed with Raymond Cole back in the
1930s, Alan J. Southward, Ray-
mond Pearl, Tom Fenchel, and
Robert M. May, I’'m just mention-
ing a few names, with very differ-
ent countries involved. | am going
to concentrate on reproductive
strategy and, in particular, on this
crucial transition between juvenile
and adult—the attainment of mat-
uration—because surrounding
that depends so much of the effec-
tiveness of the life history of the
others.

org (all three
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Before we get into too much de-
tail, | expect you’ve seen the mate-
rial in Figure 2 before. It’s from a
paper by Gross, Coleman, and
McDowall in 1988 which | find to
be one of the more encouraging
pieces of evidence to suggest that
there really is a rationale between
the way animals do things. They
showed that the number of anadro-
mous, compared with catadro-
mous, species varies systematically
with latitude. The anadromous
ones, that is, the ones that are born
and spawn in the freshwater and
go down to the sea to grow up, are
much more abundant in the high
latitudes, and vice versa. They
showed that this was because the
productivity in freshwater is very
limited and poor in the northern
high latitudes. So, to grow up ef-
fectively and fast, they have to go
down to the sea. Whereas, con-
versely, in the tropics, freshwater
is more productive, and the sea is
less so. The general question of
how you should arrange your
whole reproductive life in accor-
dance with where you live does
make sense.

Figure 2. Diadromy and productivity. A:
Number of anadromous and catadro-
mous species by latitude. B: Primary
productivity of sea and freshwater by
latitude. C: Percentage anadromy vs.
ocean/freshwater productivity. Figures
redrawn from Gross et al. (1988).
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If we now take the whole ques-
tion of maturation and the factors
governing it, the size and age at
which this happens, we arrive at
the adult phase of life history. Con-
cern about it and measurements
about it go right back to the turn of
the 20™ century. In reading some
of the early fisheries atlases, it’s fas-
cinating to see how much con-
cerned they were that this property
was already becoming a critical fac-
tor.

Figure 3 is an extract, a combi-
nation, two diagrams, from George
Atkinson (1908), who was the fish-
eries inspector at Lowestoft. He
was called the naturalist inspector
because he was, in fact, a qualified
biologist as well. He was very
much stimulated by work that

Figure 3. A quote from Atkinson (1908)
regarding the effect of fishing on the
length at maturity of plaice (Pleuro-
nectes platessa L.), and length compo-
sitions (mm) of mature (black lines) and
immature (gray lines) female plaice
sampled in 1907 from the Barents Sea
(A) (2,125 fish) and North Sea (B) (895
fish), with m = 50% maturity. The refer-
ence to Kyle is Kyle (1903).

68

“Kyle (Journ. M. B. A., Vol. vi, p. 496) suggests that one effect
of fishing a plaice population is to reduce the average size at
first maturity. The Barents Sea will afford the opportunity of
testing this; meanwhile, if we were to accept the suggestion
that such a reduction has taken place to the extent of, say 5
cm in home waters, the deterioration of the stock would be
still more evident, and even a greater proportion of North Sea
plaice than my curves tend to show would be prevented from
attaining maturity.”
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Harry Kyle was doing at Ply-
mouth. Kyle, incidentally, at the be-
ginning of ICES, was the first as-
sessment secretary, of which Emory
is one of the more recent examples.
So ICES was already concerned
with this sort of thing, and people
like Kyle were writing about it at
the turn of the century.

Anyway, Atkinson (1908) went
off to the Barents Sea, where there
is another population of plaice
which, at that time, was wholly
untouched, and measured the on-
set of maturation as a function of
size—length more importantly. He
showed that, in the Barents Sea, the
proportion of mature fish showed
that there were vastly more mature
fish compared with the immature
fish. The 50% point was there. In
the North Sea, similar work had
been going on, and in this case, the
size of the two was very similar, but
the proportion of mature fish com-
pared to immatures was much less.
They correctly drew the conclu-
sion, even then, that this must have

been due to the selective removal
of the mature fish in the North Sea
compared to the untouched re-
source in the Arctic. | think that is
one of the more telling observa-
tions which, in fact, is now prov-
ing to be very critical in trying to
establish the really long-term ef-
fects of fishing in the North Sea.

The contributions to this study
of maturation have been rather
patchy over the years. There was
much concern in the early days,
taken up particularly in the period
between the two wars, by the Scan-
dinavians, because they were pio-

Malcolm Silverman, NMFS

neering on fisheries where the fish-
eries themselves were based on the
spawning aggregations. So, to
them, even the basic demography
of the stock they were working on
depended on the onset of matura-
tion. That meant they really had to
take it seriously.
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So, we have Paul Han-
sen’s work (upper part of
Fig. 4), published in 1954
but done in the 1920’s and
1930’s, on the cod at West
Greenland. Those at yes-
terday’s lecture will recall
that as one of the classic
stories of growth, as the
commissions® formed up,
where he was comparing
the length, growth, and
maturation of the year
classes. What impresses
early on is that the early
year classes were matur-
ing up there at an average
age of about 10. By the
time we get into the
1940’s, the average age
had gone back to 6 or 7.
He saw very clearly the
implication of that in
terms of the life history of
the animal. A similar sort
of work was going on in
Iceland by Jon Jénsson
(1954) (lower part of Fig.
4), where he was finding
that the percentage of re-
cruit or first-time spawn-

The International Commission
for the Northwest Atlantic Fish-
eries (ICNAF) was established
in 1951. The Permanent Com-
mission was established in 1953
for the Northeast Atlantic fish-
eries and 10 years later changed
its name to the North-East At-
lantic Fisheries Commission
(NEAFC).
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