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Proc. Inl, Rockfish Symp,
Oct. 1986, Anchorage, Alaska

Introduction

Lewis Haldorson
University of Alaska, Juneau
Juneau, Alaska

This symposium s one +in an annual series, the Lowsell Wakefield
Figheries Symposia. It 1is the first 1in several years to focus on a
#infish resource, and it is noteworthy that +the subject of the present
symposium is the rockfish species complex, which 1is comprised of
numerous species of scorpaenid Ffighes in the genera Sebastes and
Sebastolobes. Rockfishes are an important part of North Pacific, and
Morth Atlantic, marine resources. In the Pacific, total landings for
the United States and Canada combined are sstimated at 60,300, 54,008
and 51,500 metric tons in the years 1983, 1984 and 19685, respectively.
Tress catches rank at the top of domestic bottomfish landings; yet,
here in Alaska and elsewbers on the Pacific Coast we know that
significant rockfish resources have been depleted and are now at
population levels far below their productive optima.

In Alaskhan waters the most abundant rockfish resource, the Pacific
Ocean perch (Sebastes alutus), was depleted before any management was
contemplated or feasible, as the pulse-fishing distant water fleets of
Russia and Japan worked the continental shelf break 1in the 1968°s.
Figure 1 summarizes estimates of those catches Ffrom the Gulf of Alaska
{GDA) statistical vegion (from Balsiger et al. 1985). [n the decade
beginning in 1963 the population numbers for that G0A stock of Pacific
Ocean perch decrsased from over 5,400,800 fish to less than 700,008,
‘based on cohert analyses (Ito 1982). Clearly, this 85 percent reduction
in the GOA Pacific Ocean perch populatian was an early example of what
can happen +to & rockfish vesource exposed to high fishing mortality
rates. Recent sstimates of Maximum Sustainable Yield (MSY) for the B80A
Pacific Ocean perch resource range from 16,800 to 47,588 metric tons
(Balgiger et al. 1985), which provides a reasonable measurs of the
degree of overfishing to which that stock was subjected.
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Figure 1, Pacific Ocean perch landings, in metric tons (MT)}, in the
Gulf of Alaska statistical region for the years 1961 through 197@.

Unfortunately, the Pacific Ocean perch scenario in the Gulf of Alaska
has been re-enacted in other areagt, and with other species of
rockfish. Certainly the recent experience with the widow rockfish (5.
sntomelas) Fishery is familiar to most of you. Cakches of this speoies
increased dramatically in the late 1570°s, +followed by reduction in
stock size and catches (Figure 2). Other stocks may be experiencing
spimilar boom and bust cycles. In Alaska there +is concern for a ssaller
fishery on inshore rockfish species off scutheast Alaska. This fishery,
centered at Sitka, has expanded greatly, moving from lesz than 209,000
1bg. in 1980 to over 1,200,000 1bs in 1384,

The history of rockfish fisheries suggests that managing such resources
is net easy, and that detailed ‘information on stock sizes and
biological characteristics of the species are required. Although the
Pacific Ocean perch attracted early attention, the basic biological
information on the varicus species amnd assessments of stock sizes and
condition have historically been sketchy; at Jleast until the last
decade. With passage of the U. 5. Fisheries and Conservation
WManagement Act in 1976, the picture began to change. The importance of
the resource, and its eanagement needs, instigated the Coastwide
Rockfish Survey of 1977, the results of which wers reported in a 1978
symposium in Seattle, and published in a issue of Marine Fisheries
Review 4n 1988 (vol. 42, No. 3-4). Those studies provided much
previously unavailable biological information ard stock assessments.
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Figure 2. Landings, in metric tons (MT,) of widow rockfish in the
period 1974 to 1983.

A perusal of the agenda for the present symposium suggests that
imterest in rockfishes, and the level of information about thes,
continue to be on the rise. Clearly, since the 1978 symposium there
tave been major advances n rockfish studies. If any one research area
has riveted the attention of rochfish researchers it has bsen the aging
studies which have steamesd from advances accomplished at the Pacific
Biological Station at Nanaima. The concept of individual fish living to
ages over 183 years amazes Fisheries biologistsy in fact, sany remain
unrepentant skeptics. I[n the period when the new aging tachnigques wers
smarging | was engaged in resource assessments and 1ife history studies
on the nearshore group of rockfishes of southeast Alaska. One of the
most important of those species 1is the yelloweye rockfish (s.
ruberrimus) . Applying the bresh-and-burn ageing techniques to
yellowsye rockfish revealed a population with age structures and a
sequence of 1ife history svents that were disconcertingly similar to
the human species. Much of this new information is changing the way we
view the biology and management of these species.

It s appropriate, thersfore, that another symposium should be
addressing rockfishes. From mwy perspective, it appears that rockfish
studies are begimming to receive the support and recognition that they
have long deservad. The fact that a symposium such as this is being
held in Alaska is indicative of this trend. This is the state whose
Chaptar of the American Fisheries Society is called Oncorhynohus.
Further south, in California, the California Sea Grart program has
initiated a major emphasis on rockfish studies, It thus appears that
this sympocium is timely, and has the opportunity to take a major role
as a vehicle for updating and sussarizing current inforsation and for
pointing the direction for future studies.



Rockfish studies have not always enjoyed this level of support and
recogmition; although there have always been a few biologists who
perseversd n the study of these interesting Fishes. This 1is a good
time to recognize their efforts, as they sometimes had to stoop to -
well - unconventional methodologies in the practice of their trade. I
can think of no better example of this than the note by Love and Vuecei,
published in +the 1974 California Fish and Game, entitled: Range
extension of the China rockfish (Love and Vucci 1974). The opening
sentence s sufficient: "On 24 September 1972 Vucci found a China
rockfish, Sebastes rebulosus, 209 mm Sk., in a trash can of fi1lleted
reckfish carcasses aboard the party boat China Clipper.”. Certainly all
of the early contributions have been valuablej; and none more so than
the work of our kheynote speaker. Although Jergen Westrbeim may not
have scoured +the trashcans around Nanaims, his work hag besn
extraordinarily valuable to all of us. This symposium s appropriately
timed, if for no other reason than that it marks the official
retirement of Jergen Westrheim from the Pacific Biclogical Station.
Those who know him Wwill have no doubt +that 1t does not mark his
retirenent from the study of rockfishes.

Literature Cited.
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Proc. Int. Rockfish Symp.
Oct. 1986, Anchorage, Alaska

Keynote Address:
Quality starts with fundamentals

S.). Westrheim
Department of Fisheries and Oceans
Nanaimo, British Columbia

Introduction

The title of this address is apt, but not original. 1 borrowed it from an ad-
vertisement in the September 1986 issue of the Smithsonian Magazine (p.
99). The ad featured Larry Bird, superstar for the Boston Celtics profes-
sional basketball team. The moral was that cobstant practice and attention
to fundamentals were necessary even for superstars.

In our profession, constant practice is not a eritical factor, but attention to
fundamentals certainly is, One of the major eriticisms which can be levelled
at fishery scientists is our tendency to underestimate the importance of fun-
damentals in our eagerness to address the so-called important problems.
That is, running before we learn to walk! Let me hasten to add that some-
tires scientists are influenced by external pressures to run when they know
they haven't learned to walk. However, at other times these pressures are
self-induced. Fundamentals are particularly important in rockfish studies
because so little is known about these diverse fishes. For the northeast Pa-
cific Ocean, 1 found only one rockfish bibliography, and that was limited to
species other than Sebastes alutus {Westrheim and Leaman 1976), and ex-
cluded the purely taxonomic Iiterature. The closing date was April 1976.
The bibliography contained 171 references and referred to 20 subject cate-
gories. Only 13 of the references were published prior to 1950.

Today 1 wish to lightly review three examples in which fundamentals have
received variable attention, These subjects are: identification, age determi-
nation, and distribution. The latter is taken in the broad sense, and hence
includes behavior.



Identification

Is there any more fundamental subject than identification of the species with
which we are dealing? And yet, after more than 100 years of study, the
taxonomy of scorpaenids is not complete in the northeast Pacific Ocean, nor,
I discovered, in some other areas of the world.

Within the region extending from the Gulf of Califernia to the Gulf of
Alaska, there are 638 “certified” scorpaenid species, currently classified into
four genera--Scorpaena {1); Scorpaenodes (1); Sebastolobus (2); and Sebastes
(64) (Chen 1975; Robins 1980; and Eschmeyer et al 1983). Only Sebastes
continues to present taxonomic problems, and will be our exclusive subject
for the remainder of this presentation. The Bering Sea, where the ranges of
Asiatic and Nerth American scorpaenids probably overlap, has been ex-
cluded, because I could find no definitive taxonomic work comparable to that
for the northeast Pacific Ocean.

Taxonomic problems of Sebastes at the species level stemmed originally from
inadequate technology. Initial criteria were morphological characteristics,
such as Cramer's (1895} cranial criteria, whose variation did not necessarily
reflect genetic separation. The first step toward to genetic basis for classifi-
cation of rockfishes was taken by Tsuyuki, Roberts, and Vanstone (1965),
who employed relatively simple protein electrophoresis on nine species of
rockfishes as well as other marine species.

Subsequent electrophoretic analyses revealed the presence of sibling species,
or variants, of S. eos (Barrett et al 1966); S crameri and S. reedi
{Westrheim and Tsuyuki 1967); and 8. aleutianus and S. diploproa (Tsuyuki
et al 1968). More complex and comprehensive electrophoretic analyses by
Seeb (1985) revealed the presence of the variants B of S. aleutianus and §.
reedi in the Gulf of Alaska, and suggested that 8. ciliatus comprised twe
Faister” species. Teuyuki, Roberts and Vanstone {1965, p. 209) noted in a
footnote that S. ciliatus was actually a “complex of three or four forms."

Seeb (1985) also demonstrated the natural hybridization of S. auriculatus
and caurinus in Puget Sound, Washington. This may explain the variability
in numbers of coronal spines of 8. auriculatus, reported by Hitz and DeLacy
(1961).

The variant species of 8. aleutianus and 8. reedi are not a serious problem in
British Celumbia waters, because variant A predominated there in both
species (Tsuyuki et al 1968). Variant B of S. aleutianus predominated in
samples collected off southeastern Alaska, 8. reedi electropherograms were
not collected north or south of British Columbia’

Perhaps the most graphic example of underestimating the importance of
rockfish species identification occurred in the northwest Atlantic Ocean.
During 1947-54, extensive and comprehensive trawl surveys were condueted
to assess the redfish (Sebastes) resource (Templeman 1959), Unfortunately,
during the survey unly one species, S. marinus, was assumed to occupy the
region. As late as 1966 only one species was acknowledged (Leim and Scott
1866). Barsukov (1968) reported that there were three species--S. marinus
(Linnaeus 1758; 8. fasciatus (Storer 1856); and §. mentella (Travin 1851).

6



While these species are now accepted, identification problems peraist, as in-
dicated by the recent report of Power and Ni (1985).

In the western Pacific Ocean, Sebastes species diversity is similar to that in
the eastern Pacific Ocean (Matsubara 1943). Here too problems abound.
Chen (1985) reported that S. inermis, a ubiquitous and commercially impor-
tant species, comprises three meristic types which seem to represent three
separate species. However, "no known features can clearly differentiate
some of the specimens which are meristically intermediate™ (op. cit. p 23).
Does this sound familiar?

Age Determination

If identification of species is of primary importance, certainly validated age
determination must be the next most important subject, and certainly the
one most frequently treated in a superficial manner enroute to so-called
more important problems. While the resolution of some of the rockfish iden-
tification problerns required new technologies developed in the 1960s, such is
not the case with age determination problems. Van Oosten (1929) described
the basic procedures for age determination and Walford and Mosher (1943a
and b) enlarged on these. Unfortunately, few studies have followed their
precepts.

Beamish and McFarlane (1983) surveyed 500 studies published during 1907-
80 which included estimates of fish age. Of these, only 65 percent men-
tioned age validation or attempted to validate the ageing technique, and Jess
than 3 percent of the studies included validation of all age classes. They also
reviewed 75 additional reports published in primary journals during 1965-80
which dealt with stock dynamics. Only 40 percent of these mentioned or at-
tempted age validation, and none successfully validated all age classes used
in the analysis. Beamish and McFarlane (op. cit.) cite two examples where
use of inaccurate ages caused sericus problems in management and or under-
standing of fish populations. One of these examples was S. alutus.

One problem not considered by Van Qosten (1929) or Walford and Mosher
(1943a and b) was a change over time in interpreting annuli criteria.
Kimura (1973) documented this devastating phenomenon with respect to the
Pacific sardine (Sardinops sagax). In a classic study, Walford and Mosher
(1943a and b} developed and validated criteria for ageing this species. How-
ever, during the next 20 years, scale-reading staff gradually changed, and s0
did the interpretation of criteria for the first annulus. The result was that
growth appeared to increase as the abundance of sardines declined. Density-
dependent growth was duly reported (Marr 1960).

In summary, validation of age-determination methods must be considered to
be an on-going occupation.

As for rockfishes in the northeast Pacific Ocean, 1 could not find any species
for which ages have been validated for all age classes, as suggested by
Beamish and McFarlane (1985). However, the earlier methods employing
scales or surface readings of otoliths have been largely discredited, at least
for the older age classes, as the result of new techniques described by
Beamish (1979), Bennett et al {1982), and Chilton and Beamish (1982}, De-



spite the lack of complete validation, there is little doubt now that we are
dealing with species whose life span is substantially longer than heretofore
considered. More importantly, the slower growth and extended longevity
imply a substantially lower optimum exploitation rate,

Distribution

Distribution may well be the third most important subject, and certainly the
least studied. Accessibility and cost are important inhibitory factors, partic-
ularly for the offshore species.

Distribution of S. alutus is at least partially delineated, and is indeed com-
plex. These fish form schools which vary in shape from stratus-like to cu-
mulus-like “clouds" which do not always maintain contact with the bottom
(Westrheim 1970). Based on on-bottom traw) catches, catch rate, size com-
position, age composition, and sex ratio vary bathymetrically, both intra-
and inter-seasonally (Westrheim 1970, 1973, 1975). Furthermore, age-
length relationship varies bathymetrically (op. cit. 1973, 1975}, and propor-
tions of 8. alutus in research vessel catches of rockfish vary with type of bot-
tom (Westrheim 1970, 1974). Bottom type is often ignored as a parameter
in studying distributien, or conducting biomass surveys using the swept-area
method.

The above-mentioned studies marked a good beginning, but can hardly be
considered complete. Unfortunately, similar studies on other important off-
shore species are minor or non-existent, and may well prove to be more diffi-
cult than those for S. alutus.

The distribution/behavior of 5. alutus has an obvious effect on estimating
mortality rates and abundance. Since age compesition varies bathymetri-
cally, data collected from commercial landings should be correborated with
research vessel samples which span the more important depth intervals.
Abundance estimates, either by CPUEs or biomass estimates, are affected by
the schooling behavier. Catchability likely varies inversely with absolute
abundance, and if so, CPUE is too low when abundance is high, and too high
when absolute abundance is low. The vertical schoaling would affect esti-
mates of CPUE and biomass, based on the conventional swept-area method
with on-bottom trawls, Such biomass estimates are also affected, in some
areas, by the propensity of the fish to prefer certain bottom types, unless
this factor has been incorporated into the survey plan.

Summary

My theme of this keynote address is the importance of fundamentals in the
practice of fisheries science. The choice of rockfish for examples was only
dictated by the subject of this symposium. And now, how well are we doing
with respect to rockfish? Currently, I think we are doing as well as possible,
considering the inevitable limitations.

We have correctly identified all or nearly all the important commercial
species in the northeast Pacific, and most of the others as well. Personally, 1
hope that electrophoresis will be utilized more extensively here and else-



where in the world. Electrophoresis is not a difficult procedure, and some
species might benefit by electrophoretic corroboration of their status.

Age determination has turned the corner. Long life-span and lower optimum
exploitation rates are generally accepted. Firm proof of absolute age deter-
mination will be very difficult. For example, tagging juvenile rockfish of
known age, or adult fish of any age, is technically impossible at this time, for
most species including 8. alutus.

Distribution/behavior is probably our weakest point. There appears to be lit-
tle interest, or support, except for the inshore species, which admittedly are
more accessible and less costly to study. Perhaps the research climate will
improve before all of you must face retirement.
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The redfish resources off
Canada’s east coast

D.B. Atkinson
Department of Fisheries and Oceans
St. John's, Newfoundland

Introduction

The existence of redfish of the Genus 5Sebastes in the Northwest
Atlantic has been known since at least 1856 when Storer briefly
described and named Sebastes fasciatus from the Gulf of Maine. Since
then, a great deal of work has been carried out by Canadian, American
and other scientists on the distributien and biology of the redfish
species 1n the western Atlantic and important commercial fisheries have
been developed, first by the United States, but followed by increasing
participation by Canada and other nations.

Today there are B different stocks or management units of redfish
recognized off the east coast of North America (excluding West
Greenland) and the nominal catch 1is the second largest of all
groundfish species in this area. Of these units, 7 are located off the
east coast of Canada. These stocks were origirally managed by the
International Commission for the Northwest Atlantic Fisheries (ICNAF)
but with extended jurisdiction, are now managed either by Canada alone
or internationally through the Northwest Atlantic Fisheries
Organization (NAFD). The total allowable catch from these 7 units for
1985, under quota regulation, was about 199,000 mt of which Camada's
allocation was 140,870 mt. A total of 72,200 mt were taken with a
landed value of 15.2 million dollars to the Canadian industry.

This paper presents information on the distribution and biology of the
different spectes of redfish (Sebastes spp.}, the history of the
fishery, present management practiceés and cngoing research for the area
off the east coast of Canada. The paper s, by no means, meant to be an
exhaustive review of this topic.
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Distribution and Biology

Geographic distribution

Redfish are distributed fairly extensively 1n the Horthwest
Atlantic (Fig. 1). Their southernmost range limit is in the deep waters
off New Jersey, and they can be found inhabiting water from 75-750 m
north from this area: off the Nova Scotia and Newfoundland Banks, in
the Gulf of St. Lawrence, along the continental slope from the
southwestern Grand Bank to Hamilton Inlet Bank and in the area of
Flemish Cap. The fish are also present, but fn fewer numbers, northward
to off the coast of Baffin Island, and off West Greenland. This
distribution has been determined over a number of years from Jarvae
distribution {eg. Murray and Hjort 1912; Danmmevig 1919; Frost 1936),
exploratory fishing (eg. Templeman and Handrigan M5 1949; Templeman
1957; Templeman 1961} and commercfal fishing (eq. Savvatimski and
Sidorenko 1966).

Within this area of distribution, redfish are found over a wide range
of depths, In the GuIf of Maine, although most commonly found in depths
greater than about 75 m, they have been, on occasion, found in shallow
enough water to be taken on hook and line (Anon. 1956). Off the east
coast of Canada, the main concentrations are found between about
200-750 m on the west slope of Flemish Cap, the south arnd northeast
slopes of Grand Bank, the northeast slopes of Funk Island Bank and
Hamilton Bank, the north slope of belle Island Bank, off southwest
Newfoundland and in the Gulf of St. tawrence {(Ni and MWcKone 1983).
According to these authors, the general patterns of distribution and
concentration noted between 1978 and 1980 were similar to those
determined during 1947-1954 by Templeman (1959).

There 1s no evidence for any large scale migrations of redfish in the
Northwest Atlantic, although it is known that redfish in the Gulf of
St. Lawrence move to the mouth of the Gulf during the winter months
{Atkinson 1984).

Depth distribution

Numercus studies have showh that the proportion of larger redfish
increases with depth. Templeman and Knapp-Fisher (MS 1951) noted that,
when fishing along the edges of the Grand Bank at greater depths than
previously, Targer fish were obtained than had been caught in shallower
waters. Perlmutter (1953), Schroeder [1955), Templeman (1955, 1957,
1989) and Hennemuth and Brown (M5 1964) all reported the same
phenomenon  from analyses of data from the Gulf of Maine to NAFC
Division 2J off Labrador. Other authors have also shown that the
distributfon of fish up and down the slopes can change with season
{Sidorenko M5 1966; Chekova 1972; Nikolskaya MS 1973; Atkinson 1984),
R1t of these studies indicated that redfish generally move into deeper
waters during the winter months as hypothesized 196l by Templeman and
Pitt.

Temperature distribution
Templeman {1959} indicated that in MNorth American waters, redfish

concentrations were wusually associated with water temperatures of
3-6*C. He did, however, note that substantial catches were sometimes
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sometimes taken in areas with temperatures of 1-2°C. Atkinson (1984)
found that during the winter, the largest concentrations of redfish in
the Gulf of St. Lawrence were located in temperatures close to 7°C. It
would appear that, given a fairly wide range of temperatures, redfish
distribution s more influenced by depth then by temperature.

Diel movements

Tha2 movement of Northwest Atiantic redfish up in the water column at
night and down againm during daylight (diel movemeni) is well
documented. Steele (1957} noted that catches were greatly reduced when
fishing was done at night. Konstantinov and Shcherbine (1958) reviewed
changes in commercial catches of redfish on Flemish Cap and slopes of
the Grand Bank and noted that at night the redfish were following
upward migrations of their prey. Sandeman (1969a) also noted that there
were significant differences in research catches at different time
periods on the eastern slopes of the Grand Bank. Parsons and Parsons
(1976) attempted to quantify the differences in day-night catches in
HAFO Division 3P. They also found that there was differential) diel
variation with size, in that it appeared that there were greater
proportions of intermediate sized fish {22-30 cm) moving off the bottom
at night. They pointed out the importance of these phenomena when
constdering the design of, and interpretation of results from, trawling
surveys aimed at redfish.

Reproductien

The redfish of the North Atlantic are ovoviviparous but the females are
quite fecund, producing up to about 58,000 eggs (Jones 1969). Ni and
Sandeman (1984} showed that a geographic c¢line in size at maturity
exists with a decreasing trend from north to south. They als¢ found
that the size at maturity s much greater for females than males. For
beaked redfish, the length at 50% maturity of males ranged from about
2% om in the north {NAFD Subareas O and 1) to about 15 cm in the south
{NAFC Division 4X} while it ranged from about 45 cm to 25 ¢m for
females over the same area.

In 1955, Magnisson stated that redfish in Northeast Atlantic waters
mated during October-January but Sorokin (1961) postulated that they
copulated during August-October. Steele (1957) felt that gonad
development in the Gulf of St. Lawrence redfish fit the pattern
described by Magnisson and therefore assigned an October-January
copulation period. Sidorenko (1966) stated that copulation occurred
from August to November in the Northwest Atlantic while Wikolskaya (MS
1973) suggested an August-October period. More recently, the latter
author (1977) suggested that fn the region of southern Labrador, the
mating season is more protracted, vunning from July to December. From
the results of a large number of samples collected off the south coast
of Newfoundland (NAFO Division 3P}, Ni and Templeman (1985) concluded
that copulation most likely occurs during the same period as determined
by Magnisson {1955} for MNortheast Atlantic redfish
{1.e oOctober-January), but that fertilization is delayed until
February-April.

The larvae are released when about 7-9 mm in length (Templeman 1959;

Bainbridge and Cooper 1971). The extrusion times vary with area. Travin
and Pechenik (1962) found that larval extrusion peaked in May in NAFO
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Divistons 3K and 3L and in June off the Labrador coast. They also
reported that peak larval extrusion took place 1n April-May on Flemish
Cap. Bainbridge and Cooper (1971) state that extrusion takes place in
June off iabrador and the northeast coast of Newfoundland and that
larvae are first extruded in April on Flemish Cap. According to
Templeman (1976), extrusion on Flemish Cap extends from March or April
to July or August with the earliest spawning taking place in deeper
water., Ni and Templeman (1985} indicated that larval release takes
place from April-July (mainly May-Jdune) off the south coast of
Newfoundland, while in the Gulf of St. Lawrence, larvae are released
during May-July (Steele 1957). In the Gulf of Maine, larvae are
extruded from April-September (Kelly and Wolf 195%).

Ageing and growth rates

After being released at lengths of 7-9 mm, sharp-beaked redfish grow
slowly and attain lengths of between 40-50 cm. The golden redfish grow
much larger and can achieve lengths of 60-70 cm.

The ageing and, therefore, growth rates of Sebastes spp. have been
contentious issues for a number of years. Saemundsson (1932) mentioned
that this fish is slow-growing and long lived. During the 1950's a
number of papers {e.g. Bratberg 1955, Sandeman 1957; Kotthaus 1958;
Kelly and Wolf 1959; Rasmussen 1958) described the growth of redfish in
various parts of the Atlantic Ocean based on ageing studies using
scales or otoliths. Of these authars, Kotthaus alcne was of the opinion
that the fish were short 1ived and fast growing. At a Redfish Symposium
held in Copenhagen, Denmark in 1959, a decision was reached in favor of
slow growth 'though further work is still required to confirm this
interpretation® {Lundbeck 1961).

Today it is generally aceppted that these fish are slow growing but the
actual rates are still gquestioned. Researchers in eastern North America
rely on the use of otolith interpretation for the determination of
redfish ages while European and Soviet scientists use scales. This has
resulted in differences ip the ages obtained for fish from the same
management units in that at present, Canadian readers age redfish up
to age 29 then add a 30+ group, while European and eastern readers
assign a maxfmum age of about 20-25 years to the oldest fish caught.
Sandeman (1969b) has aged redfish up to 50 years using otoliths. These
differences in ageing techniques and resultant differences in growth
rates have not been resolved to date.

Using otoliths, Sandeman (1969b) iYlustrated that differences in growth
rates exist between males and females, with females almost always
showing greater total growth than males. On average, females were
larger then males at any of the older ages. This was considered to be
related to the fact that males mature at @ much smaller siZe than do
the females. Sandeman's Fig. 17 (reproduced here as Fig- 2) gives a
good representation of the differences in ageing and hence, estimated
growth rates, that exist to this day between North American [otolith)
readers and those from Europe and the USSR (scales (Surkova 1962)).

Recent work on age validation of Northwest Atlantic redfish has been

carried out by McKome and Legge (MS 1980) dealing with redfish in the
Gulf of St. Lawrence and by Mayo et al. (i981) on redfish from
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Figure 2: Growth rates of beaked redfish from Hamilton Imlet Bank
(left) and Flemish Cap {right) showing growth curves derived
by Sandeman (1969) and mean lengths at age determined by
Sekova (1962). (Reproduced from Sandeman 1969b.)

the Gulf of Maine. McKone and Legge followed the exceptionally strong
year-classes of 1956 and 1958 wusing both research frequencies and
estimates of numbers at age derived from combining the frequencies with
annual age length keys. They were able to follow these year classes
from 1972-197% and concluded that otoliths were satisfactory for ageing
redffsh. Mayo and his co-workers validated the use of otoliths on young
fish {up to age 7). They followed the seasonal formation of hyaline and
opague edges on otolith sections and compared mean length at age with
observed modes of length frequencies of the 1971 year-class for the
period 1971-1978. i

Natural mortality

No precise estimates of natural mortality rate (M) are available for
any redfish stock fn the Northwest Atlantic. However, it is known that
the natural mortality rate for a long lived, slow growing fish such as
redffsh must be very low related to faster growing species such as cod
and herring. For both of these latter fish, a coefficient of 0.2 has
been assumed. Westrheim et al. (MS 1972) estimated M to be 0.12 for
Pacific oceam perch and Sandeman (M5 1973) considered that for
Nerthwest Atlantic redfish, M 15 between 0.1 and 0.05. Because of the
lack of any other evidence, a natural mortality rate of 0.1 has been
assumed, for assessment purposes, for a number of years. It is most
probable that M lies below this Tevel although a suitable alternatfve
has not been determined at this time. Mayo et al. {MS 1983) assumed a
level of 0.05 for Gulf of Maine redfish.
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Food and feeding

The food and feeding of redfish off Canada's east coast has not been
studied extensively. One of the main problems is that when these fish
are brought to the surface, thefr stomachs are quite often either
wholly or partfally everted making any quantitative analysis difficult.
Lambert (1960}, Yanulov {1962) and Kashintsev {1962} found that redfish
are petagic amd bathypelagfic feeders, consuming a variety of fish,
euphausfds, amphipods, copepads and shrimp. Their studies showed that
as redfish grow in size, fish such as capelin and myctophids become
more important dietary items. The diet of redfish in various locations
around Newfoundland was found to vary but it was thought that this was
related to prey avaflability. Both Yanulov and Kashintsev found
differences in feeding rates with season, In spring, during the
pre-hatching and hatching period, almost nothing is eaten by efther
mates or females. Feeding rates start off low during the post-hatching
perfod but increase considerably by the end of the summer and the
maximum rates are reached during the fall-winter period. By the second
half of March, feeding has again ceased.

Parasites

The best known parasite of redfish is the ectoparasitic copepod
Se¥xr*ion lumFi which was first described on a North American redfish by
11son , 19321) from the Gulf of Maine area. Nigrelli and Firth
(1939) described the apparent pathological effects of the parasite on
redfish and described the range of infastation in the GuIf of Maine
arez (rates of 5-10%). Templeman and Squires (1960) presented the
results of an extensive survey for incidence of infestation by this
parasite in all of the areas off the east coast of Canada. They found
that pockets of infestation exfsted off Labrador (rates of 5-15%) and
on the southeast edge of the Grand Bank (rate of about 1-10%}. The
parasite could be attached at anmy point on the body but tended to
concentrate fn the cloacal region on redfish from Canadian waters in
contrast to the Gulf of Maine redfish where the parasite was more
commenly located near the base of the first spine of the dorsal fin.

Species mix

It may seem that a discussion of the species of Sebastes present in the
Northwest Atlantic should come at a much earTier point in a review
paper of this type. However, this is a complicated and, up umtil
recently, a very confused area of research and most of the previously
described investigations did not deal with a specific species, but a
species mix. As was noted earlier, Storer (1856), described a redfish
species in the Gulf of Maine and called it Sebastes fasciatus. This
nomenclature was largely idgnored after that "and the redfish in the
Northwest Atlantic were assumed to be S. marinus, the same species as
that in the Northeast Atlantic.

Around 1949, Lundbeck {see Kotthaus 1961} noted that besides 5.
viviparous, there existed, in the Hortheast Atlantic, the common
redTish, 5. marinus, and another deep water type, the beaked perch. In
1951, this deep water variety was described by Travin (Templeman 1959)
and named S. mentella, a new species. In the Northwast Atlantic,
Templeman and Sandemam {1957} first noted that there were apparently
two dffferent types of redfish in the waters arpund Newfoundland,
S. marinus and 5. mentella. Templeman (1958) indicated that in the
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area from off Baffin Island and West Greenland, south to the Gulf of
Maine the mentella-type redfish predominated. He noted that the
marinus-type was found in shallower water, grew larger and became
sexually mature at larger sizes than the mentella-type but occurred in
much fewer numbers. The taxanomic status of these two 'types' was
discussed extensively during the 1959 Redfish Symposium in Copenhagen
{see eg Mead and Sindermann 1961}.

Although Templemar and Sandeman ({1956), Sandeman (1961, 1969b) and
Templeman (1967} did note that the North American mentella-type was, or
could be, different from the oceanic eastern Atlantic form, up until
the early 1970's, only two species of redfish were thought to exist in
the Northwest Atlantic (S. marinus and 5. mentella) and research was
carried out accordingly.” However, in I968, Soviet scientists began
publishing information concerning a third species, S. fasciatus
(Barsukov 1968, 1972; Barsukov and Zakarhov 1972; Litvinenko 19747,
These authors stated that S. mentella was more prevalent in the north,
and less toward the south.” Témpleman (1976) acknowledged these studies
and used the classification of S. mentella to include the true
5. mentella as well as the 'American form of the sharp-beaked redfish',
5. Tasciatus (Storer).

Beginning in the late 1970's, detailed studies of the species problem
was initiated in Mewfoundland. Ni (1981a, 1981b) used the extrinsic gas
bladder musculature and meristics and morphometrics to separate
5. mentella and 5. fasciatus in the northeastern Grand Bank area. In
T98Z, Fower and Wi describad the gas bladder musculature of S. marinus
and indicated that it could be used to separate this species from the
beaked species. Ni {1982) described the meristic variation in the North
American beaked vedfish from Baffin Island and West Greenland to the
Nova Scotta Shelf. His findings agreed with the earlier work by the
Soviets that there was a gradual transition from S. mentella in the
north to S. fasciatus in the south, His findings™aré summarized in
Fig. 3. Tn 1988, Wi described the meristic differences between
5. marinus and the beaked redfish of the Northwest Atlantic. He pointed
But” that it is easier to separate S. marinus from the beaked redfish
than to separate 5. meptella and” S. Tasciatus. Litvinenko (1979)
described the redfish from the Gulf of Mafne as 5. fasciatus.

Robins et al. {1980) described 5. fasciatus, $. mentella and S. marfnus
as different species, but considerable discussion has continued as to
whether these are true species or not {e.g. Payne and Ni 1982;
Kenchingten 1983; Ni 1983; Kenchington 1986). Robins et al. (1986)
again treat the three types as separate species. They also address the
problem of common names. S. marinus s called 'golden redfish’,
5. mentella is named 'deep-water redfish' and S. fasciatus 1is
designated 'Acadian redfish'. The authors note thit tRese wifl be
included as separate species in the upcoming (1990} fifth edition of "“A
List of Common and Scientific Names of Fishes from the United States
and Canada". *

The sharp-beaked redfish are flame red in color while the golden
redfish are more orange or yellow-red. This latter species has a
relatively smaller eye and the bony protrusion on the Tower jaw fis
usually blunt or weak. It is usually found in depths of less than
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species [reproduced from Ni 1982).

about 275 m. The sharp-beaked redfish has a relatively large eye and
the bony protrusfon on the lower jaw is long and well developed. It s
very difficult to discern between 5. mentella and 5. fasciatus based on
morphological characters and in thé fTeld the two are generally treated
as 'beaked redfish' without further separation.

Oceanic redfish

There is one other group of redfish of Genus Sebastes that has been
found off Labrador. These are pelagic fish that have been taken on long
lines over the ocean depths. Templeman (1967) described catches of
these fish taken at the mid-mouth of the Labrador Sea. The water depth
js 3060-3660 m in this area. He noted that these fish were heavily
infested with the parasite Sphyrion lumpi and were probably part of an
oceanfc population that ha en previously shown to exist in a large
eddy system extending from Iceland and Greenland to the Labrador and
northeast Newfoundland shelves. This stock does not appear te have any
commercial jmportance im North America, and no recent work has been
carried cut in this area,

The Fishery

The fishery for redfish in the Northwest Atlantic {s primarily based on
catches of the sharp-beaked redfish, S$. mentella and 5. fasciatus.
S. marinus are present in only relatively small numbers and are not
TonsTdered to be important to the fisheries.

Historical catches
In North America, redfish catches have been recorded from the Gulf of
Maine (NAFO Subarea 5) from as early as 1916 when 53 mt were taken by

United States fishermen (Templeman 1959). There was & considerabte
increase in this fishery In the mid-1930's when landings jumped from
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519 mt to 23,162 mt between 1934 and 1936. At this time, the fishery
also expanded somewhat into the area of the Nova Scotia Shelf {NAFQ
Subarea 4). With time, the landings from the area north of the Gulf of
Maine increased and surpassed those from this area. A fishery began
in the GuIf of St. Lawrence (MAFQ Subarea 4} in 1951 but effort was
soon diverted to the Grand Bank area (NAFD Subarea 3) resulting in a
decrease in catches from 3Subarea 4. Commercial landings were first
reported from Subarea 2 in 1958 when 77,000 mt were caught {ICNAF
1970}. Within the NAFQ Convention Area {formerly ICNAF), catches of
redfish peaked in 195% with a total of 389,000 mt being landed. They
then fluctuated around about 200,000 mt unti] the mid-1970's when total
landings began to decrease under various quota regulations. Landings in
the 1980's have been in the vicinity of 125,000 mt annuaily.

In the earliest years of the redfish fishery off North America, the
United States fleet accounted for 100% of the landings. But, during the
mid-1940's, they were joined by fishermen from Canada. In the early
1950's European vessels ({Iceland and Germany) began fishing for redfish
on this side of the Atlantic and in 1956 the USSR began sending vessels
over. Soviet landings quickly grew such that in 1958-1560 they were the
greatest for any single country. In recent years, landings by the
United States have droppad drastically under strict management
practices., From the late 1960's to the present, catches by Canada and
the USSR have consistently accounted for greater than 70% of the total
redfish Jandings from the NAF) Convention Area.

Stocks or management units

Discussions of redfish stocks in the Northwest Atlantic have always
been associated with the management of the fishery. In 1961, Mead and
Sindermann suggested that, for management purposes, three stocks of
redfish could be identified in the Northwest Atlantic. These were:
Flemish Cap, ICNAF (now NAFG} Subarea 2 + Division 3K and 3L, and
Division 30 + 3P + Subareas 4 and 5. They noted that the latter two
stocks intermingled in Division 3N but suggested that the situation in
this area was not clear. Travin et al. (1962) concluded, on the basis
of parasite and merphometric differences, that Subarea 3 could be
divided into a northern stock {Division 3K + northern 3L}, a Flemish
Cap stock and a south Newfoundland stock (Divisions 3N, 30 and 3P).
They alse concluded that {ntermingling occurred 1in Division 3M.
Bainbridge and Cooper (1971} concluded that three stocks, as defined by
Mead and Sindermann, existed based on the distribution of larvae.

Assessment of redfish began in the mid 1970's. Sandeman (MS 1973}
referred to the redfish in the Gulf of St. Lawrence as a ‘stock' when
discussing management optioms. Parsons and Parsons (MS 1973) separated
redfish from NAFO Divisions 30 and 3P based on differences in growth
rates described by Sandeman (1969b). They also separated redfish in
Divisions 3L and 3N from those in Divisions 30 and 3P based on the
conclusions of Mead and Sindermann {1961} and Bainbridge and Cooper
{1971). The data from Divisions 3L and 3N were combined since there was
inadequate evidence to indicate separate stocks. Pinhorn and Parsens
{MS$ 1974) presented an assessment of another 'stock', that in NAFO
Subarea 2 + Division 3K and in the same year, Parsons and Parsons (M$
1974a) assessed the status of the redfish on Flemish Cap. Mayo and
Miller (M5 1975) presented a preliminary assessment of the redfish in
MAFD Divisions 4¥, 44 and 4X combined. In the same year, Mayo {MS 1975)
presaented a preliminary assessment for Gulf of Maine redfish
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{Subarea 5). This was treated as a single stock because of
Jurisdictional considerations between Canada and the United States.
Thus, excluding the Baffin Bay-West Greenland area, a total of B stocks
were defined (see Fig. 1}: NAFO Subarea 2 + Division 3K
{Labrador-northern Mewfoundland), Divisfons 3L + 3N (north and east
Grand Bank), Divisien 3M (Flemish Cap), Divisiom 30 (scuthwest Grand
Bank}, Division JP [south coast of Newfoundland), Divisions 4R, 45 and
4T (Gulf of St. Lawrence), Divisions 4V, 4W and 4X (Nova Scotia Shelf}
and Subarea 5 (Gulf of Mainel.

The separation of the Northwest Atlantic redfish into these stocks, or
perhaps more properly, management units, has continued to the present
although some of these separations have been questioned. Koeller and
LeGresely (MS 1981) regarded the redfish on the southern stope of
Laurentian Channel in the Gulf of St. Lawrence as a separate stock.
Nikolskaya (MS 1981) concluded that the redfish in Division JL differ
from those in Diwvisions 3N and 30 based onm growth rates, maximum age
and domimant sizes and ages but Atkinson and Power (MS 1986), after
reviewing available data, concluded that the situation in Divisfon WM
is still unclear. They did note that it was unlikely for serfous
problems to arise in the management of Division 30 separate from
Divisfons 3L and 3N.

Attempts at stock definition in the early 1960's were confounded
unknowingly by the existence of the two species of sharp-beaked
redfish. Most recently Ni (1982), based on meristic taxa, proposed 5
management stocks off the Camadian coast. These were 1} the Baffin
Bay-Labrador stock, 2) Flemish {ap stock, 3]} Grand Bank stock and 4)
Gulf of St. Lawrence stock and 5) MNova Scotia Shelf stock. His
separation of the Grand Bank and Scotian Shelf stocks was not based on
any meristic differences, but upon different management jurisdictions
within the Canadiar Department of Fisheries and Oceans. It seems
unlfkely that the stocks, as they now exist for management purposes,
will be changed in the forseeable future although no other evidence is
avaflable te indicate that the separation is wvalid.

Management

As noted earlier, management advice was first provided for the redfish
stocks off the east coast of Canada in the early to mid 1970's. This
advice was assessed by ICKAF ({established in 1949) which was
responsible for the management of all stocks in the Horthwest Atlantic
1ying outside the waters of the coastal states. With the extension of
jurisdiction to 200 miles by both Canada and the United States in 1977,
ICNAF was replaced by two organizations. [CNAF itself was replaced by
NAFO which now has jurisdiction over stocks lying outside coastal
economic zones and alsc provides advice, when requested, for thase
stocks which overlap the economic zone of the coastal state (Canada)
and the Convention area. The United States is not a Contracting Party
of NAFD. The second organization established is the Canadian Atlamtic
Fisheries Scientiffc Advisory Committee (CAFSAC) which fs wholly
Canadian and is responsible for providing management advice for those
stocks lying completely within Canada's 200 mi. economic zone. Today,
only 2 redfish stocks are managed through WAFQ; the Flemish Cap stock
which Ties completely within the NAFD Convention area and the stock in
Divisions 3L and 3N which overlap Canada's economic 2one and the
Convention area.
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The initial assessments provided were based on general production
analyses {e.g. Parsons and Parsons MS 1973; Parsons and Parsons MS
1974a; Pinhorn and Parsons MS 1974; Mayo and Miller MS 1975}, often in
association with yield-per-recruit and catch curve analyses {(Parsons
and Parsons MS 15974b). Quotas were fimposed on these stocks based on
both the results of these early assessments and average historical
catches, but often tempered by 'gut feelings' of stock status or
condition. During this period, the reference level for fishing was MSY
or maximum sustainable yield. For yield-per-recruft analyses, Fmax
{that level of fishing mortality that results in the maximum
yield-per-recruit) was used as the reference point. The year of quota
imposftion and the corresponding quotas were as follows:

First Year
Stock of quota Quota {MT)
2+3K 1674 30,000
3LN 1974 20,000
M 1974 40,000
30 1974 15,000
3P 1974 23,000
AVYxX 1974 40,000
SA 5 1973 30,000

Assessments of redfish in the Guif of St. Lawrence were reviewed within
ICHAF {e.g. Berthome and Forest M5 1976} but the imposition of gquotas
was the sole responsibility of the coastal state, Canada. In 1976 an
initial TAC (total allowable catch) of 30,000 mt was established for
this resource.

As stated previously, management was originally based on a combination
of M5Y, Fmax , historical average catches and 'gut feelings'. Beginning
in the mid- to late 1970's, some modifications were made to these
concepts. For general production models, the reference level of MSY was
replaced by ‘yield at 2/3 MSY effort' as it was thought te be safer
than MSY 1in that 1t represented a level more to the left of the
downside of the equilibrium curve. The reference of Fmax was replaced
by FO.1, that level at which the change in yield-per-recruit with
respect to changes in mortality rate is one-tenth of that of the
fishery beginning on a virgin stock. These changes were implemented to
promote stock rebuilding and Improved catch rates as extensive
over-fishing of most of the commercial species off Canada's east coast
in the early- to mid-1970's had resulted in depressed stocks. They
remain in effect today {in most cases) as reference levels when
carrying out assessments of redfish off eastern Canada.

Since 1975, assessments of the 7 redfish stocks have been carried out
annually using general production analyses {e.g. Parsons and Parsons MS
1973, MS 1974a; Pinhorn and Parsons MS 1974; Mayo and Miller MS 1975;
Mckone M5 1979; Atkinson MS 1983; Atkinson M5 1985} as well as
sequential population analyses (cohort, ¥YPA) (e.g. Parsons and Parsons
MS 1975; Atkinson et al. MS 1980; McKone et al, MS 1980; Maguire et al.
MS 1983). General production analyses have been used most frequently
although the assumption of equilibrium ‘fs knowingly violated.
Sequential population analyses have generally not been satisfactory
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because of a ‘tack of a sufficiently long time series of commercial
catch-at-age data cougﬂed with Tow levels of fishing mortality. The
most recent (1986) TAC's and the basis for them are as follows:

Stack TAC (MT) BASIS

243K 35,000 Retained starting 1980, based on
yield at 2/3 effort MSY.

3LN 25,000 Retained starting 1980, based on
yield at 2/3 effort MSY.

M 20,000 Retained starting 1979, based on
yleld at MSY.

30 20,000 Retained starting 1978, based on
yield at MSY.

3P 18,000 Retained starting 1980, based on
FO.1 catch of 18,000 MT.

4RST 55,000 Based on FO.l strategy with some
modifications based on ecomonics.

avux 30,000 Retained starting 1980, based on

yield at 2/3 effort MSY.

Research and the Future

Much of the research on redfish off the east coast of Canada was done
when the existence of the two species, 5. mentella and S. fasciatus,
was unknown. Much of this work needs to Be redone and studigs in This
direction are beqinning, The differences in growth rates noted by
Sandeman (1269b) may be, in part, due to different proportions of the
two species present in his samples from different areas. For example,
examination of the depths from which Sandeman's samples were taken,
and comparison with Ni's (1982} findings, would suggest that Parsons
and Parsons' (MS 1973) basis for separation of Division 30 and 3P
redfish (differest growth rates) is merely a reflection of sampling
differences. It appears that §. fasciatus may have been sampled from
Division 30, while a mixture was sampled from 3P. This needs to be
reexamined.

There appears to be a ¢line from north to south with regard to the
extrusion time of larvae, Ni and Templeman (1985) noted that the
sequence of larval release off the south coast of Newfoundland appeared
to be 5. mentella, 5. marinus then S. fasciatus, If this is the case,
then the diTTerent relative abundance of The species may account for
some of the previously noted differences in release times.

The age and growth (and hence natural mortality} of these redfish still
requires a great deal of work. Age determination and validation is
ongoing both through otolith interpretation and the use of
radicisotopes. For thfs work to be valid, there must be a separatfon of
the two sharp-beaked species.

The diel movements of these fish are well documented. These mavements
have serious implications when conducting trawling surveys for redfish.
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The phenomenon 1s being studied through the use of hydroacoustics.
Preliminary data analyses have not yielded any solutions, but instead,
indicate that a solution to the probiem may be mare complicated then a
simple quantification of movement related to time of day in that there
may be depth, 1ight and fish denstty relationships involved.

Investigations are alsc underway iJnto the use of hydroacoustics for
estimating biomass of redfish. Besides the technological problems
invelved in working in water depths up to 750 m, such things as species
identification and target strength need to be resolved.

The assessment methodology presently in use for the evaluation of the
status of the redfish stocks has many shortcomings. While sequential
population analysis may become more useful as the time series of data
is increased and accumulated fishing mortalities become high enough for
matrix conversion, problems related to ageing may still remain. General
production models wusually assume that the stock 15 in equilibrium
{losses due to mortality, either natural or fishing, are balanced by
recruitment}. These assumptions are clearly violated in manmy of these
redfish stocks where recruitment 1is highly wvariable. Using running
averages of effort (Gulland 1961) is one way of handiing this situation
but 1is in many ways inadequate. Investigations are now underway intc
the use of & non-equilibrium production model {after Rivard and 8ledsoe
1978) 1n the assessment of these redfish.

Another point that has been raised im recent years fis that of the
specles mix in the commercial catches. Suggestions have been made that
the two sharp-beaked species should be separated for management
purpeses. Whether this i¢ possible or practical remains to be seen. It
is first necessary to learn and understand a great deal more about the
distribution of the two species with regard to area, depth and season.
An easy, reliable method for species identification in the field, for
bath fisheries personnel and fishermen, will have to be developed. In
the end, 1t may mot be practical to separate quotas or other management
policies based on the distributions of these species.

Today, the redfish fishery off the east coast of Canada is in a healthy
state. Markets have improved steadily in recent years and in 1985, the
Canadian catch of 72,200 mt represented a landed value of 15.5 million
doltars and transiated into a total product value of 53.9 million
dollars. There 15 still room for expansion, as the 1985 landings only
represented about 50% of Canada’s total allocation from the redfish
quotas. Continued monitoring of these fisherfes coupled with ongoing
research will ensure the viability of these fish and their fishery on
into the future.
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Abstract

Rockfish have been caught off California since prehistoriec times.

While 60 specles are recorded In California watera, less than
20 species make significant contributions to landings by the dlverse
gears that are used In the fisherjes. This paper reviews dynamics in

the alze and composition of the fishing fleets and landings. Recent
events in the fisheries are compared with the history, and impertant
management and research problems of the present are discuased.

History of Landings

Californians have captured rockfish for centuries. California Indians
consumed rockfish 1n prehistorie times (Fiteh 1972). Rockfish had
attained commercial importance in California by 1875 (Phillips 1957).
By the turn of the century, annual landings had reached about 750 mt
and there were about 1,500,000 people in the state. Now, with
25,000,000 pecple, landings of rockfish have increased to 20,000 mt,
a 60% gain i{n landings per capita. The California Department of Fish
and Game Dbegan ocomplling fish recelpt data 1n 1916 {Heilmann and
Carlisle 1970; Figure 1). These data include most landings, but some
amall landinga do not enter normal market channels and are not
1ncluded.

The landings were falrly stable, generally between 2,000 and 4,000 mt,
until the Second World War first interfered with the fishery and then
created a large demand. Until 1943, most rockfish were caught by hook—
and-line gear; only 5% were landed by trawlers, In late 1943, a boat
moved from Astoria, Oregon, to Eureka and used a high-rise trawl called
a "balleoon trawl™ (Phillips 194%). The balleon trawl was very

35



s 8B 2RE S
1

16 -
14
12 A
10

Landing (1000 mi)

[ I R O ]
i

R R e RARAAZALL;  RASRRSERR] IRAANAR AL L TFrrrTey
186 1926 1936 1948 1836 1966 1976

Year

Figure 1. California commercisl landings of rockfish, 1916—1985,
Source: 1916-1968 (Helmann and Carlisle 1970),
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effective in capturing rockfish. Use of the balleon trawl apread
rapldly and trawl-caught rockfish have dominated the landings slnce
Toul, A peak ocourred in landings in 1945 because of the demand from
army campa on the Weat Ceast. Landings declined at the end of the war
when the camps were phased out.

I did not find explanations for fluctuations in landings between 1950
and 1970. During the past 15 yeara, landings have increased
considerably as the result of better market demand, net design,
acoustica, and mnavigation, Landings peaked in 1982. In that year,
many beats from Oregon and Washington flshed In northern and central
California. These veasals made large landings of widow rockfish
{Sebastes entomelas) as well as other species of rockfish. In addition
te the expanded trawl effort in the 1980's, glll-net vessels also have
Inereased effort.

Since 1983, widow rockfish landings and, tc¢ some degree, landings of
other apecies have been constralned by Paelfiec Flshery Management
Council regulations.

The hook-and-line fishery in the early days was fairly primitlve. Most
trips lasted less than a day and often the crew ajze was one, Meost
fishing took place close to port and in water less than 100 fathoms
(Scofleld 1947), Landings were domlnated by black rockfish
(5. melanops) in northern Californla, bocaccio (5. paucispinis) and
chilipepper (S. goodei) in central California, and vermilion rockfish
(S. minlatus) in scuthern Cazlifcrnia. After the advent of the halloon
trawl, csnary rockfish (5. pinniger) replaced black rockfish in
northern California and bocaceio and chilipepper replaced vermilion
rockfish in parts of scuthern California. Catches of widow rockfish
were minor before 1979 when vessels with midwater trawls began
targeting on them, In very recent years, bank rockfish (5. rufus) have
become more important in landings.

Trawl fishery

It is not very meaningful to discuss solely the California trawl fleet,
because many veasels fish in more than one state during the year.
The fleet !s very dynamic. Of the 600 trawlers that participated in
the Californla, Oregon, and Washington flshery for groundfish between
1981 and 1984, only 400 participated in the 1984 fishery. Of the 200
that aidn't, records are incomplete for about half (E. Ueber, personal
communlcation). We do know that about S0 sank or burned, 30 fished in
other areas or for other groups of fish, and 30 didn't operate because
of bankruptoy or cother problems.

Most trawl-caught rockfish enter the fresh fish market as filiets.
In recent years, wldow rockfish, bocaceclo, chilipepper, and bank
rockfiakh have dominated the trawl landings. The ex-vessel price of
most trawl-caught rackfish is $0.275/1b. The trawl landings of
rockfish in California are worth about $10,000,000.
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Gill—-net fishery

Another Important gear for rockfish in scuthern and central Californis
is the glil net. Thia gear la prohibited In neorthern California.
Landings by this gear are not ss dominated by widow rockfish, bocacclo,
and chilipepper as traw] landinga are. Yellowtail rockfish
{§. flavidua) and blue rockfish {5. mystinus) are also lmpartant.

In 1985, almost 900 vessels were licensed to use gill neta (E. Ueber,
personal communication). While I do not have accurate data, probably
several hundred glll-net vessels landed rockfish (n California.

Our data for California gill-net landings are incomplete, but the catch
of rockfish was more than 2,700 mt In 1985, Gillnetted flsh tend to be
worth more than trawl-caught fish. I estimate that 1985 landings were
worth several million dollars to the fishermen. While some gillnetted
rockfish are filleted, many enter the market as whole or dressed fish.

A number of problems are assoclated with the gili-net fishery in
Californla. Bealdes the wusual gear conflicts, there are major
incldental kills of aeablirds and marine mammals. Because of the
problems, there 13 considerable public support to elther ban the gear
altogether or severely restrict it.

Hook-and-line fishery

Rookfiash are still commerclally caught by hook-and-line flshermen in
California. While this fishery captures the same species as the other
geara, there ia a greater tendency to fish for specialized markets such
as the Chinese restaurant trade. The brown rockfish (8. auriculatus)
and several closely related species are preferred for this market.
Flshermen receive as much as $3.00/1b for fish in good condition.
Sometimes the fish are kept alive until just before cocking.

I don't have a firm estimate of the number of hook-and-line vessels
fishing for rockflsh In California. It is approximately 300,
1985 landings were about 1,000 mt. I estimate that these landings were
worth 1 to 2 million dollars. Moat hook-and-line caught rockfish enter
the market as whole or dressed fish,

Recreatlonzl fishery

Rockfish are very important for recreatlonal fisherles. Besides belng
good eating, rockfish can be as large as 28 1bs {such as the coweced,
5. levia}, can be very oolorful (such as the starry rockfish,
8. constellatus), and can be very attractive when viewed underwater
(such as the treefish, S, serricepa). While catches are usually
dominated by one or two specles, wWe have sampled more than 12 species
on a asingle party-boat trip. The varlety ls appealing to some anglers.

While the California recreational fishery probably is worth more than
commerclal flsheries of most nationas, 1t is not very well documented.
This is because it is difficult to adequately sample recreational
landinga. Statisties have been collected from the party-boat fishery

38



through a logbook syatem since 1936 (Collyer 1949, Young 1969), Since
1981, the entire flahery has been sampled by a phone lInterview and
field sampling program (U.S. Department of Commerce 1986).

The party-boat Fishery Is concentrated in southern California. Prior
to the 195%0's, rockfish did not support a major targeted fishery 1In
southern California. Anglers preferred the then abundant barracuda
(Sphyraena argenteal. Barracuda numbers declined and rockfish became
very Llmportant in the party-boat fishery. The party-boat flshery for
rockfish ia still minor in northern California.

In 1985, recreational anglers landed almost 8,000,000 rockfish {n
California (U.S. Department of Commerce 1986}, The fish weighed about
4,000 mt. Rogkfish comprised almost 1/3 of all recreatlonal fish
landed iIn the state and are the most important group of apeclies.
Forty-aix specles of rockfish were sampled from recreational catches in
1984, However, three specles——blue rockfish, black rockfish, and
yellowtail rockfish--represent about 30% of the landings. Boat anglers
make more than 90% of the landings. Landings from party boata and
private boats are about equal.

Economists have yet to agree on how to determine the wvalue of a
recreational fishery. One method ia teo appraise all costs assoclated
with fishing trips. Using this approach, economists estimated that the
California recreational fishery for all specles is worth about a
billion dollars (D. Huppert, perscnal communicationj. Thizs {s not
equivalent to the commercial Flsheries values, because there are many
factora inelwded in the recreational value not included in the ex—
vesael value of commercially landed fish. 5tiil it appears that the
recreational value significantly exceeds the commerclal value.
Agencles recognize this when making management decisions,

Status of fishery

Most stocka of traditional rockfish apecies in Californla are at or
below the M5Y level. Some, such as bocaccio, may bDe overfished.
Present regulations conslist of a gquota on widow rockfish, 40,000-1B
trip limits on commerclally caught fish, and a 15-fish bag llmit for
recreationzl fish. There are also varioua gear and area restrictions.
The objective of many of the ares regulations 1s to reduce gear
conflicts, particularly between recreationzl and commercial fishermen.

While most of the traditional species are fully utilized, two appear
not to be, Recent analysia indicates there ls some room for expanslon
in landings in chillpepper. In addition, bDank rockfiah landings have
increased in recent years. They occupy a habitat that had only been
lightly fished previcusly.

There are two other abundant, lightly exploited species. The splitnose
rockfish (5. diploproa) is quite abundant. However, it ia a very long-
lived species and, while the flshery probably c¢ould be expanded some,
care I3 needed in such an expansicn because the species could easlly
become  overfished, It is a marginal cemmerclal fish because it
produces low Flllet ylelds and Ls falrly small. Shortbelly rockflsh
{5, jordani) is very abundant and short-lived. The spacies probably
could support a fishery about the size of the other species combined.
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However, 1t is guite small (maximum size about 30 cm) and muat Dbe
processed rapidly.

Speciea targeted by recreationsl flsherles in southern and central
California appear to be fully utilized. Some of the expanalon of the
recreational fishery has come at the expense of the commercial fishery.
Several nearshore specles—-e.g., black, blue, and yellowtail rockflish--
appear to be lightly fished in northern California, Recreational
fishing in this area Is limited becsuse of the distance from population
centers,

Discussion

During historical times the commercial fishery haa passed through
several phases (Figure 1}, Between 1916 and 1947, landings were
generally between 2,000 and 4,000 mt. During the Second World War,
fishing techniques and markets lmproved and landings Increased to
between 4,000 and 8,000 mt untll 1971, Since then, technlques and
markets have again improved and landings are now about 20,000 mt.
The status of exploited speclea Indicates that landings will be between
10,000 and 30,000 mt untll other species are harveated. I an Increase
occurs, it would be a repeat of hiatory. The previous majlor increases
involved changes in the relative Importance of speciea. A future major
lncrease also 1s likely to Involve changes in specles composition of
landings. Shortbelly and splitnose rockfish are likely toc contribute
to increased landings. As In the past, lmproved market conditions are
a prerequisite to increased utilizatlon of theae two species.

Hiatory may alse be repeated in the recreational fishery, Significant
expanaion of recreational landinga of rockfish ln scuthern and central
California (s not likely to ocour without reduction of commercial
landings.

Management and researchers involved with California rockfish fisherlies
face several major problems including conflicts between recreatlonal

and commercial flsheriea. I have already mentioned the gill-net
problem. There also appears to be some overcapitalizatian.
The industry, researcher3, and managers have been discussing various
forms of limlted access management, but implementation of such

management appears Lo be years, il not decades, off. Fluctuationa In
year-¢lass atrength cause the flshery to be somewhat unpredictable,
Research aimed at this problem ts discussed in another paper ({Kendall
and Lenarz 1987). Researchers are also attempting to develop optimsl
management atrategies that account for the multispecies aspects of the
fishery. Finally, monltoring the fishery la quite expensive. We are
working on procedures to make sampling more efficlent.
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Abstract

A production history of the rockfish fisheries off western Canada is reported,
based primarily on published reports of appropriate agencies. Subjects
discussed were: 1) participating nations; 2) production records; 3) principal
species; and 4) new fisheries.

Introduction

This report chronicles the history of the rockfish fisheries off British
Columbia since 1860, based primarily on published reports.

Primary data source was Forrester of al. (1978), which provided the only
published account of the early fishery for rockfishes, as well as available
production records through 1970. Subsequent production records were
obtained from publications of the Canadian Department of Fisheries and
Oceans (DFQ), the International North Pacific Fisheries Commission
(INFFC), and the Washington State Department of Fisheries (WDF).

The INPFC groundfish statistical areas were used, because they best fit the
various data sets. Catch records by area began in 1956, and are continuous
to date. Two such areas, Vancouver angd Charlotte, encompass the coast of
British Columbia (Fig. 1). Unfortunately the southern third of the
Vancouver area encompasses the northwest coast of Washington State. This
overlap produces some unresolvable problems in segregating national
production, particularly after Canada and the United States promulgated
their individual 200-mile economic zones in 1977, Prior to 1977, Canadian
vessels rarely sought rockfish in that portion of the Vancouver area which
now lies in the U.5. 200-mile economic zone. However, during the same
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period, U.8. vessels regularly sought rockfish throughout the Vancouver
area, as well as the southern portion of the Charlotte area.

Fisheries

Domestic

The first domestic commercial fishery which included rockfish took place off
Victoria (8. Vancouver Island) "about 1860" (Lord 1866), This was a hook
and line fishery, from canoes or other small vessels, to supply the local

Victoria market with flatfish (including halibut), greenling, and rockfish,

Records of the domestic commercial fishery began in 1917 (Forrester ef ai.
1978; Table 29), and continue to date, in increasingly detailed form.

Non-domestic

Non-domestic rockfish fisheries were initiated by U.S. trawlers during the
early 1950s, prior to 1958 (Forrester ef al. 1978), and continued into 1981
(Table 1), Other national fleets which targetted on rockfish were those from
the USSR (1965-68), Japan (1966-77), and Poland (1975-76).

Table 1, Historical record of national fisheries for rockfishes ofT British Columbia, 1956-85.

=

A I aE A A

USSR Japan Poland

Time Canada
195664
1965
1966
1967-68
1969-74
1975-76
1977
1978814
1981%.a5

R R O I et
RN
R

% March 31, 1981,
April 1, 1981,

Major restraints were imposed on the non-domestic fisheries in 1971 and
1977,

On March 10, 1981, Canada proclaimed fisheries closing lines on the east
and west coasts which designated exclusive Canadian fishing zones (Anon.
1971). On the west coast, the closing lines excluded from Queen Charlotte
Bound, Hecate Strait, and Dixon Entrance all non-domestic fisheries, except
those of the United States.

On January 1, 1977, Canada promulgated its 200-mile economic zone (Anon.
19786), and thereafter all of the non-domestic fisheries were gradually phased
out. The U.8. rockfish fishery was the last to be terminated, on March 31,
1981.
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Production

Domestic (1917-85)

Historically, the domestic fishery for rockfish has been arbitrarily segregated
into five eras: 1) paleozoic (1917-42); 2) boom I {1943-46); 3} neo-paleozoic
(1947-61); and boom II (1977-85), (Table 2).

Table 2. Produetion® eras for the rockfish fishery of British Columbia, 1917-85.

Annual landings (t)

Era Years Mean Range
Paleozoic 1917-42 180 49-113
Boom [ 1943-48 1,332 1,010-1,610
Neo-paleozoic 194761 366 189-702
Renaissance 1962-76 2,261 T43-4,280
Boom 1) 1977-85 11,504 7,952-17,640

3 Sources: 1917-70 Forrester, Beardsley, ef of, (19T
1971-78 Forrester, Bakkala, ef al. {1983)
1977-80 Smith (1978, 1979, 1980, 1981)
1981-84 Leaman (1982,1983, 1984,1985)
1985 Leaman (personal communication)

Mean annual landing was 160 ¢t (range = 49-313 t) during 1917-42; rose
briefly to 1,332 t (1,010-1,610 t) during 1943-46; declined to 336 ¢ (189-703
t) during 1946-61; rase to 2,261 t (743-4,289 t) during 1962.76; then rose
more sharply to 11,504 t (7,952-17,640 t) during 1977-85.

Principal gear was probably some form of hook and line during 1917-42, and
primarily on-bottom trawl thereafter.

Raockfish landings have never been reported by species on a regular basis.
Sampling programs to estimate species composition began in 1971 (Forrester
and Smith 1973). Pacific ocean perch {(Sebastes alutus) were first reported
in the landings of 1953 (op. cit.).

National (1956-85)

All-nation, During 1956-85, the all-nation catch of rockfish in the
Vancouver-Charlotte region rose, irregularly, from 5,069 t in 1956 to a peak
of 66,419 t in 1966; declined to 17,041 t in 1971; then more-or less stabilized
at 14,600-31,700 ty, through 1985 (Fig. 2; Table 3).

The principal species throughout the study period was Pacific ocean perch, 8.
aluius.

Canada. During 1956-76, Canadian landings were penerally well below
5,000 tfy, but thereafter rose steadily to 17,140 in 1985 (Fig. 2; Table 3).
Pacific ocean perch landings exhibited a similar pattern. Landings remained
below 4,000 t/y through 197%; rose sharply to 5,290 t in 1980; then levelled
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off at 5,100-6,700 t/y through 1985. The sudden increase in 1980 was due
in part to exploitation, for the first time, of 2 "new” stock in South Hecate
Strait. This stock was discovered and surveyed in 1973 (Westrheim 1974).
Subsequently biomass surveys were undertaken in 1974, 1978, and 1981,
the results of which were summarized by Leaman and Stanley (1986).

The continued increase in production of other rockfish, reflects in part the
limited supply of Pacific cod fillets due to a substantial, coastwide decline in
Pacific cod abundance.

United States. During 1956-80, the U.8. fishery for rockfish in the
Vancouver-Charlotte region ranged from 3,600-13,800 t/y, with peaks in
1963 (10,544 t), 1969 (13,756 t), and 1972 {8710 t} (Fig. 2; Table 3). Pacific
ocean perch landings followed a similar pattern through 1977, with a range
of 1,300-8,200 t/y, and peaks in 1963 (7,151 t) and 1966 (8,247 1).

Heowever, landings dropped sharply frem 1959 t in 1977 to 900 t in 1980,
and 238 t in 1982,

USSR. The USSR fishery which targetted on rockfish in the study area
began in 1965 and terminated in 1968 (Fig. 2; Table 3). Peak caich was
47,952 ¢ in 1966, and in the other three years, 1 1,600-17,800 t/y. During
1969-73, annual by-catches ranged from 10 to 1030 t/y, largely from the
Pacific hake (Merluccius producius) fishery. Pacific ocean perch catches
followed a similar pattern--peak catch of 34,700 t in 1966 and 8,300-12,900
ty for 1966 and 1967-68. By-catch during 1969-73 was 10-750 tiy.

Japan. The Japanese fishery which targetted on rockfish in the study region
began in 1966 and terminated in 1977 (Fig. 2, Table 3). Catches ranged
from 3000 to 22,900 t/y, with peaks in 1968 (16,472 1), 1972 (11,003 ¢}, and
1974 {22,883 t). Thereafter, an annual by-eatch of 23-110 t was produced,
largely by the line fishery for sablefish (Anoplopoma fimbrig). Pacific ocean
perch catches followed a similar pattern--2,100-14,700 t/y during 1966-77,
with peaks in 1968 (14,772 t), 1982 (10,347 t}, and 1974 {10,843 t). Annual
by-catch during 1978-82 was 0-21 t.

Poland. The Polish fishery targetted on rockfish only in 1975 (12,873 t) and
1976 (3,931 t) (Fig. 2, Table 3). principal species caught were §. entomelas
and 5. flavidus (Ketchen 1980b). Pacific ocean perch catches were
negligible-- <48 t in 1987; <17t in 1968,

Other Rockfish

Canadian and U.5. production records mark the increasing importance of
rockfish other than Pacific ocean perch, particularly after 1970 in the U.S.
fishery, and after 1975 in the Canadian fishery (Fig. 2, Table 3).
Lnfurtunately species composition of rockfish catches by other, national fleets
are not available on a consistent basis.

Species Composition

There are approximately 34 species of rockfishes off British Columbia (Hart
1973). Estimates of species composition of other-rockfish tandings from the
Vancouver-Charlotte region were reported for Canadian and U.S. vessels
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during 1967-75 (Fraidenburg et al. 1977), and for Canadian vessels during
1978-85 (Smith 1978, 1979, 1980, 1981; Leaman 1982, 1983, 1984, 1985,
19886).

During 1967-75, the top seven species comprised 98.7 percent of the
cumulative Canada-U.S. landings (Table 4). Principal species were Sebastes
flavidus (48.4 percent), S. pinniger (24.0 percent), and S. brevispinis (15.0
percent). ..

During 1978-85, the top seven species comprised 93.6 percent of the
cumulative Canadian landings (Table 4). Principal species were S.
breutspinis (28.4 percent), 8. reedi (18.9 percent}, S. flavidus (16.3 percent),
and 8. pinniger (15.8 percent).

New Fisheries

Two new fisheries for rockfishes, with a high dollar value, have developed
recently, and deserve at least a passing comment at this time. The first to
develop, about 1977, was a line fishery in our inside waters {(east of
Vancouver Island) which targets primarily on S. maliger to satisfy a growing
live-fish market in Vancouver. Dr. Richards will be reporting on this fishery
later in the program. The second began late in 1982, and involves freezing-
at-sea of trawl-caught rockfishes, mostly red, primarily for export to Japan.

Table 4. Species composition (percent} of Canadian and U.S. landings of other rockfish
from Vancouver-Charlstie Region, 1967-75 and 1978-85,

1967-75a 1978-85b
{Canada-1.5.) {Canada)
Species Percent Species Percent

8. flavidus 48.4 8. breviapiniz 2B.4
8. pinniger 24.0 S. reedi 18.9
8. brevispinis 15.0 5. flavidus 16.3
8. paucispinia 8.0 S. pinniger 15.8
5. reedi 1.7 8. proviger 6.4
5. babcocki 1.2 S. alrutianus 4.6
5, entomelas 0.4 5. paucispinis 3.2
Ouher® 1.3 Other 8.4
Total 100.0 Total 100.0

2 Fraidenburg ef al {(1877).
Smith (1978, 1979, 1980, 1981); Leaman (1982, 1983, 1984, 1885); Leaman (persona!
communication}.

® Unspecified. -

d 15 species of Sebastes and 2 species of Sebastolobus.
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Abstract

Rockfish (Sebastes sp. and Sebastolobus sp.) catch records were consoli-
dated from several data sources using a Lotus 123 spreadsheet to provide
a comprehensive summary of Alaskan rockfish landings from 1956 to 1985,
Reported landings are presented by fishery, species group, and geographic
area for the period 1956 through 1985. A brief history of earlier fish-
eries is also presented,

Rockfish catches peaked in 1965 with reported foreign landings of Pacific
ocean perch (POP) (Sebastes alutus) in excess of 510,000 metric tons
{mt). Harvests decTined substantially to an all species catch of 4,352
mt n 1985, POP accounted for 77% of all reported rockfish landings

with 652 from the Gulf of Alaska and 34% from the Bering Sea/Aleutian
Islands region. Landings of other rockfish species were evenly divided
between the Gulf of Alaske and the Bering Sea/Aleutian Islands region,
-Foreign landings comprised over 99% of the total reported rockfish
landings since 1956 with domestic and joint venture landings comprising
0.3% and 0.2% respectively. Domestic landings increased from only 2%

of the total harvest and 3% of the Gulf of Alaska harvest as recently

as 1983 to 41% of the total harvest and 89% of the Gulf of Alaska harvest
in 1985,

Regulations effecting harvest levels and fishery allocations are briefly
discussed.

-

Introduction

Rockfish {Sebastes sp. and Sebastolobus sp.) have been harvested from

Alaskan waters since the earTy 1900"S [RTgbly 1984). There are several
reports available that provide good information on various segments
of the rockfish fishery in recent years. These reports include
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Lynde 1986, Berger, et al. 1686, and Rigby 1984, However, there is no
single document available which contains comprehensive catch data from
all rockfish fisheries in Alaskan waters.

This report attempts to fill that gap by providing a consolidation of
rockfish catch information from the foreign, joint venture, and domestic
ficheries in Alaskan waters from 1956 through 1985. A brief overview

of earlier fisheries is also presented.

Methgds

Data from this report was obtained from available documente on Alaskan
groundfish fisheries, including the three reports mentioned above.
information from these sources was combined with catch data from Pacific
Coast Fisheries Information Network {PACFIN) reports and in-season catch
summaries from the Alaska Department of Fish and Game (ADFAG) and the
Nationa] Marine Fisheries Service {NMFS) to produce a consolidated
rockfish catch database for the years 1956 through 1985. A Lotus
Developrent Corporation 1-2-3 spreadsheet, graphics, information
management program was run on a Compaq microcomputer for consolidation
and graphic presentation of the data.

The catches were compiled by management area {(Figure 1), fishery, and
species group. Because some of the earlier data tacked area resolution,
anly four management areas were used for this report, The three primary
management areas in the Gulf of Alaska, Eastern, Central and Western
Gulf were reported independently while the Bering Sea and Aleutian
Isiands areas were combined, The data is separated into three fisheries,
the foreign, joint ventwre, and domestic fisheries, Species composition
i{s difficult to determine from the available data, particularly prior

to the late 1970's and so only two species groups, the Pacific ocean
perch (POP) category, which inctudes Sebastes alutus and four associated
species, and "other rockFish® which includes a1l other species of
Sebastes and two species of Sebastolobus are utilized in this report.

1 .I ‘l 1 L
|~ /J"/ g . com
! BERING SEA . ]
% i N
31 o0’ ¢ g & Chir-v
,;f g kot 3 {Q
= AT I g l.l. Shumagen I CENTRAL
= WESTER
- ALEUTIAN ISLANDS ‘-l‘ N . 50*N
GULF OF ALASKA
1 ] ] | 1 1
170% 10" 170°wW 140'W 150W o w

Figure 1. North Pacific Fisheries Management Council management areas
within the Gulf of Alaska and Bering Sea.
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Historic Fisheries

Prior to the 1960's rockfish Tandings were primarily of fish that were
harvested as bycatch in the directed fisheries fgr halibut and other
species, primarily sablefigh {Anoptepoma fimbria) and salmon (Onchorzgcus

mt between 1939 and 1946 and peaked in 1945 with a harvest of 452 mt,
One earlier odd year (1918) produced 154 mt (Rigby 1984). Reported
domestic landings were negligible between 196 ang 1970, No species
composition data is available from these fisheries, but it assumed that
%he yelloweye Fockfish {Sebastes ruberrimus) was the dominant species
anded.

Recent Fisheries (1956-1985)

The more recent fisheries are documented back to 1958 since that was

the first year of data tnctuded in Lynde (1986). Although there were
established domestic fisheries dating back to earlier Yyears, it was

not until.the foreign trawl fleets entered Alaskan waters in the 1960's
that the rockfish fishery fully developed. Joint venture fisheries,

in which domestic vessels land fish directly to a foreign processor
vessel, accurred beginning in the Tate 1970"¢ after the passage of the
Magnusen Fisheries Conservation and Management Act (MFCMA) restricted
foreign fishing activity. However, by 1985 the domestic rockfish fishery
had 1argely displaced bgth the foretgn and joint venture fisheries,

Foreign fisherfes

The foreign fisheries peaked in 1965 at over 510,000 mt (Figure 2} and
dec? ined rapidly thereafter, By 1985 only 131 mt were reported landed
by foreign fleets. Reductions in landings prior to 1976 were likely
the resuit of stock reductions. The rapid decline in harvest between
1976 and 1985 can be atiributed to regulations imposed on the foreign
fisheries after the passage of the MFCMA. Foreign removals of ali
species of rockfish from 1956 through 1985 totalled over 2.6 million mt
and accounted for over 99% of all rockfish taken from Alaskan waters
during that period,

Over 77% of the foreign rockfish harvest was reported as POP although
accurate species composition data is not available prior to the imple-
mentation of the foreign observer program in 1973. Because of fnconsis-
tancies in the early catch reports, the actual percentage of POP was
possibly even higher. Alse, since most of the rockfish harvest was

from the deep water trawl fishery, it is TikeTy that at least some of
the unspecified rockfish reported from the fishery between 1967 and

1973 (Figure 2} were species which are now inciuded in the five species
POP category.

Most of the POP harvest was reported from the Gulf of Alaska regulatory
areas which accounted for 56% of the landings (Figure 3), Unspecified
rockfish landings were evenly distributed between the Gulf of Alaska
and the Bering Sea/Aleutian Island regions with 513 of the harvest
reported from the Bering Sea/Aluetian Is)and area (Figure 4).
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Figure 2, Fareign rockfish landings from Alaskan waters, 1956 through

1985 showing reported catches of Pacific ccean perch {POP)
and unspecified rockfish.
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Figure 3. Distribution of foreign rockfish landings reported from Alaskan
waters, 1956 through 1985 in three Gulf of Alaska regulatory
areas, the Bering Sea/Aleutian Islands regicn and unknown Guif
of Alaska areas.
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Figure 4, Distribution of foreign unspecified rockfish landings from
Alaskan waters, 1956 through 1985 in three Gulf of Alaska
regulatory areas and the Bering Sea/Aleutian Islands region.

Joint venture fisheries

Joint venture harvests of rockfish were first reported from Alaskan
waters in 1978 with one mt of unspecified rockfish reported, Landings
were small until 1983 wher 2,420 mt were harvested, peaked in 1984 at
2,657 mt, and then dropped to 772 mt by 1985 (Figure 5). Much of the
harvest reduction in 1985 was because of restrictions placed on the
joint venture fisheries as the domestic fisheries developed. Reductions
in allowable harvest as a result of biomass estimates generated from

the 1984 triennial survey data also contributed to the decline.

Between 1978 and 1985 the joint venture fisheries reported total rockfish
landings of 6,008 mt, This accounts for only 0.2% of all reckfish
harvested from Alaskan waters from 1956 through 1985 and 5% of the
landings since the joint venture fisheries began in 1978.

Rockfish in the POP category accounted for 87% of the reported joint
venture harvest, The remaining 13% were classified in the unspecified
rockfish category and could include species in the POP category as well,

Most of the joint venture rockfish harvest was reported from the Gulf
of Alaska which accounted for 79% of the total landings. Over 77% of
the POP and 90% of the unspecified rockfish harvests were reported from
the Gulf of Alaska regulatory areas. The Western Gulf was the primary
area of joint venturé rockfish harvest with nearly £9% of all joint
venture landings reported from that area.
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Figure 8. Joint venture rockfish landings from Alaskan waters, 1978
through 1985 showing reported catches of Pacific ocean perch
{POP) and unspecified rockfish,

Domestic fisheries

Although domestic catches were reported from earlier years, only 12 mt

of rockfish were reported between 1956 and 1970, A reported harvest of
620 mt of umspecified rockfish from the Eastern Gul1f in 1970 was the
highest on record until 1984. With the exception of the 1970 landings,
the harvest was small until 1975 when s1ightly over 200 mt was reported.
From 1971 through 1983 harvests were very stahle averaging 312 mt, but

the catch increased rapidly to 2,326 mt 1n 1984, In 1985 the domestic
harvest increased again to 3,449 mt (Figure 6) and is expected to continue
to increase at the expense of the foreign and joint venture fisheries,

Domestic rockfish harvests between 1956 and 1985 totalled 9,336 mt which
is only 0.3% of all rockfish landed during that time period. The species
groupings were fairly evenly distributed with 33% reported as POP, 26%

as other rockfish, and 41% as unspecified rockfish (Figure 6). However,
most of the wunspecified rockfish was reported from the Eastern Gulf and
15 assumed to be primarily of species in the other rockfish management
category. POP landings were not reported in the domestic fishery until
1981, ’

Over 75% of the total domestic rockfish harvest was reported from the
Gulf of Alaska regulatory districts with 60% from the Eastern Gulf alone,
No domestic rockfish landings were reported from the Western Gulf until
1983 and were minimal in all regulatory areas with the exception of the
Eastern Gulf prior to 1984, The Bering Sea/Aleutian Islands region
accounted for over 33% of the total POP landings, but only 7% of the
cther rockfish and 2% of the unspecified rockfish landings,
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Figure 6. Domestic rockfish landings from Alaskan waters, 1956 through
' 1985 showing reported catches of Pacific ocean perch (POP),
other rockfish, and unspecified rockfish,

Discussion

It is obvious from this review that foreign fleels have dominated the
Alaskan rockfish fishery. As mentioned earlier in this report, foreign
fisheries took over 99% of the rockfish harvested from Alaskan waters

in the past 30 years. Even since 1978, when the Gulf of Alaska Groundfish
Fisheries Management Plan was adopted, the foreign fleets harvested nearly
90% of all reported rockfish landings (Figure 7).

K11 rockfish species are currently considered depressed in Alaskan waters
and, because of this, harvest has been greatly restricted in recent years.
Much of the depressed stock condition can be directly attributed to the
extensive foreign harvests between 1964 and 1976. In fact, the rockfish
fishery was essentially over before the implementation of FCMA in 1976.

The total harvest for all rockfish species reached 4,352 mt from Alaskan
waters in 1985, This is only 3% of the estimated maximum sustainable
yield (MSY) which was set at 157,200 mt for all rockfish species in Alaskan
waters, The estimated MSY level has heen exceeded only six times in

the past 30 years including the peak harvests of 1964 and 1965 (Figure 8)
and the harvest has not reached anywhere near that level sfnce 1971.

This suggests that the M5Y estimate is probably too high for these species
and should be reevaluated, Use of newer bialogical information such

as older ages and slower growth would tend to reduce the yield estimates
substantially for these species. The total harvest has also been sub-
stanially below optimum yield {0Y) levels set for these species in recent
years. It s unclear if this indicates that quotas are not attainable

%g cur;ent stock levels or if there are other factors influencing rockfish
rvest.
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After the consolidated rockfish landing spreadsheet was completed infor-
mation was received that some of the data in the HAL database {Lynde 1986)
may not be totally accurate (personal communication R. Majors, National
Marine Fisheries Service, Northwest and Alaska Fisheries Center, 7600

Sand Point Way NE, Seattle, WA 981153). Verification from the Northwest
and Alaska Fisheries Center is suggested for actual catch values for
specific fisheries and species groups between 1956 and 198C. If erroneous
data is found, the discrepancies are expected to be relatively miner

and should not effect the trends indicated in this report,

The consolidated rockfish catch spreadsheet can easily be changed to
make corrections te the existing data or to include additional data.

It will run on any 1BM compatible computer with at least A40K of internal
memory using the LOTUS 1-2-3 softwear program. Copies of the spreadsheet
can be made available on request from the author of this report.
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ABSTRACT

An underwater tagging program was initfated to determine if habitat
influences the movement patterns of copper, quillback and brown
rockfishes, A total of 222 rockfishes were tagged on three reef
types: high relief rocky reef, high relief artificial reef, and low
relief rocky reef. Ryckfishes confined their activities to smaller
areas (80% within 20 D J on high relief reefs than on the Tow relief
reef (68% within 400 m*}. Most of the copper and quillback rockfishes
left the Tow relief reef in the fall after residing there during the
spring and summer and some (7 of &1 tagged fish) moved offshore to the
deeper artificial reef. In translocation experiments (up to 400 m)
from reef to unstructured [flat-bottomed) areas, all of the 43
displaced copper and quillback rockfishes returned to the high relief
reefs but none of the 14 displaced rockfishes returned to the low
relief reef. Translocations from aone reef type to another
demonstrated that copper and quiltback rockfishes returned to high
relief reefs when displaced to a low relief area but did not return to
the low relief reef when displaced to high relief reefs,

INTRODUCTION

Rockfishes, genus Sebastes, are an  important component of the
recreational and commercial fisheries along the west coast and
therefore it 1is important to understand their 1life history
characteristics to facilitate management. One important aspect of
rockfish Hiology, their movement patterns, is quite variable among the
100 species of found worldwide {Love 1980, Barsukov 1981). Sedentary
rockfishes could be overexploited by heavy fishing if there is no
localized movement {Love 1980). Existing information regarding the

Contribution Wo. 710. School of Fisheries, Fisheries Research
Institute, University of Washington, Seattle, Wa. 98195,
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movement patterns of nearshore demersal rockfishes presents an unclear
picture, Most nearshore demersal rockfishes are considered to be
sedentary, some may be perennial residents of reefs and not move more
than 50 m after establishing adult residences {Larson 1980a, Love
1980}. Tagged demersal rockfishes are generally recaptured in the
same area of the reef where they were originally caught, thus
demonstrating their sedentary nature {Mathews and Barker 1983). Diver
surveys also indicate that rockfishes are quite sedentary (Moulton
1977, Llarson 1980b). Addftional evidence that adult rockfishes are
sedentary comes from the observation that heavily Fished areas can be
rapidly depleted of rockfishes, suggesting that Tittle adult movement
occurs to replenish reefs [Barker 1979).

It 1s dimportant to note that most studies describing demersal
rockfishes as sedentary have been conducted on high relief reefs and
such behayior may not characterize rockfishes in other habitats.
There is evidence that the same species of rockfishes reported as
sedentary may be mobile, Moulton {1977) documented decreasing
densities of copper, Sebastes caurinus, and quillback, S. maliger,
rockfishes on reefs in winter and ¢pring. More dramatic movemeni of
these sedentary rockfishes is exhibited when adult rockfishes quickly
colonfze artificial reefs (Sclonsky 1985), Movement up to 1.6 km by
black-and-yellow, S, chrysomelas, gopher, 5. carnatys, and brown, S.
auriculatus, rockTishes has been documented From Tow relief rocky
reefs to higher relief artificial reefs and Matthews (1985, 1986}
proposed that they have a lower affinity for low relief reefs,
resulting in roaming to locate better habitats.

This difference in movement raises the gquestion of whether the
tendency of rockfishes to move depends on habitat type, Therefore, to
learn more about the movements of copper, quillback, and brown
rockfishes in relation to habitat, an underwater tagging study was
designed to determine: 1) Does home range size vary with habitat
type? and 2) Are rockfishes more likely to return to certain habitats
than others after experimental displacement?

MATERIALS & METHODS

Study sites

Study sites typifying three habitat types: high relief rocky reef,
high relief artificial reef, and low relief rocky reef were selected
within central Puget Scund (Fig. 1), The high relief rocky reef,
Orchard Rocks, s Tlocated on the southeastern side of Bainbridge
Island approximately 600 m offshore., The entire Orchard Rocks reef
covers an area of approximately 5 ha. The portion of the reef used as
the study site is 15 m deep and consists of large boulders and rocky
Tedges that rise up to 5 m off the bottom. The reef has a surface
canopy of Mereocystis luetkeana and a dense understory of %garum

r cial

fimbriatum and erﬁgogﬁora californica . The high relief a

reef, Dullt 1in , 15 loca m south of Bainbridge Island off
Blake Island. The reef consists of concrete rubble, slabs,
rectangular boxes, and tires forming vertical re1ief up to 4 m off the
bottom and covers an area of approximately 2500 m™ (Laufle 1982}, The
Tow relief rocky reef is 400 m inshore of the Blake Island artificial
reef; the two reef types are separated-by a steeply sloping bottom of
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Figure 1. Map of centra) Puget Sound, showing Orchard Recks and
Blake Island reef sites. Low relief rocky reef is approximately
400 m inshore of Blake Island artificial reef,

69



sand, The low relief reef is quite extensive {approximately 10 ha)
forming the entire inshore region of southwest Blake Island. The low
relief reef is 10-15 m deep, has a dense canopy of MNereocystis and
consists of flat, featureless rock with only a few isolated areas of
vertical relief (1 m) off the bottom.

Underwater tagging

Rockfishes were tagged, measured and released without ever being
removed from the water, using a technique developed by Debra Murie and
co-workers  [University of Victoria, WVictoria, B.C.). A fish
anesthetic (methomidate hydrochloride) which was transperted in a 10
liter plastic water bottle at a concentration of 2 g/1, A 1 m section
of surgical tubing and a 1 m ¢lear plastic tube was added to the
shut-off valve of the water container enabling a diver to approach and
administer a smal) dose ({150 m1) of the drug to an Jndividual
rockfish. Once a fish was slowed down by the drug (approximately
10-30 sec), it was captured with a hand net and tagged with a Dennison
tagging gqun and a Floy spagetti tag. A piece of flexible numbered
white plastic {(10mm X 10mm X imm thick) marked with indelible black
ink was added to each spagetti tag for greater visibility. The white
plastic was attached to the tag by drilling a hole, which was the same
diameter as the Floy tag, through the piece of white plastic and then
burning the end of tag to prevent loss of the white plastic. The
addition of the numbered plastic to the spagetti tag enabled divers to
indfvidually identify rockfishes underwater from a distance of 1-2 m,
Fish were tagged, measured {TL) on an underwater slate, and
immediately released. Fish were observed after release to ensure that
they had recovered from the anesthetic, generally about 1-2 min. The
entire tagging process from capture to release took approximately 2
min and a maximum of 13 individual rockfish have been tagged on a
single dive. For each reef the mean size of tagged fishes was
computed for the three species,

Analysis of Movements

Divers surveyed the reefs and adjacent areas to locate tagged fish and
their exact position on the reef was recorded. Thus, recapture data
began immediately with subsequent dives after the fish were tagged, in
contrast to conventional tagging studies where researchers must wait
for tags to be returned. Dive lights were used to illuminate holes
and crevices. The number of ohservations of tagged rockfishes were
then tallied and home range areas estimated. In addition, adjacent
areas were surveyed to determine if Tocalized roaming occurs.  Home
range was defined as the area in which the animal normally 1lives
(Brown and Orfans 1970), and for rockfishes includes feeding and
resting areas. A series of progressively larger rectangular areas
were marked on three discrete areas on each reef and on subsequent
dives a search was made within the marked off areas to Tocgte tagged
fishes and note their exact location. For example, a 20 m® area was
marked off and if on diving surieys 100 of 150 observations of tagged
fish were made within the 20 m" area, then,the home range estimate
would be 66.6% of abservations within a 20 m“ area, This technique is
different from the convex polygon method employed by many researchers
(Stickel 1954, Miller and Menzel 1986). Our relocation information,
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howaver, provided more precise locations of tagged fish when compared
to trapping results or triangulation location estimates utflized from
telemetry studies. Therefore, it is a useful comparative estimate of
the home ranges utilized by rockfishes on the three reefs.

To determine the affinity of rockfishes for the 3 reef types, a series
of translocation experiments were performed. To establish their
residency on the reefs, tagged rockfishes that had been resighted a
minimm of 5 times over a 2 month period were candidates for
translocation experiments. Fishes were recaught using the anesthetic
technique., A minimum amount of anesthetic was used and, whenever
possible, an attempt was made to capture the fish without the drug.
Once caught, the fish was placed ia a opaque canvas bag. Fishes were
moved either by divers on the bottom or by boat to release sites, In
efther case, fishes were always released on the bottom by divers and
were checked to ensure that they generally appeared healthy, with no
swimbladder problems. The first set of translocations invoived moving
the fishes 50-400 m from reef to non-reef (sand) sites. In the second
set of translocations, fishes were moved from one reef type to
another: Jow relief rocky reef to high relief artificial reef, high
relief artificial reef to low relief rocky reef, and high relief rocky
reef to low relief rocky reef. The translocation experiments were
carried out with copper and quillback rockfishes.

RESULTS

From June through October 1986, a total of 222 copper, quillback, and
brown rockfishes were tagged on the three reefs {Table 1), On the
high relief reef, 79 rockfishes were tagged: 22 brown, 29 copper, and
28 quillback., On the artifictal reef 82 rockfishes were tagged: 36
copper and 46 quillback. S$ixty-one rockfishes were tagged on the Tow
relief rocky reef: 41 copper and 20 quillback.

On the high relief rocky reef, tagged copper rockfish averaged 25.8 om
(range = 18-34 cm), quillback rockfish averaged 25.4 cm (range = 18-32
cm}, and brown rockfish averaged 29.5 ecm (range = 24-40 cm). On the
artificial reef copper rockfish were a mean size of 25.0 c¢m (range =
17.5-31 cm) and average size of quillbacks were 19.4 cm {range = 17-2§
cmy. Dn  the low relief rocky reef copper rockfish averaged 23.0 cm
{range = 18-31 cm) and quillback rockfish averaged 18.2 om (range

= 14-22 cm).

The tagged rockfishes (information on copper and quillback was similar
and therefore pooled] on the high relief rocky confined their
actifities to smail areas; 98 of 113 observations (87%) were within 3
13 m° area while the remaining 15 cbservations (13%) were within B0 m
(Table 2). Similarly, on the artificial reef, 77 ofzgl observations
(79.4%) found the tagged rockfishes within a 20 m, area and the
remaining 20 (20.6%) observations were within 80 m". On the ‘low
relief rocky reef, larger areas had to be surveyed to éocate tagged
fishes and 65 {68%) observations were made within 400 m® and 30 {32%)
within 1500 m®.
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Table 1, Mumber of rockfishes tagged from 6/86-10/86 an the three
reefs in Puget Sound, Washingion.

High relief High relief Low relief
rocky reef artificial reef rocky reef
Brown rockfish 22
Copper rockfish 29 36 41
Quillback rockfish 28 46 20
Tota? 79 g2 61

Grand total = 222 rockfishes

Table 2. Home range estimates for copper and quillback rockfishes on
three reefs in Puget Sound, Washington. Observations ¢f locations of
tagged rockfishes within marked off areas were sumned for each reef
and percentages reported, Number of observations will total more than
the number of fishes tagged as fishes were sighted more than once.

High relief High relief Low reldef

rocky reef artificial reef rocky reef

87% within 13 n? 79.4% within 20 m2 5% within 400 m?
13% within 80 mz 20.6% within 80 m2 32% within 1500 m2
113 observations 97 observations 94 observations
of tagged fishes of tagged fishes of tagged fishes

Ho tagged rockfishes were located away from tagging sit on the high
relief rocky and artificial reefs, However, by the end of September,
the Tow relief rocky reef was virtually devoid of rockfishes. An
offshore movement of rockfishes occurred as seven (6 copper and 1
quillback]) of the 61 tagged copper and quillback rockfishes from Tow
relief rocky reef were resighted on the artificial reef, 400 m
offshore.  These tagged rockfishes left the low relief rocky reef and
travelled over sand to the artificial reef where they are currently
residing.

0f the 24 rackfishes (11 copper and 13 quillback}) that were moved up
to 400 m from the high relief ruEky reef, 22 (9 copper and 13
quillback) returned to within 10 m~ of the their ariginal home site
and 2 (copper) returned to an adjacent ridge on the reef,
approximately 30 m from removal site. Sixteen of nineteen displaced
fishes (7 cgpper and 9 quillback}) from the artificial reef returned to
within 18 m" of the removal site and 3 {1 copper and 2 quillback) have
been sighted on concrete pipe 25 m away from the original site.

None of the fourteen rockfishes (10 copper and 4 quillback}

68



translocated from the low relief rocky reef have been resighted.

On the reef-reef displacement experiments, 5 rockfishes displaced (3
quillback and 2 copper) from the high relief rocky reef to the Jow
relief rocky reef (400 m) returped to the removal site (within 10 m").
Five (3 quillback and 2 copper] of the six (4 quillback and 2 copper)
displaced from the high relief artificia} reef to the low relief rocky
reef (400 m) returned to within 15 m" of removal site. Of six
rockfishes (4 copper and 2 quillback) displaced from the Tow relief
rocky reef to the artificial Eeef, 3 copper rockfish returned to the
low relief area (within 400 m“ ) and the 2 quillback rockfish stayed
on the artificial reef.

DISCUSSION

Although these data and experiments are preliminary, they indicate
that rockfishes confine their activities to small areas and will
return to home sites on high relief reefs. This information suggests
that demersal rockfishes have a preference for high relief habitat and
may result in Yess movement, Rockfishes on law relief rocky reefs
have larger home range areas, suggesting that a resource may be in
short supply and the fishes may move over larger areas in aorder to
tocate prey or hiding places. Larson (1980b) reported that the home
range size of black-and-yellow and gopher rockfishes increased with
depth, presumably due to a decrease in prey availability requiring
rockfishes to move over a larger area to locate prey. In addition,
the rockfishes on the low relief rocky reef occupied that habitat from
June-October and subsequently vacated the reef. Thus, this site may
be only marginally suitable on a seasonal basis. The mechanisms
utilized by rockfishes to locate new habitat or relocate home sites
are unknown but it is unlikely that they rely solely on familiarity
with the immediate area. Copper and quillback rockfishes on high
relief reefs were able to relocate their home sites after having been
displaced over 400 m, which 1s well beyond their observed home range.
Rockfishes may be utilizing some homing mechanism although we can not
exclude the possibity of random search te relocate their home sites.
Displaced yellowtail rockfish, 5. flavidus, returned to home sites
after being moved up to 22.5 km arisen and Haight 1976).
Furthermore, brown rockfishes displaced from fishing piers in San
Francisco Bay have returned to home sites after being displaced 25 km,
considerably beyond their familiar area (W. Lenarz, Southwest
Fisheries Center, NMFS Tiburon, Ca, 94920, pers. comm.).

The method described of underwater tagging has many advantages over
conventional tagging. As opposed to traditional tagging studies where
the goal is te tag as many fish as possible, and rely on the
recreational and commercial fisheries to supply the tag recoveries,
this tagging program was designed to tag fewer fish but closely follow
their movements through SCUBA surveys. By resighting the fish through
SCUBA surveys, the tag return information begins inmediately without
waiting the months or years it often takes for tag recoveries to
filter in from the fisheries. Furthermora, by capturing and returning
fishes to the exact spot where they are encountered, the problems of
returning fish over the side of a boat with uncertainty of whether
they return to the bottem or find their home site are reduced,
Moreover, traditional tag-recapture studies are often hampered by low
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returns, For example, Mathews and Barker (1983) tagged 342 quillback
rockfish in northern Puget Sound but only recovered 11 tags. By
comparison, at the end of 4 months we have over 300 observations of
the locations of tagged rockfishes .

The adaptive significance of different movement patterns related to
habitat 1is a stimulating research area. Southwood (1962} maintained
that the primary evolutionary advantage of migratery movement lies in
enabling species to keep pace with changes in their habitat., One
might thus expect a higher level of migratory movement in those
species associated with a less predictable environment, Demersal
rockfishes may be sedentary on suitable habitat (high relief reefs)
but may be more mobile on less suitable habitats, viewing movement as
an  indicator of habitat suitability may explain the exodus of
rockfishes from the low relief rocky reef at the end of the summer,
This low reljef reef may be unsuitable during the fall and winter,
perhaps owing to the reduction in the only structure on the reef, the
surface canopy of Nereocystis.

These  preliminary observations and experiments provide some
interesting new information on how habitat type may influence rockfish
movement.  Movement in rockfishes may be quite small in comparison to
long distance migrations made by other fishes. However, management of
these fishes may necessitate an understanding of how rockfishes may be
moying 1in response to quality or seasonality of their habitat, For
example, heavy fishing pressure on high relief reefs could subject
rockfishes to overexploitation, especially when movement from nearby
Tow relief reefs occurs. Therefore, as a management tool some high
relief reefs could be set aside as rockfish preserves and closed to
fishing. Future movement work planned to more completely understand
raockfish movement includes ultrasonic tracking to closely follow
day-night and seasonal migrations, Tonger distance translocations to
determine from what distance rockfishes can relocate their homesites,
following tagged fishes from the low relief rocky reef te determine if
they return teo the reef after their fall and winter exodus,
replicating experiments on additional reefs, and additional reef-reef
displacement experiments to further understand rockfish preference for
habttat type.
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Ocean climate influenc_es on
groundfish recruitmentin the
California Current

g
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1.Introduction

In this study, patterns of rockfish {genus Sebastes)
recruitment variation are shown to be similar to patterns of
varlation in physical parameter values which describe the
rockfishes! environment. The patterns of similarity occur
pt interannual and longer scales in the 1965 — 1980 peried.
Although 1t is important to obtain detailed knowledge of the
rockfishes' complete reproductive cycle, including
physieclogical and behavioral adaptations of the
young-of-the-year, the approach used here does not depend on
having thie knowledge.

Studies that 1link groundfish recruitment success to
variation in the physical environment are not new (Ketchen
1956, Templeman 1972, Cushing 1973, Parrish et al. 1981). A
number of interesting relationships have been at least
partially 1lluminated. It 1s hoped that the  present
inveatigation will augment the ongoing exploration process

that will lead to scientifically based resource manhagement
methods.

The focus of the present study is on the large
amplitude recruitment fluctuations that remain apparent
years and even decades later in the data obtained from
commercial fishery samples. The course of the investigation
was determined by the following considerations and
assumptions.

1. Because of speclfic adaptations, rockfish
population size and structure reflect physical
envirenmental events occurring during the life history
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of the population's members (Darwin and Wallace 1858},
It is unlikely that co-occurring spescies can react
ldentically to the range of physical variability
occurring in the California cCurrent environment.

2. Prokable recruitment success of dlscrete cohorts
of a given species of rockfish can be inferred fronm
catch-age (catch-at-age) composition data derived from
otolith (sagittae) readings for a populatlon subset
(Hightower and Lenarz 1986, Henry 1986). Imprecision
in determining the calendar year of otolith Initiation
{fishes first vear) increases- as specimen age
increases (Boehlert and Yoklavich 1984).

3. Time series of physical environmental measurements
exist that delineate eventa of diel to dacadal time
scales. Thase may have amplitudes of gseveral standard
deviation units and way extend over tens of degreeas of
latitude. (Mocers and Robinson 1984, MNorton et al,
1585, Chalton et al. 1982). This study is focused on
evente of interannual and longer time scales because
these events are eagiest to define and rockfish
recruitment variability at these scales is evident in
catch~age composition data.

4. Because of uncertainties in aging and the lack of
knowledge concerning the effects of environmantal
change on all stages of rockfish development, the best
chance of showing relationships will be found by
examining phyeical conditions during the first year of
the fishes' life (Hjort 1914, Hunter 1%82). Extremes
in firat year success (as determined from catch=age
conposition data) and physical events are important as
possible gingle factor maxima that stand above “noise"
that obscures underlying relationships. The rockfish
parturition date is taken as January firat. 8o, the
calendar year ls taken asn the fishes' first vear.

5. The effects of variation in any particular
physical parameter on the young-of-the-year is
unknown. So, the approach used in this study is to
describe each year 1in terms of several physical
parameters. Because of the reduction of guantitative
time series into three bins {"+," "o" and "-"), short
time series and qualitative nature of some of the data
sets, pattern matching is emphasized.

The major data relationships are seen in Table 1 which
organizes the information intc binned data series to
emphasize common patterns, fThe physical data are binned by
numerical magnitude into three groups relative to the long
term means. In general, the bins are labeled "+" for above
average or positive anomaly, “O" for a defined average range
where random anomaly might be assumed and "-" for below
average or negative anomaly. Extremes are labled "++" and
"=.* Widow (5. entomelas) and chilipepper(s. ocdei)
rockfish recruitment and zocplankton abundance data series
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are given in Table 1 with the highest values indicated by
"W," "C" and "z" respectively. Asterisks show axtremes and
lowercase letters indicate above average values. The #x%
symbol indicates low values of recruitment or abundance.
For all series "n" means that the data for this period is
not available. Relationships between high first vyear
survival {population recruitment) and various physical
parameters are shown for widow and chilipepper rockfish (RF)
in Table 1. Row 12 of Table 1 gives a summation of the
physical parameters and may be taken as a combined physlcal
indicator. Note that widow RF and chilipepper RF have most
succesaful recrultment under different environmental
conditions. Widow RF recruitment appears enhanced during
"warm" vyears which have positive wvalues in row 12 and
chilipepper RF have their best recruitment during "cool®
years that have negative values in row 12 of Takle 1.

Sections twe and three of this report are intended to
explain and give additional background on the physical ang
biological data series used in Table 1. Sections four and
five expand and discuesg the results given by Table 1,

2, Biological Data Series

A zooplankton abundance data series is presentad with
the widow and chilipepper RF recruitment time serles to
allow consideration of the young-of-the-year rockfishas'
biological environment, All biological systems are affected
by phyaical environmental changes. Comparison of the three
series (rows 1,7 and 11 in Table 1) supports this.

Widow rockfish (5. entomelasz). Widow RF recruitment data

(row 1, Table 1) were cbtained from the cohort analysis of
the 1980 - 1985 catch-age composition data from commercial
fishery sampling in Washington, Oregon and California
(Hightower and Lenarz 1586). These are summarized in Fiqure
1. Greatest population recruitment wag in 1968 and 1970.
The recruitment level shown for 1971 and 1969 may be
overestimated because of imprecision in aging 10 and 12 year
old fish, i.e. peak spreading. Widow RF are a component of
the recreational fishery as far south as Santa Barbara (Love
1981 ), but the peak commercial catch has been off Oregon
with only occasional commercial catch south of San
Francisco.

Since 1978 widow RF have become the object of a
targeted single speciea fishery. Unlike fishing metheds for
other RF species {e.g. chilipepper), which are by daytine
bottom trawl, the adult widow RF are more vulnerable to
nighttime mid-water trawling. Dense vertically-oriented
achocls form at night and disperse at dawn, when widow RF
become incidental in the daytime bottom trawl fishery
{(Wilkins 1986). The dense gingle species ayggregations were
discovered in 1%78. By 1580 annual harvest increased 20
fold to 21 thousand metric tons. The "boom'" years of 1980
through 1983 were sustained by the highly successful 1968
and 1970 year classes. As these cohorts were exhausted in
the absence of succeeding good year classes, tha fighery
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Figure 1. Cohort analysis estimates of widow rockfish
recruitment at age 5 for the 1968 - 1980 year classes.
Instantaneous rate of natural mortality was set at 0.15
(broken 1line) and 0.20 (solid line). The last threa year
classes may not be fully recruited to the fishery. Analysis
and table from Hightower and Lenarz (1986).

slumped (Wilkins 1986, Gunderson 1984), Figure 1 shows poor
widow RF recruitment for five consecutive years from 1972
through 1976. These were ccol Califernia Current years with
mild winters (Table 1, rows 4, 5, 8). The 1%76-1%77 winter
brought a climatic shift to conditions that were again
favorable to widow RF recruitment.

chilipepper rockfish (S. goodei). Chilipepper rockfish has

commercial importance mainly in central California. Annual
catch is 2,000 metric tons, all scuth of the northern
California border. Except for zonal distribution, its
ecology and also its morphology appear similar to Pacific
ocean perch (S. alutus) (Adams 1980). Catch-age composition

data submitted to the Pacific¢ Fisheries Management Council
by Henry (1986} are summarized in Takle 2. Table 2 was
abatracted to give row 11 of table 1. Table 2 lists the
eight most important cohorte contributing to the total
California commercial trawl c¢atch between 1978 and 1983.
Each column lists year classes in descending importance to
the total catch. The number in parentheses is the number of
thousands of fish in the most numerous cohort. Relative
abundance of the seven other most important cohorts is
indicated ae percent of the most abundant contributor.
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An average or batter year class will enter the list of
eight most numercus year classes 1In its third, fourth or
fifth year. It will be found in the four most abundant year
classes for three or more years ({(e.g. 1974}. Finally, the
cohort will drop from the list of most numerous year classes
as 1ts numbers are depleted by fishing (e.g. 1972).
Ralative year class strength can be estimated from the time
dependent ranking of cohorts and the persistence of its
residence among the top catch contributors (Table 2). The
results of quantitative catch-at-age analyses (Deriso et al.
1985) are comparable to the results developed below (Henry
1987).

For the entire series, the major contributing cohorts
in descending order are: 1975, 1973, 1974, 1%71, 1976, 1970,
1969, 1968 (column 7, Table 2). The 1975 year class became
the second most important cohort in its fourth year and
remained a top contributer for the entire period. This was
an unusually successful recruitment year and was the most
abundant year class in the record high 1landings of 1980.
The 1973 cochort was not sampled until its sixth year, but
its place as second overall suggests that it also was an
unusually abundant cohort. The 1974 year class was
optimally sampled by the 1978 through 1983 period and there
is probably some spreading of the 1973 and 1975 medes into
1974 bacause of aging imprecision. There 18 insufficient
information to conclude that the 1974 period was much better
than a high average year in terms of recruitment. The 1971
cohort appears strong in that 1t was a major contributor to
the fishery throughout the period even though it was not
sampled until 1ts eighth year. The increase in importance
of the 1971 cchort from sixth in 1981 to first in 1983 may
be the result of desper trawling necessitated by the 1932
-83 E1 Nino conditions. The 1976 cohort became important in
its third year, but its ranking in the catch has always been
lower than fourth. Aging impraecisien probably lead to the
overestimation of this year class because of its proximity
to the very strong 1975 year class. There may have been a
moderately good year class in the 1968 - 1970 period,
possibly 196%. The cchorts of 1972, 1577 and 1978 are weak,
in this order of decreasing abundance. The 1979 cohort is
unusially numercus compared to the two predecessors (Henry
1986} . It was seventh in importance in ite third year and
fourth the following year (Table 2).

Results of fishery-independent trawl surveys by the
Northwest and Alaska Fishery Center/NMFS5 suggest that the
196%, 1969, 1974 and 1975 chilipepper RF year classes have
been more successful than average (Coleman 1986 ). This is
in general agreement with the results presented by Henry
{1986) and has been used to complete the 1965-70 section of
the chilipepper recruitment time series.

Zooplankton abundance. continental shelf rockfish are

known to feed on zooplankton (Brodeur and Pearcy 1984).
overall zooplankton abundance in the california Current
scuth of San Francisce as given by Chelton at al. (1982} ie
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summarized in row 7 of Table 1. The yeare thought to ke
most successful for both widow and chilipepper RF were
average zooplankton years. This may represent a balance in
caloric competition at the planktonic level. That is, a
balance between having low enough planktonic predation to
survive and having high enough planktenic foed to grow may
he lmportant in rockfish planktonic stages, The
zooplankton index is not included in the combined physical
parameter (Table 1, row 12).

3., Physical Parameters

The physical parameters used in this study were chosen
for completeness in the 1965 = 1980 period, for possible
generality in reflecting physical conditions in areas of
greatest chilipepper and widow RF abundance, and for
general availability. The following subsections will give
additional detail on the abstracting and binning of the
physical data sets used in Takle 1. Table 1 row headings
are included with the subsection headings,

California cCurrent wWarming Events(EN/AL). Although the
Sebastes environment In the Callfornia Current region is
over the continental shelf and slope, the forces that
affect this environment may originate thousands of
kilometers distant in the tropical and north Pacific (Quinn
1978, Uda 1962, Norton et al. 1985, Mysak 1986). Row 2 in
Takle 1 indicates the occurrence of two warming event types
(EN = El Nino, AL, = RAleutian Low 1Intensification). The
observed coastal impacts of the El Nino and Aleutian Low
warming occur in fall and winter thus extending over two
calendar yeare (Breaker and Mooers 1987}, e.g. 1972-73 or
18976-77. In Table 1 the notation for these events are
placed in the second year, 1973 and 1977 raspectively.

The California Current System (CC) is a broad eastern
boundary system of weak but persistent north to south
surface flow off the west coast of the United States
{(Hickey 1979). The CC inner boundary is the coast and the
outer boundary is a broad transition zone 3-400 Jm offshore
The origing of twe California current warming event types
are diagramed in Figure 2. El Nino effects are carried
inte the CC region from the tropics by poleward traveling
coastally trapped downwelling wave packeta which depress
the thermocline and cause coastal warming, {Huyer and
Smith 1985, Chelton and Davis 1982, Enfield and Allen 1980,
Picaut 1985, Mysak 1986). These El Nino perturbations that
originate as equatorially trapped Kelvin waves (Cane 1983)
are denoted by the sclid arrows in Figure 2. Coastal
bathymetric and bkathythermal irregularities cause the
eastern boundary trapped waves to leak energy to the west
as downwelling baroclinic Rosgby waves. (Rienecker and
Mooere 1986, Mysak 1986)

The gecond warming event type is associated with an
intensification of the Aleutian Low Pressure System and its
counterclockwise circulation (around "L" in Flgure 2).
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Figure 2, Origins of two california current (CC) warm event
types. The outer beoundry of the CC transition zone is
indicated by the dotted line. El Nino effects are hrought
to the CC region by poleward traveling coastally trappad
waves originating as equatorially trapped Kelvin waves
(small selid arrows). Intensification of the Aleutian Low
atmospheric pressure system (block L) affects the CC
throughout its range by intensification of winds that
oppose its normal flow to the south (open arrows). As the
low sexpands, the eastern limb of the cyclonic circulation
brings anomalous south to north winds to the coast which
snhance winter downwelling. The atmospheric pressure
pattern shown in this diagram is representative of the
early March mean.

Intensification of the Aleutian Low pressure system is a
deepening or increasing magnitude of negative pressure
anomalies in the lower atmosphere (Wallace and Gutzler
1981} . Thils has effecte throughout the north Pacific. The
california cCurrent 1s affected throughout its range by
anomalous winds that cppose its normal flow to the south.
As the Low expands, the eastern limb of the cycleonic
clrculation brings south to north winds along the coast.
Then local and remote wind forcing conmbine to augment
processes that depress the thermocline in the California
current and warm the coastal ocean, but this effect is
usually limited te the upper 150m (Norton et al. 1885,
1987},
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There 18 a tendency for deep Aleutian lows to develop
during E1 Nino years when there is extensive equatorial
warning as in the winters of 1969-1970 and 1976-1577
{Wallace and Gutzler 1981), but sometimes the low does not
intensify even when there is extensive equatorial warning
as in 1965 and 1972 (Douglas et al. 1982). The Aleutian
Low may also intensify without apparent tropical warming as
in 1967-1968 and 1979%-1980 (Norton et al. 1985).

Patterns of dependence among physical parameters., Patterns
of dependence among physical parameters are shown in Table
3, This table shows the association tendency among the
physical parameters discussed in this study. The threa
interannual event types diatinguished in this paper are
shown. During an El Nino year (Table 31, col. 1), the
warming effect on the California Current (CC) may be called
the "california El Nino." During the California El Nine tha
sea level haight and northward transport anomalies increase
{Huyer and Smith 1585). Along parts of tha coast there is
northward surface flow as a persistent year-round featuras
{Bird et al. 1984, Hickey 1979.)

The Aleutlan low Index (AL Index in Table 1) may bhe
above or below average during a california El Nino and
coastal downwelling may be above or below average(Tables 1
and 3). Since the california El Kino brings warm water
into the coastal zone, the north to south flow tendency of
the CC is decreased. During Aleutian Low warming (Table 3,
col. 2}, the Aleutian Low index will increase indicating
intensification of the north Pacific Low pressure system.
Unusually strong coastal downwelling is common during an
Aleutian Low warming. cther effects will be sinilar to
those of the california El Nino. One of the several
definite relationships shown in Table 3, is the connection
between winter downwelling (row 3), onshore transport of
surface water and increased transport tc the north., If
coacstal wind stress is from south to north aleng the coast,
surface water will be transported onshore (row &) and
downwelling will occur. As an adjustment to redistribution
of water, northward flow will be increased (row 5).
Increased northward flow e the result of onshora flow,
which may result from <California El Nino, Aleutian Low or
local forcing. Onshore flow may be important in producing
conditions 1leading to increased widow RF firat year
gurvival. During the CC cool event (Table 3, col. 1), all
the parameters will tend to reverse (become "-") in value
except +transport to the south, which will increase.
onshore transport usually brings warmer water to the ccast.
Consequently, SST (row 1) and sea level (row 4) will be
increased. Table 3 represente an idealized view of the
relationships among physical parameters presented in Table
1.

The relationships among the physical parametaere
involve the change from one point to another on a
functional surface which results in increased or decreased
varlable walua. Many comnblnations of binned variable
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Table 3. Idealized represaentation of <three Califeornia
Current Interannual Events (columns) in terms of common
parameter anomalies (measurements). The rows are: Sea
Temperature, row 1y Aleutian Low index, row 2; winter
downwelling, vrow 37y Sea Level height ancmaly, row 4;
Northward Transport tendency, row 5; Cnshore Transport, row
6 and CC southward flow. The warming events will have
positive anomaly measurements except for California Current
transport to the south which will be reduced. Anomalies
wlll have reverse tendency during cool events {col. 3},
The "+/=" entries refiect opposite possibilities. The
California El Nino may cccur with or without aleutian Low
induced warming (row 2) and enhaced winter downwelling may
or may not ccour during Aleutian Low warming events (row
3.

Event > California Aleutian California
El Nino Low Current

Measurement warming warming cool event
Sea Temp. (1) + + -

Al, Tndex (2} +/= + -
Downwelling (3} +/- +/= -

Saa Level (4) + + -

N. Transport (5} + (north) + -
onshore Trans. (&) + + -

Cal. Cur. {(7) - - + {south)

values are possible in a given event type, even when scaled
to long term means (Table 1)}. Observed combinations will
depend on the event intensity and the state of the CC and
horth Pacific atmosphere when the signals arrive. For
instance, the 1972-73 El Nino was intense in the tropics,
but an intensified Aleutian Low did not develop, and
northward flow tendency increased during the 1972-1973
winter. Then flow shifted strongly to the south in late
1973 (Chelton et al. 1982, Huyer et al. 1978} .

First difference 25 meter temperature(lst dif. 25m T). The
first difference of the standardized temperature anomaly at
25 meters depth for a 200 km wide coastal strip extending
from 30 to 50 degrees north latitude is shown in row 3 of
Table 1. Data in this area were also averaged for a period
from October through March (Nerton et al. 1%87). The year
designation is the same as for the associated January.
First differences are the average standardized temperature
anomaly for a given year minus the value from the preceding
year. This procedure emphasizes interannual change. A "+"
entry means the current year is warmer than the preceding
year and “H+"{"=%"} means +that the warming was maximum
(minimum) or within 10% of the maximum (minimum) value.
Note that the first difference c¢oastwide standardized
anomaly is positive for every warming event in the 1965-80
series (Table 1). That is, each of the "EN™ and “AL" years
produced a signal in the coastwide anomaly that indicates
warming over the preceding year(Table 1, rows 2 and 3).
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Aleutian Low (AL Index). Alentian Low Intensification

(Table 1, row 4) was measured directly by the negative mean
monthly ancmaly of the 500 millibar atmospheric helght at
45 degrees north latitude by 165 west longitude ("L" in
figure 2). The sign of the ancmaly is reversed and bins
assigned according to the c¢eonventions of Wallace and

Gutzler {1981). A M+M notation in row 4 indicates
intensification of the Aleutian Low Presgsgure System over
the mean. The "++* notatien indicates a particularly

intense Aleutian lLow. The "0" neans average Aleutian Low
development, An Aleutian Low that is more intense than
average will also be larger than average. 2as it expands,
the Eastern Pacific High is shifted southward and winds
from the south become more common over the CC System
(Figure 2}. The deepest Aleutian Lows were colncident with
the best years for widow RF recruitment.

British Columbia Sea Surface Temperature {B. C. SST) .
Britlsh Columpbla SST (row & in Table 1) was derived from
monthly mean temperature anomalies (from a 30 year monthly
mean} at Race Rocks on the southern tip of Vancouver Island
(Tabata 1985). symbols were assigned to divide the data
into three bins as follows: "+," anomaly greater than +.25
degree Celsius; "0O" for anomalies of absolute {unsigned)
value less than .25; "++" and =" indicate extreme values.
In some cases it was not possible to unambiguously state
that the entire year was above or below average. So, "+/="
means that the first part of the year (at least three
months) was above average temperature and the last part of
the vyear (at least three months) was Dbelow average
temperature. KNote that "-" wvalues typical of the 1871 -
1976 period correspond to the best recruitment years for
chilipepper RF.

Northward califernia Current Transport {N, Transpert). An

Integrated index of northward CC flow (row 6, Table 1) in
an area 200-400 kilometers from shore extending from 26 to
38 degrees north is extracted from Chelton et al. (1982).
The symbols "+" and "n" mean northward transport and no
data respectively. Fortunately, this unique time series is
nearly complete in the 1865 to 1980 interval of interest.
Although its exact meaning might be subject to considerable
interpretation, agreement in independent measurements over
the continental shelf and slope (Huyer et al. 1978, Mclain
and Thomas 1983, McLain et al. 1985) suggest that this
transport tendency index has some applicability in
assessing the rockfishes' environment, In general 1t
appears that, northward transport has favored widow RF
recruitment and southward transport has favored chilipepper
RF recruitment.

Winter Seascon Downwelling Index (Downwelling). An annual

index of coastal downwelling (row 8, Table 1) during the
winter season at 42 degrees north was derived by Norton et
al. {1985) by accumulating the monthly mean upwelling
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index values of Bakun (1973} and reversing the sign. The
convention of plus and minus symbols is similar to the
parametare already discussed. In terms of percent of tha
highest wvalue, the bins were asscigned as follows: 0=-25%,
Wept 25-50%, "-:" £0-80%, "0;" B80-95%, "+;" 95-100%, “4+.0
The numerical average value was at about 68% of the maximum
value. The three extreme downwelling years, 1970, 1578 and
1580 were favorable to widow RF recruitment.

Central California Sea Surface Tamparature (Cen. Cal. SST)

The central California SS8T indlicator (row 9 of Table
1) was derived from monthly mean anomalies at the Southeast
Farallon Islands, 46 km west of San Francisco and at
Pacific Grove at the Bouthern end of Monterey Bay 100 km
south of San Francisco (Anon. 1981). These two stations
represent different coastal environmente and the combined
data is presented ag a temperature indicator clesely
associated with the chilipepper environment. Combination
of the data allowed a completa data set to be derived from
two nearly complete data sgets. Binning c<onventionsz are
generally the =same as for British Columbia sea surface
temperature (above). The most extremely negative value in
1875 corresponds to the most successful {(known) chilipepper
year class, but this relaticnship does not appear to hold
for all other chilipepper year classes.

San Francigco Sea Level (SF Sea Level). The detrended San

Francisco sea level was adapted from McLain (1983) for row
10 of Table 1. Sea level anomaly is an indicator of
coastal current tendencies and integrated sea temperature
{higher sea level anomaly suggests more northward flow and
higher integrated temperaturae anomaly of the water column)
(Chelton and Davis 1982, WNorton et al. 1985). The division
of the anomaly range into three bins and extremes was based
on taking the range of anomalies less than 5 cm absolute
value as average or "0." Extremes and anomalies within 10%
of the extremes are given "++" and "=" symbols. In several
cases, negative anomaly corresponds to good chilipepper RF
first year survival and positive ancmaly appeared to favor
enhanced widow RF first year survival, The role of sea
level extremes does not imply a direct relationship between
sea level at San Francisco and rockfish recruitment.

4. Results

The individunal measurements of the physical
environment have been combined in a simple straightforward
way by first dividing the data series values into three
categories or bins +to show patterns. Then the binned
values were added together to give an overall
representation of the pattern. The result of this process
is given in row 12 of Table 1. This combined parameter was
then compared to the recrultment data for widow and
chilipepper rockfieh (table 1, rows 1 and 11}). The major
results of these pattern comparisons are listed below.
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1. Different physical conditions are reguired for
optimum widow and chilipepper RF recruitment. Certain
intermediate years, in terms of the combined physical
parameter { Table 1, row l12), may support moderate
recruitment in both species.

2. Widow RF recrultment is favored by winters with
deep Aleutian Lows, viclent winter storms on the
coast, above average saa temperatures, enhanced
northward flow 1in the the california Current and
ancmalously high coastal Bea leveal, Widow RF
recruitment seems to be facilitmted by the common
large scale warming events (Table 1, row 2). However
an El Nino alone, unaccompanied by anomalcusly deep
Aleutian Low development ag in 1966 and 1973, dees not
appear to favor enhanced widow RF recruitment. The
Aleutian Lows that expand over the coast and bring
freguent 'winter storms with strong winds from the
south to intensify coastal downwelllng eseem more
important than the Californai El Nino in enhancing
widow RF recruitment (Table 1).

3. Chilipepper RF fish recruitment appears to be
facilitated by cool water, and increased southerly cC
flow conditions as described ideally in table 3,
celumn 3, or more realistically in table 1 under 1971
and 1975. Exceptionally good chilipapper recruitment
doas not occur in years of exceptiocnally good widow RF
recruitment.

4, The coastal ocean from central California to
Vancouver Island has undergone three climatic shifts
in the 1965 - 1980 perlod. First, there was a warm
period of five years which included two California El
Ninocs and two Aleutian Low events. In 1970 the two
warm event types combined to create conditions that
appeared aexceptionally favorable to widew RF
recrultment, After 1970 a shift +to an ocean climate
of cool sea temperatures and increased southerly flow
in the CC occurred. This cool period lasted until
1976 and included all the most numerous chilipepper RFP
cohorts contributing to the 1978 +to 1983 catch. In
1976 <the ocean climate shifted back to the warmer
regime, Again young-of-the-year widow RF survival
appears to have been enhanced as ¢C warming events
bacame more fraguent.

The catch-age composition data suggest that 1969 and
1971 were moderately good recrultment years for widow RF.
These were alsc at least moderately good years for
chilipepper RF recruitment, It is probable that because
the very successful 1968 and 1970 widow RF cohorts ware not
aged until they were over ten years old, there is some peak
spreading due to aging imprecision. The 1969 year class
would ba most likely to bhe overestimated 1if aging
iwmprecision 1s Gaussian, since Lt ls between the two most
numerous cohorts. However, if it is more likely that
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annular otolith rings will be mnissed more frequently than
errcneously added, then the 1971 year clase would be the
most likely to be overestimated because it follows the most
numerous cohort. The 1969 year clase will be second most
likely to be overestimated. Combining this reasoning about
aging imprecision with the findings that chilipepper RP
recruitment is facilitated during cocol events (Table 3),
can lead to the not unreasonable conclusion that the
apparent ambiguity in recruitment data for 1971 is the
result of overestimation of the size of the 1971 widow RF
cohort. The physical environment of 1%71 appears favorable
to chilipepper RF recruitment (Table 1).

Environmentally, 1969 and 1971 were very different.
If better than average recrultment was to ocour in both
chilipepper and widow RF in the same year, it would be
expected to occur Iin a year such as 1969 when the sum of
physical parameters is not conspicuouely in the minus or
plus domain. The catch-age conposition data for
chilipepper RF dces not give definite information about the
strength of +this year class compared to the strong ysear
classes of the 19708, It is likely that the 1969 widow RF
year class was also overestimated, but the extreme positive
sea level anomaly suggests that this year was mors
favorable to enhanced widow RF recruitment. High coastal
sea level is consistent with increased northward flow along
the coast. This is confirmed by the northward flow index
(Takle 1, rows & and 10}). Increased northward flow may ba
the factor Iin commen with Aleutian Low warming events that
tacilitate widow RF recruitment (Table 3). CcChilipepper RF
recruitment may have been enhanced in 1965 relative to 1968
and 197¢ and may have besen poor compared to 1973 and 1975.

Resulte of the Northwest and Alaska Fishery Center's
1980 Bottom Trawl Survey show that the 1965 chilipepper RF
cohort was especlally numercus (Coleman 1986). This ia
conaistent with the relationships which are alsc evident
during the 1%71 - 75 period (Table 1).

Thae 1972 year claes is conepicuously weak in the
chilipepper catch-age composition data of Henry (1986), but
the environmental data appears favorable to a strong
chilipepper year class. The inshore CC was affected by the
1972-73 El ¥Nino in the spring of 1572 (Enfield and Allen
1980, Chelton and Davls 1982, Huyer and Smith 1985) and
this may have had an impact not reflected in the physical
parameters presented. Likewise <the 1576-77 El Nino may
have curbed survival of the 1976 year class of chilipepper
RF. The 1965 and 1969 chilipepper year classes, however,
appear as though they may be exceptions to the reasoning
just used to explain poor recruitment in 1972 and 1976.

5. Discussion
The combined physical parameter developed above gives

a nmmerical value to the jdeal california CcCurrent event
types ! Alsutian Low induced warming, California E1 Nine
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coastal warming and California Current cool events (Table
3). The larger unsigned values belong to years with warm
or cool events undiluted by oppoesite event types (Table 1).
The best years for chilipepper and widow  rockfish
recruitment occur when the value of combined parameter is
at or near ite maximum unsigned value, Negative anomalies
favor recruitment in chilipepper rockfish, while positive
ancmalies favor widow rockfish recruitment (Table 1). This
result, suggests that the present approach may Dbe
appropriate, but it does not necessarily mean that the most
important physical terms Thave been included in the
analysis. Future research must ba sensitive teo other
parameters' abllity to match patterns of fish stock
recruitment and add dimension to descriptions of the
fishes' anvironment.

The simple system used here allows some knowledge of
the biological systems to be gained without knowing exactly
how the biclogical saystems are affected by the physical
environment or even what particular aspect of the physical
anvironment is most important. Also, the assumption that
the biclogical pysten is reacting in a simple
straightforward way nead not be abandoned. The assunmption
that can be avoided in using the multidimensional approach
iz that the rockfish systems xreact directly to physical
paraneters as we happen toc measure them, e.g. temperature,
sea level, etc.

Species distinction has been shown to be important.
If, for instance, recrultment of chilipepper and widow RF
were summed, it would be much more difficult to form
associations with physical envirenmental patterns. Ancther
species distinction is that the value a particular physical
data set will have in helping to understand recruitment
will depend on the specles involved. The data presented in
table 1 are somewhat more successful in describing the
widow RF recruitment data set than in describing the
chilipepper recruitment data set, Widow RF recruit best
under the Aleutian low, El Nino and downwelling conditiona.
The only apparent exception is 1971, the year following the
most numercus year class in the record. This may not be an
exception because 197F is the year class mosat likely to
have its size overestimated because of the tendency to miss
annular rings in aging older fish.

Figure 3 summarizes some of the points made above. It
iz a scale-less grid or coordinate system with two main
axes. The vertical axis represents advective current flow
in the €C system. Increased northward flow is toward the
top of Figure 3, while increased flow to the scuth is
represented by the space ©below the horizontal axis.
Negative atmospheric pressure anomaly or an Iintensified
Aleutian Lowv Pressure System is toward the right on the
horizontal axis. Positive anomaly representing a less
developaed Aleutian Low is to the left. The right side of
the horizental axis is further divided into two areas.
When the winter-time Aleutlan Low extends over the coastal
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Figure 3. Coordinate system organizing rockfish recruitment
data and physical parameter tendencies inte four guadrants.
The verticle axis represents advective current flow in the
CC system. Increased northward flow is toward the top and
increased southward flow is represented by the space below
the horizontal axis. V¥egative atmospheric pressure anomaly
in an intensifled Aleutian Low is to the right. The
positioning of the year designations was done on the basis
of the combined parameter (table 1, row 12). Arrows
associated with the date give inferred direction of change
during the year. Years that faver chilipepper rockfish are
in the the lower left quadrant (broken hatching) and years
that favor widow rockfish recruitment are in the upper
right quadrant (solid hatching).
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When the winter-time Alsutian Low extends over the coastal
California Current System, 1t frequently raesults in
increased winter downwelling (Figure 3, right of dotted
line). The area in the upper right quadrant between the
main vertical axis and the dotted vertical ancillary axis
would contain years when the Aleutian Low did develop but
was klocked from the coast by a high pressure ridge as in
the 1976-1977 winter ({1977 in Table 1}. The 1967 - 1968,
1977 - 1978 and 1979 - 1980 winters (1968,1978 and 1980
regpectively in Table 1) would be to the right of dotted
line in the upper right quadrant. The upper left guadrant
is the area of cCalifornia El1 XNinos that occur without
Aleutian Iow intensification. El Nino years of 1966 and
early 1973 would ba in this dquadrant. Columns 1 and 2 in
Table 3 would represent the area above the horizontal axis
in tha left and right quadrants respectively. If the event
types occurred together in a combined event as In 1569 -
1970, the vear would be placed in the upper right quadrant,
The high downwelling valua for 1970 moves the year further
to the right past the dotted lina. Thesae years are usually
warm with elevated coastal sea level and increased onschore
transport in the coastal ccean's surface layers (table 3).

The saspace below the horizontal axis in Figure 3
corresponds to the cool CC years when transport to the
south iz anhanced. (tabla 3, col. 3). The lowar left
quadrant would contain the cool years of the early and
mid~1970's. Aleutian Low enhancement is not as fregquent or
intense during cool pericds, 80 few years will be
characteristic of the lower right quadrant. In tha 1965-80
series, 1971 is a possible exampls. The lower leaft
quadrant contains 19%65(early), 1972(early), 1973(late},

. 1974, 1975, 1976(early), and 1979 which were definitely
cool and largely devoid of warming event influence as these
influences are described in this study.

Years that appear to favor chilipepper recruitment are
in the lower left quadrant and those that favor widow
rockfish recruitment are in the uppear right cuadrant of
Figure 3, The best widow rockfish years are to the right
of the dotted line indicating that the best widow rockflsh
recruitment years have intense coastal winds which bring
warking of the surface layars of the coastal ocean and
leading to northward transport. Increased onshore, cross
shelf, transport will accompany increased northward
transport. This will carry pelagic larvae and weakly
swimming early juvenile stages toward shore.

This possible wmechanism for increased widow RF
racrultment fitas the generalities proposed by
Parrish et al. (1981) that explain fish species
distributions along the Washingten, Oregon and calircrnia
coasts, They state that the California Coast between Cape
Mendocino and Point Conception is8 unfavorable ¢to
recruitment of species with pelagic eggs and larvae because
of the vigorous surface offshore transport that accompanies
the nearly ysar around upwelling circulation (Parrish et
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al. 1981, Bakun and Parrish 1980). At present there is no
way of knowing if onshore transport is the important
environmental factor in widow RF recruitment, but the data
suggest an important winter mechanism that has dynamics in
common wWith northward and onshore CC System transport. If
widow RF depend on winter onshore transport to maintain
early life stages in favorable environments for settling
and the onshore transport 1is wind driven {apparently the
more the better, table 1), then it is not surprising that
the commercial fishery for widow RF does not extend south
of San Francisce, and that the targeted fishery of the
early 1970s was centered off Oregon where winter winds from
the seasonally intensified Aleutian Low are a conspicuous
faature of the mean annual cycle. It may be that the
prolonged upwelling season and associated offshore
transport, or divergent flow, characteristic of the central
California Coast carries planktonic stages of widew RF
larvae offshore into environments hostile to survival and
growth. If planktonic stages of widow RF are
characteristically in the surface layers, then it is
probakble that this is the machanism inhibiting population
maintenance off central ¢alifornia.

It is c¢lear the chilipepper rockfish which have
maximum abundance on the central <california coast are
dependent on different conditions than those favoring
excellent wildow rockfish recruitment. cChilipepper rockfish
recruitment is favored by cool years, but the fact that
there was good recruitment in 1973 suggests that the cool
conditions of the later part <of 1973 were more important to
young-of-the-year survival than that year's warm initial
months. That is, the later part of 1973 appears to fit the
pattern that would faver chilipepper RF recruitment. It
may be that the character of the winter months at the
beginning of the chilipepper rockfishes' first vear is less
important in determining chilipepper RF survival than they
appear %o be in determining widow RF survival, The fact
that chilipepper rockfish are most successful on the
central California coast suggests that they have specific
adaptations in their early life history that allow them to
avoid being =swept offshore in larval and planktonie
juvenile stages by the surface offshore transport that
accompanies the characteristic upwelling circulation.

cther rockfish species. Preliminary studies of the kind

described above are being conducted on yellowtail (S.

favadus) and canary (S. pinniger) rockfish. Data from the

1960-70 period, suggest that yellowtail rockfish recruit
better during E1 Nino years. Years with and without
intensified Aleutian Low develcpment may be equally
favorable. This would place yellowtail RF in the upper two
quadrants of Figure 3 indicating that their recruitment is
enhanced by any event forcing northward ¢C flow. Canary
rockfish appear to have better recruitment when there is
more southward transport. So, the vyears favoring canary
rockfish recruitment would fall below the horizontal axis
in Figure 3. Mere definite conclusions regarding these
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species will have to await more complete and accurate
recruitment time series.

Fisheries management and investment planning. Understand-
ing the probabilistic nature of recrultment periodicity is
essential to rescurce managers as well as investors looking
for maximum return on their investment. Knowing the
climatic regime that favors or inhibits recruitment in a
targeted species, could lead to better knowledge of how
sustainable a fishery might be and what limitations on
exploitation may be necessary to maintain a sufficient
stock of adults to take advantage of good recruitment
conditions when they occur.

Since several time series of physical parameters exist
of five to ten decades length, it may be possible to treat
these as proxi-variables of recruitment and get
quantitative information on expected variability in
recruitment.

Widow rockfish boom and bust. The knowledge of the

spectacularly good widow rockfish recrultment of 1968 and
1970 followed by very poor recruitment from 1972 through
1976 suggests an explanation for the boom and bust history
of the targeted widow RF fishery (Gunderson 1984). Tt is
possible that the discovery of the midwater widow RF
fishery in the late 70's was the result of the excellent
recruitment conditions of 1968 and 1%70. Suddenly, eight
years later, there was a large exploitable biomass of widow
rockfish which had not been noticed before because it was
not there, After the abundant widow rockfish resource was
discovered, the tishery increased twentyfold in two years
based on the unusualliy geod 1968 and 1970 year classes.
The decline in the fishery that began in 1982 was the
result of depletion of the two strong year classes. The
cool, strong CC ysars that followed 1570 inhibited widow
rockflsh recruitment, providing no additional input to the
fishery resource in the early 1980's. It will be
interesting to note how successful the 1980 widow rockfish
year class will be, According to the data presented in
table 1, 1980 should be a very good year and initial
catch-age composition data suggest that it {8 a numerous
cohort (Figure 1). Data at full recruitment are not
presently avalilable.

The combined physical and biological data presented in
this report suggest that the bio-economic boom to bust
event chronicled by Gunderson (1984) for widow rockfish is
perfectly natural considering the pulsed recruitment common
in this species and the climatological background of the
event. When more is known of the physical conditions
favoring *the 1968 and 1970 year classes, it will be
possible te analyse the historlcal records and determine
expected frequency of proper conditiens for exceptionally
good recrulitment.
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Abstract

Rockfishes (Sebastes spp.) are highly unusual in that they have inter-
nal fertilizatfon of a targe number of eggs (>103) and give birth to
planktonic larvae at the first feeding stage. Following the plank-
tonic larval stage, juveniles develop in a variety of habitats, depend-
ing on the species. Some remain pelagic for several months, while
others become demersal at a small size. Since about 70 species of
rockfish occur in the northeast Pacific, identifying the larvae and
juveniles is a major problem. Recent studies have greatly enhanced our
ability to identify these young stages, which allows us to contemplate
using them to address fishery-related problems. Current studies are
focused on relating the abundance of larvae and juveniles of rockfish
to the adult populations, to measure both adult biomass and recruit-
ment. These studies show promise, but the unusual biology of the
genus limits somewhat the potential of such studies for fishery
management purposes.

Early Life History Pattern

Rockfishes have an unusual reproductive pattern with important implica-
tions for their ecology and fisheries on their populations. Most fish
that reproduce 1in marine waters lay free-floating planktonic eggs
that are fertilized and undergo embryonic development as independent
organisms im the open sea. Hatching 1s followed by a yolk-sac period
about one-half as long as incubation, during which the larva develops
eye pigment and feeding mechanisms. In rockfishes, however, fertiliza-
tion occurs internally and the eggs develop and hatch inside the ovary
of the female. It has recently been found that the embryos ingest
ovarian fluid as a supplement to the yolk [see Boehlert, Kusakari,
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and Yamada, this volume}. When the larvae are extruded after several
weeks, they have little yolk left and are ready to begfn feeding.
These larvae are about 3-7 mm standard length (SL}, comparable in sfze
to first-feeding larvae of species with planktonic egys.

Mortality of planktonic fish eggs, due primarily to predation, is high
for the few species that have been studied in enough detail to make
reliable estimates. Generally more than 50% of the pelagic eggs
spawned by a fish die before hatching (Hempel 1979}. Mortality of
yolk-sac larvae in the field s even more difficult to examine but
predators that feed on eggs probably also consume yolk-sac larvae.
Thus, less than 20% of oeggs spawned may survive through the yolk-sac
period to become free-feeding larvae, Boehlert et al. {this volume)
estimate that there 1s about 25% mortality of young in rockfishes be-
tween fertilization and parturition. Thus, the number of surviving
first-feeding larvae in rockfishes is about 75% of the number of eggs
that undergo ovulation, rather the 20% or less of that number in fishes
spawning pelagic eggs. Also, the reproductive pattern of rockfishes
reduces the amount of dispersion of planktonic stages by ocean cur-
rents.

Fecundity of rockfishes is high (10%-106 eggs per femalte) and is only
slightly lower than it is in fishes spawning pelagic eggs. In fish
with more extensive protection of the young, or those that produce
considerably larger eggs, fecundity is reduced substantially. It would
seem that rockfishes have not achieved the concomitant reduction in
fecundity generally associated with increased parental contribution to
the welfare of individual progeny. The evolutionary advantage of ges-
tation in rockfishes is unclear, but apparently it is not completely
explained by protection of the egg and early larval stages. Internal
fertilization may allow distinct but similar species to co-occur with
1ittle chance of cross-fertilizing their gametes. Behavioral or other
prezygotic barriers would prevent copulation among closely related
species. This reproductive strateqy may have contributed to the genus
becoming s¢ speciose in the North Pacific.

Seasonality of Reproduction

Reproductive events in rockfishes follow this sequence: spermato-
genesis, vitellogenesis, mating, ovulation, fertilization, embryonic
development, hatching, and larval extrusion. Males mature up to sever-
al months before the females, and mating may precede fertilization hy
severa) months. Embryonic development takes about 40-50 days, and the
Tarvae hatch about 1 week prior te extrusion. Although most rockfish-
es release larvae during the first & months of the year, there is quite
a bit of variation among the species, and within a species among years.

When comparing information on seasonality of reproduction, the methods
and criteria used and the sample sizes must be evaluated. Most work to
date has been done off British Columbia and north/central California.
Wyllie Echeverriz {in press) has summarized information on reproductive
seasonality of 34 species of northeast Pacific rockfish. The duration
of larval release varies from 1 to 9 months among the species studied,
and a few species demonsirated two periods of release during the year
(Table 1). In general, species can be grouped intc those that extrude
larvae in winter and those that extrude larvae in spring-summer.

100



Table l.--Periods of release of rockfish larvae. Based on Wyllie
Echeverria {in press).

Guaif ool Biasha BC ---* WA --- oR — NoCoa —— SoGa - —-
Spming jAuu {Sem ‘ Oct | How | Dec ] Jan | ¥en !M:l lApr l Way |J.Jr-e| JL.‘Y] Reterances
5. alewtianiug 12

. alutus 123,42

S puriculstes —_ — 56721

5. durgre e 1.2

5. babcocki - 121

S harsalis e 1

5 beavispss e 1

5 camatus . 7.2

5. caunnus ——————— 56993
3. chiorestictus 210,14, 21
3. chrysamales il

5. constellatus 10,1421

8 cromen 171521

5. diploproa 16.11,12.21
5. slongatus 112,21

8. pnsiler 10

5. entomelas 121
5. mon 1%

5. flawidut 12421
5. gotdm 1114

3. halvoraculanus 1.1

5. hopkinsi ————— 2

5. jerdani T e 21

S, tantrgingaus ——_— 10

5. e 1w

5. maliger 1.5,1520.21
$. mglangps 116, 21

5 mempogloony T Fal

5. miniatus - mnua
S.omystines 0 — re—— - ——— e LEAL N

5. bulotus e 1.2

S migrocinenss e 1

5. ovalis 14,

5. paucispinis 128111821
5. pinnigar 1210

5. prariger _ 221

S reedi 1,15

§. rozacews 10.14.21

S ruberrimus - 126121521
&, rubrivinctus AR LR L]
S rufur il

& saxicola 121121

S sertanoides 0.0

S. yimulator o0

S. umbrosus AL

& wilsoni 1

5. zacentrus 121221
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Figure l.--Number of rockfish spe-
cies releasing larvae
off north / central
Californfa and British
Columbia by month.
Based on Wyllie
Echeverria (in press).

Parturition seems to occur earti-
er fn the year in the southern
part of the species' range,
although data sufficient For such
a comparison is available for few
species. Amnual differences in
timing of release of larvae seem
to be environmentally determined.
In some species studied by Wyllfe
Echeverria {in press), parturi-
tion during the anomalous EI
Nino year of 1983 was delayed
compared to the other years from
1981 to 1985.

Summarizing the data presented
by Wyllie Echeverria (in press),
there seems to be a s51ight ten-
dency for rockfiches in the north
{ British Columbia } to release
young later in the year (April-
June) than those off north/cen-
tral California which release
young mainly from January to May
{Fig. 1). Also, a longer period
of release is apparent off north/
central California than off Brit-
ish Columbia (Table 2}. The me-
dian period of release off Bri-
tish Columbia is 1 month, whereas
off north/central California it
is 3 months. These differences
coutd partially be due to differ-
ences in sampling density.

Table 2.--Duration of parturition period of rockfishes by area
and number of species (based on Wyllie Echeverria,

in press).
Area
Numbeyr of Gof A BC Wa Oor N/C Ca S Ca
months esmcmmemmmeeeo number of specigs—------rrecmeaaaa
1 3 21 2 3 3 2
2 1 2 1 6 5 5
3 2 2 1 8 1
4 4 2 2
5 2 7 1
6 5 2
>6 5
total B P} S 19 a5 T

*3 species have split season with no release in March or April.
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Larval Development

Rockfish larvae are about 3-7 wm SL at birth and have pigmented eyes
and a functional mouth {Fig. 2). The trunk and tail is surrounded by
an undifferentiated finfold and larval pectoral fins are present.
Pigment generally consists of small discrete melanophores in character-
istic positions. Although there is considerable interspecific varia-
tion in melanophore amount and placement, from nearly absent in
5. helvomaculatus to a dark banded pattern on the body of 5. aurora,
Tn 2Tmost all species some pigment is found on the gut and there 1s
usually a series of postanal ventral midline melanophores. Depending
on the species, melanophores may also occur on such places as the jaws,
top of head, nape, pectoral fins, dorsal postanal midline, or midlater-
ally on the caudal peduncle and near the tip of the notochord.
superficial pigment is added in definitive patterns as the Juvenile
period is approached.

Figure Z.--Development of Sebastes dalli (from Moser and Butler 1981).
A. 5.1 mm larva; B. 6.2 mm tarva; C. 7.1 mm larva; D. 10.1
mm larva; E. 21.7 mn pelagic juvenile.
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With development, the body deepens somewhat and the head enlarges. In
postflexion larvae head length is about 28-48% of the body length, pre-
anal length is about 42-66% of the body Jength, and the maximum body
depth 15 about 21-42% of the body length {Table 3). Head spines start
to develop early in the larval period, and soon reach their maximum
number and relative size. A full or nearly full complement of spines
develops during the larval period, but some are usually lost during the
juvenite period to produce the adult pattern that is a specific char-
acter. The first head spines to form are the pterotics, several of the
precperculars, and the parietals. Spines continue to be added and to
increase in size as the larvae develop. The parietal spines, some of
the preopercular spines, and the supraocular ridge become serrate in
some specifes. The parietals and centra) preopercutars are the Jongest
spines, the parietals reaching 27% of the head length in $. helvomac-
ulatus {Richardson and Laroche 1979). Fin ray formation TolTows this
sequence: caudal, pectorals, pelvics, dorsal, and amal. Fin rays are
generally not particularly elongate, although there is variation in the
lengtn of the pectoral rays with S. paucispinis pectorals reaching 37%
body length in postflexion larvae (Moser et al. 1977). Pelvic rays
develop uniquely early in 5-mm Jarvae of S. paucispinis, and reach the
same elongate proportion as the pectorals.

Table 3.--Morphometric characters of postflexion larvae of 16 species
of northeast Pacific rockfishes, expressed as ranges of
percent standard length (SL).

Head Body Preanal
Species length depth length Referencas®
$. auriculatus 30 - 38 22 - 29 47 - 53 20
§. aurgra 33 - 40 26 - 34 56 - 66 18
3. caurinus 29 - 36 21 - 29 42 - 54 20
$. crameri 37 - 43 30 - 35 55 - 65 1%
§. dalli 28 - 33 22 - 28 48 - 56 16
S. entomelas 34 - 39 25 - 30 55 - 81 9
5. flavidus 35 - 43 25 - 31 54 - 61 8
S. helvomaculatus 40 - 44 33 - 34 59 - &0 19
S. jordani 31 - 38 22 - 26 46 - 54 15
$. levis 34 - 38 33 -3 57 - 63 15
5. macdgnaldi -4 33 - 36 55 - 64 15
5. melanops B - 43 26 - 33 54 - 62 8
5. melanostomus 39 - 44 37 - 4z 55 - 63 14
§. paucispinis 36 - 39 28 - 31 51 -6 15
S. pinniger 38 - 48 3 - 42 52 - 63 19
$. zacentrus 40 - 46 33 - 36 54 - 2 9

*Numbers key to references Tn Literature Cited.
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Larval Identificatien

Two approaches, or a combination of both, are used to establish the
identity of larval fish, The direct approach involves rearing larvae
from known parents, The indirect, or series approach, invelves finding
specimens in field samples that are large enough to have definitive
adult (mainly meristic) characters, but small enough to retain some
larval characters (such as pigment). A series of similar looking but
smaller specimens is accumulated from field samples until the smallest
larvae can be recognized. With northeast Pacific rockfishes, yolk-
bearing larvae of 50 species have been reared, but only seven spe-
cies have been reared to caudal fin formation, and only one species has
been reared through the larval period. The caudal fin formation lar-
vag are helpful, but not completely definitive, in establishing the
identity of field-caught specimens, and the yolk-bearing larvae offer
little help at the level toc which they have been studied. Thus, with
rockfishes larval identification has depended mainly on establishing
series, A few species such as $. jordani, 5. paucispinis, S. aurora,
and 5. melanostomus have proven to have very distinctive larvae at al)
stages of development (Fig, 3) but mast, particularly before notochord
flexion, seem to look very similar. In several descriptions based on
the series appreach, larvae smaller than 8-10 mm SL could not be recog-
nized with confidence,

Figure 3.--Flexion stage larvae of {tep to bottom) S, jordani ({from
Moser et at. 1977}, 5. melanostomus (from Moser and ARYstrom
1978), S. aurora {from Moser et al. 1985), and S.
paucispinis (from Moser et al. 1977).

7 k7 nm
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Descriptions of larvae and pelagic juveniles of various rockfishes are
slowly accumulating in the fiterature, making it reasonable to contem-
plate using the planktonic stages in field samples for fisheries stud-
ies. Among northeast Pacific rockfishes, itlustrations have been pro-
duced for yolk-sac or preflexion larvae of 50 species, complete larval
series of 8 species, and pelagic juveniles of 39 species (Table 4},

Table 4.--Key to sources of illustrations of rockfish larvae from the
northeast Pacific Qcean. MNumbers key to references in
Literature Cited,

Traa of cecurrence Tarval Stage . uveniTe 5“&

Spec iy TaTE 1 Freflesion FlanTon ToelITexTon  Tranaformsivon agic I3
West Coast of

Rorth America

. Alautianuy 4, 7 7
- ATuluf 1, oM ¥ [
. AEFoVifent

. awriculatys 3, 15, 20 20 20 7 ? 7
. durors (L] 18 18 8 1 18
. Bbcoctl I, ! 7 7
. Boraalis 7
. beavlaplnis 3, 4, T

+ EArnatuy 12, 15

- thurinug 3 10, 15, 20 il 20 r 7 7
+ tRlorostictus 17, 1% 7 H 7 T
. ('F*!ﬂll!

- atus &

+ constalTatus i@, 15, 17 17 [}

+ LEMMBFT FL L] 19 T, 1A 7. 19
. @ 12, 18, 16 6 16 1] 1%

. i‘g‘gzrna 3,8 ? 7 T
» ElDngaius 12, 15, 25 T 7 7
. BEgRARUE ¥ ! H
. wsiter 12, 1%

+ onigmeTas L % 9 L 7.8
. 0T 12, 15

. Mavldys 3 [3 3 7. B 7, B
. L] 15

- gTaucus

. 1, 15 7

. vomculatuy 5 ” " .19

- At 12, 15
T, % n W, 1l 2, 15 2,15 FRE TR T 1 1
. LIGITEY

. Tavs 2,12, 18 2,15 2. 15 £ 15 2z, 15

+ macdonaldi 212,13, 15 L s i EARENNT 2,13, 15 2,13, 15 13
. mallger 1, 25 7 ! T 7
. WALInGPT B B a F . |
o Bl ANaYEm

. Belanoatittus
T, mlinostoms u, 15 14 1 14 o1
. mIRTAENS 15 ? 7
. EyEIinuE 4, #2 s 7 I
. E‘lusvs‘ ; ;
. Mgrocinctus

. ﬁ‘giul

a0 17, 15, 17 17

. phwcTaplnis 2,00, L, 15 L, 2o 32,08 L, 212,18 1, &, 02,15 2,12, 1% 112 T
. 5]!:!51]

., pranToer 15, 21 19 19 7,8 7,18
. o mts i 7

- r{qer 2% ? 7 i
. rattrelTiger ? 1
. TR Fod 7 i
. TOMICKus 12, 1% ) 1
. ragenalattd 3

. Fbarrimat 3, 6 625 ? ?
3. Tubrivinctus "
T, Tulffasuc
5. Tlus 15, 17 12 17
3. zanicola 11, ' 7 7
T. taaTcirctue 12, 15
T, serranpTdes LH

. JerTiceps 1%

- fauTator

T T 12, 16

. varieqatus L 14 7
. ¥TTyon ? 1 7

TACEATFUY 4, & 10, 2% § 9 heod L.

G@lf of Califarnia

endewics

- cortetk 15 15 1% 13

T

- Eumu]lrli
- 3Thne13

. spingrhls
» varfiginis
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Westrheim (1975} concluded, based on work with preextrusion larvaa of
31 species, that "interspecies similarities and intraspecies differ-
ences in moerphometric and meristic characteristics of preextrusion
Sepastes larvae delineated in this study clearly preclude accurate
identificatien, based only on these criteria, of Sebastes larvae
caught at sea," He also found that larvae of several species reared
to yolk exhaustion changed significantly in pigment pattern from
preextrusion larvae. The yolk-sac period im most fishes is character-
ized by changes in pigment pattern as embryonic pigment migrates and
is increased to form the larval pigment pattern, The larval pigment
pattern is still not well established in yolk-exhaustion rockfish
larvae, so0 it does not appear possible to anticipate what more advanced
plankton-caught larvae of a particular species will logk like based
on piyment cbserved in reared preextrusion or yolk-exhaustion larvae.

In spite of these proklems there are indications that more detailed
studies of reared yolk-sac larvae of rockfishes may be helpful for
identifying field-cauyght specimens. Examining the published illustra-
tions of yolk-sac larvae of 46 species of rockfishes, we established
26 loci where pigment was observed (Fig. 4). We then scored each spe-
cies based on the presence or absence of pigment at these loci, We
found that only two pairs of species could not be separated on the
basis of this piyment criterion, There may be problems in compara-
bility of the illustrations because cf differant i1lustrators, intra-
specific pigment variations, different stages of development, and
uncertainty with some adult identifications. However, this excercise
indicates that there indeed may be enough interspecific difference in
pigment to warrant further study.

Also, we noted, in the published illustraticens and on specimens of sey-
eral species at our disposal, considerable variation in the appearance
of the melanophores that are present on or near the hindgut. The num-
ber, size, and location of these seem to be rather consistent within a
species, and there is considerable wvariation amonyg species. Further
study will be required to test the utility of this pigment for gpecies
separation.

While some chanyes in pigment occur between hatching and yolk exhaus-
tion, we were struck in the several series we examined by the con-
sistency of pigment in some areas. This indicated that the problem
of comparing illustrations and descriptions of preextrusion and yolk-
exhaustion larvae may not be severe enpugh to negate their value
completely.

Besides piyment, yolk-bearing larvae have other characters that may be
profitable to evaluate, Morphonetric characters such as size at stage
of development, body depth, and preanal lenyth may prove important.
A11 of the illustrations summarized by Westrheim (1975) were produced
by sketching pigment onte a basic template drawing of a rockfish
yolk-sac larva, Thus, ne morphometric comparisens can be made of these
illustrations. Ffurther, the pecteral fins were not included on these
illustrations, so the pigment characters of the pectoral fin can not be
evaluated for these larvae,

Wastern Pacific rockfishes, which are larger at extrusion than those in

the eastern Pacific, have been reared in large numbers through the
juvenile stage for release to enhance natural production {see Moser and
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Larval Distribution

Largely because of identification problems, occurrences of rockfish
larvae from ichthyoplankton surveys in the northeast Paciflc are usual-
Iy reported at the generic level ([Sebastes spp.). Lisovenko {1964)
discussed purported catches of S. alutus larvae made in the Gulf of
Alaska in 1963, at a time when the popuTation of S. alutus was much
larger than at present. The proportion of S, alutus and other rock-
fishes in these catches is unknown, since no description of 5, alutus
is available, and Lisovenko (1964) did not provide diagnostic charac-
ters for the larvae he identified as 5. alutus.

No field work has been designed specifically to collect rockfish lar-
vae. Occurrences of particular species have been reported in the
descriptions of the few species described from field collections
{Table ). These distributional data probably are more indicative of
where sampling was conducted, and what samples were examined, than the
actual distribution of the larvae. However, the larvae occur to consi-
derable distances offshore {up to 306 km from shore), and several spe-
cies were not reported nearshore (6 of the 14 species were not found
cleser to shore than 24 km). Most larval occurrences were in the first
6 months of the year, with the period of occurrence of 7 of the 14
species including April, The season of three species extended to
August.

Tabie §.-=0Occurrences of larvae of rockfishes in the northeast Pacific
Dcean reported by species.

Major Features of DCCurrences

Size Distance from
Species {mmnSL } Area shere (km) Season References”
5. aurora san Framcisco- 116 170 Apr-June 18
cantral Baja CA
5, cortesd Guif of CA Mar 15
5. cramerd % 10 Newport, UK HE: 93 Apr- May 19
5. entomelas 10- 15 off Oregon 4 306 Apr- May ]
S. flavidus 10 20 of f Dregon 24 76b Apr- May E
S. hel vomaculatus 820 Mewport, R 83 120 July- fug 19
5. joraani San Francisco- inshare Jan- Feb 13
San Diego
3. levis California Hight Jan- June 15
5. nacdonaldi central Haja CA Har 15
S. melanops 10- 20 off Gregan 5 26t Apr- May -]
5. melanostoaus large Los Angeles to 5 220 Apr- Aug 14
- Baja LA
$. paucispinis CA to Baja CA negrshore Jan- Feb 15
3. pinniger @ 20 Newpurt , OR H3 120 Mar- Juna 1%
3. zacentrus 10 of f Uregon 46 144 Aug 9

* Wurbers key to references in Literature [ited,
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Collections of larvae identified as Sebastes spp. (rockfish} from the
eastern Bering Sea, the northern GUTT of Alaska, and from off the
Washington, Oregon, and California coast have been documented (Table
6). The following summarizes what we Kknow about the distribution of
rockfish larvae in these areas., Information based on the occcurrences
of larvae identified as rockfishes is of Vimited value, because several
species are likely to be included in the collections, and each presum-
ably has a specific pattern of distribution that overlaps those of
other species.

Rockfish larvae are vulnerable to ¢ollection in plamkton nets over a
relatively narrow length range. Moser and Butler {in press) found that
among over 11,000 rockfish larvae from California Cooperative Oceanic
fisheries Investigations (CalCOFI) plankton collections nearly 50% were
less than 5 mm SL, and more than 90% were less than 7 mm SL. In plank-
ton samples taken off Washington, f{iregon, and northern California from
March through November, Tittle difference in mean size of the larvae
was found; they ranged from 4.29 mm in November to 5,561 mm in March-
June, and 5.22 mm in August {Northwest and Alaska Fisheries Center
(NWAFC) files}. Apparently, there is a severe mortality of lar-
vae less than 7 mm, or their avoidance ability increases dramatically
at that size. MNotocherd flexion and the concomitant development of
the caudal fin occurs at about 7-8 mm in most species, so increased
escapement of larger larvae is probable. Lengths of rockfish larvae
have not been reported from other studies, but based on the above near-
ly all are probably Vess than 10 wm, Larger larvae and pelagic juve-
niles of at least some species are collected in neuston nets, where
in eight surveys off Washington, {regon, and northern California the
mean length of the 1,112 rockfishes caught was 19.25 mm (NWAFC files}.

One consequence of the small size of rockfish larvae in plankton cel-
lections is that the larvae are close in time and position to where
they were released from the females, Thus, distribution of larvae can
probably be used to give a fairly accurate idea of where and whan
release occurs. Off southern California most rockfish larvae are
found in winter; off Washington, Oregon, and northern California most
are in spring and summer; and in the Gulf of Alaska and in the Bering
Sea most are in summer, Thus, it seems that release of larvae occurs
progressively later in the year proceeding from south to north, This
agrees with information already cited on seasonality of reproduction
pbased on studies of gonads. The shift tn timing of larval release may
reflect the seasonal development of oceanographic conditions conducive
to producing food suitable for the larvae.

Juvenile Identification

The transition from larval to juvenile stage often s defined to occur
when counts of fin rays, giil1 rakers, and lateral line pores reach
adult levels, This stage occurs in many species of rockfish at about
20 mm. Some species do not become juveniles until about 30 mm. Using
this definition, many specimens reported as juveniles in the Titerature
and this paper are actually large larvae,

Until the last decade the majority of specimens of juvenile reckfish
were identified as Sebastes spp, Several workers have advanced the
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state of the art so now we can identify most juveniles captured off
Washington, Cregon, and California. We were able to identify more than
99% of specimens of juvenile rockfish collected by midwater trawl off
central California. Important papers on identification are Laroche and
Richardson {1979 and 1980}, Moser and Ahlstrom {1978), Moser et al.
(19771, Moser and Butler {1981), Moser and Butler (in press}, Moser et
al. (1985), and Richardson and Laroche {1979). The preceding studies
used material collected at sea or from rearing studfes. Investigators
employing scuba have conducted several nearshore studies of Jjuvenile
rockfish off California. Anderson (1983}, who includes photographs
of 17 species, is the most complete source on fidentification of
Juveniles in nearshore areas. The Tiburon Laboratory has developed a
key that uses pigmentation patterns and meristics. Laroche is prepar-
ing 2 well-illustrated fdentification guide. Pelagic juveniles of 37
species will be illustrated in the laboratory guide being prepared by
Matarese et al. (in press).

Larval and Juvenile Growth

Little is known about growth of rockfish larvae and juveniles. Under
laboratory rearing conditions, change in Tength with time has been
noted for larvae of seven northeast Pacific species. Only 5. dalld
lived beyond 40 days and a length of 10 mm. There is quité a wide
variation shown in growth with some larvae reaching % mm in 24 days,
while others were only a little over 7 mm after 3B days (Fig. 5).
Since larval rearing has not been routinely successful in rockfishes,
it is unknown how closely these growth rates reflect those found in the
wild, or how much variation is due to different responses to rearing
conditions.

Figure 5.--Growth of northeast Pacific rockfishes based on several
rearing experiments.
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Bo$h]?rt {198%] agd (Ii’»ioe_lh'lert étndd Yt?klag'ich (1983]] hes1d f}eld-co]lgcted
pelagic juvenile 5. gproa and benthic juvenile 5. melanops under a
variety of laboraTory con%ifions of food, temperature,” and pEotoper‘iod
and noted effects on growth using stepwise multiple regression. Growth
rate generally increased with increased ration; it was maximal at
intermediate temperatures in $. diploprea, but continued to increase at
higher temperatures in 5., melanops. The temperature of maximal growth
increased with fish sizé in 5. diploproa. Growth rates observed in the
laboratory under satiation rations were similar to those reported in
the field (Boehlert and Yoklavich 1983).

Daily growth increments have been observed on the otoliths of a few
juveniles of two species found in albacore stomach contents. The juve-
niles ranged in length from 15 to 31 om and in age from 47 to 101 days.
The growth rate, determined by otclith aging, of 21 field-collected
juvenile (9.0-42.7 mm} S. diploproa (Boehlert 1982} was considerably
less than that of the other two species so studied (Fig. 6). When
these juvenile data are graphed along with data from reared S. dalli,
a coherent picture emerges suggesting slow growth from 5 to 10 mm
followed by more rapid growth through 30 mm, although 5. diploproa
growth seems to continue at a slower rate (Fig. 6). Median fin forma-
tion occurs in these species at about 10 mm and possibly the enhanced
mobility this provides facilitates the observed increase in growth rate
starting at this age.

Figure 6.--Growth or reared Sebastes dalli and size-at-age of field-
collected juvenfle S. aurora, 5. diploproa, and S.
melanostomus. Based on Boehlert , Moser and Ahlstrom
TI978T, Poser and Butler (1981}, and Moser et al. (1985).
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Life History Patterns of Juveniles

The life histories of rockfish are diverse and complex. [t appears
that some species may spend nearly their entire lives in a very re-
stricted area. In other cases it appears that 1ife histories may be as
complex as those of salmon.

Turner et al. (1969} found 12-mm $. dalli in crevices and caves fin
proximity to adults, and proposed that the young were released there.
The authors did not describe identification procedures. 1t is possible
that identification was incorrect, since larval and juvenile descrip-
tions were not published until 1981 by Moser and Butler. However,
there are no recards in the literature of pelagic larvae or juveniles
of 5. dalli,

Work conducted by the Tiburon Laboratory indicates that the life his-
tory of §. aurfculatus is quite complex. Gravid females occur in San
Francisco Bay, but much mere often im offshore waters as deep as 80 m.
Most S. auriculatus in San Francisco Bay are immature. Pelagic juve-
niles occur offshore April through Jume. Benthic juveniles are found
in nearshore waters and are abundant in San Francisco Bay. Tagging
studies have shown that juveniles spend up to several years within a
very restricted home range while in the bay. The fish then gradually
move into deeper waters and offshore. Fish tagged as juveniles in
the bay have been recaptured several years later more than 80 km away
in offshore waters.

While rockfishes possess a range of 1ife history strategies, many spe-
cies appear to have a juvenile stage which s either pelagic or asso-
iated with drifting objects such as kelp. However, in addition to S.
dalli there are other exceptions to the general rule that rockfishes
have an open ocean juvenile stage. Pelagic juveniles of the subgenus
Sebastomus (e.g. S. consteliatus, S. chlorostictus, and S. rosaceus)
as well as 5. alutus and S. rufus are noticeably missing or rare in
pelagic colleciTons. 5. atrovirens, S. carnatus, 5. caurinus, and S.
chrysomelas recruit to the kelp habitat as large Tarvae (Anderson

ese four species first associate with the kelp canopy and
then gradually migrate to the bottom. Thus, their strategy may be a
variation of the strateqy of species associated with drifting objects
as juveniles.

The first review of rockfishes associated with drifting objects is by
Mitchell and Hunter {1970). They found juvenile 3. dipleproa, 5.
paucispinis, 5. rubrivinctus, 5. serrancides, and 5. serriceps assa-
ciated with drifting Kelp off southern California and Baja California.
This stage is particularly important in the 1ife history of §.
diploproa (Boehlert 1977). Juvenile S. diploproa were associated with
drifting kelp throughout the year. "Peak abundance was in May-June.
The juveniles appeared to leave the drifting kelp habitat and settle to
the bottom between May-June and November-December. Juveniles are about
1 year old when they reach the bottom. Pelagic sampling gear rarely
captures juveniles of this abundant species. Boehlert (1977) also
pr‘esented information on §. paucispinis, 5. rubrivinctus, and 5.
serriceps. S. caurinus and 5. nigrocinctus were associated with a
drifting glass float found in Queen Charlotte Sound (Hitz 1961).
Cata presented in the paper suggest that specimens identified as 5.
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ature contains little about juvenile rockfishes associated with deift-
ing objects. 1t may prove to be an interesting subject to study north
of southern California.

caurinus could have been S. maliger. Since Boehlert's work, the liter-

Pelagic sampling gear has captured juveniles of many rockfish species,
The two most extensive studies are by Pearcy and Laroche {Table 7} and
Adams , Lenarz, Moreland, and Wyllie Echeverria (Table 8). Pearcy and
Lareche captured 15 species of juvenile rockfish off Oregon and
Washington using purse seines., 3. entomelas, S. flavidus, 5. melanops,
and S, mystinus were abundant in their collections. Peak catches for
12 of the 15 species were in June. Catches of 5. diploproa, S.
nigrecinctus, and 5. proriger were tow and peaked in September, They
do not report juvenile S. alutus, which is a common species in their
area. Adams et al. captured 27 species of juvenile rockfish off cen-
tral California with a midwater trawl. They captured significant num-
bers of S. auriculatus, S, entomelas, S. flavidus, S. goodei, S.

Table 7,--Catches of juvenile rockfishes by purse seipe sets off Qregon
and Washington, 1979-1984, Mesh size was 3.2 cm (stretched)},
{N = number of juveniles, Y = number of years of occurrence)
{Personal communication W. Pearcy and W. Laroche, Oregon State
University, Newport, Oregon}.

Menth May June July August  September
Number

of Sets 124 335 119 67 152
Species NOY N Y N Y NY N oY
S, crameri 0 0 z2 2 LUN] 0 0 0 0
5. diploproa [V 1 1 g @ 0 0 13 1
S. emphaeus 1 1 0 0 0 0 ¢ 0 0o 0
$. entomelas 9 1 283 5 0 0 0 0 g 0
5. fiavidus g o 589 6 0 0 0 0 0 0
$. goodei 1 1 1 1 0 0 0 0 0 o
5. jordani 9 2 73 6 i1 0 0 0 0
S. maliger 0 0 1 1 g 0 0 Q 0 o
S§. melanops 1 1 B9 b 0 0 0 0 o 0
5. mystinus 1 1 432 3 2 1 0 0 c 0
§. nigrocinctus 0 0 o 0 o 0 g 0 g 2
S, paucispinis ©¢ O 14 3 0 o 0 0 c o0
5. pinniger 1 1 g8 1 0 0 9 Q 0 0
5. proriger o 0 c 0 e 0 0 0 14 1
§. saxicala 0 ¢ 171 0 0 0 0 o 0
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Table 8.--Catches of juvenile rockfishes by midwater trawls off of

central Califorpia. A 25-m head rope length trawl with
a 1.3-cm stretched mesh cod end was wused. Towing depth
varied from 10 to 100 m. April was sampled 1985 and 1986,
Late May and June were sampled 1983-1986. (N = number of
Juveniles, 0 = number of occurrences, Y = number of years
of occurrence). ({Personal communication P. Adams, W. Lenarz,
S. Moreland and T. WMyllie Echeverria, Southwest Fisheries
Fisheries Center, Tiburon, California).

Month April Late May-June

Humber

of Tows 48 387

Species N o} Y N g Y
S. auriculatus 205 12 1 532 83 V4
$. caurinus 1/ 0 0 0 9 6 1
5. crameri Q 4} Q 15 10 4
S. diploproa 1 1 1 3 3 1
5. entomelas 0 o Q 15,335 99 4
$. flavidus Q 0 0 893 86 4
5. goodei 460 21 2 603 57 3
5. hopkinsi 1 1 1 1,374 41 3
$. jordani 134 17 2 84,828 180 4
5. levis 0 0 1 1 1
5. melanops 0 0 99 23 3
S. mipiatus 1 1 1 ¢ 0 0
5. mystipus 11 7 2 2,817 47 3
5. nigrocinctus 0 0 ¢ 3 2 1
3. paucispinis 7 [ 2 1,029 81 3
S. pinniger le 8 2 242 65 3
§. rastrelliger 0 0 0 1 1 1
$. saxicola 16 10 2 65 22 3
5. semicinctus 0 0 0 10 7 2
S. serranoides 0 0 0 12 5 2
S. serriceps Q 0 4] 3 3 1
S. wilseni 4 3 1 20 8 3

1/

= Spectmens classified as 5. caurinus could alsec be S. carnatus, §.

chrysomelas, or §. maliger.”
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Peak catches of most species occurred 1n late May-June,
auriculatus, 5. goodei, and 5. saxiccla are more abundant in Ame
They did not capture S. rufus, which 1s abundant in their area. In
addition to the list of species collected as juveniles in Tables 7 and
8, S. helvomaculatus is reported by Richardson and Laroche (1979}, S.
macdonaldi by Moser (1972}, S. melanostomus by Moser and Ahlstrom
{19787, and S. zacentrus by Laroche and Richardsen [1980).

hopkinsi, S. jordani, S. mystinus, S. paucispinis, and S. pinniger.
ut

Studies have found newly transformed benthic juveniles of many spe-
cies both in nearshore and offshore waters. Anderson (1983) provides
data on the timing of settlement in the nearshore habitat off central
California For 15 species (Table 9). His data dndicate that 3.
entomelas, S. goodei, S. jordani, and $. paucispinis only occasionalTy
used this study area.” The remaining™ LI species regularly used the
area. He also obtained a few specimens of 5. semicinctus and S.
rosaceus. Feder et al. (1974} report juveniTe 5. atrovirens, 3.
miniatus, S. mystinus, S. paucispinis, and S. rastreTTiger in keTp
beds off Sscuthern Califernta. Hobson ({pers. commun. %ept. 1986,
Southwest Fisheries Center, Tiburon, California} has found signifi-
cant numbers of S. caurinus, 5. flavidus, S. melanops, and 5. mystinus
in kelp beds of mnorthern California. Turner et al. (1969) Tound juve-
nile S. auriculatus, 5. caurinus, 5. dalli, and 5. serranoides asso-
ciated with man-made reefs in nearshore waters off southern California.

Sherwood and Mearns (198l) captured 1arge numbers of juvenile 8.
saxicola, $. diploproa, and S. jordani using a bottem trawl off south-
ern California., Moser and Ahlstrom (1978B) captured benthic juvenile S.
melanostomus of f southern California. Chen (1971} captured juveniTe
5. rosenbTatt{ and S. umbrosus on the bottom off southern California.

Table 9.--Number of juvenile rockfish in nearshore waters (<25 m) off
central California [Anderson 1983).

Feb  Mar __Apr May Jun Jul  Aug 5ep Oct _Nov D;_r:5

5. atrovirens 0 0 g0 ] 56 50 88 a7 90
S. carnatus - a b 0 Z 82 312 9l 43 20 7 a
§$. chrysomelas

5. caurinus 0 a 46 85 207 11% 7 &7 27 4 U
5. entomelas 0 U 4 0 11 17 5 0 0 0 0
5. flavidus u 0 9 14 141 119 76 32 22 5l 1
$. yoodei 0 G o 0 6 0 i 1 0 0 0
3. jordari ¢ 0 ] 0 5 6 2 0 ] 0 0
5. melanops 0 4] 3 6 113 68 44 20 9 20 0
S. miniatus 18 ] 4 5 7 6 2H 1 16 3 g
$. mystinus a ] 13 101 326 129 i7 40 36 9 a
§. paucispinis 2 Z 6 18 59 14 v 8 8 4 u
$. pinniger \] 0 15 1% 130 111 17 35 3 2z 4]
5. saxicola 0 0 14 3 58 117 214 100 109 0 [t}
5. serranoides 0 0 4 19 144 a2 42 49 11 10 7
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Love and Lee (1974) report on S. rubrivinctus caught by bottom trawl
off Santa Barbara. Lenarz et al.  {pers. commun. Sept. 1986, South-
west Fisheries Center, Tiburon, California)} captured Juveniles of 11
species with a bottom trawl off central Catifernia (Table 16). S.
saxicola was particularly abundant. Apparently, midwater trawl gear
dees not adecuately sample S. crameri, S. saxicola, and S. semicinctus
in April-Jdune off central California ~(Tables B and 107, Benthic
juveniles of S. flavidus and 5. melanops were collected off Oregon by
Laroche and Richardson (19797; ~35. entomelas and S. zacentrus by
Laroche and Richardson {1980); and 5. crameri, S.  he vomaculatus,
and S. pinniger by Richardson and Laroché [1979). —CarTson and Haight
(1876) report "that juvenile S. alutus begin settling in Alaskan
fiords when they reach around 30-55 mm in length. S. alutus do not
appear to settle until their second year of 1ife. -

May, June, and July are important months for juvenile rockfishes off
Washington, Oregon, and California, when the young fish are important
forage items for other fish (Merkel 1957) and for birds (Wiens and
Scott 1975) and are at peak abundance in midwater catches {Table 7 and
8). Also, most major species transform to benthic juveniles during
this time. Anderson (1983) reports peak catches of small benthic juve-
nile S. flavidus, 5. melanops, §. mystinus, S. paucispinis, and §.
serranoides during Junz {Table 97. These calches suggest That June Ts
the peak month of transfer from the pelagic to nearshore stage for
these species. Hobson {pers. commun. Sept. 1986, Scuthwest Fisheries
Center, Tiburon, California) has found during the past 10 years that 3.

Table 10.--Catches of juvenile rockfishes by 30 bottom trawls off of
central California during June 1984. A 12-m head rope
length trawl with a 1.3-cm stretched mesh cod end was used.
Bottom depths were less than 200 m. (N = number of juve-
niles, 0 = number of occurrences) {Personal communication W.
Lenarz, S. Moreland and T. Wyllie Echeverria, Southwest
Fisheries Center, Tiburon, California).

Species N 0
S. auriculatus 1 1
5. constellatus 1 1
5. crameri 17 4
. flavidus 5 3
5. hopkinsi 12 2
S. jordani 3 2
S. paucispinis 1
3. pinniger 10 3
5. saxicola 201 12
5. semicinctus 7 3
S. wilsoni 2 2
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flavidus, 5. melanops, and S. mystinus first begin recruiting to near-
shore habitats of northern TaTiTornia between late May and Tate June.
Hobson's observations also provide some insight inte other aspects of
the juvenile stage. He has observed that the size of newly recruited
juveniles is noticeably larger in some years than others. This
suggests that size is not the only factor that triggers transition from
one juvenile stage to ancther. He also has observed that during some
years recruitment of these species to the nearshore habitat is concen-
trated inte a period of less than a month, whereas during other years
it is spread over several months.

Juvenile Field Studies

A study of rockfish recruitment was initiated in 1983 by the Tiburen
Laboratory. Reports are available on progress through 1985 (Lenarz
and Moreland 1985, Hobsom et al. 1986). This section reviews these
reports and adds some information obtained in 1986,

The study has three major objectives. The first is to develop methods
for predicting year-class strength for economically important species
of rockfish. Most species of rockfish are not recruited to fisheries
until the age of 4-10 years. The study attempts to estimate year-class
strength in the first year of 1ife, and thus give fishermen and mana-
gers a basis for planning. The goal is to detect severalfold changes
in year-class strength. Such precision has been shown to be appropri-
ate for management purposes ({e.g. Lenarz 1971). The study area
originally included the coastal and offshore waters between Point Sur
and Cape Mendocinc, California. Beginning in 1986, the offshore work
was limited to the area between Monterey and Bodega Bay. The study
emphasizes seven species of rockfish that are important in the area:
5. entomelas, 5. flavidus, 5. goodei, S. jordani, §. melanops, S.

mystinus, and S. paucispinis.

The second objective is to gain a better understanding of factors that
affect strength of recruitment, the most important factor underlying
the success of fisheries. Although there wust be a relationship be-
tween recruitment strength and the quantity and quality of eggs or lar-
vae produced by adults, that relationship is cbscured by poorly under-
stood environmental factors. The Tiburon Laboratory is studying annual
changes in reproductive physiolegy of adults, the relationship between
oceanic conditions and recruitment success, and the fine-scale timing
of reproductive success (daily ages of juveniles).

The third cbjective is to develop a better understanding of the ecclo-
gical niches of juveniles of important species. About 60 species of
rockfish occur in California and about 20 species are fairly abundant
in the study area. These closely related species are similar in
appearance in the juvenile stage. The ecology of some juvenile rock-
fishes is fairly well kpown during the nearshore stage, but }ittle is
known about the ecology cof any species during the pelagic juvenile
stage. We are studying feeding habits and environmental factors that
affect distribution of petagic juveniles, as well as adding to the
existing knowledge of the nearshore stage.

Samples in the offshore area are collected with a midwater trawl that

is slightly modified from the gear used by Mais [1974). The net has
a 25-m headrope and 1.3-cm mesh liner in the codend. Tows 15 minutes
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in duration are made during darkness. Daylight tows were tried and
discontinued because of low catches. 3tandard warp is 30 m for tows
in depths less than 92 m anrd 90 m in deeper waters. Replicate tows
are made at some stations for comparative purposes. Most of the work
is conducted from late May through the end of June, but some work is
done in April.

Analysis of replicate midwater tows made at some statiens indicated
that only one tow per station was necessary. The 9U-m warp catches
were larger than the 30-m warp catches, but the differences were not
statistically significant. The power of the test was low because of
small sample sizes. However, catches at these two depths were signi-
ficantly correlated. We are collecting more data on depth distribu-
tion.

Midwater catches were lowest in 1983 and highest in 1985. Catches were
similar in 1984 and 1986. An analysis of variance produced significant
differences between 1984 catches and 1985 catches of S. flavidus, S.
goodei, S. jordani, and 5. paucispinis, but not 5. entomelas.

Previous to 1986 one set of midwater trawl stations was occupied be-
tween Paint Sur and Cape Mendocino. The 1985 season demonstrated to
us that settlement can occur in late May-early June. We thus narrowed
the area to Point Sur to Bodega Bay and will attempt to sample all
stations three times during the season. The highest replicate will
be used for the index of abundance.

Results from Oncorhynchus tshawytscha and nearshore Ophicdon glongatus
stomach content analySes are promising. We believe thal we may be ahTe
to eventually replace midwater trawl surveys with stomach content
analyses to produce routine indices of abundance for important species
of juvenile rockfisnh.

Scuba surveys are made in shallow nearshore waters of northern Cali-
fornia's Sonoma and Mendicino coasts. The laboratory conducts scuba
surveys to about 35 m every 2 to 3 weeks as weather permits. Two or
three divers equipped with marking slates note numbers of Jjuveniles
during timed segments along randem courses in representative habitats.

The nearshore studies are providimg data on two species thet do not
appear to be sawpled well by the midwater trawl survey, 5. melanops and
S. mystinus. In addition, the nearshere results are similar to the
offshore results for $. flavidus. Statistically significant differ-
ences were found in 1983,7T987, and 1985 for 5. flavidus, $. melanops,

and 5. mystinus.

The Laboratory began work on adult reproductive physiology and daily
age determinations during the past year. It is premature to present a
progress report on these two studies.

The Tiburon Laboratory plans te follow the basic field plan for the
next several years. We intend to make statistical comparisons of the
midwater trawl and stomach content data in a few years. We will drop
the midwater traw) work if the stomach date appear to be adequate. We
are attempting to obtain another vessel during May-June to examine scme
questions we have on the relationship between oceanic conditions and
the distribution of the juvenile rockfishes.
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It will be a number of years before we know how well the indices of
abundance perform as predictors of year-class strength. However, there
is already some evidence that indices will produce satisfactory results

for S. paucispinis.

Implicaticns for Management

Adult biomass estimation

The lack of pelagic eggs in rockfishes has several consequences for
fisheries scientists. The use of surveys of pelagic eggs to estimate
spawning biomass of fish populations is becoming a standard practice in
several fisheries. This technigue has been considered for several
decades, and now is reaching a level cf sophistication that makes it
the method of choice for population estimates in several cases. Since
rockfishes do not have pelagic eggs, this methed cannot be considereg
for these fish. The pelagic larvae of fish can be used to estimate
spawning biomass, but as the time between spawning and collecting
increases, the effects of mortality and dispersion make the estimates
less and less reliable. This method could be considered for rockfishes
known to have very distinctive early lYarvae (e.g. 3. jordani and S,
paucispinis); however, early larvae of most rockfishes aTY Took quite
similar and it may not be possible to identify them routinely in plank-
ton samples. To use eggs or larvae for a population estimate, details
of reproductive parameters such as fecundity and distribution of
spawning must be known rather precisely. This information is being
accumulated for rockfishes, but s not yet generally available for
these applications.

Larval identification

Since there are so many rockfishes in the northeast Pacific, and since
larvae of few of them appear to be readily identifiable, their use in
recrui tment studies seems doubtful in the near future. Larval series
{illustrations of a yolk-sac and/or preflexion larva, a flexion larva,
and a postfiexion larva) are only known for 9 of the 71 species. Among
these are four species with distinctive larvae (S. aurcra, 5. jordani,
S. melanostomus, and 5. paucispinis), but the othérs may Be confused
with species that havé nof yet been described. Descriptions of larvae
of other species are accumulating slowly, and rearing of northeast
Pacific rockfish larvae has proven difficult s¢ far. A further compli-
cation to tne larval identification problem is that most of the rock-
fish larvae collected in plankton surveys are too small (<8 mm} to have
distinctive meristic characters. The critical stages for establishing
series, those between flexion larvae and pelagic juveniles (which have
distinctive pignent patterns and adult meristic characters), are very
rare indeed in plankton collections. It should be noted in particular
that development of S. alutus, the most common and heavily fished rock-
fish in the GuIf of Alaska and Bering Sea, remains undescribed between
the yolk-sac larvae and pelagic juvenile stages. While the use of
rockfish Jarvae in fisheries studies is not impossible, scientists and
managers should realize their limitations and gear expectations accord-
ingly.




Longevity

The adult life histories of rockfishes are as varied as the early life
histories. [n this section we will discuss longevity, its effect on
management, and fmplications for using estimates of year-class strength
made during the year of birth.

S. jordani is a very abundant unexpioited species (Lenarz 1980}, It is
relativeTy short-Tived (rarely older than 10 years). This species could
probably sustain relatively high rates of exploitation. Consequently,
4 fishery would probably be supported by one to several year classes.
Early estimation of year-class strength is important for such a fishery
because a year class only produces significant contributions to tand-
ings for a few years at most.

S. entomelas 1s 2 moderately-lived species (fish older than 30 years
uncommon). The species supports moderate levels of exploitation
{Hightower and Lenarz 1986). Strong year classes occur every few
years. lncertainty in the strength of incoming year classes has re-
sulted in errors of about 25% in estimation of acceptable biological
catch for the Pacific Fisheries Management Council.

5. alutus is a very long-lived species (oldest specimens approach 100
yearsJ. This species can anly support low rates of expioitation (Ito
et al. 1986), and stocks are depleted in wmost if not all areas. Fish
do not fully recruit to the fishery unti)l age 10 or more, and strong
year classes occur only about once per decade. The ability to detect
such year classes at an early age would provide managers and industry
with a valuable planning tool.

While there is a wide range of longevity in rockfish, it appears that
in general, management and industry would benefit from estimates of
year-class strength at an early age. We hope to make such estimates
from pelagic and nearshore surveys of Jjuvenile rockfish densities.

1
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the CalCOF! program, and discusses distributions of S. jordanf, S.
paucispinis, $. macdonaldi, and S. levis specifically. - -
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Many demersal marine fishes have pelag:c larvae which subsequently
settle into benthiec habitats. The pelagic-demersal transition is a
critical event for these young fishes, as many have specific habrtat
requirements. Some of these species are able to discriminate among
micro-habitats at the time of the pelagic-demersal transition (Marliave
1977y, After 1initial settlement, young-of-the-year (YOY) Fishes may
select habitats based on factors such as food availability (Jones
1984}, shelter availability (Shulman 1984, 1985, Ebeling and Laur
1985}, predator density (Shulman 1985} amd presence of conspecifics
(Sweatman 1383). The pelagic-demersal transition may result 1in  high
mortality, depending on the success with which the young fish locate
suitable shelter and appropriate prey.

Copper rockfish (Sebastes caurinus) 1§ found in shallow rocky-reef
habitats from Calirfornia to Alaska (Hart 1973}, It release pelagic
larvae, which subsequently recruit to shallow reef enviromments (Carr
1983) . Throughout most of its range, copper rockfish is one of a number
of rackfish species found 1n nearshore waters. However, 1n the Strait
of Georgia, British Columbira, rockfish diversity 1is low, and copper
rackfish is the most common shallow water (< 20 m) species. As a
result, copper rockfish is an important component of nearshore reef
communities of the Strait of Georgia, and s exploited by both
recreational and commercial fisheries (Richards 1986).

The process of recruitment s poorly understocd for most rockfishes;
although, for temperate reef fishes, macrophytes apparently are
important Ffeatures in post-larval habitats. In the Labrid species
Pseudolabrus celidotus, for example, recruitment was consistently
higher 1in <certain habitats, defined principally by macraphyte type
(Jones 1984). In California, several post-settlement rockfishes First
appear in kelp canopies, followed by ontogenetic shifts to more benthic
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habitats (Carr 1983); sim1larily, Boehlert (1977} found that
pre-juvenile splitnose rockfish (S. diploproa) frequent patches of
floating kelp prior to their demersal transition. in the study
reported here, we examined patterns of habitat use by post-Jarval YOY
copper rockfish in the Strait of Georgia, 1ncluding changes in density,
size distributions, and feeding habits over time. The primary
objective was to identify which shallow reef enviromments might be
especially valuable to copper rockfish in their first year.

Study Area

The study was conducted off Snake Island, a swall disland (2.52 km by
8.24 km) Tlocated n the Strait of Georgia on the east coast of
Vancouver Island (Fig. 1). This site was chosen because of the
diversity of benthic habitats available, and becasue of 1ts relative
isclation. The nearest land mass 1s a small island 2.3 km away, which
is separated from Snake Island by a channel with depths owver LB m,
The nearest headland s 2.4 km distant, with deep intervening
channels.

Habitats were categorized on the basis of the presence or absence of
deminant macrophytes. They are; kelp forest (KF), Agarum siope (AG),
eelgrass bed (EG), or sand (SN) (Table 1}. In the following sections we
1dentify habitats by their two letter designators, and, in the case of
the KF habitat, the bottom and canopy are separately 1dentified as
KF-bottom and KF-canopy.

Methods
Fish densities were estimated while SCUBA diving. Visual counts were

made by swimming along randomly placed 25-m transect lines in each of
the four habitats 1in each of three time periods. Ten raplicate

transects comprised each habitat/time sample. Fish were recorded 1
they were abserved in the water column within 1 m of either side of the
transect 1ine. In areas with dense algal cover, such as rocky slopes

cavered with Agarum, divers searched the algae to Flush any hidden
individuals. In the KF habitat, where stands of Nereocystis formed an
extensive canapy, initial counts were made within 1.5 m of the bottom,
followed by a second count in the kelp canopy. The two counts were
combined for the KF transect total. Copper rockfish were 1dentified as
¥0Y, juvenile or adult, based on s1ze.

Transect counts were conducted August 15-22, September 24-27, and
Qctober {17-22, 1985. Transects In each habitat were surveyed on at
Teast two different days in each time period. A1l dives were perForméd
between 9900 and 1388, Algal cover in each habitat was estimated in
August and September from four randomly placed 15-m transects. In
addition, while counting Fish 1in the KF habitat, divers recorded the
number of Nereocystis stipes within the 2-m wide transect band.
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Figure 1. The Snake Island study site in the Strait of Georgia, British
Columbia, Canada.
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Table 1. The major habitats at the Snake Island study site. Depths are
relative to mean sea level,

l. Kelp Forest (KF} 5 - 11 m. An area characterized by dense stands of
the grant kelp Nereocystis leutkeana, with a canopy eéxtending to the
sea surface. The understory is dominated by the kelp Agarum fimbriatum
(75X cover).

2. Agarum Slope (AG} & - 14 m. Rocky slopes dominated by the
understory kelp Agarum fimbriatum (86X cover), Occasional broken rocks
provide additional vertical relief,

3. Eelgrass Bed (EG) 7 - 11 m. Areas where the perennial aselgrass
Zostera marina occcurs in dense stands, rooted 1n sandy substrate.
Individual plants reach a height of 1.6 m. The bottom is gently
slaping. Algal drift material is common.

4. Sand (SN) B - 3@ m. Areas of sandy substrate with no vrooted
macrophytes, The bottom is sparsely covered with algal drift dispersed
from the rocky areas (31X cover with drift algae, mostly Agarum).

YOY copper rockfish were collected after density counts had been
completed 1n each time period. Divers armed with small-mesh hand nets
captured fish in the order 1n which they were encountered, selecting no
more than a few fish from a single school. In August, f1sh from the KF
habitat were collected from camopy and bottom locations. By September,
densities in the KF and SN habitats were too Jow to continue sampling.
Fish were placed on 1ce immediately after capture, and were Ffrozen
within a few hours. Later, the frozen f1sh were thawed 1n  1ce water,
damp-dried with paper towels, measured for fork length to the nearest
mmn, and werghed to the nearest centigram. Otolithe (saggitae) were
removed and stored n alcohol, and stomachs were removed and fixed 1n
18X formalon,

Settlement date was estimated by counting dailly otolith Tncrements. A
distinct mark, which 1s structurally identical to the metamorphic mark
documented by Victor (1983}, occurred 1n most otaliths, and is assumed
to mark the time of the pelagic-demersal transition (Figure 2). In July
1986, a recently metamorphased YOY copper rockfish was collected i1n the
Strait of Georgia, near Nanaimo. The otoliths from that fish clearly
show a recently formed clear area with no peripheral increments (Fagure
2). We regard this as a provisional validation of the metamorphic mark,
pending further studies. Otsliths were mounted on micrascope slides
and viewed at 4@@x magnification through an ©11  immersion lens.
COtoliths from specimens collected In August were read whole, whereas
otoliths from later specimens were mounted on microscope slides with
clear fingernail harderer and ground down on 60@ grit sandpaper. The
number of Increments peripheral to the metamorphic mark was assumed to
egual the number of days since settlement.

Food habits were quantified by examining stomach contents of each fish
under a bingcular dissecting microscope. Individual prey 1tems were
sorted 1nto homogenecus taxonomic groups, and counted., Percent valume
of each prey group was estimated by spreading prey 1tems to a uniform
thickness over a background grid of | mm squares, then counting the
area coverad. I[n the case of larger prey 1tems, such as shrimp, the
area covered was multiplied by their estimated thichness relative to
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Figure 2. A. Otolith from a fish collected 1n September 1965, showing
metamorpnic mark. B. Otolith from a fi1sh collected 1n July 1986
showing recently formed metamorphic mark.
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the thickness of smaller ‘items. The mean percent wvolume (IV) was
calculated as the average of all values for [individuat specimens 1in
each sample. The percent occurrence of prey catagories 1in each sample
15 tha percent of specimen stomachs in which the prey catagory was
found.

Transformations of density and size data did not produce distributions
with homoscedastic variances. Hence we used a nonparametric test
(Kruskal-Wallis) to compare densities and sizes among habitats within a
time pericd, and among time periods within a habitat. We used the
Wilcoxon two-sample test in all cases where there were anly two medians
to compare.

Results
Spatial and temporary variation in density.

¥0Y copper rockfish were the wmost abundant Fish encountered on
transects. Older juvenile and adult copper rockfish alse occurred, but
at a maximum density of 1.8 fish/transect (AG habitat in September). No
other rockfish species accurred on transects. Lingcod, probably the
major predator on Y0¥ copper rockfish, had a maximum density of 8.8
fish/transect in the AG habitat in September and 1n the EG habitat 1in
Qctober.

The distribution of Y0¥ copper rockfish varied considerably among
habitats (Figure 3. In August, densities wers highest in the KF
habitat, somewhat Tower in the E6 and AG habitats, and VTomest im the SN
habitat. By September, densities In the KF and SN habitats had
declined to near zero, but remained relatively high in EG and A5
habitats. The trend continued in October, with Jow densitiyes in KF and
SN habitats, and relatively high densities 11n EG and Ag habitats.
Differences in density were significant (p(.@@#1) across habitats for
each month, although there were no significant differences between the
AG and EG habitats Wn August and October, based on pairkise
comparisons. In September, the density of Y0¥ copper rockfish was
significantly greater (p{.888} in the EG habitat than +in the AG
habitat.

There were also significant changes in density of YOY rochfish over
time 1n each habitat, with the exception of the AG habitat. Density
peaked 1in the EG habitat in September (p<.085}), whersas density
decreased dramatically in the KF and SN habitats after August (p<.@81).
During August, most YOY copper rockfish in the KF habitat were
associated with the kelp canopy. However, in September and Qctober YOY
copper rochkfish were only found on the floor of the kelp forest. A
notable decrease occurred in the density of Nereocystis plants during
the study, as the mean number of stipes n the HKF habitat {in
stipes/transect) decreased from 29 in August, to 17 1n September and 8
in October (p<.8@1, Hruskal-Wallis test),
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Figure 3. Density, in number per transect (52 square meters), of YOY
copper rockfish in four habitats over three months at the Snake Islamd
study site n the Strait of Georgia.

Spatial and temporal variation in size.

Size differences were apparent for YOY copper rockfish collected +From
different habitats 1in sach time period (p<.@di, Tahle 2), In August,
when YOY copper rockfigh occupied all  four habitats, the largest fish
were collected from the KF-bottom habitat, followed by EG, KF-canopy,
SN and AG habitats. Fish 1in the KF-bottom habitat were significantly
larger than €ish in other habitats by pairwise compavison tests, In
September and October fish in the EG habitat were marginally Ilarger
than fish in the AG habitat (p<.0% and p=.85, respectively).

The largest s1ze increase for YOY copper rochfish occurred over the
August - September period (p(.231 for both EG and AG habitats). Size
increases between September and October were significant for the EG
habitat {(p(.21), but not for the AG habitat. Growth rates between
August and October averaged 9.15 and 9.16 me/day 1in the AG and EG
habitats, respectively.

Settliesment Date.

The number of otolith increments peripheral to the metamorphic mark in
August and September specimens provided the distribution of ssttlement
dates 1n Figure 4. Settlament appears %o have occurred in one major
episode during the first week of August. The daily nature of the
otolith increments is verified by comparison of settlement dates frowm
August and September specimens. The distributions of settlement dates
back-calcuiated from the two sampling periods are virtually identical
(Figure 8); thus, the number of increments added betwesn the collection
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dates in August and September is approximately equal to the number of
calendar days n that interval.

Table 2. Sample sizes (N), mean length and standard error (SE}
in mm for YOY copper rockfish collected at Smake Island.
Habitat abbreviations are given in Tahle 1,

TIME/HABITAT N LENGTH  SE
August
AG 89 3.5 0.4
KF-bottom 49 32.2 0.7
KF-cancpy 99 38.2 0.3
EG 61 38.8 @.7
SN 66 37.3 0.6
September
AG 59 44.6 9.7
EG 83 46.4 9.6
Cotober
AG 29 45.6 1.2
EG 57 48.4 Q.6

Food habits.

Recently settled copper rockfish jJuveniles fed on a variety of
pianktonic zooplankton, epi-benthic crustaceans, and benthos- or
macrophyte-associated mobile invertebrates (Tables 3 and 4).
Harpacticoid copepods, gamserid amphipods, caprellid amphipods, mysids
and shrimp were especially important prey groups. Gerwerally they
appear te feed opportunistically.

In August, pelagic planktanic prey were an important component of the
diet of f1sh 1in KF (calanoid copepods) and AG {crab zoea) habitats.
With those exceptions, prey were predominately spibenthic or demersal.
Harpacticoid copepods were the most commonly found prey in the diet in
August, especially 1in habitats outside the kelp forest; and were the
most 1mportant (in IV) single prey group in AG and SN habitats,

Time series of diet compositions were available for fi1sh from AG and EG
habitats. Some prey groups were consistently used, but there also were
some ontogenetic shifts in feeding habits (Tables 3 and 4). In the AG
habitat, harpacticoid copepods remained important prey in September (11
IV} and October (19 AV), although & shift to larger prey was evident by
the increase in shrimp in  September (31 IV} and October (18 IV), and
my&1ds in October (2B IV), In the EG habitat, shrimp were a main diet
component in August (26 IV), and continued to be important in September
(3¢ IV) and October (453 1IV). After August, fish in the EG hahitat were
feeding almost exclusively on large epi-benthic or bernthic crustaceans
(shrimp, gammerid amphipeds and mysids).
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Figure 4, Back-calculated date of settiement for YOY copper
rockfish at the Snake Island study site collected 1n August

{n=348) and September (n = 37), based on number of atolith
Increments. Distributions thown are based on total numbers in each
three day interval, beginning on Julian Day 200 (July 28).

Maximum settlement 15 1N the +interval beginning August 4.

Table 3. Freqguency of cccurrence of major taxonomic groups of
prey found in YOY copper rockfixh stomachs. KFB: KF-bottom
fhabitat, HFC: KF-caneopy habitatj other habitat abbreviations
are given in Table 1,

PREY GROUP AUGUST SEPTEMBER OCTOBER
AG EG HKFB KFC SN AG EG AG EG

SAMPLE SIZE 32 32 ae 31 a2 43 41 28 34

Catanond .16 .11 ,13 .8Bd .83 LB .15
Copepod

Harpacticoid .93 .93 .58 .52 .96 5@ .26 .63 .25
Copepod

Crab Zoea .16

Gammerid 12 .14 .39 L1 .31 .26 .72 .44 .33
Amph1pod

Caprelilid 26 .29 .45 .42 .37 .83 .07 .04
Awmphipod

Stomatopod .03 .24 .83 .23 .84 .08

Mysid .19 .11 .19 .86 .19 .37 .54

Snramp 83 .18 i3 .1@ .38 .42 .22 .54

Polychaete 11 .29 .18 .21 .26 .18 .04
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Table &. Percent volume, expressed as the mean propaertion of the
tatal stomach volume in sach prey catagory, for YOY copper
rockf1sh sampled from each habitat at the Snake Island site 1n
each month. KFB; KF-hottom, KFC: KF-canopyi all other habitat
abbreviations are given wn Table 1.

PREY CATAGORY AUGUST SEPTEMBER GCTOBER
AG EG HFB HFC SN A6 EG AG  EG

SAMPLE SIZE 32 32 32 31 32 43 41 28 34

Calanoid .82 .81 - .25 - .02 .01
copepod

Harpacticoid .28 .14 .11 .@8 .28 .11 - .19 .81
copepod

Crab zoea .13

Gammer-id .84 .83 .11 .85 .80 .21 .29 .29 .16
amph1 pod

Caprellid 84 .12 .23 .25 .21 .e1 .82 -
amph1pod

Stomatopod - .82 - - - .81

Mysid .87 .06 .19 .81 .94 .28 .15

Shrimp 02 .26 .15 .19 .31 .3e .18 .43

Palychaete i1 .88 .85 .81 o6 .85 .6

uUnident . .39 2% .12 .3¢ .27 .28 .33 22 .14

Dy scussyan

There was probably little mixing of YOY copper rockfish among habitats
guring the initial post-larval summer period, as there were significant
among-habitat differences 7n mean fish xize in August. Subsequent
changes 10 density could result from additional recruitment from
plankton, migration of post-larval juveniles from nearby sites,
dispersion among habitats, wortality, ar any combination of these
factors. It s unlikely that settlement from the plankton continued at
Snake Island after the start of the study, as the otolith ages and
length frequencies of the samples give no indication  of new
settlement. It 1s also wuniikely that densities were affected by
migration from other reef areas, because of the relative isolation of
Snake Island. Thersfore, we assume that all density changes reflected
movements among habitats and/or mortality.

ontogenetic shifts In habitat wuse occur 1n responseé +to changing
resource values, such as shelter from predation or prey availabiTrty
(Werner and Gilliam 1984). Bluegill sunfish switch foraging habitats
when the relative food values of the habitats change (Werner et al.
1983a), although these fish may forage n less prey-vrich habitats with
more shelter when 1n the presence of predators (Werner et al., 1983b).
Jones (1984) found that post-larvae of a temperate reef fish
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preferentially used habitats with high algal hiomass and 1ncreased prey
density, although he recognized the difficulty in separating the
effects of food availability and protection from predators. Predation
is undoubtedly a factor in habitat resource value in the Strait of
Georgia. Potential predators in the study area include lingced (Miltler
and Geibel 1973) and adult copper rockfish (Prince and Gotshall 1976,
Moulton 1977), and various bird species (Carr 1983).

Post-larval rockfish juveniles have been observed to shift habitats as
they grow (Carr 1983}, with associated changes 1n feeding habits
(Singer 19683%). Copper rockfish 1n the Strait of Georgia follow a
similar pattern, although we observed them to initially occupy a
greater divergity of habitats than observed n California (Carr 1983).
The scope of our study did not allow the controlled fi1eld experiments
ngcessary to gquantify the relative importance of prey vs, predators as
factors in hahitat selection. However, we did examine prey use by
habitat, over time. During the three months of this study, Y0¥ copper
rockfish consistently exploited certa'n prey types within a habitat.
For example, fish 1p the AG hahitat ate harpacticoid copepads
throughout the study, even though in October the fish were larger than
in earlier samples., We suspect, therefore, that the reduction In use
of welp forest habitats between August and September was a result of
reduced shelter availability and/or reduced density of all prey +types,
and was not a result of changing preferences by groWwing fish.

In the Strait of Georgia, poest-larval copper rockfish 1nitiadily utilize
# variety of reef-associated habitats. Kelp forests are an especially
important habitat during this phase. However, the relative food and
shelter values of shallow reef habitats change seasonally with the
production cycles of the dominant macrophytes and their associated
invertebrate populations. Within the first few months of settlement
Y0Y copper rockfish shift to demersal habitats with perennial
macrophytes., For YOY copper rockfish the availabliiity of reef aresas
with both summer kelp forests and winter perennial macrophytes 15 a
feature that potentially enhances first year survival. Such areas may,
therefore, be especially valuable as nursery areas, and could possibly
contribute disproportionately large numbers of individuals to older age
classes,
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The genus Sebastes has hlstorically been constdered to be
ovovliviparous, with all energy for embryonic development coming trom
the yolk present at fertllization. Recent studies have shown that
ambryos of two spacles recefve nutritien in addition to that supplled
In the yolk. Embryonic catabeollsm (estimated from In vitro oxygen
consumptlon} required a significant portion of the yolk energy;
combinad with energy content of the larva at blrth, total energy was
much greater than the initlal agg energy. Ona can access the accuracy
of 1n ¥x[ire embryonlc oxygen censumption by determining the excess
respiration by pragnant females above that of males and immature
females, In Sebastes schlagell, thls excess oxygan consumption is
significant. The additlonal oxygen consumed by gestating females is
greater than that predicted for oxygen consumptlon of the embryos
early In gestation but less later in gestatlion, suggesting that in
yltro estimates are approximately 80% high. We discuss the
Implications of these estimates to sarlier calculations af viviparity,
Enargy taken up through Ingastion and absorption of ovarlan fluld In
the hlndgut, however, still conflrms viviparity.

ntreduction

Live-bearing fishes are characterlized by a wide range of enargetic
relatienships between mataernal and embryonic systems. Tha genus
Sebastaes has historically baen ¢onsldered tc be ovoviviparous, and
that no addltional nutrition Is provided to the embryo durlng gesta-
tlon (Scrimshaw 1945; Amoroso 1960). The reasons for this description
have been based upon Inference, however, since inltlal egg slze [s
small, larvas ara sma|l at birth, and fecundity 1s very high (Phllllps
1964; Moser et 2. 1977; Boehlert et al, 1982), Recentiy, howaver,
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energetic studies have demonsirated that embryos of two rockfish
specias recelve some form of nutritlion during later stages of gesta-
tion and are thus viviparcus (Beehlert and Yoklavich 1984; Boshlert et
2). 1986). The source of nutrition was postulated to be a nitrogenous
substance derived from resorption of unfertillzed ova through
Tngestion of ovarfan fluld and subsequent uptake In the hindgut.

The work demonstrating viviparity compared Indirect with dlrect
calorimetry of embryos during devalecpment., The Indlrect calorimetry
used In yjtro oxygen consumptfon to determline catabollc needs in
development, Oxygen consumption In witro Inereases with Tncreasing
devafopmental stage elther linearly (S. melanops, Boehlert and
Yoklavich 1984) or exponentially (5, caurlnus, Dygert 1936; &§.
schlegali, Boehlert et al, 1986), An Important assumptlon of all
provious vork is that ln y[tre oxygen consumption Is closaly related
to that In ylva. Many studies have estimated embryonic oxygsen
consumption of |lve-bearers In yifro (Moser 1967; Webb and Brett 1972;
Bergiund et al. 1986), but few have considered oxygen consumption
rates In ¥Ivg. Boehlert et al. (1986) questionad the accuracy of In
yliro oxygan consumption rates and suggested that they may be higher
than I ¥lvg rates, thus Inflating estimates of catabollc energy use,
In this paper we dlscuss the manner (n which viviparity was
demonsirated In 5. melanops and S schilegell and then, by considering
the relative increase fn oxygen consumption by gestating female §.

as compared with spent or |Immature females or males (Webb
and Breott 1972}, provide Inslghts to the accuracy of the ln y[tro
measuraments.

Materials and Methods

Mathodology used [n the embryonlc energetics studies has been
described In Boehlert and Yoklavich (1984) for 8. mglanops and
Beehlert et al. (1986) for S, schlegail and will be only briefly
described here. ODevelopmental stages of embryos were ¢lass(fled
accordling to a modification of Oppenheimer (1937) and Yamada {1963}
{Kusakarl unpublished). Gestatlon time and duration of different
stages of development were determinad from samples of embryos taken
from femaies held In the laboratory. Flsh were catheterlzed at
varlous Intervals and an analytical relationship between the stage of
development and the duration of each stage was developed. From this
ratationship stage of development was converted to +time since
fartillzation,

Oxygen consumption was determined for embryos at several stages of
development in & Gilson differentlal resplrometer at 10°C using
standard technlques (lUmbrelt et al. 1972). At the and of each
experiment, the embryos were counted and used for dry welght and
rarbon and nltrogen determlnations; some embryos were preserved for
determinatlon of deveiopmental stage. Ash-free dry welght (AFDW) was
determined from groups of 35-100 embryos, Calerlc content was
dotermined from percent carbon using the nitrogen-corrected equatiaon
of Salconen et at, (1976).

For experiments on respiration rates of adult S, schiegell, flsh from
captive populations were used. Two days before beginning experiments,
fIsh were weighed, measured, and sex determined after anesthetizatian
in M5-222. Females were catheterized, developlng embryos remaved and
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staged, and estimates of +Ima since fertlllzation (as a function of
developmentai stage) were calculated following techniques of Boehlert
et al. {1986).

Fish ware starved at ieast 2 d befora respiration experiments. Tha
resplrometer consisted of a cyllndrlcal fish chamber consfructed of
acryllc tublng 20 ¢m in dlameter with & votume of 13.2 {[ters, The
respiromaters were held 1n a 1.8 x 1.1 x 0.65 m tank which was
partially covered with black plastic during experiments. Fish
activity and oxygen content of the outflowing water were monltored at
5-10 min intervals. Flow-through methode|ogy was used and oxygen
concentrations determined with & polarographlc oxygen alectrode,
Oxygen consumption rates (ml Dzlh) wore datermined by multlpiylng the
change in oxygen concentration of inflowing and outflowing water Dby
the flow rate. For each animal, a mean value was computed from two
replicates. Our estimates may be considered "rout[ne™ metabollc rate
{Fry 1971). Control experlments were run wlth empty respirometers and
tha drop In oxygen content was naglliglble.

Specimens 1n our experiments were dlvided Into two groups based upon
reproductive status. The flrst group was composed of males, [mmature
females, and spant females and the second group femalas with gestating
embryos at d1fferent stages of development. Resplration rates as a
function ot welght for the first group were fitted to a curve which
could then be used as a predictive model of "normal® or non-gestating
respiratlon rates., The estimates of thls curve could then be appl led
to the second group; the dlfference between observed and predicted
raspiratlon rates was attributed to oxygen consumption by embryos
within the female system plus assoclated costs of |lve—baaring,

Resuits and Dlscussion

Stage duration calculations show that early stages are passed through
rapidiy and that Later stages, whlch sncompass more significant
morphologlcal change, take considerably longer. The Integrated
relationshlips suggest that fertilizatlion to birth takes 37 d for 5.
malanops (Boshlert and Yoklavich 1984) and 51.5 d for §. schlegeall,
which has a significantly larger egg {Boehlert et ai. 1986).
Compar [sons of these estimates with data from Individual females show
agreement but may be somewhat variable under natural condltions,
Oxygen consumptlon, which was determined for both specles from embryos
at saveral developmenta! stages, [ncreasad with time slnce
fertlllzatlon; the refationshlp was nearly !lnear for 5. melanops
(Boehlart and Yoklavich 1984) and was exporentlal for 5. sqhlegell
{F1g. 1), For embryos In later stages of development, many hatched
from the dellcate chorlon and Ilmited swimming actlvity occurred In
the respirometer fiasks. This may result in Inflated values of oxygen
consumption for late stage embryos,

The curves, ti1tted to the oxygen consumptlion as a function of t1me
since fertlilzatlon, were integrated to estimate the total oxygen
consumed durlng gestatlon, This valua can be converted to calorles
using an oxycalorliflc equilvalent (Lasker 1962) to determine the total
catmboi Ic energy expenditure during gestation. A comparison of these
data with the actual energy contalned In the embrycs (Tabte 1)
suggests that additlonal energy must be used during gestation. If
Sabastes was strictly ovoviviparous, the sum of final embryonlc
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Gyl Oy EMDRYO HA 1

Flgure 1. Oxygen consumption In
embryonic Sebastes schlegell.
Each pelnt (12 SE) represents
the mean of three or four
rapllcates wlth embryos from

a ] %5 3 % o the same female (from Boahlert
TIME SINCE FERTHAZATION (DAYS) ot al, 1986).

Table 1. Changss In the energy content of Indlvidual embryos of
Sebastes from direct estImates of calorlic content compared to
catabolic energy utililzation estImates (from Boshlert and Yoklavich
1984; Boehlart et al, 1986),

Sebastes schiegell Sebastes melanops
Inltlial caloric content t.59 0. 43
Flnal caloric content 1.48 0.35
Catabollc calorles 1.40 0.28

caloric content and catabollc energy utllifzation durlng gestation
should equal the Initlal caleric content. The sum [s signiflcantly
greater for both specles, but more so for S schiegell.

The relative changes in these values durling gestation 1s graphlcally
Illustrated for §. sghlegeall In Figure 2. The catabollic and direct
comparlsons of energy utlllzation gliverge relatively early in 3.

, and the results are clearly Indicative of additional
nutrition providad to the embryos during gestatiaon. The catabolic
energy utillzatlon suggests that the percentages of orlglinal yolk
enargy remalning at birth would be 36% for S, molanops and enly 12%
for 5. schiegel] {(Table 1; Fig. 2),
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PERCENT INITIAL ENERGY

Flgure Z. Summary of the ener-
gatics of develepment In
embryonic Sebastes schlegei[.
The y-axis 15 the percent Inl-
t1al energy, where 100§ repre-
sants 1.59 caleorles. The
solid |Ine represents expected
energy remalnlag wlth +ime
based on subfractlon of cumu-
Jative catabolism., The dashed
|1ne and data polnts represent
actual caloric content of

e S W W w5 embryos at dlfferent stages

{from Boehlert et al. 1986).

TIME EMCE FERTILIZATION |DAYS)

As mentionad earllar, overestimating embryonic resplration could also
result In overestimates of catabolic energy utlllzatlien. There are
two major factors which may be possible sources of error. flirst,
activity by later stage embryos when removed from the maternal system
may Increase oxygen consumptlon. As an example, Mactive" respliration
rates for Paclflc sardine larvae may be from 1.3 t¢ 3.5 times those
of "inactive® rates (Lasker and Thellackaer 1962). Second, oxygea
fension In the Glison resplrometer is Inftlally at saturated,
atmospheric levels (Umbreit et al. 1972) whereas oxygen tension
Inside the ovary may be iow; low amblent oxygen can lower respliration
rate in embryos (Carlson and Selfert 1974). |t Is therefore possible
that the rate of development of embryos 1n ¥lyo may be under the
control of oxygen avallablllty and that the long gestation timas and
stage duratlons may be a resul¥. Although there Is no evldence for
thls In Sebastes, Triplett (1960) noted more rapld davelopment Iin
yltro for emblotocld embryos.

Resplratlion measurements on aduylt 5. schiegei| were thus used as &
check on Ln xitro measurements. Gestating flsh were typlcally much
more robust at a glven length than were male, immature femafa, or
spant females. The welght increase of gestating females over non-
gestating 8. schiegell [s most marked after about 32 cm SL and The
dlvergenca between the two curves Increases wlth ncreasing length,
most |Tkely due to the rapldly iIncreasing fecundity with length. We
determined oxygen consumption rates for 23 non-gestating tish,
including 19 males, 2 Immaturs temales, and 2 spant females for com-
parlson wlth rates for 17 pregnant females with embryos between stages
1 and 30. Resplration rates typically Increased with Increasing body
welght for non-gestating and gestating fIsh (Fig. 3) Dats from non-
gostating flish were fitted to the curve

Q = 46.734 ¥0-7313 n=23 rd=0524 , )
whers Q = oxygen consumption rate (ml 02/h) and W = body weight (kg).
At a glven body welght, respiration rates were much higher for females

wlth developing embryos. Data from these females were fltted to the
curve
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Figure 3. Oxygen consumption
ratas (ml 0,/h) as a functfon
of flsh body welght for
3ahastes schlggeli. Trlangles
rapresent values from gesta-
ting females, and dlamonds for
males, Immature femsles, and
spant femalas; |Ines represent
fltted curves (from Boshlert

v o at al. In prep.),

RESFAATION RATE iml Oy /HA

ar (L) "

L% 13
WEKIHT (kg}

¢ = 62.383 w0.9014 n=17, r2ap0.81 (2)

These two curves {(Fig, 3) are signiflcantly dlfferant {analysis of
covarfance, P < 0.01L Dlfferences are even more profound when com-
parlsons are made for fIsh of pqual |ength due T0 a much greater
weight-at-length for pregnant females.

"Excess resplratfon” may be definad hers as the amount of oxygan
consumed by a gestating female In excess of that predicted for a non-
gestating flsh of the same length (Equation 1}. This value will be
the sum of embryonic respiration requirements and addl+lconal |ive~
bearing costs, which Include work associated with [ncreased cardlac
and branchfal pumping and the added costs of lonlc and osmotic
regulation as more blood passes the gltis. Calculation of this value
Is confounded by the welght of the female flsh and the stage of
development of the embryos. For thls reason we standardized the
measurad oxygen consumption rates of gestating females (using the
wolght exponent In Equation 2) to a unlform welght of 1.5 kg. This
value corresponds to a fish of 3%.6 cm 5L, with estimated post=-
fertillzation fecundity of 126,921 embryos {Boehlest et al. 1986) and
estimated total embryonic oxygen requirement (fecundity times 1p
xitro embryonlc oxygen consumption) which varled with stage of
embryonic development from 3.13 to 74.86 ml O, h™ . A flsh of thls
iength in non-gestating condition would have a corre ponding welght
of 1.3 kg with a respiratiaon rate of 56.92 m| 0, h™' (Equation I_Jr
The maan excess rasplration of these adjusted data Is 33,39 m| Q; b
and values show a positive relationship with totai embryonic oXygen
demands. Subtracting the embryonic respiration rate from the excess
respiration, however, results In values which show a negative
retationship with the tIme since fertillzatlon (Fig. 4). Thils
relationship suggests that the added oxygen consumption of gestating
fomales Is high early In gestation and decreasas, evantyal ly bacoming
negative with further embryonic development (Fig. 4). The value
approaches zero at about 30 d, near the time when the mouth opens and
ovarlan fluid is apparently consumed (Boehlert et al. 1986). Embryos
at thls stage are characterlzed by pigmentsd eyes, nearly complete
lens, and fully formed ofoliths, rectum, and urinary biadder
{Kusakari unpubl [shed).

If wa assume that act!vlty In post=30 ¢ embryos |s a major cause of

Increased In yitro embryonic respiration rates, we can estimate the
pattern of respliration without these data, Refltting the curve for
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g od Figure 4. Elevation of respir-
& s0d atfon rate above that attrib-
E L . uted to embrycnic respliration
§ o In gestating female Sabastes
§ . L N schlagell as a function of
@ R s tima since fertlllzation, All
- . valuyes are standardized to a
g -2 welght of 1,5 kg for the ges-
§ v . tating female {from Boshlert
-0 - et al, 1n prap.).

n 20 an 40
TWE SINCE FERTILIZATION [DATE

ambryonlc oxygen consumption (Flg. 1) with only rthose values less than
30 d since fertilizatlon allows recalculation of total respiration,
which would be 0.70 catabolic calorles per embryo. Compared to the
ostimated In yitro catabollc utillzation of 1.40 cal (Table 1}, the
va;uas of in ¥lvo embryonic raesplration may be Inflated by as much as
85%.

Respiration rates may be indlrectly estimated by another method as
wall. Boehlert at al. (1986) suggested that the addlflonal nutrition
for embryos comes from resorptifon of those embryos dying early in
gestation, |f we assume that this [s the only source of energy, then
from an energy standpoint the ovarles are a closad system. Thls would
assume. that the maternal system only provides exchange of resplratory
gases and metabollc waste products. Thls [dea s supported by
observed ingestion ot yolk proteins by late stage embryos durling a
time when suck materlals are not present In the plasma of females (A.
Takemura and K. Takano pers. commun.}. The energy decrsase In the
ovary during gestation for the 1.5 kg female 5. schagelj Is about 95.2
keal., This is based upon the reductlon in fecundlty (by embryo death)
and the decreased energy content per newly hatched larva as compared
to a newly fartillzed egg (Table 1). Partitloned aver the embryos
which survive, thls amounts to some 0.75 cal each, which is close to
the In xlvg catabollc estimate derlived above,

From these results, it wouid appear that the 1n yiirQ estimates of
catabol [c energy uttllzatlon by embryos of 5 schlegell (Beehlert et
al, 1986) are high., |f the value is Indeed near 0.75 cal, the
catabolic curve for 5. schlegeli (Flg. 2) would show about 53% of the
initlal energy remalning at blrth, stlll below that estimated by
direct calorimetry. Other evidence also supports viviparlty. First,
uptake of substances by the hindgut occurs [n |ate stage embryos of
both specles studied (Boehlert and Yoklavich 1984; Boehlert ot ai.
1986}, Further, In Individual S. schlegeli embryos, ash-free dry
weight Increases with time since fertlllzatlen, and sfgriflcant
decraase In carbon and Increase In nltrogen (as a percentage of AFDW)
occur during gestation (FIg. 5). The increasling AFDW and increasing
percent nlfrogen combine to result In a marked Increase In nltrogen
over the coursa of develcpment, unlike most ovlparous flshes, which
show signlflcant decreases in nitrogen over development (Rogers and
Westin 1981),

The ovarlan oxygen demand from embryonic respiration represants a
significant proportion of the gestating female's excess respiration,
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The otner part of thls excess 1s apparently assoclated with costs of
| Ive-bearing, Including supply of respiratory gases and removal of
waste products. That the total Maxcess™ respiration of females during
the gestation perlod remalns falrly constant, however, suggests there
Is some M"uppar |Imit" tor oxygen consumptlon. Metabolic scope may be
defned as the dlifference betwaen the maximum actlve metabellc rate
supportable by aeroblc meftabolIsm and standard metabolic rate (Fry
197t); thls toplc has recently been reviewed by Friade (1985),
Although the added welght and resplratory demands of daveloping
ambryos wlli contribute to a general decrease In the metabol lc scopa,
other factors must also be conslderad, including general swimming
activity and enorgy for dlgestion (spaclflc dynamlc actlon, SDA;
Beamish 1974), Yahl and Davenport (197%) demonstrated an increase of
60% In the metabolic rate in Blenniys pholls associated with a large
ration and attributed this increase to apparent SDA; they suggested
that (n thls fish and other specles a single large ration may decrease
the scope for activity by some 50% for saevera) hours. Prlade (1985}
suggested that many fish specles must time thelr feeding activity to
kesp the metabolic rate within the I1mits of metabollc scope. Over
the extended pariod of gestation, Sebastes may need to make accommoda=-
tions for the reduced metabollic scope assoclated with the Increased
resplratory load. Sabastes females store signiflcant amounts of fat
which are apparently depleted during the gestation period (Gulllemot
et al. 1985). Interannual varlabllity i{n environmental factors may
result In vartablilty In tha level of nutrition provided to embryos In
ofther viviparous flishes (Trexler 19853), The effects of flsh slze,
food avallablliity, and physical factors thus have important
impllfcations to reproduction In the genus Sebastaes.
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Use of a length frequency simulator to
explore the information contentin
length data for a long-lived

species, silvergray rockfish

(Sebastes brevispinis)

Richard D. Stanley
Department of Fisheries and Oceans
Nanaimo, British Columbia

Abstract

Length data for silvergray rockfish [Sebastes brevispinis) is
examined with a population model which incarporates stochastic
varfation in recruitment and length. The modei, which predicts
length frequency composition, is useful both for graphically
estimating total instartaneous mortality from actual samples and for
examining the information that can be gained from length data for
long-lived species with low growth rates. The modelling exercises
indicated that the expected length distributions were relatively
insensitive to year-class variability. The distributions were
sensftive to variation in instantaneous total mortality, partial
recruitment and gqrowth, but the shape ard location of the right-hand
descending 1imb was a still hetter indicator of total instantaneous
mortality than mean or median length., Theoretical distributions
representing different mortality rates were compared with two actual
samples. Graphically determined estimates of Z based on length
correspended well with estimates derived from the age composition.

Introduction

Fishery stock assessment is often limited by a lack of information
on age composition. Direct ageing of hard parts is either not
possible, as is the case for many tropical species, or it is too
costly in personnel-time to age enough samples for catch-at-age
analysis. This lack of information has led investigators to develop
methods for estimating vital rates or age composition from length
data, Techniques have been proposed for estimating age composition
directly from 'ength frequencies given estimates of growth rates
(Schnute and Fournier 1980), for using length data directly in
catch-at-length models (Jones 1984), or for using length data to
estimate vital rates (Beverton and Holt 1956; Hoenig, Lawing and
Hoenig 1983; Pauly 1984).
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These analytical technigues work best for short-lived, fast growing
species for which there is contrast in size between the dominant age
classes {Pauly 1984), They typically rely on the assumption of
constant recruitment and equal growth by all members of a cohort.
They also tend to assume knife-edge recruitment.

The Department of Fisheries and Oceans, Canada is responsible for
assessment of all species of rockfish (genus Sebastes) on Canada's
Pacific coast. This currently encompasses approximately 16
commercially important stocks (Leaman 1985; Stanley 1985). While
length and otelith samples are routinely collected from commercial
and research catches, ageing of the otoliths by the cress-section
techrnique (Chilton and Beamish 1982) is too time consuming to
davelop extensive catch-at-age time series for more than one or two
stocks. We therefore have turned to length frequency analysis as a
means of gaining insight into the dynamics of many of the rockfish
stocks. Unfortunately, rockfish represent the aptithesis of an
ideal candidate for length frequency analysis. They are long-lived
with slow growth and do not fully recruit to the fishery until they
are in the asymptotic phase of their growth, Fer example, aged
samples of male silvergray rockfish {Sebastes brevispinis) shown in
Figure 1 indicate full recruitment at between 25 and 30 years of
age., Mean size at age for the same silvergray rockfish, presented
in Figure 2, shows that the more than 60 exploited cohorts are
compressed within 20 ¢cm of growth. The mean lengths of the fully
recruited cohorts are distributed within 7 cm. The limited growth
during adult life and a mean standard deviation in length at age of
2.63 c¢cm removes much of the contrast in length among ages.

Given the inadequacy of existing models fer length frequency
analysis of rockfish, I have utilized a simple graphical technique
for estimating the total instantaneous mortality rate (Z) from
length frequency informatien. The present paper documents the
procedure using data for male sflvergray rockfish, The technique
inyelves generating an expected length frequency, given estimates of
von Bertalanffy growth parameters and total mertality, and comparing
the expected results with sample results, The key features are the
stochastic parameterizations of mean length at age, individual
length about mean length, and year-class strength,

Methods
The simulator

Theoretical length frequencies are generated from an adapted version
of a simulator provided in Breen and Fournier (1984). The simulator
generates expected numbers at age for a given total mortality rate,
These are then corrected to recruited numbers at age with partial
recruitment factors. A random number generator randomly selects
individual specimens from the recruited population and converts the
observation from age to length. Each length s stochastically
estimated based on the von Bertalanffy equation. The simulator
jnitially generates a set of mean lengths at age, with the mean
length at each age randomly determined as:

-k (1-t0))ee,-

1 = La(lee (1)
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AGE

Figure 1. Log, frequency of male silvergray rockfish by age.
Samples from commercial landings, 1977-81, southern and centra)
coast of B.C. (INPFC statistical areas: Vancouver and
Charlotte).
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Figure 2. Mean length at age of male silvergray rockfish., Bars
Indicate 95% confidence limits of sample distributton. Samples
from commercial landings, 1977-Bl, southern and central coast of
B.C. (INPFC statistical areas: Vancouver and Charlotte),
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where 1 is mean length at age i and ; is a random normal
deviate with a mean of zero and a specified standard deviation.
Individual length {1;) is also randomly determined as:

E.

lj-lieJ (2)

The simulator mimics real samples fm that 1t can produce individual
lengths or mean lengths that exceed the given value for L , The
similator allows the user to vary sample size and simulate variable
recruitment by randomly varying population proportions by age
according to the formula:

-2
S 6

where Py is the relative abundance at age i, Py is the abundance

in age class 1, Z is instantaneous total mortality, and 4 is a
random normal deviate with mean zero and a provided standard
deviation. I modified the published simulator to include the
partial recruitment feature, and to produce length observations
rounded to the nearest whole centimeter. To summarize, the model
produces a thearetical length frequency given the infarmation shown
below in Table 1.

Table 1. Principal parameters used tn the length frequency
simulator (adapted from Breen and Fournier 1984},

1. n, the sample size.

2, I, the instantaneous total mortality rate.

3. Partial recruitment factors by age.

4. von Bertalanffy growth parameters: t,,. k, L_.

§. Standard deviation (ey) of mean length about predicted mean
length at age 7 from the von Bertalanffy equation.

6. Standard deviation (ej] in individual length about mean
length.

7. Permitted random variation {¥;) in population propgrtions for
each age i, to simulate recruitment variability,

I estimated partial recruitment parameters from a set of silvergray
commercial samples which had been cotlected between 1977 and 1981,
These were aged using the cross-section technique. Loga frequency
at age is shown in Figure 1, Total ¥nstantanecus mortality (Z), for
the calculation of partial recruitment, was estimated as the slope
of the predictive regression of log, frequency against age {Ricker
1975)}. For calculation of partial recruitment, I restricted the
range of ages used in the regression to include only those ages
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which had undergone fishery exploitation. S5ilvergray rockfish have
been exploited significantly in B.C. since the mid-1950s and the
most recent collection in this set of data was from 1981, so I used
the 25 age classes starting with the first age, 28, that was
unquestionably part of the linear segment of the descending limb.
The chosen points and regression lines are shown in Figure 1. Also
shown is an eye-fitted 109, frequency curve for age classes

younger than 28. Partial recruitment was determined as the ratio of
the transformed loge frequency from the eye fitted curve (<28
years) to the transformed logy frequency predicted from the
regression on age-classes starting at 28. The same data sets were
used to estimate the standard deviation of mean Tength about age and
the standard deviation in length about mean length, Growth
parameters (ty. k. L) were taken from Archibald et al. (1981),

Estimation of Z

The model's accuracy in estimating I was examined with two recently
aged samples., Z was first estimated graphically from length data by
overlaying the observed length frequency of a sample on a selection
of expected distributions derived from different values of Z. One
of the samples was obtained from the northwest coast of Vancouver
Island, the other was collected in Moresby Gully, a more northerly
region of the B.C. coast. Two sets of length frequency
distributions were therefore derived from the corresponding growth
rates of silvergray rockfish for these two regions (Archibald et

al. 1981}, For comparability, I equalized the scale of expected and
actual distributions by decreasing the numbers at length in the
expected distributions by the ratio of numbers abserved to the
theoretical sample size of 10,000,

I was also estimated from the age composition of these samples., The
sample sizes were too small to employ the regressions method used in
the calculation of partial recruitment so 7 was estimated as the
reci?ruca1 of mean age from the fully recruited age classes (Pauly
1984).

Results

The age and length information used for calculating partial
recruitment and variation in mean length and individual length at
age is provided in Table 2. The effects of changing the parameters
of Table 1 on expected length composition are illustrated in Figuras
3 through 8. In all the figures, the comparative or "standard"
Tength composition is for males based on the set of growth
parameters representing southern and central stocks of silvergray
rockfish from the coastal waters of British Columbia {Archibald et
al. 1981}, Unless noted, the standard distribution represents a
sample size of 10,000, a Z value of 0.15, the partial recruitment
factors of Table 2, and a standard deviation of length about mean
length of 2,63 for all ages. I found no correlation between age and
the variability in individual length about mean Tength (Table 2}.

No variation in population proportion among ages was included in the
standard distribution {ry= 0). The standard distribution shown in
the comparisons was one example of a random distribution based on a
standard deviation in length about mean length of 0.26, Changing
the random seed with this level of variation im mean length had
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Table 2.
silvergray rockfish (Sebastes brevispinis} based on commercial samples
col lected between 1977 and 1981 from central and southern B.C, waters,

Length and age information and partial recruitment factors for

Mean Mean

length Parttal length Partial
fge n {cm) s recruitment Age n {cm) 5 recruitment
9 2 40,0 1.41 0.01 40 12 55,0 3.07 1.00
10 2 47.0 4.24 0.02 41 3 54.3 4,93 1,00
11 2 45,5 D.71 0.03 42 7 57.0 2.31 1.00
12 -] 44.3 1.37 0.05 43 4 56.0 2.16 1.00
13 3 47 473 0,07 44 5 56,6 1,95 1,00
14 11 4.5 2.8 0,09 45 2 5.0 0.0 1,00
15 9 47,6 3,00 0,12 48 1 53.0 - 1.00
16 12 47.2 3.38 0.16 47 2 56.0 0.0 1.00
17 16 49,6 3.46 0.21 48 0 - - 1.00
18 12 48,8 3.35 G.26 49 Z 55.5 0.71 1,00
19 11 49.5 4,25 0.34 50 5 56.4 2,70 1,00
20 9 50.1 2.15 0.43 51 1 56,0 - 1.00
21 16 50.6 2.68 0.52 52 1 57.0 - 1.00
22 26 51.5 2.49 0.61 53 i 59.0 - 1.00
23 32 51.6 2.73 0.71 54 0 - - 1.00
24 26 51.6 2.18 .81 55 3 56.3 3.21 1.00
25 24 51.6 2,32 0.90 56 1l 56.0 - 1.00
26 22 52,9 1.97 6,98 57 2 57.0 1.41 1.00
27 25 51,8 2,55 1,00 58 0 - - 1.00
28 23 52,9 263 1.0 5% 0 - - 1.00
29 20 52.4 2.33 1,00 60 2 59,5 2.12 1.00
30 24 53.6 2.45 1.00 61 1 60.0 - 1,00
31 15 54.0 3,48 1.00 62 1 62.0 - 1.00
32 7 53.6 2.76 1.00 63 1 54.0 - 1.00
33 9 53,2 2.28 1.00 64 0 - - 1,00
kL) 9 53.9 2.67 1,00 65 2 60,0 0.0 1.00
35 8 53.5 2.27 1.00 66 W] - - 1.00
36 9 53.9 2.26 1.00 67 1 56.0 - 1.00
37 10 5.0 2.5 1.00 68 1 52.0 - 1,00
33 11 548 2,09 1.00 69 0 - - 1.00
39 5 544 1,67 1.00 70 a - - 1,00
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little impact on the expected distributions. The expected length
frequencies for Z values of 0.05, 0.15, and 0.30 are shown in Figure
3. Figure 4 shows a comparison between the standard curve and the
expected distribution given no variation in mearn length or
individual length.

The impact variable recruitment on length distributions is shown in
Figures 5 and 6. Figure 5 shows the effect of allowing random
variation in populations proportions. v values were set at 2.0,
The actual propartions at age for this example are provided in Table
3, Figure 6 itlustrates a deterministic approach towards variable
recruitment, where [ arbitrarily chose one year-class {15-yr old or
20 yr-old), and muitiplied its abundance by 10.

The effect of altering the partial recruitment factors is shown in
Figure 7. The partial recruitment factors of Tabie 2 show a
gradually increasing value from ages 9 to 27, with low levels
{<0.26) persisting untfl the final 10 years (18-27}. For
comparison, a distribution was generated from a set of factors with
full recruitment reached by 20 years and partial recruitment
increasing in increments of 0.10 between ages 11 and 20. The effect
of sample size on variability in length frequency distributions is
shown in Figure B for 2 different random samples of 250 specimens.
They are presented to show the extent to which small samples can
imply dominrant length modes which do not really exist.

Figures @ and 10 show male length frequencies for one sample from
the northwest coast of Yancouver Island and one from Moresby Gully
superimposed on the expected length frequencies for Z values of
0,05, 0.15 and 0,30 for these two areas.

The 7 estimates, graphically estimated from the length frequency
overlays and from the age composition, are summarized in Table 4,
The age composition 1s presented in Table 5.

Discussion and Conglusion

The simulator

The length frequency simulator serves two purposes in being an
experimental mode) and an analytical tool for estimating total
mortality rates. If one assumes constant natural mortality, varying
the parameters provides insight into how much information can be
expected from a limited amount of length data for a long-lived
species with determinant growth. Figure 3, for example, indicates
that, in spite of the relative lack of contrast in size at age, it
is possible to characterize mortality rates from length data.

One of the principal characteristics of the simulator is the
stochastic parameterization of length. There can be a tendency teo
assume that the presence of larger fish near the size of L=
indicates the continued abundance of older fish. This in turn
implies a low historical value for F, the rate of fnstantanecus
fishing mortality. Figure 4 shows the extent to which variability
about mean length and mean length at age can flatten and extend the
descending right-hand 1imb and incorporate greater abundance of
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Table 3., An example of percent age compesition of the
recruited population with a 3, value of 2.0,

Age % Age * Age x

9 0.06 29 1.03 49 0.00
10 $.06 30 1.80 50 1.35
11 0.28 31 0.40 51 0.02
12 0.04 32 0,12 52 0.01
12 0.06 33 7.41 53 0.03
14 2.94 3 0.15 54 0.01
15 0.09 15 0,60 55 0.00
16 0.01 k{3 D.26 56 0.06
1y 0.03 37 0.01 57 0.02
18 2.22 38 .00 58 0.18
19 14.39 39 0.20 59 0,01
20 0.55 40 0,33 60 0,01
21 0.08 41 0.07 61 0.00
22 0.05 42 0.01 62 0.00
23 47,88 42 0,00 63 0,00
24 0.14 44 0.00 64 0.00
25 2,32 a5 0.06 65 6.00
26 0,18 46 0.13 66 0.01
27 0.01 47 0.34 67 0.00
28 4,90 43 0.04 68 .03

Table 4. Comparison of length frequency and age frequency estimates
of instantaneous total mortality [Z) for two commercial samples of
male silvergray rockfish.

Sample n to k Loa 7
Length Age
frequency frequency
Kains Is. 57  -4,13 0,088 57.0 0,05-0.10 0.09
Moresby 125  -4,13 0,101 54,9 0.10 0.08
Guily
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Table 5. Numbers at age for two samples of male silvergray
rockfish,

Age Sample Age Sample
Nw Moreshy Gully N Moresby Gully
Yancouver ls, Yancouver Is.

10 0 0 40 2 4
11 2 1 41 0 0
12 1 0 42 0 4
13 3 [¢] 43 1 1
14 2 0 44 0 1
15 1 5 45 0 2
16 1 3 46 1 2
17 3 k 47 1 4
18 i] 3 48 0 3
19 2 1 49 1 1
20 1 ] 50 4 1
21 2 1 51 1 2
22 1 0 52 0 1
23 0 2 53 0 1
24 1 2 54 1 0
25 3 5 55 0 0
26 1 4 56 0 0
27 1] 1 &7 0 0
28 1 2 58 Ll 1
29 1 3 59 0 0
30 3 1 60 1 2
31 1 5 61 0 0
32 7 8 62 0 0
33 4 9 63 0 1
34 0 10 64 0 0
35 2 1 65 0 0
36 0 5 66 Q 1
37 0 9 67 0 1
38 1 4 68 0 1
3% 1 2 &9 Q 1
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Figure 3. Expected length frequencies of male silvergray rockfish
for instantaneous total mortality rates of 0.05, 0.15 and 0.30.
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Figure 4. Expected length frequency with no variation in individual
length or mean length at age in comparison with variation in both
parameters.
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Figure 5. Expected length frequencies for varying (r1 = 2.0)
and non-varying populaticn proportions.
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Figure 6. Expected length frequencies where pepulation size at age
is increased by 10 times for 15 year-olds or 20 year-olds.
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Figure 7. Expected length frequencies for "standard® partial
recruitment factars (full recruitment at 28 yr) and “test" partial
recruitment factors (full recruitment at 20 yr).
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Figure B. Expected length frequencies for twoe random samples of 250
specimens.
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Figure 9. Comparison of a length frequency sample of male
silvergray rockfish from the Morthwest coast of Vancouver Island
with expected Jength frequenties corresponding to Z = 0,05, Z =
0.1%5 and Z = 0.30.
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Figure 18, Comparison of a length freguency sample of

silvergrey rockfish from Moresby Gully with expected length

frequencies corresponding te Z = 0,05, 0,15 and 0.30.
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larger, but not necessarily older, fish.

The s1ow growth of older fish combined with variability in length
creates a smogthing effect which tends to obscure the impact of year
class variability on length frequencies, The example of randomly
varying recruitment incorporates a wide variation in proportion at
age as shown in Table 3; but the resulting length frequency
distribution shown in Figure 5 barely differed from the standard
form.

Figure 6, which shows the effect of varying only one year-ciass,
implies that for a genuinely large incoming year-class to be
discernible in length data, it would apparently have to be much
greater than 10 times the average level of recruitment.
Interestingly, while the large 15-yr old and 20-yr old year class
spikes flatten and shift the length frequency distributfon to the
left as expected, the shape and location of the descending
right-hand 1imb is largely unaffected. This suggests considerable
stability in this portion of the distribution and that attempts to
infer the magnitude of total instantaneous martality should
concentrate on this feature of the distribution. The mean or median
length may be a less conservative indicator of the proportional
contribution of older fish and therefore mis-represent a change in
the mortality rate. The stability of the distribution with respect
to randomly varying proportion at age ts further testimony to the
smoothing effect of the varfability in size and minimal growth among
recruited ages. Conversely, the model indicates that if length
frequency data indicate distinct modes, the modes are more likely to
be sampling artifacts from too few observations {Figure 7), or

a result of some other factor like segregation by size or age in the
fished schools.

Varying the partfal recruitment factors appears to mimic a change in
the mortality rate (Figure 8). This emphasizes the need for
accurate calculation of these parameters which can be difficult if
the aged samples cover a period when a particulariy large year-class
is passing through the partially recruited ages, Although not
presented here, a similar impact on the length distribution is
incurred by varying the growth parameters. One might assume these
to he relatively stable for rockfish but there s evidence of
lability in these parameters with respect to Pacific ocean perch
{Sebastes alutus} {B. M. Leaman pers. comm,}. There is also
evidence of systematic variation in L. as shown in the two

published values included in Table 5. Rockfish species in B.C.
waters tend to show a south to north ¢line of decreasing L
{Archibald et al, 1981).

Estimation of “I"

The length and age based techniques produced similar estimates of
Z. Both length distributions appear to lie between the
distributions corresponding to mortality rates of 0.05 and 0.15 in
approximate agreement with age-derived estimates of 0.09 and (.08
for the Vancouver Island and Moresby Gully samples respectively.
The Vancouver Island sample falls within the Z=0,05 distribution
except for the absence of large specimens (=60 ¢m). The domimant
size classes of the Moresby sample more closely resemble the Z=0,15
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distribution, however, the overall distribution, is closer to the
Z=0.05 example. Thase two samples are typical for silvergray
rockfish in British Columbia waters.

While perhaps more objective, the numerical techniques for
estimation of vital rates {reviewed by Pauly 1984) have difficulty
accomodating the slow, determinant growth and Tongevity of

rockfish, Tne simelation-graphical method represents an alternative
and perhaps more practical means for estimating vital rates. It
also is a useful tool for examining what kind of conclusions can

be drawn from rockfish length fregquency information.

Additional work will include continued comparison with aged samples,
preferably with more contrast, and refining the parameter estimates
required for the model. As the analyses and comparisons will always
be conducted on recruited ages, performance of the simlator would
be improved by using a more general growth model (Schnute 1981).

The objectivity in estimating Z might be improved by using an
analytical procedure for comparing the fit of the actual with the
theoretical distributions. The parameterization of Z will be
altered to incorporate additional information on variation in F,
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Abstract

The rate of growth of yelloweye rockfish (Sebastes ruberrimus) was
examined using length-at-age data from three areas in southeastern
Alaskan waters. Otoliths were collected from landed commercial catches
jn Sitka (Central Southeast Qutside area or CSED) and Ketchikan (South-
ern Southeast Qutside area or SSEQ}. Age-frequency data from Ketchikan
were biased towards large fish because processors would not permit
otoliths to be removed from round fish. Filleted and head-and-gutted
fish were usually over six pounds. Ages were determined using the
break-and-burn method. The maximum age observed was 114 in the SSED
samples and 97 in the CSEQ samples, Older fish were more abundant in
the SSEC areas. A log-transformed allometric growth model was fit to
the length-at-age observations, and area and sex strata were compared
using analysis of covariance. Growth rates were not sianificantiy
different between sexes in any of the areas compared, although the
relatively high variability in the lTength-at-age data may have masked
minor differences in growth rate. Sexes were analyzed separately in
the comparisons among areas. Because rates of growth between the

two areas from SSEO were not significantly different, data from these
two areas were pooled for comparison with the central area. Length-at-
age data with age greater than 30 years were used to compare growth
rates between CSEQ and the pocled SSEQ areas as the SSEQ data were
biased toward older fish. No significant difference was found in growth
rates between these two areas. The two areas were pooled to describe
growth rates by sex. Using additional information from a small sample
of young fish from all areas. von Bertalanffy growth curves were fit to
the data for each sex,

Age distributions were different between sexes and areas. Male yellow-
eye rockfish have a strong early mode which declines rapidly, while
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female yelloweye are more evenly distributed over the entive age distri-
bution. This trend was seen in all areas and in a small sample of age
data collected during a research survey in the C5EQ area during 1981.

Introduction

During the past six years a domestic longline fishery for yelloweye
rackfish (S. ruberrimus) has been rapidly developing in the southeastern
Gulf of Alaska (Bracken and Ito 1985; Bracken and 0’C0nne11l1986).‘
Little specific 1ife history information is available on this species.
Yelloweye rockfish or Pacific red snapper are distributed over rocky
bottom from Baja California, Mexico to Prince William Sound, Alaska
(Phillips 1957; Rosenthal 1980). Yelloweye rockfish are a large red
rockfish reaching a maximum length of 91 cm (Hart 1973). They are ovo-
viviparoys and give birth to young from April through Jume in south-
eastern Alaska {C'Connell 1986).

The only published information on age and growth of yelloweye rockfish
s based on surface aging of otoliths {Rosenthal et al, 1882). Recent
research indicates that surface-aging techniques may underestimate ages
of rockfish, particularly in older year classes, and that reading of
otolith sections via the break-and-burn method is a more valid approach
to evaluating the impact of fisheries and developing sound management
regimes for long-Tived species. The intent of this paper is to present
age and growth information on yelloweye rockfish landed in the commer-
cial fishery in the southeastern Gulf of Alaska,

Materials and Methods

Dtoliths were collected from commercial landings of rockfish in Sitka
and Ketchikan during 1983 and 1982 from three areas of Southeast Alaska
{Figure 1), Area A comprises the Central Southeast Uutside (CSEQ) man-
agement area and areas 8 and C comprise the Southern Southeast Outside
(SSEQ) management area. Fishermen used longline set gear and Fished
over rocky bottom between 20 and 80 fathoms. Commercial landings were
sampled for length, sex and stage of maturity and otoliths were col-
lected when possible, Fork length was measured on round fish to the
nearest centimeter. Processors would not allow round fish to be sampled
for otoliths so only fish that were filleted or headed and gutted were
sampled. In Ketchikan these were predominately large fish. Otoliths
were aged at the Alaska Department of Fish and Game's (ADF&G& Kodiak
Aging Laboratory using the break-and-burn method (Beamish an | Chilton
1982). A small sample of break-and-burn age data collected in Sitka
during 1981 was made available by the University of Alaska, dJuneau {UAd)
for comparing growth rates and age distributions over time (Haldorson
1986, UAJ, unpubl. data}., The fish in this sample were collected

using jigaing machines during research surveys {Rosenthal et al. 1982).
The otoliths were aged at UAJ. Some length-at-age data for young fish
from the 1980-1982 surveys were used to fit the von Bertalanffy model.
These fish were aged using surface-aging methods. The method of
collection and aging are described in Rosenthal et al. (1982),

Because sampies were collected from commwercial fisheries targeting on
large individuals, growth data for young fish with relatively rapid
growth rates were not available for most areas. For this reason, ven
Bertalanffy growth curves could not be fit to the yelloweye growth data
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Figure 1. Commercial fishing sites and management areas in the
Southeast Alaska rockfish fishery.

from the commercial catch samples without additional constraining assump-
tions on at least one of the parameters. A simpler allometric growth
model (y = axP) described the Timited amount of curvature in the growth
data as well as the von Bertalanffy model and facilitating the comparison
of the rates of growth among areas, since only two parameters were in-
volved, The length-and-age observations were log transformed because

the variance of these data tended to increase with increasing age in
several of the area strata. An analysis of covariance was applied to

the log-linear allometric model, In{length} = 1n{a) + b{In{age})., to
compare the rates of growth among areas and between sexes.

Least-sguares regression procedures were used to estimate the log-linear
allometric growth model parameters. The multivariate secant iterative
method was used to obtain Teast squares estimates of the nonlinear and
von Bertalanffy parameters. The effects of Togarithmic transformations
on the length-at-age residuals were examined using the Kolomogorov-
Smirnov test for departures from normality as well as tests for kurtosis
and skewness.
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Results

A century of year classes is represented in the age sample (Figure 2}.
The fish sampled for otoliths from the commercial catch ranged in age
from 13 to 114 years (1871 year class).

L] 0 48 - »0 100 10
AGEH IN YRARS (AREAK ARD BURN)
Figure 2. Age distribution of §. ruberrimus from Southeast Alaska
commercial rockfish landings, 1983 and 1984, sexes combined.

The length-at-age data combined for all areas and both sexes show the
lack of curvature in the samples (Figure 3). This is due tc the absence
of young fish in the commercial catch,

0
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L] - 40 &0 » ) n'w 1ng
AGEH IN TRARS (BRRAK—AND-SURNN)
Figure 3. Length-at-age observations of $. ruberrimus sampled from the
Southeast Alaska rockfish fishery,

Growth Rate Comparisons

Yelloweye rockfish landed in the CSEQ (area A) and SSEQ (areas B and C)
commercial fisheries were sampled for differences in growth between
sexes by area of catch. Analysis of covariance on the log-linear allo-
metric model was used to compare growth rates between sexes and areas.
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Sex

The ANCOVA technigue tests for differences in slope between independently
fitted 1ines then, if slopes are not different, tests for differences

in intercepts given the same slope. In general, growth rates are similar
for males and females in areas A, B, and C {Figure 4). No significant
differences were found in either slope or intercepts between sexes for
any of the three areas although when plotted separately the allometric
model indicates slightly faster growth for males (Table 1). Length-at-
age observations for sexes were not pooled as the relatively high vari-
ability in the length-at-age data may have masked minor differences in
growth rates and other rockfish growth studies have found significant
differences in male and female growth rates in some species {Miller and
Giebel 1977; Six and Horton 1977; Boehlert 1980; Fraidenburg 1980,
Wilkens 1980}.

Table 1. Analysis of covariance statistics for differences in growth
rates between Sexes by district.

Siope Intercept
Area Number F Value Prob> T F Value Prob> F
A 146 2.16 . 1438 1,08 .2998
B 149 .79 L3770 .84 . 3598
C 387 .02 . 8889 .28 .5984
AfSurvey 74 1.28 .2614 .80 L3739

Area

The two southern areas sampled, areas B and C, were tested for differences
in growth rates for each sex separately. No significant difference in
slope or intercept for either sex was determired so these two areas were
pooled to comprise the SSED data (Table 2).

Table 2. Analysis of covariance statistics for differences in growth
rates between districts B and C, by sex.

Slope Intercept
Sex Numher F Value Frob> F F Value Prob>F
Male 254 3.6 .0589 3.74 .0543
Female 262 .21 L6502 W74 L3917
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Figure 4. Length-at-age observations and allometric growth models for
5. ruberrimus, by commercial fishing site.
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Table 3. Analysis of covariance statistics for difference in growth
rates between areas SSEQ0 and CSEQ, ages 30 years and clder, by sex.

Slope Intercept
Sex Number FValue Prob>F F Value Prob>F
Male 257 3.6€ . D569 2.74 .0988
Female 310 .06 L8063 .15 ,6972

In order to generally describe yelloweye rockfish growth over a broad

age range, a small sample of length-at-age data for young fish {less

than 20 years) from a previous study {Rosenthal et al. 1982) was combined
with the pooled length-at-age data for all ages from this study. The
ages of the young fish were determined using surface-aging techniques
which is assumed to be reliable for young ages. VYon Bertalanffy growth
parameters were estimated using the pooled data (Figure 6). Growth of
yelloweye rockfish increases steadily until about 30 years of age where
it levels aff, although fish continue to }ive for many decades.

The only published length-at-age data for yelloweye rockfish 1s based on
surface~aging techniques and therefore not directly comparable to ages
from this study {Rosenthal et al. 1982). UAJ provided us with a small
sample of break-and-burn otoliths collected in the CSED area during 1980
and 1981 {Figure 7). An ANCOVA comparison of their study determined no
significant differences in either slope or intercept (Table 4).

Table 4,

Siope Intercept
Sex Number F Yalue Prob> F F Value Prob> F
Male 89 3.38 L0697 3.3 L0705
Female 131 3.47 , 0648 3.16 L0778

Age Distributions

Although there were no significant differences in growth rates between
areas there were some notable differences in age distributions, both by
area and sex.
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fewer young fish were represented in the SSEQ data than in the CSED data.
This is most likely due to market differences between Sitka and Ketchikan
during 1983 and 1984. Most smail yelloweye were discarded at sea in the
Ketchikan fishery so the shore-based delivery samples consisted of
otoliths from fish that were being filleted or headed and gutted in

port. These were usually larger fish, In order to compare growth rates
over similar ranges of ages, only fish 30 years and older were used to
compare growth rates between CSED and SSEQ {Figure 5). If plotted
separately the allometric growth curves indicate a slight tendency

toward slower growth in the southern area, particularly for males,
?owever,)ANCDVA results were nonsignificant for both males and females
Table 3).
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Figure 5. Length-at-age observations and allometric growth models for
S. ruberrimus 30 years and older; comparisons between {SEQ and SSEQ
by sex,
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Figure 6. Von Bertalanffy growth models, by sex, for 5. ruberrimus,
Zoutheast Alaska, (ages younger than 20 from surface-aged survey data).
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Figure 7. Length-at-age observations of $. ruberrimus sampled from 1981
survey, CSEO.
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Sex

In both areas and in the 1981 survey data, distributions of male and
female age frequencies were markedly different. There were far fewer
old males than old females. Males ranged in age from 13 toc 103 years.
The mate age distribution show a stong mode prisr to 40 years, with the
frequency declining rapidly as age increased. Females ranged in age
from 13 to 114 years. The female age distributions are more equally
distributed over a very broad range of ages.

Area

There were no differences in age distributions evident between area B

and area C se the data was pooled. In SSEQ ages ranged from 15 to

114 years with most ages greater than 30 (Figure 8). Yelloweye rockfish
appear to be fully recruited into the fishery by age 35, Young ages
(Tess than 30 years) are not adequately represented in the SSED samples
due to sampling limitations. Based on five year increments the model

age group for males was 31-35 years and for females, 61-65 years, Males
exhibited a strong mode in distribution at 31-35 years, then decreased in
frequency as age increased. Females were more evenly distributed over
all ages with modes at 41-45, 51-55, 61-64 and 81-85 {Figure 8}.
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Figure 8. Age distribution of 5. ruberrimus from 33E0, by sex.

In CSEQ sample ages ranged from 13 to 95 years. Yelloweye rockfish from
CSEQ appear to be fully recruited by age 30. Males again display a strong
mode at relatively young age groups, 26-30 years, then decline in
frequency over the rest of their distribution. Females were more evenly
distributed than males dispiaying modes in occurrence at 16-30, 41-45,
56-60, and 71-80 years of age {Figure 9).

CSEO had a lesser percentage of very old fish than did SSEQ, particularly
fish greater than 75 years, Modes in age distribution do not correspond
between the two areas. The differences in distributions between areas

is apparent, with the CSEOQ female distribution, in particular, having
fewer ol1d fish (Figure 10).
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1981 Survey Data

The 1981 survey data from CSEQ ranged from 12 to 99 years with most ages
less than 50 years. Males again had a young mode; however, the mode was
more widely distributed, from 26 to 45 years with a gradual decline. No
males were aged at 61 to 75 years although there were small modes at 55-
60 and 76-80 years, females were more eveniy distributed with a broad
mode at 26-30 years, gradually declining to 45 years, and smaller peaks
at 51-55, 66-75 and 81-85 vears (Figure 11).
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Figure 11. Age distribution of 3. ruberrimus from 1981 survey, by sex.

A comparison of the 1984 longline data from CSEQ from this Study with
the 1981 survey data, adjusted for differences in years collected, shows
some differences in age distribution by sex. Males between 35 and

50 years of age were relatively abundant during the early survey but are
paorly represented in the later sample, where the mode occurs at

26-30 years and then rapidly declines. The female distributions are
less divergent although a jesser percentage of fish between 31 and

50 years and very old fish are present in the 1984 longline samples than
in the 1881 survey survey data.

Discussion

Based on the fish landed in the commercial fishery, yelloweye rockfish
growth in southeast Alaskan waters is typical of growth in other rockfish
species. The initial period of growth increases steadily, then levels off
to a fairly constant rate for many decades. In this species the growth
rate levels off at approximately 30 years of age, It is unfortunate

that no very young ages {less than 10 years} are available in this
andlysis as the von Bertalnaffy growth model, fitted to the available
data, may not describe the growth of the younger fish. However, very
small yellaweye rockfish are rarely recruited to the longiine fishery.

Growth rates were similar for males and females in all three areas,
although male yelloweye rockfish show a slightly faster growth rate than
femaies when the data are fit to a log-linear allometric growth model.
Differences in growth rates between sexes have been reported for some
species of rockfish. In most cases where growth rate differs females
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grow at a faster rate than do males (Miller and Giebel 1973; Six and
Horton 1977; Beehlert 1980; Fraidenburqg 1980; Wilkens 1980}, Growth
rates are not always different and different studies do not always find
the same results. Fraidenburg (1980) found that female yellowtail
rockfish {5. flavidus} had a faster growth rate than male yellowtail
rockfish, white Rosenthal(1982) reports male yellowtail rockfish from
southeast Alaska with a faster growth rate than female yellowtail
rockfish. Several species of rockfish from California have no
differences in growth rates by sex {William Lenarz, NMFS, 10/86 pers.
cormun, }

Differences in growth by latitude have been observed for some rockfish
species; however, the trends are not aiways similar (Archibald, Shaw

and Leamar 1981). Westrheim (1973) found Pacific Ocean perch (5. alutus)
to have a slower growth rate in narthern latitudes while olive rackfish
{3. serranoides) and splitnose rockfish (S. diploproa) are reported to
have faster growth rates in northern latitudes [Love 1980, Boehlert and
Kappenman 1980). Mo significant differences in growth rates between
yelloweye rockfish from CSEQ and SSEQ were found. If growth was plotted
separately for the two areas, fish from CSEQ exhibit slightly faster
growth rates. 1t is possible that the slightly faster growth in CSEQ
may reflect a short-term density dependent response to fishing pressure.
The CSEQ area has been subject to intensive domestic fishing pressure
since 1981, while the domestic fishery in the SS5EC area did not begin in
earnest until 1984. Yelloweye rockfish in CSEQ may have a lower relative
abundance due to fishing mortality and therefore may exhibit increased
growth. It should be noted that the differences were not significant

and that the two areas are fairly close geographically (55930' vs 570 N
latitude), 5o it seems likely that differences in growth between these
two areas would be due to regional differences in abundance of yelloweye
rockfish and prey items rather than to different 1ife history strategies.

Age frequency distributions determined from the samples of fish delivered
to shore-based plants in CSFQ and SSEQ were different. This is due at
least in part to the differential discarding of small fish due to dif-
ferences in market preferences in the two ports. This is one of the
problems with relying on the fishery to select samples. However,
besides the sampling biases there appears to be real differences in age
distributions as well. The similarity in age distributions between the
commercial fishery samples from CSEQ and those of an earlier survey
sample indicates that at Teast in the CSEQ area the fishery can supply
age-frequency samples that are representative of the underlying
population.

Male and female age distributions are markedly different in all areas,
and in both this study and the 1981 survey. The reason for this
difference in distribution is not known., It may be due to behavior
differences between the Sexes, perhaps asscciated with territoriality.

Finally, the use of the break-and-burn method for aging rockfish has

not been validated far this species. Growth rates estimated from this
study using ages determined at the ADFAG Aging Laboratory are similar

to these of an eariier study using ages determined at UAJ. This helps
support the validity of the break-and-burn technique and indicates that
between-reader variablity may be low, at least between these two readers,
If there were problems with consistency or accuracy of an individual
reader, significantly different growth rates would be expected,
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A comparison of age estimates
derived from the surface and cross-
section methods of otolith reading for
Pacific ocean perch (Sebastes alutus)
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Nanaimo, British Columbia

Abstract

A sample of Pacific ocean perch (Sebastes alutus) otoliths, which
had beem aged in the mid=1970s using the surface reading technique,
was re-aged by examining the cross-section. The objective was to
examine whether the agreement for younger ages was sufficient to
justify using catch-at-age data based on a time series of surface
readings. Results indicated slightly biased but close agreement to
age 14 (as determined by surface reading} in males and 15 in
females. Otoliths estimated to be 17 or greater by the surface
method showed very poor correlation with cross-section
determinations.

Introduction

The application of the cross-section technique to ageing of rockfish
otoliths (Chilton and Beamfsh 1982} has led in some cases to a
reassessment of rockfish {genus Sebastes} biology. The greater
apparent lifespan has altered estimates of size at age and
significantly Jowered estimates of npatural mortality rates
{Archibald, Shaw and Leaman, 1981). These lower estimates have, in
turn, led to a more conservative perspective toward rockfish
management (Leaman and Beamish 1984),

While the change in technique has hopefully led to improved
management, ¥t has alsc raised the problem of how, or even whether,
te make use of the extensive catch-at-age time series which had been
developed for rockfish through use of the original surface
technique.

This problem was addressed by Archibald, Fournier and Leaman (1983}
in their catch-at-age amalysis of the Pacific ccean perch (Sebastes
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alutus) stock in Goose Island Gully by first conducting a
preliminary comparison of surface versus cross-section readings.

They concluded that there was satisfactory agreement through age 16,
and so utilized these younger ages while treating the remaining age
classes as 17+ in their catch-at-age mode! (Fournier and Archibald
1982). This conclusion was supported by earlier work of Westrheim
{1973) who showed that the large 1952 year-class for Queen Charlotte
Sound could be followed as a dfstinct age mode with surface readings
until the age of 17.

This compariscn should have involved re-aging a sub-set of otoliths
from the 1963 to 1977 surface-read material which had been used in
the analysis. This would have incarporated any additional bias
contributed by the indfviduals who were responsible for ageing the
1963 to 1977 data, and would have accurately reflected the surface
readings prior to a general "awareness" about the greater lifespan.
However, all the original otoliths were thought at the time to have
been destroyed in a warehguse fire. Therefore a new sample was aged
with the surface technique prior te being re-aged with the
cross-section technique. Archibald et al. (1983) decided to engage
the services of an individual who had Yittle experience or
familiarity with fish ageing to conduct the surface determination.
In this way, they avoided using the experienced technicians who had
participated in the transition of procedures and whose surface
readings had begun to reflect the added expectation of greater ages.

We subsequently have found a small sample of the original otoliths
which had been surface-aged as part of the 1963 to 1977 data set.
As we were never fully satisfied with the origiral comparison and
because the population analysis based on these surface readings
remains the only catch-at-age anmalysis of rockfish in B.C. waters,
we had this old material re-aged using the cross-section technigue.

Our purposes in conducting the comparison were to: 1) examine the
validity of using surface readings for the previous assessment; 2}
determine whether 17+ was the most appropriate cutoff age for
lumping the older age classes; and 3) resolve whether we could
append additiona! years of catch-at-age data based on the
cross-section technique to the original catch-at-age time series
based on surface readings.

Methods and Results

The original otoliths that we re-discovered had been sorted by
sample and sex and stored in a glycerin-and-water mixture in glass
vials. The otoliths within the vials were grouped corresponding to
the l-centimeter length intervals of the sampled fish. With nothing
to distinguish one otolith from another within a length interval, we
could only identify a known-age otolith if 7t were the only otolith
corresponding to a length interval or, if all the otoliths in an
interval had been assigned the same age. The latter case was
obviously more common the fewer the otoliths in the interval and
therefore tended to correspond to length intervals nearer the
extremes of the length distribution. Mumbers of atoliths by length
of the whole fish are shown in Table 1. The original method of
surface reading was described in Westrheim (1973). The
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cross-section method that we used to re-age the sample is described
in Chilton and Beamish (1982).

Table 2 and Figures 1 and 2 present mean Table 1. Length frequency
cross-section age by surface age. Tables by sex for the re-aged

3a and 3b present the overall sample of Pacific ocean
distribution of readings., Figures 3 and perch from Goose Island
4 show the converse of Figures 1 and 2, and Mitchell‘s gullies.

megn surface age corresponding to each
cross-section age.

Length Male Female
Crass-section readings for each age group  {cm)
of otoliths, as grouped by surface ages,
showed considerable variability but

limited bias for the younger age groups. 31 28 14
Cross-section readings for males tended 32 29 19
to be lower for ages 6 to 8 and higher 33 24 27
for ages 9 to 15, although when treated 34 23 31
as individual samples, only the mean 35 10 25
difference for age 12 was significantly 36 14 16
different from 0 { =0,05}. The mean 37 10 17
difference between readings ki) 12 22
{eross-section minus mean surface) was 39 10 14
< 1.0 for ages 6 to 14, them increased to 40 21 26
1.3 for 15-yr olds and 2.1 for 16-yr a1 21 25
olds. Beyond 16 there was virtually no 42 26 21
agreement, and beyond 23 there was 43 17 14
virtually no correlation. a4 11 15

45 5 11
Mean c¢ross-section age for females was 45 0 z1
less than the surface age for each age 47 ] 11
group younger than 16, except for the 6 a8 0 6
and 10-yr olds. Only the mean difference 49 0 1
for 12-yr olds was significantly 50 0 1
different from 9. The mean difference 51 0 0
for all ages in this range was < 0. 52 0 1

Cross-section readings averaged 18.8 for
the 16-yr-old group of surface readings. Total 261 343
As with males, there was little agreement
beyond 16, and beyond 20 there was virtually ne coerrelation,

Discussion

The linear relationship between the two ageing techniques for ages 6
to 14 in males and & to 15 in females indicate that Archibald et

al. (1983) were justified in using the surface readings for their
assessment, While there was apparent bias, though not significant
in most ages, the differences were minimal relative to the
requirements of the model. The biases could be assumed to have been
constant over the 15 years of the time series and, since the model
only attempts tc detect general changes in stock abundance, a bias
of consistently less than 1 year per age group would have had little
impact on the overall conclusiens about biomass tremds.

The results indicate that 15+ or 16+ would be a more appropriate

cutoff age for Jumping the older age classes in future assessments.
This parameterization was examined in the initial assessment but
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Table 2. Mean cross-section age for otoliths grouped by
surface-read ages; Pacific ocean perch from Goose Island and
Mitchell's gullies.

Cross-section age

Surface Males Females
age (yr} n X s n X 5
6 2 6.00 0.00 4 7.00 2.00
7 14 6.93 0.83 5 6,40 (.55
8 17 7.41 1.54 9 7.67 1.50
9 13 9.15 1.41 17 8.76 1.25
10 i3 10,30 1.07 26 10.46 1.42
11 21 11.33 1.06 38 11.00 1.45
12 21 13.00 2.05 45 11,40 1.13
13 9 13,78 1.30 29 12,41 2.43
14 14 15,29 2,92 26 13,73 2.29
15 8 17.12 6.06 25 14.76 1.88
15 5 21,40 2.07 19 18,84 7.52
17 10 21.80 7.19 5 20.80 6.83
18 10 22.70 3.62 10 25,20 9,75
19 9 26.56 3.88 § 23.00 2,45
20 10 32,40 10.47 11 24,64 4.08
21 12 35.00 13.54 11 34,18 15.05
22 id 33,79 14,51 14 34,07 15,09
23 10 44,50 14,26 14 31,79 8.49
24 11 41,73 13.14 11 36,09 16,58
25 7 50.71 17.81 6 49,83 8.35
26 5 52.80 19.88 7 46,57 10,15
27 4 42.50 5.26 4 41.50 18.05
28 1 40,00 - 1 71,00 -
29 0 - - 1 34,00 -
30 1 49,00 - - - -
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produced results very similar to the published results which used
17+ as the final age group (B. M. Leaman pers. comm.).

I had intended to use the results to generate a correction matrix
for converting the original surface-zged material including older
ages to their equivalent crass-section distribution. 1 could then
append any additional years of cross-section catch-at-aqe
information to the original “corrected" data set derived from
surface estimations. However, the older ages provided too 1ittle
information for predicting cross-section ages. While surface ages
of 16 to 23 were correlated with increasing mean cross-section age,
the percent agreement was almost nil {Tables 3a and ) and the
variability in cross-section readings was large {Table 2}. Surface
determinations older than 20 provided virtually no fnformation about
expected cross-section age, Furthermore, although the distribution
of cross-section ages Tor each of the younger age groups {6-15} was
significantly skewed to the left, in many cases the bias was not
large and the variance could be accomodated in the Fournier and
Arehibald model by virtue of the model's parameterization of ageing
error. Finally, using the results from this comparison to convert
an entire catch-at-age series would have incorporated the typical
prgggems of extrapolation from age-length keys {Westrheim and Ricker
1978},

The issue of whether cross-section catch-at-age information could be
appended to surface-read Information was resolved by examining
Figures 1 to 4. Figures 1 and 2 indicate, as stated earlier,
reasonable agreement of mean cross-section to surface readings to
ages 14 in males and 15 in females. The converse relationship of
mean surface reading to each cross-section age, which 1s shown in
Figures 3 and 4, indicates reasonable agreement (¢ 1 year mean
difference) to age 17 in males and females. The general agreement
persists to a greater age in this configuration because the
distribution of cross-section ages for each surface age contains the
occasional old individual. This effect is not seen in the
distributions of surface readings corresponding to each
cross-section age (Tables 3a and 3b). Results therefore indicate
that additional catch-at-age derived from the cross-section ageing
technique can be appended to time series derived from surface
readings. The imprecision in agreement between the two techniques
however, implies that while sequential population analyses based on
mixed catch-at-age data should identify genera? biomass trends, it
will have considerable difficulty in correctly characterising
year-class variabllity.
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Time serfes of Information about fish populations are useful In
understanding thelr natural fluctuatlons and responses to variation [0
physical factors, Most t+Ime serfes on flish, however, concern
population slze, typlically estimated from historlcal catch records.
We describe a technique by which growth Information can be extracted
from otollths of long-tived specles such as Sshastes through
soctioning and careful measurement. As an example, data from recently
collected Saghastes diploproa and 5. plinnlger are used to describe
growth at ages 1 through 6 durlng several decades of thls century. We
describe the technique and i+s |imitations, and make suggestions for
applIcation of the resulting data.

Introduction

The study of long-term changes In marine fish populations has recently
recelved a great deal of attentlon. Understanding tha responses of
fIsh populations to physlcal and biotle variabllity can lead to
pradlfctive capablilty; Indeed, many current studies In fisheries
oceanography examlne the causes of past population change with the
goal of modeling future trends In populations, Obviously such
Information can be most useful for purposes of flsheries management,

Several cetegorlies of [ong-term change In marine fish populations have
been Investigated. Population or stock slze has generslly been
estimated from historlical! catch records of fisherles, and data from
many decades are avallable, as for some Paclfic salmonid stocks (Mysak
ot al, 1982} and several North Atlantlc fisherfes {Cushing 1982},
Specles assembfages and blotic Interactlfons have been described on the
decade scale by current work of the Callfornia Cooperative Oceanic
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Fisherles Investigetions (Loeb et af. 1983; H, G. Moser, Southwest
Fisherles Center, National Marine Flsherles Service, NOAA, La Jolla,
CA 92038 pers. commun.}, and on the century scale by Scutar end {saacs
{1974) for the same reglon.

Methods of data collection for developing time series elther come from
contlnuous data collectlon or extractlon of naturally stored
[nformation. The former often occurs over generations of bleloglsts,
Since starting a new serfes may not allow achlevement of objactives
for 30 or more years, avaliable t1me serles (which are often collacted
for other purposes) are used. In some cases, however, naturally
stored Informatfon can be used to extract hlsterical population
Information, A classic example of this approach 1s the study of
cycles of population abundance for Engraulis, Sardlpnops, =nd

by Soutar and Ismacs {1974). By measuring ths abundance of
scales in anoxlc sediments, they were able to define natural cycles of
abundance of these specles for 130 yr, Information Is also stored In
the otol ths of Indlividual fish {Radtke 1984). The study of age In
fishes and the use of otollths for back calculation are simple
examples of extraction of historical Information, and others have used
Isoteplc composition to defIne thermal hablitats occupled by Individual
flsh (Mulcahy et al. 1979),

The study of growth In flshes has typlcally been concerned with
relatively short-term growth of cohorts or populations, most+ often
with flshed stocks. Dlfforences In growth may exist between stocks
(Templeman and Squires 1956; Borisoy 1979), geographical reglons
(Boehtert and Kappenman 1980), and among years (Margetts and Hol+
1948). Such growth differences may be genetlically based (Borlsov
1879), the resvit of danslty dependence (Margetts and Holt 1948), or
cavsed by several environmental factors, most Importantly temperature
(Brett 1979). Unfertunately, comparisons of growth with tTme often
come from different studles, frequentiy made difflcult by changes In
sampling, ageling methodology, or [nterpretation {(Boehlert and
Kappanman 1980).

Bacause estimates of flsh growth are genaral ly made at a single polnt
Tn +ime, +Ime serles on the order of several decades do not exist for
any spacies. Since otoliths act as recording chronometers, however
(Radtke 1964; Campana and Mellson 1985), back calculation techniques
allow one to establ Ish growth patterns early 1n the {1fe history of
tishes, even In older fish. Extreme longevity has recent|y been
conflrmed In the scorpaenid genus Sebastes (Bennett ot al, 1982}, and
ages In excess of 80 yr have been reported for seversl species
(Archibald at al, 1981; Boehlert and Yoklavich 1984; Leaman and
Boam|sh 1984). Thus otollths of these spacies hold the potentlal to
derive estimates of growth from several decades ago. In this paper we
describe a modiffcation of back calculatlion taechniques, from which
historical growth patterns can be obtalned, and we apply +his
technique to two specles, the splltnose rockfish, Sebastes diploproa,
and the canary rockfish, 5. plnnlger.

Materials and Mothods
Otollth samples were collected during rocktish surveys conducted by

the Northwest and Alaska flsherles Center, Matlonal Marine Fisherles
Sarvice, NOAA, during 1977 (Boehiert 1980), 1980 (Boehlert and
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Yoklavich 1984), and 1983 (Wllson 1985). Collection technlques
fol lowed Gunderson and Sample {1980}). Since one objective was to
represent as many years of growth as possible, we based otollth
selectlon upon age alone; old fish in this study thus greetly outwelgh
their relative sbundance in a random sample. Otoliths were sectloned
and age determlined as outlfned In Boehlert and Yoklavich (1984).

Back calcul atlons and measurement of growth Increments were !imlited to
the first 6 yr of growth. This Iimit was (mposed becayse otolith
Increments become smal ler wlth increasing age; eventually, |Inear
growth stops and the otol [th begins to thicken (Bennett et al. 1982;
Boehlert 1985), We used two dlfferent techniques for otollth
measurement. For S. diploproa, whoss otol Tths are typlcally more
opaque and fncrements smaller, we measured from dorsal to ventral
distal edges of annull 1-6. In the faster-growing 5. ploniger, In
which otoliths are clearer, we measured from the tocus to the dorsal
distal edge of each increment (Fig. 1),

¥b LL I | S L7 i F D1 02 D3 D& D5 D6

Figure 1. Schematic drawling of an otolIth sectlon from Sabastes
showing the axes of measurement used In the current study.
Measurements for 5. dlploproa were from dorsal +o ventral distal
margins (l.e., V2 to 02); measurements used for 5. plonlger were
from focus to dorsal distal margin) (l.e., F to D2).

Data analysls and inmterpretation

Avaiiable date Included sex, |length, date of collection, locatlon
Informetion, total age, and widths of the measured annull for ages 1-
6. The growth Increment (GI{1), where 1 = 1 to §, determlined by
subtraction of measurements of adjacent annull rather than the full
measurement], was used so that growth In 2 given year was not
cymulative and therefore dld not reflect past growth. Age was
subtracted from year of collectlon to determine the year of blIrth,
For each f1sh, each growth Increment (1-6) was assoctated with a
spect flc "year of growth." Data on 6 yr of growth were therefore
avallable for each flsh with the exception of those younger than six
at the time of sampling. As an example, a fish collected In 1980 and
aged as 40 yr was born In 1940; growth measurements from this
IndTvidual were therefore available for years 1940 through 1945,
Table 1 demcnstrates a subset of the data array avalilable for thls
serles.
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Table 1. A subset of the date array for growth [ncrements used In the
present study. The numbers under growth Increment reprasent the
years of birth for these growth years. The first growth Increment
1s deflned te occur In the year of blrth, the sacond growth
Increment In the fol lowling year, and so forth.

Growth [ncrement, Gl

Growth

yoar 1 2 3 4 5 6

1940 1940 193¢ 1958 1937 1936 1935
1941 1941 1040 1939 1938 1937 1036
1942 1942 1941 1940 1939 1938 1937
1943 1943 1942 1941 1940 1939 1938
1944 1944 1943 142 1941 1940 1939
1945 1945 1944 1943 1942 1941 1940
1946 1646 1945 1944 1943 1942 1941

The majorlty of specimens used In the study wers males, To increase
the sample size, however, otoliths were collected from both males and
females. Slince growth, perticularily after sexuai maturity, differs
betwaen sexes for these two speclas (Boehlert and Kappenman 1980), it
was necessary to test for differences In the growth measurements to
allow a combinatfon of growth deta from males and females [ndependent
of the years tested. We separated the data by sax and then aggregated
the data for each growth increment such that each year of birth had a
single, mean value. Differances In growth between sexes were tested
by comparing the respective growth Increments with a paired t-test for
all years where both male and female data were avaitlable. The results
of thls test showed that no differences were evident between sexes for
alther spacles,

Yearly meens of GI(IMs were calculated and these wera the values upon
which further calculations were made. A long-term average and
standard deviation wers calculated for each serles of yearly mean
growth Increments and the standardized growth anomalles A([) were
calculated as fol lows:

LGH1Y = (mean GI(1))]

ALD) =
(53D GI{nNJ

These anomalies have a mean of 2ero and a standard deviation of ons,
allowing comparison of the growth anomalies In different growth years
wlthout concern for the effacts of growth Increment magnlitude.
Comparicons betweon species would also be facliitated by +hls
conversion,

Besults and Discusslon

A total of 802 §. diploproa {651 males and 151 females) and 942 §,
Rinnigar (616 males and 325 females) were used In thls study. The S,
dlplopron renged In age frem ! +o 86 yr and had a birth date
distributlion from 1896 to 1979 (FIg, ZA), Specimens of S.

ranged In age from 2 to 60 yr and had a corresponding birth date
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distribution from 1920 to 1978 (Fig. 2B). The total numbers of growth
Ineremants avallable were 4,714 for 5, diplopros and 5,600 for S
ploplger. In the discussion of the results to foliow, several sources
of srror contribute to the variabllity of these results. From a
methodologlcal standpolnt, thres errors are qulickly spparent. First,
minor changes Tn the location of the section of the otolIth {Fig. 1}
may resylt En s|ightly different Increment measurements; we expect
this to Introduce relatively minor errors, however, slince the
sectloning technique (Boshlert and Yoklavich 1984) was consistant
throughout the study. The second source of error occurs In tha
estimate of total a2ge. Errors Tn this estimate will result In
assignment of the Tncorrect year of blr+h and subsequent years of
growth for each growth Increment {Table 1). Finally, errors In
annulus selaction while making measurements on the saction can occur.
None of these errors are expscted to be systematic, however, and thelr
cumulative effects should not signiflcantly mask trands In the data,

A concern from & blologlcal standpelat is tha Implicit assumption that
there Is no {inkage of longevity and growth. That 1s, {f Tong=1ived
indTviduals ere characterized by elther faster or slower growth rates
during the first 6 yr of |ife than Individuals with shorter IIfaspans,
we can encounter problems when comparing young wlth old fIshes, A
genetic basis for such a difference In growth and age at sexual
matur [ty hes been suggested for cod (Borfsov 1979). An investigation
Into the biochemical genetics of 3. dlploprom using electrophorasis at
29 locl showed no variation associeted with age {(Wishard and Boshlert,
unpubi. datal). Although negative results cannot rule out a differ-
ence, our growth results do not show a consistent trend which would
support a genetic besis for growth differences.

As one would expect from growth dats, there Is dafinlte varfab!!lty In
the growth anomalles for both specles (Figs. 3,4}, No clear +rends in
elther faster or slower growth over the full time serlfes are apparent
for aither specles. The J=-yr running averages, howaver, show an
Interesting pattern. In §. dlploproas (Fig., 3), most of the age
classes show a trend of positive anomalles before about 1925, and
negative anomalles from about 1955 to 1970; positive anomal les after
1970 are also apparent In most of the records. The relatlonships
among the age classes are also of Interest. Ganeratly, there Is a
relatlonship among anomalles 2-6 for this specles, but the anomaly for
year 1 Is uncorrelated with growth In any other year. Saehastes
diplopron fs a deeper |lving member of this genus as adults, but the
first year 1s spent In surface waters (Boehlert 1977); +thus the
fectors which are important Tn growth in the first year may differ
from those which determine growth in subsequent years. Temperaturas,
which can have an Important Impact on Juvenlle rockflsh growth (ses
summary [n Boehlert and Yoklavich 1983), may differ between deep and
shai|ow water (Kruse and Huyer 1983).

For §. planiger, the record 1s somewhat shorter but shows fnteresting
trende (Flg. 4). For age classes 1-4, there appears to be a positive
anomaly through about 1952 fol lowed by a perlod of negative growth
untl! about 1970. Age classes 5 and 6, however, seem to show the
opposite trend during these perlods. All age classes show
concor dance, however, [h the pattern of positive anomalles after about
1970, This same trend, although much weaker, was cbserved for §.

diploproa tFlg. 3).
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The technique which we descrlbe in this paper sl lows development of
time serles of growth for long-lived spectes of fishes. The results
we have presented for these two speclies willl need further statlstical
analysls to discern frends In the data and to Investigate the possible
sources of varlation In growth patterns. For example, +ima sarles
analys(s may show relationships with physical factors, as described by
Chelton et al. (1982} and Mysak (1386), Blologlcal causes for growth
varlation may also be Tmplicated. In this regard, 1+ Is significant
that the apparent increase itn growth after 1970 (Figs. 3,4} s
temporal ly related to the depletlion of coastal stocks of Sghastes as
described by several papers In thls volume, Does thls hint at densi+y
dependent growth patterns? Future research on this data base will
address these questions.
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Rockfish (genus Sebastes) are an important cosponent of the maring com-
munity in the northeastern Pacific Ocean (Love and Westphal 1981).
Major catches have occurred in the foreign high seas fisheries in the
Gulf of Alaska and Bering Ssa (Bakkala wt al. 1579). Thirty-two
species of rockfish have besn idertified from groundfish catches from
the Eastevn Baring Sea and Aleutian Islands regions (1to 1986a). The
denersal Fish catches of California, Washington and Oregon are
dominated by rockfish (Gunderson and Lenarz 1960). Canadian rockfish
catches have been important (Carter and Leaman 1961). Finally, a
steadily growing fishery has been established in  southeastern Alaska
for several species of nearshore rockfish (L. Haldorson, pers. comm.).

Historically, Fishing patterns for demersal Fishes have seversly
depleted stocks and altered the structure of their populations (Love
1999) . The demersal fisheries in the Gulf of Alaska and Bering Sea
have changed significantly and are now managed under the implemanta-
tion of the Megnuson Fishery Management and C rvation Act (Major
1996, Preface). ATthough overall production has increased, the catch of
only pollock has increased steadily. Catches From most other species
groups, notably the rockfish, have declined sharply. Annual landings of
rocufish taken from the Gulf of Alaska have declined From 385,881 to
3,221 st from 1965 to 1985. U.S. and Canadian rockfish stock Jevels
are very low ¢(J. Fujicka, pers. comm.). This 3s attributed to the
over-exploitation of stocks during the 1968-1978%s. The current
status of the 6ulf of Alaska Pacific ocean parch {POP) complex and
“other rockfish* stocks is depressed. Pacific ocean perch stocks in thw
Eastern Bering Sea and Alsutian region have remained stable but low for
maryy years (3. Fujicka, pers. COmR. ).
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Rockfish research has traditionally been underfunded; conseguently the
majority of the ressarch attention given to Sebastes Ffocuses on the
species of greatest commercial isportance such as the Pacific ocean
perch (Westrheim 1973}, Basic biological information including age
structure and reproductive biology is not available for many of the
fifty species of rochfish which inhabit the western coastal water of
North America {Love and Westphal 19813}, Acquiring this information is
important because new interest in demersal fish stocks has been gen=
erated by the decline of the POP stocks and increasing sanagemsrt con-
trels on traditional fisheries such as salmon and halibut (Archibald
st al. 1961). Rockfish populationt are managed a5 an aggregate. For
example, POP (Sebastes alutus) sz managed with 4 other species of
Sebastes { aleutianus, borealis, Iyspinis, and zacentrus). as the
“pop complex", or red rockfish, that inhabit the slope and ghelf
depths. Also, other rockfish caught in the high seas fishery are
Tusped together for management purposes in a category called “other
rockfish™ (Carlson et al. 19868). i#hile new demersal fisheries may not
ey in on many of the rockfish species, they will be caught inciden—
taltly.

The purpase of this study is o perform a comprebensive analysis of the
basic age, growth, and mortality parameters of the rougheye rockfish
(Sebastes aleutianug) in southeastern Alaska. This study examinez one
adult ard two jJuvenile populations in southeastern Alaska. Otolith
meristic measurements are investigated for age prediction as an alter-
native to direct ageing.

A description of age structure of rockfish stocks would provide informa-
tion about stock dynamics, growth, mortality and sustainable yield
{Leaman and Beamizh 1984}, Intensification of Gulf and Bering Sea
fisheries makes managesent and conservation of the demersal stocks a
complicated task (Carlson et al. 1986). OFften, rochfish stock informa-
tion s Timited and of poor gquality wmaking it difficult to formulate
yield options (Leaman and Stanley 1985). Limited funding to the manage-
ment agencies inhibits their ability to monitor age structure because
ageing rockfish is extremely labor intensive. Therefore an  ageing
method which it precise and not time consuming is needed to congtruct
the correct models for understanding these long-lived stocks and insur-
ing adequate management and yields to prevent overharvesting.

Very 1ittle information on adult rougheyes and virtually mnone on
Juveniles exists in the literature. This species is of interest for two
reagons. First, it s managed as part of the POP complex ( Carlgon et.
at. 1986) in the 6ulf of Alasha andd  Bering Sea and has even been
misiderntified as POP in commercial catches (Ito 1986b). Second, it is
thought to be the the oldest 7Tiving rockfish (Chilton and Beamish
1982), being aged to 140 years. This species is caught incidentally
in the Bering Sea traw)l fishery (Bakkala ot 21. 1979} and is of minor
comsercial importance in the Gulf of Alaska (Alton 1981). It is also
Janded by the Canadian trawl fishery in significant numbers (Carter and
Leaman 1981) and is incidentally caught by the sablefish and halibut
longline Fisheries in the waters of southeastern Alaska (Haldorson,
pars. comm.). The estimated catches of rougheye from the sastern Bering
Sea as reported from U.S5. observer data has declined from 1,844 +to 99 t
from 1977 to 1984 (lto 1986b), Ffollowing the overall declime of all
rochfish catches during the same period. A similar pattern of decline
exigts for the Aleutian Islands region, +From 1,128 to 24 t from 1977 to
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1984,

In order to assess the usefulness of otolith meristic measurements for
ageing fish, estimates of otolith growth in thickness, length, width
and weight are considered. Currently the preferred ageing structure
for Sebastes is the sagittal otolith (Patten 1973). The age is deter-
mined by wvisually counting the alternating hyaline/opague rings
called anmuli. These rings are observed from the surface, Ffrom a sec-
tioned piece or by breaking and burning the otolith. A controversy
currently exists as to which reading method gives the moit accurate and
consistert age estimate (Leaman and Beamisth 1584). Surface counts have
besn found to underestimate ages of wany Jong-lived species {(older
than 15 years). The break and burn or saction methods may reflect the
true age of the fish more accurstely than the surface method, but both
are time-consuming and require a highly skilled technigian. For some
tpecies of Sebasteg, an experienced otolith ager can only age 6-8
fish/hr using the sectioning method, and 108-15/ b using the break and
burn method (Boshlert 19685). In addition, it is difficult to acquire
inter- and even intra- agency agreement as to how to interprst the an-
mtli on the otolith of older (>15 yr.) specimens.

Otolith Tength and width are positively correlated to figh length
(Boehlert 1985). For Pacific halibut, otolith weight is the best pre-
dictor of fish length and fish weight (Guinn et al. 13683). C©Often when
a ¥ish approaches an asymptotic Tength, the otolith ceases to grow
Tonger and wider, but does continue to grow thicker and therefore in-
erease in weight (Boehlert 1985). This increase in thickness eccounts
for more accurate ageing of otoliths that are sectioned or broken and
burnt. Additional rings are added to the middle surface after the
otolith stops growing in length and width. Boehlert (13585) developed
pradictive relationships of age for two species of rockfish using mul-
tiple regression techniques, being one of the first to suggest this ap-
proach,

hods s tearials
Field data collection

The primary juvenile site was Outer Point on Douglas Island (Figure 1).
This population was sampled three times during 1982 and 1963, The sam-
pling dates were: Sept. 21, 1982; Mar. 23 and April 7, 1983. The
samples wers collected by the NOAA research vessel, John N. Cobb. Fish
were caught with & 48@ wmesh Eastern otter trawl equippad with
weighted wooden doors. One or two tows were made per day
dragging between 58 to 75 fathoms for approximately 3@ minutes. A total
of 280 fish were collected from the hauls at the Outer Point Joca-
tion, Specimans were brought back to the laboratory and frozen before
processing.

The second juvenile population was sampied from Port Althorpe located on
the outer coast of Chichagof Island (Figure 1}). The sampling date was
July 15, 1983. The NOAA research vesse]l MURRE 11, a 25.9 m. power barge
collected the samples. The egquipment used was a standard 12.2-m nylon
flat shrimp side tranl with 2.54-cm 2- wesh and weighted wooden doors.
The net was towsd once for approximately 39 minutes at 58 fathoms. 7@
specimens were collected. Fish were frozen on board before being brought
back to the laboratory by other scientific personmel.
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Figurs 1. Study sites for rougheye rockfish,
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The adult population was sampled from the outside waters of Southeast AK
from the areas between Yaiutat and Sitka ( Figure 1). Samples were col-
Tected by the Japanese Jongline vessel, RYUSHO MARU NO. 15. The Survey
period was between August 22 and September 18, 1982, LongTline gear was
used for sampling and consisted of 45 hooks per hachi tied to a 199
meter groundline with a 1.2 meter gangion spaced 2 meters apart . 168
hachi were set per sampling site. The gear was fished for 5 to 6 hours
and set in direct angles to the contour line to cover a depth range
from 184 to 1900 meters. Hooks were baited with squid.

The samples were processed fresh on board by the crew of the
vesiel. Fish wers measured for fork length to the nearest ca and sexed,
and both sagittal otoliths were taken, The otoliths were cleaned and
stored in 50I ethanol in small vials. 386 specimens were processed and
an additional 75 fish were frozen whole and returned to the Taboratory.

Processing of samples consisted of determining sex if possible, measur-
ing fork length to the nearest cw, and collecting both sagittal
otoliths. The otoliths were cleaned and stored in small vials contain-
ing 58X ethano) or glycerin.

Laboratory processing of otoliths
Ageing. The jJuvenile populations were aged by both the szurface method
described by Westrheim (1973) and a modified break and burn methed

described by Chilton and Beamish (1982). The adult population was
aged with the wodified break and burn method only.
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The surface method of ageing otoliths involves placing the otolith in a
small black-bottomed dish and counting the rings under a dissecting
microscope. For this study the 1id of a 188 wl. sampling jar was used
as a sampling dish. A smal)l amourt of water, encugh to submerge the
otolith, was placed in the dish 30 that reflected light adeguately $1-
Tuminated the otolith. A 189 powersd Leitz dissecting microscope was
used to count the otolith rings. A1) surfaced aged otoliths were aged
two separate times before a final age was assigned as suggested by
Chilton and Beawish (1982},

The break and burn procedure (Chilton and Beamish 1982: Boehlert and
Yolkalovich 1982} was modified by breaking the otolith in half by hand
because sectioning equipsent was not available. Each half of the
otolith was slightly burnt with an alcohol burner and placed in model-
ing clay so the burnt section faced up. A small amount of glycerin was
appliad to the burnt surface with a zmal) paint brush. The rings were
counted by using a Wild dissecting microscope at 3¢ - 100 power with
fiber optics. Each otolith wmwas aged twice at separate intervals
before & final age was assigned. The sex and fork Jength of each
specinen was not known while it was being aged. When one otolith would
ot yield a consistent age, the other ons was broken and burnt and aged.
The same age had to be determined two separate times before a final age
was assigned to the specimen.

Validation of rockfish ages and ageing techniques s very difficult
{Chilton and Beamish 1982). The ageing technigue used in this study was
validated by taking a subsample of otoliths previously aged to the
Pacific Biological Station in Nanaime, B. C. and to the NMFS Montlake
Laboratory in Seattle, MWashington for comparison of ages. The two
agencies interpret anmuli differently, especially when using the break
and burn method. Our technigque agreed with the method of interpretation
of anmuli as was done at the Nanaimo laboratory.

Meristic measuremerts of otoliths. Meristic meagsuremerts wers made on
all groups of otoliths, A handheld micrometer was used to measure
one otolith from each pair. Each otolith was measured for length, width
and thickness to the nearest .81 mm. When part of the otolith wasz
broken or chipped, 3t was not used for a measurement. Each otolith was
meagured once. A1l otpliths were placed in an oven for 5 hours at 126
degrees C before they were weighed to the rwarest .81 g with an Sar-
torius electronic balance.

Analytical methods

Data was ertered and managed on a Compag microcomputer. Data summaries
amd statistical analyses were performed using SYSTAT software. Standard
regression techniques <(Sokal and Raohlf 1969) and exploratory data
analysis (Tukey 1977) ware used to investigate the data . Models were
derived to sstimate age from wvarious otolith morphometrics using step-
wise multiple regression technigues. Models were derived for both
sexes combined and for each sex separately for the adult population.
Hodels were derived Ffor only both sexes combined for each of the two
Juvenile populations.

Distribution and regression analysis. First, the shape of each
variable’'s distribution was examined to see if the data needed to be
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transformed. The data were examined with exploratory data techniques
(Tukey 1977) and analyzed graphically. Each variable wase plotted in a
stem and Veaf diagram to Jook for symmetry and to get the Tetter values
{Ivals) of the distribution. The lvals ¢ median, hinge, eights, six-
teenths, and extremes) were summarized and the midpoints weres calcu-
Tated. 1f the stem and teaf diagram showed skewness and if the mid-
points (mids) fluctuated or showed an upward or downward trend, then the
data were transformed., Transformations were made until the distributions
appeared symmetrical and the wids were stable.

The second step of regression analysis consisted of Tooking for multi-
coltlinearity problems. First, the independent variables were plotted
againgt each other and the resulting scatterplots were sxamined. Next,
a Pearson correlation matrix of the variables was calculated.

The data was then entered into a series of stepwise multiple regression
wodels. The best model was chosen by comparing each test statistics and
by residual analysis. Residual analysis helped to assess iF problems had
occurred with model or error specification, and £ beteroscedasticity
had occurred. A scatterplot of the residuals versus the dependent vari-
able was analyzed for cuch patterns. Also, outliers or hi Jeverage
points were idertified. Residuals were plotted in a stem and Teaf
diagram to further investigate departures from underlying assumptions.

The regression models derived for esach population were compared
using analysis of covariance (Kleinbaum and Kupper 1978}, First, the
two Juvenile population were compared using a dummy variable regression
acde) that indexed location. Next, the data from the two juveniles was
pooled and was compared to the data from the adult population.

Srowth analysis: Growth of individual fish was modeled with a von Ber-
talanffy growth curve, using non-linear Jeast squares %o obtain
parameter estimates, as described by Gallucct and Guinn (1979). The data
from  the adult population was analyzed for both sexes combined and for
each séx separately. Pooled data consisting of all thres populations
with both sexes combined and with both sexes separately was also
analyzed. The analysis of covariance procedure was used to see
if  any difference was apparent in the generated growth equations. The
pooled juvenile data set was not used alone becauge ne asymptotic length
was found in the data set.

Mortality estimation. Catch curve regression analysis (Ricker 1975) was
used to estimate survival and tota)l mortality rates. Estimates wers made
for each sex separately and for both combined. Jensen (1985) showed that
cateh curve regression analysis was preferable to other methods, when
variation was small to moderate. The major assumptions are that the
overall mortality rate does not change over time, that recruitment is
the same for each year class, and that past some critical age the sur-
vival rate s umiform (Richer 1975},

Logarithms of the percentage representations of each age class were
plotted against age. Next, linear regression analysis was used to calou-
late the sltope of the descending right arm of the catch curve, which ix
the estinate of the instantanecus mortality rate (2). For the adult
papulation, this curve started at age 4@ for both sexes alone and com-
bined. For the juveniles, the curve started at approximately age 5.
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Survival (S) was estimatsd by the equation: S = exp{ - £). Its standard
error was estimated by S s.e.(2) from the delta method (Seber 1382, p.
7-9).

Results - Prediction of Age

Adult population

Summary Statistics. A total of 370 specimens, 178 femals and 208 male,
wers collected for +this population. Ages ranged from 18 to 95 years,
with the mean at 33.8. The majority of the fish aged for each sex wers
between 28 and 49 years. The mean age for Females was 32.7 years and
for males was 34.8 years. 14_8 percent of the total population was
at Jeast 59 years or older. The age frequency distributions for both
sexes were similar. Fork length distribution for the ssnple ranged from
28 to M em with a mean at approximately 4% cm for both the entire
sample and for each sex. Most Fish saspled were between 40 - 58 ca.

Descriptive and Predictive Relationships. The stem-and-leaf and the let-
ter value (*1val") diasgrams indicated the Ffollowing transformations
should be made on the data. The distributions of age, otolith width and
otolith thickness were made mors symsetrical by converting them to
natural logarithms. Since transformations only slightly improved the
distribution of length, both the raw and transformed data were used
separately in regression analysis. Transformations did not improve the
distribution of otolith length.

As an example of this approach, “lval* diagramss for the age distribu-
tion in the raw and natural logarithm forw are shown in Table 1. The
mids are rising for the raw data, indicating need for a transfor-
mation. For the log-transforwed data, the mids are very stable, in-
dicating that the transformation improved the symmetry of <the dis-
tribution.

Table 1. "l1val® diagrams for distributions of age and Inlage), adult
population, sexes combined.

Age: N = 377 MIDS SPREAD
188 33 33 19
94h 23 42 32.5
@ 28 s52 36
24 15 62 38h
12 14 &7 49h
1 1@ 95 S2h

The mids are rising indicating the need for transformation.

In(age): 3.49 3.43 .9
3.14 3.73 3.43
2.9 3.95 3.42
2.71 4,12 3.41
2.68 4.20 3.40
2,38 4,55 3.43

The wmids are stable and the spread -is much smaller than for age.
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To assess multi-collinearity problems, bivariate plots of the ndepen-
dent variablex revealed that strong positive linear relations ewxist.
A1l independent variables had correlation coefficients above 8,783. Of
the indepsndent variables, the most highly correlated were etolith
thickness ard otolith weight. This result indicates that care must
be taken in selection of the independent variables +in aitiple regres-
sion. Toc many variables may result in bias of the regression coeffi-
cients (Sokal and Roh1f 1969},

The data wers fitted to several aultiple regression models +to explore
the relationship between age and the independent variables. The indepen-
dent variables were entered intc the stepwise mods] in the following
order: length, Inf{o.weight), In(o.thickneszs), In(o.width} and o.length
where In denctes natural logarithm and o. denotes otolith. The depern-
dent variable was In(age). A separate mode] was also caleulated using
Tn{length) and the sbove mentioned variables in the same order,

Multiple regression madels for the adult population were calculated
for both sexes combtiined and for sach sex separately. The main emphasis
and most effort was applied to the models of both sexes combined, be-
cause management strategies often involve port sampling where the fish
have been eviscerated. Therefore, lengths are taken and otoliths are
callected without knowing the sex.

For sexes combined, a1 of the independent variables were entersd into
4 wultiple regression mode) (Table 2}, The In(o.width) and s.length
variables were not  found to be significant in the overall multiple
regresgion model. This all-variable model explained 74,1 percent of
the variation in age is measured by the coefficient of multiple
determination, Re*. The widpoints of the regiduals were all near @
(#,.01,0,.86,.21) and the plot of the residuals versus In(age} showed no
distinct pattern.

A1l variables but otolith width were then entered into a stepwise
model (Table 2). A1) variables except utolith Tength were found +to be
significant. This mode] described 74.3X of the variation in age. The
wids of the residuals were steady near & (0,0,.21,.83,.03) and no ob-
vious pattern was seen in the residual scatterplot.

In a effort to minimize the effects of multi-collinearity, the data were
also fitted to several other multiple regression models. This was done
in an attempt to find a model which adequately describes age from the
fewest nusber of independent variables. A total of 20 different models
using various combinations of rawm and transformed variables were calcu-
Tated in this analysis.

The R* value was very consistent (between .660 - .741) for a1l models
and the F statistic was always highly significant (P=.800). Therefore,
the deciding factors which distinguithed the best models were the
wodels that had the fewest number of independent significant variasble
coefficients, and residual analysis. The Final wmodel chosen +o
describe and predict age from Tength and otolith meristic data for the
data set that includes both sexes combined, had only two variables:
length and Info.weight). This mode] predicts 71.61 of the variation +n
age. The “Ival® diagrams of the residuals showed no trends (Table 2). A
plot of predicted and observed age showed that the model was realistic
in spite of the variability in the data (Figure 2).
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Table 2. Regression coefficents and associated test statistics, adult
population, sexes combined.

A. A1 variables: N » 297

Variable Cosfficient S.E. P Multiple R* F
congtant 3.816 8.783 A 741 .09
Tength @.812 9.084 D1
Tni(o.weight) @.484 a.13% . D03
Inte.thick) 9.570 e.219 .07
Tn(o.width) -9.228 a.278 416
o.length °.821 a.e12 .008

8. Stepwise procedure: N = 2398

Variable Coefficient S.E. P Multiple R* F
constant 2.456 8.480 .00 783 . 008
Tn{o.weight) é.418 8,181 .00

Tength @011 a.984 .om

Into.thick} 2.5935 8,204 .4

o. length 9.823 8.812 858

C. Final model: N = 333

Variable Cosfficiant S.E, P Hultiple R F
constant 3.567 &.229 N 716 000
Inlo.weight) #.691 @.863 - 898

length ?.813 8.084 . 808

D. Summary of midpoint values of vexidusls for Final model

Mids
167 a.98 a.00
a4 -8.13 8.19 a.02
42 -8.27 9.26 8. 805
22 -8.33 9.34 9.085
11 -8.39 a.44 8.03
1 -¢.91 8.63 8.09

For adult females, an analogous pattern of analysis ensued. The best
model had  significant values for Jength and Tn(o.weight) and described
73.6I of the variation in age (Table 3). The scatterplot of the
residuals versus In{age) showed no obviocus patterns, The widpoints
of the residuals were steady at & (.85,.08,.01,.01,.85).

For adult wales, the best mode) used only length and c.weight (Table 3.
This model predicted 69.41 of the variation in age and had a significamt
F statistic. The residual analysis revealed two possible wwtliers, but
the scatter was random. The the midpoints were steady at &.
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Figure 2. Predicted versus observed age for the adult population, com-
bined sexes.
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Juvenils population - Outer Point

Data analyses for juvenile populations were similar to the procediures
for the adults, except that data were only analyzed for both sexes com-
bined, bacause sex could not be determined on many of the specimens col-
Tected at both sites,

Symupry statistics. A total of 174 fish (of which 71 were femalss, 76
were sales and 29 were of unidentified sex) were sampled from the Outer
Point population, Ages ranged from 2 to 18 years, with the mean at 7
yetars. Most of the fish sawpled were 5 and & years old. The fork length
distribution ranged from 6 to 37 cm, with a mean Jength at 23.6 em. The
majority of fish gssmpled were 2¢ cm or greater.

Dascriptive amd predictive relationghips.The analysis of the distribu-
tions of the variables indicated that a1l of +he variables except
otolith thickness needed a natural logarithm transforsation.

The variables were analyzed for possible multi-collinearity problems.
Bivariate plots of the independsnt variables and examination of the cor-
ralation coefficients revealed that some of the variables were very
highly correlated, and some were not. The least correlated were otolith
thickness and Jength ( .€48) and the most correlated were otolith width
and otolith weight (,526),

For this population, In(age) was the dependent variable. The best model
included only In(length) and Tn(o.weight}, (Table 3). It predicted 77.6X
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Table 3. Best multiple regression models

A. Mult population, females: N = 156

Variable Coefficient S.E. P Multiple R* F
constant 2.850 9.339 . 008 734 . 080
tength 2.024 2.003 200

Tn{o.weight) #.498 8.095 . 000

8. Mult population, males: N = 177

Variable Cosfficient S.E. P Multiple R* F
constant 2.110 @.142 .00 694 . Do
Tength 8.015 a.004 . oo

c.meight 1.735 8.199 . 0@

C. Quter Point juvenils population, sexes combined: N = 127

Variabhle Coefficient 5.E. £  Multiple R* F
constant €.936 8.653 154 776 -000
Tn{o.weight) 8.608 8.4 oD

Tn{1ength) €.703 8.149 800

D. AYthorpe Bay juvenile population, sexes combined: N = 29

Variable Coefficient S.E. P F
Tengtht /1 9.c09 0.189 .02 080
In{o.weight) 38.785 7.459 « 881

E. Combined juvenile populations: N = 127

Variable Cosfficient S.E. P F
In(length) 8.915 2.924 - 00 008
Info.weight) @.468 9.936 089

of the variation in age and the F statistic was significant, The
regidual  scatterplot revealed no patterns and the mids were centered
around @ (.81,.005,.010,.085,.04).

Juvenile population - Althorpe Bay

Sumspry Statigticg. A total of 29 Ffigh were sampled from Althorpe Bay.
The sex of the majority of these fiszh could not be determined. The ages
ranged from 2 to 12 years with a mean at 6 years. The fork lengths
ranged from 7 to 32 ca, The mesn length was 22.6 cm.

1 igtive relati hipg. Analysis of the distributions
of the wvarisbles revealed that the Following transformations were
needad. Length was transformed by square roots. Otolith width, thick-
mss and otelith length wers transforsed by natural logs. Age and
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otelith weight were Jeft in the raw data fors.

The variables were analyzed for multi-collinearity probless. A1 inde-
pendent variables wers very highly correlsted. The highest correlation
were between otolith weight and Jength (.985) and ctolith Tlength and
otolith weight (.965). The lowest correlation was for otalith weight and
otolith thickness (.913). These independent variables had higher cor-
relation coefficients overall than the other two populations.

The best multiple regression wodel -included the transformed length and
otolith weight variables, but did not include a constant (Table 3). This
sodel described 97.7¢ of the variation in age. This high value stems
from using few data points that did not contain aany missing values.
The F statistic was significant. The residual scatterplot indicates
that +the wvariance does increase with increasing age. The midpoint
values fluctuated around 6.

Coaparison of populations

The final regression coefficients from each of the sodels from a1l three
populations studied were compared using analysis of covariance
(Kleinbsum and Kupper, 1978). The juvenils dats wers compared first.
The data from both locations were pooled and & dumsy variable regression
technigue was used to compare data sets by looking for significance of
the resulting regression coefficients.

The results are chown in Table 4 and show that the overall regression
coefficients of TnClength) and Tnlo.weight) were significant (P
=, 008 for both). The Tlocation term was not significant (P =.275) in-
dicating that both data sets had the same irntercept. The test for
equa’ slopes and then therefore for coincident Tines indicated that
the length component of the data was not different between the two
populations (P =.374). The ctolith weight component had a sig-
nificance level of (P =.877) which was judged to be insignificant.
This, the dats could be pooled and then compared to the adult data set.

A stepwise multiple regression analysis was then performed on the
pooted jJuvenile data set. The only regression coefficients that were
significant when all variables were entered -into the wodel were the
InClength) and Tnto.weight) (Tahle 3). The scatter of residuals was
random; however two outliers were observed. These data points were
rechached and were found to be valid data points. A plot of predicted
and observed age shows that the model s realistic (Figure 3).

The next step was to compare the pooled juvenile data set to the adult
data set using amalysis of covariance (Table 47, The regression coef-
ficients for Intlength) (P=.080) and TIn(oc.weight) (P=.326) wers sig-
nificant. The location variable was also significant (P=.043) indicating
that the -"ntercepts of these two data sets were not the same. The in-
teraction term of location with Tn(length) wasz not significant (P=.329)
while the interaction with Into.weight) was (P=.001). Therefore, since
the dintercepts wers not the same and one of the slope components are
alsoc different, we concluded that these two data sets should not be

pooled.
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Figure 3. Predicted versus observed age for the pooled juvenile popula-
tion, combined sexes.
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In summary, the best overal) mode] for the populations studied consists
of an adult and a juvenile curve. The best squation for the adult
population is ¢
Inlage) = 3,567 +.813 length +.691 Tn{c.weight}
S.9. 220 .004 .863
The rangs of Jength valuss 15 28 to 74 cm, and for otolith weight s
9.128 g to 8.999 g,

The best equation for the combined juvenile populations is 1
In{age) = 915 n(length) + 468 In(o.weight)
.2, 824 836
The range of length values for the juvenile population is 6.8 to 37,9 cm
and for otolith weight s 8.933 g to 8.270 g.

Results - Growth Analysis

Analyses were performed on the adult and the pooled jJuvenile angd  adult
data set. Only results from the pooled data set are presented, because
the goal was to obtain a growth curve for all sges. Analyses were per-
formed for females, males, and sexes combined (Table 5). The L-infinity
sstimate was the greatest for the females (58.0 cm), and similar for the
males (33.4 cn) and for both sexes combined (54.7 cm). These values were
Tess than the maximum value recorded in the data set, indicating that
length s highly variable at older ages. The estimate of the growth
parameter K was 8.84 for females, ard was the about the same Ffor the
males and combined data (2.85). The t, estimate Ffor sexes combined (-
4.21 yr) is similar to the estimate for males (-4.09 yr} and is higher
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Table 4. Analysis of covariance results for comparing populations,
A. Comparison of juvenile populations: N = 126

ANALYSIS OF COVARIANCE

Source S8 DF MS F-ratio P
Tn{Jangth} 2.688 1 8.688 17.757 N
In{o.mweight) 1.479 1 1.479 37.961 N
location 9.947 1 9.047 1.204 875
Tocations

InClength) B.124 1 a.124 8.793 o
locatiomns

In{o.weight) 2.831 1 8.031 3.191 @77
Error 4.684 129 9.039

B. Comparison of combined juvenile with adult population: N = 428

ANALYSIS OF COVARIANCE

Source ss DF Ms F-Rat+io P
Ini{length) 1.221 ] t.221 21.1861 . 008
Inf{e.weight) 2.286 1 @.286 4.978 026
Jocation 8.237 8.237 4,111 -B43
Jocatiomt @.855 ) #.455 @.954 -329
Tn{length

Jocation 8.788 1 8.708 12.292 001
In{c.weight)

Errar 23.861 414 e.e59

than the one for fesales (-5.5%6 yrl. Standard evrors wers similar for
the three groups and were ssall in comparison to the estimates.

Analysis of covariance was used to compare the curves gerwrated for sach
=ox of this pooled data set. The F statistic (F(59,575)=8.625) was not
significant (P>8.5) and therefore no difference was found between the
curves generated for sach sex.

Thus,the best model which describes describes growth is from the pooled
Juvenile and adult data:

Lo = 58,74 [1 - exp{ -8.0583 (t- (-4.21) ) }] with R* = .886.
a.e. @.72 9.0025 @.456

A plot of the data and this von Bertalanffy eguation is shown in Figure
4.
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Table 5. Estimates of von Bertalanffy growth parameters, combined adult
and juvenile data.

A. Sexes Combired: N = 578 R* = .B8B6

Parameter Estimate S.E. T-value 951 C-1
L=infinity 04,74 @.72 75.9 53.33 - 56.13%
K 89,0503 0.0925 19.7 @464 - 8553
t ~-4.21 9.46 -9.1 -5.12 - -3.3@
Resid DF : 575 Resid S5 : 9630.99 Resid WS : 16.74
B. Females: N = 246 R* = ,B87
Parametsr Estimate S.E. T-value 95 C-1
L-infinity 58.83 1.42 48.9 55.25 - 68.81
K 9.9425 9.8935 12.9 0356 - .9494
ty -5.56 2.82 -6.7 -7.18 - -3.93
Regid DF : 243 Resid S5 ¢ 3769.54 Resid M5 : 15.31
C. Males N=m 276 R' = 6854
Parameter Estimate S.E. T-value 951 C-1
L-infinity 53.44 9.95 56,0 51.58 - 55.3@
K 8.9525 8. 9839 13.4 449 - 8578
t -4.99 &.75 =5.5 -5.56 - -2.63
Resid DF 1 273 Resid S5 © 3244.02 Resid WS z 19.20
- 149t
Estimates of instantanecus mortality 2 and survival 5 for adults are:
Z £.e.(2) 5 5.8.{5}

sexes combined: @.937 9.087 8.966 0.047

female: 8.028 2.019 8.973 2.018

malet 8.938 0.285 8.971 0.005

Estimates of instantaneous mortality Z and survival S for the pooled
Juvenile data are:

r4 s.2.(2) s £.8,(5)
sexes combined: #.261 8.028 8.771 8.822
female: 2.208 9.837 8.6813 0.838
maler 8.219 9.853 8.883 9.0843

The catch curva for the adult population s shown in Figure 5, having
been smoothed by a nonlinear data smocther from SYSTAT. The variability
in logarithmic frequency at older ages is apparemnt and s dus to small
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sample sizes at these agex. The irregularity in the curve is probably
due to recruitmert trends over time.

Figure 4. Growth data and the von Bertalanffy it for all rougheye rock-
fish data.
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These values of survival represent all forces of mortality, which we
presume includes natural mortality, incidental sortality from longlines,
and probably minor directed mortality at the time of study. The method
assumes that recruitment has been constant over the age span considered,
but we have no information about recruitment.

Piscussion

Ageing of Tong-lived species such as Sebastes s a difficult but neces-
sary task to insure proper msnagemernt of these populations, usually ac-
complished by reading the rings on ctoliths. Although this sethodology
does give the necessary information, several problems with it i1
remain o be solved. Primarily, these problems involve lack of agree-
went and objectivity 1in interpretation of anmli asong agers (both
within and between ogencies) (Boehlert, 1985) and that 4t is time-
consuming and expensive. Therefore, other means of extrapolating this
information accurately in addition to otolith reading are desirable,
such 3¢ using otolith meristics in addition to fish length. Otolith
meristics measuresents have been correlated with fish Jength and age
for many species of fish -+including rockfish (Boehlert 1985).

In this study, we found that otolith meristics and fish Tength were use-
ful predictors of age for rougheye rockfish, after traditional ageing
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techmigues established a baseline relationship of length, age, and
otolith measursments, Multiple regression models for the three popula-
tions used otolith weight and fish length as the best predictor wvari-
ables for fish age.

Figurs S, Catch curve for adult rougheys rockfish, sexes combined.
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The asdvantages of using such a predictor model ars many for long-lived
species such as the rougheye rockfish. After initial ageing has been
done by traditional methodology, & VTess-skilled technician could ac-
curately make reproducible otolith meristic seasurements that could be
used te predict age. If agencies could agree on baseline age-Tength keys
for specific stocks, then a higher agreement of the age structure could
be reached because these merittic models require no  subjectivity.
Fimally, since these models rely on measurtd variables instead of
“interpretation” of rings, they lend themselves to autowation .

The major disadvantage of using predictor variables s that such
relationships are subject to error and may change over time and area.
This technique may be more suited to older adult populations than to
juvenile populations, because ageing juveniles is much easier and
quickher than ageing adults. Consequently, readers tend to agree on these
ages and can veproduce their results more often.

The rockfish l1iterature does not contain much information on growth and
mortality for the rougheye rockfish, perhaps the longest 1iving member
of the family Scorpasnidas. The oldest specimens aged in this study
wers 95 years old. The maxisum lTength recorded was 74 cm. The von Ber-
talanffy growth parameters estimated in this study are in agreemsnt with
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ather species of rockfish. For exampls, estimates of growth parameter L3
ranged from @.84 to 8.05. These valuss are in the range of values for
other members of this family (Archibald et al. 1981, Westrheim and Harl-
ing 1975). The ts values are comparable to other values for rochfish
(between -4.89 and -3.36).

Total instantansous mortality rates (2) were sstimated for the both
sexes of adults and Juveniles. The eftimatas for the adults ranged from
0.83 to 9.904 and are comparable to estimates made by Archibald et a1.
(19817 for the rougheye rockfish off of the coast of British Columbia
which ranged from .81 to 0.84, Thesa rates are similar to those for
other mambers of the Pacific ocean perch complex. The instantanecus
mortality rates for the juvenile populations were much higher than for
the adults. These values ranged from @.21 to 0.26.

Management of fisheries of long-lived species, such as Sebastes is very
complex for many reASons. These populations are usually muelti-species,
targeted on by multi-national fisheries using a variety of gear types
and are often caught incidentally. Additionally, acquiring adequate and
accurate stock characteristics such as growth parameters, mortality
coefficients, population estimates and stock identification information
is often difficult and expensive to attain as discussed earlier. Inten-
sification of Fisheries and the lack of resiliency of these populations
once they have been over sxploited complicate the issue even further.

The importance of Tongevity has been addressed recently in the Titera-
ture as the result of the older ages discovered by the break and burn
technique of ageing demersal fishes (Leaman and Beanish 1384). This
concept needs special attention since & better understanding of thess
stocks and subsequent management decisions say help avoid the
prolonged periods of 1ow yieid or terminations of fisheries after -
ploitation. Further study s reeded concerning stock-recruitment
relationships and variation in yearclass strength in multi-age popula-
tions of rockfish. Annual recruitment may be & very small proportion of
the wirgin stock biomass and this fact can easily cosplicate the at-
tempts o management the +fishery. Managing these Jong-Tived species
which have evolved strategies that insure a Jong reproductive pericod
rather than saximizing the population growth rate wmust bs done as care-
fully and efficiently as possible.
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Introduction

Recent reductions in sport and camercial salmon oseasons and harvest
quotas have resulted in increamed fighing pressure directed toward
black rockfish (Sebeagtes melanore) stocks off the Washington coast.
Black rockfish are the primary species harvested by the expanding
coagtal bottomfish charterboat fishery, oomprising over 90% of the
total catch. Recreational harvest of black rockfish off the Washington
coast increamed from 79,000 fish in 1980 to over 226,000 fish in 1984
(Washington Department of Fisheries 1980, 1984). Black rockfish are
also harvested by the shallow-water trawl fishery and are increasingly
being targeted by commercial jig fishermen, The harvest of rockfish
{primarily S. melancoR) in Washington coastal waters by the commercial
jig fishery increased from 8,779 pounds in 1975 to 161,082 pounds in
1985.

Concurrent with this increasing utilization has been a growing oconcern
amohg user groups, primarily the charterboat industry, regarding the
future availability of coastal black rockfish stocks and potential
harvesting conflicts betwesen fisheriea. Although a limited amount of
black rockfish tagging had been conducted prior to this study in Puget
Sound, the Strait of Juan de Fuca and off the Oregon coast (Barker
1979' Coombe 1979), little research had been undertaken concerning
igration and stock integrity of black rockfish off the coast of
Washington. A tagging study intitiated in 1981 by the i
of Fisheriem in conjunction with the Washington State
Charter Boat Association (WSCBA) has continued through 1985 to begin
development. of this information. This study was supplenented in 1984
by a cooperative effort with the University of Washington which
released tagged fish off Neah Bay. Washington during 1964 (Kuzia 1985} .
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Methods and Mateariala

Tagging was conducted aboard a variety of vesgels, primarily the WOF 56
ft. patrol/research vesmel G.H. CCORLISS and a mmber of 42-55 £t
charter vessela donated by the NSCBA, Several mmaller vessels (14-24
ft.) ueuqmloyedinthelmmmtaggingin the vicinity of
Neah Bay. Personnel congisted of staff from the WDF Marine Fish

University of Washington Fisheries Cooperative Research Dnit
participated in 1984 tagging efforta. Typical operation required a two
to three-man tagging crew and eight to fifteen anglera capturing fieh
for tagying. Pish were canght uaing rod and reel with cne to three
aingle—hook jigs per line.

Ater capture, fish were inspected for air bladder inflation, measured,
tagged and immediately releamed., Fish which suffered severe air
bladder inflation or other physical trauma which made survival
doubtful, were not tagged. No fimh were artificially decospressed. To
avoid problems with too rapid decompression, fish schools were usually
hydroacoustically located within 20 fathoma of the surface prior to
targetad fishing.

Fish were tagged with a three-inch Floy FD-68B T-end anchor
ineartad between the pterygiophores in the dorsal masculature with a
Dennimon tagging gun. Tage were serially mmbered and carried the
printed legend "WN. DEPT. FISH OLY WN." Approximately &% of the fish
ueredmbletaggedtoptoviﬂainni@tinbopotentialtagshaﬂding.

During the first three years of the study, approximately 20% of the
tagged fish were injected intraperitonealy with a solution of
orytetracycline hydrochloride (OTC) at a domage rate of 50 mj lligrame
per killogram of body weight. OTC is incorporated into bony tisgues
leaving a check on the otolith which is visible under ultraviolet
lighting. Oomparison of otolith growth mubsecent o the OTC check
with time at liberty can provide insight on the validity of ourrent
ageing theory. Seven tagged fish were retained in an an aguarimm with
an open ocean circulation system during 1981 and 4 fish in a net-pen
during 1982 to evaluate tagging mortality and tag loss.

Asmﬁuamiwtofidnmmmumntag;aifish,u‘offeredasz.m
tanrdforaachmhmadtagplmaralﬂmlyaelectadm reward of
$10.00 for 5% of the released tage and $50.00 for 1% of the released
tags. ﬂnest:ﬂyuasuellpublicizedam!pstarnwemplacedt}mm
coastal ports harvesting black rockfigh, In addition, the Weatport
Charter Association began condicting an anmmal "Suapper Derby®™ in 1981
daichoffemdaSSO.oOxmrdfortheremmoﬁataggedfiahcaughthy
a derby ticket holder. Charter offices in the ports of Neah Bay and
Ilwaco began participating in the derby during 1985,
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Results

Tagging condixted during 1981 throwgh 1985 has resulted in the releane
of 14,795 tagged black rockfish off the coast of Washington and
northern Oregon. Mean length of tagged fish was 41.1 centimeters. Tag
releases and recoveries by year are shown in Table 1.

YEAR NUMBER RECOVERIES BY YEAR
RELEASFD TAGGED 1981 1982 1983 1984 1985 1986 TOTAL  %REC.

1981 4,739 19 53 50 32 8 2 164 3.5%

1982 2,544 5 27 6 2 1 41 1.6%
1983 2,033 23 17 14 1 55 2.7%
1984 675 3 8 3 14 2.1%
1985 4,804 153 57 210 4.4%

TOTAL 14,795 19 58 100 58 185 64 484 3.3%
Table 1. Tag Releases and Recoveries by Year
Tags were released from four major areas along the Washington and

northern Oregon coast (Figure 1}, Tag release and recovery
information, by area, i= given in Table 2.

RELEASE NIMEFR NUMBER

AREA RELEASED RECOVERED % REC.
WESTPORT 7,518 345 4.59%
SEALTON ROCK 1,723 15 0.87%
TILLAMIOK HEAD 2,637 61 2.21%
NEAH BAY 2,917 63 3.27%
TOTAL 14,795 484 3.27%

Table 2. Tag Releases and Recoveries by Area of Releane

Tagging was conducted exlusively in the Westport area during 1981,
Tags were released in all areas except Tillamook Head during 1982, all
areas except Sealion Rock were addressed during 1983 and 1985. Neah
Bay was the only area where tags were releamed during 1984,

Over half the tags have been recovered by the charter fishery.
Approximately 25% of the tag returns were from Washington and Oregon
trawl fisheries (Table 3).
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FISHERY RECCVERED OF TOUTAL
CHARTFR 248 51.9%
ORBEGON TRAWL 86 18.0%
PRIVATE BOAT 63 13.2%
WASHINGTON TRAWL 35 7.3%
COMMERCTAL JIG 24 5.0%
SAIMON TROLL 15 1.2%
SHORE ANGLERS 5 1.0%
SCOBA, DIVERS 2 0.4%
TOTAL 478 100.0%

TABLE 3. Tag Recoveries by Fishery of Recovery
Movement

Tags with lnown recovery location were retwmned fron 464 fish, Of
these, 321 (6%9.2%) were recoversd within 10 milea of the release site
while 143 {30.8%} were recovered more than 10 miles from the release
site. Fifty-six fish (12.1%) were recovered more than 50 miles frem
the releage site. One fish tagged off Tillamook Head, Oregon  was
recovered 345 miles away off Cape Mendocino, California. Since
djffm;nttemofmmntmrtobedmwuatedbyfishtm
in different areas, it is helpful to oconmider each tagging area
separately.

Neah Day area. None of the recoveries from this area occurred more
than 10 milez from the release site,

Sealion Rock arma. Four of the tage from this area were recovered
between 10 and 80 miles south of the releame site at a mean distance of
34 milea. Eleven tags were recovered on site.

Hestport area. Movement indicated by recoveries from this area wae
again primarily southward. Ninety-mix tags were recovered between 10
and 64 miles to the south at a mean distance of 41.6 miles. Many of
these recoveries {54} oocwrred in the vicinity of a sunken grain
freighter referved to by local fishermen as the "Wheatship®. This
wreck is the site of a nearshore trawl fishery targeting black
rockfish, Nine tags were recovered between 12 and 69 miles to the
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morth at a mpean distance of 20 miles. Becovery location of lems
10 miles from the release site was recorded for 220 166%) of the
from this area.

than
tags

Tillamook Head area, Twenty-nine tags from this area were recovered
within 10 milem of the relcase site. Of the tags which were recovered
at digtances greater than 10 milew fram the release gite, the majority
were to the north, Twenty-eight tags ware recovered fram 17 to 72
miles to the north. Twenty-seven of these recoveries were from the
"wheatship” area and one from the area off Westport. Three tage were
reowvered to the south, two at 24 miles and one at a distance of 345
miles off Cape Mendocino, Califormia.

Oxytetracycline injection

During the first three years of the study, 1,978 tagged fish were
injected with OIC. Thus far, 23 injected fish have been returned.
Time at liberty has ranged up to 997 days. Leaman and Nagtegaal of
Department of Fish and Oceans in Nanaimo, British Columbia have
analyzed and photographed otoliths from 13 of these fish, employing
both surface ageiny and break and burn techniques. The OIC wark has
gmerallyhemuell-defimdardmntatodate have been consistent
with the formation of one anulue per year at liberty. The anmmlus
mark

injection. Results from this facet of the
informative as fish with greatsr time at liberty are recovered.

There appears to be a substantial mortality associated with OIC
injection. Analywis oftagrehmforinje:tedarﬂrm—injmtaﬂfiah
relea:eddnrin;ﬂ-esmdaylaveuhwninjactaafiahto be recoversd
at only 67% of the level of return of non-injected fish. Five black
mdctuhhemgmtamedmanagnrmmremjectedmth OrC¢ at the
same dosage rate used for tagged fish. All five fiah remained alive
after 60 daya. Itispocaibletlutt}eapparentmrtalityhﬂimtedby
differential tag retwrna results from physical injury sustained during
injection rather than from the effects of the OIC,

Tag loam

Holding experiments. all meven tagged fish held in an aquarium during
1 were alive after a period of 1 month. One fish died after
34 days and ancther after 48 days. Both fish had areas of nec

tissue surromnding the igthms, poesibly an infection resulting from
handliugthetishbythelmrjwdmingtagghlg. During i



fish sometime after the second month in the aguariom. Four of the
tagged fish remained alive after seven montha when the experiment wae
teminated. No taga were lost fram any of the fish. Four tagged fish
held in a net-pen during 1964 were all healthy, with tags intact, after
47 daym when they disappeaved through an apparent act j

(Kuzis 1985).
Double ing. Unfortunately, a mmber of failed and replaced tage
were in the data during 1981 in smwh a marner that they wers

from double tagged releasea. Double tagged returma

bean recovered with time at liberty ranging fram 20 to 419 days. Four
of the fixh had shed one tag 120% of the total returned tags). If
congideration im limited to tage at liberty over 200 days, estimates of
tag shedding increase subatantially. Three of the four fish recovered
after 200 days had shed one tag (37.5% of the total return). Themse are
minimn] estimates of tag shedding since fish losing both tags are not
congidered here. Future double-tagged returns should indicate whether
the tag shedding rate continues to increase after 200 days.

Discussion
Movement.

Tag recovery is almoet certainly influenced by localized concentrations
of fishing effort as evidenced by the large number of tags recovered in
the "Wheatship®™ fishery. Accepting that an analymsis of povement of
tagged fish will be biased by the spatial distribution of the
fisherieq, it im still poasible to offer a few general hypotheses
concarning movement of black rockfish wtocks along the coast of

Fish off the northern Washington coast and outer Strait of Juan de Fuca
exhibit no significant movement.

Figh appear to mowve from the central Washington coast southward to the
Columbia River but not into watera off Oregon.

Movesant displayed by fish off the northemrn Oregon coast is primarily
northward to the Colushia River. Overall hypothesized movement is
depicted in Figure 2.

Several cheervations are germane to this speculation:

1) Fifty-six tags from the Westport releases were recovered pear the
Oolumbia River. No tage were recovered more than 10 miles soath
of the Columbia River, It would be reassnable to expect more
sortherly recoveries if the movemsnt indicated by these returns
were susxtained for greater distances.
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2} The large majority of tags (88%) which displayed movement from the
Tillamook HBead area were reocovered to the north off the Columbia
River.

3) substantial fieheries for black rockfish ocour off central Oregon.
Black rockfish harvest out of Garibaldi and Newport alone was
egtimated at 43,398 fish for the monthe of July and Andquet of 1985
(Butler 1986). Despite this harvesting capability, only three
tagged fish from this study have been recovered south of the
Tillamook Head release site (two 24 milea south off Tillamook Bay
and one 345 miles to the mouth off northern Califormia).

4) An Oregon black rockfish tagging study released 3,850 and 3,906
tagged fish out of Garibaldi and Rewport, Oregon respectively
during the spring of 1985, Am of December, 1985, 114 tagged fish
had been recovered, none more than 8 miles from the release mite
(Butler, 1986). Since that time, two fish tagged off Newport were
recovered at the "wheatship”. One Garibaldi tag was recovered to
the south off Newport (Jerry Butler, Oregon Department of Fish and
Wildlife, personal commmication).

One poasible explanation for the obeerved movement is a cyclical

in response to .long—shore Flow and food availability. Black
rockfish feed almoat axclusively in the water column (Leaman 1976,
Steiner 1978). The food demands of large aggregations of black
rockfish may cause them to actively seek out prey over considerable
distances.

Tag loss

The rate of tag shedding appears to accelerate with time. One poesible

rusting
diaeter. One tag at liberty for 1,047 days was host to a cluster of
massels ranging up to 5 centimesters. The drag created by such
could easily contribute to the tag pulling fram the tag wound.
growth oould also disguise the tag and contribwte to nonreporting of
recaptured fixh.

acocording to Jolly (1965) and Seber (1965) to obtain estimates of the
exploitation rate of black rockfish off the Washington ccast. WDF has
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almo bequn acoustical stock aspessment work on coastal black rockfish
populations, Oollection of catch and effort data from fisheries for
black rockfish and biclogical sampling of the catch ham been
intensifiad to more clearly docament harvest and catch camgoeition by
area, Resalts of thim work will further illuminate tag return
analyses. It would alac be useful to evaluate the retemtion rate of
tage other than the T-end anchor tag.
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Abstract

The fishery on depleted stocks of Pacific ocean perch (Sebastes alutus)
off Washington and Oregon has been regulated by 1imiting Toreign
1andings to incidental catch since 1977 and imposing trip limits on
domestic fishermen since 1978. These limits have been imposed in an
attempt to rebuild the stocks to a point where they can produce maximum
sustainable yields. Cohort amalysis has tuggested that such rebuilding
might be accomplished in approximately 20 years. Industry and managers
have pressed for 2 reassessment of the resource to evaluate the
effectiveness of catch 1imits toward achieving the rebuilding goal.

The resource was assessed with a bottom traw) survey in the spring of
1979 to determine abundance, distribution, and population biology of
the stocks. A comparable survey was conductad during the spring of
1985 to examine population changes during that 6-year period.

The 1985 Pacific ocean perch survey essentially replicated the one
conducted in 1979, although some changes were necessary to standardize
sampling gear and depth coverage which were inconsistent during the
1979 survey. Abundance estimates were calculated from catch data from
218 successful trawl hauls. Pacific ocean perch biomass was estimated
to be 2,028 metric tons (t) in the U.5. portion of the Vancouver (U.S.-
Vancouver) International Worth Pacific Fisheries Commission {INPFC)
statistical area and 6,606 t the Columbia INPFC area. The precision of
the 1985 estimates was improved over the 1979 results, probably due to
steps taken to standardize data collection and a more uniform distribu-
tion of the population. Population size compositions were bimodal in
both INPFC areas. The distribution in the 1.S.-Vancouver area was
quite broad with relatively even numbers of fish at ail lengths. The
Columbia area population exhibited modes at 27-31 cm and 36-40 cm.
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The abundance of Pacific ocean perch, as determined from the results of
these trawl surveys, has apparently declined by 63% in the li.5.-
Vancouver area and by 18% in the Columbia area between 1979 and 1985.
The sfze and age composition of the populations in both areas show
slightly mere young fish in 1985 (25-31 cm and 4-6 years old), suggest-
ing some fmprovement in recruitment in recent years. Continued juvena-
tion of the populatien due to fishing is also apparent, especially in
the U.S.-Vancouver area.

Introduction

Commercial fishing for Pacific ocean perch {Sebastes alutus) in the
northeast Pacific Dcean began in 1946. Catch levels were incidental
until 1951. Thereafter the fishery, which began off the coasts of
Washington and Oregon, expanded into the Canadian waters of Queen
Charlotte Sound. Until 1966 commercial harvests continued to be made
chiefly by the U.S. trawl fleet with the remainder landed by the
Canadian trawl fleet [Alverson and Westrheim 1961; Major and Shippen
1970). Trawlers from the U.S.S.R. began fishing this species in 1959
in the Bering Sea. The activities of the Sgviet Pacific ocean perch
(POP) fishery gradually moved eastward and southward, entering the
waters off British Columbia, Washington, and Oregon in early 1965, The
Japanese trawl fleet also developed a fishery on this species which
followed a similar expansion pattern approximately 1 year behind the
Soviet fleet (Westrheim et al. 1972: Gunderson et al. 1977; Quast
1972). Production of this fishery in the Internationa) North Pacific
Fisheries Commission [INPFC) Vancouver and Columbia statistical areas
combined in 1966 exceeded 27,600 metric tons {t), more than three times
the largest previous harvest of B,92] t made 1 year earlier. The catch
peaked in 1967 at 37,459 t and remained high in 1968 at 21,979 t. The
effects of the high exploitation rates during these 3 years {as high as
68% in the Columbia area) began to show in 1369 as the catch in these
two areas fell nearly 85% to 5,906 t. Catches remained low through
1976, when forelgn fleets were prohibited from fishing for POP in these
areas.

The condition of Pacific ocean perch stocks off British Columbia,
Washington, and Oregon have been assessed periodically since the
Intense exploitation of 1966-68. The mean exploitable biomass in the
Vancouver area during 1966-68 was estimated to be 34,000 t by dividing
mean landings (13,419 t) by the estimated exploitation rate (0.39)
(Westrheim et al. 1972). Subsequent biomass estimates in the Vancouver
area, based on declining mean weighted catch per unit of effort {CPUE)
for the Washington-based fleet, were 18,700 t during 1969-71 {Technical
Subcowmittee 1972) and 16,700 t during 1972-74 (Gunderson et al. 19777,
The CPUE rose slightly in 1975-77, raising the biomass estimate to
17,800 t, although this estimate 1s probably biased toward the high side
by the fleet's recent switch to a more efficient trawl {Fraidenburg et
al. 1978). Columbia area biomass estimates since 1966 have been calcu-
Tated by dividing landings by estimated exploitation rates and indicate
that the biomass has declined from 23,000 t during 1966-68 to 7,300 t
during 1969-72 and 4,300 t during 1973-74 {Gunderson et al. 1977),
Fraidenburg et al. (1978) estimated the biomass in 1977 at between
8,000 and 9,600 t using an area-swept extrapolatfon of commercial CPUE
data, although this estimate is suspected to be high since the commer-
cial fishery operated in areas of high abundance.
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Research surveys have provided information defining migration, seasonal
availability, growth, maturity, veproductive patterns, and other biolog-
ical characteristics of POP {Gunderson 1971, 1972, 1974). A coastwide
survey of rockfish resources was conducted in 1977 (Gunderson and
Sample 1980} with the objective of defining the distribution and
measuring the abundance of the major species taken in bottom trawls.
The relative imprecision of biomass estimates derived for POP from that
survey and the possibility that recent strong year classes had signifi-
cantly increased the stock size prompted requests from the fishing
industry and resource managers for better assessments of the status of
this resource. In response, the National Marine Fisheries Service
{NMFS) coordinated, with the Oregon Department of Fish and Wildlife
{ODFW) and the Washington Department of Fisheries {WDF), a cooperative
assessment survey of the POP stocks off Washington and Oregon in March-
May 1979 (Wilkins and Golden 1983). That survey provided more precise
biomass estimates which were similar to those calculated from the 1977
survey, The 1977 coastwide survey was repeated {with some medification
of the survey design) in 1980 and 1983, yielding two more fishery-
independent assessments of the resource (Weinberg et al. 1984; Coleman
1986). The Canadian perch stocks were surveyed in the fall of 1979
(Lapi and Richards 1981) and again in the fall of 1985. The results of
these surveys indicate that those stocks declined by approximately 56%
over that period {(B.M. Leaman, Pacific Biclogical Station, Nanaimo,
B.C., Canada, personal communication). W¥irtual population {Gunderson
1979, 1981; Ito et a). 1986} and stock reduction analyses (Ito et al.
1486) have been performed for these stocks also.

All resource assessment results plainly show a dramatic decline of
Pacific ocean perch abundance during and after the intensive fishing in
1966-68 {Fig. 1). Fishery managers acted to conserve the resource by
restricting foreign catches of this species to incidental levels in 1977
when Canada and the United States extended their fishery jurisdiction.
The sizeable Fleet of U.5. trawlers fishing in Canada were excliuded from
the Queen Charlotte Sound grounds in 1977 and, conseguently, the ground-
fish stocks off the Washington and Oregon coasts were subjected to
increased fishing when these vessels moved their operations south.
Landing Timits for ocean perch have been in effect for Oregon and
Washington trawlers since late 1978 (Tabje 1) to reduce fishing mortal-
jty and promote the Pacific Fishery Management Council's (PFMC) goal of
rebuilding the ocean perch stocks off Washington and Oregon. Gunderson
(1979) estimated through cohort analysis that by limiting acceptable
biglogical catches to 600 t and 950 t in the U.S. portion of the
Yancouver (hereafter referred to as U.S.-Yancouver) and Columbia

areas, respectively, these stocks could be rebuilt in approximately 20
years to a level at which they could produce maximum sustainable yields
{Pacific Fishery Management Council 1980).

The 1985 NMFS Pacific ocean perch survey was initiated to determine how
the stocks off Washington and Oregon have responded to 6 years of
restrictive catch regulations aimed at rebuilding population size. The
primary objective of the survey was to obtain abundance, distribution,
size composition, and age composition estimates that could be compared
with results of a similar survey conducted in 1979 {Milkins and Golden
1983). This paper presents a brief explanation of the differences
between the 1979 and 1985 surveys, including the results of an adjunct
study conducted to evaluate the relative fishing power of the standard
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Figure 1.--Summary of various estimates of biomass for the stocks of
Pacific ocean perch {n the International Morth Pacific
Fisheries Commission Yancouver {V} and Columbia (C) areas.
The different methods used to derive biomass estimates are

indicated by different 1ine patterns.

Table 1.--Summary of management regulations of the Pacific pcean
perch fishery in the International Morth Pacific Fisheries
Commission Vancouver and Columbia areas (U,S. waters only),
Weight restrictions are in metric tons,

Effective date

Area

Effect of Regulation

October 26, 1978

January 1, 1981

February 1, 1982

November 10, 1983
January 1, 1984

August 16, 1984
January 1, 1985

April 28, 1985

Washington
Oregon

Washington
and Oregon

Washington
and Oregen

Columhia area

Washington
and Oregan

Colmmbia area

Washington
and {regon

Washington
and Oregon

Trip limit of 4.54 t or 25%
of caten (whichever greater)
Trip limit of 9.07 ¢

Trip Jimit of 4.54 t or 10%
of catch (whichever greater)

Trip limit of 2.27 t or 10T
of catch (whichever greater)

Ko landings permitted

Trip limit of 2,27 t or 10L
of caten (whichever greater)

No landings permitted

Trip limit of less than 20%
of catch

Trip limit of 2.27 t or Z0%
of catch (whichever less)
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Naoreastern survey trawl versus that of the Mystic trawl which was used
in 1979 in the southern portion of the survey area. The focus, how-
ever, is on the comparison of the resulits of the two surveys and the
effectiveness of the stock rebufiding program.

Methods
Survey design.

The 1985 survey was conducted using the same basfc survey design used
for the 1979 survey {Wilkins and Golden 1983) to allow for the most
direct comparison of results. The stations at which trawl hauls were
made off the Washington coast were identical for both surveys. Those
1979 stations off the Oregon coast were standardized to the survey
design for 1985 to allow for the best symoptic survey and to simplify
comparisons with any future assessments. Consequently, the differences
between the survey designs were that the 1985 survey covered the depth
range of 165-475 m from 44°37'N lat. to the U.S.-Canada border, whereas
the 1979 survey covered from 165 to 420 m between 44°37' and 46°21'N
;at& and from 165 to 475 m between 46°21'N Jat. and the U.S.-Canada
order.

The depth range to be sampled was
chosen after analyzing CPUE trends
in the commercial fishery during
spring months (March-May), the
season when Pacific ocean perch are
most avallable. This analysis
showed that CPUE could be expected
to be higher between 165 and 320 m
than in the 321 to 475 m depth
range, 50 the areas were stratified
by depth accordingly.

It became apparent from the CPYE
analysis that large catches of POP
were coming from localized grounds
within the survey area. Eleven such
subareas were delineated within the
survey bounds (Figq. 2). Relatively
more sampling effort was expended in
the high density strata and the
shallow depth zone in an attempt to
reduce the sampling variance and
improve the precision of the
abundance estimates.

COoLUMaLA
NOATH

COLMEIA
MIDHE

45"
Approximately 250 stations could be
sampled with the resources available
for this survey. These samples were
12w 125 124 allocated among high density strata
proportionally to their area (kmé)
Figure 2.--The survey area, sub- and the desired sampling density
areas, and high density (Table 2). Sampling density was
sampling strata used in the established by examining historical
design of the 1985 Pacific CPUE values and predicting levels of
ocean perch survey. precision for abundance estimates in

COLUMELA
SO TH
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Table 2..-Dascriptions, sample densities, and mean Pacific ocean perch
[POP} catch per unit effort (CPUE) for strata used in the
analysis of results of the 1985 POP survey. Al catch rates
in the Columbia Ssuth subared have been adjust to the
Noreastern trawl. Strata are shown in Figure 2.

Suc-

Alle-  Allo- Suc- LeEs PO

Stratum Depth  Area cated cated cess tows/ CPUE
{m) [ew?) tows  tows/kmZ  tows knZ  (kg/km)

U.5.-Vancouver  165-475 1584.4 a5 13 =01} 1720 23.9
Migh density 165-319 %60.4 54 1410 4G 1411 3.5
High density 320-475% 715.9 20 /11 15 1711 17.0
Low density 166-319 700.8 12 1/58 G 1/78 6.0
Low density 320-475 107.3 9 1712 3 1/3 6.0
Columbia Morth  165-475 800.6 53 1/15 1 1719 3.2
High density  166-31% 355.8 28 113 2 1/13 62.1
High density 320-475 1B0.6 14 1/13 14 1713 2.6
Low density 165-31% 175.7 ¥ 1725 1 17178 B9 .6
Low density 320-475 B85 4 1/22 1 1789 6.4
Columbla Middle 165-475 1967.7 52 1/38 44 1745 19.3
High density 165-319 692.4 i 1,22 27 1/26 49,6
Hiyh density  320-475 281.7 11 1/26 9 173 5.4
Low density 165-319 SB4.8 5 1/117 5 17117 1.7
Low density J20-4F5 409,40 -3 1/82 k] 1/136 4.3
folunpiz South  165-475 2670.5 L 1/56 47 1/56 6.2
Hiyh density  165-319 1039.3 4 147 22 1747 6.0
Hiyh density  320-475 1581.2 25 1/63 25 1/63 6.4
Colunbia Total 165-475 5388.8 152 1/35 134 1/40 6.2
High density 165-319 2087.5 81 1/26 76 1/27 48.6
High density  320-475 2043.5 50 1/9 48 1743 4,2
Low density 165=319 487.5 12 1/41 ] 1/83 16.8
Low density 320-475 V60,3 9 1/94 L] 1/130 4.3

different portions of the survey area. The positions of the stations
in a given stratum were assigned on evenly spaced tracklines drawn
perpendicular to the depth contour so as to provide a systematic
coverage of the depth range within the stratum (Wilkins and Golden

3

.

Yessel, gear, and sampling methods.

Survey operations were conducted aboard the 26.5 m chartered trawler,
Marathon. The standard trawl deployed throughout the survey was the
Noreastern trawl equipped with roller gear, 1.5 x 2.1 m steel V doors,
55 m triple bridles, and a 32 mm mesh codend liner. The average
horizontal and vertical openings of this net during fishing have been
previously measured acoustically to be 13.4 m and 9.1 m, respectively
(F. Wathne, Northwest and Alaska Fisheries Center, National Marine
Fisheries Service, Seattle, WA, personal communication).

Trawl hauls were made at the predetermined stations along the desig-
nated depth contour. The trawl was towed for 30 minutes at a speed of
approximately 5.5 km/h after allowing it to settle on the bottom.
Catches were brought aboard, sorted by species, weighed, and counted.
Biological data were collected from random samples of species of inter-
est in the catch, including fork lengths of POP and other commercially
important species. O0toliths were collected from POP for age determina-
tion.
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Comparative fishing experiment.

A major problem with the analysis of the 1979 survey results stemmed
from the use of three different types of trawls during the field work.
This predicament came about because the two vessels chartered by the
DOFW lacked sufficient power to pull the Noreastern. The Moreastern
trawl was used in the U.S.-Yancouver and Columbia Morth areas {46°21°'N
lat. to the U.$.-Canada border}, a modified 400-mesh Eastern trawl in
the Columbia Middle area (45°22" to 46°21'N lat.}, and a Mystic trawl
in the Columbia South subarea [44°37' to 45°22'N lat.). A comparisen
of fishing powers among the three trawl types was not possible in 1979.

A comparative fishing experiment was Tmplemented as part of the 1985
survey with the objective of relating the effectiveness of the
Noreastern and Mystic trawls for capturing Pacific ocean perch. The
comparative trawling was conducted in the Columbia South area where the
Mystic traw! was used in 1979. HNo comparisons were attempted between
the Moreastern and 400-mesh Eastern trawls due to the lack of time and
the absence of documentation on the modifications that had-been made to
the 400-mesh Eastern trawl used in 197%. The Mystic trawl used in the
comparative fishing power experiment was the same type as that used in
the Columbia South subarea during the 1979 POP survey and was deployed
using the same doors used with the Moreastern, a pair of 73 m bridles,
and no codend liner. Anecdotal sources estimate the average horizontal
and vertical openings for the Mystic to be B.5 m and 6.7 m, respec-
tively (J.T. Golden, Oregon Department of Fish and Wildlife, Hewport,
OR, personal communication), although 1t was not measured during this
survey. The predetermined stations in this subarea were sampled by
alternating the trawl type used at consecutive stations. This is an
adaptation of the “alternate row" comparison experiment (Wakabayashi
et al. 1985}, allowing fishing power data collection without the large
cost in time and logistic effort needed for side-by-side fishing com-
parisons. Catch rates for POP were then analyzed to test whether the
population of CPUE values observed from hauls made with one trawl was
distinct from the popuiation of CPUE values from hauls made with the
other trawl {Geisser and Eddy 1979}. Two models were constructed, one
asserting that the two populations of CPUE values were indistinguish-
able and the other asserting that they were distinct. Model selection
was based on which better predicted the data (i.e., the model with the
smallest discrepancy between the observed values from predicted values,
in this case the sample mean, was selected]. If the distinct popula-
tion model is selected, a fishing pewer correction needs to be applied.
This coefficient is calculated from the ratio of the catch per effort
of one net to the catch per effort of the other net {catch per effort
in this case 1s calculated by dividing the sum of the catch from all
hauls of one net by the sum of the effort {km trawled) expended by that
net}.

Analytical procedures.

Procedures used to analyze data from the 1979 survey were applied to
the 1985 survey data and are explained in detail by Wilkins and Golden
{1983}, Results are presented by INPFC statistical areas (U.S.-
Yancouver, 47°30'N lat. to U.5.-Canada border; Columbia, 44°37' to
47°30'N lat.) because the resource is managed by these areas. Some
portions of the analyses are presented by subareas of the Columbia area
to facilitate comparison between the results of the 1979 and 1585
surveys. Catch rates of POP (kg/km trawled) and their variances were
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calculated from catch and haul information and used to derive estimates
of population biomass and numbers within strata {INPFC areas, subareas,
and depth zones) with associated 90% confidence intervals. The popula-
tion, size compositions were estimated by extrapolating length data,
appropriately weighted by catch rates, to the estimated population
number. Size compositions were then converted to age compositions by
means of age-length keys constructed separately for the Yancouver and
Columbia INPFC areas from age data collected during the survey.

The method used for ageing Pacific ocean perch has changed since struc-
tures cellected in 1979 were read. Formerly, age determination for
rockfish involved discriminating annuli on otolith surfaces {Kestrheim
1973) which underestimates the age of older fish. The currently
accepted method 1s sectioning or breaking the otolith and identifying
annuli on the new surface {Beamish 197%a,b; Chilton and Beamish 1982;
Bennett et al. 1982) which seems to provide more accurate age and
growth information, especially in older fish. These two techniques may
provide readings that will result in different growth curves since the
ages of fish determined to be over 20 years old by surface ageing have
usually been underestimated (Beamish 1979b). Otolith samples from the
1985 survey were read using the current methodology, so thorough com-
parisons between age composition estimates from the two surveys will
not be possible.

Results

Successful trawl hauls were completed at 214 of the 247 planned
stations. Catches ranged from 2.3 to 6,643.0 kg and consisted of 89
fish specfes. Pacific ocean perch was the most abundant species in the
survey area with a mean CPUE of 25.2 kg/km trawled {13.3% of the tota)
mean CPUE). Rockfish as a group comprised 56% of the survey catch.
Pacific ocean perch was the domimant species in this group, comprising
23.9% of the rockfish catch. Catch rates of POP were usually higher in
high density strata and in the shallow depth zones (Table 2). The
dominance of rockfish, particularly POP, indicates some degree of
success in delineating the survey area.

The distribution of POP catches is shown in Figure 3. The mean catch
rates were highest for the shallow depth strata (165-320 m} with mean
CPUEs of 31.5, 47.B, and 40.8 kg/km for the U.S5.-Vancouver, Columbia,
and combined shallow survey areas, respectively. By comparison, the
deeper strata (321-475 m) had mean catch rates of 14.8, 4.5, and 8.4
kg/km in the U.S.-¥ancouver, Columbia, and combined areas, respec-
tively. In the Columbia area POP catch rates increased from south to
north {Table 2}.

In the Columbia South subarea 23 Noreastern and 24 Mystic trawl hauls
were completed and used in the examination of relative fishing power.
The analysis determined that the CPUEs were significantly different,
which implies the need for a correction factor to equate results from
the two trawl types. When analyzed by depth zone the results showed
that a correction factor was not warranted in the shallow zone (11
hauls for each trawl) where the Mystic outfished the Noreastern by a
factor of 1.42. In the deep zone (12 Noreastern and 13 Mystic hauls),
the Mystic outfished the Noreastern by a factor of 4.50 and the need
for a correction factor was indicated. The Mystic trawl was found to
be approximately 2.64 times as effective as the Noreastern at capturing
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POP when tows from all depths were considered (Table 3}. This factor
accounts for the difference in path width of the trawls as well as for
their relative catching efficiencies. The results of the fishing power
analysis for all species of fish and invertebrates found to require
correction factors are presented in the appendix,

The data set used for the comparative analysis was rather small for
obtaining precise results, so we compared the fishing power of the two
nets on a group of slope rockfish species which co-occur with POP {the
“slope complex"). If we can assume that the species of the slope
complex, which occupy similar habitats and have similar distributions,
also behave 1ike POP when fished by the two types of trawl, we should
expect to obtain comparative fishing power results which are simflar to
those found for POP. Species were included in this complex on the
basis of recurrent group analysis of catch data from all hauls in the
current survey (Fager 1957; Fager and Longhurst 1968) and included
sharpchin {Sebastes zacentrus), rosethorn {5. helvomaculatus},
silvergray T3. brevispinis), redbanded {S. babcockiT, splitnose (5.
diploproa), greénstriped (5. elongatus}, and darkblotched (S. crameri)
rockTishes, Pacific ocean perch, and shortspine thornyhead
{Sebastolobus alascanus). Results of this analysis were similar to
that for POP aloné; a correction factor of 2.60 was needed. Similar
results were also found when catch data for all rockfishes {Genus
Sebastes and Sebastolobus) were combined (Table 3}. The correction
Factor for POP derived for samples from all depths {Z.64} was selected
as the most appropriate measure of the relative fishing power of the
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Tabie L. --Summary of results of fishing power comparison {FPC) for
rockfish between the Moreastern {NE} and Mystic trawls in
the Columbia South sybarea. Catch rates ard fishing power
conversion factors are calculated by dividing total cateh by
total effort,

Conversion factor

FPL Catch rates to stic to

Species Depth zone needed NE Mystic Mystic HE
Pacific 165-319 m No 7.67  10.85 0.71 1.42
ocean 320-475 m Yes 4,62 20.83 0,22 4.50
perch 165-475 Yes &6.12 16,14 0,38 2,64
Slope 165-119 m Yes 31.65 84.13 0.38 2.66
complex*  320-475 m Yes 20,27 52,33 0.39 2.58

165-475 m Yes 25.8% 67.28 0.38 2.60
All 165-319 m Yes 33,88  B5.87 0,39 2.55
rockfish  320-475 m Yes 24.30 64,00 ¢.38 2.63

165-475 m fes 28,90 74.28 0,39 2.57

*Siope complex was comprised of rockfish species which co-occur with
Pacific ocean perch and included Pacific ccean perch, shortspine
thornyhead, rosethorn, sharpchin, splitnose, silvergray, redbanded,
yreenstriped, and darkblotched rockfish,

two trawls. The difference in results using data from the two depth
zones s probably due to the small sample of hauls. Using the selected
correction factor it was possible to calculate an abundance estimate 1n
terms of Mystic trawl catch rates that is compatible with results from
the 1979 survey in the Columbia South area. Similarly, an abundance
estimate could be derived in terms of Moreastern trawl catch rates
which would correlate with those derived for the other 1985 survey
areas.

It was not possible to compare the Horeastern trawl with the modified
400-mesh Eastern traw) used in the Columbia Middle area during the 1979
survey, 50 no attempt was made to adjust catch rates for comparability.
We were forced to assume that the nets were equally efficlient at
catching perch and calculated abundance estimates separately for each
gear based on their respective horizontal fishing dimensions.

Estimates of POP stock biomass, population numbers, and associated 30%
confidence intervals are presented by subarea and depth zone in Table
4. These estimates are based on the depth coverage of 165-475 m and
trawl catch rates adjusted to Noreastern trawl catch rates using a
correction factor of 2.64. Eighty-four percent of the estimated POP
biomass in the survey area occurved in the shallow depth zone. Only in
the Columbia South subarea, which accounted for 14% of the total perch
biomass, was abundance greater in the deep stratum than in the shallow
stratum. This subarea is unique because the deep stratum is 52% larger
than the shallew stratum. In all other subareas the shallow strata
were 85-390% larger than the deep strata. The total POP biomass within
the survey bounds was 8,633 ¢ (+/- 24%); 23.5% of the estimated biomass
{2,028 t +/-57%) was found in the U.S.-Vancouver area and 76.5%

{6,606 t +/- 27%) in the Columbia area. Confidence intervals around
the biomass estimates ranged from +/- 24% to +/- 4% for various survey
subareas, a marked improvement in precision over the 1979 survey
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results. Discussion of the comparison between these two surveys 1is
presented later in this report.

Table 4,--Pacific ocean perch (POP) abundance estimates from the stamndardized
analysis of the 198% POP survey {based on Noreastern catch rates
and survey depths of 165-475m}. Confidence intervals are expressed
as a percentage of the biomass estimate,

Mean  Mean
Biomass 90% Confidence Vimits (t} Population weight lTength
Area {t} LOWER UPPER T of B (no.x1000) {kg) (cm)

U.5,-Yancouver

165-319 m 1709.5 574.,2 2844.8 {+ 66%) 2484 0.7 M5
320-475 m 318.0 145.7  490.4 {+ 541 413 0.8 37.9
165-475 m 2027.5 BB0.6 3174.5 (E 57% 2897 0.7 5.0
Columbia North

165-319 m 2739.4 1889.2 3589.5 (+ 31%) 3390 0.8 37.2
320-475 m 76.0 50,6 101.3 {+ 33%) 87 0.9 39.9
165-475 m 2815.3 1964.8 3665.8 (:_ ) 3477 0.8 37.2
Columbia Middle

165-319 m 2327.9 783.5 3872.4 (+ 668} 2939 0.8 36.7
320-475 m 242.5 14,6 470.4 (¥ 94x) 185 0.7 37.0
165-475 m 2570.5 1020.6 4120.3 (+ 60%} 3174 0.8 3.7
Columbia South

165-319 m 465.9 024 729.5 (1 57%) 884 0.5 31.8
320-475 m 754.2 84,1 1124.4 (+ 491) 957 0.2 37.8
165-475 m 1220.1 774.8 1665.4 (= 8%} 1841 0.7 349
Calumbia Total

165-319 m 5533.2 3783.7 7282.8 (1 32%) 7263 0.8 36.3
320-475 m 1rz.7 635.4 1510,0 [: 41%) 1377 0.8 37.7
165-475 m 6605.9 4813.2 8398.6 {+ 21} B640 0.8 36.5
Total Survey Area

165-319 m T242.7 5201.% 9283.9 (1 28%) 9747 0.7 35.8
320-475 m 1390.7 938.6 1842.8 (1 33%) 1790 0.8 37.8
165-475 m 8633.4 6550.0 10716.9 (: 24%) 11537 0.7 6.1

Estimated population size composition curves for Pacific ocean perch
from the 1985 survey are shown in Figure 4., Catches of the Noreastern
and Mystic trawls in the Columbia South area were examined for evidence
of differential size selectivity of ocean perch which could bias esti-
mates of population size composition. Separate estimates of population
size composition were made from length frequency data collected with
each of the two trawls., There was an indication that the Mystic was
more efficient at catching larger fish, but the size range of fish
caught by each net was very similar {Fig. 5) despite the 32 mm mesh
liner in the Noreastern codend (vs. the 108 mm mesh codend material of
the Mystic). The results of relative fishing power and size composi-
tion analyses suggested that the two nets were performing similarly in
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Fisheries Commission area The length distribution in the
and for the total survey Columbia area was bimodal with a
area. (Lower curve = 320- major mode at 37-39 cm and a smaller
475 m depth zone, middle mode at 27-31 ¢cm.  Virtually all
curve = 165-319 m depth zone, perch caught in the deep strata were
and upper curve = 165-475 m over 33 cm, while those caught in

depth zone). the shallow strata spanned the

entire range of lengths.

The sex ratio for Pacific ocean perch within the survey bounds was
53.78% males. Examination of sex ratios by INPFC area revealed a
considerably lower percentage of males in the U.S.-Yancouver area than
in the Columbia area with estimates of 48.25 and 55.63% males,
respectively. Sex ratio estimates for all subareas and depth Zones are
presented in Table 5. The deep zone in the U.S.-Yancouver area had a
higher proportion of males than the shallow zone (51.57 vs. 47.70%
wales, respectively). The opposite trend was seen in the Columbia area
where the fish in the shallow and deep zones were 56.42 and 51.45%
males, respectively.
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Table 5.--5ex ratios (% males) of Pacific ocean perch populations in
the International North Pacific Fisheries Commissfon
¥ancouver and Columbia areas (U.S5. waters only) from results
of the 1985 Pacific ocean perch survey by subarea and depth
zone. ¥alues in parentheses represent results which have
been adjusted for comparison with 1979 results (depths to
420 m and catch rates adjusted to the Mystic trawl in the
Columbia South subarea}.

Area and depth zone 1979 1985

U.S.-Yancouver area

165-319 m 46.54 47.70
3120-475 m 46.67 51.57
165-475% m 46,57 48.25
Columbia North subarea
165-319 m 51.70 54,19
320-475 m 43.03 36.05
165-475 m 51.13 53.74
Columbia Middle subarea
165-319 m 44,17 53.73
320-475 m 33.06 48.02 {48.77)
165-4756 m 43.96 §7.66  (58.1i5)
Columbia South subarea
165-319 m 53.17 57.17 (57.16)
320-475 m 46,26 54.06 (53.42)
165-475 m 49.80 §5.56 (55.14)
Columbia area
1656-319 m 49.63 56.42 (56.55)
320-475 m 45.91 51.46 (52.61)
165-475 m 48.54 55.63 {55.53)
Total survey area
165-319 m 458.45 54.20 {54.58)
320-475 m 46.13 51.48 (52.49)
165-476 m 47.84 53.78 (54.09)

Ages of Pacific ocean perch were estimated by reading the broken and
burned otol{ths of 1,635 specimens (500 from the U.S.-Yancouver area
and 1,135 from the Columbia area). Ages ranged from 2 to 71 years in
the Yancouver area and from 3 to 76 years in the Columbia area. The
age composition figures for both areas {Fig. €) show important contri-
butions to the population from the 1979-80 year classes (5-6 years
old). The 198l year class is also relatively important in the U.S.-
Vancouver area. The Columbia area population s also supported strong-
1y by the 1970-75 year classes [10-15 years old}. The growth curves
and von Bertalanffy growth parameter estimates for both areas were
nearly identical {Table 6, Fig. 6}, and indicated that virtually all
growth in length is completed 1n the first 15 years.

Comparison of 1979 and 1985 survey results.
The primary objective of the current survey was to assess the distribu-

tion, abundance, and biological features of the POP resource so that
resul ts would be comparable to those from a similar survey conducted in
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Table 6.--Estimated von Bertalanffy growth parameters for Pacific
ocean perch sampled durting the 1979 and 1985 Pacific ocean
perch surveys. Samples collected in 1979 were aged by
surface readings of otoliths and those collected in 1985
were aged with the break-and-burn method.

Male female
Year/area Linf k ty Linf K to
1979
U.5.-Vancouver 42.11 d76  -1.15 45,21 .146 -1.45
Columbia 40,75 187 -1.08 43,23 .164 1,32
1585
U.5.=Vancouver 38.66 38.66 L2056 - 80 41.73 171 -1.02
Columbia 8,86 ,224 - .32 41.64 .183 - ,97
Total area 33.84 215 - .56 41,65 ,183 - .82
1979 US VANCOUVER 1985
806000+ 812,208 aoooooq 30
700000 H Femile | 7000004 Female )
- Male - 0+
BIJIJODIJ: 500000: Male ]
& 5000001 500000 £
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Figure 6.--Age composition of Pacific ocean perch populations estimated
from results of 1979 and 1985 assessment surveys by International
North Pacific Fisheries Commission area and sex. Growth curves are
also presented for the 1985 results.
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1979, Inconsistencies in the 1979 sampling resulted from three
agencies conducting different portions of the field work, The most
serious of these involved the use of three different trawls by four
different vessels and variable depth coverage {165-475 m off Washington
and 165-420 m off Oregon}. The 1985 survey was designed to standardize
the survey in all areas and to partly compensate for the differences
between the two surveys to allow the most valid comparisons, For
comparisen with the 1979 results, catch rates of the Noreastern trawl
were adjusted to Mystic trawl catch rates in the Columbia Scuth subarea
using a correction factor (2.64) relating their respective efficiencies
for catching POP, Also, hauls deeper than 420 m in the Columbia Middle
and South subareas were excluded from the data when calculating the
1985 abundance and size composition estimates so that results would
relate to the same partion of the resource,

The apparent abundance of the Pacific ocean perch resource in the sur-
vey area declined by 33% in biomass and 37% in numbers between 1979 and
1985 {Table 7, Fig. 1). The largest decline (63% less biomass and 57%
fewer fish} was seen in the U.S,-Vancouver area. Stocks in the
Columbia area decreased by 18% in biomass and 29% in numbers of fish.
Although these differences appear large, they were not sfgnificantly
different. Standard normal variates were calculated by:

~ (Bgs- B79)
Var(Bgg) + var {Byg) )

Test statistics for the U.S5.-Vancouver and Columbia areas were -1,48
and -0.66, respectively, neither of which exceeds the test value of
1.96 {alpha = 0.0%), The large varliances assoclated with the 1979
abundance estimates tend to dampen the sensitivity of this statistical
test. Although the observed changes in stock size were not statis-
tically significant, the sensitivity of the tests usad to determine
significance, particularly in the U,S5.-Vancouver area, is questionable.

The depth distribution of the population was similar fn both survey

years, Approximately 85-95% of the estimated population occurred in

the shallow zone. The depth distribution in 1985 was more uniform than

in 1979 when examined by 20 m depth intervals (Fig. 7). The population

was also distributed more evenly latitudinatly in 1985 (Fig. B). The

columbia Morth and Middie subareas each contained only 12% of the
populatien in 1979 while in 1985

e they contatned 26 and 23% of the

population., The Columbia South and

g\ U,S.-Vancouver subareas contained

| 42% and 34% of the population,

} respectively, in 1979 and 32% and

L]

CPUE Nugrme

19% of the population, respectively,

Figure 7,--The depth distribution of
Pacific ocean perch in 1979 and 1985
{survey results) shown by mean catch

A E AR5 S per unit effort by 20 m depth

[ intervals.
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e 4,-- Pacif}c ocean pg;ch abundance estimates from an analysis of the

19791/ and 19852/ survey data.
Hean  Mean
Bfomass 90% Confidence limits (t) Population weight Tength

Area {t) lower upper X of 8 {21080} {kg) (cm)
V. 5.-¥ancouver

1879
165-319 m  4573.3 M43.6 B703.0 {+ 90%) 5281 9.9
J20-475m  956.3 B3.2 1629.5 (¥ 91%) 1466 0.7
§65-475 m  5515.8 1397.6 9633.% (+ 75%) 6736 6,8 3.7

1985
165-319 m  1709.5 S74.2 28M.8 {+ 66%) 2484 4.7 2.5
320-475 m 318,0 145.7  490.4 (E 54%) 411 0.8 37,9
165-475 m  2027.% BB0.6 31745 (¥ 57%) 2897 6.7 35.0
Lolumbia Narth

1979
169319 m  1794.% 128.2 3M60.3 [+ 93X) 2037 0.9
320-47% m  123.4 0 98,0 [+ 22H) 143 0.9
16?;;;5 m 1917,9 249.6 3586.2 T+ 87} 2180 0.9 3.6
165-319 m 2739.4 1839.2 3549.5  (+ 31%) 3390 0.8 31.2
J20-475 w 16.0 50.6 101.3 {_1-_ 33%) 87 9.9 39.9
165-475 m  2615.3 1964.8 3665.6 (¥ IM) un 0.8 InZ
Columbia Middle

1879
165-319 m 1905.1 a 4239.2 {+ 123%) 3044 9.5
320-420 m 45.2 6.6 8.9 {+ 86‘3; 61 0.7
lﬁ?-;gﬂ m 1950,3 Q 4284,7 (1"1201- 3105 0.6 35,2

9
165-310 = 2327,9 781,56 38724 {+ B6%) 2989 0.8 36,7
320420 m 136.8 a 335,82  (+1458) 185 6.} 3.2
165-420 m  2464.7 918.6 40L0.B T+ 63%) alza 0.8  36.7
Colymbia South

1979
165-319 m  2968.]1 853,99 5082.3 {: 71%) 5695 0.5
J20-420 @ 36%1.3 1092.9 6299,7 ¥ 71L) 5416 .7
165-420 m  6659.4 3359,1 9959.7 (% 50%) 11112 0.6 M6

1985
165-319 ®  1229.2 631.9 19256 {+ &7X) 2323 0.5 31.8
320-920 m  Z143.6 1114.6 3172.5 (¥ 46%) gZrea 0.8 3.0
165-420 m  3372.8 2153.1 45925 (% 36%) 5046 0.7 35.0
Columbia Total
165-319 m  6667.7 3266.4 10069.0 {+ 51%) 10776 0.6
320-420 m  3859,9 1269.8 6450,0 (* 67%) 5620 Q0.7
or 415 m
155-420 m 10527.6 6323.% 1473L.3  {+ A0%) 16387 0.6 35,2
or 415 =

1985
165-319 m  6296.5 #4441,3 8151,8 {+ 29%) 8701 0.7 15,6
P0-420 m 23715 13398 03,2 (¥ 441) 3015 08 .8
165-420 m 86680 6577.6 10758, (¥ 24%) 11716 0.7 3,1

yl?n wstimates based on survey depths of 155-475 » north of the Columbia
River and 165-420 m south af the Coluwbia River; Moreastern trawl catch
rates were used north of tha river, 400 Edstern trawl catch rates between
the river and 45°22' N lat,, and Mystic trawl catch rates south of #5°22°
W lat,

2

'fThls analysis of the 1385 data incorparates adjustments to make the
results as closely comparable to the 1979 results as possibie. Survey
depths uted 1n the analysit were 165-475 m north of the Colombia River
and 165-420 m south of the river. MNoreastern trawl catch rates were used
in 211 areas except the Columbia South where Noreastern trawl catch rates
were adjusted to Mystic trawl catch rates by multiplying them by 2.64,
Consequantly, the Columbia Total estimates also reflect the use of IUst1c
trawl catch rates in the Columbia South area.
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in 1985, The more uniform distribution of the population and more
consistent sampling procedures were undoubtedly major factors in the
improved precision of the 1985 abundance estimates.

Major differences are evident between the population size composition
estimates from the twe surveys (Fig. 9}, The majority of the 1979 popu-
lation in the U.S5.-Yancouver area composed a mode at 34-42 cm. The 1985
populatien was spread more evenly between 22 and 46 cn, The population
size composition 1n the Columbia area was bimodal inm 1985 with a major
mode at 34-42 ¢m and a smaller mode at 27-31 em, The large mode of 34
cm fish seen in 1979 appears to be still relatively strong 6 years later
as laryger {36-41 ecm) fish. Slightly more small fish {20-30 cm) were
seen in both areas duriang 1985 than in 1979, suggesting that recruit-
ment in recent years may be better than it was in the late 1970s. Larg-
er fish dominated the size composition in the deep strata consistently
in both years and all areas, a pattern seen in many rockfish species.

The proportion of males in the population increased notably from 47,84%
tn 1979 to 53.78% in 1985. This change in sex ratio was consistent in
all strata (Table 5). The proportion of males in the shallow zone of
the Columbla area was higher than in the deep zone, although the
opposite trend was found in the U,5.-Vancouver area. This pattern
occurred during both survey years,
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The aye composition of the population looks quite differer between the
two survey years, although the use of different ageing met iods
confounded the comparison. The maximum ages estimated from the 1385
otolith sample were much older than those estimated from the 1979 sample
{76 vs, 26 years). Results from the 2 years can only be compared to
about age 15, since there is relatively good agreement between surface-
and section-aged observations from the same otolith up te that point
(Beamish 1979b). The abundance of the older age classes, even within
this range, is usually overestimated by using surface-aged data. The
1985 age composition in the U,5.-Vancouver area shows slightly more
young fish {4-6 years) than in 1979, although the older fish are much
less abundant, Young fisnh (5-6 years) are also slightly more abundant
in the Columbia area in 1985, but the strong year classes of the early
1970s (ages 10-15 in 1985) stil] make up a significant part of the
population, The growth curves were not compared between years because
the 1979 surface-aged data would be misleading.

Discussion

The most difficult problem faced in the comparison of the 1979 and 1985
survey results was relating abundance estimates which had been derived
from catch rates of two or three different types of trawls, Since no
information is available to relate the fishing power of the Noreastera
trawl to that of the 800-mesh Eastern trawl used in the Columbia Middle
subarea tn 1979, the comparison of catch rates in that subarea is
unreliable. The results of the comparative fishing experiment in the
Columbia South subarea indicated that the Mystic trawl, with only
one-half the mouth opening area of the Noreastern, was over two and
one-half times as effective at catching POP. Similar relative fishing
power factors were calculated for the slope complex and for all rockfish
species combined. Further, despite the smail-mesh codend 1iner used
only with the Noreastern, there was no detectable difference in the size
composition of perch caught by the two nets.

The difference between the catch rates of these nets may be related to
the way the width of the effective fishing path is estimated. HMhile the
fishing path of a trawl {s usually assumed to be the distance between
wingtips of the net itself, some studies (Carrothers 1981; Foster et al.
1981; Harden Jones et al, 1977; Main and Sangster 1983) recognize that a
considerable herding effect may result from the mud clouds created by
the trawl doors and dandylines and that a more appropriate measure of
the effective fishing path might be the distance between the trawl doors
or some function of that distance, The dandylines used with the Mystic
trawl were 33% longer than those used with the Noreastern. Generally,
longer dandylines will allow the doors to spread wider, although direct
measurement would be necessary to determine the effect, The doorspread
would also likely be affected by the relative resistances of the two
nets moving through the water. Presumably the smaller Mystic net, with
no small-mesh codend liner, would encounter significantly less
resistance, allowing the doors to spread wider. These factors probably
increased the Mystic trawl's effective path width, which may partly
explain that net's greater fishing power, even though its actual
dimensions are smaller than the Noreastern's.

The validity of these relative fishing power estimates should be further

examined, Pacific ocean perch and many other rockfish species are nated
for having very contagious distributions and, consequently, large
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variances are usually associated with mean catch rates for these species
and wide confidence intervais accompany abundance estimates. Addition-
ally, comparative fishing experiments require the results of many trawl
hauls in order to dampen the effects of this variability. The experi-
ment conducted in 1985 involved relatively few tows covering a wide
depth range over which abundance varied substantially. More samples
would prebably have reduced the effect of distribution and yielded a
more representative comparison of fishing power. Although the
comparative fishing data is relatively limited, it allows us to compare
the results of the two surveys in the Columbia South subarea,

The weakest assumption made during the analysis was that the net was
capturing all fish encountered by the net mouth, This weakness is
common to all trawl surveys and will continue to be until reliable
relationships between fish behavior and sampling gear can be estab-
11shed, We have also assumed that the stocks were fully available

in the survey area during the survey period, which is usually a weak
assumption, Consequently, the results of resource trawl surveys must be
considered to be conservative and should be viewed as such by resource
managers.

The length composition of Pacific ocean perch samples from hauls made
with each type of trawl were similar enough to conclude that the various
components of the population (sex, size, and age groups} were being
sampled in the same proportions by both gears. Estimates of size and
age composition and sex ratio are probably not affected by pooling the
biological data collected by both types of gear.

Abundance estimates were more precise in 1985 than in 1979. The
distribution of the population was more uniform in 1985 (Figs, 7, 8},
Some sources of sampling variability were also removed by conducting the
survey with one vessel, a standardized trawl, and a standardized survey
pattern throughout the study area. These two factors were probably
responsible for much of this improved precision.

Biomass, population, and size composition (population number at each
size class} are all calculated by the same area-swept algorithm and
subject to the same assumptions, The catch rates and biological data
are assumed to truly reflect the abendance and composition of the
population being sampled and the fishing gear is assumed to be sampling
the population consistently. The variance and confidence intervals
calculated for these estimates should accurately reflect the sampling
variance, including the distributional variability of the population.

The accuracy of resource surveys can usually be appraised only by
comparing their results with those from assessments which use other
methods and data bases. Fortunately, the POP resource in the INPFC
Vancouver and Columbia areas has been monitored fairly closely since the
mid-1960s and many independent assessments of the resource are available
for various times during that pericd. In addition to surveys, abundance
has been estimated by calculation of exploitable biomass {dividing catch
by the estimated exploitation rate), extrapolation of commercial CPUE
data to an “area-swept" estimate, cohort analysis, and most recentiy by
stock reduction analysis. Abundance estimates from major assessment
efforts are summarized in Figure 1. By all indications, the resource
was sharply reduced by intense fishing in 1965-67 and continued to
decline through the mid-1970s until forelgn landings were prohibited.
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The declines have slowed since then but continue despite restricted
landings aimed at allowing the stocks to rebuild. Continuing declines
"were expected through at least 1975 because of the potential loss of
;Sgg?ductive capacity of the population {Quast 1972; Westrheim et al.

The cohort analyses perfarmed by Gunderson {1979, 1981) predicted that
Pacific ocean perch stocks could be rebuilt if harvests were limited to
Tow levels for approximately 20 years, Using the assumptions from those
analyses and landing statistics, the stocks in the U.S.-Vancouver and
Columbia areas should have increased by 80% and 43%, raspectively,
between 1979 and 1985, The survey results show the opposite trend, The
differences between predicted biomass and survey biomass estimates was
significant (aipha = 0.05 and test value = 1,96) in both INPFC areas.
The U.5.-Vancouver stock declined from 5,516 t to 2,208 t instead of
rebuilding to a predicted level of 9,936 t {2 = -12.38). The Columbia
stock declined from 10,528 to 8,668 t Tnstead of increasing to 15,081 t
(I =-5.13). Results of a new cohort analysis and stock reduction
analysis (Ito et al, 1986) support the conclusion that the stocks have
not rebuilt and are possibly smaller than when the rebuilding plan was
implemented. Gunderson assumed that recruitment to these stocks would
be constant and equal to the mean recruitment of the 1956-68 year
classes (3,297 and 2,236 t in the Vancouver and Columbia areas,
respectively). Stock reduction analysis (Ito et al. 1986) indicates
that these recruitment estimates were too high and determined average
recruitment to these stocks to have been about 2,000 t annually in each
area. The natural mortality estimates used in Gunderson's calculations
may also have been overestimated since recent evidence shows POP to be a
much longer-lived species than previously believed (Beamish 1979b;
Chilton and Beamish 1982). The natural mortality rate is probably
closer to 0.05 than the 0.15 or 0.10 Gunderson used for the Vancouver
and Columbia areas, respectively (Archibald et al, 1981, 1983; Shaw and
Archibald 1981; Ito et al. 1986},

Another reason stocks have failed to rebuild is that fishing mortality
probably has been underestimated. The POP fishery has long been subject
to significant discards of fish smaller than the market will accept,
Enforcement of trip 1fmits aimed at reducing landings have probably
aggravated this problem, Discard rates of domestic trawlers have only
recently been researched and evaluated and seem to be quite variable
depending on the season and the fishing strategy being pursued, Data
collected by observers aboard domestic bottom rockfish trawlers off
Newport, Oregon, indicate discard rates of approximately 24,.8% in weight
and number for POP during fourteen trips in July through September, 1985
(Pikitch, this volume). The within-trip discard pattern suggested a
tendency for all POP to be retained near the beginning of the trip until
the 1imit was approximately met, after which nearly all were discarded.,
Discard rates were lower for the periods October-December 1985 and
January-June 1386 and also for other fishing strategie: {midwater,
nearshore mixed spacies, and deepwater Dover sole fisheries) due to
Tower POP catch rates, The survival of discarded rockfish is negligible
due to physfological damage from expanding air bladders when the fish
are brought to the surface. Consequently, when adjusted for discard
rates, removals from the population could actually exceed reported
Tandfngs by more than 20% for some segments of the trawl fishery,
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Rebuilding 1n the U.S.-Vancouver area may also have been thwarted when
Canadian fishery managers allowed an experimental overharvest of Pacific
ocean perch in the Canadian zone of the Vancouver area between 1980 and
1983 (Stocker 1981). The purpose of this policy was to evaluate the
stock's sensitivity to large relative, though small absolute, changes in
tandings. Researchers believed that due to the already severe depletion
of the stock, "the penalty for error in such a system would be much
lower than in other 5. alutus stocks, while the potential bhenefits to
our understanding of stock dynamics may be large.” Resulits of Canadian
trawl surveys show that the POP stocks in the Canadian sector of the
¥ancouver area have apparently declined by 56% between 1979 and 1985
(B.M. Leaman, Pacific Biological Station, Nanaimo, B.C., Canada,
personal communication). Although this experiment was limited to
Canadian waters, it is possible that it has contributed to the apparent
63% decline in the respurce's azbundance in the U.S. portion of the
vancouver area.

The effects of discard rates, overestimated recruitment, and the
Canadian overfishing experiment would lead one to expect less stock
rebuilding than predicted by Gunderson's cohort analyses, On the
other hand, overestimating natural mortality for the cohort analyses
would have led to an underestimate of the stock's potential to rebuild
itself, but would have also led to underestimates of fishing mortality
(since F = Z - M} and, consequently, underestimates of exploitation
rates, The net result could 1ikely be consistent with the declines in
abundance shown by the survey results. The most probable rebuilding
scenario examined by Ito et al, (1986} indicated that it would take at
least 50 years for the stocks in the Yancouver and Celumbia areas to
rebuild to a level (25,000 t in each area) at which they could produce
maximum sustainable yield,

In conclusian, all evidence suggests that the Pacific ocean perch
resource off Washington and Oregon remains in peor condition and has
even taken a seriocus turn for the worse in the U.S.-Vancouver area. The
apparent 63% decline in biomass in the U.S5.-Vancouver area between 1979
and 1985 was substantiated by a corresponding 56% decline in the
Canadian portion of that area. The survey results and those of recent
cohort and stock reduction analyses show that landing restrictions have
not resulted in increased stock size as predicted, but the stocks appear
to be declining further despite the regulations. Bicmass levels are
currently only about 5-10% of the virgin biomass in both areas and
recruitment failure at these low levels is a strong possibility (Ito et
al, 1986). Without increased catch restrictions and favorable
recruitment, this resource may well decline to the point where
interspecific competition and economic costs of rebuilding programs wil)
seriously impede rebuilding these stocks to productive levels,
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Appendix.--Summary of results of fishing power comparison between the
Noreastern and Mystfc trawls in the Columbia South subarea
during the 1985 Pacific ocean perch survey. Only species
determined to require fishing power correction factors are
included in this summary. Catch rates {ky/km trawled) and
fishing power conversion factors are calculated by dividing
the sum of the catch by the sum of the effort.

Catch rates Conversion factor
9/km Mystic RE to
Species NE  Mystic to NE mystic
Rockfish
Pacific ocean perch 6.12 16.14 0.38 2.64
Rougheye rockfish 0.95%  4.40 0,22 4.61
Shortspine thornyhead 8.16 18,53 0.44 2.27
Splitnose rockfish 4.25 19,28 0,22 4,54
{ther roundfish
Eulachan 0.24 0.01 17.95 0.06
Sablefish 23.81 77.60 0.31 3.26
Flatfish
Dover sole 7.46 26,50 0,29 3.42
Rex sole 2.98 5.43 0.55 1.83
Slender sole 0,40 0,06 7.01 0.14
Cartilaginous fish
Longnose skate 0,65 3,08 0,21 4.76
Spiny dogfish 0,06 0.24 0.27 3.66
Spotted ratfish 0,12 0.69 0.18 5.66
Invertebrates
Brisaster latifrons 0.73  0.01 86.63 0.01
Orange-pink sea urchin 11,95 0,06 202,63 0.005
Sea cucumber 0.68 0.002 403,51 0.002
Squid 6,05 0.005 10.03 0.10
Starfish 0.39 0,02 23.44 0.04
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Abstract

The Aleutian Islands region is an important habitat for the rockfish
resource found alony the Outer Continental Shelf and upper slope of the
North Pacific Ocean and the Bering Sea. The dominant rockfish species
found to inhabit the Aleutian Islands from trawl surveys is the Pacific
Ocean perch (Sebastes a]utus) foliowed in lesser concentrations by
northern rockfish {3. polyspinis), shortraker rockfish (§. borealis),
rougheye rockfish (5. aleutianus), and shortspine thorayhead

(Sebastolpbys alascanus).

In 1980, the National Marine Fisheries Service of the United States and
the Far Seas Fisheries Research Laboratory of the Fisheries Agency of
Japan conducted the first comprehensive resource assessment survey of
the Aleutian Islands to collect information on the distribution and
abundance of the principal groundfish species and to gravide estimates
of biomass and the biological stock parameters for each species. The
survey area included the Continental Shelf and upper slope both north
and south of the Aleutian Islands from Unimak Pass to Stalemate Bank
with the sampling depth ranging from 31 to 919 m. Successful sampling
was completed by three vessels at 319 trawl stations.

The survey was repeated in 1983 using a sampling plan which was
developed to improve the precision of the biomass estimates based upon
the the distribution and abundance of the principal species as
determined by the 1980 survey. The 1983 survey had the same geographic
and bathymetric coverage as in 1980 with 377 successful demersal trawl
stations completed by three vessels chartered by the twe nations'
management agencies.

Biomass estimates were standardized to the U.S5. Noreastern trawt for
comparing survey results between years and provided Pacific ocean perch
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estimates of 12,000 t and 152,000 t for 1980 and 1983, respectively.
The 1980 and 1983 biomass results for other rockfish species closely
associated with Pacific ocean perch were 9,000 and 17,000 t for
northern rockfisnh; 8,000 t and 40,000 t for shortraker rockfish; and
16,000 t and 23,000 t for rougheye rockfish, Biomass estimates for
shortspine thornyhead which inhabit the Ceontinental Slope waters were
16,000 t for both survey years,

Introduction

The Northwest and Alaska Fisneries Center (NWAFC) of the U.S. National
Marine Fisheries Service {NMFS) and the Far Seas Fisheries Research
taboratory of the Japan Fisheries Agency (JFA) conducted the first
comprehensive systematic resource assessment survey of the Aleutian
Istands during July=-Hovember 1980. The survey objectives were to
collect information on the distribution and abundance of the principal
groundfish and imnvertebrate species, to establish estimates of total
trawlable or available biomass by species, and to define the biological
stock parameters of each species and to ascertain how they change with
time. Designed to be repeated every 3 years, the survey has
established a time series of data to be used in management of the
groundfish resource of the Aleutian Islands region and assessment of
stock conditions in future years. This report summarizes the 1980 and
1983 survey results for the five dominant shelf and slope rockfish
species.

The Aleutian Islands region is an important rockfish habitat area of

the North Pacific Ocean and the eastern Bering Sea, This resource,

which is primarily found along the Quter Continental Shelf and upper

slope regions, is dominated by Pacific ocean perch {POP) {Sebastes

alutus}, foliowed in lesser concentrations by northern rockfish (S,
olyspinis), shortraker rockfish (S. borealis), rougheye rockfish (8.

aleutianus), and shortspine thornyhead (Sebastplobus alascanus).

With the exception of northern

rockfish, these species are cap-

tured in North Pacific waters from

central California northward

through the Gulf of Alaska, the ™ bpm ionie (e o oo orts) imerncine
Aleutian Islands, and the Bering ll.5.-dapan groundfish trawl aocveys.

Sea, Northern rockfish, with a

more 1imited distribution, are spacien —

found in the Gulf of Alaska from

Yakutat westward to the Aleutian FamiLe pasta peeen TSI T 2680
Islands and north to the Bering Herkhers eockfish 6.850.6  40,005.4
Sea. Nine species of rockfish Rougheye rocktisn (PR R IR = T
were encountered dur‘ing the 1980 Shoptrater rockfach LT 71,9
and 1983 Aleutian Islands trawl shurtspine thucnyhead VILAT2E B, 750,13
Surveys (Tab'le 1)' Lusky rockfian ldade SAl.e
Rockfish resources have supported ™o cokeish o na
major Japanese and Soviet trawl farlaguin rocktian 35 e
fisheries in the Aleutian Islands, sseseolobus mectecher s na

and to a lesser extent in the
Ber"ﬂg Sea ¥ $1 nce_ 1962' FDF?'l gn sCatch weighls are standacdized by Trawl dideh o the LS.
reported commercial catches in the  wressters tran.
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Aleutian Islands of species of the ™ i e s colof ot or o secite sosin v
Pacific ocean perch complex peaked =
in 1965 at 109,000 metric tons (t) S pu e

(Table 2) and have declined stead- N

ily since. For 1986 the domestic e e
quota in the Aleutian Islands and o6 mam s s e o
Bering Sea International North s mam oum s wim e
Pacific Fisheries Commission e mom e - ram e
{ INPFC) management area for Specias  me wew s '™ Vv . s0a
of the POP complex is set at 6,8000 v  »ow s e we
t and these species now support one v e s e nae o ae
of the few fisheries fully utilized ™~ vem s n e ohe
by domestic trawlers in the Bering ::: - .- ™ -

Sea-Aleutian Islands and the Gulf o o
of Alaska management regions. - ’ i
The earliest fishery Investigations === =min o o2 ) R
of the resources of the Aleutian
Islands were conducted by the U.S.
Fish Commission steamer Albatross in
1896, The Soviet Union implemented several scientific expeditions into
the island chain during the 1960s to compile information on the
seasonal changes in the hydrography of the region and to organize
future fisheries for flounders, rockfish, and Atka mackerel. The Japan
Fisheries Agency [JFA} also performed several limited-scale otter trawl
surveys of the Aleutiam Islands in the early 1970s primarily to collect
information on the biological characteristics of the groundfish
species,

¢ mntcham thraugh 1810, cathes for
kar Blund asliaseey iReLizn eR sl
CBcwes et al. VW84, 1MASa),

24 4re Fyom 1,5, b
L 19ED, 1PEIE, 1905,

Sourcw.  MELLTH 4T Wl 180 far sdteham Eeprugh 1977,

Survey Methodology

Since neither the Naticnal Marine Fisheries Service nor the Japan
Fisheries Agency had conducted an extensive trawl survey of the
Aleutian Islands prior to 1980, 1ittie data were available to provide
information on groundfish and invertebrate distributions

needed to formulate an effective sampling plan. For this reason a
sampling plan was developed which assured a wide geographic and
bathymetric coverage of the survey area with maximum samplfng density
in the time allotted {(Wilderbuer et al. 1985). The Continental Shelf
and upper slope regions north and south of the Aleutian Istands from
Stalemate Bank to Unimak Pass were divided into sampling sections 30
minutes of longitude wide, Each sampling section was further divided
into six depth intervals:

1-100 m (1-54 fathoms)
101-200 m (55-108 fathoms)
201-300 m (109-162 fathoms)
301-500 m (163-273 fathoms)
501-700 m (274-382 fathoms)
701-900 m (383-492 fathoms}

One trawl station was assigned to each depth interval of each sampling
section, In sampling sections where the depth intervals were over 5
nautical mites (mni) wide, additional sampling was designated as
follows:
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5 to 10 nmi wide - 1 adeitional statfon
11 to 15 nmi wide -~ 2 additional stations
16 to 20 nmi wide - 3 additional stations

The total survey area eitended over three International North Pacific
Fisheries Commission {INPFC)} statistical areas: The scuthern portion
of the southeastern Bering Sea area; the Aleutian Islands area
including Bowers Ridge; and the western portion of the Shumagin area.
The survey was analyzed and is presented by these three distinct areas
with the Aleutian Islands region further divided at 180 degrees
lenyitude into the northwest, northeast, southwest and southeast
subareas {Fig. 1}). The survey area north of 53 degrees N latitude is
the Bowers Ridge subarea.
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Figure 1.--Survey area and ankytical sobarcaw of the 1950 and +983 cooperative U.g.-Japan RAleakian
Talandn surveyn.

Three vessels were chartered by the two research agencies to perfarm
the survey in 1980, Both U,5. vessels, the Half Moon Bay and the
Ocean Harvester are 32.9 m {108 ft) west coast type combination
crabber/trawlers which completed 129 and 89 on-station bottom trawls,
respectively. The Hatsue Maru No. 62, a 46.6 m {153 ft) land-based
stern trawler, was the principal participant during the survey
completing 217 demersal trawl stations,

Al bottom trawling by the U.S. chartered vessels was conducted with a
Noreastern trawl (27.4/32 trawl) with roller gear., The headrope and
footrope were 27,4 and 32 m long, respectively, with vertical and
horizontal openings of 6.1 and 17.9 m, respectively. The Noreastern
trawl was fished with 1.8 x 2,7 m steel V-type otter boards and triple
54.9 m dandylines; the codend was lined with 1-1/2 inch stretched mesh
nylon webbing.

Two Japanese commercial trawls were used by the Hatsue Maru No. 62
duriny the survey. A 31.8 m headrope trawl (32/38 trawl) was fished
during the first half and was later replaced by a 54.8 m headrope trawl
{55/65 traw)) during the second half, Both trawls were equipped with
roller gear constructed of 57 cm diameter car tires in the central
portion and 53 cm diameter gum and steel bobbing along the wings.
Vertical epenings of the trawls used during the first and second halves
of the survey were 5,2 m and 4.5 m, respectively.

The average horizontal opening for the Japanese trawl was estimated at
21,6 m duriny the first leg and 28.5 m during the second leg. Both
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trawls were rigged with B2 m dandylines {a single 32 m section
branching into two 50 m bridles) and fished with 2.2 m x 3.4 m otier
boards weighing approximately 2,400 kg.

The groundfish survey was repeated in 1983 by the two research agencies
with the fallowing changes., In an attempt to improve the precision of
the survey estimates, a sampling plan was developed based upon the
distribution and abundance of the principal species as determined by
the 1980 Aleutian Islands survey. Sampling density was increased in
areas of highest fish abundance. Analytical areas were selected based
upon the abundance of the principal species encountered during the 1380
survey, and sampling densities were allccated based on the variance of
the abundance estimates using the Neyman allocation method {Cochran
1977). The resulting 1983 sampling distribution was then partitioned
into the same longitudinal depth strata used in 1980,

Twoe NOAA research vessels, the Miller Freeman and the Chapman, and the
Japanese stern trawler the Daito Maru No. 38, were used to conduct the
1983 Aleuytian Island survey. The Daito Maru Ne, 38, a 51.8 m (170 ft)
Hokuten trawler and the principal participant in the survey, completed
263 survey stations, Both U.S. vessels had a more limited participa-
tion, The Miller Freeman, a 65.6 m {215 ft} stern trawler, completed
99 survey stations while the Chapman, a 38.5 m {126 ft} research
vessel, completed 63 survey stations. The sampling effort (number of
successful stations) was 319 in 1980 and 377 in 1983 (Table 3).

A1l bottom trawling by the U.S.
research vessels was conducted
with the Noreastern trawl {27.4/32
trawl} with roller gear, the same
gear used in 1980. A larye . : - L s e
Japanese commercial trawl was used "
by the Daito Maru No. 38 during

the survey, The headrope and foot-
rope were 45.0 and 58.0 m long, o
respactively, with a vertical

opening of 5.0 m and a harizontal

" a

fscry

net opening of 28.3 m, The trawl osthes: T : N
was equipped with roller year i " ?
constructed of 35 and 53 <m gum e ks B
bobbins and 30 and 41 cm gum discs. weee: e . .
It was fished with 80 m dandylines e i "
and 2.25 x 3.45 m otter boards, w0 & o
All research catches from the 1980 i : :
and 1983 surveys were processad s e = 1
using standard sampling techniques ... c.e. e " "
desiyned to assure random sampling e H .
of the principal species in the wiE 2 3
catch {Hughes 1976), Biomass esti- . . -
mates were calculated from the emtaen Samagin Ln .
area-swept techniques (Alverson and e 3

Pereyra 1969) using only catches o i

from successfully completed survey S . -
stations. Fishing power differ- cT= —

ences between the U,5. and Japanese



vessels and gear were analyzed using catch data from 26 pairs of U.S.
and Japanese trawl stations conducted within a ?-week time period and
classified as comparative trawl hauls, Relative fishing power correc-
tion factors were calculated from the ratio of the mean catch per unit
effort (CPUE) of the two trawls and were applied to species catch rates
wnich varied between the U.5. Noreastern trawl and the Japanese commer-
cial trawl,

Fishing power differences between the U,S, and Japanese trawls in 1983
were analyzed as in 1980 with the 1983 relative fishing power correction
factors calculated from 42 paired survey stations classified as compara-
tive trawl hauls, Since the Noreastern trawl was fished on the U.5.
vessels during both survey years, CPUEs were standardized to the
Noreastern trawl to provide a comparison between the 1980 and 1983
SUryeys,

Results

Pacific ocean perch was found to be the most abundant rockfish species
inhabiting the Aleutfan Islands region, comprising 73 and 62.5% of the
estimated biomass of the dominant rockfish species from the 1980 and
1983 surveys, respectively {Tables 4, 5). Following in magnitude of
the rockfish resource were shortraker reckfisn, rougheye rockfish, and
northern rockfish, Shertspine thornyhead had the lowest estimated
biomass of the dominant rockfish species averaged over both survey
years,

Table 4.-—Eabimatad blomass (2] by subarea of the major ahel? rockfisl species sancounterad during the
1980 and 1983 cooperatlve U.5.~Japan qeoundfigh trawl surveys of the hlauwrian Islands.

Spaclas
Panific ocean ShoELeaker Nartnern Rougheye Shnreapine
perch rockE1an rockfish Tockfiah tharnyhead
Suharaa 19480 [E:H 1950 1583 1980 1931 1980 1981 1980 1223
sauthwest 21,174 6,852 1416 7,431 a1 e,030 2,828 4,937 5,402 2,908
Southeast 11,043 41,712 V869 5,174 B,05H 4,134 6.R47 3,004 Bz 1,433
MorTthwes 16,222 2,425 1,781 3,157 118 5,322 1,441 b2 2,174 2.158
Hortheast ®,AT2 16,215 2,184 10,822 S4G 802 4,314 7,60% Ty 1,199
Bawers Ridae * amns 2N ten o R 174 2,940 1,353 1758
southern
Baring Sma 6,812 61,703 448 12,13 i 563 440 2,830 574 &7
Tervarl 122,169 192,902 8,251 40,857 9,174 17,234 16,239 21,4110 o, BR4 10,329

Pacific ocean perch,

Distribution and abundance. Pacific ocean perch were found to be
distributed throughout the survey area in 1980 and 1983, occurring in
concentrations on the average 10 times more dense than the other
dominant rockfish species (Tables 6, 7). Highest average CPUE values
were found in the eastern Aleutian Islands during both survey years,
with less consistent density estimates resulting from the western
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Table Si--Fetimated hinmas~ {t] by depth intecval nf the majar <helt rockiish specles encauntered durlag
e 1TA7 and 1981 coaperative LSa-lajan arounaf ish tragl easveys: of the Aleutlan [xlandx,

Parsfic otean shartraker HNarthern Rocgheye shortsplne
e rovkfirh Tockiish rookELsn chorryheard

De bl Imd AELT 1983 ALT:H ACTE] ART 1493 ALTT 1943 140 (L]
(RSN 532 450 11 T sS4 u, 178 1,uh0 o (3] 2z
149120 43,004 98,001 a7 174 LRS- BT ] a8 2,HE 17 20
Fr1-300 831,715 37,147 4H3 1,070 EREY 230 4,083 5,988 REE] 238
ELAREL L] 13,056 2,100 f, 79T 14,776 1 136 11,98 14,29 1,475 2,688
nR1-900 A2 1 H4d 4,088 [ a ana 295 4,184 7,261
Tkl Ted e 152,902 He2s1 40,057 4,174 17,2M4 16,239 23,411 10,884 10,229

Table B,—-Mean catch per unkb efPork (Kg/hal by subarea of che major +helf and slops rockfish sprcies
encounterad durlng the 1980 and 1433 cnoperatlve H.S.=Tapan groundfish ceawl surveys of the
Alautian Islands.

Species

Pacifuc ocean Sharrrakar Martharn Roughrya shartspine

perch rockiian rockkish rockfish EnrTnyhead

Subarea 1988 16gd 1980 1323 1360 1941 1980 1983 19B0 1983

southwest .37 12466 QLB W50 Q.99 2.R4 .21 2.2 .29 1.37

putheast T4HT 2050 (RN k] R .89 P 1.6 150 Q.19 Lo

NOELOWwesT 156 TaB2 1426 211 Ja08 .53 1.013 . BE 1.69 1.37

Hortheast 20,83 T 106 A.AR .24 0.36 2,01 3.45 0.34 .54

Bowerg Rigge Ha05  LEY 27 074 AT TY h1d  2.9% 1,37 1.

SeutheEn .36 Ad.HT F3% 10432 (LR LN 0 2% Ea23 g% gy
Bering Sea

Creeralk 18,09 15.43 o.70 A9y a9 1.Tw 182 32 .43 1.m

Aleutians. Sampling in tha southern Bering Sea subarea resulted in the
largest variation of estimates between years indicating sampling
problems (Table 8}, Pacific ocean perch were encountered in highest
densities between 101 and 500 m in both survey years. Only trace
amounts of POP were found in continental slope waters deeper than 500 m,

Survey catches indicate PQP are found to occur together with the
dominant Aleutian Islands rockfish species, Catches from waters less
than 100 m deep are characterized by a POP-northern rockfish
assemblage, in 101-5030 m depths a POP-rougheye-shortraker assemblage,
and a POP-rougheye-shortraker-shortspine thernyhead assemblage at
depths yreater thaa 500 m.
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Tabile T.--Mean catch per unit effort (kgs/hal by depeh of the mayer shelf and siopa rockfish speciss
encountered 1o the Aleutian subareas ducimg che 19830 ard 1483 UsS.-Japan Qeounaflsh trawl
survays of rhe Rleurlan Ialands.

Spacaea

Pacific ocean Shortraker Horthers Rougheye shartapline

perech racklinh rockiian roekfiah tharayheasd

Depth (n) 1380 1983 1980 L] 1500 19E3 190 1383 L1040 1983
LRV Aa17 0420 Cad2 .05 n.n3 .72 054 1406 .03 a.01%
191-200 19.M 47.09 .04 . 1 P X} 0.13 1.22 n.08 0.0k
207 =300 49.24  40.%4 017 LR 0,24 08 1.41 4.6 0.30 018
IC1=500 9.32 1.30 4.7t 1.AD fam [ENL] t.ag .58 Rl 1.67
3071=-300 LR a.ml 32 .21 D [ER e 012 Q.06 1.0 L
uerall 1.0 bs.13 D70 4000 aae T .62 l.H LT FRER N 3]

Bepth atrata #id inclwde trace amounts.

Tabir Au--Fanpling arror® [expressed 43 peTcentage of the wean biomass) by subarea af 1he major shelf
rockfivh species encounterad during the 10AG and 18R coopmrtative 1L.S.=Japan Aléutlan Teland
demereal trawd surveys.

Epacieg
Facilic noean shorkrakar Korthern Rougheye Snorcspine
parch rockfian rockBiah rockfyah thor eyhead

Subarea 1980 19A1 1980 1983 1980 1983 1980 1983 1980 1963
Sauthwest 130 5 i) 100 171 35 a7 44 L] 35
SOUENSATE 156 L1 &1 114 1y F¥L) a5 172 BE 59
nar thwes b @2 wE " 1215 170 p.-1) 56 108 Lo 40
Nourtheass Bb 76 't 1496 42 m B 139 ar EM
Bowaru Ridan s % 481 110 LB -1 € LT 5] 55
Total Aleutian
Ayhareas 5t E:) E- 67 ¥ T i 29 ag ht-]
souTham
Bering Sea 9 11 04 308 1 109 2 378 53 a7
Total
Survey Area a1 e £ 1% my S8 40 21 E 6

“Cerived Leam 95% CI. where somple error = {Biomasa(upper)-mesan sstimated/mean estimate.
The catch.

“anly one catch i thia subarea, no variance computation.
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To examine the variability in Pacific ocean perch CPUE from both
surveys, an Analysis of Variance [ANOVA) was performed using the method
of Rubin (Rubin 1982) to test for between-subarea effects and between-

year effects in catch rate differences,

Results indicate that for POP

CPUE groupec by geographical subarea and year no significant

differences exist between subareas and between years [Table 9),

This

indjcates that either no statistically siynificant density difference
exists for POP between analytical subareas and years, or that the trawl
surveys were unable to detect any statistically significant changes

that do exist.

Tablo Mo--Hesules of cweoeddy Bralysis of Sdrianee Foro Pac Die ocean peech catch pec

it ettor

LeacTaation

anaiysie an ol
ra Teagrpnuesal
zutatas and year
- Liged AeRtn
(12 seraran

Bmalymia Gf CPSE

PURUFY From Twe sarvey pears i ng Huban s me Bl

Fronaliility of
shrdinimg A smaller
Fo~rtaniatie i
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Hean CFUE Are ayunl
ter warh wears
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The analysis was repeated using POP CPUE data calculated fer each depth
interval pocled over the entire survey area and year (Table 9}.

Results show that the main effects due to depth distribution and year
are alsc not statistically sigmificant,

Although a cursery inspection of PACIFIC OCEAN PERCH
the estimated CPUE values appear 1880 . )

quite different by depth, the pgd e o 3%
larye variances associated with 1
the estimates and the small survey 124
sample sizes mask the ability to
detect statistically significant
differences between depth stratum
effects and the main effect due to 1
year, 1

Total survey area

1983 7 Maan length = 30.2

Size and age compositien. The

size and age structure of the
AMeutian Islands POP stock is exam-
ined using figures presenting the
size and age composition weighted
by relative population density
resulting from the 1930 and 1983 B
surveys [Fig., 2). For POP, size
composition is also presented by
subarea and deptn for both survey
years (Figs, 3, 4). dOnly age
structures from POP collected
during the 1983 survey have been

Parcent

O Ty 15 1922 25 20 31 34 37 45 4148
Length {em)

Figure 2,--Fatimated @lze conposirvion of Facafic ocean
pecch Erom the 1980 and 1981 cooparative
N.Zu~Japas Almutian I8LlAndR BUTVEYE.
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analyzed and are available for this repaort. The comparison of size
compositton of POP for the total survey area hetween years shows a
decrease in mean length from 32.4 c¢m in 1980 to 30.2 cm in 1983 (Fig.
2). The dominant length mode of 33-35 cm contributed over 30% of the
total stock in 1980 acompanied by a notable recruitment of smaller
22-26 ¢m perch, By 1983 these small perch believed to be the 1976 year
class as shown by the 1983 aye composition {Fig. 5}, grew tc occupy the
dominant length mede of the stock {27-30 ¢m} comprising nearly 30% of
the stock available to the demersal traw!, Only a trace amount of
smaller fish (16-20 cm) were encountered in 1983, an indication that
the 1976 year class is strong relative to the later year classes.

Survey results from both years indicate that the size structure of POP
is different between the north and south side of the Aleutian Islands
(Figs. 3, 4). The size composition of the southwest and southeast
subareas contained mostly POP from the 13976 year class, resulting in
smaller dominant mede lengths and mean lengths,

This was particularly noticeable in 1980, where the dominant length
mode (33-35 cm) of larger fish was encountered in the nerthwest and
northeast subareas, but was a less important component of the size
composition of the south side of the Aleutian chain. The largest size
POP were found in the Bowers Ridge subarea during the 1933 survey.

The distribution of size composition by depth shows POP are encountered
in larger size with increasing depth, similar to many shelf and slope
species. Without exception, mean lengths were larger in the 301-500 m
depth interval than in the 101-200 m depth interval for all subareas in
both survey years, Recruitment processes occurred in the 101-200 m
depth interval throughout the 1980 survey but were only found to
develop in shallow waters of the northeast subarea, and to a lesser
extent the seutheast and southwest subareas, in 1983.

Age data for Pacific ocean perch PACIEIC OCEAN PERCH
from NMFS resource assessment
surveys are available from otolith
readings, A sample of 1,519 Sexes
otoliths from the 1983 Aleutian combined
Islands survey were processed by

the NWAFC age determination unit

Total survay area

using the break-and-burn technique. 8 Maan age = 13.7
The resulting age-length key was 16 — e 722 %
applied to POP size composition 14

data from the total survey area in 12

1983 to calculate age composition
{sexes combined), Figure 5 shows
the estimated age composition of
POP from the 1983 Aleutian Islands
survey.

Percent

Pacific ocean perch ranged from W 20 3 40 50 E0 7O B0 80 100
age 1 to 98, with the dominant Age (years)

mode at age 7., Age 7 POP are the

1976 year class which comprised R

26% of the estimated POP stock in Tl ’-";':‘E:’,'l,:ﬁ‘:_"{j,ﬁi:'&;{é:;:_ggﬁ’:,;m::fﬁ‘;
1983 and had an average 1gngth at 2 i hacin oA Japa

aye of 26.3 cm. Considering this

o
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and examining the size composition of POP in 1983 (Fig. 4}, it appears
age 7 POP were abundant throughout the survey area (except at Bowers
Ridge}, particularly at depths below 100 m,

Shortraker rockfish.

Distribution and abundance. Shortraker rockfish exhibit a widespread
distribution throughout the Aleutian Islands and were encountered in
all geographical subareas both survey ysars (Tables 4-7), but were
found in much less dense concentrations than POP. The Bowers Ridye
subarea produced the lowest average CPUE for shortraker rockfish both
years. Similar to POP CPUE estimates, the largest variation in
estimates between survey years for shortraker rockfish cccurred in the
southern Bering Sea subarea, an indication of further sampling problems
{Table 8). By depth, shortraker rockfish were primarily distributed
between 301 and 500 m and were commonly caught with POP and rougheye
rockfish, Shortraker rockfish were found to decrease in abundance at
depths Yess than 300 m, and also at depths yreater than 500 m,

Size composition, The estimated
size composition for shortraker
rockfish captured throughout the
survey area in 1980 and 1983 are
presented ip Figure 6. A broad
length range was encountered Hoth
survey years with the mean length
increasing from 41.4 cm in 1980 to
44,4 ¢m in 1983, The 1980 lenyth
composition was broadly unimedal
with a nearly normal distribution
of lengths about the mode at 37-46
cm. The increase in mean lenyth
in 1983 primarily resulted from an
increase in shortraker rockfish
larger than 65 cm as the length 1983
distribution broadened with modes 1
at around 35 and S1 cm, The dom-
inant length mode ranging from 33
to 39 cm in 1983 suggests some
recruitment of smaller shortraker
rockfish did occur after 1980.

SHORTRAKER ROCKFISH
Total survey area

1980 3

Mean fengthi 414

Percent

Mean length — 44,9

Percent

Rougheye rockfish.

L
i
.MMH|

o v | AR
10 20 30 40 50 60 70 &0 90

Distributian ang abundance,
Rougheye rockfish occured through-
out the Aleutian Islands and were

Length {cm)

captured in al} geographical
subareas both survey years {(Tables
4-7). Average CPUE values suggest
that rougheye rockfish occur in
much less dense concentrations than

Plgurs R.-~Estimated alze c~mporitlon of shortraker
rockfirh From the 1080 And 1981 CoDperarive
U.5.-Japan Aleutian Islande surveya.

POP but are found in densities similar to shortraker, northerp, and

shortspine thornyhead reckfish. As

with POP and shortraker rockfish

estimates, the southern Bering Sea subarea produced the most variable

results between survey years,
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Rougheye rockfish were found to be ROUGHEYE ROCKFISH
distributed throughout all depths

sampled both years with highest Total survey area

concentrations encountered im the 1980 '8 Mean tength = 36.%
301-500 m depth interval where 167
they are commonly cauyht with POP 147

and shortraker rockfish. The sur- 1
vey estimate for rougheye rockfish 101
in the Bowers Ridge subarea in 8]
1983 (Taple 8} shows unusually ]
hiyh confidence intervals about +
the biomass estimate, indicating
severe sampling problems or a low
level of density for rougheye rock-

fish in this subarea. 1983 k]

127

Pergent,

2
4

] Muan length = 40.0

Size composition. Survey results %
indicate the size structure of 1
rougheye rockfish changad in the
survey area between 1980 and 1983
{Fig. 7). Mean fish lengths
increased from 36.9 cm in 1980 to
40,0 cm in 1983 as the features of
the length distribution changed
from broadly bimodal in 19803 (32
cm, 42 cm) to a more restricted
unimodal distribution around 40.0 Length (om|

cm in 1983. The broad range of . . "

. . Figure 7, —Fatlmated size composition of cougheye
partially recruited rougheye rock- cockEish £rom the 1980 And 1983 cooparative
fish less than 40.0 cm in length #e5v-Japan Rleatian Inlands swcvers.
in 1980 appear fully recruited to the demersal trawl in 1983 contri-
buting to the steepness of the dominant mode.

Parcent
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Northern rockfish.

Distribution and abundance. Northern rockfish are generally well
distributed throughout the Continental Shelf and upper slope af the
Aleutian Islands and are commonly encountered with POP {Tables 4-7},
Preferring shallow waters of the Continental Spelf, highest densities
of northern rockfish were found in waters less than 300 m deep., They
were encountered in much lower densities in slope waters deeper than
300 m, and were absent in catches from depths greater than 5C0 m.
Northern rockfish were not found at Bowers Ridge in 1980 and their
presence in the 1983 survey at Bowers Ridge produced the highest
variance by subarea of the dominant rockfish species from both surveys
{Table 8}, Since Bowers Ridge includes only depths greater than 1C0 m
and was not allocated a dense sampling coverage {Table 3), the surveys
did not adequately sample for northern rockfish in this subarea.

size composition. The mean length of northern rockfish decreased from
32.2 cm in T80 to 28.6 ¢cm in 1983 as the size composition changed from

being skewed toward larger fish in 1980 to smaller fish in 1983 (Fig.
8). Survey results indicate that some measure of recruitment to
demersal trawl sampling did occur for northern reckfish after 198C as
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NORTHERN ROCKFISH fish in the length category less

Total survey arsa than 26 cm became a more important
component of the size structure of
1980 223 Meso length = 32.7 the stock in 1983 campared to the
fa; size composition from the previous
161 survey,
= 14]
3 2] Shortspine thornyhead,
A ey
8 Distribution and abundance.
o Shortspine thornyhead were found on
27 the Continental Shelf and slepe in
ol all subareas surveyed in 1980 and
1983 {Tables 4-7). Highest
1983 227 aan longth = 205 densities were found to occur in the
western Aleutian subareas and Bowers
18 Ridge with decreasing densities

encountered in the eastern Aleutian

E s Islands. Survey results indicate a
L broad depth range throughout the
& e Aleutian Islands with highest
5 densities occurring at depths deeper
4 than 300 m. Shortspine thornyhead
: usually are present in catches
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Fishery Conservation and Managemenit Act {1976}, several pilet rockfish
surveys were fnitiated to study the ability of trawl surveys to definpe
and effectively sample shelf and slope rockfish resources (Gunderson
and Nelscn 1977). These surveys occurred in Monterey Bay, California
and Queen Charlotte Sound, British Columbia and provided estimates of
average CPUE and biomass. The resulting estimates showed very large
variances for bank reckfish (Sebastes rufus} (Monterey Bay), and for
canary rockfish (S. pinniger) and redstripe rockfish (5. proriger)
{Queen Charlotte Sound}. As in other trawl surveys {Grosslein 1969),
variances associated with biomass estimates for many flatfish and
roundfish species were reasonable (less than + 50% of the mean}, but
because of the prominent dense schooling behavior of most rockfish
species, the precision involved in providing their abundance estimates
is often poor.

This problem was taken into consideration when allocating sampling
effort for the large-scale 1977 west coast whiting ard rockfish trawl
survey {Gunderson and Sample 1980) by scheduling more sampling in areas
containing known rockfish populations as indicated from commercial
rockfish landings. The survey was repeated in 1980 and 1983 with
further use of commercial fishery catch data of canary rockfish and
yellowtail rockfish (§. flavidus) to modify the allocation of survey
effort {Weinbery et al, 1984),

Because of the high variability of rockfish bottom trawl survey
estimates, the 3 years of west coast survey data were analyzed to
determine if demersal trawl surveys could detect real interannual
changes in rockfish population abundance (Knechtel 1986), Xnechtel
used a statistical test based on a method developed by Rubin (Rubin
1982) to estimate the probability of traw! surveys to detect specified
interannual changes of canary rockfish population abundance using Monte
Carlo simulations of 400 replicate sets of surveys. His results
indicate that with a survey sample size of 500 stations allocated using
a4 Neyman allocation the probability of detecting canary rockfish
population changes that differ by a factor of 2 between survey years is
only 56=-60% and for a total sample size of 1,000 stations with the same
allocation method the probability increases moderately to 82-86%., The
method of survey station allocation was alse found to be an important
aspect of survey quality with the optimum allocation formula or Neyman
allocation {using CPUE variance information from previous surveys)
performing significantly better in simulations at detecting large
population changes.

In the case of the Aleutian Islands surveys, the objective in 1980 was
to perform an initial groundfish survey using a broad geographic and
bathymetric sampling plan which was modified in 1983 to reduce the
variances of the abundance estimates of the five most abundant species
encountered in 1980. Although POP were amonyg the five most abundant
species in 1980, the 1983 survey allocation was also influenced by
various roundfish species distributions (pollock, Theragra chalcogramma,
Pacific cod, Gadus macrocephaius; sablefish, Anoplopoma fimbria; Atka
mackerel, Pleurogrammus monopteryyius) and was nol designed to provide
the gptimum sampling allocation to produce the most precise rockfish
bjomass and density estimates.
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Similar to the results of other bottom trawl surveys for rockfish, the
1980 and 1983 Aleutian Islands survey results show high variances for
rockfish biomass estimates {Table 8), This is primarily due to the
contagious spatial distribution characterized by most rockfish species
resulting in their nonuniform distribution over the fishing grounds and
also because of the general untrawlability of their habitat, This is
reflected in the distribution of catch rates for POP from the SUrveys
(Fig. 10) where results indicate that large catches of POP are uncommon
events with POP frequently absent from the catch or only encountered in
small amounts. These uncomnon o rare catches can increase CPUE and
biomass estimates and their variability within survey subareas and
shouid be viewed with caution in consideration of the high variability
of the estimates, the small survey sample sizes, and the multispecies
altocation of survey effart.
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An effective evalyuation of trawl survey results and Timitations to the
data must alsoe include a discussion of the factors which affect the
accuracy and precision of bottom trawl surveys. Since this subject has
been described in detail in other papers (Wakabayashi and Bakkala 1985
West 1985), only factors of interest pertinent to the 1980 and 1983
Mleutian Islands surveys will be discussed here,

In order to obtain valid estimates of density and abundance from
demersal traw! surveys, certain assumptions concerning trawling and
fish behavior must be met, The species of interest must be available,
vulnerable, and selected by the trawl, and the sampling gear must
sample the total geographic and bathymetric range inhabited by the
spacies. The 1980 and 1983 cooperative U.S,-Japan Aleutian Islands
surveys were constrained by money available for sampling, manpower to
effectively staff research cruises, the avallability of suitable
fishing vessels and knowledgeable trawl masters at the time of charter,
and seasonal weather conditions throughout the Aleutian Archipelago,
all of which may severely limit sampling time and reduce sample sizes,
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Because of the time and money constraints, survey effort may have been
inadequate to effectively sample rockfish such as shertspine thornyhead
since their total depth range may lie outside the 1-900 m depth range
sampled. Rockfish movements in and out and within the survey area, the
complete lack of winter sampling, diurnal fish behavior, and rockfish
habitat unavailable to bottom trawling also Timit the effectiveness of
demersal trawl survey results. Also, without the participation of the
large Japanese vessels and their commercial trawls, the Aleutian
Islands rockfish rescurce would not have been adequately sampled.

8oth Japanese vessels employed a large, wide conmercial flatfish trawl
with a relatively smali vertical opening compared to overall net size,
whereas the U.S. vessels used the high opening, four-panel Noreastern
rockfish trawl. In both cases, rockfish concentrations encounterad in
the survey area which school in a highly vertical fashion would not be
completely sampled by a demersal trawl. Interestingly, for four of the
five dominant rockfish species encountered, the Japanese flatfish trawl
was more efficient, (The U,.5. Noreastern trawl was only more efficient
for rougheye rockfish).

These differences in trawl efficiency may be a reflection of the
varying sampling distributions between the U.S. vessels and the
Japanese vessels. Japanese research vessels conducting cooperative
research within the fishery conservation zone of the United States are
prohibited from operating within 3 miles of the coast. Consequently,
the JFA-chartered trawlers were allocated a larger portion of deeper
sampling stations than the U,S, vessels during both survey years which
provided better coverage of the depth distribution of most shelf and
slope rockfish species. Other physical characteristics of the larger,
heavier Japanese flatfish trawl and the amount of available horsepower
may have better enabled the gear to maintain correct fishing posture in
areas of strong tidal curents or steep bottom contours (characteristic
of the Aleutian Islands).

Two very different estimates of POP biomass resulted from the southern
Bering Sea subarea in 1980 and 1983, both with very high variances
{Table 8). The sampling error of POF was highest in this subarea
during both survey years although it decreased in 1983 to nearly half
of the 1980 value. The large POP bDiomass estimate in 1983 and its
accompanying wide confidence interval for this subarea indicate some
sampling problems., The large 1983 estimate resulted from two large
catches of POP from the Daito Maru Ne. 38, while the remainder of the
sampling stations produced either an absence of or trace amounts of
POP. This catch pattern 1s typlcal of survey results cbtained from
sampling rockfish concentrations with demersal trawls. Increased
sampling is scheduled for the southern Bering Sea subarea in 1986.

The sampling error of the biomass estimates for the total survey area
increased between 1980 and 1983 for Pacific ocean perch, shortraker
rockfish, and rougheye rockfish, and decreased for northern rockfish
and shortspine thornyhead. Generally, the decreases in sampling error
were large while the three species which broadened their confidence
intervals did so only moderately.
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Comparing abundance and
productivity estimates of Pacific
ocean perch in waters

off the United States

Daniel H. Ito
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Seattle, Washington

Introduction

The Pacific ocean perch (Sebastes alutus) resource in waters off the
United States has historicCally been divided into four broad stocks/
regions for management purposes: eastern Bering Sea, Aleutian Islands,
Gulf of Alaska, and West Coast. Through the years, these populations
have been assessed using a wide variety of stock assessment techniques.
These techniques, however, have usually been applied only to one parti-
cular region at any given time. This piecemeal approach has made it
difficult to obtain a clear overall picture of abundance and producti-
vity. This paper examines, in very general terms, the major types of
stock assessment methods that have been used to monitor Pacific ocean
perch. More specifically, simpie comparisons are made of the abundance
and productivity estimates of Pacific ocean perch among the four major
geographic regions in U.S. waters.

Distribution and Regfons Involved

Pacific ocean perch are widely distributed throughout the North Pacific
Ocean and Bering Sea. Along the North American coast, this species can
be found frem La Jolla, California to the western boundary of the
Aleutian Archipelago and along the continental slope of the eastern
Bering Sea. Along the Asiatic coast, small catches have been recorded
from Cape Navarin to as far south as the Kuril Islands. Throughout its
geographic range, this species is generally associated with gravel,
rocky, or boulder type substrate found in and along guilies, canyons,
and submarine depressions of the upper continental slope.
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For comparative purposes, the Pacific ocean perch resource in waters
of f the United States was divided into four broad regions: eastern
Bering Sea, Aleutian Islands, Gulf of Alaska, and West Coast (Fig. 1).
These regions correspond with the broad management areas employed by
the regional fishery management councils. The North Pacific Fishery
Management Council, charged with the management of Alaska's offshare
fisheries, views the Pacific ocean perch rescurce in the eastern Bering
Sea, Aleutian Islands, and Gulf of Alaska regions as separate stocks.
The Pacific Fishery Management Counci) manages Pacific ocean perch as
two discrete stocks within the West Coast region.

Catch History

In a1l regions, Pacific ocean perch were the target of an ntense
fishery during the 19605 and early 1970s, primarily by Japanese and
Soviet distant-water fishing vessels. Both nations employed trawlers
of varying sizes and designs as their primary method of harvest. Many
of the smaller vessels functioned as catcher boats for large
motnerships, while the larger trawlers generally operated independently
by processing and freezing their own catch. Alse, the use of support
vessels (hospital ships, refrigerator and personnel transports, etc.)
permitted the fishing fleets to operate at sea for extended perfods of
time. Although Japan and the Sovigt Uaion were the primary exploiters
of this resource throughout the 1960s and 19705, relatively minor
catches were also taken by other nations such as Poland, the Republic
of Korea, Taiwan, Canada, and the U.S.
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Figure 1.-=The four regions used for comparing abundance and producti-
vity estimates of Pacific ccean perch in U.S. waters.
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As depicted in Figure 2, growth of the Pacific ocean perch fishery was
rapid. By 1965, total removals (a1 regfons combined) mushroomed to
over 453,000 metric tons (t), but soon declined almost as rapidly as
they had increased. In 1984 total catches were but a small fraction of
the 1965 peak catch. The pie diagram in Figure 2 shows the maximum
recorded catches by region, providing an indication of the relative
productivity of Pacific ocean perch in U.S. waters. The Gulf of Alaska
appears to be the most productive region, followed in descending order
by the Aleutian Islands, eastern Bering Sea, and West Coast regions.

Stock Assessments

The condition of the Pacific ocean perch resource has been monitored
periodically with a variety of stock assessment techniques. The more
common approaches have included catch per unit effort analysis, trawl
surveys, cohort-type analyses, and more recently, stock reduction
analysis. Each method has fts own inherent advantages, disadvantages,
and biases associated with 1ts use. Depending on the characteristics
of the fishery and the way the fishery statistics have been measured,
one method may be subject to more ervor than another. Therefore, it is
prudent to examine stock changes by more than one method.
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Figure 2.--Catch trends of Pacific ocean perch by region, 1960-84.
Inset: Maximum recorded catch of Pacific ocean perch by
region.
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The Northwest and Ataska Fisheries Center (NWAFC) and others have
conducted numerpus assessments of Pacific ocean perch in waters off the
United States. Each assessment has varied in its methodology and
complexity. Some of these assessments have been very detailed and
involved, requiring a thorough understamding of population dynamics to
fully comprehend the assessments. It is beyond the scope of this
paper, however, to describe in detail the methodology and results of
each and every stock assessment. Rather, this report will summarize,
in a very general manner, the major types of stock assessment methods
that have been used and then discuss significant results of selected
assessments.

Catch per unit effort (CPUE} analysis

Assessments of Pacific ocean perch have frequently been based on
changes in catch per unit of effort (CPUE} in the commercial trawl
fisheries. Commercial catch and effort statistics supplied by Japan
have been the primary data source for most CPUE-type analyses of
Alaskan stocks {e.g., Balsiger et al., 1985; Chikuni 1975; Ito 1986},
On the other hand, CPUE assessments of West Coast stocks {e.qg.,
Hestrheim et al. 1972; Gunderson 1977) have relfed mainly on catch and
effort data from Canadian and U.S. trawlers. The majority of these
assessments have indicated sharp declines in abundance throughout the
19605 and 19705, during the period when Pacific ocean perch was a
primary target species by distant-water fishing fleets.

In recent years, however, commercial CPUE data have become increasingly
difficult to interpret as an index of stock abundance. Errors associ-
ated with CPUE-type assessments have been related primarily to the
estimation of effective fishing effort, Standardizing and partitioning
total trawl effort into effort directed solely toward Pacific ocean
perch has been difficult, due to the multi-species and multi-gear
nature of the trawl fishery. Moreover, quota restrictions, effort
shifts to different target species, and rapid improvements in fishing
technology and fishing skill have corfounded the analysis of CPUE data.
These factors must be comsidered if CPUE is to reflect changes in stock
abundance accurately.

Traw] surveys

Commercial fishery statistics are not the only data available for
assessing the status of the Pacific ocean perch resource; data collect-
ed by research surveys have been used to provide fishery-independent
assessments of the abundance, distribution, and biclogical characteris-
tics of Pacific ocean perch. Recent trawl surveys conducted by the
NWAFC provide exploftable biomass estimates of the major Pacific ocean
perch stocks in U.S, waters,

Surveys conducted in Alaskan waters have mainly been based on coopera-
tive efforts between the NWAFC and the Fisheries Agency of Japan. In
the eastern 8ering Sea region, cooperative trawl surveys were conducted
in 1979, 1981, 1982, and 1985. These surveys produced a mean biomass
estimate of approximately 20,000 t (Ito 1986)}. Similar surveys in the
Aleutian Islands region in 1980 and 1983, produced a mean biomass
estimate of about 113,900 t {Ito 1986}. For the Gulf of Alaska region,
the 1984 U.S.-Japan cooperative trawl survey estimated explpitable
biomass at around 334,900 t (Carlscn et al. 1986). Trawl surveys were
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a150 conducted in 1979 and 1985 to estimate the biomass of Pacific
ocean perch within the West Coast region. 7The mean exploitable biomass
in this region was estimated at roughly 13,400 t (Ito et al. 1986]).

Trawl survey estimates of Pacific ocean perch biomass are usually
characterized by large variances. [In some fnstances the 95% confidence
intervals have encompassed plus or minus 100% of the point estimate.
Such large variances are probably due to the highly contagious distri-
bution of this resource. Other factors such as inadequate sampling,
inappropriate sampling gear, and fish behavior may also contribute to
the wide confidence intervals about the paint estimates.

Furthermere, trawl surveys probably underestimate the true population
size of Pacific ocean perch. As pointed out by Bakkala et al. [1985),
this species 1s known to occupy the water cclumn above that sampled by
most bottom trawls and also is known to inhabit areas of rough bottom
which are usually avoided during surveys to prevent damage to the
trawls. Unfortunately, that portion of the population unavailable to
the trawl gear cannot be determined at this time.

Cohort-type analyses

Cohort-type analyses provide an alternative to commercial CPUE and
trawl survey stock assessments. These techniques have been developed
to circumvent the need for reliable effort statistics and to provide
abundance estimates in terms of absolute values rather than as an
index. Abundance estimates are presented in terms of historical popu-
Tation numbers and biomass at age. Age-specific rates of instantaneous
fishing mortality are estimated as well. Conducting this type of an
assesswent requires historical catch-at-age data, an estimate of
natural mortality, and an estimate of fishing mortality for each year
class.

Gunderson (1979, 1981} was the first to apply cohort amalysis to
Pacific ocean perch populations. His assessment covered the major
stocks within the West Coast region. Ite (1982} and Balsiger et al.
(1985) also employed cohort analysis technigues to assess the status of
the Pacific ocean perch resource in Alaskan waters. The results of all
thase assessments Indicated that Pacific ocean perch stocks underwent
precipitous declines {n abundance during the period of heavy foreign
exploitation.

A major problem with these cohort analysis assessments of Pacific ocean
perch 1s that the age data used, derived from surface readings of
scales and otoliths, are now thought to be incorrect. Ages derived by
the relatively new "break and burn® technique of reading otoliths
indicate wmuch higher ages than previously thought (Beamish 1979;
Chilton and Beamish 1982). Ages in excess of B0 years have been
recorded for some specimens. Such longevity generally corresponds with
natural mortality estimates much lower than those used in the previous
cohort analyses (Archibald et al. 1981; Hoenig 1983; Shaw and Archibald
1981}. A lower natural mortality would have the effect of decreasing
the cohort analysis abundance estimates.
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Stock reduction analysis

Stock reduction analysfs (SRA) 1s a relatively new stock assessment
method (Kimura and Tagart 1982; Kimura et al. 1984; Kimura 1985).
Essentially, SRA is a solution to the set of catch equations that does
not require age composition data; it is also flexible and it has the
ability to incorporate different sources of information and examine
then for consistency. Furthermore, SRA does not require effort data, a
requisite in CPUE-type analyses. This method provides much useful
assessment information, including estimates of instantaneoys rates of
fishing mortality, historical biomass, and maximum sustainable yield
{MsY).

Balsiger et al. {1985} employed SRA techniques to assess the Pacific
ocean perch resource in Alaskan waters; Ito et al. {1986) conducted a
similar assessment of Pacific ocean perch populations of the West Coast
region. According to these studies, the Gulf of Alaska contained the
largest biomass of any region prior to the onset of exploitation.
¥irgin biomass in this region was estimated at about 1,450,000 t. In
the Aleutian Islands and eastern Bering Sea regions, the estimates of
virgin biomass amounted to about 560,000 t and 240,000 t, respectively.
And in the West Coast region, virgin biomass totaled approximately
144,000 t,

Productivity, in terms of maximum sustainable yield, was alse estimated
by the SRA assessments. A range of MSY values was calculated for each
region based on a variety of SRA model parameters. Employing a con-
stant recruitment condition in the SRA model, MSY was estimated at
30,849 t for the Gulf of Alaska region; 11,865 t for the Aleutian
Islands region; and 4,984 t for the eastern Bering Sea region. The
estimate of MSY for the West Coast region amounted to 2,805 t. These
estimates are thought to be fairly optimistic.

Abundance and Productivity Comparisons

As previously mentioned, histerical catches by region (Fig. 2) provide
an indication of the relative size and productivity of the Pacific
ocean perch resource. Based on maximum recorded catches, the Gulf of
Alaska appears to be the most productive region. This is not
surprising as this region 13 the largest n terms of total area and
suitable rockfish habitat. The Aleutian Islands is apparently the next
most productive Pacific ocean perch region, followed by the eastern
Bering Sea region and lastly by the West Coast region.

Although the catch statistics provide an indication of the relative
stock size and productivity by regfon, they do not provide direct
estimates of absolute abundance. Assessments based on cohort-type
analyses, trawl surveys, and SRA express stock changes in terms of
dbsolute values, thus permitting direct comparisons on a regional and
annual basis. In this report, however, the results of the cohort-type
analyses will not be used for comparative purposes. The abundance
estimates from cohort analyses may not be indicative of the true
abundance of Pacific ocean perch, as most of the historical age data
used in these assessments are now thought to be Tncorrect.
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Pacific ocean perch populations in waters off the United States
apparently underwent sizeable reductions in biomass after the onset of
exploitation (F1g. 3). Based on SRA assessments, virgin biomass for
all U.5. stocks totaled 2,394,000 t. Recent trawl surveys (refer to
the stock assessments section for the specific survey years used)
indicate that total biomass has now dropped to a level of about 482,200
t, a reduction of approximately 80% from virgin levels. Throughout
this decline, the Gulf of Alaska has remained the dominant region in
terms of Pacific ocean perch biomass, followed in descending order by
the Aleutian Islands, eastern Bering Sea, and West Coast regions.

There apparently has been a shift in the percentage composition of
total biomass by region (Fig. 3). The eastern Bering 5ea and West
Coast regions comprised 10.0% and 6.0% of the total virgin biomass in
U.5. waters, respectively. Results from recent trawl surveys, however,
indicate that both regions now account for a much smaller portien of
the total biomass -- 4.1% in the eastern Bering Sea region and 2.8% in
the West Coast region. The Gulf of Alaska region, on the other hand,
has increased its share of the total biomass. The Gulf region
accounted for 60.6% of the total virgin biomass; now it accounts for
63.5% of the total biomass based on estimates from recent trawl
surveys. The Aleutian Islands region has remained fairly constant in
teyms of its share of the total biomass.

Chikuni (1975} provided a rigorous assessment of Pacific ocean perch
stocks of the Morth Pacific Ocean and Bering Sea regions. Based on a
yield per recruit type of analysis, he estimated MSY for each stock as
follows: Gulf of Alaska, 150,000 t; Aleutian Islands, 75,000 t; eastern
Bering Sea, 32,000 t; and West Coast (which includes Canadian waters}),
33,000 t. Clearly, sustained exploitation at these levels was not
possible (Fig. 2}. The Gulf of Alaska and Mleutian Islands regions
have produced catches in excess of Chikuni's MSY estimates only three
times. Similarly, the MSY estimates for both the eastern Bering Sea
and West Coast regfons have been exceeded only once during the 25 year
period from 1960 to 1984,

More recent estimates of productivity from stock reduction anmalysis
techniques indicate that MSY levels are much lower than those estimated
by Chikuni (1975) (Fig. 4). [In fact, on a regional basis, the SRA
estimates of MSY are between 79% and 92% lower than those of Chikuni.
For all regions combined, the SRA estimates of MSY totaled 50,503 t.
This estimate is about a 82% lower than Chikuni's coastwide MSY
estimate of 290,000 ¢,

Summary and Conclusions

The principal objective of this study was to conduct simple comparisons
of abundance and productivity estimates of Pacific ocean perch among
four major geographic regions in U.5. waters. First, commercial
landings were presented which gave an indication of the relative size
and productivity of Pacific ocean perch populations by region. MNext,
estimates of absolute abundance and productivity were provided. Most
of the estimates that were used for comparative purposes were based on
assessments conducted by the NWAFC. This study concluded that the Gulf
of Alaska has been and continues to be the dominant region in terms of
Pacific ocean perch abundance, followed in descending order by the
Aleutian Islands, eastern Bering Sea, and West Coast reglons.
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It is also apparent that Paciffc ocean perch productivity s much lower
than previously thought. Recent SRA assessments indicate that MSY may
be 80% to 90% Tower than previously published estimates (i.e., Chikuni
1975}. This is not entirely surprising as new informatfon on the
biology and population dynamics of Pacific ocean perch have emerged
since Chikuni estimated M5Y., Chikuni estimated that Pacific ocean
perch 1ived nc more than 25 years and that instantaneous natural
mortality ranged between 0.19 and 0.42. More recent infermation,
however, suggest that Pacific ocean perch may attain ages in excess of
80 years and that instantaneous matural mortality is probably 0.05 or
Tower.

Evidently, with such Jong 1ife spans and Tow rates of natural
mortality, Pacific ocean perch are unable to cope with large removals
from their populations. This species is also very slow growing and
lacks the resilience of highly fecund groups such as the gadoids.
Furthermore, ecelogical factors may have played a role in keeping the
stocks at depressed levels. As the Pacific ocean perch populations
declined due to excessive removals, its ecological niche may have been
replaced by faster growing, highly fecund species, further reducing the
reproductive potential of the Pacific ocean perch populatiens.
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Introduction

The inshore rockfish fishery in British Columbia occurs
predominantly in major area 4B, the Strait of Georgia and adjacent
inside waters of Vancouver Island {(Fig. 1). Most of the vessels use
handline/troll or langline gear. {(lLandirgs by handlina and troll
gears are not distinguished in the sales-slip records). The fishery
in its present form began to expand about 1977, At that time a
market developed for Tive rockfish to supply restaurants and retail
outtets, primarily in Yancouver's Chinatown. By 1984, annual
landings in area 48 had increased by 5 times in weight, and by 15
times in value, relative to 1975 (Table 1)}. Here we describe the
comnercial fishery and present an overview of landing trends and
fleet dynamics.

Species, Size and Age

Met hods

We began to sample landed catch from the handline fishery 1n 1984
{Cass et al, 1986). Most fish are sold live, and as it was
necessary to kill fish for sampling, we were forced to purchase our
samples from local fish buyers. Fishermen generaily stock-pile
their catch in a submerged pen, until enough fish are accumulated to
comprise a saleable quantity. Landings are then trucked by a fish
buyer to Yancouver or to other local markets. As we were unable to
locate fishermen who stock-pile their catch individually, samples
included the catch from two or more vessels. Hence, we could not
differentiate between gear types, specific locality or depth fished
in pur samples,
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Tanded,

Results

Based on eight samples of the commercial catch to date (over 2000
fish), quillback rockfish {(Sebastes maliger) is the major species
and accounts for about B88% (by number) of the fish landed. Copper
rockfish (S. caurinus) accounts fer about 11%, Minor amounts (<1%)
of yelloweye Tockfish (S. ruberrimus), yellowtail rockfish (S.
flavidus) and kelp greenling {Hexagrammos decagrammus) are also

BRITISH

COLUMBIA

Fig. 1. Location of area 4B, between Yamcouver Island and mainland
British Columbia.

300



Table 1, Tota) landin?s {t}, landed value {000's 1981 §)}, 20%
qualified handline/trotl LPu¢ (kg/day fished) and the percentage of
total landings that were included by qualified handline/troll
landings for the area 48 rockfish fishery for 1367-1984,

Year Landings Qual. LPUE b4
(t} ?S) (kgsd} land.
1967 91 21 25,2 k"]
1968 112 25 24,2 33
1969 118 52 36.8 44
1970 142 57 33.8 33
1971 117 53 32,7 3
1972 128 b6 31.6 3
1973 131 55 31,6 24
1974 82 50 34,8 33
1975 7 46 33,1 3
1976 89 63 29.3 37
1977 191 158 43,9 48
1978 232 223 42.5 44
1979 320 us5 41.0 44
1980 241 264 31.0 42
1981 278 389 45.4 52
1982 335 546 48,9 72
1983 331 610 43,5 9
1984 392 705 41.1 77

Size and species composition of the landed catch depend on depth of
fishing. Quillback rockfish and yelloweye rockfish are found
predominantly below 40 m and copper rockfish and kelp greenling
predominantly above 40 m (Richards and Cass 1985, Richards et al.
1985), The median size of quillback rockfish and yelloweye rockfish
tends to increase with depth (Richards 1986},

Fishermen reported, in a small questionnaire survey {n«7), that they
prefer rockfish of about 0.7 kg (1,5 1b} in weight, and that they
discard fish of less than about 0.2 to 0.% kg. The average weight
of quillback and copper rockfish in our commercial samples generally
reflects these preferances (Table 2}, Quillback rockfish in the
samples were larger on average than copper rockfish. For both
specfes, females were heavier than males,

To date, two of our samples have been aged from otoliths, by the
break and burn method {Chilton and Beamish 1982}, Ages in the
samples ranged from 4 - 55 yr for quillback rockfish and from 3 - 3%
yr for copper rockfish (Fig. 2). Copper rockfish appear to have a
faster growth rate, mature earlier, and are caught at a younger
age, The mean age of copper rockfish in the samples was about 11 yr
compared to about 17 yr for quillback rockfish.
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Fig, 2. Age distributions and von Bertalanffy growth curves for male
and female quillback rockfish and copper rockfish sampled from the
area 4B handline/troll fishery between July 1984 and January 1986,

See Table 2 for sample sizes.
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Analyses of Landing Trends

Methods

The analyses that follow are based on the sales-slip data files
maintained by the Department of Fisherjes and Oceans, Statistics
Division, MWe had access to the data files for 1967-1984, and could
follow the success of individual vessels beginning in 1979, There
are several problems with the sales-slip data that could affect the
putcome of the analysis. The most severe problem 15 an unknown but
probably high rate of ncncompliance with the fishery regulation to
fi1l out sales-slips for these species. As there is no dock-side
interview coverage for this portion of the non-trawl fleet, the
landing records represent minimum estimates.

One landing was occasionally reported across twoe or more
sales-s1ips. In these cases we chose to use the maximum reported
effort for any landing by a vessel on a given day. Sales-slips were
omitted from the analysis if the effort was listed as zero. This
may have occurred if a landing was combined from twe or mare minor
statistical areas and all of the effort was assigned to one of the
dreas.

We initially selected all Tanding records for a vessel on a given
day if a rockfish landing was reported. Further analyses were
generally performed orn handline/troll landings, if rockfish
comprised more than a specified percentage by weight (qualification

Table 2, Length, weight, age, and length and age at 50% sexual
maturity for male and female quillback rockfish and copper rockfish
sampted from the handline/troll fishery between July 1984 and
January 1986, Sample size (N), mean, and standard error (SE) are
given with each value,

Males Females

N mean SE N mean SE
a) quillback rockfish
length {cm) 1216 33,1 0.1 1310 34,1 0.2
weight {kg) 1216 0.7 0,01 1308 0,87 0,01
age (yr) 2?1 15,5 0.6 259 18.2 0.6
50% maturity age 221 13 259 11
50% maturity length 1216 29.% 1310 28.1
b} copper rockfish
length {cm) 130 31,3 0,4 148 32,6 0.4
weight {kg) 130 90,57 0,02 148 0,67 0,03
age (yr) 6 10.0 0.5 moo12,1 0,7
50% maturity agel 107 6

50% maturity lengthl 107 250

Inale and female values combined
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Tevel) of the landing. We found little difference in the time trend
of LPUE (weight landed/days fished) using qualification levels of
20%, 40%, 60%, and 80%. The 20% qualification level was selected
for reporting LPUE, For yearly analyses by vessel, only vessels
that made three or more 20% qualified landings in that year were
Tncluded.

Landings and LPUE

Until the early 1970's, there was a small trawl fishery for rockfish
off the southwest coast of Vancouver Island. Annual trawl landings
of rockfish averaged 98 t during 1954-1970, Since 1970 however,
trawl landings have decreased to an annual average of 41 t.
Hand1ine/troll and longline landings of rockfish, which were
historically less than trawl landings, averaged 65 t apnually during
1954-1976, By 1984, annval handline/troll and longline landings of
rockfish had increased to 343 t,

Rockfish landings by all gear types were relatively modest during
1967-1976 (73-142 t/yr), but then rose somewhat irregularly to a
peak of 392 t in 1984 (Table 1). During 1967-1976, hand1ine/troll
LPUEs ranged from 24.2 kg/d (1968) to 37.7 kg/d (1971}. During
1977-1984, the range was higher, from 41.0 kg/d {1978) to 48.9 kg/d
{1982), except for 31,0 kg/d in 1980, LPUE dropped after 1982 to
41.1 kg/d in 1984,

The fncrease in LPUE during 1977-1984 can be accounted for by
increased effort on rockfish as a target group. Previously, many of
the rockfish were landed as incidentals by salmon troll ard lingcod
handlfne vessels. Lingcod stocks in the Strait of Georgia in
particular have declined significantly in recent years %Cass 1985)
and several former lingcod fishermen have switched to rockfish,

This is shown in Table 1 by an increase in the proportion of total
landings fncluded by the 20% qualification level for handline/troll
gear.

There are several possible explanations for the decrease in LPUE
observed after 1982. The trend may simply be an artifact of poor
data quality, for example, We do not know how the incidence of
mis=reporting of sales-slips may have changed through time,
However, we have two types of evidence to support the hypothesis
that the decrease {approximately 15%) reflects a decrease in stock
size. The first is anecdotal. Sport and commercial fishermen and
fishery officers all report a decline in the size of reckfish
stocks, and some changes have occurred in the local areas fished as
a result. The second type of evidence is from our research
program. In our experiments, we found LPUT for quillback rockfish,
as measured by research angling, to be propaortionally related to
quillback density, as measured by visual observations from the
PISCES IV submersible (Richards and Schnute 1986}, Hence, a 15%
decrease in LPUE in our research fishing would indicate a 15%
decrease in stock size. Of course, the relatfonship between
commercial handline/troll LPUE and stock size is less clear, We
suspect that commercial LPUE 1s relatively insensitive to stock
abundance, except at tow stock levels.
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Fleet patterns

The number of vessels reporting three or more 20% handline/troil
landings of rockfish has decreased from 193 vessels in 1979 10 179
vessels in 1984 (Table 3). There is a high vessel turnover. Only
30-40% of the vessels remain in the fishery the year following their
entry,

Vessels tend to be consistent between years in their relative
success in the rockfish fishery. During 1979-1984, LPUEs for a
vessel were highly correlated {p<0,001) in successive years. In
addition, vessels that left the fishery after 1981, 1982 and 1983
had a significantly lower annual LPUE in their last year of fishing
than)did other vessels in that year [p<0,05, Wilcoxon two-sample
test).

Vessels in the fishery range from small speed boats to former salmon
trollers. Using 1983 as an example, median vessel length was 3.7 m
{range 3.9-15.1 m, n=140}, with modes in the vessel length
distribution near 4 m and 10 m, LPUE was significantly correlated
with vessel length {r=0.21, p=0.01}), although the correlation was
not high, As might be expected, the distribution of annual

ualified landings by vessel was highly skewed {Fig. 3). The tep 17
?12%, n=146) vessels accounted for 50% of the 1983 qualified
landings.

The fishery occurs throughout area 4B, although the largest
concentration of vessels is around Campbell River, minor statistical
area (MSA) 13 (Table 3), an area of high tidal flow, In 1984, 50%
of the rockfish handline vessels in the 5trait of Georgia reported
three or more qualified landings from MSA 13, MSA 13 alone
accounted for %1% of the 4B alt-gear rockfish landings in 1984,
More recently, the fishery has begun to move further north to more
exposed areas (e.g. MSA 12), perhaps associated with high
competition for dwindling Strait of Georgia rockfish stocks. Based

Table 3. The number of vessels fn the handline/trell fishery for
rockfish between 1979 and 1984, the percentage of new vessels in the
fishery in each year, the percentage of new vessels in one year that
remained in the fishery the following year, and the percentage of
vessels that fished in MSA 13, Only vessels that made three or more
20% qualified rockfish landings are included.

Year
79 80 81 8z 83 84
ne, vessels 193 159 156 176 146 179
% new - 61 59 53 40 37
% remained 32 30 37 35 45 -
% MSA 13 41 35 a0 45 63 50
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group includes all vessels that landed more than 5 t. Only wvessels
that made three or more qualified handline/troll landings of
rockfish are included.

on preliminary 1985 data, over 20 vessels reported three or more
qualified landings from MSA 12, an increase from 11 yvessels in 1984
and one vessel in 1983,

Future of the fishery

It appears that decreases in the size of rockfish stocks have
oceurred in the Strait of Georgia over the past few years, In
general, such decreases could be accounted for by either lack of
recruitment or by overfishing. However, as rockfish are long=lived
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and recruit to the fishery over several years, recruitment failure
is not a sufficient explanation for the observed decrease. The most
1ikely explanation for this decrease is overfishing. Fisheries on
long-lived species are often characterized by a period cof high
landings followed by a rapid decline in landings, associated with a
decline in stock size (Leaman and Beamish 1984}, This is the
pattern that was observed, for example, in the Queen Charlotte Sound
Pacific ocean perch (Sebastes alutus} fishery, and consequently,
long=-term (on the order of decades) rehabilitative measures became
necessary (Archibald et al. 1983},

At present, there are no restrictions on the commercial fishery for
rockfish in area 4B, We expect that rockfish stocks in the Strait
of Georgia will eventually be reduced to levels at which they can no
longer be econgmically fished, and that the fishery will then be
re=directed to more remote areas. The peint of economic extinction
is somewhat vague as price has been increasing steadily. To prevent
such a scenario, we have recommended a total allowable catch that is
based on historical landings from the handline/troll and longline
fishery, It is still uncertain what, if any, management acticn will
ha taken in the near future.

This analysis has been based on the commercial fishery only, as we
are lacking a time series of landings and effert for the sport
fishery. The sport fishery for rockfish has become an important
alternative to the salmon sport fishery (McElderry et al, 1988),
Approximately 85 t of rockfish were landed by the Strait of Georgia
sport fishery in 1984 (T, Shardlow and T. Hoyt, unpub. data). This
is over 20% of the landings by the commercial fishery, In 1986, an
8 fish/d bag 1imit on sport-caught rockfish was lmplemented
ceastwide. The limit is probably too high. It was originally
jmposed by management to control the landing and illegal sale of
commercial quantities of rockfish under a sport licence,
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Abstract

To cope with the management problems created by different
productivity levels of rockfish stocks fished in the same areas, we
analyzed commercial catch statistics to determine if there were
assemblages that could function as management units, In particular,
we wished to determine whether background variance af landings
afforded management opportunities at the vessel, seasonal or annual
level of aggregation. Cluster analysis of two years of landings
data, prier to any management measures, identified both seasonal and
annual assemblages but no consistency at the vessel level. For
example, the majority of the catch of shelf rockfishes off northern
Vancouver Island was caught as a consistent ratio of Sebastes
flavidus:S. brevispinis:S. pinniger, whereas two separate seasonal
ratios of §. alutus:S, reedi:3. proriger were identified off the
west Queen Charlotfe lslands. Such results suggested that yields of
several species could be optimized through assemblage management,
where singla-species management had resulted in either unfilled
quotas or over-exploitation of some species.

The assemblages identified were applied in the management of British
Columbia's commercial fishery for three years. We present the
results of this application and evaluate its success relative to the
former single-species management. We alsc examine the persistence
of the groups previously identified, during the assemblage
mznagement period, and indicate what consequences can result from
management imprecisien in achieving quotas for assemblages.

Introduction

The genus Sebastes {family Scorpaenidae} is the most speciose of the
demersal fish genera in the northeast Pacific Ocean, with over
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seventy known species (Chen 1986}, While all species are not
spatially coincident, any area may have 10-30 species present
throughout much of the year. Although these coincident spacies are
congeners, their biolegical characteristics may vary widely
{Archibald et al. 1981; Phillips 1964) and their equilibrium
population levels may differ oy tenfold or more (Leaman 1985).
These differences combined with expleitation histories that have
varied in both intensity and duration have created situations where
different management strategies may be needed for co-occurring
species.

Most of the Sebastes spp. exploited by trawl gear are aggregating
forms. The reasons for this aggregating behaviour are not
completely understood and any combination of predator protectiom,
Teeding Tacilitation, response to oceanographic or bathymetric
features, or reproductive requirements might be plausibly invoked.
In additfon some species have strongly seasonal aggregating
behaviour that may result from bathymetric migration, often further
complicated by different patterns between the sexes (Leaman 1985).
Natural aggregations may be further amplified in fisheries
statistics by the limited avaitability of bottom suitable for
trawling; indeed, most fishermen regard the name 'rockfish' as amply
Justified.

Within any management area, landings from rockfish fisheries in
British Columbia are typically composed of a mixture of species in
variable proportions (Tables 1,2). The composition of these
mixtures s influenced by differential species abundance, bias ¥n
the distribution of fishing effort among species, and marketing
constraints. Fishery landings therefore do not give a picture of
the “true” community or assemblage, rather they present a variable
subset of that community reflecting the biases of market demand,
avaifability and vulnerability.

In the waters off British Columbia there are a number of fishing
grounds where these scenarios occur. Available yield from stocks is
quite disparate among and within areas (Leaman 1985; Stanley 1985)
and often management of individva) quotas for some species has
resulted fn either overfishing or regulatory closures that truncate
fisheries for other species before their quotas are fully subscribed
(Table 3). Such a system ¥s clearly ineffictent and improvements in
management must deal with basic differences in biology among
species, stocks at various levels of historical exploitation, and
different patterns of aggregation throughout the year among the
species landed from &z given area. The manager may find that the
window of control for the fishery prohibits single-species
management due either to the impossibility of resolving
single-species effort from catch statistics, or because the species
are truly caught together.

What the manager needs is a method for optimizing yields from
several stocks based on controlling the mejority of their landings.
Our objective was to analyze historical patterns of catch and effort
to determine if management of shelf and slope rockfishes could be
accomplished through treatment as assemblages, rather than as single
species. Im this paper we present the results of this analysis and
their application to the management of British Columbia rockfish
fisheries during 1983-1985,
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Table 2. Percentage of major rockfish species? landed in various
combinations, by year, in Area 5E 1977-1985,

Percentage of AL in following combinations:

With

other
Year Alone  AL/PR/RE AL/RE PR /RE AL/PR  rockfish
1977 55 21 13 a 2 9
1973 14 15 62 0 0 9
1979 11 24 37 a 0 28
1980 41 15 10 0 19 15
1981 a6 20 30 0 0 4
1982 27 25 25 0 0 23
1583 2 27 5l a 1 19
1984 8 35 38 0 g 19
1985 28 35 21 a 10 b
Percentage of PR in following combinations:

With

other
Year Alone AL /PR /RE AL/RE PR RE AL/PR  rockfish
1977 2 a7 0 H 7 4
1978 3 94 0 2 1 0
1979 0 100 0 0 0 0
1980 0 41 0 51 B 0
1981 0 90 0 10 0 0
1982 0 90 0 10 0 Q
1983 0 74 0 21 5 0
1984 0 44 0 56 a 0
1535 0 49 0 35 9 6
Parcentage of RE in following combinations:

With

other
Year Alone AL/PR/RE AL /RE PR/RE AL/PR  rocktish
1977 0 76 24 0 0 0
1978 2 60 34 4 0 0
1979 0 gl 19 0 0 Q
1980 8 62 12 18 Q 0
1981 0 56 24 18 0 2
1982 1 5% 35 5 0 0
1983 4 50 26 20 0 0
1984 0 53 38 10 0 0
1985 1 69 10 19 Q 1

A5pecies: AL - S. alutus
PR - 3. prori
RE - S, beed -
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Methods

The concept of describing groups of organisms as assemblages or by
their degree of similarity is not a new one, Our approach departs
from previous ones in the important regard that we required our
assemblages to be fumctional in management. We stress that we did
not set out to determine ecological linkages, which would require a
long and detailed study. Our criteria for identification of
functional assemblages were that:
(i) species must be coincident in landings from a given management
units
{11) this coincidence must persist over time useful in management
{e.g. fishing season or year), i.e. species must co-vary in
abundance in landings;
{ifi1) landings of a species in an assemblage must constitute the
majority of its annual landings; and
{iv) the assemblages must be tractable under normal fishing
patterns.

The latter three criteria are the primary departures from previous
studies. For example, Day and Pearcy (1968}, Fager and Longhurst
{1968), Gabriel and Tyler (1980), and Tyler et al. (1982) have
examined species groupings of the same general type we are
considering but used much more temporally-limited data sets (often
only single surveys). As such, the persistence of the relationships
they described was inferred but not demonstrated, and their dynamics
would be opaque to fishery managers (Wiens 1981). The same
conclusion may apply to repetitive surveys made at specific times of
year, that are not scaled to fishery results (Sissenwine st al,
1982). In part, this problem arises because some studies attempt to
provide a management tool but their approaches carry the a priori
assumption that species interactions are the driving force of group
dynamics, while ignoring fishery effects {Mercer 1982).

Catch data from the British Columbia trawl rockfish fishery in seven
areas {Fig. 1) during 1977-1978 were the subject of our analysis.
The data were segregated into shelf {5. brevispinis, 5. entomelas,
$. flavidus, S. pinniger) and stope (S. alutus, 5. proriger,

S. reedi) forms. While catch statistics are not true measures of
what species may co-occur, they do provide infermation on both
association in landings and management opportunities (e.g. Tyler et
al. 1984), Catches are subsamples of species groupings vulnerable
to trawls and while the absence of a species does not necessartly
infer its absence from the area, it does remove it from our
management focus.

Nagtegaal (1983) reviewed some of the qualitative and quantitative
methods that have been used to examine species associations, We
chose cluster analysis (Borucki et al. 1975; Gabriel and Tyler 1980;
MacDonald 1975; Sokal and Sneath 1963) as the most powerful and
flexible method for our examinations.

A. Cluster analysis, The basic data element available for analysis
was a vesse]-area landing, for which a relative ratio index, Rij was

calculated for each species:

N
Rij = Cij /. §,Ci50
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Figure 1. Areas for rockfish assemblage analysis (I-VII) and major
statistical areas off British Columbia (e.g. 3C).

where C is catch and the species and landing indices are § and j,
respectively. We used a (-mode {entity) agglomerative cluster
analysis, which groups elements according to the similarity of their
species ratio (rather than R-mode (attribute) clustering which
groups elements according te tndividual speacies simitarity) for our:
preliminary examinations. This apalysis produces a hierarchical
classification of data in the form of a dendrogram, with one axis as
a group classification and the other as an index of similarity
between groups. A group-average fusion strategy was employed to
1ink groups with a Canberrz-metric similarity index. The latter was
chosen to mintmize the blas induced by differences in the gross
level of catch among groups with similar proportions,

#s a supplement to the cluster analysis we also calculated a
relative catch index, Lfg, to identify those clusters representing

the majority of the rockfish catch,
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K
Lig = Cig /g;] Cig
where Ciq is the catch of species i im cluster g. The denominator

is the total rockfish catch of species § im all k clusters in the
study area,

B. Catch proportion analysis. In addition to the c¢luster analysis
we fdentiffed a proportion index to determine the proportions of
rockfish species that were landed together.

12 K
Pig = Cig / [ oy Citg

where Cyg 1s the catch of species i in combination g. The

denominator is the total catch of species 1 in all combinations
within the area for a year. The proportions were calculated for all
possible combinatiens of commercial species within the study area.
We also examined each species' catch by month relative to its annual
catch for each area, to distingeish those species consistently
caught tegether from those caught together only occasionally.

C. Covariation in species landings. Adherence to our criterion
{i7], that species in an assemblage must co-vary in abundance, was
examined with a Wilcoxon paired-sample test of percentage change in
landings, by month, by species pair.

D, Application to management. Subsequent to these examinations, we
analyzed a longer time-series of catch data (1977-1982) for monthly
and annual patterns of Rij and Pig- Some of the assemblages
identified by these analyses were presented as options to fishery
managers and implemented during the 1983-1985 rockfish fisheries
of f British Columbia, The results of this implementation were
evaluated in terms of the achievement of individual species quotas
within an assemblage management fishery, and the persistence of the
assemblage composition during this experimental management period.

Results

A. Cluster analysis. The results of the cluster analysis of the Rij

values are presented in tabular format (Table 4) for all seven areas
but we present only two of the accompanying dendrograms,
representing the best and worst cases (Figs. 2 and 3}. It is
obvious that the species composition of rockfish landings is highly
variable when viewed at the level of individual landings. From an
assemblage management perspective the worst-case scenario {Fig. 2}
occurs when the arms of the dendrogram are all narrow and linked at
a low level of similarity {<0.4). This implies that landings among
vessels are extremely dissimilar throughout the year and the
potential for assemblage management is low. Only Area VI {northwest
Vancouver Island, May-December) displays these traits to any marked
degree, ard it is based almost entirely on major Tandings of single
species, rather than completely different proportions of the same
species mix. In the more typical dendregram (Fig. 3), the group
bases are linked at a high level of similarity {>4.8), either as a

316



broad cluster of single species catches or multiple groups with
extremely similar ratios.

It is clear that management opportunity afforded at the level of
individual landings is limited by the varjation in Rij. However,
major clusters based on temporal patterns were identified (Table 4),
implying much greater stability in Rij when landings are grouped
over longer periods.

Examination of the Lig index for the broader temporal clusters

{Table #) showed that these clusters also accounted for the majority
of annual landings, hence would be useful in management. The
exception to this general case concerned 8. flavidus and S.
proriger. For the former species the cluster analysis indicated
that n the major areas of capture (1Y and V) over 65% of the S.
flavidus was caught by itself or in an assemblage where its Rij >

0.75. At the same time we learned through a tagging study that S.
flavidus was capable of extremely wide movements (Leaman, unpubl.
data) and should be managed separately on a coast-wide basts, For
S. proriger, while it was seldom caught alane, its Rij averaged
only 0.17 n those clusters accounting far the majority of

its annual landings. Another result of the cluster analysis
therefore, was the suggested elimination of §. flavidus and

5. proriger from consideration for assemblage managemant.

Examination of the R1J indices for the remaining shelf and slope
forms, by month and management area indicated a relatively high
degree of variation throughout the year for most areas (Table 4).
¥We then turned to the Pig index to determine if the majority of the
variation occurred during the majority of the landings.

B. Catch proportion analysis. The general pattern of the monthly
proportion index was for strong temporal segregation of fndex maxima
between species, within the same management area. For example, the
peak in Pig for S. alutus in Area SE during 1977-1982 was in April
while the peak for 3. reedi was in October {Fig. 4). Similarly, S.
pinniger was dominant during May in Area 58, while the §,
brevispinis maximum occurred in August. In no area was there strong
coincidence in the monthly proportions,

Taken by themselves, these results would suggest 1ittle opportunity
for optimization within an assemblage management framework.
However, when viewed in conjunction with the Rij and Lig results it
is clear that achievement of species-specific management goals is
possible, due to the temporal patterns of availability for
individual species within the assemblages.

C. Covariation in landings. While the absolute magnitudes of
Tandings by species do show differences, the patterns of change by
month {% increase or decrease) exhtbit some consistency {Fig. 5).
For the examples in Table 5 only the 1977 §, brevispinis -

S. pinniger Area 5A/B comparison showed a probabiiity less than 0.5
YB.E > P o5¢2), 7 » 0.2) in accepting the hypothesis of equivalent

percent change in monthly landings of the two species.
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Table 4.

cluster analysis, by study area.

Relative catch 1ndices and mean catch ratios for groups in

Study Group Relative catch Mean
area  species? no. Month index (Lig) catch ratio
I A1 /PR/RE A' Jun-Nov J7/.087.12 .51/.057.43
A1 /PR/RE B' May -Nov .23/.43/.46 .08/.06/.85
AT/PR/RE c' Jul -Dec 177.28/,16 .23/.25/.48
Al1/PR/RE D' MayOct J01/.247,09 +04/,507.40
A1 /PR/RE E' Jan~Jun .A427.037.17 .977.01/.01
If Al/PR/RE A’ Jul-Dec .30/.41/.25 .A48/,19/,33
A1/PR/RE A?' Jul -Dec 23f.12/.62 .23/.07/.70
Al1/PR/RE B Jan-Jul JA77.4871.12 .96/.,037.04
IIT  AI/RE A' Jul-Dec  ,45/.70 .79/.20
A1/RE Bl' Jul-Dec  .33/.19 .90/.09
Al B>' Jan-Jun 07 -
M/RARE €T Juldov 410711 .897.01/.09
I¥  BR/F1/P] AL May-Jul 017.117.15 02/.78/.19
BR/F1/P1 Az May -Jun 08/.15/.12 .02/.93/.05
BR/F1/PI Ag' Aug-ct .147.26/.04 .187.797.02
BR/EN/F1 A" SepOct  .07/.32/.11 .047,207,75
BR/EN/F1/PL As' Aug~Oct J097,09/.04/.08 ,05/,11/.60/.23
BR/F1/P1 Ag' May -Jul 017.047.15 D017.717.27
BR/F1/P] B' May—Jun 017.02/.19 .25f.217.417
BR/F1/PI ' Aug-Sep A0/,12/.20 .51/,37/7.08
BR/F1/PI Cg' Aug-Sep .197.047.04 .957.027.02
EN/F1 ) Aug-Sep  .59/.10 .57/.40
PI E'  May-hun .03 -
¥ BR/F1 Ay’ Jul-Oct 13/7.34 .23/.76
BR/F1/P] Az' May-dun .017,01/,08 077.65/.27
BR/FI/PI A3’  May-Sep  .01/.38/.05 .01/.977.01
BR/F1/P1 B Aug-Oct .83/7.14/.71 17,227,086
BR/F1/PI c' May Nov +017,017.17 +32/.04/.62
BR/EN/F1 D' May ~Jul 01/1.0/,12 .06/.01/.89
VI BR/PI A Aug-Sep .82/.07 747,25
BR/F1/PI B' Apr-Sep .137.38/.92 .027.04/.93
BR/F1/P1 c' May -Aug .05/.62/.01 .13/.847.02
vI1 BR/EN/F1/PL Ay' Aug-Sep .03/7.017.01/.01 .16/.13/,46/,15
EN/F1 Ag' May ~Jul 727.86 177.82
EN/F1 B May 26/.07 507,50
F1/P1 c' Aug-Oct 06/.75 .16/.83
BR/FI/PI  C3'  Aug-Sep  .96/.01/.24 ,31/.08/7.46

3Ar: S, alutus

PR

PI: 5, pinniger

BR:
FI:

5. brevispinis

: 5. proriger EN: S. ertomelas
RE: T. reedi

5. flavidus
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D. Application to management. In addition to recommended
species-specific quotas, managers were presented with quotas for
shelf and slope assemblages by management area during 1983-1985.
Assemblage quotas for Areas 3D and 5A/B relied on the temporal
changes in Ryj and P‘ig to achieve the appropriate mixture of
individual species quotas while the Area 5E quota was divided into
Janwary-June and July-December allotments, to account for the
seasonal bias in species availability (Fig. 4).

In general, the management precision of the assemblage quotas has
been poor and quota overruns the rule, rather than the exception.
The reasons for this are manifold and include a voluntary catch
reporting system in British Columbia, rapid concentration of fishing
effort, and either slow or no management action when quota Timits
were exceeded, Evalyation of assemblage management thus became
somewhat confounded by imprecision in management of the

assemblages. In Table & we have attempted to estimate what species
and assemblage catches would have resulted from prompt management
restrictions. Those figures fn parentheses are the catches we would
have achieved had we acted 1n such fashion, assuming that detection
and response would normally operate in a monthly interval.

In the case of slope rockfish in Area 5E, assemblage management has
acted to dampen major fluctuations in species composition of the
total catch and prompt management action would have decreased
overruns on the §. alutus yjelds {Fig. 6). However, it would also
have reduced the catch of 5. reedi, Achievement of the assemblage

quota has thus been at the expense of the 5. alutus stock. Since
the seasonal patterns of Ryj for 3. reedi and 5, alutus have

maintained themselves during assemblage mamagement, it appears that
improved distribution of species catches within the total assemblage
can still be achieved through additional reduction of the spring
fishery, with its higher landings of 5. alutus, but mafntaining the
grouped-species quotas.

In some contrast with the above, assemblage management of shelf
rockfish in Area 30 appears to have been less successful. while
seasonal patter.s of Ryj and monthly proportions have maintained

themselves (Fig. 4) and quota overruns might have bean decraased by
more rapid management action (Fig., 7C), a component of the
percentage overrun arose because management enacted fishing quotas
33% greater than allowable catches recommended by assessment
biologists. However, even in consideration of this assemblage
management has not introduced the stability noted for Area SE,

It is possible to improve the performance of assemblage management
in Area 3D through temporal segregation of the grouped quota, to
take advantage of the higher proportion of 5. pinniger in landings
during the fall. Sech segregatfon combined with prompt monitoring
and management response would achieve more equitable balance than
shown in Fig. 78

Discussion

Management of multiple species or stocks expleited by the same
fishery is a problem that has plagued fishery biologists for some
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Table 5. Monthly landings {t) of rockfish species? in Areas % and
B, 1977-1978, and tests of covariation. Hy: 1 change 1n monthly

jandings equal. Hj: % change in landings not equal.

1977 AL RE BR Pl

1 11597 54,49 - -
2 99,31 0.03 29.15 6.01
3 - - - -
4 w747 16.88 5.17 0.32
5 165,76 151,36 10.49 44,04
6 315,97 133.18 24.47 25.67
7 182.23 295,51 14.09 14.81
8 18.69 107.71 35,75 15,36
9 18.96 85,45 41,34 3.79
10 93,80 189,29 17.93 5.51

11 53.51 184.64 18.67 5.62
12 189,12 38,19 0.61 -
Accept Hg:p>0.5 Accept Hg:p>0.2
1978
1 265,50 85.36 15.15 4,67
2 36.20 0,16 3.32 2.41
3 - - 1.04 D.62
4 141.96 31.62 25.71 61.53
5 105.26 182.02 37.11 9.93
6 146,43 51.8L 32,14 57.85
7 320.21 116.27 337.01 98,32
8 3%8.45 183.71 126,87 8.99
9 63,80 6.08 69,00 11.24
10 650,43 £21.21 76,19 5.08
11 222.94 52.71 0.09 1.96
12 115.75  43.40 - -
Accept Hqoip>0.5 Pecept Hy:p20.5

aspecies: AL-S, alutus BR-S, brevispinis
RE-S, reedi PI1-5. pinniger
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Figure 5. Monthly landings of slope rockfish in Area 5E, 1977-1978.

Table 6. Performance of assemblage rockfish mamagement 1983-1985;

vilues ¥n tonnes,
bars._

See text for explanation of values within vertical

Year
1983 1984 1985
Area/species Quota/catch Quota/catch Quota/cateh
k]
S. brevispinis 200/564 (253] 2507462 |195 350/813 | 507
5. pinniger 350/712 (309] 450/883 (874 500/727 |286
E. flavidus 150/36 14} 100/19 19 1007288 (222
Group quota (south) 600/836 |576[ 5007801 |799 500/1170]631
(north) - 443 500/549 |54% 6007370 |385
Total 60071279 1000/1350(1348; 1000715401016
5A/8
3. brevispinis 6007524 600/962 750/997
5. pipniger 500/347 5007507 5007391
Grouped quota 1140/871 1100/1469 110071388
5E
S. alutus 600,835 |703| 600/815 |693 600/827 | 691
5. Teedl 600/588 }555| 6007439 |296 6007477 | 303
E; aleutianus 250/ 75 | 74| 2507 99 | 99 2507158 | 149
Grouped quota (spring}500/998 |83z | 5007816 |550 500/995 |676
(fall} 9007500 |500 | 9007537 |537 900/467 (467
(total)1400/1921(1332|1400/1353{1087| 1400714621143
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Figure 6. A. Individual (1979-1982) and assemblage (1983-1985)
quota performance in Area 5E. B. Actual (ACT) and (ACH)
achievable assemblage quota performance by species, C. Actual
(ACT) and achievable (ACH) assemblage quota performance by
apening.

time (Guiland 1983) and approaches have been of iwo general types.
One method s to collect extremely detailed information on the
biology and interactions of the species composing an assemblage, and
build an analytic model which attempts to predict the effects of
fishery and environmentally inducad changes on these constituent
parts {e.g. Andersen and Ursin 1977; Lett and Kohler 1976). Such a
systems approach 1s inherently appealing to biologists because it
offers the potential to actually understand the behaviour of a
complex system. However, it is expensive 1n time and resources and
extremely ¢ifficult to adequately model, at least with precision
sufficient for quantitative prediction,

We make no pretense to such endeavour, rather have taken the second
general approach, that of a more empirical nature wharein we attempt
to deal only with the fishery induced changes and not with a
detailed analysis of the internal dynamics of the assemblage. While
such an approach will not substitute for that detailed
understanding, it offers the potential to avaid catastrophic
declines in one or more constituents while that knowledge is gained,
by controlling a major external factor in these dynamics, i.e. the
fishery.

Our program has also attempted to extend the normal empirical
approach through a more comprehensive examination of assemblage
composition as perceived through this major control variable. The
advantages to using fishery based data are that assemblages can be
examined over a longer time pericd than for research surveys and

325



AREA 3D

42007
— brevispinis (a) /
——— flavidus
=== piNNigEr
IO
0 0
g M= -.‘:‘ ""'-.v ,".’
a -0 . add Y LR
= 979 1 =T
o
T
I
2 +200, brevispinis +200 (c)
! - == pinniger
Q (b}
ACT
RCT
— SOUTHERN
D0 - 100
/‘ -:‘.\-"‘ ACT === NORTHERN
. X -~

/./ \)/( ach ACH
o N o .
- o

« ACH ACH
-100 i . -w0 , i
1283 o84 1285 1983 1984 1985

Figure 7. A. [Individual {1979-1982) and assemblage {1983-1985)
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that the data pertain directly to the management process. The
disadvantages are that targetting and switching behaviour by
fishermen may be imbedded in the data and be highly responsive to
subsequent management actions, and that little understanding of
internal assemblage dynamics fs gained., This potential can be
increased if assemblage management is undertaken on an experimental
basis (Hobson and Lenarz 1977).

For the shelf and slope rockfishes off British Columbia, our
analysis and management program has shown that:

- predictable assemblages of shelf and slope forms can be
identified through fishery data;

- ratios of species in the assemblages are stable under
experimental management and account for the majority of species'
catches;
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- separate species management goals are achievable with assemblage
management, through manfpulation of openings #&nd quotas to take
advantage of this seasona) and annual stability; and

- assemblage management based on such detailed examiration can
avoid the sacrifice of minor species for the sake of managing only
the dominant species fn an assemb]age.

While we are encouraged by the modicum of success experienced with
this approach we stress that it is only an interim measure and
precursor to development of an understanding of the biological
machanics of these assemblages.
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Restricted year-class structure and
recruitment lag within a discrete
school of yellowtail rockfish

H. Richard Carlson

NMFS, Northwest and Alaska Fisheries Center

Auke Bay, Alaska

Abstract. — Observations of a school of adult yeliowtail
rockfish Sebastes flavidus over an | 1-year period in
southeasiern Alaska revealed negligible recruitment as
the school dwindled in bers and r individ-
ual Gsh grew in size.

Little is known about the patterns of recruitment
of the yellowiail rockfish Sebastes flavidus along
the Pacific coast of North America, where it ranges
from San Diego, California, to Kodiak, Alaska.
The recruitment observations described here are
of a discrete schoel of yetiowtail rockfish 1hat oc-
cupied a sunken passenger liner al Point Lena,
Lynn Canal, in southeastern Alaska. This schogl
was also abserved during a homing study by Carl-
son and Haigh1 (1972}, who showed that the species
possessed the ability and inclination to returm to
a homesite when displaced as far as 22.5 km, dis-
piaced into other schools of yellowiail rockfish, or
held for months in captivity. Return from certain
sites involved changing directions several times or
traversing deep straits or both. The difficulty of
some retums and a lasting memory for the home-
site indicate the fish p d a strong iation
with it and are evidence for little natural emigra-
tion. In this paper. I describe what appears 1o be
along-term, pulse-like pattern of recruitment, and
offer a hypothesis concerning initial establist

1ent

a sunken passenger liner, 6,000 tonnes and nearly
100 m long. at 12-28 m depths at Point Lena,
Lynn Canal, in southeasiern Alaska. Adntt yellow-
tail reckfish were captured by hook and line during
1969-1979, and the fork length of each fish was
measured. Because these fish were also marked for
the homing study by Carlson and Haight (1972,
scales rather than ololiths were taken to determang
age. Selected scales were pressed on plastic cards
and viewed (83 x magnification) on an Eberbach'
projectar.

Alihough atoliths are more appropriaie [or age-
ing older rockfish {Chilton and Beamish 1932),
maost of the age analyses took place during 1969—
1971, when nearly all of the fish were young, gen-
crally less than 10 years old {Tabie {). Kimura ¢t
al. {1979} siated that scales are reliable for ageing
yellowiail rockfish through age 9. and scales were
used 1o estimate ages of yellowtail rockfish ta 14
(Phillips 1964) and from ages 8 10 15 (Six and
Honon 1977). Furthermore, the mean lengths-at-
age given by Westrheim and Harling (1975) for
vellowtail rockfish ages 7-11 are generally within
3 cm af the values I found (Table 1). My age read-
ings were consisient between years in erms ol year
classes represented and were, [ believe, a valid
reflection of the age siructure of the school.

of adult schools.

Methads

Age-size composilion and abundance were de-
termined for a discrete school of yellowtail rock-
fish over 11 years by direct sampling and diver
observations, This achool vecupied the wreek of
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Al lly, divers observed the school and vi-
sually estimated the size range of the fish and their
overall abundance on 37 diving days during May—
October between 1969 and 1979, Diver estimales

! Reference to trade names does nol imply endorse-
men! by the Metional Marine Fishories Sorvice.



Tanie |.—Ages and fork lengths of 408 yellowtail rockfish capiured by hook and line at Point Lena, Lynn Canal,
southeastern Alaska, from 1969 10 1979, No samples were taken in 1972, 1973, 1975, 1976, and 1978 Estimatcs

of sehool size were toade by scuba divers.

Prodominant
Sampling Age rangs agee Fark iength (mm} Mumber off Estimated number
year (years) {ycars] Range Mexn Gsh sampled in school
1969 I-10 1.8 273383 341 55 2,000~ [
1970 716 8.9 105-a14 54 283 1,500-2,500
1971 411 9, 10 333427 373 5B 10002000
1974 13=14 13, 4 410425 437 2 S00-600
1977 10=18 13 1404423 Ll 7 100-200
197% 18 1] 442 447 I 3-100

of the size range of fish in the school were subjec-
tive, but consistenily showed a narrow size com-
position, and sizes were corroborated by actual
capiure and measurcment of 408 fsh (Table 1)
Divers used the equivalent of transects (g.g., out
each mast and from bow 10 stacks) over consis-
tently used paths of known dimensions 16 counl
the numbers of rockhsh in clusiers and expanded
these to estimaie the total. Although the earliest
diver cbservations recorded schiool size as “rough
estimates,” they verified the presence of a large
schoel, at least in the thousands, certainly several
times the 541 yellowtail rockfish from 1his school
caprured during the Carlson and Haight (1972)
homing study.

Results and Discussdon

Resuhs indicate thet recruitment to 1he school
accured over a short time span {1-2 years) and
little or no additional recruitment occurred in the
intervening 14-15 years. This school may have
been newly established at the shipwreck homesite
as carly as [967, as indicated by the size and rel-
ative abundance of a large school of yellowtail
rockfish of relatively small size {estimated at 25-
30 ¢m) that was observed by Louis M. Barr (Post
Office Box 210361, Auke Bay, Alaska 99821, per-
sonal communication) while diving thers in June
1947, There is evidence that yellowiail rockfish in
Puget Sound shift from juvenile 1o aduit areas with
the onse1 of maturity around age 7 {Mathews and
Barker 1983). In this study, the age siructure of
the rockfish in 1969 was dominated by the 1961
and 1962 year classes as 8- and 7-year-old fish. In
1970 and 1971, these year classes again predom-
inatad as 9- and B-year-olds and 10- and Y-year-
clds, respectively. Mo fish sampled were younger
than age 7, and few fish older than age L1 were
present {Tabke 1).

The 1960-1962 year classes were strong for oth-
er species of North Pacific marine fishes as wetl.
For example, off Oregon-Washington, the 1961
year class of English sole Parophrys veitdus was
abnarmally sirong, ss were the 1980, 1961, and
1962 year classes of Dover sole Microstomus pa-
cificus (Hayman et al. 1980). The 1961 year class
was alse unusualty sirong for Pacific halibut Hig-
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poglossus stenolepis in the north Pacific Ocean
{Deriso 1985}, for Pacific hake AMerluccius pro-
ductus off Oregon—Washinglon (Bailey 19813, Pa-
cific ocean perch Sebasres alutis off British Co-
lumbia (1 and Stanley 1985), and Pacific
cod Gadus macrocephalus off British Columbia
{Westrheim and Foucher L985). The homing study
by Carison and Haigh1 {1 972) showed thai yellow-
tail rockfish strongly identified with the site and
returned to it when displaced, indicating litthe na1-
ural emigration. Yearly monitoring of the school
by divers from 1969 w0 1979 showsed that pro-
gressively fewer, but larger, fish comprised ihe
school. Agesize composition of 10 yellowtail
rockfish taken during 1974-1979 from the small

ining school indi d that the 1961 year class
remained predominant.

There are several possible explanations, not mu-
ually exclusive, for the protracted lack of recruit-
ment in this school of yellowtail rockfish. The ex-
planatisn 1 favor i$ that the presence of large fish
in established residence at this site prevented re-
cruitment of the much smaller fish, who located
in guitable areas elsewhere, and thereafier (as the
demonstration of heming inclination and abiliy
suggests for yellowtail rockfish inhabiting the
wreck) idenrified with the other locations and did
not emigrate.

This explanation is quite possible, partizularly
if the time frame is shor (6 monihs or Jess) for
shifting from juvenile (nursery) areas to adull hab-
itat and if the larger adulis represent potential
predaters or much more adept competitors for
limited space, cover, and highly metile food
sources. These larger fish could thus deter smaller
fish from joining & school. The sitvalion might
progress to “a point of no relurn.” The new re-
cruits may be very sparse during the 2-3 years that
the established adulis prow to a size that excludes
younger, smaller fish, ¢ven after the young fsh
actain maturity. Then, with a leng-lived fish such
as Sebastes spp., the established adult school re-
mains intact unti! its members—all older, larger
fish —approach the limits of longevity and are so
reduced in number that they no longer deter re-
cruitment. At this point, the next suceessful year
class, upon attaining maturity, could recruit en
masse, and the stage is set for a repeat performance
of what we are seeing now.
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Recent exploitation patterns and future
stock rebuilding strategies for acadian
redfish, Sebastes fasciatus Storer,

in the Gulf of Maine-

Georges Bank region of the

northwest Atlantic

Ralph K. Mayo
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Abstract

The GuIf of Maine - Georges Bank stock of Acadian redfish,
Sebastes fasciatus 5torer, has been under moderate to intensive
exploitation since the late 1930's. During the period of initial
exploitation, annual commercial landings increased rapidly from less
than 1,000 metric tons im 1935 to approximately 60,000 tons in
1941. Landings and effort subsequently declined through the 1340's
and remained relatively stable from the mid-1950's through the late
1960's, averaging about 12,800 tons and 3,300 standard days fished,
respectively. Additional effort by distant water fleets increased
total landings to approximately 20,000 tons annually by the early
1970's. Except for a brief pericd between 1977 and 1979, landings
have steadily deciined since 1972, although domestic fishing effort
has remained relatively high.

Estimates of exploitable biomass and relative abundance indices
have consistently declined since the late 1960's. The most recent
estimates suggest that stock abundance is currently lower than at any
previously recorded level in the past 40 years. Age-specific stock
size estimates derived from virtual population analyses (VPA} suqgest
that, except for a strong 1971 and a moderate 1978 year class,
recruitment has been extremely poor throughout most of the 1970's and
early 1980's. The VPA results also indicate that the instantaneous
rate of fishing mortality (F) has exceeded F ., in most of the years
since 1970 and has generally been between E'\?m and three times the
Fp,1 level during this period.
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Using the 1969 age-specific stock size estimates as a starting
point, series of deterministic simulations were performed to evaluate
the response of the stock under alternate levels of fishing mortality
and different partial recruitment vectors. Recruitment effects were
introduced in a form consistent with the pattern observed between
1969 and 1984, Additional sets of stochastic simulations were also
performed using the most recent age-specific stock size estimates as
a starting point to examine various stock rebuilding strategies with
respect to fishing mortality amd partial recruitment. A stochastic
recruitment generator, based on a probability transition matrix
approach, was incorporated to drive the model and to simulate
different sets of recruitment conditions,

Results suggest that fishing mortality rates in effect during
1969 through 1984 were excessive given the sporadic nature of
recruitment. In particular, high fishing mortality rates combined
with an earlier age at full recruitment applied to the 1971 year
class resulted in a rapid depletion of this cohort. Results for the
1978 year class, although incomplete as of 1984, suggest a similar
pattern of exploitation. Future stock rebuilding strategies, based
pn 1985 stock sizes, are dependent almost emtirely on recruitment
success. A probable recruitment frequency of one strong year class
per decade, as suggested by prior observations, combined with fishing

mortality rates equal to F {0.07) and an instantameous natural
mortality {M) of 0.05, wi stabilize the stock only at minimal
maintenance Tlevels, tong-term increases im stock size may be

achieved by significant alterations of the partial recruitment vector
and/or an increase in recruitment frequency resulting from a positive
stock-recruitment relationship.

Introduction

Three species of the genus Sebastes inhabit the western North
Atlantic from the coast of Greenland to Georges Bank (Ni 1982,
1984), 0ff the New England coast, the Acadian redfish, Sebastes
fasciatus Storer, (Robins et al. 1986) is most common In the
rejatively deep waters of the Gulf of Maine and on the northern and
southeastern slppes of Georges Bank to depths of 400 m (Bigelow and
Schroeder 1953). This species 1s characterized by a relatively long
1ife span and extremely low growth and natural mortality rates., Ages
up to 50 years with corresponding maximum lengths of 45-50 cm have
been noted (Mayo 1980). Sexual maturity is attained by both sexes in
5-9 years at average lengths of 18-25 cm. An  ovoviviparous
reproductive cycle has evolved which ephances larval survival at a
cost of greatly reduced individual fecundity. This strategy, in
conjunction with & large number of mature age groups in the spawning
stock, should provide a high degree of stability in reproductive
potential and resilience to environmental or anthropic perturbations
by distributing the reproductive burden over numerous year classes,
Evidence of severe disruptions to the equilibrium of the stock, such
as recruitment or growth overfishing, may appear only after a
prolonged period of sustained intervention by either of the above
influences.
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Figure 1, United States landings of redfish from Gulf of Maipe -
Georges Bank (Subarea 5), Scotian Shelf - Gulf of S5t. Lawrence
{Subarea 4), and Grand Banks (Subarea 3).

Commercial expleitation of redfish within the Gulf of Maine -
Georges Bank region has been moderate to intense throughout most of
the past 50 years. Landings from this stock increased rapidly during
the development of the fishery, from less than 1,000 metric tons (t)
in 1934 to over 50,000 t per year between 1941 and 1944 {Figure 1).
Landings subsequently deciined sharply, despite continued high effort
levels, until the early 1950's when effort was re-directed toward
more distant grounds on the Scotian Shelf, in the Gulf of 5t.
Lawrence, and on the Grand Banks off Newfoundland (Mayo 1980). In
the late 1960's, Gulf of Maine - Georges Bank landings rose again in
response to increased fishing effort from domestic and distant water
fleets, During this cycle, landings peaked at approximately 20,000 t
in 1971 and 1972 before declining to the current Tlevel of 4,300 t.
Further details regarding the development of the New England redfish
fishery including trends in historical landings may be found in Kelly
et al, (1972}, Mayo (1980}, and Mayo et al. {1983).

Standardized commercial catch per unit effort (CPUE) has
decltined over the past two decades from a maximum of 6.4 t per day
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fished in 1966 to 0.9 t per day fished in 1985, During this same
period estimated fishing effort increased from less than 2,000 days
fished during the late 1960's to over 5,000 days fished in 1979 and
1980. Since 1981 annual effort has remained between 4,000 and 5,000
days fished despite continued reductions in landings. Precipitous
declines in commercial catch rates, evident in the eariy 1970's,
prompted several studies which were initially aimed at determining
maximum harvest leveis based on catch and effort anaiyses.
Preliminary results {Mayo 1975), which suggested a maximum yield of
20,000 t from the entire Gulf of Maine - Gecrges Bank stock under
equilibrium conditions, were later modified to approximately 14,000 t
{Mayo 1980) when effort standardization techniques were incorporated
in the analyses. In the first analytical assessment of this stock,
Mayo et al. {1983) demonstrated a strong correlation between stock
biomass and previously noted declines in commercial CPUE., This study
further documented the presence of a strong 1%71 year class and
provided evidence linking a temporary reversal of the declining CPUE
trend to recruitment of the 1971 year class to the fishery at ages 5,
6, and 7 between 1976 and 1978, Overall recruitment during the 1969-
1980 period appeared to be extremely poor, caustng the fishery to
become increasingly dependent on the dominant 1971 year class.

Recent studies designed to examine long-term effects of various
fishing mortality rates on projected stock siZzes and resulting yields
of redfish have been limited by the lack of information on the
strength of incoming year classes, Recruitment effects had been
incorporated in a deterministic manmer by applying an average level
equal to one of several possible outcomes based on prior observations
as described by Mayoc et al. (1983). A more appropriate solution to
this problem may be based on theories that recruitment may fluctuate
in response to some function of parental stock size, or in a cyclical
manrner consistent  with known density-independent factors.
Traditionally, recruitment wvariability in fisheries has been
evaluated by fitting a family of curves which describe the dependence
of recruitment on parent stock to a series of historical
ohservations. Mumerous applications of this methed to model the
responses of various animal populations have been summarized by
Ricker {1954, 1975} and Cushing (1971, 1973},

An aiternative technique to fitting stock-recruitment curves to
such a series of paired observations involves the use of a
probability transition matrix., This approach provides a means of
utilizing raw stock size and recruitment data directly to calculate
the probability of cobtaining various levels of recruitment,’ given a
range of possible parental stock sizes. Getz and Swartzman {1981)
originally applied this method in a stochastic age-structured model
to estimate recruitment for several specles with up to seven
recruitment levels and eight parental stock sizes. A modification of
the Getz-Swartzman technique was applied by Swartzman et al. (1983}
to the Northeast Pacific whiting fishery. More recently Overholtz et
al., (1986) incorporated this form of recruitment estimation in a
model of the Georges Bank haddock stock. The probability tramsitfon
matrix consists of a series of discrete cells which contain pairs of
observations for given levels of parental stock size and associated
recruitment, The historical record of stock size and recruitment is
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used as a basis to compute the probability that a given level of
recruitment will occur within a range of parental stock sizes. The
accuracy of the recruitment probability schedules depends on the
amount of historical information available but, as Getz and Swartzman
{1981) note, the transition matrix approach provides a more matural
utilization of the raw stock and recruitment data than a weakly
correlated fit to a predetermined stock-recruitment curve. For Tong-
lived species, the response time to any perturbation of the stock is
greatly increased and the need for extensive historical data is even
more critical,

In the present study, a limited series of parental stock and
recruitment observations are incorporated in a stochastic simulation
of the Gulf of Maine redfish stock. A probability transition matrix
approach is employed to determine the probability of obtaining
various levels of recruitment within specified limits of spawning
stock size. Simulations were performed over 16 and 100 year time
horizons to evaluate the effects of various fishing mortality rates
and partial recruitment patterns on present and future stock sizes
and yields, Sensitivity of the model te changes in the level of
natural mortality is also examined.

Methods

Domestic and international landings data for this study were
obtained from the commercial fishery data base system maintained at
the Northeast Fisheries Center (NEFC), Woods Hole, Massachusetts and
from fishery statistics compiled by the International Commission for
the Northwest Atlantic Fisheries (ICNAF)} and its successor, the
Nerthwest Atlantic Fisheries Organization (NAFO}, Estimates of catch
at age and mean weights at age for the stock were computed from
domestic length frequency samples weighted by area-specific monthly
landings, and age/length keys based on otoliths collected by NEFC
port samplers from 1969 through 1984, Numbers landed in the domestic
fishery were computed by incorporating seasenal, areal, and sex-
specific langth-weight equations in the calculations. The total
catch-at-age, including the international harvest, was estimated by
simple expansion based on the ratio of total landings to domestic
landings in each Yyear. In most years the internationat fishery
accounted for less than 5% of the total landings from this stock.

Estimates of instantaneous fishing mortality (F), stock size and
biomass, and age 1 recruitment for the 1969-1984 period were obtained
by Virtual Poputation Analysis (VPA) of the catch at age matrix
employing an 1instantaneous natural mortality rate (M} of 0.05.
Terminal F in 1984 {0.172) was derived from an iterative compariscn
of the functional relationship between estimates of fully recruited F
obtained from a series of trial VPA's and correspending annual
fishing effort as described by Mayo et al. (1983). Partial
recruitment was assumed to follow the pattern exhibited during the
most recent years with full recruitment occurring at age 9. Spawning
stock was computed by applying a maturity-at-age schedule to age-
specific stock sizes for ages 5 through 9 inclusive. Total and
spawning stock biomass estimates were derived from age-specific stock
sizes by applying commercial mean weights at age.
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To extend the series of stock and recruitment observations prior
to 1969, age 2-6 stock sizes in 1969 were extrapolated back to age 1
for the years 1965 through 1968 assuming an exponential decrease in
cohort size in each year equal to the instantanecus natural mortality
rate. This procedure provided estimates of age 1 recruitment for
redfish spawned during 1964 through 1967 to complement the
recruitment estimates obtained from the final VPA far the 1968
through 1380 year classes. Spawning stock sizes for the years prior
to 1969 were derived from a linear regression of 1969-1984 VPA
spawning stock estimates on a series of corresponding stock abundance
indices derived from NEFC autumn bottom traw! surveys for the Gulf of
Maine region. The correlation between the two data sets was
substantially improved by smoothing the trawl survey indices by the
Integrated moving average method as described by Pennington {1985).
The resutting regression was highly significant (r = 0.95, p < 0.01).

Stock - recruitment relationships

The model described belaw is driven primarily by recruitment,
which adds fish to the population at age 1, and natural and fishing
mortality which account for losses. Age 1 recruitment, as determined
from the VPA results, ranged from 0.4 million fish to 197.2 million
fish with over 75% of the observations in the range of 0.4 to 5.9
million fish (Figure 2}, Recruitment levels beyond the time period
covered by the YPA are speculative in prature, and must be derived
based on some objective criteria. Variability in recruitment may be
related to changes 1in physical factors such as temperature or
prevailing wind and current patterns, or to density-dependent
mechanisms such as intraspecific competition during the larval and
Juvenile stages or changes in the rate of growth or maturation of the
adults. Im a density-dependent model, the strength of a recruiting
year class is considered to be a function of some measure of parental
stock size,

t T
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Year Spawning Stock (Mekons)
Figure 2. Redfish spawning stock Figure 3. Probability transition
and recruitment {millions of matrix boundaries and distribu-
fish} from the Gulf of Maine tion of redfish spawning stock
- Georges Bank region. and recruitment data.
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Although mating of male and female redfish occurs during the
calendar year prior to the release of larvae by the females, any
relationship between spawning stock size and subsequent recruitment
at age 1 must be Tagged by one year, A scatterplot of 17 pairs of
recruitment vs. spawning stock, representing the 1964 through 1980
year classes (Figure 3), illustrates that the recruitment pattern for
Gulf of Maine redfish, based on these limited data, consists of a
rather low base level interrupted by an occasional mederate to large
year class. Further, this base recruitment level appears to be
continuous at all spawning stock sizes, although a higher Ffrequency
of tow recruitment occurs at relatively low stock sizes.

Mode]l Description

Recruitment generator

Since recruitment to the fishable stock is a major driving force
in any fishery simulation, the choice of an appropriate recruitment
generator is critical to the final outcome., The technique described
below was developed by modifying the Getz-Swartzman method to include
a series of stochastic events within the context of the probability
transition matrix to determine the level of recruitment and to select
a single recruitment event from a distribution of possible values.

The 17 pairs of Gulf of Maine redfish data were first arrayed in
a 3 X 3 contingency table with nine cells corresponding to low,
moderate, and high spawning Stock and recruitment levels,
Transitions between 1levels were determined by the Jlocation of
apparent gaps in the recruitment and spawning stock size continua.
Within each spawning stock level, the cumulative probability that one
of three recruitment Tlevels would be selected was computed in
accordance with the observed histerical proportions. Stochastic
variability was introduced by generating a random number between 0
and 1: this value determined the trial cell chosen based on which
pair of cumulative probabilities bracketed the value. Thus, over a
series of trials, the probability of selecting a particular
recruitment leve) approximated the observed frequencies, although, on
a single trial, any recruitment level could be selected. Within each
recruitment cell, a distribution of recruitment scaling factors was
constructed such that the highest recruitment frequency would occur
at the midpoint of the interval. This was accomplished by first
generating a series of three random numbers between O and 1. Over
several trials, the means computed for each series form a uni-modal
frequency distribution with a medal vaiue of approximately 0.5 and a
standard deviation of 0.166. A recruitment value was then obtained
by multiplying the upper bound of the recruitment interval by the
computed scaling factor, with an adjustment to the center of the
interval. In this manner, the expected recruitment probability is
initially determined by the level of spawning stack and, within a
given range of spawning stock, a single recruitment event 15 drawn
from up to three distributions 1in accordance with observed
frequencies. Sample distributions of recruitment frequencies
generated in this manner, based on 10,000 trials for each spawning
stock level, are illustrated in Figure 4, Although the recruitment
frequencies within each cell of the transition matrix are distributed
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Figure 4. Distribution of prebable recruitment frequencies in

each cell of the probability transition matrix computed from
10,000 trials.

normally, recruitment over the entire range of observed wvalues
appears to be lognormal,

Stock and catch projections

Once a year class has recruited at age 1, the initial number of
fish in each of 50 age groups present in the stock fis discounted on
an annual basis by the combined effects of natural and fishing
mortality as follows:

Nj*l.t+1 = Nj.t * exp(—(Fj.t+H)}
where: Nj,t = the number of fish in age group j in year t,

Fj,t = effective instantaneous fishing mortality on

age group j in year t, and

instantaneous natural mortality.

Effective fishing mortality is defined as the product of the fully
recruited F and an age-specific partial recruitment multiplier. The
number of fish in each age group taken by the fishery in any given
year is computed from the age-specific stock size estimates using the
Baranoy catch equation:

Ciop = Mye ™ Ry e/ (Fy et} > D-(exp(-(Fy ¢ #M)])
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Spawning stock sizes were determined by applying an overall
vector of maturity-at-age factors to the age-specific stock sizes.
Total and spawning stock sizes were converted to biomass by applying
a vector of average weights at age based on a von Bertalanffy growth
curve taken from Mayo (1980}, while catch biomass estimates were
calculated from numbers caught using a mean weight at age vector
derived from an average of the 1969-1984 commercial fishery data as
described for the WPA procedure above., Effective fishing mortality
on the incompletely recruited ages was adjusted in accordance with
one of two possible partial recruitment vectors corresponding to
either the pattern exhibited by the heavily expleited 1971 and 1978
year classes with full recrultment occurring at age 9 {Qption 1), or
the pattern observed aver the 1969-1980 period with fulj recruitment
occurring at age 14 {Option 2). Inftial recruitment to the fishery
occurred at age 5 in each case.

The model was employed to examine the effects of alternative
harvesting strategies on both yield and stock size over short- and
lang-term time horizons by varying the level of fishing mortality and
the partial recruitment pattern. Each simulation consisted of 3@
triais over a specified time period of either 16 or 100 years
duration. The lG~year simulations were designed to provide a short-
term retrospective examination of recent changes in the population
using 1969 stock sizes as a starting point. Results from this
initial series were compared with those obtained from the VPA. Long-
term simulations of various fishing options were performed using the
relatively Tlow 1985 stock size as a starting point to evaluate
possible stock rebuilding strategies. Fishing mortality rates were
fixed at various levels ranging from 0.01 to 0.17, including the Fy
and F levels. The sensitivity of the model to changes in naturé}
morta??fy was also investigated.

Results

Catch-at-age for the years between 1969 and the mid-1970's was
composed of a broad spectrum of year classes with ages between 10 and
20 years well represented, With the recruitment of the 1971 year
class im 1976, 1977, and 1978, combined with minimal subsequent
recruitment, the catch composition became increasingly dominated by
this single year c¢lass through the early 1980's., Between 1978 and
1982, the 1971 year class accounted for over 50% of the total numbers
landed, attaining a maximum representation of £3% in 1980 and 1981.
In 1984, however, the 1978 year class recruited to the fishery in
substantial numbers, accounting for approximately 48% of the total
numbers landed, while the 1971 year class percentage declined to 26%.

VPA results suggest that F declined from approximately 0,20
during 1970-1973 to about 0.15 between 1974 and 1976, but increased
thereafter to a level between 0.22 and 0,28 during the 1977-1931
peried (Table 1}, These recent levels of F are approximately three
times the Fp 4 level {0.07) and 70-80% greater than the estimate of
Frax (0.14) Teported by Maye et al. {1983). Exptoitable (age 5+)
stotk size declined steadily from 487 million fish in 1969 to 166
million in 1975, increased to 313 million in 1976 when the 1971 year
class recruited to the fishery, but has since declined sharply to an
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Toble 1. Estimotes of [netontanscus fishing martaflty (F), end tota! atock,
axploitoble stock (ages 5+), and spawning mteck obtained from
virtual population analysls {VPA) of 1989—1984 coich—ot-age data for
Gulf of Maina — Gearges Bank redfish {Stock slzes In mlllions of
fish ond biomaes [n thousands of tons).

Instantansecus
Fishing Tetal Stock Exploitabls Stock Spawning Stock
Year Mortality (F) Number Biomoss Number Biomass Number Biomaes
1969 ¢.128 S2a.0 139.4 4886.6 126.2 358.8 117.5
1378 08178 482.0 128.5 453.4 127.9 351.7 11e.2
1871 9.185 383.5 134.9 3&7.8 133.7 3J28.8 121.8
1972 8.191 526.7 122.6 323.3 120.4 295.4 114.0
1973 0.225 459.8 991 54,9 94.9 242.5 92.4
1974 0.139 490.3 97.53 02,8 851 197.9 B4y
1975 6.158 353.4 §2.3 186.3 74.3 162.9 73.5
197¢ 8.188 318.8 B5.7 3z 853 155.4 ©64.0
1977 8,223 274.0 307 271.7 8e.8 151.2  59.9
1978 9,245 2211.5 219.7 701 138.7 55.8
1979 8. 285 281.9¢ 62,2 168.8 61.2 141.8  54.4
1980 2.257 2188 471 115,86 45.2 118.3  42.9
1981 9.280 188.1 Lo 0.6 388 88.1 36.4
1982 0.224 165,06  47.4 71.2  34.5 0.5 34.3
1583 8. 205 145.1 43.1 148.2 42.% £3.2 29.8
1984 8.172 131,53 33,7 126.4 3B.4 &5.90 24.5
1985 112.7  3:.8 197.8 323 .7 28,2

estimated 108 million fish in 1985. Estimates of explgitable stock
biomass are less variable, exhibiting a steady decline from 136,000 t
in 1969 to 32,000 t in 1985, Similarly, estimates of spawning stock
biomass declined from 118,000 t in 1969 to 25,000 t in 1985.
Recruitment of the 1978 year class at age 5 in 1983 provided only
marginal increases in exploitable stock size and biomass estimates,
compared to previous increases generated by the 1971 year class
during 1976-1979. Thus, the 1978 year class appears to be
considerably weaker than its relatively strong predecessar.

Biomass and yield simulations

Simulated stock biomass and yield estimates obtained from the
first series of trials, based on 1969 age-specific stock sizes, are
given in Figure 5. During the first 16 years, fishing mortality
rates were fixed at the levels indicated by the VPA results, while
annual recruitment was genarated by the model as a function of
spawning stock size, Corresponding amnual! stock biomass estimates
obtained from the YPA and observed yield levels are also provided as
a2 reference to evaluate performance of the model. From years 17
through 100, F was held constant at various levels ranging from 0.01
to 0.17.

Results from the 16 year retrospective simulations for the 1969-
1984 period agree closely with WPA stock size estimates and wit!
empirical catch data. Recruitment estimates for the first four year:!
wera generated using probabilities associated with the mid-range
spawning stock sizes which, in theory, provide optimum conditions for
obtafning maximum recruitment levels. After 1972 the spawning stocl
declinred below the 220 millien level resulting in lower overal
recruitment.  When averaged over 30 trials, simulated recruitmen
values are considerably less variable than the observed levels. Mean
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Figure 5, Results of 100-year Figure 6. Results af 100-year

stock biomass and yield stock biomass and yield
simulations {thousands of simulations {thousands of
tons) under six F levels tons) under six F levels
with M = (.05 and partial with M = 0,05 and partial
recruitment eption 1, recruitment option 2,

annual recruitment levels generated from the model exhibited a slight
downward bias resulting in lower annual stock size estimates when
compared to actual stock sizes obtained from the VPA, particularly
since the mid-1970's. The magnitude of the underestimate in total
stock biomass ranged from 10 to 20% during this peried, while
spawning stock biomass was underestimated by about 5-10%. This
downward bias in simulated average recruitment may have resulted from
the adjustment of the modal probability within each cell of the
transition matrix to the midpoint of the recruitment range when, in
some cases, actual values fell closer to the upper limits.

Projections beyond 1985 indicate that stock levels wil]
gradually increase when fishing mortality remains below 0.07. At the
lowest F applied in these analyses (0,01}, total stock biomass
increases to approximately 95,000 t after approximately 55 years and
remains at that level for the duration of the simulation. Spawning
stock biomass also imcreases to about 85,000 t during the same time
pericd. When F is held at 0.03, total stock biomass increases to a
maximum level of 55,000 t after about 25 years and continues to rise
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thereafter to 60,000 t. Spawning stock biomass exhibits a similar
trend, initially increasing to 50,000 £t and then to 55,000 t at the
end of the simulation, When F remains at 0.07 total stock and
spawning stock biomass stabilize slightly above the 1985 referance
levels; the three highest F's result in further declines before
stabilizing at levels below the 1985 reference points. The yields to
the fishery obtained at all fishing mortality rates are considerably
less than the 1985 catch and range from less than 1,000 t at an F of
0.01 te approximately 2,500 t at F's between 0.10 and 0.17. Ouring
each of these simulatfons, spawning stock size remains well below the
220 million threshold needed to shift the recruitment probabilities
inte the next highest range.

The fajlure of the spawning stock to increase te former levels
suggests that the recruitment simulation requires some refinement, or
that the survival rate of a cohort from the age of recruitment to the
time when the fish enter the spawning stock is insufficient to allow
any significant accumulation. Two aspects of the populaticn dynamics
of this stock were further investigated: partial recruitment to the
fishery, and natural mortality.

Alternate strategies

To decrease effective fishing mortality, the first series of
simulations was repeated with a partial recruitment vector which
approximated conditions evident throughout the 1570's in place of the
initial vector which was based on the recruitment pattern exhibited
by the heavily exploited 1971 year class from 1975 through 1984, The
age of full recruitment was detayed from 9 to 14 years and the
partial F on all ages from 5 through 13 was reduced. Natural
mortality remained at 0.05. Results from the first 16 years of these
analyses (Figure &} provide better agreement with observed declines
in stock size through the mid-1980's, although the delay in the age
of fuli recruitment resulted in a slight overestimate of stock
biemass during this period, Forward projections from 1985 reveal
little improvement over the previous series since only extremely low
fishing mortality rates allow any substantial recovery of the
stock. Although total stock and spawning stock biomass increased by
about 10% at the lowest F Jevel, the spawning stock size stil)
remained below 220 wmillion fish throughout the entire period,
Similar improvements are evident at F = 0.03 but little or nro
recovery above the 1985 level occurs when F exceads 0.07. Yields are
similar to those obtained from the previous series since the slightly
higher stock sizes are offset by the Tower effective fishing
mortality.

The maturity-at-age schedule employed in the model incorporates
a delay of 6 years between the inittal age at recruitment (age 1) and
the age at 50% maturity {age 7). An instantaneocus patural mortality
rate of 0.0% compounded over this 6-year period results in a 26% loss
from each recruiting cohort before they can contribute substantially
to the spawning stock, even if no fishing mortality occurs. Imposing
fishing mortality rates between 0,10 and 0,17 to the partially
recrulted cohorts causes an additional less of between 9 and 14%
before the age of 50% maturity. Thus, approximately 35-40% of the
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Figure 7. Results of 100-year Figure &, Results of 100-year

stock tiomass and yield stock biomass and yield
simulations (thousands of simulations {thousands of
tons) under six F levels tons) under six F tevels
with M = 0.025 and partial with M = 0.025 and partial
recruitment option 1. recruitment option 2.

recruitment is discounted before fish are added to the spawning stock
when fishing mortality exceeds 0.10, if M is assumed to equail 0.05.

In the last two series of trials, each of the above analyses was
repeated with natural mortality set at one-half of the original
level, Simelations were performed wusing 1985 stock sizes as a
starttng potnt with the original and the modified partial recruitment
vectors., The most dramatic improvement in stock biomass occurs at
the two JTowest F levels, although substantial increases are also
evident when F equals 0.07, particularly if full recruitment is
delayed until age 14 (Figures 7 and 8). When M is fixed at 0.025 the
response of the stock to changes in partial recruitment s most
sensitive at F's between 0,03 and 0.07, while only marginal
improvements in stock size occur at higher fishing mortality rates.
Similar yields to the fishery are obtained from ail levels of F
except 0,0l; only marginal increases in catch occur when full
recruitment is delayed.
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Stock recovery

Under the fishing strategies employed during the first two
sertes of trials with M equal to 0.05, stock biomass does not recover
to 1969 levels with either partial recruitment vector (Figures & and
6). Under the best possible conditions, with F equal to 0.01 and
partial recruitment delayed to age 14, total stock and spawning stock
biomass increase to approximately BO% of the 1969 levels. MWith F
equal to 0.03 stock biomass levels increase to only about 50% of the
1969 point. These asymptotic levels are attaired between 35 and 60
years after initiation of the recovery process in 1985,

Results obtained from the Jast two series of trials with M equal
to 0,025 (Figures 7 and 8) suggest that complete recovery of the
stock to the 1969 levetl is achieved at fishing mortality rates
between 0.0l and 9.03 under either partial recruitment option.
Recovery times range from 30-40 years with F at 0.01 to 40-50 years
with F at 0,03, With F equal to 0.07, stock biomass levels increase
to between 40 and 60% of the 1969 point under the initial and the
delayed recruitment options in about 80-45 years,

Discussian

The most significant outcome of these analyses appears to be the
failure of the stock to return to recent historic levels unless
natural mortality is considerably tess than previously believed.
Even when M is equal to 0.025 stock recovery was achieved only when
fishing mortality remained below 0.07 for at least 30 years, As a
consequence of these extremely low F levels, long=term yields to the
fishery under the most optimal conditions of M and partial
recruitment seldom exceeded the 1985 catch of 4,600 t. These results
are remarkably similar to those presented by Archibald et a), {1983)
for Pacific ocean perch, Sebastes alutus, in Queen Charlotte Sound.
In practice, it is often extremely difficult to monitor fishing
mortality rates at such low levels. At tevels of F below 0.10, YPA
results remain sensitive to the choice of terminal F for a greater
number of years, and forward projections of stock size and yield are
affected to a greater extent by natural mortality.

In any simulation the choice of model parameters and assumptions
will influence results. The transition matrix approach is especially
sensitive to the arbitrary placement of cell boundaries particularly
when few stock and recréitment observations are used to construct the
array. In the present case, boundaries were selected based on
apparent gaps in the data, although several alterpate schemes could
have been chosen. The effects of choosing alternate cell definitions
have not been investigated 1in this study. Within each cell,
recruitment frequercies were generated with a central tendency at the
cell midpoint instead of a uniform distribution. This procedure,
which decreased the probability of obtaining recruitment values at
the transition points in favor of those closer to the midpoint, was
incerporated in the model primarily to reduce the impact of the
extremely large value associated with the 1971 year class in the
uppermost cell. Also, the upper bound of this cell was located close
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to the actual value under the assumption that a single extreme
observation should not be taken to represent average conditions.
These restrictions were imposed to provide a conservative approach to
recruitment estimation given the uncertainty assoclfated with the low
number of observations.

The prectpitous decline in stock size observed during the early
1970's suggests that recruitment frequencies generated within the
optimum range of spawning stock were insufficient to offset declines
due to the combined effects of natural mortality and relatively high
fishing mortality rates, Similar declines were also gemerated during
the course of this study by applying fishing mortality rates in
excess of 0.10 to the recovered stock. Ajternating 50 year sequences
of low and high F's applied for 35 and 15 years, respectively, over a
300 year time horizon generated a series of stock declines similar to
that observed during the 1969-1984 period. These simulations suggest
that fishing mortality rates between 0,10 and 0.20, as ocbserved
during the 1970's, combined with a natural mortality rate of 0.05,
were extremely high given the low recruitment Tlevels observed during
that period.

Recruitment probabilities incorporated in the model were based
on a relatively short data series with respect to the longevity of
the species and the overall history of the fishery. Adwittedly,
simelation results are affected by the scarcity of obsarvations in
the middle to high recruitment range, and it is quite probable that
recruitment of moderate and strong year classes has been considerably
less frequent during the past two decades compared to the 1940°s and
1950's., In their analysis of recruitment in 18 worldwide stocks,
Hennemuth et al. (1980) concluded that all but one of the data sets
could be described by a lognormal distribution, based on the results
of a series of Kolmogorov-Smirncy {K-5)} one-sample goodness-of-fit
tests., When applied to the 1964-1980 Gulf of Maine redfish
recruitment data, this procedure provided sufficient cause to accept
the null hypothesis (p > 0.05) that the log-transformed recruitment
values represent a sample drawn from a normally distributed
populatian,

An examination of the age-specific stock size estimates obtained
from the VPA for 1969 reveals a more even distribution of middle aged
fish between 9 and 22 vears compared to the most recent years. Stock
sizes for comparable age groups were approximately 2-10 times larger
in 1969 vs. 1980, suggesting that total mortality during the 1950's
and 1960's was considerably lower than recent values, or that the
absolute size of recruiting cchorts was greater in the earlier
years, Such a shift in recruitment distributions could account fer
the relatively poor response of the stock at moderate F levels and
the extremely long recovery time required at Tow fishing mortality
rates, If the recruitment distribution has been altered, and if the
current pattern persists, the possibility of recruitment overfishing
must be considered,

During the l7-year period from 1936 through 1952, landings from

this stock frequently exceeded 30,000 t and, at times, approached
50,000 and 60,000 t annually as the large accumulation of virgin
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stock was harvested, Despite this relatively high initial
exploitation rate, the fishery continued to provide consistent yields
at an average level of about 15,000 t annually through the early
1960‘s. The production of medium to large year classes up to this
time also appears to have continued at & moderate rate as indicated
by the 1969 age-specific stock size estimates. For unexplained
reasons, this stable recruitment pattern was severely disrupted
during the 1960's and was replaced with the highly variable
distribution evident during the past two decades. The effects of
this alteratfon in recruitment frequency are clearly fllustrated by
trends 1n mean size of redfish taken in the commercial fishery since
1942 (Figure 9). The gradual decline in mean lengths between 1942
and 1965 follows the classic pattern exhibited during the inftial
“fishing up” process when accumulations of older fish are cropped.
Sharp increases evident between 1966 and 1975, and, more recently
between 1379 and 1982, indicate periods of relatively poor
recrultment, while the intervening periods of rapidly declining mean
sizes coincide with entry of the 1971 and 1978 year ctlasses to the
fishable stock,

It may be argued that such abrupt changes fn population dynamics

may be linked to environmental events rather than density-dependent
processes. For example, Koslow (1984) has suggested that recruitment
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Figure 9. Trends in mean length {cm) of redfish landed in the
Gulf of Maine - Georges Bank fishery from 1942 to 1985,
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trends among several Northwest Atlantic species and stocks, including
Scotian Shelf redfish, were correlated, and that much of the
variability over time could be explained by changes in large-scale
physical conditions prevalent throughout the region. Major
recruitment events, such as strong late 1950's and eariy 1970's year
classes, have also coincided among several species and stocks of
Sebastes from the Grand Banks to the Gulf of Maine. However, recent
assessments of Grand Banks and Gulf of St. Lawrence Sebastes stocks
(Atkinson 1983, 1985a, 1985b; Rubec et al. 1985} “have Tndicated
relatively good recruitment levels and increasing overall abundance
during the past 5 years, while corresponding results for the Gulf of
Maine stock are contradictory,

Although environmental factors may have been partially
responsible for the current recruitment pattern in the Gulf of Maine
redfish population, the consequences of sustained heavy exploitation
during the 1940's and early 1950's cannot be ignored. It is
reasonable to assume that a long-lived species with a Targe number of
year classes comprising the spawning stock may be relatively robust
to perturbatioms for a considerable period of time, and that chamges
in the dynamics of the stock may not be readily apparent. Thus, it
is conceivable that the effects of removing between 40,000 and 60,000
t of biomass per year from the spawning stock over a sustained period
may not have become evident until the early 1960°'s. Similarly, the
simulation results presented in this paper clearly suggest that
attempts to restore a severely depleted stock to former levels will
require extreme management measures over an extended time horizon of
unprecedented dimensions.
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Abstract

In this paper, I argue that there has never been a successful
management program for a major commercial rockfish stock anywhere in
the world, While management imprecision has obviously played a
role, this failure may have been because those variables normally
monitored are insensitive to changes {n reproductive features that
govern the commercial and evolutionary staying power of such stocks.

Multiple spawning species have evolved distinctive 11fe histories
which are presumably adaptive to uncertaln reproductive success, and
the rockfishes (genus Sebastes) contain some of the most extreme in
this group., Pacific ocean perch {S. alutus) off British Columbia
mature between 7-9 y and commonly have 30-60 subsequent spawnings in
the absence of exploftation. Throughout much of this period (ages »
25 y), there {s minimal or no individual growth and the biomass of a
cohort is continually decreasing; reproduction is therefore the
major expenditure for such non-growing fish.

The concept of reproductive value {R¥), introduced by R. A, Fisher
in 1930, affords a general structure for explicit consideration of
such a 1ife history. I examine the response of several RY measures
{total RY, eventual RV, modiffed RV, and age/time-specific RY) to
fishing pressure. On a cohort level, most RV measures exhibited
greater sensitivity to exploitation than parameters normally
measured (size, number, fishing mortality or fecundity at age). For
example, introduction of fishing mortality of only 5 percent per
year resulted in decreases of 15-30 percent fn maximum cohort
fecundity but 59-64 percent in RV at the age of maximum cohort
fecundity. Even more dramatic ware the coincident decrements (96-99
percent) in RY at the age of maximum individual fecundity. In the
last portion of the paper, 1 suggest how reproductive value might be
incarporated into the management process.
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Introduction

Trawl fisheries for demersal Fish have been a component of world
fisheries for over 100 y but trawl catches of Sebastes spp. are a
relatively recent phenomenon. Most major fisheries for these
species in the northern hemisphere have had their genesis within the
past 30 y, some only within the last decade. HKhile these fisheries
have been based on several different Sebastes spp., their histories
have been remarkably similar.

In every instance of a major trawl fishery for rockfishes, the
progress of the unrestrained fishery has been several years of
retatively high catches preceding a rapid decline and subsequent
years of very low catches (Figs. 1 and 2). Some familiar examples
in the northeast Pacific are the fisheries for Pacific ocean perch
{S. alutus) in the Gu)f of Alaska, off the coast of Canada, and the
Washington-Oregon region. In the Gulf of Alaska (Fig. 1), the catch
peaked at over 348,000 t in 1965, subsequently underwent a
precipitous decline to only 45,000 t by 1970 and is now less than 2%
(approx. 5000 t} of the peak level (Balsiger et al. 1985). Similar
declines were recorded for stocks off British Columbia and
Washington-Oregon (Fig. 2); in all instances present catches are
less than 10% of maximum levels. Even the recent fishery for widow
rockfish (5. entomelas) off the Washington-California coasts has
experienced simflar, though less extreme, changes {Fig. 1).
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Fig. 1. Catch historles of several Pacific and Atlantic rockfish
fisheries,
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The progress of rockfish fisheries in the northwest Atlantic {Fig.
1) has produced catch histories of the same type observed in the
northeast Pacific. Both the Gulf of St. Lawrence and Scotian shelf
redfish (Sebastes spp.) fisheries have suffered declines of over 70%
from historical catch maxima. While catches in the Guif of 5t.
Lawrence fishery have increased recently, the fishery has not
reached the quota established by maragers.

28+
o--0 RENNELL. SOUND
N o—eo MORESBY GULLY
2a{ | e
1 o
1 o
| o
‘ S
204 ! T 2 !R\‘
e 7
—_ o ;
6 o - ; {11}475*{}<)
g 164 0
= 1974 1978 1982
S YEAR
g 124
5]

a--4 LANGARA SPIT
&#—a QUEEN CHARLOTTE SND.

84 o—---0 VANCOUVER ISLAND
4_

)

1964 1968 1972 B% 1980 1984

YEAR

Fig. 2. Catch historfes of Pacific ocean perch stocks off British
Columbia,

357



The unquestioned cause of all of these declines was fishing
mortality (F} far in excess of levels which might have provided
sustainable fisheries. On the Pacific coast, these high F levels
were generated by large distant-water fleets from Japan and the
Soviet Union during the mid-1960s, prior to any effective regulatory
environment in North America. Although both Canada and the U.S.
dectared 200-mi fishery management zones in 1977 and were able to
reduce F levels experienced by these S. alutus stocks, that actfen
was clearly too little and far too late. During this initial stage
of the ocean perch fisheries then, the problem was not errors in
management but an absence of management. Since 1977, none of the
stocks of Pacific ocean perch has shown any evidence of
rehabilitation.

Do we have any imstances where a rockfish stock that has been the
object of a major fishery has been successfully managed for
sustained yield? [ submit that, the absence of management aside, we
have no examples of successful management of a major rockfish stock,
and, in particular, no examples of successful recovery from
overexploitation. Where we see some evidence of increased catches
after major declines (e.g, Gulf of S5t. Lawrence redfish, Fig. 1},

it is not the result of a directed management action so much as the
appearance of the progeny of cohorts which ware present in the
population prior to the management action. In most instances these
cohorts were largely eliminated by the fishery.

The tenet that we have never successfully managed a major rockfish
stock might seem extreme but the lack of strong evidence to the
contrary argues effectively that we have much to improve. 1 believe
a large measure of our apparent inability to successfully manage
rockfishes can be accounted for by three factors: first, recent
results changing our perception of the biology of rockfishes
{Archibald et al. 1981: Beamish 1979); second, the difficulty in
adequately incorporating that knowledge into our population models;
and, third, that the indices of stock status we use are insensitive
to those population features governing evolutionary and commercial
persistence. In the following sections I review these three points
and suggest some alternative indices that can, after some initial
effort, be routinely incorporated inte stock assessments, I also
examing the potential of incorporating some of these Tndices into
the management of rockfishes, and their implications.

An _altered perspective on rockfish biology

Qur concepts of rockfish 1ife history began to undergo dramatic
changes beginning tn 1979 when rockfish aotoliths were examined in a
different way. Otoliths had traditiomally been aged by surface
reading but the application of break and burn {Chilton and Beamish
1982) and thin sectioning techniques (Beamish 1979} led to new views
of Pacific ocean perch 1ifespan. Archibald et al, (1981} applied
these techniques to 10 Sebastes spp. and provided estimates of their
growth and mortality rates in British Columbia waters. Thase ageing
methods have yet to be validated for almost all the Sebastes spp.
examined, with the exception of oxytetracycline validation of break
and burn ageing for S. flavidus {Leaman and Nagtegaal, in press),
and their results should be treated with appropriate caution.
However, some indirect support for their validity does come from
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Table 1. Estimates of instantaneous natural mortality (M = minimum
I from unexploited stocks) for some Sebastes spp. from British
Columbta waters, estimated from break/burn ageing of otoliths. Also
intluded are the best previous estimates of M obtained from surface
agetng of otoliths, where avajilable.

Age range
Estimated M break/burn
mortality
Species Break/burn ageing Surface ageing estimate
Rougheye rockfish 0,04 - 18-68
(S. aleutianus)
Pacific ocean perch 0.05 0.15 15-77
(5. alutus)
S$i1vergray rockfish 0.04-0.05 - 17-71
(S. brevispinis)
Darkblotched rockfish 0.07 - 11-48
(5. crameri)
Widow rockfish 0.05 0.25 23-59
(5. entomelas)
Yellowtail rockfish 0.07 0.25 17-53
(5. flavidus)
Canary rockfish 0.03-0.04 0.20 15-76
(5. pinniger)
Redstripe rockfish 0.10 - 11-32
(5. proriger)
Yellownouth rockfish 0.08 0.20 18-52
(5. reedi)
Sharpchin rockfish 0.07. - 15-46

(5. zacentrus)
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analytic models of rockfish populations (Archibald et al. 1983:
Kimira, pers. comm.).

The majer results of Archibald et al. (1981) were a halving of
estimated rates of mortality and a doubling of estimated 1ife spans
foar these 10 Sebastes spp. (Table 1). Another result was that the
change in ageing technique praduced almost no change in the
estimated parameters of growth (l=,k). The latter occurred

because the change in ageing technique affected primarily those
irdividuals who had reached a targe proportion of L., even by
surface age estimation. They considered this finding an almost
minor result, yet Tn some ways it is equally as dramatic as the
mortality rate changes, for 1t implies that several of the species
do not grow over 2lmost half of their Jife span or more {Fig. 3).
More importantly, because the fish reproduce throughout their 1ives,
it changes the dominance of the life cycle from somatic to gonadal
production. This change should therefore require a change tn our
analytical approach to rockfish population dynamics to mirror this
fncreased importance of reproduction.
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Fig. 3, Mean Tength at age (with 95% c.i.) for (a) a Tightly
exploited, and (b) a heavily exploited stock of Pacific pcean perch
off British Columbfa.

360



Incorporating reproductive biotoqy into population models

The general and perhaps sole approach to incorporating reproduction
into population models has been to formulate some relatfonship
between adult spawners and reproduction. This may happen either
directly, where adult spawners are linked to reproductive output, or
indirectly, where spawners (biomass or numbers) are linked to
recruits. The attraction of sech stock-recruit relationships (SRR)
is of course that they altow prediction of future valuaes of
recruitment, a deceptively attractive proposition. While there are
a number of technical problems with SRRs (density effects,
measurement precision, determining the true shape of the
relationship with 1imited data) they can generally be overcome
{Cushing 1977; Gulland 1983}, What cannot be overcome or ignored is
that the conceptual basis for the SRR is neither more nor Tess than
a correlation analysis of, certainly in the case of rockfishes, two
nighly variable quantities. Tts validity rests on the contrast and
robustness of the observations from which it is constructed. In
almost every instance, these observations for rockfish stocks are
from an extremely rapid, one-way trend in the stock size of spawning
adults, where we have few 1f any replicate observations, except at
low stock abundance.

Prediction made with such SRRs becomes & process much more fnductive
than deductive. Nopetheless the temptation to produce multiple
scenarios of future stock behaviour is omre few of us cam resist
{Ffg. 4}. Unfortunately, such scenarios, though attractive to
fishery managers, have yet to be proven and remain in the realm of
informed speculation.
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Fig. 4, Predicted stock rebabilitation trajectories for a heavily
exploited stock’ of Pacific ocean perch off British Columbia (from
Archibald et al. 1983).
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Incorporating reproductive considerations into modals of semelparous
(single spawning) species has been relatively easy and led to the
concept of 'replacement stock' for salmonids {e.g. Ricker 1975).
This concept implies a management policy of ensuring sufficient
spawning biomass or numbers for the cohort to reproduce itself in
the next generation. For iteroparous (repeat spawning) species
there is no such analogue within any given year. Instead, these
species have evalved to take advantage of repeated spawnings to
achieve the same cbjective of replacing the cohort. One component
of their ‘replacement stock' is therefore their total lifetime
reproductive output. The other component is the fact that multiple
cohorts spawn together, so that the total reproductive output inm any
year is the sum of variable reproductive effort from animals of
different ages (hence sizes) and reproductive capacity. Clearly,
both individual and demographic characteristics contribute to this
replacement concept for iteroparous species.

It appears that the difficulty in incorporating reproductive biology
inte rockfish population models lies primarily with the constructfon
of algorithms which reflect the underlying biology of how recruiting
cohorts and the varfations therein are generated. For rockfishes,
we need to incorporate indices of population status or condition
that are sensitive to changes in both stock biomass and its
demography.

Reproductive indices

Ideally, we would like to employ am index that reflascts a
combination of age-specific reproductive effort and 1ts contribution
to overall stock reproduction, i.e. its reproductive value (RV}.

The concept of RV was introduced by Sir R. A, Fisher (1930) as the
average number of young that a femzle of arbftrary age in a stable
age distribution could expect to produce at that age and over the
remainder of her life, relative to a female at birth. {Fisher's
formulation of RV was actually more involved because he was
assessing the genetic contribution to future generations). The
importance of this concept was twofold, in that it incorporated the
idea of fitness among different individuals (or more specifically,
genotypes) and the varfable distribution of reproductive effort with
age. The latter presaged what would become a dominant area of
research in population biology, 1ife history theory.

The concept of reproductive value has enjoyed an active commentary
in the Yiterature {Charlesworth 1980) and several variants of
Fisher's ariginal index have been proposed. Three of these,
eventual reproductive value [ERV} (Goodman 1967), age/time specific
RY {Vandermeer 1968), and modified RY {Schaffer 1974) are of
interest. Goodman's ERV is appropriate to populations of mixed-age
reproducers because it is normalized by the reciprocal of the
generation time. The latter quantity is taken to be the mean age of
the parents (female) of a cohort at birth. Age/time specific RY is
the total number of births by animals aged i and older per

animal aged i. The major difference between this index and Fisher's
R¥ 1s that it fluctuaztes with age distribution whereas Fisher's is
stable. Modified RY was an attempt to deal with potential
reproductfve cost im that schedules of incremental fecundity were
established wherein the increments were explicitly independent of
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previous reproductive effort., Most studies elther ignore
reproductive cost or implicitly assume it is zero. For iteroparous
species this assumption is often a pragmatic necessity if
repraductive effort for Individuals cannot be assessed at each
reproductive episode. Fecundity schedules calculated from
simultaneous samples of different age groups will reflect prior
reproductive expenditures, whose influences (1f any} will be
unknown, The indices 1 examined (Table 2) implicitly incorporate
Schaffer's concept, i.e. reproductive cost 1s not ignored, it s
simply unknown.

Table 2. Basic relationships used in the population simulations and
the reproductive value (RV) indices examined.

fecundity: logE =a +b, LogL + blog W + by Log A
E duction: P LEN,.
99 production i zj JN”
BP_l. €5
Recruitment: R1+6 = o P1e - a
'Zi‘
Mortality: I'i“_1 i T Nije ]
Catch: N, .F. -2..
- tj iJ 1- ij F =f
¢ o (e T Ty ey
J

where i,j are year and age fndices

E = fecundity R = recruitment

L = length € = catch

W = weight I = total mortality

A = age F = fishing mortality

N = number P¥j = partial winerability at age |
80

R¥y2 = P1
i=12

ERVi2 = RV /R
IR¥ 2 = RVy3/Ni,12
IERV) 2= ERV12/Nj, )2
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Reproductive value for exploited Pacific ocean perch stocks

The estimation and utility of reproductive value in Pacific ocean
perch was examined with a single cohort and a stochastic, multiple
cohort simulation model. The basic relationships of the model
{Table 2} included: age-specifi¢ fecundity estimation based on
muTtivarfate regressions of length, wefght and age; population
dynamics deiven by a stochastic SRR with log-normal variation in
recruitment and a lag of six years; cohort mortality through
age-independent natural mortality; and fishing mortality applied
through the normal catch equation., The latter incorporates partial
recruitment facters by age. Exploitation effects were examined

in 30 replicates of 200 y duration for each level of instantaneous
fishing mortality (F). Stochastic standard deviation in the SRR was
0.55. A1l parameter values were obtained from a 1ightly exploited
stock of 5. alutus in British Columbla waters (Leaman et al. 1985;
Leaman unpubY. data).

Resylts and Dscussion

The cohort RV at each age for an arbitrary cohort is a continuously
decreasing function with age (Fig. 5}, regardless of Fishing
mortality. Maximum cohort fecundity occurs at approximately age 16
with no fishing mortality but decreases 26% and occurs four years
earlier with introductfon of F = 0.05. Reproductive value at the
age of maximum cohort fecundity decreases by 68X, Cohort wefight
maximizes at age 14 with F = 0.0 and age 10 with F = 0.05. The
reductions in cohort weight and reproductive vatue at the age of
maximum cohort weight with F = D.05 are 19% and 6B%, respectively.
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Fig, 5. Cohort fecundity and reproductive values at age for two

levels of fishing mortality, in a Pacific ocean perch stock from
northern British Columbia waters.
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The RY index presented in Figure 5 is not the traditional RV index,
which is discounted by the probability of survival to each age.
That index performs in similar fashion, but due to the low natural
mortality rate 1s a slightly convex function, with a maximum at age
34 for F=0.0. The value for this discounted index at the age of
full recruitment {12 y) is 83% of the maximum. With F=0.05 the
maximum of the discounted index occurs at age 30 and is reduced by
60% from the unexploited maximum, thus mirroring the magnitude of
the changes in Figure 5,

For the multiple cohort model 1 exanmined reproductive value at age
12 for the cohort (RV¥1p) and by individua)l (IRVyz), as well as
eventual reproductive value at age 12 for the cohort (ER¥12) and the
individual {IERVy2), in addition to blomass and yield for F values
between 0-0.12 (Table 3).

Table 3. Reproductive value indices, bicmass, yield and mean age {) changes
with fishing mortatity (F), over 200 yr similations.

Biomass Yield

F {t) (t) [ RV, 2 ERV12 IRv12 1ERV1 2
0.00 95520 0 24.01 1.40620 58,5713 5,8815 2449
0.02 14110 750 19.63 0.97715 49,7763 3.8914 L1982
0.03 62600 1010 18.54 0,79714 42,9876 4,0823 2201
0.04 58250 1290 17,23  0,70960 44,1939 3.1665 L1837
0.05 47600 1260 16.22 10,5433 33,5050 2.7606 L1701
0.06 41580 1330 15.49  0.46437 29.9870 3.1147 .2010
0.07 35760 1300 14,73 0,37836  25.5826 2.3062 L1565
0.08 29020 1150 14,17  0,29137  20.5625 2.3654 ..1669
0,10 20420 930 13.16  0.18699 14,2106 1.9453 .1478
0,12 13510 680 12,56 0.11679 9.3001 2.0825 .1658

Maximum equilibrium yield occurred at F = 0,06 and biomass was
approximately 44% of that when F = 0.0. Mean age of the stock
decreased from a long-term average of 24 y at F » 0.0 to 15,5 y at
F = 0,06, Changes in the RV indices in response to F {Fig., 6} vary
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considerably in their magnitude and consistency. Cohort RVy2
response to F mirrors that of biomass but is considerably greater

(T =+ 10.1 %, S. E. = 0,59) at each level of F. The buffering
effect of cohort variation is clearly evident when comparing
response of RVy2 to F for a single cohort vs, multiple coherts. For
the former, introduction of F = 0.05 reduces RV)p by 72% from the
unexploited value, while for the latter the average decline is only
61% for the same F. The magnitude of the difference varies with the
growth characteristics of individual stocks and ranges from 10-15%
for stocks off British Columbia,

Examination of sizes at age for Pacific ocean perch stocks from
1963-1982 (Leaman unpubl. data) suggests some compensatory growth
response to exploitation. Size at age 16 has increased 1.5-2.0 cm
in heavily exploited stocks, however the modest increase in
resultant fecundity at age {+10%) cannot compensate for the massive
reductions (-80%) in RY for the same age.

Eventual RY¥j2 also declines with exploitation although the total
decline is less at F = 0.12 than for RVpp (-84% vs. -92%), as well
as less with each F fncrement {Fig. 6). The relationships of the
fndividual reproductive value indices (IRY and [ERY) while showing
more contrast between each other than the cohart indices, are less
responsive to changes induced by fishing mortality. The erratic
behaviour of some of these indices reflects the stochastic variation
in recruitment. If values are averaged over several years the
responses to F are more consistent.
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Fig. 6. Response of several reproductive value indices (at age 12)
to fishing mortality, for a compoesite stock of Pacific ocean perch.
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These reproductive value indices provide much more sensitive
measures of stock status than those generated by simple
biomass-based monitoring {e.g. CPUE or biomass). The highly
determinant growth form of rockfishes noted earlier implies that
these RV-based indices will more accurately reflect the demographic
structure of stock biomass. White tnftially expensive to construct,
due to the time and cost of fecundity estimation, they will be as
robust as the fecundity-body relationships and should change in a
uniform way with fnterannual fecundity variation. The routine
monitoring of R¥-based indices will require only a modest increase
over the effort normally expended in catch sampling for age
structure.

Our present management techniques for rockfish stocks rely on
relatively insensitive feedback controls, that have yet ta
demonstrate significant successes. Clearly, the increased
information content and sensitivity of RV-based indices affords us
the opportunity to control fishing mortality effects which would not
otherwise be evident. Reproductive value indices reflect the
demegraphic structure of rockfish populations, that has evolved to
meet the challenge of uncertain and infrequent reproductive

success. That the unexploited maximum of discounted RV occurs at 34
y indicates the magnitude of this challenge. If the challenges
which the 1ife history of rockfishes have evolved to meet ara still
oparative (and there is no reason tc believe otherwise), then the
conservation of reproductive value should be a primary management
goal, However, it is less clear exactly how this should be achieved
or to what extent, ODur present perception of optimal policies is
based on tenuous SRRs which may have limited applicability to stocks
at Tow levels of biomass.

The incorporaticn of reproductive value intp management will have to
be an active and experimental precess of long duration. A first
step will be to reconstruct stock histories and examine the
recruitment process in reltation to reproductive value, followed by
some analytic/similation studies to examine the resilience of
stocks, as has been done for biomass-based indices. While this will
obviously take some time, ¥t should direct our management models
more toward biological principles and away from a simple faith that
past recruitment patterns will repeat themselves, in spite of major
fishery effects on stock composition.
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on the catch and utilization
of rockfish in Oregon
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Newport, Oregon

Introduction

The U.5. West Coast groundfish traw) fishery expleits a diverse mixture
of species, among which rockfish are an important component of tha
commercial catch. The fishery of f California, Washington and Oregon is
managed by the Pacific Fishery Management Council (PFMC) accarding to
the Groundfish Management Plan {PFMC 1982) and its amendments. In
recent years regulations have been in farce which 1imit the amount each
vessel can land of particular species and/or species groups annually and
per Tishing trip or other specified time period. Trip limit
restrictions have sometimes been accompanied by limits on the frequency
with which such trips can be conducted. The intent of these regulations
is primarily to prevent overharvest and to attempt to maintain a year-
round fishery, However, retention and landing of some species has been
prohibited during portions of some years because annual landing l1imits
were reached prior to the end of the year.

Because of the mixed-species nature of the fishery, it is possible that
species groups managed by trip Yimits and/or annual quotas will continue
to be caught incidentally after the trip or amnual limits have been
reached. Under current regulations the excess catch must be discarded
and it is 1ikely that few, if any, of these trawl-caught fish survive
{Saila 15883}. It is important to determine the extent of such
regulation-induced discard in order to evaluate the effectivensess of ths
current management regime in limiting mertality of managed species
groeups, and to assess its biclogical and economic impacts,

In 1985 a study of the Oregon groundfish trawl fishery was inttiated in
which at-sea observations of the catch and its utilization are being
recorded. In this paper I present preliminary results on the extent of
regulation-induced discard, particularly of rockfish, observed during
the first year of the study.
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Methods

The data presented herein were collected aboard Oregon commercial
groundfish traw) vessels operating ocut of the parts of Newport, Astoria
and Coos Bay during the course of normal fishing operations.
Participation in this study by skippers and/or owners of the vessels was
voluntary. For each tow observed, the total weight was generally
estimated visually by the skipper and/for a trained observer. After the
contents of the net were released, a random sample of the catch was
obtained, or in those instances in which the total tow weight was small,
the entire catch constituted the sample. The sample was then sorted by
specias, and sach species subsample was further sorted inte utilized
and discarded portions. The crew members also provided the observer
with information on the reasens for discarding varjous portions of the
catch. Reasons for discard include: market factors (a species may be
unmarketable, or may have a limited market), fish size (only fish
greater than a certain size may be marketable, or small fish may bring a
lower price than large fish), and regulations (catch amount exceeds
allowable trip limit or fish size less than minimum size limit].
Discarded and utilized portions of each species subsample were then
weighed and enumerated. Estimates of total numbers and weight utilized
and discarded for a given species and tow were obtained by multiplying
the number or weight, raspectiveily, of that species in the sample by the
ratio of estimated tota)l tow weight to total {all species) sample
weight.

Fishing strategies

There is much heterogenaity within the groundfish fishary in terms of
the type of gear used, the Jocations fished, and the species composition
sought. To examine differences in the impacts of regulations on the
various fishing methods that are employed, each tow conducted was
designated as belonging to one of the following four fishing strategies:

1) Bottom rockfish trawling (BRF): tows generally conducted
using roller gear on the ocean bottom, with the primary
target of the tows being one ar more species of rockfish.

2) Midwater trawiing (MID): tows conducted using midwater trawl
gear above bottom; primary target species are widow rockfish
(Sebastes entomelas) and Pacific hake {Merluccius productus).

3) Deepwater Dover sole trawling {DWD): tows conducted on-
bettom in areas germerally exceeding 100 fathoms depth,
using mud-gear, roller gear or mud-roller combination gear.
An important target species of this fishing strategy is the
Dover sole (Microstomus pacificus), but sablefish (Anoplopoma
fimbria) and thornyhead {Sebastolobus sp.} are also
important components of the catch.

4) Nearshore mixed-species trawling (NSM): tows conducted using
mud gear on-bottom in areas generally less then 100 fathoms
depth; primary target species are a mixture of flatfish.

A sacond trawl fishery for shrimp (strategy five)} also catches

signficant quantities of groundfish incidentally. Although some shrimp.
trips have bsen observed during the course of the study, this paper is
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Table 1. Trip limit restrictions pertaining to west coast groundfish
between July 21, 1985 and June 30, 1986.

Species Group Effective Date Regulation

Pacific Ocean Perch 7/21/85 - 12/31/85 5,000 1bs. or 20% of the
catch/trip whichever is

less.

1/1/86 - 6/30/86 10,000 lbs.or 20% of the
catch/trip whichever is
less.

Sebastes Complex 7/21/85 - 9/30/85 7,500 1bs_/1/2 week

or 15,000 hbs/week

or 30,000 1bs./2 weeks.
10/1/85 - 12/31/85 10,000 1bs./1/2 week

or 20,000 lbs./week

or 40,000 1bs./2 weeks.
1/1/86 - 6/30/86 12,500 1bs./1/2 week

or 25,000 1bs./week

¢r 50,000 1bs./2 weeks.

Yellowtail Rockfish 7/21/86 - 12/31/85 3,000 1bs,./1/2 week
or 5,000 1bs./week

or 10,000 1bs./2 weeks.

1/1/86 - 6/30/86 5,000 1bs./1/2 week
or 10,000 1bs./week

20,000 1ks./2 weeks.

Widow Rockfish 7/21/85 - 12/31/85 3,000 1bs./trip
1/1/86 - 6/30/86 30,000 1bs. fweek
Sablefish 7/21/85 - 12/31/85 22" size limit with an

incidental allowance of
£,000 1bs. of fish under
22" length.

11/25/85 - 12/5/85 13% of catch.

12/6/8% - 12/31/85 Prohibited.

1/1/86 - 6/30/86 22" size limit with an
incidental allowance of
5,000 1bs. of Tish under
22" length,

limited to discussion of resuits of groundfish-directed trawling
observations.

An attempt was made to obtain equal coverage of the four primary fishing
strategies throughout the year. However, the voluntary nature of the
observer program, and the fact that some fishing strategies are uncommon
during some portions of the year, led to somewhat unevan sampling
coverage,
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Regulated species groups

Ouring 1985-86 landings of Tive specles and/or species groups were
subject te trip limit restrictions. These were: Pacific ocean perch
(Sebastes alutus), yellowtail rockfish {Sebastes flavidus), widow
rockfish (Sebastes entomelas), sableftsh {Anoplopoma fimbria} and the
Sebastes complex., The Sebastes complex includes all rockfish except for
widow rockfisn, Pacific ocean perch, Sebastolobus sp. and shortbelly
rockfish {Sebastes jordani). Thus, landings of yellowtail rockfish
count towards allowable Tandings of Sebastes complex, as well as towards
its own trip limit,

Because the regulations pertaining to each of these species groups
varied during the course of the study, the data were further divided
into three time periods:

A: July 21, 1985 through September 30, 1985;
B: OCctober 1, 1985 through December 31, 1985;
and €: January 1, 1986 through June 30, 1986.

These time periods were chosen because they correspond roughly to
periods during which the regulations for most species remained constant.
A detailed description of the regulations in effect faor each species
and/or species group from July 21, 1985 through June 30, 1986 is
provided in Table 1. Data were analysed by fishing strategy, time
period, and species group.

Results

Between July 21, 1985 and June 30, 1986, a total of 483 groundfish-
directed trawl tows were sampled. Table 2 provides a breakdown of tows
sample¢ by fishing strategy and time period. Greater sample sizes were
obtained for the DWD and BRF fishing strategies than for the NSM and MI0
strategies.

Table 2. Tows sampled by fishing strategy {BRF = bottom rockfish
trawling; MID = midwater trawling; DWD = deepwater Dover sole
trawling; NSM = near-shore mixed species trawling) and time
period {A = 7/21/85 - 9/30/85; B = 10/1/85 - 12/31/85;

C = 1/1/86 - 6/30/86) between July 21, 1985 and June 30, 1986.

Time Period

Fishing
Strategy Total
A B C A-C
BRF 45 35 114 185
MID Q ] 24 24
DwWD 57 67 102 226
NSM 28 _3 ] 38
Total 131 105 247 483
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The pravalence in the catch of species regulated by trip 1imits
(regulated species groups) varied greatly among fishing strategies
(Fable 3). Regulated species groups comprised 85.3% of the BRF catch,
61.9% of the MID catch, 38.4% of tha DWD catch and only 5.6% of the NSM
catch. Species composition of the regulated-species component of the
catch also varied by fishing strategy. Widow rockfish comprised 60.1%
of the MID catch and 21.8% of the BRF catch, but did not contribute
signficantly to the catches of aither the DWD or NSM strategies.
Yellowtail rockfish and other Sebastes complex species were most
prevalent in the BRF catch, of somewhat lesser importance to the DWD
catch, and of minimal importance to the MID and NSM strategies. The
only strategy for which sablefish comprised a significant fraction of
the catch was the DWD strategy. Pacific acean perch comprised 4.6% and
4.2%, respectively of the BRF and DWD strategies, and less than 0.1% of
the catches of the MID and NSM strategies.

Hypotheses concerning strategy-specific discard rates

Given the obsarved differences among fishing strategies in terms of the
relative amount and species composition of the regulated component of
their catches, it was expected that the frequency of occurrence,
magnituda, and species composition of regulation-induced discard would
also vary among the strategies. For example, because sablefish are only
caught in large quantities during OWD fishing, regulation-induced
discard of sablefish should occur most frequently for that strategy, and
may not occur for the other strategies., In general, it wouid be
expected that those strategies which catch the greatest quantities of
regulated species groups and whose catches are most varied in species
composition should experience the greatest impacts of the current
management regime in terms of regulation-induced waste. Thus, the BRF
strategy, for which a mixture of regulated species groups comprise the
majority of the catch, should be most affected by trip Yimit
restrictions. The DWD strategy shouid rank second in terms of
regulation-induced discard. The MID strategy catches significant
quantities of only one regulated species (widow rockfish), and fishermen
employing this stratagy can target on, or aveid, this species with a
high level of accuracy. Thus it would be expected that the amount of
regulation=induced discard occurring for the MID strategy should be Jless
then that which occurs for etther the BRF or DWD strategies. Because
regulated species groups comprise only a minar portion of the NSM catch,
regulation-induced discard should be low or non-existent for this
strategy.

Further, there are two distinct ways in which trip limits can evoke
waste. First, a regulated species may be the target of a given tow, and
in an attempt to obtain the maximum allowable catch of that species, a
fiszherman may inadvertently catch an excess amount which must be
discarded. This type of scenario would apply primarily to the MID
strategy while in pursuit of widow rockfish. Alternatively, a non-
reguiated species or species group may be the objective of a given tow,
but one or more regulated species may be caught incidentally in
quantities in excess of allowable landings limits. This latter scenario
would apply primarily to the BRF and DWD strategies. Undoubtedly, both
of these scenarios (i.e. directed and non-directed effort for a
regulated species) occur on some fishing trips.

Finally, the quantity of regulation-induced discard will vary over time
as changes in regulations occur. Obviously, one would expect to see
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Table 3. Catch in pounds and percent of catch of varicus species groups
cbtained by each fishing strategy {BRF = bottom rockfish
trawling, DMD = deepwater Dover sole trawling, MID = midwater
trawling, NSM = nearshore mixed species trawling). Data are
from at-sea observations aboard Oregon commercial groundfish
trawlers from July 21, 1985 - Jupe 30, 1986.

Catch by Fishing Strategy

Species

Group BRF DWD MID NSM
Tbs. (%} Tbs, (%) Tos. (%) Tbs. (%)

Widow

Rockfish 129140 { 21.8) 624 ( 0,1) 182879 { 60.1) 53 ( 0.1)

Pacific

Ocean Perch 26980 { 4.6) 26135 ( 4.2) 0( 0.0) 3 ( €0.1)

Yellowtail

Rockfish 114959 ( 19.4) 658 { 0.1) 5267 { 1.7) 402 ( 0.9)

Other

Sebastes

Complex 226071 ( 38.2} 177986 { 12.5) 115 { <0.1) 938 { 2.2)

Sablefish 8394 ( 1.4) 134035 ( 21.5) 0{ 0.0} 1031 { 2.4}

A1l regulat-
ed species: 505544 ( 85.3) 239438 { 38.4) 188261 { 61.9) 2428 ( 5.6)

Other
Rockfigh 5329 { 0.9) 52062 { 8.3) 0( 0.0) 48F ( 1.1)

Other Fish 81069 ( 13.7) 318089 ( 51.0) 115792 ( 38.1) 37119 { 85.1)
Invertebrates 435 ( <0.1) 13995 [ 2.2) 32 { <0.1) 3597 { 8.2)
Total 592378 (100.0) 623585 (100.0) 304085 {100.0) 43604 (100.0)

higher discard rates of sablefish during the time that landings of that
species were prehibited, compared with other time perigds when only
landings of smali fish (under 22") were restricted. In general, the
lower the trip 1imit in effect, the greater the likelihood that
incidental catches will exceed atlowable landings 1imits, and thus, the
greater the probability that regulation-induced discard wiil oaccur.

Quantity of regulation-induced discard observed

Tables 4 a-d provide a breakdown of total catch weights sampled, average
catch/tow, marketable catch, and amount of the marketable catch
discarded due to regulations; by fishing strategy, species group and
time period. Estimates of marketable catch were obtained by subtracting
amounts discarded due to market factors or fish size from total catch
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weight. This procedure may underestimate marketable catch because some
of the fish for which discard was attributed to fish size may be
marketable, but would yield a lower price than other fish on board.
Under the present management regime there is an incentive for fisharmen
to discard smaller, Tower valued fish in order to obtain maximum
revenues within the aliowable landed weight 1imit. Methods to detect
and decument such "higrading” of the catch are currently being explored.
However, for most regulated species groups and fishing strategies the
estimated marketable catch was very similar in magnitude to the total
catch. A major exception occurred for the BRF strategy with respect to
the Sebastes Complex catch during time period A. In that instance, less
than half of the Sebastes complex catch was estimated to be marketable
(Table 4a}.

For all regulated species groups over all time periods and fishing
strategies, a total of 74,039 1bs. of fish were discarded due to
regulations out of a total marketable catch of 833,787 1bs. Thus,
regulation-induced discard represented approximately 8.9% of the total
marketable catch sampled. Howsver, regulation-induced discard of
individua) species groups varied from 0% up to 100% of the marketable
catch among fishing strategies and time periods. As expected, discard
rates were generally highest for the BRF and DWD strategies, which
caught significant quantities of several regulated species groups.
Discard rates ranged from approximately 1 te 25% of the regulated
species catch of these strategies {Tables 4a & b). For the MID
strategy, regulation-induced discard was estimated at 10.8% of the
marketable regulated species catch during time period C (the only pericd
during which observations of this fisning strategy were made). The vast
majority of the regulation-induced discard seen for this strategy was
due to inadvertently large catches of widow rockfish {Table 4c}. No
regulation-induced discard was cbserved for the NSM strategy (Table 4d)
which was not surprising given the low catch-rates of regulated species
cbtained by this strategy.

Some of the variation in discard rates could be explained by changes in
requlations over time. For example, discard of sablefish was highest
during time period B, when trip limit restrictions for that species were
most severe. Interestingly, catch per tow of sablefish for the DWD
strategy was also highast during time peried B, perhaps indicating that
a closer association batween sablefish and Dover sole occurs during that
time of year. Discard of yellowtail rockfish for the BRF strategy,
which caught the greatest quantity of this species, was highest during
time period B (Table 4a). Ouring this time period the trip limit for
yellowtail rockfish was Jowest, both in abselute terms and as a fraction
of allowable landings of Sebastes complex (Table 1). Average catch/tow
of this species was also highest during time period B. For the BRF
strategy, discard of widow rockfish was much higher under the 3,000 1b.
per/week trip limit (64.1% of the marketable catch during time pericds A
and B combined) than under the 30,000 1b./week limit {2.5% of the catch
during time period C). However, whereas the trip 1imit for widow
rockfish remained at 3,000 1bs./trip during both time periods A and B,
both catch per tow and discard rates were much higher during the former
time period. While it would be expected that given a fixed trip Timit,
discard rate would increase as catch rates increase, it is unclear why
the catch rates differed batween time periods.

Discard rates of Pacific ocean perch; and Sebastes complex did not
always vary in accordance with changes in regulations. Specifically,
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Table 4a. Catch and regulation-induced discard of species and species/
groups regulated by trip limits for the bottom rockfish
fishing strategy by time period (A = July 21, 1985 -

September 30, 1985; B = October 1, 1985 -~ December 31, 1985;

€ = January 1,1986 - June 30, 1986). Data are based on at-sea
observations made aboard a sampie of Oregon commercial
groundfish trawl vessels.

Regulation-Induced Discard

Total Average Percent of
Catch Catch Marketable  Amount Marketable
Species Time Sampled Per Tow Catch Discarded Catch
Group Period (1bs) {1bs) {1bs) {1bs) Discarded
Widow Rockfish
A 22,447 488 22,282 17,4945 80.5
B 5,703 T 163 5,703 0 0.0
C 100,990 886 100,948 2,552 2.5
Yellowtail
Rockfish
A 11,156 243 11,156 0 0.0
B 47,513 1358 47,512 6,302 13.3
C 56,291 494 56,291 40 0.1
Sebaste
Complex
A 101,175 2,200 49,262 0 G.0
B 90,749 2,593 79,942 6,390 8.0
C 149,107 1,308 129,660 817 0.6
Pacific Ocean
Perch
A 8,890 193 8,837 2,194 24.8
B 19 1 19 0 0.0
c 18,070 i58 17,765 0 0.0
Sablefish
A 1,422 31 1,419 0 0.0
B 130 4 Rk 33 100.0
c 6,842 €0 5,738 0 0.0
A1l Regulated
Species
Groups
A 133,934 2,912 81,800 20,139 24.6
B 96,601 2,761 85,697 6,423 7.5
[ 275,009 Z2,412 254,111 3,409 1.3

Isebastes Complex includes yellowtail rockfish.
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Table 4b. Catch and regulation-induced discard of species and species/
groups regulated by trip limits for the deep water Dover scle
fishing strategy by time period {A = July 21, 1985 -
September 30, 1985; B = Qctober 1, 1985 - December 31, 1985;
C = January 1,1986 - June 30, 1986), Data are based on at-
sea cbservations made aboard a sample of Oregon commercial
groundfish trawl vessels.

Requlation-Induced Discard

Total Average Percent of
Catch Catch Marketable  Amount Marketable
Species Time  Sampled Per Tow Catch Discarded Catch
Group Peried {1bs) {1bs) {1bs) {1bs) Discarded
Widow
Rockfish
A 574 10 574 0 0.0
B 12 <1 18 0 0.0
C 32 <1 32 0 c.0
Yallowtail
Rockfish
A 0 0 g 0 0.0
B 0 0 Q 0 0.0
¢ 658 3 658 359 54.6
Sebastes
Complexl
A 20,599 361 19,444 0 0.0
B 8,989 134 8,702 0 0.0
C 49,056 481 44,623 6,026 13.%
Pacific Ocean
Perch
A 1,673 29 1,652 0 0.0
B 3,586 53 3,582 0 0.0
C 20,877 205 20,828 0 0.0
Sablefish
A 21,346 375 17,538 426 2.4
B 61,046 911 57,969 17,296 29.8
C 51,643 506 45,668 0 0.0
A1l Regulated
Species
Groups
A 44,192 775 39,208 426 1.l
B 73,639 1,099 70,211 17,296 24.6
¢ 122,266 1,193 112,151 6,026 5.4

1sebastes Comolex includes yellowtail rockfish.
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Table 4¢. Catch and regulation-induced discard of species and species/
groups regulated by trip limits for the midwater trawl fishing
strategy during fime period C (January 1, 1986 - June 30,
1986). Data are based on at-sea observations made aboard a
sample of {regon commercial groundfish traw) vessels.

Reguiation-Induced Discard

Total Average Percent of
Catch Catch  Marketable Amount Marketable
Species Time Sampled Per Tow Catch Discarded Catch
Group Perjod {1bs) {1bs) (1bs) {1bs) Discarded
Widow
Rockfish
c 182,879 7,620 182,879 20,000 10.9
Yellowtail
Rockfish
C 5,267 219 £,267 320 6.1
Sebastes
Complex
5,382 224 5,315 320 5.9
Pacific Ocean
Perch
c 0 0 0 0 0.0
Sablefish
C 0 0 0 0 0.0
All Regulated
Species
Groups
c 188,261 7,844 188,254 20,320 10.8

lsebastes Complex includes yellowtail rockfish,

regulations regarding Pacific ocean perch changed only s)ightly during
the year of the study, yet significant discard was cnly observed during
one time pericd during which catch/tow was high {Time pericd A, BRF
strategy, Table 4a). Discard of Sebastes complex was primarily due to
discard of yellowtail rockfish for the BRF strategy, but yellowtail
rackfish did not comprise a large fraction of the Sebastes complex catch
for the DWD strategy (Tables 4a and b). For the latter strategy,
discard of Sebastes complex was highest during time period C, during
which the highest trip 1imits for this species group were in effect, and
catch rates were also highest in comparison with time periods A and 8.
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Table #d. Catch and regulation-induced discard of species and species/
groups regulated by trip limits for the nearshore mixed
species fishing strategy by time pericd {A = July 21,
1985 - September 30, 1985; B = October 1, 1985 -
Decembar 31, 1985; C = January 1,1986 - June 30, 1986).
Data are based on at-sea observations made abecard a sample
of Oregon commercial groundfish traw! vessels.

Reguiation-Induced Discard
Total Average Percent of

Catch Catch  Marketable Amount Marketable
Species Time Sampled Per Tow Catch Discarded Catch

Group Period [(1bs) {1bs) {1bs}) (1bs) Discarded
Widow
Rockfish
A 53 2 53 0 0
B i} 0 0 0 ]
C 0 ¢ 0 0 0
Yellowtail
and Rockfish
A 2318 8 236 0 0
B 0 0 0 0 0
c 166 24 166 1] 0
Sebastes
Complex
A 762 27 126 0 0
B 126 42 84 0 6
C 453 65 338 o 0
Pacific Ocean
Perch
A 3 <1 3 0 ]
B o 0 0 0 ]
c ¢ 0 0 0 0
Sablefish
A 958 34 779 Q 0
B 73 24 42 0 0
C 0 0 0 0 0
A1 Regulated
Species
Groups
A 1776 53 1561 o] 0
B 199 66 126 0 0
C 453 65 ass 0 0

lsebastes Complex includes yellowtail rockfish.
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Discussion and Conclusions

It is clear that trip limits applied to individual species in a mixed
species fishery lead to discard of some marketable fish. At least some
discard of each of the regulated species groups was observed during the
course of this study. Owverall, regutation-induced discard accounted for
8.9% of the marketable catch of regulated species groups sampled.
However, significant varijatton in discard rates was observed among
species groups, fishing strategies, and time periods. On some occastons
regulation-induced discard was extremeiy high, both as a percentage of
the marketable catch and in absolute terms, whereas in other instances,
no regulation-induced discard was observed.

Seme of the varfation in regulation-induced discard could be explained
by differences in catch composition among fishing strategtes, variations
in trip limit regulations, and diffarences in regulated species catch
rates among time periods. In general, it was found that highest discard
rates tended to cccur for those fishing strategies that caught mixed-
species aggregations of fish with a targe percentage of the catch
consisting of species groups subject to trip 1imit restrictions.

Greater discard rates also tended to be promoted by high catch rates and
Tow trip 1imits for regulated species groups.

However, significant variatien in catch and discard rates occurred which
were not associated with changes in regulaticns or differences in
fishing strategies. Other factors net considered in this paper
undoubtedly play a major role in influencing the magnitude and variation
in regulation-induced discard. Possible contributing factors include
seasonal changes in species distributions and asseciations, individual
differences in attitude and fishing strategy among fishermen, and trip
length (ie. high catch rates per tow would be more likely to induce
discard on long, relative to short, trips).

Further work is needed before the observations made in this study can be
extrapalated to estimate the ievel of regulation-induced discard that
occurred in the entire fishery during 1985-1986. Analyses of the levels
ef fishing activity employed in the fishery at-large by time period and
fishing strategy are being conducted using logbook data, to permit such
extrapolations to be made. However, given the variability in discard
rates observed, such extrapotations will be rather approximate.

Sampling rates are expected to be somewhat higher in future phases of
this study than those reported here for the 1985-86 pariod, which should
improve the precision of later estimates.

A guestion that inevitably arises but that is difficult to address is
whether fishermen behave in a similar manner when an observer is aboard
compared to other fishing trips. Factors that may tend to minimize
changes in behavior due to the presence of an ohserver include:

1} There are no legal penalties associated with discard of
fish-at-sea;

2) confidentiality of individual vessel catch utilization and
discard practices is an important component of our agreement
with the participants;

3) since economic compensation of skipper and crew is generally
based on a percentage of profits (as opposad to time related
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compensation), it is in the economic interests of the skippers
to employ those strategies that are 1ikely to yield the
greatest profits; presumably such strategies are those that
are used on a regular basis and;

4) participants appear to be sincerely interested in aiding
efforts to document and evaluate effects of the current
management regime.

Any deviations from normal fishing patterns that may have occurred would
1ikely result in less, rather than more, discard then usual. Thus
levels of regulation-induced discard observed in this study may
underestimate overall discard rates.

Future consequences and evaluation of present management polictes

Under current management pelicy, trip limits for regulated species can
vary greatly both within and between years. This variation is due to
changes in allowable annual catch levels, as well as variation in the
number of vessels participating in the fishery. At present, fleet size
is not regulated and varies in part due to changes in accessibility and
profitability of alternative fishing epportunities {eg. shrimping, joint
venture fishing). For a fixed level of annual allowable catch, an
increase in the number of participants will likely lead to lower trip
1imits, and vice versa. Future changes in the number of species or
species groups regulated by trip limits will alse influence overall
discard rates.

it is difficult to predict how allowable catch levels, fleet size, and
regulations will change in the future, but it is clear that such changes
witl influence the extent of regulation-induced discard that will occur
from year to year. Thus, the level of regulation-induced waste observed
in this study may be greater or less than that which will cccur in the
future.

The waste of marketable fish due to regulations reduces the immediate
value of the catch to individual vessels during trips where it occurs,
and may also diminish future opportunities to catch and market fish for
the fishery at large, and hence, the availability of fish to consumers.
It also reduces the reliability of landings data as indicators of total
fishery-induced removals. While it would certainly be desireable to
prevent waste from occurring, the "costs" of the current management
regime in terms of regulation-induced waste must be weighed against its
benefits and should also be compared with the pros and cons of
alternative management systems.

The West Coast groundfish trawl fishery is complex in terms of the
number of species exploited, variation in the condition of individual
stocks within the fishery, the variety of fishing strategies employed by
the fishing fleet, and the multitude of management objectives sought to
be achieved. Alternative management regimes which may be more effective
at minimizing waste, may have other less desireable consequences. A
fuller evaluation of the current management regime, as well as an
evaluation of potential alternatives 1s now in progress.
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Summar

Observations conducted aboard commercial fishing vessels during 1985 and
1986 indicate that the current West Coast groundfish management policy
results in some discard of marketable fish. Regulation-induced discard
averaged 8.9% of the marketahle catch of regulated species groups
sampled, but significant variation in discard rates was observed among
species groups, fishing strategies and time periods. Higher discard
rates tended to be promoted by Yow trip limits, high catch rates, and
fishing strategies which caught a mixture of fish that included a large
percentage of regulated species groups. Further work is in progress to
more fully evaluate the current management regime in light of
alternative management tools.
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Session VI -- Workshop on future
rockfish research needs




Proc. Int. Rockfish Symp.
Oct. 1986, Anchorage, Alaska

Workshop Summary

Robert C. Clasby
Alaska Department of Fish and Game
Juneau, Alaska

The workshop on future research needs was conducted using
the panel discussion format. The chairs of the individual
symposium sessions, Grace Klein-MacPhee, H. Richard Carlson,
Lewis Haldorson, Daniel H. Ito, and Steven K. Davis made up
the workshop panel. Each gave a summary of the status of
knowledge of rockfish, as reflected in the papers presented
during his or her session; provided thoughts on what
direction future research should take, and led the
discussion of that particular panel subject. The following
is a brief summary of the workshop discussions,

Rockfish fisheries conducted on the eastern and western
cogts of North America have a long history, although
significant effort levels and high catches did not occur
until about the 19408. As a whole, the fisheries are
experiencing declining catches and standing stocks. This
has been due primarily to increasing effort and consumer
demand for various rockfish. Researchers and managers must
deal with a number of problem areas if they are to provide a
fighery that is economically valuable in the long-term.
These problem areas include:

A lack of knowledge of the life histories of many
rockfish species.

The inability to measure a forecast recruitment.

Unknown accuracies and precisions in biomass
assessments.

Management of multi-species fisheries.
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By-catches of birds, marine mammals, and prohibited or
fully utilized £ish species.

Conflicts between various user groups.
Overlapping regulatery jurisdictions.

Perhaps the most important obstacle to overcome in providing
effective management of the rockfish resources is that of
declining budgets.

Knowledge of the early life histories of most of the
commercially important rockfish species is severely lacking.
If we are to begin to understand the dynamics of this
resource, it is imperative that progtess be made in areas
such as species identification of early life stages,
distribution and movement of larval and juvenile stages, and
the factors affecting rates of mortality of these young
fish.

The new aging technigues seem to have been accepted by most
of those working in the field, but there is a need to insure
continued validation of those technigues. The break and
burn method is laborious and expensive, therefore, there is
a need to investigate more efficient metheds of estimating
the age of rockfish. Areas that show some promise are the
use of length fregquency distributions, otolith morphometry,
and regression techniques.

The species being investigated should be ranked in order of
importance, and the validity of applying data available for
similar species to those being studied determined.

There iz a desire by the industry and managers to rebuild
depleted rockfish stocks. Some measures have been taken to
accompligh that objective, but accurate measurements of
recruitment are needed to assess the success of those
rebuilding programs. In addition to understanding the basic
biology of the species involved and the development of good
stock assessment techniques, the natural external factors
affecting survival must also be understood to ewvaluate
whether the management technique, natural factors, or a
combination of both has caused the measured level of
recruitment to the fishery. Since there are many natural
factors, both biological and physical, affecting birth and
survival, it may not be possible to accurately predict
recruitment success, but it is important that the problem be
investigated., Topics such as environmental affects of
fecundity, larval survival windows, and the spatiality of
recruitment are of particular importance.

Reviews of recent stock assessments show that many rockfish
populations are much less productive than initially thought.
A full review of assessment technigues is warranted to
evaluate the need to increase their accuracy and prec1510n.
Critical guestions that need to be answered are:
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What is the degree of intra- and intersite variability
of assessments?

Will there be problems with estimating the numbers of
fish at age when the populations are low?

How accurate are current stock assessment models and
trawl surveys at low stock or effort levels?

How to standardize data obtained using differing
assessment technigues?

In addition toc answering the above guestions, there is a
need to:

Incorporate new biological and physical data into
assessment models when possible.

Examine robustneas of esisting models.

Modify existing assessment technigues, or develop new
ones to deal with variability problems.

Investigate climatic affects on stock status.

Although there may be a need to slow down rockfish regearch
as funding declines, there is also a need to get ahead of
the boom-bust phenomenon that has been plaguing the rockfish
fisheries. Thete are a number of things that can be done to
either reduce the cost of research, or increase what can be
done with existing funds.

Data sharing can be increased.

Managers and researchers need to interact more than
they do now to increase the level of feedback.

Experimental fisheries should be used to test
hypotheses.

There is a need to involve all users of the resource to
a higher degree, so that they will assist in promoting
programs to those that hold the purse strings.

The costs and benefits of rebuilding need to be
assgsessed.
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