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AGENDA D-1 (a,b,c)

DECEMBER 1992
MEMORANDUM
TO: Council, SSC and AP Members .
FROM: Clarence G. Pautzk
Executive Director
DATE: December 2, 1992

SUBJECT: Gulf of Alaska and Bering Sea/Aleutian Islands Groundfish

ACTION REQUIRED
(a) Review recommended assumed mortality rates for halibut bycatch.

(b)  Consider comprehensive Gulf of Alaska rockfish management and receive report from
Rockfish Committee.

(c)  Consider adopting policy of setting TAC below ABC to provide a conservation buffer.

BACKGROUND

(@)  Assumed mortality rates for halibut

In 1992, fisheries were managed using assumed halibut discard mortality rates of 75% for BS/AI trawl
fisheries, 65% for GOA trawl fisheries, 16% for all hook and line fisheries, and 10% for pot fisheries.
Based on a study of release condition factors, prepared by the IPHC and NMFS, the groundfish Plan
Teams are recommending that fisheries in 1993 be managed using fishery-specific discard mortality
rates as follows:

BS/AI Trawl fisheries

Midwater pollock - 80%

Atka mackerel, rock sole, yellowfin sole, and other flatfish - 70%
Pacific cod, bottom trawl pollock, and rockfish - 60%

Arrowtooth flounder, Greenland turbot, and ’other species’ - 40%

GOA Trawl ﬁsberi&s
Midwater pollock - 75%

Rockfish, shallow water flatfish, and ’other species’ - 60%
Pacific cod, bottom trawl pollock, and deepwater flatfish - 55%

BS/AI Hook and Line
All targets - 20%

D-1(a-c) Memo 1 HLA/DEC



GOA Hook and Line

Pacific cod and rockfish - 16%
Sablefish - 25%

BS/AI and GOA Pot fisheries
All targets - 5%

The Plan Teams reviewed the analysis, included here as Item D-1(a)(1), and believe that use of these
fisheries specific rates represent an improvement over the rates used in the past which were an
aggregate, by gear type, across all fisheries. The Council should provide a recommendation to NMFS
on use of these assumed mortality rates in managing the 1993 fisheries.

(b)  Comprehensive Gulf of Alaska Rockfish Management

The Gulf of Alaska groundfish Plan Team met in November to prepare the stock assessment
documents which will be presented under a separate agenda item. Much of the Team’s discussion
was centered on rockfish, in light of Council initiation of long-term management planning for these
species. The Plan Team reviewed the latest stock assessment information for all of the rockfish
species/complexes and reviewed a draft analysis of stock projections for Pacific Ocean Perch (POP)
under four alternative exploitation strategies. This analysis, prepared by rockfish stock assessment
scientists from NMEFS, is included in your notebook as Item D-1(b)(1).

When the Council takes up rockfish under Gulf groundfish specifications, Agenda Item D-1 (d), staff
will provide a detailed explanation of the biomass and ABC recommendations for 1993. In summary,
the following recommendations are being made by the Plan Team: (1) use of an F35% exploitation
strategy for POP, adjusted downward by the ratio of current female spawning biomass to B35% (35%
of the unfished level of female spawning biomass); (2) breaking out Northern rockfish from the ‘other
slope’ category and managing it separately, due to disproportionate targeting on this species relative
to its percentage of the biomass; (3) reduction of the ABC for pelagic shelf rockfish based on the
. proportion of Dusky rockfish biomass in this complex; and (4) reduction of the natural mortality rate
used for thornyheads, which results in a lower exploitation rate for this species.

Two draft working papers (1) Do Trawl Surveys Underestimate Rockfish Biomass?, by Steve Davis
of LGL Alaska Research Associates, and (2) A Review of Rockfish Management in the Gulf of
Alaska, by Barry Bracken of ADF&G were provided to the Plan Team as background information.
The Plan Team reviewed these documents and found them useful to the discussions; however, the
Plan Team does not explicitly endorse either paper. They are provided here, as Item D-1(b)(2) and
Item D-1(b)(3) respectively, as background for the Council on the issue of rockfish management.
Estimates of unreported discards of shortraker/rougheye and thornyhead rockfish in the hook and
line sablefish fishery are provided in Item D-1(b)(4). Additional information, on discards of POP in
other fisheries, may be available at this meeting as a supplemental item.

The Council’s Rockfish Committee met on November 23, the week after the Plan Team meeting, and

was provided the same documentation described above. The Committee’s report is contained here
as Jtem D-1(b)(5).
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()  Setting a Buffer Between ABC and TAC

Item D-1(c)(1) in your notebook is a letter from the Commissioner of the Alaska Department of Fish
and Game urging the Council to adopt a policy of setting a buffer between ABC and TAC, for not
only rockfish but all species. When TACs are set equal to ABC, the ABC then becomes the target
harvest level. The rationale for the Commissioner’s request is to prevent harvests from exceeding
ABC, which should be a maximum level of allowable harvest. This is especially important when ABC
may be equal to the overfishing level.
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AGENDA D-1(a)(1)
APPENDIX I DECEMBER 1992

PACIFIC HALIBUT DISCARD MORTALITY RATES IN THE
1991 GROUNDFISH FISHERY OFF ALASKA

By
Gregg H. Williams (IPHC) and Thomas K. Wilderbuer (NMFS)
November, 1992

Abstract

Halibut discard mortality rates for the 1991 groundfish fisheries are calculated from
data collected by NMFS observers. In general, trawl and pot rates were lower in 1991 than
in 1990, whereas hook and line fishery rates were higher, in some cases substantially. For
BSAI trawl fisheries, midwater pollock was estimated at 80%; atka mackerel, rock sole, and
other flatfish at 70% (yellowfin sole was not an assigned target in 1991, but was the
predominant fishery in "other flatfish"); Pacific cod, bottom trawl pollock, and rockfish at
60%; and 40% for arrowtooth flounder, Greenland turbot, and "other species”. For GOA
trawl fisheries: midwater pollock was estimated at 75%; rockfish, shallow water flatfish,
and "other species" at 60%; and 55% for Pacific cod, bottom trawl pollock, and deep water
flatfish. All BSAI hook and line fisheries were estimated at 20%. GOA hook & line
fisheries were split at 16% for Pacific cod and rockfish, and 25% for sablefish. All pot

- fisheries were estimated at 5%. We recommend monitoring bycatch mortality for 1993 trawl

and pot fisheries using the results of our analysis. Unless an in-season program requiring
"careful release" techniques is adopted for hook and line fisheries, our results for hook and
line fisheries should also be used.

Summary of Data Collected During 1991

We used the species composition of a vessel’s weekly catch (reporting week) as the
basis for determining target fishery (Table 1). These criteria were the same as those used by
NMEFS during 1991 in-season monitoring of fishery catches, PSC bycatches, and for the
vessel incentive program.

We excluded fishery targets which were determined by the North Pacific Fishery
Management Council as "bycatch-only”, or targets which were artifacts of the target
classification process. This included a trawl fishery for sablefish in the GOA, and hook and
line fisheries for pollock, arrowtooth flounder, greenland turbot, and deep water flatfish. In
most cases, the number of hauls for these categories was less than 10.

We summarized the data on groundfish catches, halibut bycatch, and the release
condition data by fishery (Table 2)." In 1991, observers examined 203,367 bycaught halibut
for discard condition: 162,791 from trawlers, 38,647 from longline vessels, and 1,929 from
vessels fishing groundfish pots. Sample size was quite large for most fisheries: the number
of halibut examined in each trawl fishery usually exceeded 2,000 fish in the BSAI and 500
fish in the GOA. Sample sizes in the hook and line fisheries were large in the major
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fisheries, but somewhat low in the rockfish fisheries. This is probably a reflection of the
relatively small size of the fishery and the lack of observer coverage on the smaller vessels in
the fishery.

We also compiled length frequency data by fishery (Figures 1 through 4). The
number of fish measured by observers was usually quite large, except for the smaller hook
and line fisheries. The proportion of halibut < 80 cm for each ﬁshery is shown in Table 2.
This length roughly corresponds to the minimum retamable size in the directed halibut
fishery.

Trawl Fishery Discard Mortality Rates

Clark et al. (1992) reviewed the approach developed by Hoag (1975) and
recommended revising the survival rates for halibut released from trawls. We adopted this
recommendation for this analysis. Converting the survival rates to mortality results in a 20%
mortality rate for excellent/good condition fish, 55% for fa.u'lpoor fish, and 90% for "dead"”
fish.

The discard mortality rate for a fishery is calculated by applying the mortality rate for
condition category to the proportion of fish in that category, shown in Table 2, and summing
the products across all condition categories:

Discard mortality rate =X(M )(p,)

where M, = mortality rate for each condition, a = excellent, poor, or dead;
p. = Proportion of fish in each category, a = excellent, poor, or dead.

1991 Resul

The observer data summarized in Table 2 indicate that condition factor distribution
varies considerably between fisheries. For example, the proportion of excellent condition
fish ranged from a low of 7% to a high of 84% in BSAI fisheries and 12% to 45% in GOA
trawl fisheries. No doubt this is a function of the different manner in which each fishery
operates and the cumulative effect of the factors that control halibut condition in trawls: tow
duration, size of catch, size of halibut in the bycatch, length of time on deck, handling by
crew, and target species.

In the BSAI, trawl] fisheries that had very large groundfish catches (> 16 mt) and/or
caught small fish (< 1.5 kg per individual) generally had a relatively high proportion of
poor and dead condition halibut. Conversely, those fisheries that caught relatively bigger
halibut (2-3+ kg per fish) and/or have a smaller catch size (< 13 mt) showed halibut to be
in better condition.
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In the GOA, these trends also appeared to be present, but were less definite. Larger
catch size contributed to poorer condition, even though halibut size was fairly large (5-8 kg
per individual), which should have resulted in better condition. In these instances, we
believe that other factors may be complicating halibut condition, such as injuries from
rockfish spines.

In some cases the distribution of condition was similar between fisheries. We tested
the condition distributions of all fisheries using contingency table analysis of categorical data
to discern if the differences were statistically significant. The results indicated significance
between all fisheries, which was not unexpected given the large number of fish examined in
each fishery. This means that each fishery possesses a unique condition distribution, even
though the condition data may appear to be similar or.almost identical.

Next, we used the condition data to calculate discard mortality rates. For BSAI
fisheries, calculated rates ranged from a high of 81% in the midwater pollock fishery to a
low of 29% for the "other species" fishery (Table 3). The major flatfish fisheries plus the
"midwater” fisheries (pollock, atka mackerel) were highest, roughly 70% or greater. Bottom
trawl fisheries for cod, pollock, and rockfish were lower, approximately 60% or less.

"Directed” fisheries for greenland turbot and arrowtooth ﬂounder were calculated at about
40%, although fisheries for these species are limited.

For GOA trawl fisheries the range was narrower, from 52% for deep water flatfish to
74% for midwater pollock (Table 3). Rockfish, shallow water flatfish, and "other species”
were among the highest, ranging from 65% to 59%. Fisheries for Pacific cod, bottom trawl
pollock, and deep water flatfish were slightly lower, at 52% to 56%.

mparison Between 1 1

We calculated the discard mortality rates for the 1990 fisheries, and these are also
shown in Table 3. With the exception of minor increases in BSAI fisheries for atka
mackerel and rock sole and GOA fisheries for midwater pollock and rockfish, the discard
mortality rate declined slightly in most fisheries. Using contingency table analysis, we tested
the annual differences for statistical significance, but once again the size of the samples was
so large as to make any difference statistically significant. We detected nothing in the
observer data (e.g. changes in length of tow or catch size) that might cause the increases or
decreases observed.

Hook and Line Fishery Discard Mortality Rates

The approach for estimating discard mortality rates in hook and line fisheries, described
in several prior documents (e.g., Williams and Wilderbuer 1991), can be summarized as
follows: (1)we assume a 2-5% handling mortality of halibut in the best condition (excellent);
(2)halibut in poor condition have half the survival of excellent condition fish; and (3)all "dead”
fish actually die. This yields the following set of mortality rates for each condition:
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Low High
Condition | Mortality | Mortality
Excellent 2% 5%
Poor 51% 53%
Dead 100% 100%

Although survival experiments of hook and line bycaught halibut have not been
conducted, we believe the assumed mortality values are reasonable. These values probably
provide a conservative estimate of a discard mortality rate, if only because some of the "dead”
fish may survive. But usually the proportion of "dead” fish is low in hook and line fisheries,
so any survival of "dead” fish probably has-a minimal effect on the overall estimate.

1991 Results

Table 2 shows the distribution of halibut condition for the hook and line fisheries in the
BSAI and GOA. The three major hook and line fisheries (GOA sablefish and cod, BSAI cod)
had large sample sizes, roughly 3,000 fish or more. As with the trawl fisheries, condition factor
distributions differed among target fisheries. The proportion of halibut in excellent condition
was ranged from 60% to 80%. Conversely, the range of fish classified as dead was narrower,
roughly 5-11%.

Overall, discard mortality rates in hook and line fisheries ranged from 16% to a high of
30% (Table 3). Rates appeared to be lowest in the GOA cod and BSAI sablefish fisheries,
intermediate in GOA rockfish and BSAI cod, and highest in GOA sablefish and BSAI rockfish.
We suspect that the fast-paced, "Olympic” nature of the GOA sablefish fishery is one of the
primary reasons that discard mortality rates are high for that fishery, although it is unclear why
BSAI rockfish would also be so high. The other hook and line fisheries are less harried, so it
is not unreasonable that their rates are lower. We speculate that other, unidentified variables,
such as hook strippers or poor handling by inexperienced fishermen, are contributing factors.

mparison n_1990 1991

Discard mortality rates for the 1990 fisheries are shown in Table 3. In all cases, the
rates increased from 1990 to 1991. We suspect the increase is due to the number of new, large,
inexperienced hook and line vessels into the fisheries, especially into BSAI cod. For example,
preliminary data for 1991 indicates a 32% increase in the number of vessels in the GOA
sablefish fishery (J. Terry, NMFS, personal communication). The increase would have an effect
on the rates if it represented vessels that were required to carry observers. Vessels with no
observer coverage (.<.60 feet LOA) would not be-represented- in the condition data.

Groundfish Pot Fishery Discard Mortality Rates

To determine a discard mortality rate for pot-captured halibut in last year’s analysis
(Williams and Wilderbuer 1991), we used the assumption that all poor and dead condition

~
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halibut die, and that all excellent condition fish survive. The mortality rate is therefore
approximated by summing the percentage of poor and dead condition fish. There is no new
information to suggest a better method this year, so we continued to use this method in our
calculations in this analysis.

1991 Results -

Condition distributions for GOA and BSAI pot fisheries for cod are shown in Table 2.
Catching halibut in groundfish pots inflicts little damage or injuries, and the proportion of
excellent condition fish is quite high. Halibut caught in the GOA pot fishery were slightly larger
in size, which apparently resulted in a slightly better overall condition than in the BSAI pot
fishery. The condition data were nearly identical between the GOA and BSAI fisheries.

ompariso tw 1991

. The results (Table 3) indicate that halibut were in better condition upon release in 1991
than in 1990. The discard mortality rates for 1991 were roughly half of the values calculated
for 1990. We could not identify the cause of the improvement.

Conclusions

This analysis brings out several key points. First, that discard mortality rates vary widely
among fisheries and regions. This variability is caused by the normal differences in fishery
operations that control condition upon release and therefore discard mortality.

Second, halibut release condition and discard mortality rates can vary annually, in some
cases by quite a bit. While many of the contributing factors are affected to some degree by the
vessel operation or individual crewman, we would not have expected to see such large changes.
Since the condition sampling routines for observers were unchanged, the changes we noted must
be due to changes in fishermen’s behavior and/or fishing methods. This is especially true with
hook and line fisheries, since the crewman at the roller has the greatest impact on condition.
This is less true on trawlers, simply because catch size and time on deck are the biggest factors,
and the Olympic-paced fishery will not allow a vessel to make substantial changes in either
factor. Hence, we expect to see only minor changes in the discard mortality rates on trawlers
under current fishery conditions. An allowance of on-deck sorting by factory trawlers would,
however, be a great opportunity to reduce deck time and therefore mortality. For hook and line
fishermen, efforts to improve release or practice "careful release” techniques should translate
to improved discard condition.

Recommendations

With trawl fisheries, we have suspected that discard mortality rates would vary by
fishery, and the results verify this. The differences between fisheries are real, but in some cases
it is so small that some rates are probably equal or close to it. For that reason, we have
aggregated fisheries with similar rates.
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Under ideal conditions, bycatch mortality should be monitored using in-season, vessel-
specific data. Until this type of program is operating, we recommend that halibut bycatch
mortality be monitored in 1993 using results from this analysis. Specifically, we recommend
the following set of discard mortality rates:

BSAI Trawl

Midwater pollock: 80%

Atka mackerel, rock sole, and other flatfish: 70%

Pacific cod, bottom trawl pollock, and rockfish: 60%

Arrowtooth flounder, Greenland turbot, and "other species”: 40%

Midwater pollock: 75%
Rockfish, shallow water flatfish, and "other species": 60%
Pacific cod, bottom trawl pollock, and deep water flatfish: 55%

BSAI Hook & Line
All targets: 20%
GOA Hook & Line

Pacific cod and rockfish: 16%
Sablefish: 25%

BSAI and GOA P
All targets: 5%

Target fishery definitions have changed somewhat from 1991. In 1992, the BSAI trawl
fishery for yellowfin sole was added, and "other flatfish" was grouped with rock sole.
Formerly, the yellowfin sole fishery was under the "other flatfish” target. We suggest that the
yellowfin sole fishery be assigned a 70% discard mortality rate, since it was the dominant
component of the "other flatfish" target in 1990 and 1991.

In addition, we suggest that halibut bycatch mortality in 1991 and 1992 be recalculated
using these rates.
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Table1.  Target fishery definitions based on total catch excluding prohibited species,
non-allocated species, and arrowtooth flounder in the Gulf.

Gulf of Alaska
Paciﬁc'cod: > 45%

Rockfish: > 30%

Shallow water flatfish: rock sole + yellqwﬁn sole > 20%

Deep water flatfish: dover sole + rex sole +.other flatfish > 20%
Bottom trawl pollock: > 20% |

Midwater trawl pollock: > 95%

Other: anything else

Bering Sea/Aleutians
Turbot: > 35%
Pacific cod: > 45%

Rock sole: (rock sole + yellowfin sole + other flats) > 40%,
rock sole > (yellowfin sole + other flats)

Other flatfish: (rock sole + yellowfin sole + other flats) > 40%
Arrowtooth flounder: > 20%

Rockfish: > 20%

Atka mackerel: > 20%

Pollock midwater trawl: > 95%

Pollock bottom trawl: > 20%

Other: anything else
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Table 2. Summary information on catch size and halibut bycatch in 1991 groundfish fisheries.

Halibut Bycatch Condition subsample

Groundfish  Avg. Catch 1991 Halibut  Avg. Wgt. % No. Tows No. Halibut % % %

Fishery Catch (mt) per tow (mt) Bycatch (mt) (kg,rdwt) < 80 Sampled’ [Examined Excellent Poor Dead
am

BSAI TRAWL
MWT Pollock : 1,171,670 59.9 582 5.0 82 954 3,258 7 13 81
Atka mackerel 28,107 23.6 64 1.7 88 233 2,631 9 30 61
Rock sole 58,056 18.9 929 0.8 98 1,142 17,106 17 29 54
O. flatfish 133,951 16.7 776 1.4 95 1,515 8,798 19 9 72
Pacific cod 93,795 13.3 1,818 0.9 99 2,331 55,389 27 31 42
BT Pollock - 180,217 23.6 1,166 1.2 94 1,895 21,571 30 29 42
Rockfish 3,637 13.8 44 2.1 95 205 2,732 39 27 35
Arrowtooth 7,607 10.2 319 3.9 77 321 3,945 62 16 22
Turbot 6,750 11.3 320 8.6 52 184 2,122 62 24 14
Other sp. 3,418 9.6 72 2.0 91 26 640 84 . 8 9
GOA TRAWL S
MWT Pollock 79,870 27.6 32 5.1 87 80 366 12 22 66
Rockfish 12,195 12.9 1,064 8.2 43 305 3,092 21 29 50
BT Pollock 20,049 11.5 617 1.6 97 30 337 25 46 29
Sh. Flatfish 1,893 7.4 40 2.3 86 54 ' 877 28 28 44
Other sp. 5,010 10.4 49 5.5 72 739 4,620 30 29 41
Pacific cod 56,674 11.9 924 2.0 9% 1,213 28,741 34 33 34
Dp. Flatfish 17,906 7.6 937 4.5 75 53 566 45 18 37

'Tows where halibut were examined for release condition. Data were not collected from every tow.

....CONtinued
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Table 2. (Continued) Summary information on catch size and halibut bycatch in 1991 groundfish fisheries.
Halibut Bycatch Condition Subsample
Groundfish  Avg. Catch 1991 Halibut Avg. Wgt. % No. sets  No. Halibut % % %
Fishery Catch (nt) per set (mt)  Bycatch (mt) (kg,rdwt) < 80 sampled' Examined Excellent Poor Dead
pui :

BSAI HEL

Pacific cod 69,189 17.7 2,549 5.2 86 1,646 26,842 69 26 5
. Sablefish 3,542 4.6 230 20.0 57 23 335 82 8 10

Rockfish 81 3.5 12 9.0 68 18 75 67 15 19
GOA H&L

Pacific cod 7,289 5.8 956 8.3 64 247 7,934 (L 15 7

Sablefish 18,822 2.2 4,146 12.1 40 191 3,271 61 29 11

Rockfish 602 2.1 60 11.1 35 21 190 75 15 10
BSAI POT

Pacific cod 4,361 3.0 38 6.1 66 238 1,215 97 .- 1 2
GOA POT .

Pacific cod 10,489 1.6 49 4.2 91 245 714 95 2 3

1Sets where halibut were examined for release condition.

Data were not collected from every set.
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Table 3. Comparison of 1990 and 1991 calculated discard mortality rates.

1990 1991
Discard Discard
! % % % Mortality % % %  Mortality
Fishery Exc Poor Dead Rate Exc Poor Dead Rate
BSAI TRAWL
MWT Pollock 7 10 83 81 7 13 81 81
Atka mackerel 16 27 57 69 9 30 61 73
Rock sole 36 19 45 58 17 29 54 68
O. flatfish 16 16 68 73 19 9 72 74
Pacific cod 20 22 58 68 27 31 42 60
BT Pollock 25 22 53 65 30 29 42 59
Rockfish 27 28 45 62 39 27 35 54
Arrowtooth 34 25 41 57 62 16 22 41
Grmld. turbot 38 16 46 58 62 24 14 38
Other sp. 63 30 7 36 84 8 9 29
GOA TRAWL L
MWT Pollock 30 17 53 63 12 22 66 74
Rockfish 26 32 42 61 21 29 50 65
BT Pollock 23 27 50 65 25 46 29 56
Shall. flatfish 26 29 46 62 28 28 44 61
Other sp. 12 54 54 63 30 29 41 59
Pacific cod 28 28 44 61 34 33 34 55
Deep flatfish 39 16 46 57 45 18 37 52
BSAI H&L
Pacific cod 78 16 5 15-18 69 26 5 20-22
Sablefish 85 12 3 11-14 82 8 10 16-19
Rockfish 72 26 3 17-20 67 15 19 28-30
GOA H&L
Pacific cod 84 13 3 11-14 79 15 7 16-18
Sablefish 88 9 3 9-12 61 29 11 - 27-29
Rockfish 82 14 5 13-16 75 15 10 19-21
BSAI POT
Pacific cod 93 6 1 7 97 1 2 3
GOA POT .. :
Pacific cod 90 4 6 10 95 2 3 5
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Halibut bycotch in the 1991 Bering Sea
rock sole fishery
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Halibut bycatch in the 1991 Bering Sea
arrowtooth flounder fishery
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Halibut bycatch in the 1991 Bering Sea
Greenland turbot fishery
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Figure 1. (cont’d) Pacific halibut length frequencies for 1991 Bering Sea/Aleutian trawl fisheries.



14

———— .-

‘$3149YS1) |MBI) UBNNI|V /LIS dulIdg 1661 10)
so1auanbai) y18uaj Inqijey ds1j19ed (P,IU0I) | aIn3i4

(w2) yjbuan

01z 06l OLL 0SL O€L OLL 06 OL o,o
1 !-m
o
* (0]
Q
0
o
3
L ad
101
150'g=u
Kiaysy ,,satoads Jayyo,,
pag Bupeg 1661 3uy Ul Y21034q INqIOH
— Gl
(wo) yybua
oLz 06l 0/L OSL OEL OLL 06 OL OS Of Ol

gzs'e=u
. Aiaysiy ysyyo04
pag buuag 1661 8y} ul Y931024q INqYOH

ol




Percent

Percent

6

Halibut bycatch in the 1991 Gulf of Alaska
5T Pacific cod fishery
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Halibut bycatch in the 1991 Gulf of Alaska
bottom pollock fishery
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Halibut bycatch in the 1991 Gulf of Alaska
midwater pollock fishery
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Figure 2. Pacific halibut length frequencies for 1991 Gulf of Alaska trawl fisheries.
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Introduction

In this analysis we use a simple Monte Carlo simulation with a
stochastic stock-recruitment relationship to project stock size and
yield for Pacific ocean perch in the Gulf of Alaska. Different
harvest strategies are compared to evaluate their effectiveness in
rebuilding the depleted stock to a desirable level. While no
strategy can guarantee that the stock will rebuild to a desirable
level within a specified time interval, this analysis should help
managers make an informed decision on whether to establish a stock
rebuilding program, the time frame for rebuilding, and the expected
yields and risks for each strategy. Similar analyses have been
used to provide management advice for overfished stocks in the
northwest Atlantic ocean (Overholtz et al. 1986; Rosenberg’ and
Brault 1990). ‘

Balsiger et al. (1985) investigated rebuilding rates, long term
yields, and economic consequences of applying different fishing
rate strategies to Pacific ocean perch in the Gulf of Alaska.
Their study was based on virtual population analysis and stock
reduction analysis. Based on different assumed stock-recruitment
relationships, they concluded that fishing mortality rates of less
than 0.02 are needed for adequate rebuilding of Pacific ocean perch
stocks. We update this analysis by usjng results of an age-
structured model (stock synthesis) and a non-parametrically derived
stock recruitment relationship.

Methods

The fishery selectivity pattern, biological parameters of growth,
natural mortality and maturity, and the 1986 age specific stock
structure from Heifetz and Ianelli's (1992) stock synthesis model
‘2 are used to project the population into the future. 1986
represents the last year where yYear class strength can be
adequately estimated. Projections from 1987-1992 include observed
catch for this time period. For projections starting in 1993, four
different harvest strategies are compared.



The first strategy is the currently recommended F35% strategy
adjusted by a reference level. In this case, given the current
spawning biomass Bc, the spawning biomass corresponding to 35% of
the unfished level B35%, F35% for the fully selected age group,
natural mortality M, selectivity at age s(a), maturity at age m(a),
numbers at age N(a), and weight at age W(a), the catch biomass Y in
a given year is

nages
Bc

= (ad ¢ Bc<B35% 1
Y 335%,2; w(a) C(a) for Bc<B (1)

nages
Y= Y wW(a)c(a) forBc2B35% (2)

ages 1
Fs(a)

.where, C(a)=N(a)m(1-exp(-Fs(a)—M)) (3)

This first strategy is a variable rate fishing strategy that adapts
to information on current abundance and prov1des increased caution
when the stock is at low levels.

The second strategy is a constant F35% strategy (ie equation 2 for
all spawning biomass levels). The third strategy is a constant
harvest rate, defined as catch biomass divided by exploitable
biomass. The harvest rate is set equal to M (0.05) and adjusted by
a reference level when Bc is less than B35%. This third strategy
is similar to the strategy that has been used in past to determine
ABC. In the fourth strategy, F is set equal to the level that
results from classification of Pacific ocean perch into a bycatch
only fishery. A bycatch only fishery would result in a catch of
approximately 2,000 mt in 1993 (personal communication, J.
Gharrett, NMFS Regional Office). This catch equates with a fully
selected F of 0.023.

Incoming recruitment is determined by the fixed interval method of
Evans and Rice (1988). This method does not assume any functional
form to the stock-recruitment relationship but instead relies on
past observations of stock size and resulting recruitment. The
spawning stock axis is divided into a chosen number of intervals
each containing nearly the same number of past observations. We
then assume that only past observations of recruitment in a
spawning stock interval are possible, and they are all equally
probable. For our application, estimates of spawning stock size
and recruitment ‘from the 'stock synthesis model are used as the
"observations". We have 34 observations of stock size and
recruitment that are divided into three intervals (Figure 1). The
current spawning stock biomass is 68000 mt and is in the first
interval. A spawning stock biomass of 85000 mt is needed to enter
the second interval where there is an increase in the probabilty of
a strong year class.



Given that Pacific ocean perch are long lived and slow growing,
rebuilding will obviously require a long time. However, short term
results may be useful for management. Time horizons of 1 to 30
years are used to represent a range of short to long term horizons.
Two hundred replications of each harvest strategy were performed.

To evaluate the effects of different harvest policies we compared
yields, the probability that the mature female biomass reaches the
B35% level, and the probability that mature female biomass goes
below 65000 mt. Probabilities were computed from the proportion of
the 200 replicates that fell within a specific category.

Mature female biomass is an index of reproductive value. The
measure of maturity at age m(a) is obviously an important 1life
history characteristic in this computation. We converted data on
length at 50% maturity and full maturity from Chikuni (1975) to age
at maturity using the von Bertallanfy age-length relationship. M(a)
values shown in Figure 2.

Leaman (1991) reports variability in m(a) for Pacific ocean perch
values in relation to exploitation history and location. Thus,
other m(a) values may prove more appropriate in the future. 1In
addition, other reproductive value indices have been considered by
Leaman (1991) that incorporate fecundity at age, generation time,
and other life history characteristics. Fpr our analysis, we only
considered mature female biomass.

Results and Discussion

As expected, results from this study indicate that fishing
mortality and recruitment are important in determining the future
of this stock. For most of the strategies, substantial recovery
can only occur if the spawning stock enters interval 2 where the
probabilty of getting strong year classes is increased.

Figure 3 shows the distribution of female spawning biomass for the
200 replications over 5, 10, 15, and 30 year time horizons. There
were only slight increases in stock size for the constant F35%
policy. For the other strategles, not until 10-15 years are
substantial increases in stock size seen. At 30 years there was
substantial overlap in the projected biomass for the F35% adjusted,
5% adjusted, and bycatch strategies.

The probability that the stock will reach the desired B35% level
was greatest for the bycatch strategy followed by the 5% adjusted
strategy and the F35% adjusted strategy, which performed similarly
(Fig. 4). For the constant F35% strategy, there was little chance
(P < 0.2 at 30 years) of stock reachlng B35% primarily because
catches cause the stock to remain in the first interval where there
is a low probability of a strong year class. Only for the constant
F35% strategy was there a substantial chance that the stock would
decline to less than 65000 mt (P=0.35 by 20 years; Fig. 5).

For all strategies, annual catches increased over time (Fig. 6).



After 15 years, the F35% adjusted and 5% adjusted performed
similarly surpassing the other strategies. For these two
strategies, slight losses in short term yields, compared to a
constant F35% strategy, are later recouped by increases in the
stock size. The bycatch strategy, as expected, had the 1lowest
yields. This result may be somewhat misleading because once the
stock has been rebuilt to a desirable level it will probably be
reclassified into a directed fishery with higher fishing mortality
rates.

As with any simulation study, there are several caveats which are
important in interpreting results ‘(also see Rosenberg and Brault
1991). We modeled recruitment based on past observations and
assumed that once the spawning stock reaches 85000 mt the
probability of strong year classes greatly increases. This
assumption may result in an optimistic picture of the rebuilding
program. In addition, recruitment was the only source of
uncertainty associated with our analysis. All the other
information on the stock was assumed to be known without error.

Obvious from the results, is that reductions in harvest rates with
the bycatch strategy will rebuild the spawning stock biomass more
guickly at the expense of short term yields. - An assumption of the
bycatch strategy is that the catch of Pacific ocean perch will only
increase as the stock increases. The bycatch of Pacific ocean
perch was based on results of the 1992 fishery. Changes in
fishing patterns can have an impact in the amount of bycatch. For
example, a substantial portion of the TAC of other slope rockfish
and flatfish was not taken in 1992. If these species become more
desirable, the bycatch of Pacific ocean perch will probably
increase. Thus the rate of stock increase with the bycatch
strategy may be over optimistic.

In summary, these results may provide the basis for determining the
most appropriate time frame and harvest strategy for a rebuilding
program. In making a decision on a harvest strategy, it is
important to examine several measures of stock rebuilding as well
as impacts on other fisheries. We have presented results for
yields and the degree of stock rebuilding for different strategies.
Similar to Balsiger et al (1985), future analyses may want to
consider economic consequences and effects on other fisheries.
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Figures

Figure 1. Estimated stock and recruitment from the stock synthesis
model.

Figure 2. Maturity at age estimated from Chikuni's (1975) length
maturity data. :

Figure 3. Distribution of female spawning biomass for the 200
replications over 5, 10, and 30 year time horizons.

Figure 4. Probability that the mature female biomass will be
greater than the B35% level for four different harvest strategies.

Figure 5. Probability that the mature female biomass will be less
than 65000 mt for four different harvest strategies.

Figure 6. Yields for the four harvest strategies.
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AGENDA D-1(b)(2)
DECEMBER 1992

DO TRAWL ASSESSMENT SURVEYS UNDERESTIMATE ROCKFISH BIOMASS?

Steven K. Davis
Fishery Biologist
LGL Alaska Research Associates
Anchorage, Alaska

INTRODUCTION

Last September there was considerable discussion on the current status of Gulf of Alaska
rockfish stocks and its management by the North Pacific Fishery Management Council.
Questions were raised concerning our ability to assess the health of the stocks, our
ability to determine reliable biomass estimates, and whether present rates of exploitation
. provide for rebuilding. During the course of the meeting there were several references

to the Canadian Department of Fisheries and Oceans’ (DFO) work on rockfish in the
" north Pacific Ocean. Subsequent discussion among industry representatives during the
meeting revealed uncertainty as to the "current state of affairs” with the DFO rockfish
program. Given my past experience as a member of the Council staff and the Gulf of
Alaska Groundfish Plan Team, and that my present employer maintains an office near
DFO’s Pacific Biological Station (PBS), I took the opportunity to visit PBS this past fall.
My intent was to be briefed by PBS scientists on recent research and management
programs and to share with you my findings. My objective was to provide clarification
as to DFO'’s views on current rockfish assessment and management techniques. I also
made an effort to bring our Canadian colleagues up-to-date on the rockfish management
issues currently facing U.S. managers in Alaska. No attempt was made to summarize
ongoing rockfish research by U.S. scientists. These individuals are expected to be
involved in both the plan team and Scientific and Statistical Committee meetings and
therefore can speak for themselves.

I visited the PBS in Nanaimo, B.C. during October 13-15, 1992. During my visit
Dr. Bruce Leaman coordinated my technical briefings which were made by Leaman,
Dr. Laura Richards, and Dr. Rick Stanley. Numerous reports were made available to me.
My appreciation goes to Dr. Richard Beamish and his staff for a productive work
session. On October 16, I met with Mr. Dan Ito, chairman of the Rockfish Working
Group at the Alaska Fisheries Science Center, National Marine Fisheries Service in
Seattle, Washington, for the purpose of briefing him on my PBS visit, the exchange of

documents, and to discuss survey methodologies and future plans for rockfish
assessment.

" During the course of my review, I studied over 24 technical papers on rockfish life
“history, assessment, and management. Insufficient time prevents me from summarizing
all these studies here. I will focus my discussion to Pacific Ocean perch (Sebastes alutus;
POP) and the question concerning the Canadian view with regard to the use of trawl
surveys in assessing rockfish stocks.

1 E:\SDAVIS\ROCKBIOM.RPT



Note: LGL has been awarded a contract to perform an independent review of marine
fish assessment and management programs by DFO. This work will include every
regional area where DFO manages marine fishery resources. It is likely that west coast
rockfish will be included in this review and subsequently further reports on the PBS
rockfish program may become available in 1993.

DO TRAWL SURVEYS UNDERESTIMATE POP BIOMASS?

This was a question often asked during the September Council meeting. It was clear
that some people believe that trawl surveys underestimate biomass and, thus, the
resulting Acceptable Biological Catch (ABC) level is low. Other are of the opinion that
trawl surveys overestimate biomass and that recent ABCs and quotas have been set too
high. This issue is a frequent discussion topic within the REFM and RACE divisions of
the Alaska Fisheries Science Center. NMFS scientists have held numerous meetings with
Canadian and other U.S. scientists expert in rockfish. With the high value of rockfish
- species and the desire to rebuild these resources while providing for a limited fishery,
has led to prioritizing this issue for research within RACE/REFM. The primary goal of
the Center’s Rockfish Working Group is to resolve this issue and develop improved
assessment strategies. :

In September, I was of the opinion that we are underestimating POP in our trawl
surveys and that, as a result, our ABCs were conservative and allowed for rebuilding.
I based my opinion on the longstanding assumption that bottom trawls used in the
survey are not designed to capture rockfish and given the off-bottom/pelagic behavior
of POP, that the trawls are likely to miss fish that are in the water column. Similar
assumptions have been used with regards to pollock and its assessment as well. This
opinion was influenced by Bakkala et al. (1985) who reported the off-bottom behavior
of POP and that POP are known to inhabit rough bottom areas which are usually
avoided during surveys to prevent damage to the trawls. The uncertainty surrounding
POP biomass estimates was further characterized by Ito (1986). In this paper he explains
that the large variances surrounding the point estimate are probably due to the highly
contagious distribution of this resource. Other factors mentioned include inadequate

sampling, inappropriate samphng gear, and fish behavior that may contribute to wide
confidence intervals. ,

Recent conversations with Ito indicate that new information gathered over the last
several years suggest that the trawls may actually produce an inflated estimate due to
herding effects of the trawl doors. Personal observations by other NMFS scientists
support this theory. The Canadian rockfish scientists also support this theory. Their
- research also show a herding effect, as well as a downward behavioral response to the
‘trawl vessel or the net itself. Leaman et al. (1990) reported that POP found in the water
column appear to avoid danger by moving downward. This behavior may result in fish
entering the trawl from above, which would also inflate the area-swept estimate.
Determination of the proper catch coefficients of a survey trawl is a difficult problem

and requires frequent re-evaluation and analysis. Both U.S. and Canadian scientists are
continuing their investigations into this subject.
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Given the inconclusive evidence that trawls may actually be producing an inflated
biomass estimate as opposed to an underestimate, I again raised the question, "What is
the PBS view of the utility of trawl surveys in assessing rockfish stocks?” The answer
surprised me. The Canadian scientists are currently of the opinion that trawl surveys
underestimate rockfish biomass, particularly POP (Leaman, personal communication).
This opinion is based on results from two studies: behavioral observations of POP; and
experimental fishing. The scientists do believe that trawl surveys can provide valuable
information on stock trends. However, they remain convinced that trawl surveys in
their present form do not provide reliable estimates of biomass.

PBS scientists have rejected the use of trawl surveys as a method of accurately assessing
rockfish biomass. They believe that using an-area-swept survey approach and then
extrapolating to non-trawled areas is riddled with inaccuracies and imprecision. Trawl
surveys are likely to underestimate biomass, not because fish are in the water column
(as is commonly assumed) but because of POP’s diurnal and tidal behavior, the
probability of towing in an area and missing fish is extremely high. Unless the trawl is
fished during certain times of the day, the catch rates can be extremely low, thus,
producing a low biomass estimate.

Details on these studies are summarized below:

Results of a Hydroacoustic Cruise to Study Rockfish Behavior

In 1990, DFO reported preliminary results from a hydroacoustic study of rockfish
(Sebastes spp.) school structure and behavior off Quatsino Sound, B.C. (Leaman et al.
1990). Diel distribution and behavior of shelf and slope rockfishes are described, as well
as the ftransitional pattern between nocturnal and diurnal distributions. Diurnal
distributions were characterized by dense, bottom-oriented schools (Figure 1). Nocturnal
distributions showed much more diffuse schools, both on-bottom and in the midwater
(Figure 2). Transitional behavior was completed within approximately 30 minutes on
- clear days, but was extended for up to 1 hour on foggy or overcast days. The normal
transition pattern was one of disaggregation of diurnal schools, followed by vertical
movement. Leaman et al. (1990) also reported brief results of observations, using a trawl
surveillance sonar, of fish behavior within the mouths of bottom and midwater trawls.

This study showed that depending on the time of day (or night) a trawl can experience
significant differences in catch rates of rockfish. Similar variances also correlated
strongly with tidal fluctuations. These results suggest to PBS scientists that given the
behavioral characteristics with POP, there exists a high probability of bias (one way or
the other) depending on when the survey trawl was towed through the water. These
behavioral characteristics can contribute significantly to the variability in survey
estimates.

Results from the Langara Spit Experimental Fishery

Research surveys in the Langara Spit area, located just south of Dixon Entrance during
the late 1970s (Leaman and Nagtegaal 1982, 1986) had created strong reservations about

3 E:\SDAVIS\ROCKBIOM.RPT



the reliability of trawl survey estimates of absolute abundance of rockfishes. These
reservations were based on the observed behavioral patterns of these species in response
to tidal cycles, illumination level, and the trawl gear itself. These patterns produce
orders of magnitude changes in the availability of the species to the survey gear, as
expressed in survey CPUE. Recent work has described some of these rockfish behavioral
patterns with hydroacoustic technology (Leaman et al. 1990).

Analysis of data collected in trawl assessment surveys conducted in the Langara Spit
area during 1979 and 1983 produced a total biomass estimate for POP between 1,074 mt
and 1,208 mt. Beginning in 1984, and for the next two years, annual landings of total
rockfish increased steadily for the first three years to a peak of almost 5,000 mt before
declining in 1987 (Figure 3). Since 1986, the catch has averaged approximately 2,300 mt
per year. Whereas, POP comprised over 70% of the catch in 1984 (or about 2,200 mt),
it accounted for less than 55% in 1990 (1,150 mt) (Figure 4). In any event, the annual
landings of POP from the Langara Spit area has consistently produced a yield which
equals or exceeds the prior estimate of total biomass for the species in the area.

The most striking aspect of the experimental fishery was that the landings far exceeded
even the most optimistic estimate of exploitable biomass from the trawl surveys. The
recruitment of incoming cohorts, while clearly able to:increase biomass over that
estimated from the survey, could not account for the differences. Recruitment to POP
fisheries by a cohort is believed to be extremely gradual, with partial recruitment
exceeding 0.5 only at ages 211 years, and full recruitment not occurring until
approximately 15 years of age (Figure 5; Leaman and Stanley 1992). Even by including
an aggregation of S. alutus, reported just north of the U.S.-Canada border in southeast
Alaska waters during both 1979 and 1985 (Leaman et al, 1990), could not alone account
for the difference between the exploitable biomass estimates and subsequent catches in
the experimental fishery.

The experiments have also provided additional cause to question the traditional trawl
survey methodology for rockfishes. They suggest that estimates of rockfish biomass
- from area-swept surveys should be used with extreme caution. Strong diel and tidal
behavioral patterns can yield CPUE changes of two orders of magnitude at the same site
over a 24-hour period (Leaman and Nagtegaal 1986). In order to use area-swept surveys
for such aggregated spedies, it is important to characterize within-site variance more
thoroughly than has been done previously. This presents significant problems for
surveys of large geographic areas. Analyses based on biological characteristics appear
to provide a more reliable basis for conclusions on stock status. This is not to say that

surveys have no value. Standardized surveys do capture large directional changes in
stock characteristics. :

‘While the Langara Spit experimental fishery has shown that prior trawl surveys
underestimated rockfish biomass, in particular POP biomass, results from the fishery also
point to a stressed stock, suggesting that POP biomass is declining at the current rate of
exploitation. Over the term of the experiment, there has been a progressive truncation
of the age composition towards younger fish and declining catch rates. Recruitment of
POP to the fishery is primarily a behavioral rather than a physical process. Fish are
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physically vulnerable to the gear at approximately 6 years old but are not fully recruited -
as a cohort until approximately 15 years of age (Figure 5; Archibald et al. 1983; Leaman

1991). Standardized CPUE declined from 3.34 mt/hr in 1984 to 0.89 mt/hr in 1990

(Figure 6). It should be noted that this decline accompanied a rise and fall in average

fishing time spent each trip. By 1989, vessels were only spending about 2 fishing days;
before leaving the area. This is also reflected in the fact that, for these vessels, there was

no indication of diminishing catch rates with increasing hours towed (Stanley 1992).

Summary of PBS Opinion on Trawl Surveys and Current Management

It is for these reasons that some Canadians believe that bottom trawl surveys do not
provide a reliable estimate of rockfish biomass. They instead look toward improved
monitoring of the commercial catch, through both dock-side sampling and at-sea
observers, as their better source of assessment information. The Canadians utilize an
extensive sampling program of the commercial catch which produce data on fish length,
sex, and species, as well as provide samples of scales, otoliths, and other tissues for
parasite and genetics analysis.

The Canadians have also developed an experimental fishery approach as a method of
obtaining improved biological information on rockfish -stocks. Results from these
experiments are currently undergoing analysis. With U.S. scientists considering similar
experimental fishery methods, the Canadians have openly shared their findings and have
offered guidance to their American colleagues.

While the results of these studies may be used to argue that current POP biomass
estimates are inaccurate and mayj, in fact, be an underestimate of true biomass, there is
no doubt in the PBS scientists” minds that POP and many other rockfish stocks have
been overfished and warrant rebuilding. While they believe there exists greater resource
than can be accurately estimated using current techniques, DFO is not allowing for high
harvests. Conservative management strategies are being used by DFO. Archibald et al.
(1981) estimated mortality to be 0.05 for POP. Fishing mortality levels < 0.05 are
believed to provide for rebuilding. Several reviews of depleted rockfish stocks
(Hightower and Grossman 1987; Walters and Collie 1989) have advocated remedial
policies involving either large decreases or elimination in fishing mortality. Leaman
(1991) reports that these policies may be optimal from a rehabilitation perspective, but
are economically suboptimal because capital mobility in the fishing industry is limited.
Table 1 outlines characteristics of assessment and management of west coast rockfish
resources.

'FISHERY OVERVIEW

The Canadian west coast rockfish experience has a similar history to that of the United
States. Rockfish resources were heavily exploited by foreign fishing fleets during the
1960s and early 1970s. Since exploitation by these fleets was well in excess of
sustainable levels, management programs put-into effect soon after implementation of
the 200-mile limit in 1976 have had to address the approach to optimum stock biomass
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from the overexploited side of the yield curve. The need of rehabilitation of these stocks
resulted in the setting of quotas below the maximum levels that biomass of existing
stocks are estimated to support.

During the periad of 1956-1985, rockfish harvests ranged from a low of 4,022 mt in 1958
to a high of 66,419 mt in 1966; declined to 19,709 mt in 1977, and then stabilized between

14,000 mt and 31,700 mt through 1985 (Westrheim 1986). Average harvests during 1985
have been about4,700 mt. Of this amount, POP comprises the majority of the catch,
averaging 3,500 mt over this same period (Richards, personal communication).

Beginning in 1984, the Canadian domestic fishery expanded in response to increased
demands for POP and other rockfish species. Since then, DFO has had to face similar
industry pressures for increased quotas at a time of resource rebuilding.

DISCLAIMER

This paper is an attempt to summarize the current thought held by PBS’s rockfish
scientists with regard to their views on trawl surveys in the assessment of POP.
Certainly, a formal paper or presentation by PBS scientists would have been preferable
to my attempt at summarization, but insufficient time was available for this to occur.
The results of thié described research are all documented in the literature. My objective
was to simply assemble relevant information on the issues being discussed before the
Council at the prresent time. A more comprehensive review may reveal other studies
which may have been useful to the discussion. I accept full responsibility for the
inaccuracies oroemissions which may have inadvertently been made. For further
information on these studies, professional opinions, and plans for the future, I refer the
reader to Dr. Ricxhard Beamish and his staff.
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Figure 2. Typical nocturnal fish distribution at the northern grid (18/3/90; 22:00).

From Leaman et al. (1990).
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Table 3. Characteristics of assessment and management for groundfish fisheries off the
west coast of Canada. -

PACIFIC GROUNDFISH SPECIES

1. General (Fargo and Leaman 1991)
- all recommendations expressed as range from low risk - high risk
~ - some experimental harvest programs (Leaman and Stanley, this volume)
- muld-year assessment and recommendation framework
- some 1Q management programs
- quarterly quotas and variable trip retention limits

2. Pacific cod (Gadus macrocephalus) ' :
- Fy, strategy based on VPA and environmentally-driven recruitment model
- variable seasonal closures to protect juveniles (Foucher and Tyler 1991)

3. Flatfishes (Eapsetta jordani, Lepidopsetta bilineata, Parophrys vetulus, Microstomus
pacificus)
- Fo, strategy based on VPA and yield per recruit modelling (Fargo 1991)
- annual trip limits for some species
- minimum size limit to decrease juvenile mortality
- environmentally-driven recruitment model for some species

4. Sablefish (Anoplopoma fimbria)
- Fo; and Fy s management strategy based on VPA and several deterministic
recruitment scenarios (Saunders and McFarlahe 1991)
- minimum size limit to decrease juvenile mortality

5. Pacific hake (Merluccius productus)
- separable SPA assessment model (Saunders 1991)
- target spawning biomass strategy based on probabilistic sampling of recruitment
series
- F levels set through hybrid strategy with fixed F,x when > CUTOFF and
variable F and when spawning biomass < CUTOFF, i.c.

F,=F, (5B 5B,,)

- low, moderate, and high risk levels set at F = M, Fusy, and Fy ), respectively
- Canada-U.S. trans-boundary stock management

6. Rockfishes (Sebastes spp.)
- F =M and F, strategies
- F estimated from length frequency analysis, CPUE analysis, depletion methods,
and separable SPA
- variable trip limits and quarterly quotas to prolong fishery
- assemblage and experimental management programs
- some habitat-based assessment o
- some sensitivity analysis of population parameters and SRRs (Leaman 1991) |

Table 1.  From Leaman (1992).
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A REVIEW OF ROCKFISH MANAGEMENT

IN THE GULF OF ALASKA

Introduction

There has been a great deal of attention placed on management of North Pacific rockfish stocks in recent years.
- This concern has made rockfish management a major focal point of North Pacific Fisheries Management
Council (NPFMC) annual Gulf of Alaska (GOA) groundfish stock status review. This report briefly outlines
the history of the GOA rockfish fisheries, describes past management action, discusses stock status, reviews
management theory for long-lived species such as rockfish, and makes general recommendations for future
rockfish management.

Concern for depleted slope rockfish stocks was cited as a one of several reasons for a longline industry request
to eliminate trawl effort from the Eastern Gulf of Alaska (Amendment 26, NPFMC, 1992). The National
Marine Fisheries Service (NMFS) recently formed a working group to review stock survey methodology and
to design better methods of evaluating stock status. An industry working group was also formed by the
NPFMC to examine management strategy from an industry perspective. At their 1992 meeting, the Technical
Sub-Committee of the Canada/U.S. Groundfish Committee recommended a coast-wide workshop to review
management strategies for Sebastes rockfishes. That workshop is tentatively scheduled for May, 1993.

However, concern over rockfish management in the Gulf of Alaska (GOA) is not a new issue. Quast (1972)
reported, "If fishing ceased (for Pacific ocean perch, Sebastes alutus), entirely, which seems unlikely, decades
would be required for moderate recovery." He went on to warn, "There is the distinct possibility that recovery
of the Pacific ocean perch is now permanently blocked in the time span of present human generations by rules
of the new environmental system brought about by fishing, which should encourage replacement of the Pacific
ocean perch by faster growing and faster cycling species.” A decade later, Ito (1982) continued the admonition
stating, "Drastic actions are probably required to return these stocks (POP) to former levels of abundance.
Perhaps a first step should be to impose a ban on Pacific ocean perch fishing. However, even with such a
moratorium, there is no assurance that the stocks will attain their former levels. In addition, incidental catches
made while seeking other species may be sufficiently great to keep Pacific ocean perch stocks in a depleted
state, even in the absence of a targeted fishery on S.alutus.”

Rigby (1982) presented evidence that Pacific ocean perch (POP) stocks were severely depressed in the Eastem
GOA and were in extreme need of rebuilding. Blackburn (1984) wrote a paper advising that the conservative
bycatch-only management of POP which was adopted for the Eastern GOA in 1982 as a result of Rigby’s paper
should also be applied to the remainder of the Gulf and recommended immediately reducing the OY set for
POP to no more than 6% of the former level.

The downward trend in stock status apparently continued through the mid-1980’s which lead Balsiger et. al.
(1985) to conclude that there was "little optimism for short-term imminent change" in POP stock status.
Shippen (1985) concluded "There continues to be-little firm evidence -of -any-significant improvement in the
condition of Pacific ocean perch stocks. Because of the slow growth rate of the individual fish and apparent
slow recruitment, it may be some years before any significant change in the status quo can be expected.” This
conclusion followed two years where catch was less than one sixth of ABC. Carlson, et.al (1986) further
stated, "There is no consistent evidence to indicate that a substantial rebuilding of S.alutus stocks is occurring”.




The triennial stock assessment trawl surveys conducted by NMFS in the GOA during 1984, 1987, and 1990
indicate that the abundance of POP and shortraker/rougheye components of the slope rockfish assemblage
continued to decline into 1990. The preliminary POP stock projections for 1993 which are listed in the slope
rockfish chapter of the preliminary 1993 Stock Assessment Fisheries Evaluation Report are the lowest ever
advanced by NMFS biologists.

While most concern has been expressed over the status of POP stocks, other species of rockfish are also
showing signs of possible over-exploitation. Management strategies for the other species of slope rockfish and
the other three rockfish assemblages, demersal shelf rockfish (DSR), pelagic shelf rockfish (PSR), and
thornyhead rockfish, should also be thoroughly reviewed.

History of the GOA Rockfish Fishery and a Review of Stock Status

Slope Rockfish
Fishery

Rockfish have been taken in the GOA incidental to fisheries for other species such as halibut (Hippoglossus
stenolepis), Pacific cod (Gadus macrocephalus), and sablefish (Anoplopoma fimbria) since the tumn of the
century. However, it was not until the foreign distant-water trawl fleets entered the GOA in the early 1960’s
that extensive directed fisheries developed. The primary target species was POP, but other slope rockfish and
thornyhead rockfish, genus Sebastolobus, were also taken. Some relatively minor incidental harvest of DSR
and PSR was also likely to have occurred.

The foreign slope rockfish trawl fishery peaked in 1965 in the GOA with an estimated harvest of approximately
350,000 mt. This apparent overfishing resulted in a precipitous decline in catches in the late 1960’s (Heifetz
and Clausen, 1992). Harvests continued to decline through the 1970’s, even though there were few if any
regulatory constraints in place during that time. The reported foreign harvest of POP declined to just over
8,000 mt in 1978, the year the GOA Fishery Management Plan (FMP) was adopted. However, catches were
not well documented, particularly during the early days of the fishery, and so it is very difficult to accurately
determine species composition of the foreign catch. The best estimates of species composition occur during
the latter years of the fishery when a larger percentage of the foreign fleet had observers aboard.

Total foreign landings may be substantially underestimated, particularly during the earlier years of the fishery,
since the estimated harvest is comprised of undocumented harvests from the Soviet fisheries combined with
voluntarily catch reports from other nations. Reported harvests from some nations have been documented to
be understated.

Foreign fisheries were entirely phased out of the GOA by 1985 and total all-nation slope rockfish harvests of
just over 1,000 mt that year were the lowest since the directed rockfish fisheries began in 1961. Domestic
harvests of slope rockfish rapidly increased to a peak of 21,114 mt in 1990 before tapering off slightly the past
two years. Figure 1 from Heifetz and Clausen (1992), shows the total estimated all nation 1960-91 harvests
of POP and other slope rockfish.

During the period between 1965.and 1978 the catch per- unit of effort.(CPUE) of POP in the GOA Japanese
trawl fishery declined from 5.8 mt per hour to approximately 100 kg per hour, a decrease of over 98%
(Carlson, et.al., 1986). The proportion of POP in the Japanese trawl harvest also declined from over 90% of
all groundfish reported to less than 20% of all groundfish taken, a decrease of nearly 78%. Reported changes
in CPUE and the proportion of POP in the Japanese trawl fishery are shown in figure 2 from Carlson, et.al.

~



(1986). Harvest limits were minimal during that period, and it must be presumed that these values reflect
declines in abundance, particularly since POP remained one of the most valuable groundfish species.

It is quite possible that the decline in POP CPUE underestimates the actual decrease in abundance.
Aggregating species, such as POP, which remain concentrated as abundance declines, continue to be
vuinerable to the fishery even at lower abundance levels. Also, changes in technology and experience tend
to make the fleet more efficient at locating and harvesting fish over time even with lower abundance levels.
This type of CPUE/stock abundance relationship is referred to as hyperstability (Hilborn and Walters, 1992).
MacCall (1990), also suggested that aggregating populations tend to contract toward the most favorable habitat
resulting in the actual abundance declining more rapidly than indicated by CPUE data from the fishery. This
pooling effect also increases the likelihood that an arbitrary single fish in the stock will be captured as the
population decreases. :

Harvests of other slope rockfish species are even less well documented. Prior to 1979 POP harvests were
tracked independently or it was simply presumed that virtually all harvest of slope rockfish was comprised of
POP. However, from 1979 through 1987 POP were managed as part of a five-species rockfish complex which
also included shortraker (S. borealis), rougheye (S. aleutianus), northemn (S. polyspinis), and sharpchin (S.
cacentrus) rockfish. This five-species rockfish complex was formed at the request of Japanese fishing
companies because of alleged difficulties with identifying POP on board the catcher vessels. Some individuals
questioned this action, pointing out that the primary species involved were generally marketed independently
and expressed concern that the request was possibly an attempt to mask the continued decline in POP stocks
by allowing the fishery to continue on other species. One advantage of this approach from a management
standpoint was that ABC for the entire complex was based on the stock status of POP as if were the only
species in the complex.

Management of POP as part of a five-species complex, coupled with low levels of observer coverage, made
it very difficult to accurately determine species composition of slope rockfish harvests, particularly in the
domestic fisheries which were developing at the time. Testimony before the NPFMC during the mid-1980’s
indicated that some domestic trawlers would first take the quota set for the POP complex and then target on
"deep-water snapper", another name for shortraker rockfish. This additional harvest was attributed to the "other
rockfish" management category. This "double dipping" may have resulted in harvests of both POP and other
species within the POP complex at substantially greater levels than were actually reported. Conversely, it is
conceivable that much of the harvests attributed to the “other rockfish" category between 1979 and 1987 were
actually species of the POP complex.

From 1988 through 1990 all slope rockfish were managed as a single complex. The change to a single
complex in 1988 resulted in an increase in total slope rockfish quota from 5,000 mt in 1987 to 16,800 mt in
1988. The harvest also increased dramatically from 4,981 mt in 1987 to 13,779 mt in 1988, 19,002 mt in
1989, and 21,114 mt in 1990 (Fujioka and Clausen, 1992). This resulted in the highest total slope rockfish
harvests since 1977, the year prior to the adoption of the GOA FMP.

During 1991 and 1992 shortraker and rougheye rockfish were placed in a separate management category as
was POP. This resulted in substantial declines in total slope rockfish harvest indicating that these three species
had been the primary target species of the combined slope rockfish complex. Harvests, ABC, and quotas for
slope rockfish are shown in table 1 from Fujioka and Clausen, (1992).

Bycatch of some slope species is still likely to be under-reported, particularly in the halibut and sablefish hook-
and-line fisheries where observer coverage is limited and the managers rely entirely on cooperation from the
fleet for reporting at-sea discards. It is unknown whether the unreported bycatch is significant from a



management standpoint, but this source of unreported fishing mortality should be quantified. This is
particularly true for species such as shortraker, rougheye, and thomyhead rockfish which have very low ABC
and TAC levels. As a result, any unreported harvest in excess of the TAC increases the chance that the ABC
will be exceeded because of the very low quotas.

Management Strategy and Stock Status
Pacific Ocean Perch

From 1977 to 1981 the quota for all slope rockfish species was set at levels between 25,000 and 30,000 mt
(Fujioka and Clausen, 1992). In 1982 the NPFMC adopted an OY for the Eastern GOA of 875 mt which was
the amount considered necessary for bycatch in fisheries for other species. The intent was to provide for
maximum rebuilding (Environmental Assessment to Amendment 10, NPFMC, 1982). This reduced the POP
complex quota for the entire GOA to approximately 11,500 mt.

The Gulf-wide quota remained fairly low between 1985 and 1987, apparently as an attempt to discourage
foreign fishing on this resource. However, in 1987 the POP OY for the Eastern GOA was increased to 2,000
mt even though there was little, if any, evidence that any stock rebuilding had occurred. A major difference
in the fishery between 1982 and 1987 was that by 1987 the GOA groundfish fisheries had become fully
"Americanized" and there was a greater mdustry demand for high-value fish to satisfy the expanding domestic
factory trawl fleet.

From 1988 through 1990 all slope rockfish were managed as a single complex and quotas were quadrupled
from the 1987 level of 5,000 mt to 20,000 mt in 1989. The slope complex TAC was reduced to 17,700 in
1990. However, the TAC for the complex was exceeded by 19% and it was estimated from observer data that
62.2% of the 21,114 mt 1990 harvest consisted of POP.

During 1991 and 1992 the slope complex was separated into three components for management: POP,
shortraker/rougheye, and "other slope rockfish". While this separation resulted in a substantial reduction in
the TAC for POP to only 5,800 mt, it resulted in even higher quotas for the entire slope complex. The 1992
TAC of 21,220 mt for all slope rockfish was the highest since 1981. Each year from 1988 through 1992 the
TAC was set at or very near ABC for all species groups, leaving no allowance for management imprecision.

The POP stock has been listed as "depressed, increasing" in the NPFMC Stock Assessment Fishery Evaluation

(SAFE) reports for a number of years. However, the notion that POP stocks are increasing is supported

primarily by model assumptions, and each year the subsequent estimate of biomass listed in the SAFE report

has resulted in a lower number. The POP biomass estimates originally derived from the 1984 and 1987

surveys have just recently been adjusted downward approximately 38% by revising the fishing correction

factor. Revised estimates indicate POP biomass was 231,699 mt in 1984 and 132,369 mt in 1990, a decline .
of 43%. Whether the reduction is viewed as an indicator of absolute abundance or relative abundance, the

trend is decidedly downward (Figure 3).

The POP proportion within the slope complex in the trawl survey declined from 52.2% of the assemblage
biomass in 1984 to only 35.6% in 1990 (Heifetz and Clausen, 1992). The proportion and relative biomass of
other less heavily exploited species such as northern rockfish, sharpchin, redstripe (S. proriger), and harlequin
(S. variegatus) rockfish actually increased over the same period. This may indicate either a replacement of
POP by faster-cycling species as suggested by Quast, (1972) or that significant selective removals of POP are
occurring.



In recent years the management strategy has been to use an annual exploitation rate applied to a biomass
estimate derived from stock survey data. When there were conflicting survey results, two or more surveys were
averaged to obtain the "best estimate" of biomass.

Prior to 1992 Stock Reduction Analysis (SRA) was used to determine stock status for POP. This method relied
heavily on an assumed stock/recruitment relationship and was tuned to the trawl survey data. The latest
published run (Heifetz and Clausen, 1992) indicates that B, (virgin biomass) ranged from 1.34 to 1.47 million
mt depending on which stock recruitment shape parameter was used. This resulted in B, values of 368,600
to 648,000 and corresponding inversely related MSY values of 27,700 to 15,000 mt. The notable point of these
data is that if the more recent estimates of biomass (Heifetz and Clausen, 1992) are correct, the current biomass
is a much smaller fraction of the presumed B, and B,,, than previously believed.

When setting the POP ABC for 1992 the NPFMC'’s Scientific and Statistical Committee (SSC) adjusted the
exploitation rate to 1/2 M=F to account for the fact that POP were presumed to be approximately 1/2 of B,
This resulted in an exploitation rate of 0.025. However, this exploitation rate was applied to the average
biomass estimate of the 1987 and 1990 surveys prior to revision. - Recall that the 1990 survey (132,369 mt)
indicated a biomass which was only 38% of the biomass indicated by the 1987 survey (352,736 mt). Thus,
averaging the estimated biomass of the two surveys resulted in an ABC (5,730 mt) which was 70% larger than
it would have been if the same exploitation rate had been applied to the 1990 survey biomass estimate alone
(3,309 mt). Given that the preliminary biomass estimate for 1993 is even lower than the estimate from the
1990 trawl survey, it is very likely that POP were exploited at an inappropriately high level during 1992.

The most recent biomass estimate from the preliminary 1993 SAFE report (Heifetz and Clausen, 1992), was
derived from the newly-implemented Stock Synthesis Model (Methot, 1990). It estimated the preliminary 1993
POP "best fit" biomass to be slightly over 94,000 mt. This is significantly (59%) lower than the accepted
estimate of 229,000 mt for 1992 which was based on an average of the exploitable biomass from the
uncorrected 1987 and the 1990 triennial trawl surveys.

Use of the Stock Synthesis Model is a notable departure from methods used previously and appears to be a
substantial improvement over previous methods. In addition to biomass estimates from stock assessment
surveys, auxiliary data are incorporated into the Stock Synthesis Model. These auxiliary data include fishery
CPUE and age and size composition from several different surveys. The relative emphasis placed on each of
these additional data sources can be varied to achieve an acceptable overall fit of model estimates to the
combination of data, rather than relying on only a few sources of data. In addition, low emphasis is placed
on a stock recruitment relationship, which seems appropriate, since there is no clearly defined stock recruitment
relationship for POP. Instead, individual recruitment levels are estimated. As indicated by Heifetz and
Clausen, (1992), the population equilibrium assumption inherent in the prior applications of SRA is
questionable. This is an additional consideration supporting the use of the Stock Synthesis Model. The
preliminary results of the model suggest that the population prior to 1960 may have actually been lower than
in the peak years of the fishery (Figure 4) and future projections are uncertain. However, application of this
model is still evolving for use with POP and the final results for 1993 are expected to be somewhat different
than those presented in the preliminary SAFE report.

Three notable results suggested by this model are: (1) the 1990 survey may have been much closer to the actual
biomass than the earlier surveys and (2) the population over the past decade has been much lower than the
presumed level derived from other methods such as SRA analysis and biomass survey data, and (3) the model
projects that the population has been increasing over the past decade which is in direct contridiction to the
results of the triennial trawl survey. In fact, the only way to replicate the downward trend shown by the survey
is to dramatically increase the emphasis on the survey results in the model (Personal communication with John



Hiefetz, NMFS Auke Bay Laboratory). The discrepancy between the downward trend indicated by the survey
and the upward trend suggested by the model needs to be evaluated and explained.

Use of the higher biomass estimates derived from previous methods as an indicator of stock status has resulted
in substantially higher exploitation rates than are suggested by the current model. These higher exploitation
rates could at least partially explain why the stock has apparently not improved appreciably during the last
decade.

In recent years the fishery has been characterized by large amounts of highly efficient fishing effort
concentrated into relatively short periods, making in-season management within pre-set quotas extremely
difficult. In 1990 POP was combined with other slope species for management and the Gulf-wide ABC for
the assemblage was exceeded by 3,414 mt (19%). Observer data indicate that. POP were taken in amounts
much greater than their proportion of the assemblage biomass during that year resulting in a harvest of over
12,000 mt of POP alone. In 1991 and 1992 POP were managed as a separate subgroup of the slope
assemblage with separate ABCs, TACs, and overfishing levels. The 1991 ABC was exceeded by 337 mt (5%),
the 1992 ABC was exceeded by 12%, and the 1992 overfishing level for the GOA was also surpassed.

Another concern regarding POP stock status is the current age distribution of the remaining population. The
majority of the GOA population in the 1990 survey was less than 15 years with a mean age of 9.8 years
(Figure 5) (Heifetz and Clausen, 1992). In addition, there is evidence that the portion of the population greater
than age 25 has declined between the 1984 and 1990 surveys (Heifetz and Ianelli, 1992) (Figure 6) suggesting
a differential removal of the older aged more fecund portion of the population. Industry testimony before
NPFMC committees in September, 1992 indicated that larger fish are indeed being targeted because of their
higher value.

The remaining age distribution of POP in the GOA is highly inconsistent with the expected age distribution
of lightly or even moderately exploited rockfish stocks. This is particularly alarming given that POP are known
to live in excess of 75 years. Age classes in an unexploited population would normally be distributed over
a much broader range as a result of long-term accumulation of recruitment. Also, the "large” year classes
reported in recent years (1976, 1980, and 1984) which have been viewed as an indicator of improving stock
conditions are quite small when compared to the annual recruitment predicted by the stock synthesis model
for the period between 1953 and 1970 (figure 7 from Hiefetz and Clausen, 1992).

There are also discrepancies in the data being used to predict future recruitment in the analytical models. The
Stock Synthesis Model assumes 50% maturity at age seven and full reproductive recruitment at age nine. This
assumption was based on data from Chikuni, (1975) who used scales to determine age at maturity. Gunderson
(1977) estimated 50% sexual maturity for female POP ranged from age 9 to age 11 in British Columbia and
off Washington. Using break-and-burn otolith age reading techniques on samples from British Columbia,
Archibald, et. al. (1983) estimated the age of maturity for POP to be 11 years. The implication of this is that
if Chikuni is correct, a much larger proportion of the GOA POP population is sexually mature and contributing
to potential future recruitment. On the other hand, if Gunderson and Archibald’s maturity schedules are more
accurate, a large percentage of the POP population observed in the 1990 trawl survey, which was presumed
to accurately reflect the current GOA POP stock, was acctually made up of immature fish (Figure 5).

Shortraker and Rougheye Rockfish
Prior to 1991 shortraker and rougheye rockfish were either managed as part of the POP complex (1979-1987)

or as part of the general slope category (1988-1990). By 1990 it was obvious that these two species were
being harvested at rates much greater than their relative abundance in the slope assemblage. This led biologists



to recommend managing these two species as a separate management subgroup beginning in 1991. The current
strategy for setting ABC is to apply F=M to the average mid-point biomass estimates for both species as
indicated by the 1987 and 1990 trawl surveys. The estimate of M for both species (0.03) is derived using by
usiag the calculated M for rougheye rockfish (0.025) multiplied by the ratio of the presumed maximum age
of the two species (140/120) (Heifetz and Clausen, 1992). The TAC has been set equal to ABC the past two
years.

The triennial trawl survey results indicate that between 1984 and 1990 both species have decreased in
abundance, shortraker by 82% and rougheye by 40%. As with POP, the trend is decidedly downward and
should be cause for concem. However, there are two confounding factors in determining the status of
shortraker and rougheye rockfish stocks. First, there is concem that the triennial trawl surveys may not provide
a good index of absolute abundance of either species. Second, the results of the annual longline survey are
inconsistent with the results of the triennial trawl survey. The relative population weight of both species
actually increased in the longline survey between 1988 and 1991 Heifetz and Clausen, 1992). One possible
explanation for the apparent increase in rockfish catch in the longline survey is that sablefish CPUE decreased
over the same interval which could conceivably have made more hooks available for rockfish. This is believed
to be a possible explanation for the same discrepancy observed for thornyhead rockfish (Dawson, 1992).

Additional concerns include selective harvest and bycatch. Shortraker rockfish made up approximately 50%
of the 1991 harvest of this subgroup although they made up less than 18% of the estimated 1990 biomass of
the two species. Since shortraker rockfish are considerably more valuable than rougheye rockfish, this may
be the result of selective targeting.

Bycatch of both shortraker and rougheye rockfish regularly occur in deep-water fisheries for other species.
Hook-and-line fishermen in the GOA complain that they have often been prohibited from landing these species
in target fisheries for other species because the TAC levels have already been taken by other gear types. It
is difficult to determine the bycatch needs of the hook-and-line fishery since not all of the fish caught are
actually landed, and there is very little observer coverage for much of the hook-and-line fleet. Regardless, the
unreported bycatch of shortraker and rougheye rockfish is an additional source of mortality which needs to be
quantified.

Other Slope Rockfish

All other slope rockfish species are currently managed as a single subgroup. Biomass trends for other slope
species are even more uncertain than for POP or shortraker and rougheye rockfish. As mentioned previously,
triennial trawl survey data indicate that the most abundant species, northérn, sharpchin, redstripe, and harlequin
rockfish increased in abundance from 1984 to 1987 and then decreased again in 1990. The overall trend from
1984 to 1990 suggests a slight increase in biomass over that interval.

The ABC for other slope rockfish is set using an F=M (0.06) strategy applied to an average biomass of the
entire group as assessed in the 1987 and 1990 trawl surveys. The estimate of M is derived from the weighted
average of the presumed natural mortality rates of four predominate species within the complex. As with the
other species (POP, shortraker and rougheye rockfish), averaging the two years of the survey tends to increase
the estimated biomass of the group by a considerable amount since the estimated biomass of the five most
abundant species (listed above) was 49% lower in 1990 than in 1987.

Northern rockfish made up approximately 47% of the estimated 1990 biomass of this subgroup. However, the
1991 harvest was comprised of 93.5% northern rockfish. This appears to be another case where a single
species is being harvested disproportionate to their abundance in the assemblage. NMFS biologists have also



pointed out this problem (Heifetz and Clausen, 1992) and may recommend that northem rockfish be placed
in a separate management subgroup to reduce the risk of overharvest in the future.

Demersal and Pelagic Shelf Rockfish
Fishery

Beginning in 1988, at the recommendation of ADF&G, the NPFMC separated the Sebastes rockfishes into
three categories for management. The slope rockfish category included POP and other deeper water species
which were taken predominantly in the deep-water trawl fishery. The DSR assemblage was comprised of ten
near-shore bottom-dwelling species which are taken primarily in the near-shore longline fishery. The PSR
assemblage is comprised of five species of generally near-shore species which are often aggregated in off-
bottom schools. The assemblage composition is shown in Table 2. :

DSR are currently recognized as a separate management category only in the Southeast Outside District as
described in the GOA FMP. Although the assemblage originally included ten species, it has since been
modified to include only eight species. Yelloweye rockfish (S. ruberrimus) is the predominant species of that
assemblage and the entire complex is managed using yelloweye rockfish as an indicator species for biological
parameters and abundance estimates.

The PSR category is comprised of five species with dusky rockfish (S. ciliatus) by far the most prevalent
species throughout the GOA. Black rockfish (S. melanops) is the predominate near-shore pelagic species.

Harvests of DSR and PSR have been small relative to harvests of slope rockfish, and the directed fisheries are
much more recent. The directed DSR fishery began in 1982 and only 120 mt were harvested that year. The
harvest increased rapidly peaking in 1987 at 855 mt. Since then the harvest has been constrained by
regulations and the total harvest declined to 510 mt in 1991. The reported harvest averaged 460 mt in the
Southeast Outside District for the ten-year period between 1982 and 1991, which includes the low production
“start-up" years of the fishery.

Harvest reports are available for PSR only since 1988. Prior to 1988 they were included in the "other rockfish"
management category. From 1988 through 1991 the reported harvest averaged 1,703 mt peaking in 1991 at
2,342 mt. Approximately one quarter (574 mt) of the 1991 catch was from the near-shore, hook-and-line
fisheries and is presumed to be comprised primarily of black rockfish. The remainder is presumed to be
predominantly dusky rockfish taken by trawl gear both incidental to fisheries for other species or as a target
fishery.

Management Strategy and Stock Status
Demersal Shelf Rockfish

The NPFMC first recommended management action for the DSR fishery in 1984. That year, at the request
of ADF&G, the NPFMC approved a provisional 600 mt OY and established a special quota area in the central
portion of the Southeast Outside District. ADF&G subsequently expanded management to the remainder of
the Southeast Outside District and was given limited management -authority.under a provision of the GOA FMP
in 1986. That authority was expanded in 1990 with the passage of Amendment 21 which assigned principle
management authority for the DSR fishery in the Southeast Outside District to the State of Alaska, with
oversight by the NPFMC.



The original quota set in 1984 was intended to place a cap on the rapidly expanding fishery. Between 1985
and 1990 an annual TAC was recommended by ADF&G based on performance indicators from the directed
fishery. The TAC recommendation also included an estimate of the amount of DSR required for bycatch in
target fisheries for other species.

In 1990 the NPFMC adopted a default definition for setting ABC and the DSR ABC was set equal to the
average harvest from 1982 through 1990. That method was also used to set the ABC and TAC levels for 1991.

In 1992 the Southeast Outside District was expanded to include the East Yakutat Area. A biomass estimate
of DSR was derived for the East Yakutat portion of the area using line transects from a manned submersible
(O’Connell and Carlile, 1992). The presumed natural mortality of 0.02 was multiplied by the biomass estimate
to determine ABC. The resulting ABC estimate for the East Yakutat area was added to the average harvest
data for the remainder of the Southeast Outside District to calculate ABC for the entire area.

For 1993 the line transect biomass estimate was expanded to include the remainder of the Southeast Outside
District. The exploitation rate was again set at F=M (0.02). However, ADF&G recommended that the
exploitation rate be applied to the lower 90% C.I. of the biomass estimate rather than the mid-point of the
estimate to determine ABC. This resulted in a more conservative ABC of 800 mt compared to 967 mt if the
mid-point biomass had been used. ADF&G used this approach because of uncertainty in the data and thefact
that the submersible survey only covered a very small fraction of the entire management area. This
precautionary reduction is intended to reduce the risk of over-exploitation until better information becomes
available. : :

During 1992 the International Pacific Halibut Commission (IPHC) cooperated with the ADF&G to obtain an
estimate of the unreported mortality of DSR in the halibut fishery. Initial results indicate that the bycatch rate
of rockfish in the Eastern Gulf halibut fishery is approximately 10% which amounted to nearly 300 mt of DSR
in 1992. The data also suggests that only about 35% of the bycatch is reported on fish tickets. In the future,
the directed DSR fishery will be managed to account for the estimated bycatch mortality in the halibut fisheries
by applying the best estimate of bycatch rate to the annual halibut harvest in the area.

In addition to annual harvest objectives, ADF&G has developed additional in-season management strategies
to minimize the risk that harvest objectives will be exceeded. The bycatch mortality estimated in fisheries for
other species is subtracted from the TAC before the directed fishing quotas are set. Also, the directed fishery
is managed with a series of regulations which tend to slow down the harvest to a more manageable level.
These include gear specifications, trip limits, mandatory logbooks, hot-spot authority, and split seasons
(Bracken, 1990). These regulations were developed in conjunction with an industry working group and so
there has been very good cooperation with the industry. While this approach is quite labor intensive, it has
produced the positive benefit of DSR being the only Sebastes rockfish group which has been consistently
managed under the annual quota level over the life of the fishery.

Pelagic Shelf Rbckﬁsh

The biomass of dusky rockfish has fluctuated markedly over the three years during which the GOA triennial
trawl survey was conducted. Estimated biomass increased from 37,313 mt in 1984 to 163,188 mt in 1987 and
decreased to 24,141 mt in 1990. The confidence intervals for PSR are extremely high, suggesting that catches
are sporadic and variable. Since that type of fluctuation cannot be explained based on population or fishery
dynamics, these values should be considered unreliable. Never the less, ABC for PSR is derived by applying
the natural mortality rate for dusky rockfish to the average biomass estimate from all three years of the NMFS
triennial trawl survey, including the extraordinarily high 1987 estimate.



The current biomass estimate does not account for other species such as black rockfish which reside primarily
in the near-shore area and which are not assessed by the triennial traw! survey. The Plan Team accepted an
ADF&G recommendation for setting provisional black rockfish TAC limits for 1992. The recommendation
was based on a combination of harvest trends and anecdotal information on relative stock condition. That
approach was not adopted by the NPFMC and the PSR assemblage continues to be managed as a single unit
based on the average results of the triennial trawl surveys.

Thomyhead rockfish
Fishery

Thomyhead rockfish have generally been landed incidentally in fisheries for other species such as slope
rockfish and sablefish. There is no evidence that target fisheries for thomyhead rockfish have occurred.
However, with their relatively high value, they are considered to be a valuable component of the deep-water
rockfish trawl fishery.

The initial OYs adopted for thomyhead rockfish in the GOA FMP were based on average reported incidental
catch,in the foreign sablefish longline fishery and estimates of biomass and ABC were not available. Only
recently have thornyhead rockfish been managed according to estimated biomass levels derived from the
triennial trawl surveys.

The species has become progressively more valuable in recent years and reported domestic harvests increased
from very low levels in the mid-1980’s (a 500 mt average from 1982 through 1986) to over 3,000 mt in 1989.
Since then the harvest has been constrained by more restrictive TAC levels and the catch declined to 1,217
mt in 1991. The average harvest between 1982 and 1991 was 1,321 mt.

As with the slope rockfish species, it is presumed that some bycatch of thomyhead rockfish goes unreported.
This is particularly true of the hook-and-line sablefish fishery where observer coverage is limited.

Management and Stock Status

Although there are actually three species of Sebastolobus rockfish in the North Pacific, one species, the
shortspine thornyhead, (Sebastolobus alascanus) dominates the GOA population and is by far the most
prevalent species in the catch. According to Dawson (1992) "the population structure for thornyheads has not
been defined"” in the GOA. Biological information on thornyheads is also very sparse. The estimate of natural
mortality (M) is based on a single age sample from Southeast Alaska as reported in Miller (1985). Age at
recruitment and longevity are also presumed from that one sample.

The triennial trawl survey indicates a biomass decline of nearly 79% from 123,005 mt in 1984 to only 26,207.
in 1990. It must be pointed out, however, that the numbers are not directly comparable since for 1990 the
deeper-water component was estimated from ratios established in earlier surveys rather than measured directly.
Regardless, the abundance trend for this species, as indicated by the triennial survey, is decidedly downward.

As with shortraker and rougheye rockfish, there is a discrepancy in the trends indicated by the triennial trawl
survey and by the annual longline survey. Also, there is a discrepancy between the cooperative longline survey
and the domestic longline survey causing the SAFE chapter author to conclude, "This may indicate that
longline surveys are not a particularly good means to assess changes in thomyhead abundance" (Dawson,
1992).
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