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Figure 14-a. CPUE for Hawaiian bottomfish

Interpretation: Decreases in MHI CPUE to about 30% of early CPUE values (mean of the first
5 years recorded) signify a strong yellow light condition for the fishery in this area.  In the Mau
zone CPUE has dropped from earliest values to 36% and 66% for trip based and daily based
CPUE respectively, a borderline condition.  For the Hoomalu zone these values are 65% and 74
% respectively, a healthy condition. 

Comments: The MHI CPUE value for 2001 is very similar to the 2000 value, and remains above
the 1996-1998 values.  The 1999 increase in MHI CPUE was due primarily to a large increase in
uku, and to a lesser degree onaga, catches and catch rates.  This high in CPUE is similar to that of
the late 1980s which was due to increased uku catch rates alone and may not indicate an increase
in abundance of other species in either case.   Rapid decreases in CPUE from the 1989-90 uku
derived peaks appear to be a return to the prevailing slow decline. 

In the Mau zone, trip CPUE dropped 19% from the 2000 value to about 36% of early
values.  On a catch per day basis, the Mau 2001 CPUE increased 9% to 66% of earliest values. 
Declines in trip CPUE for this zone may be largely due to the departure of highliners and greater
concentration on other fishing methods, e.g. trolling and crab netting. Daily CPUE values are a
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better indication of abundance and show an increase over last year.
In the Hoomalu Zone CPUE values dropped slightly from 2000 values on both a daily

and trip basis. 
The trip CPUE values are used for NWHI SPR calculations because they form a longer

time series of data and may better estimate virgin fishery catch rates.  There are no correction
factors for possible changes in trip duration or fleet composition.

Source:  MHI CPUE is based on HDAR C-3 catch report data from commercial fishermen.  Two
NWHI CPUE's are presented.  Trip based CPUE is derived from HDAR C-3 catch report data
from the earlier years and more recently from HDAR trip sales reports.  Daily CPUE is currently
derived from HDAR daily catch logs.  In earlier years, HDAR data was combined with the
NMFS vessel interview program catch data to obtain appropriate data and full coverage.

Calculation & Adjustment:  MHI trips were screened to only include trips from the areas of
Maui, Lanai, Molokai, and Penguin Banks that had at least 90% of the catch by weight in
bottomfish.  Additionally, some MHI small boats were excluded based on minimum annual
landings criteria to correct for temporal changes in the fleet composition (licensees must land at
least 30% of the median value of the top ten producers to qualify).  The NMFS vessel interview
data prior to 1988 does not allow separate Mau and Hoomalu CPUE calculations; therefore, the
combined area NWHI CPUE is presented as well.  The NWHI trip CPUE used data screened to
only include trips where at least 90% of the catch by weight was bottomfish and at least 1000
pounds of bottomfish were caught.  All catch data reported by the same licensee on consecutive
days were collapsed to a trip summary, since 1) most other reports are apparent multi-day trip
summaries, and 2) consecutive day reporting may be reflective of marketing rather than fishing
activity.  There was an apparent absence of Hoomalu Zone trips from the mid-1960s until the
late-1970s.  The 95% non-parametric confidence intervals for the HDAR CPUE's were calculated
by bootstrapping.
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Figure 14-a  data summaries:
Pounds/Trip

Year MHI Mau Hoomalu

1948 614 5968 14635

1949 713 6799 4614

1950 677 4966 6072

1951 621 4980 8228

1952 577 7407 4766

1953 645 8937 7627

1954 887 6158 8613

1955 755 4659 9336

1956 784 2523 5202

1957 789 3958 1535

1958 533  NA 6254

1959 519  NA 5897

1960 630 6379 8139

1961 496 6999 7978

1962 491 4641  NA

1963 518 6410  NA

1964 619 8028 8390

1965 503 6656  NA

1966 536 4413  NA

1967 602 14749  NA

1968 478 6055  NA

1969 480 11484  NA

1970 433 7111  NA

1971 433 4784  NA

1972 514 2386  NA

1973 421 3224  NA

1974 329 3367  NA

Pounds/Trip

Year MHI Mau Hoomalu

1975 430 5439  NA

1976 485 4653  NA

1977 527 4387 4000

1978 635 4753 3550

1979 380 5361 4951

1980 421 6210 6687

1981 416 1336 8167

1982 307  NA 7953

1983 214 2242 3025

1984 220 4308 4085

1985 230 4239 5909

1986 274 2206 5301

1987 237 2889 8187

1988 329 2136 4702

1989 361 5412 5328

1990 245 4454 4793

1991 202 2413 5928

1992 228 2092 7388

1993 213 1992 8040

1994 218 3748 4651

1995 193 2460 5544

1996 125 2823 5870

1997 176 3294 5234

1998 130 2518 5198

1999 209 2926 4605

2000 187 2654 5212

2001 184 2139 4945

mean 433 4748 6163

s.d 194 2514 2218
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NMFS  NWHI CPUE (lb/day)

Year Mau Hoomalu Combined

1984 NA NA 682

1985 NA NA 736

1986 NA NA 800

1987 NA NA 877

1988 322 866 786

1989 677 808 763

1990 573 675 611

1991 333 671 525

1992 239 639 491

1993 267 723 523

1994 353 629 526

1995 306 582 442

1996 298 563 407

1997 429 574 521

1998 364 527 484

1999 337 534 486

2000 260 601 513

2001 283 543 467

mean 360.07 638.21 594.72

s.d. 123.84 102.67 139.53
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Figure 14-b.  Partial CPUE for MHI bottomfish
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MHI Partial CPUE (lb/trip)

Year OPA ONA EHU UKU HAP

1948 77 115 172 117 18

1949 153 153 132 146 22

1950 135 182 132 119 10

1951 176 161 73 48 11

1952 149 124 78 95 24

1953 208 144 76 82 41

1954 266 262 91 77 35

1955 195 198 83 76 56

1956 204 177 97 127 36

1957 176 124 70 275 40

1958 174 121 47 88 24

1959 130 124 50 103 33

1960 177 158 66 97 28

1961 178 136 31 54 13

1962 136 123 47 94 17

1963 169 120 38 82 16

1964 180 122 30 195  9

1965 148 174 33 67 16

1966 138 191 38 75 17

1967 203 222 39 66 13

1968 116 174 47 81 15

1969 135 135 35 104 25

1970 83 140 30 120 17

1971 127 138 34 65 24

1972 192 116 35 92 31

1973 171 70 21 101 19

1974 132 52 24 72 20

1975 149 124 36 68 24

1976 112 214 45 69 21

1977 191 158 49 67 34

1978 269 143 46 94 38

1979 207 47 13 70 16

1980 251 40 13 37 18

1981 229 72 18 37 18

1982 179 55 11 25  7

1983 104 46 17 20  5

1984 109 51 10 26  4

1985 74 107 12 18  3

1986 93 111 15 31  5

1987 91 93 13 10  2

1988 97 48  9 150  2

1989 122 59 12 140  3

1990 80 77 12 42  3

1991 75 60  9 34  9

1992 115 39  8 39  7

1993 100 37 9 46 6

1994 118 34 9 34 4

1995 96 40 11 26 5

1996 56 31 8 18 3

1997 84 32 10 30 4

1998 66 25 6 19 3

1999 91 41 7 55 3

2000 96 41 8 26 3

2001 90 36 8 29 2

mean 142.07 107.72 38.39 73.67 16.35

s.d 52.71 59.21 35.98 48.81 12.62
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Interpretation:  Reduction of species-specific CPUE for species presented here, with the
exception of opakapaka, to less than half of their early values would suggest a yellow light
situation for all of these species.  Caution must be used in this interpretation because factors such
as targeting of effort to specific species is not taken into account (see next section for targeted
effort).

Comments:  All CPUE time series remain highly variable.  All 2001 partial CPUE values are
well below their long-term averages.    There are apparent declines in most species when
comparing several years of recent values with values earlier in the time series.  The decline is
least apparent in opakapaka and most apparent in ehu. 

Source:  The partial CPUE for the MHI is based on HDAR C-3 catch report data from
commercial fishermen.

Calculation & Adjustment:  The same subset of HDAR data as used in Fig. 14-A is used here,
but the weight of each species is tabulated separately rather than in aggregate.  The same
denominator value used in Fig. 14-A is used here (# trips fished), i.e. summing these five partial
CPUE's (and remaining BMUS CPUE's) will approximate the Fig. 14-A estimates.  95% non-
parametric confidence intervals were calculated by bootstrapping.
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Figure 14-c.  Partial targeted CPUE for MHI bottomfish
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Figure  14-c data summary:

 
MHI Targeted CPUE (lb/Trip)

Year Opakapaka Onaga Ehu Uku

1948 277 496 581 705

1949 391 488 517 913

1950 385 566 564 701

1951 406 554 589 567

1952 348 442 380 779

1953 476 390 358 850

1954 779 552 224 1796

1955 458 547 222 869

1956 613 473 384 988

1957 496 479 327 1061

1958 344 382 257 745

1959 293 325 130 852

1960 507 364 242 939

1961 297 476 550 514

1962 216 379 677 806

1963 263 394 111 683

1964 320 475 120 1046

1965 281 411 275 574

1966 280 472 288 1014

1967 366 706 180 919

1968 215 484 415 525

1969 254 353 203 696

1970 191 345 161 600

1971 241 428 205 634

1972 339 420 171 699

1973 309 324 226 531

1974 225 236 152 488

1975 284 419 194 448

1976 293 421 112 846

1977 462 400 178 573

1978 501 389  92 640

1979 323 255  61 552

1980 430 415  79 235

1981 364 433  83 212

1982 293 252  58 164

1983 225 186 135 179

1984 212 173  72 241

1985 168 266  63 193

1986 194 267  58 418

1987 199 206  82 175

1988 198 192  60 549

1989 278 221 109 468

1990 187 205  82 260

1991 183 153  45 224

1992 212 154  27 238

1993 176 155 28 393

1994 200 125 37 311

1995 191 100 45 343

1996 138 88 21 300

1997 161 101 52 250

1998 148 87 21 251

1999 158 145 44 398

2000 174 150 23 282

2001 162 109 70 239

mean 297.85 333.85 193.33 571.78

s.d. 129.49 152.19 172.16 315.16
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Interpretation:   Comparison of 2001 CPUE values with the first 5 years available (1948-52)
indicate that all four species for which sufficient data is available have CPUE values less than or
equal to 50% of original values.  These values represent a yellow light or borderline condition for
these four species, with the ehu stocks being the most stressed.

Comments:  As in Fig. 14-B, there are apparent declines when comparing recent years with
values earlier in the time series.  The decline is least apparent in opakapaka (45% of original
values) and most apparent for ehu (13% of original values) even considering that 2001 was a
relatively strong ehu year with targeted cpue higher than any year since 1990.  The level of
screening done here severely reduces the size of the sample, and this may contribute to some of
the observed variability, particularly for ehu where there are fewer targeted trips.  Values for
hapuupuu are graphed but not put in the table due to the small numbers of targeted trips in most
years. 

Source:   The partial targeted MHI CPUE is based on HDAR C-3 catch report data from
commercial fishermen.

Calculation & Adjustment:   The data used in Fig. 14-A were further screened to only include
trips where at least 50% of the total catch by weight is the target species.  This can only be done
for species that are targeted successfully; incidental catch species will not contribute significantly
enough to the overall catch.  95% non-parametric confidence intervals were calculated by
bootstrapping.
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Figure 15.  Percent immature in Hawaiian bottomfish catch

Interpretation:  MHI onaga catch has the highest percentage of immature fish, and is the only
one consistently over 50%.  In 2001 the MHI onaga landings comprised of 88% immature fish,
signifying a yellow light condition for this species in this zone.  In the NWHI zones onaga
showed high % immature values for 1997 and 1998 in the Hoomalu zone and 1998 in the Mau
zone.  2001 values, however, are just below 50% for both zones, a borderline condition.  All
other MHI and NWHI values are in the healthy range for percentage of immature fish in the
catch.
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Comments:   MHI catch is comprised of more immature fish than NWHI catch for all species. 
In all areas onaga values are the highest on average.   Percent immature for uku are the lowest
(i.e. healthiest) values in all zones.  Among the other species, MHI opakapaka experienced
periods of relatively high values (peaking in the years 1985-87) and a sharp rise in 1998.  MHI
hapuupuu percent immature declined from a peak in 1995 to moderate levels in 1997-2001. 

Source:   Prior to 2000 fish size data is derived from auction lot statistics obtained at the
Honolulu UFA auction by HDAR, NMFS and WPRFMC personnel.  Data for 2000 is from
dealer sales records.  Size at maturity from Everson (1984), Everson (1990 unpub. rep.), Everson
et al. (1989), Kikkawa (1984), Sudekum et al. (1991).

Calculation & Adjustment:   The percent immature is calculated in terms of weight.  The size
distribution of sold fish is assumed to be representative of all fish caught.  Maturity was assumed
to be "knife-edge", and all fish in the same sales lot were assumed to be of equal size.  95% non-
parametric confidence intervals were calculated by bootstrapping.
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Figure 16.  Mean weight of Hawaiian bottomfish
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Interpretation:  MHI mean weights are considerable lower than NWHI weights indicating
considerable stress on these resources.  No noticable trends can be seen in NWHI mean weights,
indicating relative health in these zones.  Low mean weights were first recorded for MHI
hapuupuu in 1993 and remained low through 2000, but show a sharp increase in 2001.  The small
number of fish upon which the annual estimates are based may bias the results for this species.  

Comments:   Mean weights of fish in the NWHI catch appear generally stable over time, with
the notable exception of the onaga mean weight, where recent declines can be seen for both the
Mau and the Hoomalu zone.  The 1998 Mau onaga value is the lowest on record showing a sharp
decline from earlier values with a return to normal levels in 1999 then another drop in 2000 and a
small increase in 2001.   MHI values have been remarkably stable for most species over the time
series available.  The two most important changes in 2001 are the sharp increases in mean size of
the Mau zone onaga and hapuupuu.

Source:   Prior year’s fish size data was derived from auction lot statistics obtained at the
Honolulu UFA auction by HDAR, NMFS, and WPRFMC personnel; 2000 data is from HDAR
dealer reports.  

Calculation & Adjustment:   The size distribution of sold fish is assumed to be representative
of all fish caught.  All fish in the same sales lot were assumed to be of equal size.  
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Figure 17.  Archipelago-wide Spawning potential ratio (SPR)

Archipelago-wide SPR:

SPR (%)

Year Ehu Hapuupuu Onaga Opakapaka Uku

1986 41 55 53 51 58

1987 61 71 61 69 65

1988 37 56 42 49 62

1989 51 70 38 69 68

1990 44 57 36 57 52

1991 44 58 42 57 53

1992 51 67 41 68 61

1993 54 65 53 67 73

1994 38 51 39 53 52

1995 41 48 33 54 56

1996 43 49 39 52 57

1997 42 49 25 52 51

1998 38 44 22 47 50

1999 37 47 34 46 55

2000 39 49 27 52 52

2001 39 48 25 48 46

mean 43.75 55.25 38.13 55.69 56.94

s.d. 6.97 8.74 10.90 8.10 7.23

Interpretation: SPR values for the five major BMUS species are all above the 20% critical
threshold level when viewed on an archipelago-wide basis.  Of these species, onaga usually has
the lowest value with the 2001 value at 25%.  This low value for onaga is due to the consistently
poor condition of the resources in the MHI.  Now that the state management plan for the MHI
bottomfish has been implemented, it is likely that the condition of onaga resources in this area
will improve and the archipelago-wide SPR value will increase over time.

The archipelago-wide SPR estimates are the best method available to assess the Hawaii
bottomfish resources and should be the only values used to evaluate overfishing.  SPR values are
also presented in this document on a management zone basis for the purpose of determining
locally depleted resources.  It is the best policy to have all zones in a healthy condition and
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actions should continue to be implemented to assure the achievement of this goal.  For the
purpose of determining an overfished resource, however, the archipelago-wide condition is what
should be measured.  Evidence from larval drift simulation and preliminary genetic work point to
as single archipelago-wide stock with substantial larval transfer between zones (generally from
the more healthy northwestern zones toward the more depleted MHI zone). 

Comments: SPR values for all species fluctuate annually and have wide error bars.  There are no
particularly obvious trends in SPR values over the 15 year period of data.  The only species
showing current signs of concern is the onaga for which the lower bound is below the 20%
critical threshold value.  The management measures implemented by the state for the MHI should
bring improvement of the MHI onaga resource over a period of a few years.  Any improvements
to the MHI resources will contribute to improvement of the archipelago-wide condition as well.  

Source:   Data used in calculating archipelago-wide SPR is derived largely from HDAR
commercial catch records integrated with NMFS interview data in some cases.  Also important is
the size frequency data obtained from market sampling by HDAR and NMFS and dealer reports. 
The final component is the weighting factor for each management zone, which is based on the
percentage of total 100 fathom contour contained in each zone.

Calculation & Adjustment:   Calculations use similar methodology as presented in Somerton
and Kobayashi (1990) for dynamic SPR.  Preweighted SPR values (point estimates and upper
and lower bounds) are from the area specific estimates found in the following section (Figure 18,
18a, b, and c).  NWHI estimates are calculated using area specific maturity estimates and partial
CPUE values (where area specific landings of each species are divided by the total effort
expended in the management zone).  For the MHI, hapuupuu SPR estimates are calculated
similarly to those for NWHI fish.  For the remaining MHI species, however, targeted trips are
identified and the landings and effort for these targeted trips only are used to calculate CPUE for
these species.  Weighting factors are applied to point estimate and upper and lower bounds for
each species and management zone.  Archipelago-wide values are derived by adding the zone
specific components.  The weighting factors are: MHI = 0.447, Mau zone = 0.124, Hoomalu
zone = 0.429. 
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Figure 18.  Spawning potential ratio (SPR) for MHI bottomfish

Figure 18 data summary:

SPR (%)

Year Ehu Hapuupuu Onaga Opakapaka Uku

1986 35 42 25 26 37

1987 31 37 19 21 32

1988 42 52 29 35 44

1989 45 58 20 42 48

1990 30 37 13 31 33

1991 27 34 9 24 27

1992 30 37 12 27 31

1993 28 26 14 22 29

1994 28 33 13 23 29

1995 24 21 10 20 26

1996 16 15 6 13 23

1997 22 23 6 20 23

1998 18 16 6 12 17

1999 29 27 7 21 28

2000 25 24 6 20 25

2001 24 28 4 19 24

mean 28.38 31.88 12.44 23.50 29.75

s.d. 7.62 11.95 7.39 7.59 7.92

Interpretation:  The peak SPR values observed in 1988-1989 for all species were largely a
response to increases in aggregate CPUE due to increased uku landings and catch rates.  2001
SPR values show improvements over low values for the major BMUS species in 1997 with the
exception of onaga which shows an all time low for 2001.  The improvement is largely due to an
increase in aggregate CPUE over the low 1997 value. The 2001 value presented here for MHI
hapuupuu is the best estimate of MHI SPR available, because we cannot calculate an SPR for
this species using targeted CPUE.  For the remaining species, the next section (Figure 19-A)
gives the best estimation of 2001 MHI SPR.

Comments:  Current SPR estimates for onaga in the MHI is below the twenty percent critical
threshold level indicating localized resource depletion.  Onaga remains below 20% for the 12
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years in a row. Opakapaka spr at 19% is also below the 20% threshold.

Source:   SPR is estimated from the Honolulu UFA auction size frequency data collected by
HDAR, NMFS, and WPRFMC personnel; CPUE estimates from C-3 form data reported to
HDAR by commercial fishermen.  Additional information for opakapaka obtained from size
frequency data of fish caught from the R/V Townsend Cromwell.

Calculation & Adjustment:   Calculations use similar methodology as presented in Somerton
and Kobayashi (1990) for dynamic SPR.  Virgin CPUE estimate is 1948-1952 mean; current
CPUE estimate is a single year estimate.  CPUE is of aggregate bottomfish from the areas of
Maui, Lanai, Molokai, and Penguin Banks (see Fig. 14-A for more details).  Virgin catch size
composition is estimated from the 1986-1988 NWHI catch data, and current catch size
composition is estimated from single year MHI catch data. All SPR values may have changed
slightly from previous year's reports due to more complete reporting and improvements in the
calculations.  The 90.25% non-parametric confidence intervals were constructed based on "best"
and "worst" case bounds of SPR components (CPUE and percent immature).
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Figure 19-a. Spawning potential ratio (SPR) for MHI bottomfish using targeted CPUE

Figure 19a data summary:

SPR (%)

Year Opakapaka Onaga Ehu Uku

1986 32.71 30.37 8.99 49.11

1987 31.43 20.60 12.91 20.57

1988 36.88 21.03 9.30 64.24

1989 57.60 15.31 16.54 54.86

1990 41.73 13.86 12.32 30.29

1991 39.18 8.99 7.23 26.37

1992 44.41 9.95 4.37 28.01

1993 31.93 12.65 4.56 46.13

1994 37.48 9.49 5.76 36.51

1995 34.59 6.34 6.85 40.17

1996 25.10 4.12 3.36 34.96

1997 31.85 4.63 7.85 28.81

1998 24.30 4.68 3.53 29.28

1999 28.40 6.12 7.36 46.74

2000 33.33 5.94 3.72 32.76

2001 30.29 3.07 11.10 27.27

mean 35.08 11.07 7.86 37.26

s.d. 8.12 7.60 3.83 11.96
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Interpretation:  We feel that SPR values obtained here may better represent the condition of the
MHI resources in regards to localized depletion than those found in the previous section.  Ehu
and onaga stocks are clearly stressed and well below the 20% SPR threshold, with ehu below the
20% level for the duration of our data and onaga on a continuing downward trend with values
below 20% for the last13 years.  Contrary to the results obtained in the previous section,
opakapaka and uku SPR levels have remained above the 20% mark for all years sampled and do
not indicate critical locally depleted conditions.

Comments: Targeted SPR values are available for only four of the BMUS species present in the
MHI.  As expected onaga and ehu values are below the 20% critical level and have been for
many years. Opakapaka SPR values are higher using targeted CPUE compared to using aggregate
CPUE.  It should be noted that values reported here do not take into consideration any
improvements to the stock resulting from State of Hawaii MPAs.  If data were obtained on
abundance and size of fish within the reserves, then estimates of CPUE, mean size, percent
immature in the catch, and ultimately SPR could be made.

Source:  SPR values are estimated using dealer reports; the Honolulu UFA auction size
frequency data collected by HDAR,  NMFS, and WPRFMC personnel; CPUE estimates from C-
3 form data reported to HDAR by commercial fishermen and screened for trips targeting
particular species.  Additional information for opakapaka was obtained from size frequency data
of fish caught from the R/V Townsend Cromwell.

Calculation & Adjustment:  Calculations are conducted as in the previous section with targeted
CPUE substituting for aggregate CPUE.  
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Figure 19-b. Spawning potential ratio (SPR) for NWHI bottomfish

Interpretation:  The correlation of SPR values among species is due the high dependence of
SPR on the CPUE component, given that the maturity component is nearly negligible for most
species.  All species utilize the same aggregate bottomfish CPUE component. The maturity
component is small relative to MHI SPR calculations because 1) the NWHI catch is primarily
mature fish, and 2) the current catch size composition is relatively unchanged from the best
estimate of the virgin catch size composition.
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Figure 19b data summary:

SPR (%)

Mau Zone

Year Ehu Hapuupuu Onaga Opakapaka Uku

1986 39 40 46 39 39

1987 51 53 44 51 51

1988 38 35 36 38 38

1989 95 106 64 96 95

1990 78 89 64 75 78

1991 42 47 41 40 42

1992 37 42 36 36 37

1993 35 39 36 35 35

1994 65 71 75 64 66

1995 43 46 49 43 43

1996 50 55 58 50 50

1997 58 63 68 58 58

1998 44 47 26 44 44

1999 52 57 61 52 51

2000 47 51 30 47 47

2001 38 42 27 37 38

mean 50.75 55.19 47.56 50.31 50.75

s.d. 16.44 19.20 15.62 16.44 16.50

Hoomalu Zone

1986 74 74 78 74 74

1987 114 112 109 114 114

1988 66 67 65 66 66

1989 74 71 55 74 74

1990 67 68 52 67 67

1991 83 85 77 81 83

1992 103 106 75 102 103

1993 112 112 99 112 112

1994 65 64 60 65 65

1995 77 77 56 77 77

1996 81 82 71 81 81

1997 72 72 35 72 73

1998 72 73 40 72 73

1999 64 66 54 64 64

2000 73 73 48 72 73

2001 69 71 46 69 69

mean 79.13 79.56 63.75 78.88 79.25

s.d. 16.19 16.09 20.31 16.10 16.13

Comments:  Current SPR estimates for all five species in both zones are above the 20% critical
threshold level indicating healthy resources on a local scale, though lower confidence limits often
are near or slightly below this level.  Mau Zone SPR estimates tend to be lower than Hoomalu
Zone SPR estimates for most species and years, and onaga SPR estimates tend to be slightly
lower than those for most other species in most years.  Notable increases in 1999 onaga SPR
values for the Mau and Hoomalu zones are due to decreases in the percent of immature onaga in
the catches of these zones in that year.  
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Source:   SPR estimated from Dealer reports or Honolulu auction size frequency data collected
by NMFS personnel, and CPUE estimates from data reported to HDAR by commercial
fishermen.  

Calculation & Adjustment:   Calculations use same methodology as presented in Somerton and
Kobayashi (1990) for dynamic SPR.  Virgin CPUE estimate is 1948-52 mean; current CPUE
estimate is a single year estimate.  CPUE is of aggregate bottomfish calculated separately for
Mau and Hoomalu Zones.  Virgin catch size composition is estimated from the 1986-88 NWHI
catch data, and current catch size composition is estimated from single year catch data.  All SPR
values changed slightly from previous year's reports due to improvements in the calculations. 
90.25% non-parametric confidence intervals were constructed based on "best" and "worst" case
bounds of SPR components (CPUE and percent immature).
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ARMORHEAD STOCK ASSESSMENT 

                               FIGURE 19

DATA SOURCE: 

     Figure 19 presents CPUE based on research longline catches at Southeast (SE) Hancock
Seamount by NMFS, Honolulu personnel aboard NOAA ship R/V Townsend Cromwell.  Vertical
bars represent the 95% confidence intervals about the mean CPUE.  The CPUE derived from the
September 1991 stock assessment survey was computed using data from only the first 5 bottom
longline sets as opposed to the standard 40 sets used on all other research surveys.  The
armorhead population at SE Hancock Seamount was not assessed in 1992 and post-1993 and
therefore no current CPUE estimates are available.  The last stock assessment survey for
armorhead at SE Hancock Seamount was conducted in October 1993.  Future NMFS armorhead
stock assessment cruises to SE Hancock Seamount are unlikely.  Henceforth, annual armorhead
SPR values for Colahan Seamount (located outside the U.S. EEZ) will be provided to serve as a
relative indicator of armorhead stock levels at the Hancock Seamounts (see explanation in
Calculations & Adjustments subsection of ARMORHEAD SPAWNING POTENTIAL RATIO
section).            
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CALCULATIONS & ADJUSTMENTS:

     Fishing gear and sampling methods utilized during armorhead stock assessment surveys at SE
Hancock Seamount are described in Somerton and Kikkawa (1992; Fishery Bulletin, U.S.
90:756-769).  The seamount is divided into quadrants and effort is portioned equally among
quadrants.  Within each quadrant, effort is conducted over four depth strata (<265 meters (m),
265-300 m, 301-400 m, and 401-500 m).  CPUE is calculated as a depth stratified average. 
Based on gear comparison studies of fishing droppers with and without hook timers conducted
on the August 1990 survey, new coefficients accounting for the negative effects of hook timers
were computed and applied to the catches obtained on all SE Hancock research surveys since
1985. 

      
INTERPRETATION: 
          
     The fluctuations in CPUE shown in Figure 19 are apparently the result of episodic recruitment
followed by high natural mortality.  These peaks in CPUE correspond to years (1986 and 1990)
where an appreciable proportion (at least one-third) of the armorhead population consisted of fat
individuals (fatness index >0.26) considered new recruits to the seamount population.  Fatness
index is defined as body depth divided by fork length.  Subsequent to recruitment individuals
cease somatic growth and over the course of 3-4 years, survivors decline in fatness index and
weight.  Without subsequent recruitment to the population in suceeding years, the armorhead
population as a whole would decline both in numbers (natural mortality) and in biomass (natural
mortality and declining fatness index of survivors).  The high 1993 CPUE is unusual, however,
since fat individuals (new recruits) account for <15% of the 1993 population while leaner
individuals (<0.23 in fatness index) form the bulk of the population.  These results apparently
indicate that the 1993 population is primarily derived from recruitment which occurred either in
late 1991 or during 1992.  Previous work indicates that little if any annual recruitment to SE
Hancock Seamount occurs after the summer months (Humphreys et al. 1993; Fishery Bulletin,
U.S. 91:455-463).  Since the 1991 stock assessment survey coincided with the end of the summer
season, the increase in CPUE at SE Hancock for 1993 is most likely due to good recruitment
during 1992.  The sharp increase in the 1992 CPUE among seamounts outside the U.S. EEZ
implies that a high recruitment occurred (across all seamounts) in 1992.  



Hawaii 3-70

                  
TABULATED VALUES:

        MONTH/YEAR         ARMORHEAD CPUE
        =================================
        JAN 1985                181.28
        JUN 1985                150.51
        AUG 1986                276.80
        OCT 1986                228.03
        APR 1987                210.98
        AUG 1987                128.73
        JAN 1988                128.77
        JUL 1988                172.14
        JUL 1989                   86.69
        AUG 1990                197.08
        SEP 1991                   98.97
            1992             (unknown)       
        OCT 1993                264.85
            1994             (unknown)
            1995             (unknown)   
            1996             (unknown)             
            1997             (unknown)
            1998             (unknown) 
            1999             (unknown)
            2000             (unknown)
            2001 (unknown)
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ARMORHEAD SPAWNING POTENTIAL RATIO 

            

  

            

          

FIGURE 20

DATA SOURCE:

     SPR values for seamounts outside the U.S. EEZ are based on reported catch and effort data
from the Japanese trawler fleet and values for seamounts within the U.S. EEZ (Hancock
Seamounts) are based on research longline CPUE in addition to the trawl CPUE.  However, with
the cessation of research longline cruises to the Hancock Seamounts, SPR values for Colahan
Seamount (comparable in size and located closest to the Hancocks among seamounts outside the
U.S. EEZ) are being provided now and in the future as an indicator of stock levels at the
Hancock Seamounts.   SPR values for Colahan Seamount are also based on reported catch and
effort data at that seamount by the Japanese trawler fleet. 



Hawaii 3-72

           
           

FIGURE 21

CALCULATIONS & ADJUSTMENTS: 

     SPR values outside the U.S. EEZ are computed as the current year CPUE divided by the
average CPUE during the first three years of the fishery (1970-1972).  SPR values inside the U.S.
EEZ are computed as the estimated biomass on SE Hancock Seamount divided by the 1970-1972
average biomass.  Biomasses are estimated using procedures described in Somerton and Kikkawa
(1992).  The SPR values for Colahan Seamount are computed as the current year CPUE divided
by the average CPUE during the first three years of the fishery (1970-1972) at Colahan Seamount
(Figure 20).  Fishery catch and effort data by seamount by month for seamounts outside the the
U.S. EEZ have been provided annually since 1980 by colleagues at the National Research
Institute for Far Seas Fisheries in Shimizu, Japan.

     The decision to use SPR values for Colahan Seamount (instead of the overall outside U.S.
EEZ values) as an indicator of armorhead stock conditions inside the U.S. EEZ (i.e., Hancock
Seamounts) is based on the greater similarities between these seamounts.  Aside from Colahan
Seamount, the seamounts fished for armorhead outside the U.S. EEZ are Milwaukee Seamounts
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and Koko Seamount.  These latter seamounts have summit areas of 67 and 564 nm2 and average
summit depths of 190 and 170 fm, respectively, while Colahan and the Hancock Seamounts have
much smaller summit areas (about 1.4 nm2) and shallower summit depths (141-150 fm).  Fishing
effort by the Japan trawl fleet has historically been 
different at these two types of seamounts.  Koko and Milwaukee Seamounts have always
received the majority (about two-thirds) of the annual total trawling effort and were typically
fished intensively over a sustained period of time.  However, the fishing effort at Colahan and the
Hancock Seamounts was applied in pulses since catch levels could not be sustained for more
than several days without a "cooling off" period.  These similarities plus the historical close
coincidence between Colahan and Hancock Seamounts in temporal profiles of armorhead CPUE
from the Japan trawl fleet (Figure 21) indicate that SPR values for Colahan Seamount should
provide the best future indicator of armorhead stock levels at the Hancock Seamounts.                   

INTERPRETATION: 

     SPR within the region outside of the U.S. EEZ, which historically (Japan trawl fleet during
the 1969-1981 period) contributed 91% of the total catch of armorhead, is 1.0%; based on the
most current (1997) available catch and effort statistics from the Japan North Pacific trawl
fishery.  The 1996 SPR of 0.4%  in last year’s report was incorrect; the correct value (0.6%)
however was only slightly higher.  These low SPR values for the last two years of data indicate a
continued depression in stock levels since the dramatic increase of SPR levels outside the U.S.
EEZ in 1992 and the equally dramatic decline and continued low levels since then.  This
continuation of low stock levels outside the U.S. EEZ is interpreted to be a result of the intensive
fishing effort on the high 1992 recruitment pulse coupled with little subsequent recruitment
during 1993-1997 to compensate for losses due to fishing and natural mortality.  Based on
previous trends, catch levels are expected to remain low in 1998 unless offset by a large
recruitment event. 

     Based on current estimates of a 2-2.5 year pelagic phase prior to seamount recruitment, the
1992 recruitment would have originated from the 1989-1990 winter spawning season.  If this is
correct, then the large 1992 recruitment originated from a parental stock which in 1989 had one
of the lowest SPR values both inside and outside the U.S. EEZ (see table next page).  This would
appear to support the notion that dramatic increases in armorhead abundance across the
seamounts are episodic and the product of environmental factors rather than simply a stock-
recruitment relationship.  

     During February-March 1997, an oceanographic and larval armorhead survey over the
seamounts outside the U.S. EEZ was conducted onboard the R/V Kaiyo Maru by the National
Research Institute of Far Seas Fisheries Laboratory in Shimizu, Japan.  Initial plans were to
include research trawl hauls over Colahan Seamount, however, the ship was no longer equipped
to conduct bottom trawl operations.  Armorhead larvae were collected from surface waters
around the Milwaukee Seamounts group, Colahan and C-H Seamount, but were absent from
Koko Seamount.  This same vessel conducted a research survey of pelagic stage armorhead in
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open ocean waters of the North Pacific during November 1998.  The major objective was to tag-
and-release pelagic specimens from various locations distant from the seamounts in hopes of
later obtaining seamount re-captures and movement data.  Unfortunately, no pelagic stages of
armorhead were encountered during this cruise.

MANAGEMENT ISSUES:

      Effective September 1, 1998, the fishing moratorium on seamount groundfish at the Hancock
Seamounts was extended for a third 6-year period until August 31, 2004.  Based on current
sustained low SPR values both at Colahan Seamount and at all SE-NHR seamounts outside the
U.S. EEZ, it was inferred that the status of the Hancock Seamounts armorhead resource was
similarly depressed. The intent of the moratorium is to provide continued long-term protection
(which is absent elsewhere within the seamount habitat of the SE-NHR) to enhance the
possibility of the  armorhead resource to re-build via recruitment.          

TABULATED VALUES:

                                   ARMORHEAD SPR (%)

                      ==========================================

YEAR                  INSIDE US EEZ    COLAHAN    OUTSIDE US EEZ

================================================================

1985                       1.7             0.3            0.2

1986                       3.1             1.9             1.3

1987                       1.4             1.1             1.2

1988                       1.9             0.5             0.8

1989                       1.0            0.5             0.3

1990                       2.2             3.8             8.2

1991                       1.0             1.0             0.7

1992                        NA          16.0          19.3 

1993                       2.5             3.8             6.4

1994 NA             0.5             1.0

1995                        NA             1.0             1.8

1996                        NA             1.2             0.6

1997                        NA             1.1             1.0

1998                        NA              NA            NA

1999        NA   NA  NA

2000 NA   NA  NA

2001 NA   NA  NA
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