APPENDIX A

Develop of a Definition of Overfishing
for the of Maine/Northern Georges Bank and
Southern Georges Bank/Mid-Atlantic Stocks of Silver Hake

All new FMPs or amendments to existing FMPs are required to contain objective,
operational definitions of overfishing, in accordance with the guidelines in Federal Register Final
Rule 50 CFR Part 602 (July 24, 1989). The overfishing definitions must address recruitment
overfishing at the least, but may also include or substitute other, more restrictive bounds on the
fishery (e.g. bounds that are intended to enhance yields). In Amendment #4 to the Northeast
Multispecies FMP (MSFMP) it is pro| that the two US stocks of silver hake (whiting) be
added to the management unit. This t provides details of the proposed definition of
recruitment overfishing for silver hake, the rationale for the definition, and the supporting analysis.

Definition of overfishing

The recommended definition of overfishing for both the Gulf of Maine/Northemn Georges
Bank and Southem Georges Bank/Mid-Atlantic stocks of silver hake (hereafter refered to as the
northemn and southern stocks respectively) is:

“Overfishing is deemed to have occurred or be occurring whenever the four-year sunning
average percent maximum spawning potential (%MSP) is less than the threshold $MSP."

"The current estimate of the threshold %MSP is 31% for the Maine/Northern Georges Bank
stock and 42% for the Southern Georges Bank/Mid-Atlantic stock. These numbers are '
subject to periodic revision as sppropriate new scientific information becomes available.”

Rationale for the use of 2 %¥MSP threshold

There are two main types of biological reference points that could form an iate basis
for an operational definition of overfishing: & minimum stock size and & maximum
mortality rate. Specification of a minimum stock size is problematic for most fish stocks
(particularly highly-productive, or highly-variable, stocks) because of the need to partition the
variation in stock size into that due to overfishing and that due to environmental factors.
Interpretation of a maximum fishing mortality rate is more straightfoward. Candidates for the
maximum fishing mortality rate include F0.1 and Fmax, both of which are derived from yield per
recruit (YPR) analysis, and Frep (F-replacement), which is derived from the related spawning
stock biomass per recruit (SSB/R) analysis combined with spawner-recruit data.

Reference points from YPR analysis are primarily related to growth overfishing, rather than
recruitment overtishing. On the other hand, Frep was specifically derived as a reference point
defining the threshold of recruitment overfishing. ﬁmd:fned as "the rate of fishing mortality
at which year classes are, on average, able to replace Ives™. It translates directly into a
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SMSP threshold. The only altemative, fully-specified reference Eoints of recruitment overfishing
are those derived from theoretical :Kawner-mmit mlmonsl?s ven when such theoretical
relationships fit the data well (which is rarely the case, and silver hake is no exception), Frep will
generally provide a more conservative estimate of the overfishing threshold. :

Since Frep depends on the exploitation pattern (the relative fraction of fish in each age
group that is removed by the fishery), it is more convenient to translate it into a related reference
point, the replacement SSB/R, in which the age-related gnem of fishing mortality is collapsed
into a single number. The replacement SSB/R can then as a percentage of the
zaﬁisrgmnpossiblc SSB/R which occurs when there is no fishing. This quantity is called the

The proposed definition of overfishing for silver hake is similar to those which have already
been adopted for other regulated species in the MSFMP.

Rationale for the use of a running average

‘There are several advantages to using a running average rather than the most recent estimate
alone:

(i) The main objection to the use of a one-year fishing mortality rate to ify overfishing is
that it defines the "act of overfishing”, but not necessarily the "state of being overfished".
Even though a stock is aurenﬂ:beirlgﬁshedbdow:mnethmsholdmhk\gmomlityme.it
may still be judged to be in an “overfished condition™ because stock size is extremely low or
the age distribution is severly truncated. Low stock size and a truncated age distribution
could both be caused by recent high levels of fishing mortality; however, the former
fhenomcnon could also be the result of unfavorable environmental conditions while the

atter could be the result of unusually high recruitment. Use of a running average fishing
mortality rate is a partial solution for dealing with the overfishing/overfished dichotomny,
while at the same time time excluding the confounding effects of environmental conditions
and other factors that are probably unrelated to fishing practices.

(ii) The SSB/R model, like the related YPR model, assumes a constant fishing mortality and
exploitation gauem throughout the lifespan of a cohort. However, in reality both fishing
mortality and the exploitation pattem vary somewhat from year to year. Use of a running
average will tend to smooth out the variability in fishing pattemns (as well as errors in the
estimation of recent fishing mortalities). Moreover, a running average procedure may
provide a more reliable means for assessing trends in the data. :

(iii) It allows fishery managers to ate for inadequacies or uncertainties in stock
assessments, plan monitoring, enforcement and other factors which have resulted in the
targets of previous years being under- or over-shot. :

Use of a running average means that an existing overfishing problem cannot be solved

" simply by achieving the threshold %MSP for a single year. To comrect an overfishing condition

ickly, it may be necessary to reduce fishing mortality below the level corresponding to the

eshold %®MSP for several consecutive years. Conversely, fishing mortality rates above the

. threshold may be sllowable occasionally if prior fishing mortality rates have been well below the
threshold. This action could not be taken unless it was practical to vary fishing mortality

substantially (down as well as up) from one year to the next, in order to ensure that the running

average was never excecded. -
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Since highly-productive stocks ought to be able to recover from overfishing more rapidly,
the period chosen for calculation of the running average should be related to the life history of the
species. Silver hake are considered to be a productive ies since they mature early (age 2-3
years) and have a relatively high natural mortality rate :ﬁ=0.4). Their potential lifespan is only
about eight years (3/M). Although somewhat arbitrary, we have adopted the convention of using
half the potential lifespan as the appropriate period for sveraging.

Supporting analysis
This analysis uses data from the most recent stock assessment for silver hake, contained in
the Stock Assessment Review Committee (SARC) Consensus Summary of Assessments (Report

of the 11th NEFC Stock Assessment Workshop) which met at the Northeast Fisheries Center in
October, 1990 NOAA 1990).

Background: Data from commercial silver hake fisheries date back to 1955. A previous
silver hake assessment (Almeida 1987) utilized the entire time series; however, due to a change in
ageing procedures in 1973, the most recent assessment was restricted to the period from 1973 to
the most recent year for which data had been collated (1988). Almeida’s assessment suggested
that both stocks of silver hake exhibited dramatic declines during the late 1960s (Figs. 1 & 2).
Although estimates from the most recent assessment may not be directly comparable, it is likely
that both stocks are still at extremely low levels in comparison to their historic highs (Figs. 1 & 2).

Input parameters: Frep (F-replacement) and the cotresponding threshold %MSP
(percent maximum spawning potexft?;l) are calculated from a spawner-recruit (S-R) relationship
and a spawning stock biomass per recruit (SSB/R) analysis. The data input to each of these must
be from compatible times of year.

Spawner-recruit plots: Using NEFC’s method of standardization, VPA ation .
numbers at age on January 1 for each of the years 1973-86 (Table 1) were projected foward to the -
mid-point of the spawning season (August for the northem stock; June for the southemn stock) by
multiplying them by:.

T e=IR*F(4,t) + pM(i,t)]

where P = fraction of fishing mortality within year beforespawning (0.667 for the northern
stock, 0.500 for the southem stock) :
FGit) = fishing mortality for year i and age t (Table 2)
p =  fraction of natural mortality within year before spawning (0.667 for the
northem stock, 0.500 for the southern stock)
M(it) =  natural mortality for year i and age t {constant at 0.4).

Itwasﬂmenassumedmatcmmnerciﬂweightsnage?mxinmetheweiglmuage licable
during the mid-points of the spawning seasons for each stock (since commem&' zshm g, and
therefore peak sampling, occurs during each spawning season; Almeida, pers. comm.). Therefore,
the projected numbers were multiplied by the commercial weights at -tge (Table 3) and the
maturities at age (0.0 for age 1, 0.59 for age 2, 0.95 for age 3, and 1.0 for ages 4+) and summed to
give annual estimates of spawning stock biomass (SSB). These estimates of SSB were plotied
against the corresponding VPA numbers at age 1 (Table 1), using a one-year lag (Figs. 3 and 4).
Note that estimates from the most recent years of the VPAs (Table 1) were not included in the
analysis. The replacement SSB/R was estimated as the inverse of the slope of the straight line
passing through the origin and bissecting the data points (the median).
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SSB/R curves: To conform with the S-R analysis, SSB/R was calculated by projecting
the stable age distributions foward by the same amounts (0.667 years for the northem stock, 0.500
years for the southem stock). Other inputs to SSB/R (and YPR) analysis were:

'!oth stocks: M= 0.4
Age of recruitment = ]
Oldest age = 8 (3/M, no plus group)

LHLELIELILEEELLELEELLHLLE LR L EE LI L0 L0E L0000 0208002002202210201 27

Age A 2 '3 4 5 £ 31 -
Partial recruitment i '
{(northern stock) .076 .583 1 1 1 1 1 b §
Partial recruitment -
{(southern stock) .069 .468 1 1 1 1 1 1

Weights-at-age

{northern stock) .121 .176 .240 .352 .492 .S857 .562 .666
Weights-at-age

{scuthern stock) .078 .141 .191 .283 .€12 .523 .551 .659
Proportion mature

{both stocks) 0 .59 .95 > | > | 1 1
L717111071710000100177080011071718087008080708770808080707018077117

Fraction of £ishing mortality within year before spawning =
8/12 for morthern stock (August)
6/12 for southern stock (June)

Fraction of natural mortality within year before spaswning =
8/12 for northern stock (August)
6/12 for southern stock {(June)

The partial recruitments (PRs) were estimated from the fishing mortality rates (Table 2) for the

years 1982-86 inclusive, assuming a flat-topped PR with age 3 as the first age of full recruitment.

PRs for ages 1 and 2 were calculated by dividing the fishing mortalities for ages 1 and 2 by the

pooled fishing mortalities for ages 3-6 (the fishing mortalities tabulated for 6 and 7+ in Table

2), and then taking the geometric mean across years. Weights at age were calculated (from Table

a as nnwgcishtcd averages across the years 1984-88 inclusive. The maturity ogive was taken from
orse (1979).

Results: The replacement SSB/R was estimated to be 0.13 kg for the northem stock and
0.16 kg for the southem stock. Corresponding estimates of %MSP and Frep were determined by
locating the appropriate values of SSB/R in Tables 4 & 5. The values of MSP were 31% and
42% respectively; and the values of Frep were 0.51and 0.39 respectively (assuming the average
PR vectors given in the above text table).

November 12, 1990



Current status of silver hake fisheries

The four-year (1985-88) running average of pooled Fs for ages 3-6 (presented as the F
estimates for ages 6 and 7+ in Table 2; i.e., the fnﬂ];?t‘;cmited Fs) is 0.76 for the northem stock
and 0.71 for the southem stock. If an average PR is calculated for the four most recent years of
the VPA (1985-88) using the method outlined in the previous section, the corresponding %MSP is
estimated to be approximately 27% for both stocks.

Conclusions

These two stocks of silver hake are unusual in that they are amongst the few examples of
fish stocks with values of Frep that approximate F0.1. Based on the above results, which are
applicable up to 1988, it appears that both stocks of silver hake were being overfished st that time.
Although fishing montality rates seem to be declining, particularly for the southem stock (Table 2),
the SARC warned that this trend should be interpreted with caution. It is likely that current (1990)

fishing mortality rates are at least as high as they were in 1988. Thus, mana; actions such as
a regulated minimum allowable mesh size are needed to alleviate the ov ing problem.
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Table Al January 1 p&pulaﬁon numbers at age (millions) for the northern and southem stocks of
silver hake (Tables F4 and FS from NOAA 1990)
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Table A2 Fishing mortality rates for the northern and
Fishing mor O.RWA To00) southern stocks of silver hake (Tables F4

FISNING QORTALITY « SCRTHERE STOCK
& W3 W WS W WIT WD WH W0 Wt wR

10 0.1210 0.0485 8.0637 9.0:18 0.0595 0.WT3 0.9112 0.02855 0.116% 0.00%
3 @ 0.4777 0.2011 0.3487 0.2042 0.9939 G.54T¢ 0.0743 0.X321 8. 301 0.4200
5§ @ 0.4251 0.4370 1.0927 0.2041 0.6548 0.8050 0.3583 0.3240 0.45% 0.3081
4 @ 0.3333 8.357¢ 9.3304 0.5206 0.3495 1.9178 0.5436 0.81%% 0.4175 0.4352
S0 0N 0.AT 0.7971 0.7399 0.4328 0.9271 0.7I49 0.4857 0.0373 0.3534
6 & 0.4135 0.4228 1.9931 0.3372 0.5128 1.03% 6.4913 0.5407 G.4671 0. 9950
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Table A3 Mean weights at age (kg) from the commercial catch of silver hake from a) the
northem stock and b) the southern stock (Tables F3a and F3b from NOAA 1990)
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Table A4  Yield per recruit (YPR) and ing stock biomass per recruit (SSB
the northern stock of silver hake & P CSBIR) results for

PROPORTION OF RATURAL MIORTALITY PRIOR TO SPAWNING = .68?
PROPORTION OF FISHING MORTALITY PRIOR 30 SPAWNING « .66?

WEIGHTS AT AGE (cateh) = o520 3, 2002, 2403, 350 8. 490 S,
L <860 6, 3407, 67086,

WEIGHTIS AT ACE (steck) o «320 3. -300 2, «2¢0 3, -35¢ 4, -49¢ §,
o“. ‘o om ,0 ..,. .o °

PARTIAL BECRUITMENT » <0768 5, 5830 2, 5.0000 3, 1.0000 4, 3.6000 §,
31.0000 6, 3.0000 7, 2.0800 8,
PROPORTION MATURE = <9000 3, 5900 2, .9500 3, 1.0000 4. 23.0000 §,

2.0000 6, 3.0000 27, 3.0000 8,
';i;&ia&...a"mt...;im..ﬁ..i.l.......mlﬁ Soeos0etov0o0e
SORTALITY 80S. RECRUIT EG W2. G RECRUIT KOG NP

-0000 0000 «8000 -8000 -4168 300.0800
.0250 .033§ -8108 <3210 M 93.0089
0500 .0640 0202 <3152 <3612 96.682)
-3000 .1173 -0357 «3042 -318) 75.8350
3300 .1621 «0477 2938 2772 66.5118
-2000 .200) «0570 «2844¢ «245¢ $8.8873
-3500 .2330 -0642 <2787 -2186 $2.4344
3000 .2614 «0700 «2677 -395¢ 46.9861
3500 .286)3 «074S «2604 1768 42.3427
-4000 .3082 -0782 f!S!'I 1599 30.3408
-4500 .327¢0 -0811 2478 1458 34.925¢
-$000 .345) «003S <2419 3331 31.9444¢
-$500 .3611 -005$ 2367 1223 29.3430
6000 .3788 ,.0073 «2320 «3128 27.0608
-6500 .3887 0085 «2277 <3044 35.0478
-7000 .4007 -0896 «2297 0970 23.2633
<7500 .4119 0906 «2200 «090) 21.674)
-0000 .4222 «09158 «2166 <8844 30.2829
-8500 .4316 20922 L2138 -0791 30.9760
-$000 .4408 0928 <2306 «0743 17.8243
<9500 .4492 «0934 «2079 «0699 26.7810
1.0000 .4S571 0939 2083 «9660 35.03)2
1.0500 .464S 0944 «2031 -062¢ 34.9806
31.1000 .4718 -0948 2010 0891 34.3776
1.1500 .4702 <0982 «1990 «0561 33.4517
1.2000 .4043 <0955 -1971 <9533 32.703¢6
1.2500 .490S «0958 1953 «0807 32.1669
1.3000 .4963 -0961 «1937 «9483 31.5962
1.3500 .S018 <0964 3921 <0461 11.0668
3.4000 .$070 «0967 1907 -0441 30.5%4S
1.4500 .853120. .0969 -3893 <0422 30.1158
1.5000 .S5160 «0972 «3080 <0484 9.6874
1.8500 .$214 «097¢ -3068 <0387 9.2068
tame gt ant e am P
<2000 .S$)42 -0980 «3034 - «034) 8.2258
<7500 .$382 0902 3024 <0330 7.9129
1.8000 .S422 <0984 «3018 -0318 7.617¢
1.8500 .5458 -9988 «3808 «0306 2.3388
1.9000 .B549¢ -8907 3797 «0293 7.0%4¢
1.9500 .§528 <0989 «3780 <0204 6.0241
2.8000 .$562 0990 - .1700 0273 $.584¢

FO1 = 4044 V0.1 VIELD = 0820 kg SEIF201 = .31348
PMAX = 99.0000 PMAX YIELD &= .3149 kg SEIPRAX = . 0800

SESB/R (FO.2) = 32.8) SEE3/R (FOX} = 00
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Table AS  Yield per recruit (YPR) and spawning stock biomass per secruit (SSB/R) results for
the southemn stock of silver hake 8 Pt )

N> .40 Aa3ESe 370 O

PROPORTION OF RATURAL MORTALITY PRIOR TO SPANKING o .S80
PROPOXTION OF FISHING MOZTALITY PRIOR TO SPAMNING = .$00

WEIGHTS AT AGE (cateh) = -000 1, «34¢ 2, «-19¢ 3, 280 4, -410 8,
520 6, .85 2, L6808,

WLIGHTS AT AOE (steck) = 000 1, 2402, .1903, .30 4, €108,

. «820 &, 850 7, 6608,
PARTIAL BECRUIDNENT = <0698 1, 4600 2, 1.0000 3, 3.0800 4, 2.000¢0 §,

l.'.OOO 6, 3.6000 7, 1.0000 8,
PROPORTION MASURE = «0000 1, .S5900 2, .9500 3, 3.0000 4, 3.0000 S,

2.0000 &, 3.0000 7, 3.0000 8,
.....i;a.................;3..‘..........“.;.;3 0.....7..0.0
SORTALITY 80S. EERUIT EG WI. KG BRICRUIT K8 24

«0000 0080 «8008 «0000 «3820 100.0008
«0250 0319 -8009 <2004 «356S 93.3246
0500 0609 «8167 «3746 «3333 87.2603
-1000 .3117 -0294 «363S «2930 76.7138
-31500 .3848  .0391° «3533 «32598 §7.929¢
<2000 .1910 «0466 «3440 «2314 60.§670
<3300 2223 «0823 «2354 «2076 $4.38579
«3000 2496 -0868 «2276 «1878 49.0006
«3%500 <2734 . .0603 «32204 «31703 44.8892
«4000 2948 -0630 «2139 «1856 40.7338 .
«4500 3133 -9652 «2000 ‘3420 37.3830
«$000 .3302 -0669 «2026 «1317 34.4207
«8$500 3484 -8€03 «1977 «1220 31.939¢
«$000 .3593 -0694 «1932 «31138 29.%707%
+8500 .3720 -0703 «3091 <1089 27.73¢0
-7000 3837 «8711 <3083 «9992 25.8481)
-7500 3944 -8717 «1019 -0933 24.4166
-8000 .4044 «8723 «1707 -0879 23.033)3
+8500 -4138 «$727 «3780 -0833 21.7490
.9000 .4228 0731 <3731 8707 20.6053
+9500 «4307 0738 «3706 = .0747 19.8664
3.0000 .430) 0738 «1603 -0711 30.6192
3.0500 .4456 -8740 «3662 -8670 $7.9824
3.3000 .4528 -0743 « 31642 -0648 36.956S
1.3500 .4590 -874S «1623 -0620 $6.2234
3.2000 .46S2 -8747 «3606 -059%¢4 385.84¢1
3.2800 .4711) 0749 «1509 -8570 34.9108
1.3000 «4767 -850 «1574 -0540 $4.33%4
1.3500 .4021 -0782 «31559 «0527 13.7923
1.4000 .4073 -8753 «1546 «08507 13.2052
3.4500 .4922 -0788 «1533 -0409 22.0307
3.5000 .4970 -0756 «31521 -8472 22.3687
3.8800 .$01S -0787 «1509 «0456 $3.9478
3.6000 .$059 -0780 « 3490 -0441 23.9%37
3.8500 .5102 -8759 «3400 0427 $3.1823
31.7000 «$143 -0760 «3470 -0414 30.9314
1.8000 ,$220 «0762 «3459 -0309 10.18453
1.6500 .$287 «8763 «3483 -0378 9.008?
3.9000 .$293 -0763 <3442 «0367 9.8017
3.9500 .83328 «0764 <3434 -0356 9.3313
2.0000 .$362 «-076S «1427 0347 9.023?

0.1 .€313 PO.1VIELD = .0652 kg SSIFRO1 = 442
MOX e 4.7013 MAX YIOD e .0779 k9 SIPBAX e .01

OSSB/R (FO.1) = 37.30 S53/2 (hixx) = 3.0
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Figure Al Trends in z' wning stock biomass (SSB) for the northem stock of silver hake -
. E.e)eaed 2 denved from Almeida 1987 (dashed line) and NOAA 1990 (solid
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Figure A2

Trends in spawning stock biomass (SSB) for the southem stock of silver hake -
E}o;ected data derived from Almeida 1987 (dashed line) and NOAA 1990 (solid

S$SB ("000s mt)
.
400} TR
HES
300 :‘ 1
: 3
200} : B
! . )
..0 \“ " ;
001 'l. \\,‘
.l
o 12 __4 [l ; IS [ 4
85 60 65 70 78 80 88
Year



-Al2-

Figure A3 Spawner-recruit data for the 1973-86 year classes of the northem stock of silver
hake. The solid line is the line that bisects the data.
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Figure A4 Spawner-recruit data for the 1973-86 year classes of the southem stock of silver
hake. The solid line is the line that bisects the data.
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