The Klamath Ocean Harvest Model
(KOHM): Model Specification

Michael S. Mohr*

15 November 2006

Overview
The text of this section is taken verbatim from Mohr (2006a).

The Klamath Ocean Harvest Model (KOHM) is used annually by the PFMC to forecast the
impacts of ocean and river fisheries on KRFC, and the expected number of KRFC natural
area spawners as a result of these fisheries. The model component relationships are based on
about twenty years of estimates provided by the cohort reconstructions. Goldwasser et al.
(2001, Fig. 1) provides a schematic of the general flow of information into and out of the
KOHM. The KOHM assesses the impacts of ocean salmon-directed fisheries between Cape
Falcon, OR, and Point Sur, CA (Klamath River fall Chinook recoveries to the north and
south of this region are uncommon). Fishery management of this area primarily takes the
form of time-area openings and closures rather than through the use of quotas. This form
of management requires an impact forecast model that is spatially and temporally explicit
consistent with the management sub-areas and time-periods for which the regulations are

developed.

The KOHM consists of projecting the age-specific (ages 3, 4, 5) preseason (Sept. 1) ocean
forecast abundance through the various ocean fisheries by month. Fishery-area-month-
age-specific ocean impact rates are applied to the age-month-specific ocean abundance.
Following that an age-month-specific natural mortality rate is applied, and this alternating
cycle of fishery impact rates followed by natural mortality rates is applied from September 1
(of the previous year) to the end of August (current year). At the end of August, the age-
specific river return is forecast as the age-specific number of surviving fish times the age-
specific maturation rate times the complement of the age-specific out-of-basin stray rate.

The river tribal and recreational fisheries are quota-managed, and the model assumes that
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these fisheries take their full harvest allocation. The age-composition of the river harvest
is a function of the age-composition of the run and the fishery-specific gear selectivity. The
river age-specific impacts are deducted from the age-specific river return, and the remaining
fish constitute the projected number of fish that will spawn. The age-specific spawning
abundance is apportioned to the hatcheries and natural areas according to the age-specific

forecast of the proportion of these fish in natural areas.

The sum of the age-3, age-4, and age-5 natural area spawners is the forecast number of adult
natural area spawners, F, under the fishery management measures being evaluated. The
PEFMC FMP conservation objective for KRFC requires that £ > 35,000. It also requires
that SRR < 2/3, where SRR is the spawner reduction rate due to fisheries. This portion of
the objective is evaluated by using the KOHM to also forecast the number of natural area
spawners that would result if all fisheries were closed, EY, from which SRR =1 — E/E°.

Here, we provide a detailed specification of the KOHM in its current form. The symbolic

notation used in this report is defined in Table 1.

Ocean Submodel

Table 2 lists the required inputs for the KOHM ocean submodel.

Proportion legal-size

The proportion of fish that are legal size is determined as
p = Pr{length > L|u, 0%} (1)
= 1_(1)(’£’;M702)7 (2)

where ®(-) is the Gaussian cumulative distribution function, and g and o2 depend on age

and month as provided by (Goldwasser et al., 2001).

Fishing effort

Sep—Dec previous year fall fisheries. Since these fisheries have already occurred and the
associated sample data has been processed prior to the conduct of the annual assessment,
f for these fisheries is estimated directly from the sample data, as described by Goldwasser
et al. (2001).

Jan—Aug current year fisheries: days-open management. Effort expended in this type of

fishery is assumed to be proportional to the number of days the fishery is open

D
fo?rkx = ﬁgﬂmz X Dm’kxa (3)



Table 1. Notation used in this report.

Symbol

Description

9P

<

Nagg@%\}mmmpgﬁ

subscript denoting age, a € {3,4,5}
total Chinook harvest (all-stocks)
contact rate per unit effort
effort per day open
contact rate (C/N)
contacts
dropoff mortality rate
dropoff mortality
fishery days open
spawner escapement to hatcheries and natural areas, respectively
effort
effort: days-open fishery
effort: quota fishery
proportion of spawners using natural areas (versus hatcheries)
harvest rate (H/N)
harvest
impact rate (I/N)
impacts (H + S + D)
subscript denoting fishery, j € {o,r,t}
ocean
river recreational
river tribal
subscript denoting ocean mgt. area, k € {NO, CO, KO, KC, FB, SF, MO}
minimum size-limit
mean, variance: size-at-age
maturation rate
mature fish (end of Aug)
natural mortality rate
abundance (ocean-wide) at beginning of month
harvest allocation: tribal relative to total (Hy/[H, + Hy + H,])
harvest allocation: river recreational relative to nontribal (H,/[H, + H,])
proportion of cohort that are legal size (> L)
age-composition of river harvest
quota
mature fish that return to the Klamath basin
hook-and-release (shaker) mortality rate
hook-and-release (shaker) mortality
subscript denoting month, 7 € {Sep, Oct, ..., Aug}
proportion of harvest that are KRFC (H/A)
vulnerability relative to age 4
out-of-basin stray rate
out-of-basin strays
subscript denoting ocean fishery sector, € {commercial, recreational}
fishery-type (pertains to effort transfer)
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where ﬁggm , is the effort per day. Historical effort and days-open data are used to estimate

the {872 1, as described in Mohr (2006d).

oTkxz

Jan—Aug current year fisheries: quota management. Management by quota is uncommon
during this time period, and when used the quotas are relatively small (typically 1,000-3,000
Chinook). Assuming the quota will be reached, the number of KRFC harvested is expected
to be Qpriz X Oorikz. Under the basic cohort model, this is equal to Y, Noar X Coarks X Poarka
for the appropriate set of contact rates. Assuming that contact rates are proportional to

effort, cogrie = ﬁngkx X OQTM, the expected effort necessary to reach the quota is thus

fQ . Qm’kx X gorkx (4)
otkx — .

Za NOaT X @C,g;kx X Poarkaz
Usually, a given area, month, fishery, is either days-open managed, or quota managed, but
not both. Occasionally, however, both are used but during non-overlapping time periods

within 7. In any case, the total effort expected is

fm’k:p = f(gkx + f(grkm (5)

Contact rates

Sep—-Dec previous year fall fisheries. Since these fisheries have already occurred and the
associated sample data has been processed prior to the conduct of the annual assessment,
the contact rate is based on the CWTs actually recovered in these fisheries. After these
CWTs are expanded for sampling and mark-rate (providing an estimate of the KRFC
hatchery production harvest), an age-specific natural production multiplier is applied to
estimate the total KRFC harvest, H,,;rz- The natural production multiplier is brood-
specific and estimated as that year’s river return per hatchery-origin fish in that return
(KRTAT, 2006b). The number of contacts is then estimated as Hoqrkz/Poarkz, and dividing
this by the month-specific cohort abundance gives the contact rate

H
Courkn = oaTl;\a;/poa‘rkx ’ (6)
oat

where the {N,q,} are determined as described in the section below “Projection of cohorts”.
Jan—Aug current year fisheries. Contact rates are assumed to be proportional to effort
cf
Coatkx = ﬁom—kx X fm'kz; (7)

where ﬁggﬂm is the contact rate per unit of effort. Historical contact rates and effort data

are used to estimate the {3, }, as described in Mohr (2006d).

oatkx



Projection of cohorts

Each cohort (a = 3,4,5) is projected sequentially through the ocean fisheries using the

following equations. For each age a and month 7, the following are calculated for all k

and z.
Coa‘rkx = Nom‘ X Coarkz (8)
HoaTkm = CoaTk:B X Poarkz (9)
Soarks = (CoaTk:C - HoaTk:B) X Sorkx (10)
DoaTkac = Coarkz X do (11)
IoaTk:c = Hoa'rka: + Soa'rkx + Doa'rk:x (12)
For month 7 as a whole, the age a impacts are
IoaT = ZloaTkac ) (13)
k,x
and the abundance at the beginning of the following month is
Noa(r+1) = (Noar — Loar)(1 = Voar) 7 # Aug. (14)
The number of age a fish that survive the Sep—Aug fisheries and mature are
M, = (Noa'r - Iom—)(l - VoaT)ma ) 7 = Aug (15)

Table 3 lists the KOHM ocean submodel outputs. The associated harvest and impact rates

are

hoarka = oaTkac/Noa‘r ) hoar = oaT/NoaT ) hoa = oa/Noa(Sep) (16)
loarks = oaTk:x/NoaT ) loar = IoaT/NoaT ) log = Ioa/Noa(Sep) (17)

River Submodel

Table 4 lists the required inputs for the KOHM river submodel.

Harvest allocation

The Yurok and Hoopa Tribes are allocated a specified fraction P; = 0.50 of the KRFC
overall harvest, and the Klamath River recreational fishery is allocated a fraction P, of the

KRFC non-tribal harvest specified annually by the California Fish and Game Commission.



Table 3. KOHM ocean submodel: outputs.

Input Description

{Aorkz} total Chinook harvest (all-stocks) by month, area, fishery
{Coarks} contact rate by age, month, area, fishery
{Coarkz} contacts by age, month, area, fishery

{Doarkz} dropoff mortality by age, month, area, fishery

{forka} effort: total (fD + f9) by month, area, fishery
{2} effort: days-open fishery by month, area, fishery
{r2..} effort: quota fishery by month, area, fishery

{Hoarkz } harvest by age, month, area, fishery

{Loarks } impacts by age, month, area, fishery

{M,} mature fish (end of Aug) by age

{Noar} abundance (ocean-wide) at beginning of month by age, month

{Soarkz} hook-and-release (shaker) mortality by age, month, area, fishery

Given a proposed ocean fishery configuration, the KOHM ocean submodel is used to forecast

H,, and if the harvest allocations are to be met, this implies

= b [t 1
H - H, [(1%?«)] | (19)

Harvest age-composition

The number of out-of-basin strays and river returns at age a are given by

W, = M, x w, (20)
Ry = M, x (1—w,) . (21)

Because the bulk of the river harvest is landed in areas where the tribal and recreational
fisheries are both operating, the river fisheries harvests are modeled as a simultaneous event,
rather than as two sequential events. The age-composition of the tribal and recreational

harvests depend not only on the age-composition of the river run, but also on the age-specific



Table 4. KOHM river submodel: inputs.

Input Description
Assessment
d, _ {0.02, appl?ed to impacts (KRTT, 1986)
0.02/(1 —0.02), applied to harvest (KRTAT, 2006a)
d ::{(LOS, applied to impacts (KRTT, 1986)
0.08/(1 — 0.08), applied to harvest (KRTAT, 2006a)
{90} (KRTAT, 2006b)
{via } (Mohr, 2006d)
{vra} (Mohr, 2006d)
{wg} = long-term average, provided by CDFG Ocean Salmon Project (Mohr, 2006d)
Management
H, KOHM ocean submodel output
{M,} KOHM ocean submodel output
Py Pacific Fishery Management Council (STT, 2006d)
P, California Fish and Game Commission, through PFMC (STT, 2006d)

relative vulvernability of the fish to these respective fisheries.

R, X vgq Ry X vpq

Pra = > Ra X g Ora = > oo Ra X Urq

(22)

Projection of cohorts

Assuming that no landed adult (a = 3,4,5) fish are released, the age-specific fishery mor-

talities are then forecast as

Hta = Ht X ¢ta s Hra = Hr X gbra (23)
Dta = Ht X dt s D’I‘CL = H,« X dr (24)
Lo = H, + D; Lo=H,+D, . (25)

The number of age a fish that survive the river fisheries to spawn in natural areas or return



to the hatcheries are forecast as

Ea = Ra - Ita - Ira (26)
Epa = Ra X ga (27)
By, = R, x (1 — ga) (28)

The totals for all of the above quantities are obtained by summing the respective quantity

acCross ages.

Table 5 lists the KOHM river submodel outputs. The associated harvest and impact rates

are

hta = Hta/Ra ) hra = ra/Ra (29)
ita = Ita/Ra ’ ira = ra/Ra . (30)

Table 5. KOHM river submodel: outputs.

Input Description

{Di},{Dra} dropoff mortality for ¢ribal and recreational fisheries by age
{Enae},{Fna} spawner escapement to hatcheries and natural areas by age
{Hi.},{Hro} harvest for tribal and recreational fisheries by age
{Lia}, {Ira} impacts for tribal and recreational fisheries by age

{R.} river run by age
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