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Approaches
[bookmark: _GoBack]Two approaches are used to examine the impacts of assumed groundfish fisheries bycatch levels on estimated mature male biomass for Bristol Bay red king crab. First, I increased the trawl and fixed gear bycatch biomass to 1.5 times (1.5 * obs), 2 times (2 * obs), and 5 times (5 * obs) the observed biomass and ran model 19.3 (CPT recommended for 2020) for each level of the bycatch. All parameters are estimated for this approach. Second, all estimated parameters were fixed at the estimated values with the observed bycatch biomass level except for all fishing mortality parameters. All fishing mortality parameters are estimated for above three levels of assumed bycatch biomass. To make everything be equal, I also re-estimated all fishing mortality parameters for the observed bycatch biomass level for the second approach. The first approach has the impacts of parameter interactions, and the second approach produces pure impacts of increased bycatch biomass on crab mature male biomass. 
    
Results
Basic results are:
1. Estimated F35% and Fofl values increase and terminal MMB decreases when the bycatch biomass increases under both approaches (Table 1). The decrease in terminal MMB is larger for the second approach than for the first approach (Table 1).

2. OFL values increase under the first approach and decrease under the second approach when the bycatch biomass increases (Table 1). 

3. [bookmark: _Hlk50493340]Terminal MMB and OFL values do not change much if bycatch biomass is just doubled or less (<3% for terminal MMB) (Table 1).  Estimated MMB over time also does not change much if bycatch biomass is just doubled or less (Figures 1 and 2).  



Table 1. %change is relative the base models for MMB-terminal.
                                                                       Models
	
	19.3
	19.3-1.5
	19.3-2
	19.3-5
	19.3-0
	19.3-0-1.5
	19.3-0-2
	19.3-0-5

	Mean R (million)
	16.4797
	16.5503
	16.6221
	17.1077
	16.4797
	16.4797
	16.4797
	16.4797

	MMB35% (t)
	25705.7
	25839.9
	25971.6
	26824.8
	25705.7
	25705.7
	25705.7
	25705.7

	MMB-terminal (t)
	14757.7
	14687.4
	14611.6
	13431.2
	15073.8
	14865.6
	14654.8
	13421.0

	%change
	0.00%
	-0.48%
	-0.99%
	-8.99%
	0.00%
	-1.38%
	-2.78%
	-10.97%

	F35%
	0.305
	0.306
	0.308
	0.318
	0.304
	0.305
	0.307
	0.317

	Fofl
	0.167
	0.168
	0.170
	0.183
	0.169
	0.169
	0.170
	0.175

	OFL (t)
	2155.37
	2162.90
	2170.91
	2243.08
	2282.86
	2260.11
	2239.65
	2163.87

	Q-1982-now
	0.950
	0.950
	0.951
	0.950
	0.950
	0.950
	0.950
	0.950


Model notations:
Model 19.3: base model for the first approach, the original model in May 2020,
Model 19.3-0: base model for the second approach, fixed all estimated parameters from model 19.3 except for all fishing mortality parameters,
-1.5: 1.5*observed bycatch biomass,
-2: 2*observed bycatch biomass,
-5: 5*observed bycatch biomass.











[image: ]
Figure 1. Estimated mature male biomass over time with four levels of assumed groundfish fisheries bycatch biomass under model 19.3 for the first approach. Mature male biomass is not shown for years 1975-1979 for a better scale.
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Figure 2. Estimated mature male biomass over time with four levels of assumed groundfish fisheries bycatch biomass under model 19.3 for the second approach. Mature male biomass is not shown for years 1975-1979 for a better scale.
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