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» Expected benefits estimated by...
» Bioenergetic modeling of daily per capita prey requirements...

» Applied to three management scenarios and two sea lion population
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» Requirements # consumption

» Presentation outline
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Where do these number come from?

Table 18. Mean number of fish required™ per day or per month to meet resting metabolic needs based on primary prey
contributing 90% of the energetic density to overall daily requirement (n = 10.000 reps each):

Chinook Steelhead White Sturgeon Eulachon
Sea-lion species | 1 day | 1 month | 1day | 1 month | 1 day | 1 month | 1 day | 1 month
CSL 72 96 60438
SSL 105 144 33 63 10167




Calories provide a measure
of how much energy you get
from a serving of food.

1009% salmon filet diet:

2000 cal/day
180 cal/filet

11.1 filets/day

;.

Nutrition Facts

Serving Size 1 Filet

Amount BEr Serving
Calories 180

A

Calories from Fat 70
% Daily Value*

Total Fat &g 12%
Saturated Fat 1g 6%

Cholesterol 60mg 21%

Sodium 120mg 8%

Total Carbohydrate 3g 1%
Dietary Fiber less than 1 gram 2%
Sugars Dg

Protein 23g

.|

Vitamin A 2% «  \itamin C 2%
Calcium 2% " [ron 6%

2500 cal/day

*Percent Daily Values are based on a 2.000
calorie diet Your daily values may be highes or
leverar depending on poul calone neads

Calories: 2,000 2,500

obal Fa 55 Lhan
Saturated Fab  Less than 209 25g
Chaolestanal Less than 300mg  300mg
Sodium Less than 2,400mg 2,400my
Tatal Carbohydrats 300g 375
Dietary Fiber 250 300
Calonies per gram:

Fatd « Carbohydrate 4 « Protein 4

180 cal/filet
13.9 filets/day
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Nutrition Facts

Serving Size 1 Filet

Amount Ber Sery L
Calories 180 ) Calories from Fat 70
% Daily Value®

Total Fat &g 12%
Saturated Fat 1g 6%
Cholesterol 60mg 21%
Sodium 190mg 8%
Total Carbohydrate 3g 1%
Dietary Fiber less than 1 gram 2%
Sugem iy
Protein 23g
——

Vitamin A 2% «  \itamin C 2%
Calcium 2% . Iron 6%

*Percent Daily Values are based on a 2000
calorie ded Your daily values may be highes or
Ivever depending on your calane neads:

Calories. 2,000 2,500

Taotal Fat Less than 859 alg
Saturated Fai  Less than 20g 25g
Chalestanol Less than 300rmg  300rmg
Sodium Less than 2,400mg 2 400myg
Tatal Carbohydrate 300g 3T5g

Digtary Fiber 25 30g

Calonies per gram:
Fat® « Carbohydrate 4 « Protein 4

Requirements also depend on

energy content of food

2000 cal/day

180 cal/filet
11.1 filets/day

Quarter
Pounder
with Cheese

530cal

Filet-O-Fish
410 cal

Double
Cheeseburger

430 cal

Big Mac
540 cal

2000 cal/day

410 cal/filet

4.9 filets/day



Model based on Winship et al. 2002 and Winship and Trites 2003
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A bioenergetic model for estimating the
iood requirements of Steller sea lions
Eumetopias jubatus in Alaska, USA

Arliss J. Winship*®, Andrew W. Trites, David A. S. Rosen

Department of Zoolegy and Marine Mammal Research Unit, Fisheries Center, Room 18, Hut B-3,
6248 Biological Sciences Road, University of British Columbia, Vancouver, British Columbia VET 174, Canada

ABSTRACT: A generalized bioenergetic model was used to estimate the food requirements of Steller
sea lions Fumefopias jubafus in Alaska, USA. Inputs included age- and sex-specific energy require-
ments by date, population size and composition, and diet composition and energy content. Error in
model predictions was calculated using uncertainty in parameter values and Monte Carlo simulation
methods. Our model suggests that energy requirements of individuals were generally lowest in the
summer breeding season (June to August) and highest in the winter (December to February) and
spring (March to May) mainly due to changes in activity budgets. Predicted relative daily food
requirements were highest for young animals (12 = 3% 5D and 13 £ 3% of body mass for 1 yr old
males and females respectively) and decreased with age (5 £ 1% and 6 £ 1% of body mass for 14 yr
old males and 22 yr old females respectively). The mean daily food requirement of pregnant females
predicted by the model was only marginally greater than the predicted mean daily food requirement
of non-pregnant females of the same age. However, the model suggested that the mean daily food
requirement of females nursing pups was about 70% greater than females of the same age without
pups. Of the 3 sets of model parameters (diet, population, and bioenergetic), uncertainty in diet and
bioenergetic parameters resulted in the largest variation in model predictions. The model provides a
quantitative estimate of the Steller sea lion population's food requirements and also suggests direc-
tions for future research.

KEY WORDS: Bioenergetic model - Fumefopias jubafus - Food consumption - Steller sea lion -
Sensitivity analysis
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INTRODUCTION

fion estimates are alse a prerequisite for assessing
interactions between marine mammals and fisheries

Since the late 1970s, the Alaskan population of (Beverton 1983, Trites et al. 1997).
Steller sea lions Eumetopias jubatus has decreased by

It is difficult to observe food consumption directly

Abstract—The effects of seasonal and
regional differences in diet composition
on the food requirements of Staller ssa
lione (Eumetopios jubatus) were esti-
mated by using a bioenergetic modal.
The modal considerad differences in
the energy density of the prey, and dif-
ferences in digestive efficiency and the
heat increment of feeding of different
dietz. The model predicted that Steller
saa lions in southeast Alaska required
45-60% more food per day in early
spring (March) than after the breed-
ing season in late summer (August)
becauee of seasonal changes in the
energy density of the diets (along with
seasonal changes in energy require-
ments). The southeast Alsska popula-
tion, at 23,000 (+1860 SD) animals (all
ages), consumed an estimated 140,000
i+27.8000 t of prey in 1998, In contrast,
we estimated that the 51,000 (=3680)
animals making up the wastern Alaska
population in the Gulf of Alsska and
Aleutian Islands consumed just over
twice this amount (303,000 [+57,500]
tl. In terms of biomass removed in 1998
from Alagkan waters, we estimated
that Steller sea lions accounted for
about 5% of the natural mortality of
gadids (pollock and cod) and up to T5%
of the natural mortality of hexagram-
mids (adult Atka mackerel). These two
pgroups of species were consumed in
higher amounts than any cther The
predictad average daily food require-
ment per individusl ranged from 16
(£2.8) to 20 (£3.6) kg (all ages com-
hined). Per capita food requirements
differed by as much as 24% between
regione of Alaska depending on the rel-
ative amounts of low—energy-density
prev (eg. gadids) versus high—energy-
density prey (ep forage fish and
salmon) consumed. Estimated require-
ments were highest in regions where
Steller sea lions consumed higher
proportions of low—energy-density prey
and experienced the highest rates of
population decline.

f147

Prey consumption of Steller sea lions
(Eumetopias jubatus) off Alaska:
How much prey do they require?

Arliss J. Winship
Andrew W. Trites

Department of Zoology and Marine Mammal Research Unit

Figheries Center, Room 12, Hut B-3

University of British Columbia

6248 Biological Sciences Road

Vancouwer, British Columbia, Canada, VT 124
E-mall addrass (or A 1 WAnshipl: wirship@zoologyube

Nutritional stress may account for the
decline of Steller sea lions (Exmetopias
Jubatus) in Alaska (Alverson, 1992),
which have declined by over 704 in the
last 20-25 years (Loughlin et al., 1992;
Trites and Larkin, 1996). Memick et
al. (1997) found a negative correlation
between Steller sea hon diet diversity
and the rate of population change among
=ix regions of Alaska in the early 1990=
The greatest rates of population decline
oceurred in areas with low diet diversity,
where Steller sea lions predominantly
preyed on either walleye pollock or Atka
mackerel. Steller sea lions from areas
that did not experience a decline, or expe-
rienced a lower rate of decline, preyed on
both walleye pollock and Atka mackerel
along with several other groups of prey
species.

Merrick et al. (1997) suggested that
the relationship between diet diver-
zity and the rate of population decline
reflected differences in the efficiency
with which Steller sea lions could find,
capture, and handle different numbers
of prey categories. However, the en-
ergy content of the diet may also have
a substantial effect on the foraging ef-
ficiency of Steller sea lions. Steller sea
lions consuming a low diversity diet of
primarily low—energy-density species

than it would be for animals consuming
prey of high-energy content.

‘The overall goal of cur study was to
estimate the amount of prey required
by Steller sea lions in Alaska during
the 1990= using a previcusly devel-
oped bicenergetic model (Winship et
al., 2002). Our first ohjective was to
examine how daily food biomass re-
gquirements were affected by seasonal
differences in the energy density of the
diet of Steller sea lions in southeast
Alaska. Our second objective was to
use the same meodel to compare the
food requirements of Steller sea lions
among seven regions of Alaska during
the 1990z (regions based on Merrick st
al., 1997, and Sease and Loughlin, 1999;
Fig. 1) Our third chjective was to use
data from 1998 to compare estimates
of Steller zea lion prey consumption
with fisheries catches and estimates of
prey stock sizes (and natural mortality
rates).

Methods

Model structure

The bicenergetic model that we used
15 described in detail by Winship et al.



RN Biomass requirement (BR) of prey 7 for predator e

i= salmo'ni CER [k] = 1] I = sturgeon
j=CSL “T|IX prey; j = SSL
BR;;[kg d1] = — =+ 1000
Y EDdiet [k] Y 1]

E, x X(prey; x Ef, X EHIFl-)

Gross Energy Requirement (GER) =

Production (P) = energy invested in daily growth = 0*
Basal Metabolism (BMj) k] d~1] = 292.88 X MJ-O'75,Where M; ~ N (u;, 0;)
Energetic Cost of Activity (Aj) = water; * Apater + (1 — Waterj) * Argnd
Proportion of time spent in the water (Wate'rj) ~ triangle(min;, max;, mode;)

'On land'multiplier of BM (A;4,,4) ~ triangle(1.0,1.4,1.2)
'In water'multiplier of BM (A,,4¢er) ~ triangle(2.5, 5.5, 4.0)



RN Biomass requirement (BR) of prey 7 for predator =

i= salmo'ni CER [k] q 1] I = sturgeon
j=CSL _ | X prey; j = SSL
BR;;[kg d1] = — =+ 1000
Y EDdiet [k] Y 1]

Ey X Zi(Pre}’i X Ef, X EHIFl-)

o=

Gross Energy Requirement (GER) =

Urinary digestive efficiency (E,) ~ uniform(0.90,0.93)

Proportion by wet mass of prey i in diet (prey;) = {82' i z %
a

1 + e-9EDi—7)’

Fecal digestive efficiency (Efi) = where a,0,y ~ N

Efficiency of utilizationof metabolizable energy (E HIFi) =

{_ Bo + b1 X ED;
E, X E,

),WhereB~N



Biomass requirement (BR) of prey 7 for predator a

= salmohi CER [k] g 1] /= sturgeon
j=CSL _ | X\ prey; j = SSL
BR;i[kg d~ 1] = = 1000
9 E = T ED el 91

E, x X(prey; x Ef, X EHIFl-)

’ Fe o

Gross Energy Requirement (GER) =

09,i=1

Proportion by wet mass of prey i in diet (prey;) = {O 1i=07

Energetic density of diet (EDj;0t) = z prey; X ED;

l



, - Number of fish of prey 7 for predator
i= salmonid
j = CSL

BRU [kg d_l]
Zk N(.u'l') O-l')

# prey; d" 1= k,where >1fork—1

Example: BR =10kg d1

10 10 10

> 1, > 1, <1
>i_1(3.5) >z _,(35+5) >3 _,(35+5+4.1)

« k = 3 fish/d

1= stlirgeon
j = SSL



I= salmo-ni
j = CSL

Predator-prey inputs (Appendix 4)

1= stu_rgeon
j = SSL

| My | Mke)

CSL
SSL

~N(600, 100)
~N(1200, 267)

~N(272, 45)
~N(544, 121)

i | EDKkgl M (1bs) M, (kgs)

Chinook salmon
Winter steelhead

White Sturgeon

Eulachon
Secondary prey (i = 2)

~uniform(5, 9)
~uniform(5, 9)

4.4

~N(9.7, 1.13)
~uniform(3, 11)

~N(14.3, 2.6)
~N(10, 1.67)

~N(4, 0.7) ft
34.9 Ibs

0.09
NA

~N(6.5, 1.2)
~N(4.5, 0.8)

~N(121.9, 20.3) cm
15.8 kgs

0.041
NA



I= salmo-hid
j = CSL

Results

» Monte Carlo simulation implemented in R
» Each combination of j and i1 run 10K times

» 1-day estimates in Table 18 are averages over the 10K runs

1= s‘Eurgeon
j = SSL

Table 18. Mean number of fish required™ per day or per month to meet resting metabolic needs based on primary prey
contributing 90% of the energetic density to overall daily requirement (n = 10.000 reps each):

Chinook Steelhead White Sturgeon Eulachon
Sea-lion species | 1day | 1 month | 1 day | 1 month | 1 day | 1 month | 1 day | 1 month
CSL 72 96 6048
SSL 105 144 33 63 10167




Model validation

D T T Y S [

Chinook salmon

Mixed
Chinook salmon

SSL Chinook salmon

Mixed
Mixed
Mixed

*Adult males

11.6
(12.9 total)

11 (35 max)

19.4
(21.5 total)

18 (26 max)
33
30

3.5-5.5

3.5

Application

Kastelein et al. 2000
Lessard/CRITFC 2018

Application

Kastelein et al. 1991
Winship et al. 2002
Allen 2009

Bioenergetic model

Captive animal
Functional response

Bioenergetic model

Captive animal
Bioenergetic model
Bioenergetic model



Next step: Scale up from
Individual to population




F|gure 10 Management scenario 4 MNone |® Current| ® Proposed Abundance scenario High |[* Low

WF, SSL
'y
il
F
F
& 200,
]
=
111
=
=
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< 100- =
=
- L
& A 4
0- e IID- ' . = .
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Implementation year

Species I\/Ianagem_ent Annual Annual removal rate
scenario recruitment rate
CSL None 10% 0% 0%
Current 10% 29% 66%
Proposed 10% 75% 75%
SSL None/Current 10% 0% 0%

Proposed 10% 50% 50%



Table 19. Estimate of 5 yvear fish consumption under scenarios of “No Management™, “Current Management™. or “Proposed Management™ at Bonneville Dam and
Willamette falls and the number of fish potentially saved under the proposed management relative to no management or current management. Daily consumption
requirements are based on a bioenergetics model. The estimates are for two different starting population abundances of CSL or SSL (see text for detail) and two
different residence times for SSL or CSL (7 or 42 d).

Population-level bioenergetics

Results (requirements)

“Savings”

Fish Saved (vs

Fish Saved (vs

No Current Proposed “No Mgmt."”) “Proposed
Management Management Management Mgmt.")
Sea
lion Locatio Seaso Prey Prey Proportion High | Low High
Spp. n n Days spp. [day in diet Low High Low High | Low High Low
Jul-Dec  7-42 Sturgeon 2.4 0.21 545 4558 203 1,556 392 3,002
Jul-Dec  7-42 Chinook 3.5 0.35 1,445 11,079 493 3,782 952 7,297
Jul-Dec  7-42 Steelhead 4.8 0.11 623 4,775 213 1,530 410 3,145
BOMNM Jul-Dec  7-42 Coho 3.5 0.33 1,363 10,446 465 3,566 897 6,880
Jan-Jun 7-42 Sturgeon 2.4 0.05 142 1,085 48 37 93 715
st Jan-Jun 7-42 Chinook 3.5 0.90 3,716 28,489 1,269 9,726 2,447 18,762
Jan-lun  7-42 Steelhead 4.8 0.05 283 2171 a7 741 186 1,430
lan-Jun  7-42 Sturgeon 2.4 0.75 79 5,130 27 1,772 52 3,418
WF lan-Jun  7-42 Chinook 3.5 0.20 31 2,019 10 629 20 1,329
Jan-Jun  7-42 Steelhead 4.8 0.05 10 692 4 236 7 456
Jan-lun  7-42 Chinook 2.4 0.95 6,674 116,550 | 3,518 61,426 | 1,478 25,212 f 5,196 o073 | 2,030 ( 35513
SONN Jan-lun  7-42 Steelhead 3.2 0.05 468 8,179 247 4,311 104 1,811 355 6,368 143 2,499
CSL Jul-Dec  7-42 Steelhead 3.2 1.00 377 3,439 96 879 84 762 294 2,678 13 117
WF Jan-Jun  7-42 Chinook 2.4 0.73 1,860 16,947 475 4,330 412 3,753 1,445 13,194 | 63 577
Jan-Jun 7-42 Steelhead 3.2 0.27 917 8,358 234 2,135 203 1,851 714 6,507 31 284




Table 19. Estimate of 5 vear fish consumption under scenarios of “No Management™, “Current Management™_ or “Proposed Management™ at Bonneville Dam and
Willamette falls and the number of fish potentially saved under the proposed management relative to no management or current management. Daily consumption
requirements are based on a bioenergetics model. The estimates are for two different starting population abundances of CSL or SSL (see text for detail) and two
different residence times for SS5L or CSL (7 or 42 d).

BD, CSL
300+ Fish Saved (vs | Fish Saved (vs
Mo Current Proposed “No Mgmt.") “Proposed
Management Management Management Mgmt.")
Prey Prey Proportion High Low High
o spp. [day in diet Low High Low High | Low High Low
E Sturgeon 2.4 0.21 595 4,558 203 1,556 392 3,002
g Chinook 3.5 0.35 1,445 11,079 493 3,782 5532 7,297
E Steelhead 4.8 0.11 623 y/ 213 1,630 410 3,145
< Coho EN 0.33 1,36 10,446 465 3,566 897 6,880
Sturgeon 2.4 0.05 142 1,085 48 371 a3 715
Chinook EN o, 3,716 28,489 1,269 9,726 2,447 18,762
Steelhead 4.8 0.05 283 2,171 97 741 186 1,430
Sturgeon 2.4 0.75 79 5,190 27 1,772 52 3,418
3.5 0.20 3 2,019 10 &89 20 1,329
Jan=ran a2z jﬁ % 10 692 ‘ B —
Jan-Jun ?@ Chinook @ @ 6,674 116,550 3,51 @ i T
SONN Jan-lun  7-42 Steelhead 3.2 0.05 468 8,179 247 i — i ———————— -
CSL Jul-Dec  7-42 Steelhead 3.2 1.00 377 3,439 96 879 84 762 294 2,678 13 117
WF Jan-lun  7-42 Chinook 2.4 073 1,860 16,947 475 4,330 412 3,753 1,448 13,194 | &3 577
Jan-lun  7-42 Steelhead 3.2 0.27 917 8,358 234 2,135 203 1,851 714 6,507 31 284




Study period: 2017-2018 == 2018-2019 2018-2019 (w/o removals) 2019-2020

40

Willamette Falls:
Reduction in CSL abundance = Fish saved
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Questions?



CSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): CHI (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)
20 40 60 80

Requirement as %
of sea lion weight
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Total biomass requirement (kgs/d)

Sea lion weight (kgs) & 200 @ 300 ? 400 Activity
multiplier {(A) 5

Sea lion weight (lbs)
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| |
s
-
S 5
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Sea lion weight (kgs) Number of primary prey required per day



Requirement as %

Primary prey requirement

of sea lion weight

10.0%-—

8.0%
6.0%
4.0%

2.0%-

200

CSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): STH (90%), secondary prey (10%)

Sea lion weight (lbs)
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200 @ 300 (0 400  Activity
multiplier {A) 5

90.0%-
@ 40.0%-
~
w= 30.0%-

20.0%-

S
(prsan)
juswalnbal Asid Alewind

Percent o
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Requirement as %
of sea lion weight

Primary prey requirement
(kgs/d

CSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): EUL (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)
10 20 30 40 20

5 10 15 20 25
Total biomass requirement (kgs/d)
Sea lion weight (kgs) @ 200 &% 300 () 400 Activity
multiplier {(A) 5 3 4 5

Sea lion weight (lbs)
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' ' ' ' -80 T
40 a 0 20.0%-
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2078 5
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= 10 3
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Sea lion weight (kgs) Number of primary prey required per day



SSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): CHI (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)
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SSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): STH (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)
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SSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): STG (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)
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SSL BIOENERGETIC MODEL RESULTS: Diet (% wet mass): EUL (90%), secondary prey (10%)

Total biomass requirement (Ibs/d)

=z 20 40 60 80
w oD ' ' ' '
g 2 6.0%
D =
£94 U%I
,2 m i = L'"‘
S @ ) .
g2 2.0% T R |
o © 10 20 30 40
Total biomass requirement (kgs/d)
_ _ @ 200 © 400 & 600 ) 800 Activity “
Sea lion weight (kgs) ® 30 ® 50 ® 700 I:;j 500 multiplier {A) 5 3 4 5
Sea lion weight (lbs)
500 1000 1500 2000
= ' ' ' ' -80 =
£ 3
o o 2 10.0%-
= ‘60 < =
o - = 4=
o T @ °
> 405 3 5
o 2e 8 5.0%-
o = @
c = o
] .
£ 20 %
a ] i | —1 0.0%- , | [
250 500 750 1000 250 500 750

Sea lion weight (kgs) Number of primary prey required per day



	MMPA §120(b)(2)�Expected Benefits of Taking
	III. APPLICATION CONSIDERATIONS�	(F). The expected benefits of the program (pg. 35)�		1. Bioenergetic estimate of expected benefit (pg. 36)��Table 18 (pg. 36)�Table 19 (pg. 39)�Figure 10 (pg. 37)�Appendix 4 (pg. 93)
	Outline
	Where do these number come from?
	Slide Number 5
	Slide Number 6
	Model based on Winship et al. 2002 and Winship and Trites 2003
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Predator-prey inputs (Appendix 4)
	Results
	Slide Number 14
	Next step: Scale up from individual to population
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

