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Tragedy of the Commons

SRKW Fecundity and Mortality

by
Kenneth C. Balcomb
Center for Whale Research



W.F. Lloyd, 1832; G. Hardin, 1968

The tragedy of the commons is a term used in social
science to describe a situation in a shared-resource
system where individual users acting independently
according to their own self-interest behave contrary to
the common good of all users by depleting or spoiling
that resource through their collective action.



Playing throughout Human History




Lloyd (1832) described the situation of grazing
cattle on common land versus on private land

ruined the
pasture! _
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It also applies to Fishing, and any
natural resource

extraction




The principle applies everywhere to
Individuals, corporations and societies
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Planet Earth Today




Beringia Twenty-one Thousand years ago

PALE Paleoenvironmental Atlas of Beringia
Coastline 21,000 Cal years BP
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Human Arrival in the Americas

Roughly 14,500 Years Agd |
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The Bering Strait recently opened

PALE Paleoenvironmental Atlas of Beringia
Coastline 10,000 Cal years BP




Sea level (m)
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Sea Level In the Pleistocene
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Sea Level - the Pleistocene to now

Sea level (m)

Sea level (m)
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Enough water 7 KYA and 140 KYA for
whales to swim through

PALE Paleoenvironmental Atlas of Beringia
Coastline 7,000 Cal years BP
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Killer Whale Ecotypes MRCA
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We will stick with the “Resident” Story
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Following the photo-identification




Orca Survey began in 1976
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Dots (@) in the last half of 1978 indicate days whales heard
the Drca Survey permanent facility.

Dates of all killer whale sightings and encounters, including pods

on fixed hydrophone arrays at

identified.



Orca Survey began in 1976
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Dots (@) in the last half of 1978 indicate days whales heard

Dates of all killer whale sightings and encounters, including pods

on fixed hydrophone arrays at
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We began on April Fool’s Day!




Whales were detected almost dalily in
the Salish Sea during summer months
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These Fish-eaters earned the softer name
“Resident” orca, but they were still predators
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SRKWs were in the Salish Sea virtually every day from June to September




Predators and Prey

population

A

= prey

Predator/Prey graph

— Dredator
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time

Analyse the
relationship
between the
number of
predator and
prey on this
graph.

What do you
notice about
this graph?



It Is a Classic and Basic Relationship

3

140 p

120 - ﬂ

100 - '&I -

60 -

o
o

40 - f

Number of animals (*1000)
=== _

]

| Snowshoe h.'1r{a-}

G ] ] ] ] ] ] ] ] }
1925 1935 1945 1955 1965 1975 1985 1995 2005
Year

[
o
——




“Resident” KW mortality and Chinook
Salmon Abundance

WA/OR/CA/BC/AK Coast-Wide Chinook Abundance Trends & J, K, & L Pod Deaths
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“Resident” KW and Chinook Salmon

WA/OR/CA/BC/AK Coast-Wide Chinook Abundance Trends & J, K, & L Pod Deaths

—
r i AR-SE AK Harvest Toks!

8,000,000
BC-PSC Harvest Tocsd

Wh- Puget Soend Comm)Trasty CNET + Rez {5-13)
Harvest

7,000,000 i L 4 i, s
| et i hase Researd A-Ooran Hirvest
| Pactic Flshery Wumagemen Councd [2018]
| MDA Techrical Mematardon NUPE NWTLE 131, huy 3510 5 DR-Ooean Havest Total
| Paciie fademen € imesimion (P 3036}
| CA-Denam Hareest Total
6,000,000 .8 —

S BC-Fraser River-Term Run RDM-Late

& BC-Fraser Biver-Term Aun ROM-Swmnl 352

= BL-Fraser River-Teem Run ROM Swn 3040
& BC-Fraser River-Term Run ROM-501.3/52
& BC-Fraser Byver-Term Run ROM-Sol.2/42

« BC-Cmhar
EWi-Puget Sound Run (B Mafine Arnsd)
SWA Lot

1, K, and L Pod Deaths

& OR-Colyrrbia in-River Aun {30,50m,F, Ad)

& OR Coart - Dthes

& CA Coan - Qther

5 CA-Clamath & Trinity Ravers bn-River Run (F, Ad)

& CA-Sacrasmenio River Ese [LF,W 5p, Ad{R for Tris]]

& CA-Contral Valley Eac [F, A

KL Deathy.
CHAT = Comrmrcial Mt and Trall
Rt = Rpcraarional
Tawrn = Tarmiral
[ rea——
EE 838 BF 2 F ARS8 3 EE 2 222 ROW = B Order of Mg
;i & & &, & o & E o & &, o o o o
= B = B R . ] = TR B I (T B B N = B o (N " (R B | T = hprng S
= Fal LF = Listw Pl
Year W e e
Southeeen Besidenr Populsnion S o of £112017 Al m et I inck

. Cogen for Canter for Whals Resparch 101 TLO0N




Estimates of Annual Chinook Salmon Runs:
SE Alaska to California (1951 — 2016)

Estimates of Annual Chinook Salmon Runs from SE Alaska to California, 1951-2016
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Sources

1951-3000: 0.E. Rogers, Estimates of Annual Salmon Runs from the North Pacific, 1951-3000, SAFS-UW-0115, December 2001

1975-2016: Coast-wide Chinook salmon abundance estimated from Pacific Fishe ry Management Council and Pacific Salmon Commission data
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2017 SRKW Census —July 1
With Post-July Updates

* Thisis the Southern Resident Orca Population
pOpUlatlon chart J, K, and L Pod Census as of July 1 Each Year
110 I I 1
prepared by CWR Population Count as of 9/24/2017 is 76*
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Whale Presence:
January-December, 2017

Whales Species and Ecotypes in the Central Salish Sea*
Number of Days Reported in 2017

Center for Whale Research / Southern Resident Killer Whale Project

350
Source Data Credits:
300 Individual Contributors |
Center for Whale Research
g Orca Network
‘g 250 Pacific Whale Watch Association —
a Sooke Coastal Explorations
<
n 200
>
©
(a)
G 150
S
)
o
€ 100
2
50
0 .,;';,;,_— : : : ,

SRKW TKW Humpback Minke Gray Whale Fin Whale NRKW
(Salish Sea)

Dec
¥ Nov
B Oct

Sept
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H July
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M Jan

* In this context, "central Salish Sea" includes the Strait of Juan de Fuca plus Puget Sound, the southern Strait
of Georgia, and all waters in between (waters surrounding the San Juan Islands, Canadian Gulf Islands, etc.).
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We still call them “Resident”

SRKW Presence in Core Summer Habitat
May - September, 2015

Kumbet of Sothem Amident Cder Whales Precent in Core Sunmaer Habitat
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SRKWs in Core Summer Habitat 118 Days, often members of all three pods!



Shall we still call the fish-eaters “Resident”? Do
we want them as neighbors?

SRKW Presence in Core Summer Habitat
May — September 2017

Number of Southern Resident Killer Whales Present in Core Summer Habitat
1, K, L Pods - May - September 2017
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Small groups of SRKWSs in Core Summer Habitat on 43 days in 2017!



Fraser River Chinook Salmon:

Albion Test Fishery

» SRKW occupancy combined
with either indices of Chinook
abundance or total
abundance can provide
insight.

» SRKW attendance patternsin
the “core summer habitat”
from 2004-2017 parallel the
trends Fraser River Chinook
salmon abundance, using the
Albion Chinook Test Fishery
data as a proxy for abundance
as measured from the
perspective of the SRKWs.

5/24/2018

1. Cogan. Southern Resident Killer Whale Project. Derfvative use requines approsal.

Fraser River - Albion Test Fishery
Abundance Trends for 1988-2017 with Approx Spring, Summer & Fall Timing

400
CPUE &5 Catch par Uit of E¥ast 2007 Start of test fishery may have been delayed until mid-lune.
feateh par thousand Rathoom minutes) Sehedule:
it = 1957-1597; Dally
a 1958 Present; Dally unil Sept. 1, then on alternate days
.| 1997 Started wiing & multpanel net 6 allernate days until Sept 1.
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We now call the Transients “Bigg’s Killer Whales

Transient Presence in Central Salish Sea
2017 as of Early October

Transient/Bigg's Killer Presence In the Central Salish Sea and Puget Sound
lanuary - December 2017
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Where do the SRKW whales go when
they are not in the Salish Sea?

DRAFT Marine Mammal Science Note - SRKW Winter Distribution 20130209KCB Page 5
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This is the population chart that we prepare each year for NMFS,
DFO, and the general public

Southern Resident Orca Population
J, K, and L Pod Census as of July 1 Each Year

110 | ] I |
Population Count as of 9/24/2017 is 76*
100 97 g 097 * July 1 2017 census count of 77 does not reflect loss of J52
an

Census as of July 1
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Than who Is dying!
Salmon Decline = SRKW Decline

J, K, and L Pod Female Losses: Reproductive Age (11 <= Age <= 45 Years)

5
a L Pod Reproductive Female Deaths (11 <= age <= 45)
B Pod Reproductive Female Deaths (11 <= age <= 45)
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L51 with prolapsed uterus




.51 Ovaries not found




L60 prolapsed uterus

L] -




1 Corpus luteum, 7 Corpora albicantia

That is, she had eight pregnancies and two known calves = 75% fetal/neonate mortality



J32 died due to necrotic fetus




1 Corpus luteum, 2-3? Corpora
albicantia

18 year old female with estimated two prior pregnancies surmised from girth appearance.



J32 Blubber thin and “dry”




We know:

 Mature females are dying at greater rate now
than during first two decades of this study
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mature

Less than 50% of calves born are females (male bias)



We know:

Mature females are dying at greater rate now than during
first two decades of this study

Birth complications are on rise in this population
75% of the developing fetuses are miscarried

Late term miscarriages are extremely dangerous to mother
survival

Nutritional Stress is increasing and seasonally extreme

There Is a 44% mortality of SRKW young before they
mature

Less than 50% of calves born are females (male bias)

For the last five years there Is an average of only two
calves born each year, none in two of the years
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decades of this study

Birth complications are on rise in this population

75% of the developing fetuses are miscarried

Late term miscarriages are extremely dangerous to mother survival
Nutritional Stress is increasing and seasonally extreme

There is a 44% mortality of SRKW young before they mature

Less than 50% of calves born are females (male bias)

For the last five years there is only an average of two calves born
Two recent years of poor salmon abundance had no calves born

We have voiced concern about these trends
for two decades



We know:

Mature females are dying at greater rate now than during first two
decades of this study

Birth complications are on rise in this population

75% of the developing fetuses are miscarried

Late term miscarriages are extremely dangerous to mother survival
Nutritional Stress is increasing and seasonally extreme

There is a 44% mortality of SRKW young before they mature

Less than 50% of calves born are females (male bias)

For the last five years there is only an average of two calves born
Two recent years of poor salmon abundance had no calves born

We have voiced concern about these trends for two decades, and

only recently (perhaps too late) is the alarm
being sounded



Our 2009 paper

Journal of Applied Ecology

Lowrmal of Applicd Evology 2009, 48, 651 640 dodz 100111 L. 1 305208 20000 184 T 5

Quantifying the effects of prey abundance on killer whale
reproduction

Eric J, Ward'*, Elizabeth E. Holmes' and Ken C. Balcomb®

'Worttewes! Fishanes Scance Canfar, 2725 Mondiake Bl £, Seadtio, WA 88112, USA; and*Conler for Wisale Resoanch,
PO Bax 1577, Fricay Havbor, W4 BR250, LISA

Summary

1. Managensent decisicns for threatened and endangoned spociss moquans risks o be slestilfiod and
privmnilized, based om the degree 1o which they infleence population dynamics. The potential for
1'e||:1.1'|.'\er3,I of small ]'h'npul.llhnn:.u risk muay he determined by mustiiple factors, including intrinsic
oy characteristics (inbrecding. sen ratios) and extrinase variables (prey avaslability, discwse,
human disturbance). Using Bayesian statistical metbods, the impact of cach off these risk factors on
demographic rates can be quandified and assigmed probabilities to express unceriainty.

2, Weassessed the Enpact of o wide mege of [actors on the fecuendity of reoih d lati
af killer whales (rrinus o, specilically whether killer whak: prodection s Emited 'b{r I\tla'hlll:f
of Chinook salmon wcorfymchus iohawyischa, Additional variables inclisded anthropogenic
factors, climate varishles, tempoml effects, and population variables (population size, number of
males, Fenale age)

A, Our resulis indicare that killer whale fecumndaty is highly correlaved with the abandance of
Chineok salmon. For example, the probability of a female calving differed by 5094 between years
of low salmon sbundance and high salmon abundance Weak evidence exists for Enking fecundity
1o ather variablo, such a8 sea surface Lemperalure

4. There was strong data suppont for reproductive sencscenct im female iller whalbes. This patiern
of rapid maturity and gradual decling of fecundity with agecommondy seen in terrestrial mamenals

Thas heen d e in few marine | species. Maximum production for this species cocurs
betwoen ages 2022, and eproductive performancs declines gradually 1o memo pawse over & period
ol 25 years

£, Symibesin and applicanions, Qur results provide stroag evidence for repeoductive sepescence in
Killer whabes, and moee imponiandly, that killer whale fecundiny & strongly tsed 1o the abusidancs of
Chinook salman, a species that is susceplible to-envirommental varstion and has high commercial
valuse o fisheries. This strong predator-prey relatiosship highlights the importasce of understanding
which salmon populatioes cverlap with killer whales seasonally and spatially, so that these salmon
populasans imponant as prey foe killer whals can be identificd and angeisd lor conservation
elforts.

Key words: hayesian model selection, killer whale, management ol endan gered species, predatos-
prey imlersctions, resource limilation, salmon



Fecundity highly correlated with
abundance of Chinook salmon

Summary

1. Management decisions for threatened and endangered species require risks to be identified and
prioritized, based on the degree to which they influence population dynamics. The potential for
recovery of small populations at risk may be determined by multiple factors, including intrinsic
population characteristics (inbreeding, sex ratios) and extrinsic variables (prey availability, disease,
human disturbance). Using Bayesian statistical methods, the impact of each of these risk factorson
demographic rates can be quantified and assigned probabilities to express uncertainty.

2. Weassessed the impact of a wide range of factors on the fecundity of two threatened populations
of killer whales Orcinus orea, specifically whether killer whale production is limited by availability
of Chinook salmon Oncorhynchus tshawytscha. Additional variables included anthropogenic
factors, climate variables, temporal effects, and population variables (population size, number of

Pl

3. Our results indicate that killer whale fecundity is highly correlated with the abundance of
Chinook salmon. For example, the probability of a female calving differed by 50% between years

of low salmon abundance and high salmon abundance. Weak evidence exists for linking fecundity
to other variables, such as sea surface temperature.

of rapid maturity and gradual decline of fecundity with age commonly seen in terrestrial mammals
has been documented in few marine mammal species. Maximum production for this species occurs




Scientific publication is not enough

Action Required: We MUST restore abundant natural and wild stocks of Chinook salmon ASAP




The way It Is:

These are the important details of effective population size and
fecundity

Reproductive-Age Females and Births
J, K, and L Pods
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age <= 45 Years)
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Predicted to 2026 based on population as of 11/1/2016
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JPOD 2018: 23
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9 Adult females with 4 producing; 4 young females; 7 young males © Center for Whale Research 2018
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L POD 2018: 35
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6 of 11 Adult females non-producing; 4 young females; 10 young males = no growth © Center for Whale Research 2018
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6 of 11 Adult females non-producing: 4 young females; 10 young males = no growth
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This demonstrates the Tragedy of the
Commons

WASHINGTON

Department of

LOCATION, HARVEST, AND ECONOMIC VALUES OF
SALMON, BAITFISH, GROUMDFISH, AMD SHELLFISH
RESOURCES, SUMMARIZED FROM THE WDF-SPONSORED
TESTIMONY IN THE MORTHERN TIER FIPELINE CASE
(PROPOSED CROSS-SOUND ROUTE) WITH UPDATED
FIGURES FOR 1979 AND 1980




1974 to 1978 WDFW data

Appendix C Table 2.

Summary of magnitude and value of salmon runs uti

migration (rounded to nearest thousand).

lizing Strait of Juan de Fuca for

o . Escapement | - I ]
Species _Average " High __Average_ _High _Average _High |
Chinook 192,000 245,000 1,498,000 1,918,000 74,400,000 95,200,000 |
Coho 610,000 1,025,000 3,000,000 5,100,000 51,700,000 86,900,000
Chum 941,000 1,459,000 1,500,000 2,300,000 11,900,000 18,4ﬂﬂ,ﬂﬂ0i
|
Pink 2,433,000 3,271,000 3,433,000 6,562,000 8,579,000 II.HIF,GUUE
Sockeye 1,444,000 2,949 000 4,982,000 7,062,000 47,840,000 ﬁﬂ,EUU,DUﬂi
Total 75,620,000 | 8,949,000 | 14,414,000 _['22,942,000 | 194,419,000 | 286,017,000 |

-

-ZF-




1974 to 1978 WDFW data

Appendix C Table 2. :,I{Ié‘::Hnﬁthgﬁ:::r}:digaﬂfa:si?r:rdj‘:,lvq? runs utilizing Strait of Juan de Fuca for
Species " Avera qg S-C.r.ﬁ-_r!' — tH igh | Average e High : Av e_r*'.a:g'e ralue High
Chinook 192,000 245,000 1,498,000 1,918,000 74,400,000 QE,ELJIU.,EJGI.]
5,100,000 51,700,000 86,900,000
Chum 941,000 1,459,000 1,500,000 2,300,000 11,900,000 18,400,000
Pink 2,433,000 3,271,000 3,433,000 6,562,000 8,579,000 17,017,000 |
Sncie_v.e 1,444 000 2,949 000 4,982,000 7,062,000 47,840,000 68,500,000
Total | 5,620,000 E 8,949 000 " T14 414,000 |22 , 942,000 _ 194,419,000 | 286,017,000 |

The human harvest of 1.5 t0 1.9 Million Chinook salmon in inland

Washington State waters during these years was roughly TwO to four times
that of the maximum potential harvest by the SRKW population at that time,
and it only allowed about 13% salmon escapement for spawning!

A



DFO data for Canada

Appendix r Table 7, Canadian Georgia Strait sport catch statistics
(X1000 rounded to nearest thousand) .

ook cono gy W/ Tota2/
1972 287 335 9 632
1973 | 272 373 50 696
1974 269 77z 9 1,050
1975 : 394 454 27 878
1976 . 430 15 4 909
Average —————— — 3 —— iy gy
figh 490 — N N — 1,312 |
Yalue
Average | 33,589 19,060 147 52,796
—figh —L 37,918 | 31,373 —1_ 34 | 79,664 |

determined that their 19721975 salmon sport catch was actually
about twice as high as reported in their original estimates, This



DFO data for Canada

Appendix r Table 7, Canadian Georgia Strait sport catch statistics
(X1000 rounded to Nearest thousand) .
0 Pk e
1972 335 9 632
1973 373 50 606
1974 772 9 1,060
1975 . 454 27 878
1976 [ 415 4 209
Average —— T Y I O _HTI]
High L 4% 7 =0 | 1,312
Value [
Average 33,589 19,060 147 52,796
___High = | 47,918 373 | 3 1 79,664 |
= Includes mingr Catches of sockeye and chym salmon
= The Canadian Fisheries Service (Fisheries and Oceans) recently
determined that their 19721975 salmon sport catch was actually
about twice as high as reported in their original estimates, This



DFO data for Canada

Appendix r Tab i
ble 7, F:nad1an Georgia Strait sport cat i
X1000 rounded tgo nearest thnuﬁ:ng? R

1972 Loho | pinkl/ ._.__-.__.Tata-TEf’-
" 335 p i
73 632

373 _

1974 50 696
772 "

1975 1,050
454

1976 Y 878

Average ——————- 415 4 909

figh L) | — )

Value T — 172 50 Ny

Average

The Canadian Sport Harvest of up to one million Chinook salmon was also
roughly twice that of what was even possible by the SRKW at the time.



Overfishing Is just one of the Tragedies

I—i Dates indicate year of initial operation
Dams of the Pacific NorthwestMap ... e QEE.S?.H o
. Grand Coules 1
Chiof !
et %‘ ; N
Wells
1 g , A
Rocky Roach i
1961 af"’ :
Rock lstand . IS et
L - Littis Geoss
i haodi® Y~ 1970
w""“&;‘é’i A ! Lower Granie
Washington - i 1975
Priest Rapi
% 0.
T DR e g et
155 Idaho
Portland | ' PR
Bonneville § ;’;g!}
1508 : .
1961 L]
Brownlee O
1908

Dams, Mining, Forestry Practices, Ranching, Agricultu_re, Industrialization,
Commerce, all have tragic stories of environmental abuse toward salmon.



The Salish Sea needs Recovery - Yes

But, the whales urgently need hundreds of thousands of non-toxic Chinook to survive,
and that is why | have been advocating immediate recovery of the Snake River.




Questions?









But they are not always here, whereas the
“Transients” are now almost always are:

Confirmed Transient/Bigg's Sighting Reports Mumber of Days with Transient/Bigg’s
Sightings
DRAFT Suq'\-n-'? Data
NOT FOR DISTRIBUTION OR
POSTING ON THE
INTERMET OR SOCIAL
MEDIA

Specien

Number of Unigue Transient/Bigg's
Sighting Reports

(Estimated Based on the Available 1D
Infarmation)

CWR Sighting Propect - PRELIMENARY RESULTS

2017 Trarmbent/Bigg's killer whale sightings confirmed as of

Eighting Date
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Sea level (m)

Sea level (m)

Sea Level in the Pleistocene
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Killer Whale Ecotypes MRCA

IViost
recent

common R
ancestor

¥
m-ll-:-"mu ieed types of populations. WE Atlintic T asd
WE Atlantic i represent Ihmnguﬂu.luﬂtlngpupuh-
tlons, respectively. Sofid lises o the right nambered
clades referred hr}wml?umpﬁe mﬂmlnr hapic-
tvpe is provided in Fig. 52 51 Bupparting informa-
tiond

140 KYA
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These Fish-eaters earned the name
“Resident”, but they were still predators
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We will stick with the “Resident” Story




We will stick with the “Resident” Story




Sometime around 140 KYA,...




“Fish-eating” ecotype spread out In
coastal waters in the North Pacific

~
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