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Background

American eels in the St. Lawrence and Ottawa river
watersheds were once extremely abundant, highly
valued, and a heavily used resource but have
declined to such a precarious state that in Ontario
they are now officially classified as endangered.

Declining abundance and loss of recruitment to the
distant St. Lawrence stocks possibly forewarn a
widespread decline of this ancient migratory species.

The extent and causal factors of this decline need to
be more thoroughly examined and quantified.

Let’s explore the problem of “Eels at the Edge”



Early historic myths, their origins
shrouded in mystery

In Aristotle’s time, ancient Greeks considered eels
as “the king of fish”. But their source was unknown.
Aristotle, in 350 BC, in his Historia Animalium,
concluded they were a by-product of decomposition.

Other speculations and weird fanciful notions
attribute eels to horse hairs falling into water or
reproduction involving rubbing their bodies against
rocks and the bits of skin coming to life.

Linnaeus and Leeuwenhoek, fathers of taxonomy
and microbiology, incorrectly speculated that round
worms (nematodes) were young eels awaiting birth.



Eels can be both loathed and loved with a passion!




Love-hate relationship: a fish that some love to hate!




DISTRIBUTION OF FOUR ANGUILLID SPECIES
A broad worldwide distribution (from Crook 2010)

From Crook 2010, adapted from Silfvergrip 2009



There has been an unprecedented
disappearance of this ancient fish
from the St. Lawrence River system!

American eels

once very abundant and heavily utilized
are leaving the largest basin of fresh
water on the planet and not returning!




This Ancient Invader of Fresh Waters, Which
Survived Continental Drift, Integrates the Marine
and Freshwater Environments

Has ancient life-history strategies, spawning in the sea;
randomly dispersing and maturing in fresh or brackish
water over one of the broadest species ranges and
uniquely panmictic, forming one inter-breeding
population




St. Lawrence R. system

A mysterious and

ancient fish with _
a unique life Life cycle of the

history freshwater eel



American Eel Prehistoric and
Early Historic Insights

Archaeology puts the species,
resource value, and declining
abundance in context

Ancient stone eel effigy or decoy






Chronology of prehistoric and early
historic significance — selected events

4200-5500 BP: Prehistoric Algonquin fishing sites
at Morrison Island, Ottawa River (Pembroke),
archaeology indicates largest known eel
harvesting site in North America and on major
pre-contact canoe route.

1100-1600: Prehistoric St. Lawrence Iroquoian eel
fishing site on the upper St. Lawrence River
(faunal remains analyzed by Junker-Andersen
1988). Smoked eels were nutritious and light-
weight and very important to Aboriginals as food
(Jesuit Relations)



Harvested eels provided a highly efficient,
storable surplus for later consumption. Eels are
particularly nutritious, with six times the caloric
value of any other freshwater fish and were
important winter and “travelling” food.

In prehistoric times, eel stocks of the watershed
of the St. Lawrence and Ottawa rivers were very
stable and predictable, composed of old
individuals of many cohorts, which minimized
population fluctuations, hence were a highly
dependable fish resource.




1916: 100 t of silver eels trapped annually from
Oneida Lake, a tributary to Lake Ontario (Adams
and Hankinson). When dams were constructed,
immigration was impeded; species became very
rare and the resource was extirpated.

Ot EaWTCTTCCH I\

Over the past century, eel stocks have fluctuated
widely but have generally declined as value and
effort increased — Is the decline universal ?



Long-Term Trends in
Commercial American Eel
Harvest and Price

Combined across regions,
Canada, United States, and overall

1950-2010, update
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COMMERCIAL HARVEST OF EELS, 1950-2010
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ADJUSTED COMMERCIAL HARVEST OF EELS

Lagged for overall mean age of the catch
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OVERALL HARVEST - PRICE OF YELLOW EELS
Price expressed in deflated 1950 Canadian dollars
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American Eel Harvest
Regions O

1. Southern States

2. Central States

3. Northern States




Mean Harvest 1980 to

1984 (x1000 kg)

Southern States 79.0
Central States 876.7
Northern States 202.3
Newfoundland Region 40.8
Gulf Region 318.2
Scotia—Fundy Region 31.8
Lower St. Lawrence

River 461.9
Upper St. Lawrence

River and Lake

Ontario 117.5
Total ypLW,




Mean Harvest 1990 to

1994 (x1000 kg)

Southern States 70.4
Central States 589.9
Northern States 514
Newfoundland Region 119.6
Gulf Region 2448
Scotia—Fundy Region 153.8
Lower St. Lawrence

River 347.7
Upper St. Lawrence

River and Lake

Ontario 109.2
Total 1,686.8




Mean Harvest 2000 to

2004 (x1000 kg)

Southern States 4.2
Central States 369.9
Northern States 11.0
Newfoundland Region 56.0
Gulf Region 180.0
Scotia—Fundy Region 111.8
Lower St. Lawrence

River 168.4
Upper St. Lawrence

River and Lake

Ontario 20.8
Total 922.1




Mean Harvest 2005 to

2010 (x1000 kg)

Southern States 1.2
Central States 351.0
Northern States 124
Newfoundland Region 57.7
Gulf Region 183.0
Scotia—Fundy Region 37.3
Lower St. Lawrence

River 131.7
Upper St. Lawrence

River and Lake

Ontario 0.0
Total 773.0




American Eel Recruitment
and Abundance in the St.
Lawrence River System

Long-term dynamics and trends
at the extremity of the range

Update



St. Lawrence River System

Silver eel fishery — Quebec,

N\




Moses-Saunders Dam and Eel

Ladder, Upper St. Lawrence River




TOTAL ANNUAL UPSTREAM EEL PASSAGE
Upper St. Lawrence R., Moses-Saunders dam, 1974-2011
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Commercial Electrofishing

Main Duck Island

Eastern Lake Ontario
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log ELECTROFISHING CATCH (number - h'1)
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COMMERCIAL CATCH

1 1970 — fishery closed east of 76° 50’ W, mercury contamination

2 1972 - harvest increased because export markets approved

3 1982 — closure of European market due to contaminants

4 1985 to 1988 — commercial license buyout by OMNR

5 1998 to 1999 — reduced effort, size limits and some zone
closures due to contaminants

6 2004 to 2011 — fishery closed

A well-documented 120-yr
valuable commercial
fishery closed in 2004
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Tidal Eel Weir
Lower St. Lawrence River




LOWER ST. LAWRENCE R. SILVER EEL HARVEST
Decline in the once single largest American eel fishery
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LOWER ST. LAWRENCE R. SILVER EEL HARVEST
Decline in the once single largest American eel fishery
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Mature emigrating silver eels —
decline of the spawning stock
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Modelling Eel Abundance and
Emigrations in St. Lawrence
River System

Four recruitment and age-based
models were developed,
calibrated, and validated






Abundance in Upper St. Lawrence River — Lake Ontario

« Absolute declines in eel abundance in inshore waters of upper St. Lawrence
River — Lake Ontario are well documented with scientific evidence

« Eels have left inshore waters in daytime and are rarely seen at night (since
2003, one wild eel in every 2.4 ha)

« Current decreases in abundance are primarily related to emigration of mature
eels and loss of recruitment (since 2005 no exploitation; in 1990s — 5-8%l/yr)

EEL DENSITY (N - ha'')

70

)}
o

50

40

30

20

10

0

[ Spearing, Onondaga
[0 €«—— Spearing g i
B 1
2<0.003 FO- NIGHT
stocked eels
[ Electrofishing
= / EASTERN LAKE ONTARIO
n - DREISSENIDS
Invade —@— 0.00" 0.00 0.00 0.00 0.00 0.00"

Colonize  _o—0.16 1.27 0.42 0.14 0.13 0.59°

| UPPER
ST. LAWRENCE
RIVER

_Ih !.l 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1600s 1964— 1978— 1984— 1988- 1991- 1994- 1997- 2000 2001- 2003—- 2005 2006 2007— 2009 2010-
1966 1979 1986 1991 1993 1996 1999 2002 2004 2008 2011




MODEL ESTIMATES - POPULATION NUMBERS
Lake Ontario — upper St. Lawrence River
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MODEL ESTIMATES - EMIGRANT NUMBERS
St. Lawrence River system
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Egg Production of the St.
Lawrence River — Lake
Ontario Eel Stock

Calculations based on
proportional freshwater discharge
and relative abundance as
Indicated by commercial harvest
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Declining Eel Resources
in a Changing World

What factors are affecting the
decline, and how do we conserve
a global wild eel fishery?



A Chronology of the Factors Causing the Declines

Historic order of impact:

1. Alteration and loss of habitat

2. Barriers to migration

Toxicity of contaminants
Exploitation of all life stages
Hydroelectric turbine mortality
Changes in oceanic conditions
Productivity and food web changes

Parasitism

T L

Sargasso weed harvest



American Eels and Climate Change

Eel Immigration in the Upper St.
Lawrence River and Oceanic
Influences
Eel recruitment at the northern

extremity of the range and the North
Atlantic Oscillation Index




Oceanic Currents and Life Stages

Glass eel -‘H
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Long-Term Dynamics in Relative Year-Class Strength

TL - 440mm TW -103g
Date — 20060830 - 4
CSA -60 NCA-5
Year class — 2001

Age assessment of
4,041 eel ladder
eels subsampled
from 9 years from
1976 to 2007

AMERICAN EEL
OTOLITH AGE

ASSESSMENT

Transverse thin section Acetate replica of section

Eel ladder otolith age — year-class strength assessment



RELATIVE YEAR-CLASS STRENGTH
Upper St. Lawrence R. eel ladder, 1955 — 2003
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SARGASSO SEA SURFACE TEMPERATURE
Bermuda Biological Station, Hydrostation S, 38-yr period
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YEAR-CLASS STRENGTH AND SEA TEMPERATURE
Temperature in previous year, for 37 years, 1967 — 2003
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Declining Abundance and
Recruitment at the Extremities
of the Ontario Range

With special reference to the
Ottawa and Mississippi rivers
and their watersheds



DAMS ON ONTARIO’S OTTAWA RIVER WATERSHED
Hydro generating facilities and control dams

No dams have fish
passage facilities




Carillon Dam, Ottawa River Chaudiére Falls Dam, Ottawa River

Chats Falls Dam, Ottawa River Galetta Dam, Mississippi River



TRAP-NET CATCH OF EELS IN OTTAWA R. REACHES
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DECLINING ABUNDANCE IN OTTAWA R. REACHES
Progressively decreasing abundance above upstream dams
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Index Trap Netting of
Mississippi River System and
Ottawa River Reaches

Eel catches for six lakes
netted several times over a
five-decade period and for

IVCECEEDS



TRAP NET CATCH OF EELS IN LAKES
Mississippi R. watershed, 1961-2009
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TRAP-NET CATCH OF EELS IN LAKES
Mississippi R. watershed, 1961-2009

Extrapolated estimate of 0
catch in 2005 for combined
and 2011 for Mississippi Lake

1.0 —
w | A --4@-- Bennett Lake
I:I_: --4-- Clayton-Taylor Lake A MISSISSIPPI RIVER
0) 0.8 - --#-- Dalhousie Lake AN WATERSHED
E = —&— Mississippi Lake ;‘; -\-\
]_l_l_] 06 | ~¥— Rabertson Lake m '/,f ' ‘\\‘\
= = A A \
g SR AN \
é 0 4 - ;"f -_\.\. N A
= n r -\_\‘ \_\ If "\I\

02 e P e AR a \ FE
L Y- | RPN T~ N / \
O " Qan S e \
— - N ~4 \, A
(-‘-(_) 0.0 fmrmmmrmmrmmmsries s st s P L= S v
] | ] ] | | | | ] ] |

:_ 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
5 03 B -~
E 0.0 ~ LAKES COMBINED
w-0.3 -
prd
E%-&G -
€09 | =
:;: 12 — 10G Y (catch) = 33.85 — 0.0174 X (yean) ® '~ ~—_
O 15} N=17 r=0598 P=0.0113 ¢ )
< X | ] | i | | ] | ] | |

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

log C

Large Mississippi Lake eel
2009, held by Emily Verhoek




Abundance and Distribution
of Eels in the Ottawa and
Mississippi Rivers

As determined by quantitative
electrofishing upstream of the
Chenaux and High Falls dams



Precise and Intensive Assessment Methods Are Needed




OTTAWA RIVER EEL SIZE
Mean length, weight and regression, by reach and reservoir
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EEL CARCASS SURVEY AND ABUNDANCE
Dam tailrace survey and electrofishing, 2009
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Commercial Eel Harvest
in the Caribbean Islands
and Mexico

Temporal, sequential, and
spatial changes at the southern
extremity of the range

1970-2010



FAO HARVEST — MEXICO AND CARIBBEAN
Temporal, sequential, and extremity changes



FAO HARVEST — MEXICO AND CARIBBEAN
Temporal, sequential, and extremity changes

In 1999 attempts made to
establish a commercial
eel fishery in Puerto Rico

\




Worldwide Demand for
Eels Is Increasing

Overall production is at record-
high levels; this jeopardizes
wild eel stocks; culture requires
wild glass eels and elvers




WORLDWIDE EEL PRODUCTION - “TRAFFIC”
Culture and wild production and wild American Eels
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WORLDWIDE EEL PRODUCTION - “TRAFFIC”
Culture and wild production and wild American Eels
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WORLDWIDE EEL PRODUCTION - “TRAFFIC”
Culture and wild production and wild American Eels
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WORLDWIDE EEL PRODUCTION - “TRAFFIC”
Culture and wild production and wild American Eels
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EELS HAVE BEEN STOCKED WIDELY
Recently for short-term mitigation in St. Lawrence R. system

Stocked eels contained first documented occurrence of
the swim-bladder worm in the St. Lawrence system

Have dispersed widely and built the profile, keeping eels
present, making many more people conscious of the
catastrophic eel declines; could even provide a fishery

Electrofishing Catch of Stocked Eels
Upper St. Lawrence , 2010



BLADDER WORM IN ST. LAWRENCE RIVER SYSTEM
First appeared in stocked eels in upper St. Lawrence in 2011

gL Anrguillicoloides EEL OTOLITH SECTION
crassus
L \
Tetracycline label
Z \
3 \

Transmitted light UV light



Aboriginals and First
Nations Are Reconfirming
Their Interest In Eels

Expressing a deep concern
about the disappearance of this
highly valued, sacred fish from

their ancestral waters




Aboriginal and First Nation Declarations Indicate a Strong
Desire to Rekindle Their Association With This Revered Fish

ABORIGINAL PECPLES’
AMERICAL EEL RESOLUTION

We, the Aboriginal people who have attended the Eastern Ontarlo - Western Quebec watkshop
November 2224, 2008 appreciate the guidance of our Elders who direcled ug on the way 1o
address the decline of the American Bel, support the Nationat Management plan guiding
principles as amended during this workshop

We wish o communicate the foilowing, to ensure this ancient [ish remattg it the fulf historic
range of its habitat and refurns to waters from which i has been extirpated.

. it was the unanimous decision that the status of the American eel smust be Hsted
nationally as THREATENED under the S4RA,

2. Our collective Aboriginal responsibilities with the American Eel remain vitally important
to us even though our relationship with the oc} has been put inte jeopardy.

hed

We also reaffirm our responsibilities o our Aboriginel brothers and sisiers whose sirong
relationship with the American el is impacted by decisions made in our respective
{emitories.

N

. All development and fisheries management decisions must be grided by the
i principle and cumulative impacts must be assessed both on a watershed
basis and on the basis that the American Eel, Anguilla rostrata, comes from one genetic
stock.

th

. Recognizing that if the American eel is 0 recover, both habifat and recruitmen issues
must be addressed. Therefors, smbitous plans must be implemented immediately to
enhance fish prssage, reduce harvest and increase recruitment

-

The Glass eel fishery for export must be closed, in crder to achieve the objective for
increased recrultment. Glass eols must be made availabl¢ for conservation stocking, but
only as 2 temporery measure unt} long ter solutions are ackieved to address deslining
abundance and recruitmest.

bl

Aboriginal peoples’ ways of knowing and western science must be integrated equally ina

fuil and respecttisl way in the decision meking and implementation of the management
plan.

’j;m»yﬁ/};??/ o '/'éfr'f
7 y{»;»,‘ff((u'u -

Collective efforts among government,
Stakeholders, and Aboriginals to recover the
species is unprecedented in our relationships




Committee on the Status of Endangered Wildlife in Canada
reviewed eels in Canada in 2006 —“Special Concern”

COSEWIC
Assessment and Status Report

American Eel
Anguilla rostrata

In 2006 COSEWIC examined the status of eels in Canada and considered there
was some concern for the species and asked for another review in five years



Committee on the Status of Endangered Wildlife in Canada
reviewed eels in Canada in 2012 — “Threatened”

May 4, 2012, COSEWIC announced that in a 2011 update they saw a greater
concern for eels in Canada than seen in the 2006 assessment and status report



Atlantic States Marine Fisheries Commission Announcement
American Eel Benchmark Assessment — “Stock Is Depleted”

May 3, 2012, AMFSC stock assessment overview indicates that significant
downward trends in multiple surveys across the coast are cause for concern



Eels Are Shrouded in Mystery and Poorly Understood
but Can Teach Us Much

It isn’t how little we know; it’'s how much we know and how
little we do. Where should we begin? We should transfer
our science and convey our concern and enthusiastic
passion to the young: they will make the difference.

Stocked eel and friend Citizen Science: American Eel Research






“The eel-fishery is highly
productive and enables people to
live when all else fails”

(Ancient saying from the Jesuit Relations)

But are we now losing our
association with this ancient and
long-valued fish and resource?

Indeed, will the species disappear from our
consciousness?



Eels are . ..

universal integrators
important indicators
an ancient sentinel bellwether fish

I consider that eels are . . .

the ultimate Waterkeepers

Eels are sending us a message
Are we heeding it ?



Summary

All this supports the contention that there is a broad
species decline in both abundance and recruitment,
much greater at the various extremities of the range,
well exemplified by the Ottawa River system

Numerous factors combine and interact to put some
stocks of this panmictic species in their present
precarious state; nevertheless, human-induced
fishing and emigration mortality must be reduced

Loss of recruitment at the extremities of the range is
strong evidence of a universal decline in this
panmictic species and forewarns continued and
accelerated species and resource declines



Summary

The species should be considered “Threatened ”
and the resource “Endangered ”’, given the universal
decrease in abundance and distribution

The decline is to some extent influenced by changing
oceanic conditions (Gulf Stream and Labrador
Current); one way to try to compensate for this is to
increase reproductive capacity of the spawning
population through increasing spawner escapement

This emphasizes that cooperative action
is urgently needed !



Will fishing and fishers persist?




Eels are slip-
sliding away!




Will our association persist?

Thank you !






