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1. Introduction

1.1 Background
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Common name

Scientific name

Rationale

Quagga, zebra mussel

European fire ant

Asian carp
Bighead carp
Black carp
Grass carp
Silver carp
Sitka black-tailed deer

European starling

Dreissena polymorpha,
Dreissena bugensis
(= D. rostriformis bugensis)

Myrmica rubra

Hypophthalmichthys nobilis
Mylopharyngodon piceus
Ctenopharyngodon idella
H. molitrix

Odocoileus hemionus sitkensis

Sturnus vulgaris

High risk of introduction with potential impacts to
infrastructure, ecosystem structure and function and
recreational fisheries. Biology is similar to zebra mussel,
which has an extensive literature.

Currently in the Lower Mainland and Vancouver island;
they share some characteristics with other invasive fire
ants

Not yet present, but high potential impact if introduced, a
reasonably good base in the literature

A native invasive, endemic to mainland B.C. and
introduced on to Haida Gwaii, where they alter forest
structure (including recruitment of western redcedar)
which cascades to ecosystem function

Widespread in B.C., with impacts to agriculture; a

possible precautionary tale for a species that has
become firmly established

1.3 Organization of the Report
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2. Conceptual Framework

21 Methods and Approach
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3. Zebra and Quagga Mussels
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Ecosystem
services

Increased
exposure to
pollutants

Altered food
web and
nutrient cycling

Native mussels/other
benthic organisms

Colonization of
substrates/
displacement

Competition for
phytoplankton

n q 3 Water Power

Fisheries Recreation .
supply generation

Increased
costs/loss of Increased
recreational value treatment costs
Increased
operation costs
Reduced
catch Algae blooms/ Water
eutrophication quality
Aquatic plants/
| Fish | | wiidiife | | photosynthetic Boats, Water
organisms docks, etc. infrastructure
Bioaccumulation of
pollutants Biofouling:
Acidification clogging/colonization of
Increased and toxicity by surfaces/infrastructure
water pseudofeces
transparency
Dreissenid r |

A

(Dreissena sp.)

Increased inorganic
nutrients availability
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Initial Estimate Final
Impacts . Damage Adjustment Estimate Notes
Year Unit ($/unit) (CAD/unit)
Power generation - General 1
NaOCl system 2007 MW  CAD 1228 CPI: x1.09 134
Antifouiling trash rack 2005 MW USD 3469  FER:x1.21 478
CPI: x1.14
612
Power generation — Run of River (ROR) 2
NaOCl system 2007 MW  CAD 122.8 CPI: x1.09 134
Antifouiling trash rack 2005 MW USD 3469  FER: x1.21 478
CPI: x1.14
612
Water supply 3
1994  Small facility ~USD 23,000  FER:x1.37 44,629
Large facilty ~USD 79,833  CPl:x1.42 154,910
Recreational boating 1993 Boat USD 315  FER:x1.29 578 4
CPI: x1.42
Golf courses 1995 Facility Usb 150  FER:x1.37 286 5
CPI: x1.39
Notes

1 Unit damages for the NaOCI control system were obtained from Van Oostrom (2007) and unit damages for
antifouling painted trash racks were obtained from Philips et al. (2005). The one-time cost of installing a NaOClI
system in 2007 prices for a 2,286 MW facility was estimated at CAD 2,332,000, with annual operating costs of
CAD 115,480. Painting trash racks with antifouling paint was estimated to be USD 1,711,688 or 12.50 per
square foot in 2005 prices for a 1,093 MW facility. The NaOCI control system and antifouling trash rack are
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capital costs. The NaOClI has a lifespan of 20 years, and the trash racks have to be repainted with antifouling
paint every 5 years. To calculate an annual unit damage, these capital costs need to be annualized over their
respective lifespans using the following formula: AIV = il{(1+ i)*n / [(1+i)*n -1]}, where AlV is the annualized
investment value, I= the initial capital cost, i =social discount rate (3.5%), and n=20 and n= 5 for the respective
life span of the NaOCI control system and antifouling trash rack. Total annual costs= annualized capital costs +
annual operating costs. The social discount rate was decided upon after a review of current literature that
generally supports a low discount rate, Moore et al. (2004) proposed a social discount rate of 3.5%, and this
rate was employed by Marbek (2010) in their analysis of the economic impacts of zebra and quagga mussels in
Ontario The annual damage estimate for the NaOCL system includes operating and maintenance costs, but
excludes cost of training, monitoring, physical removal of zebra and quagga mussels on flat surfaces or loss of
production. Unit damage cost for antifouling trash racks does not include labor costs for removal and
reinstallation of the trash racks.

2 Although smaller than mainstream hydropower generation facilities, Run of river (ROR) IPP facilities are liable
to zebra and quagga mussel damage. Therefore we apply the same unit damages that we did to the
mainstream hydropower generating facilities.
3 Park and Hushak (1999) estimate total costs for municipal water supply facilities in the United States. Total
costs include monitoring and control costs. The control cost, expenditures incurred to control zebra mussels,
was the sum of i) retrofitting costs, i) physical removal or mechanical exclusion costs, i) variable chemical
treatment costs, and iv) other treatment costs. Water supply facilities were divided into small facilities (raw water
intake capacity of 0 to 10 million gallons per day), and large facilities (raw water intake capacity of over 10
million gallons per day). For the purpose of our analysis the intake capacities were converted to liters per day:
small facilities (<37 million liters/day), and large facilities greater than 37 million liters per day.
4 Vilaplana and Hushak (1994) surveyed boat owners in the Great Lakes region and provide annual damage
estimates to boat owners based on direct damage, protective paint, and additional maintenance.
5 O'Neill (1997) provides an average annual damage estimate of USD 150 on golf courses in the United States.
Expenditures were incurred through monitoring activities.
2
= 8 0s5C .2 9 »2
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3.8 Preliminary Damage Estimate

4 =(9 ,2A7T(B7=(
@9@!
% R4 . ; + -
o)+ % 2 B>(B())) -
O
E D+ )
8
9 ,2>ABAFFB ()* 6 + (5! 2
>H ;9D + .,
>H , 2 AF* 60
,2 >57) F7B » 2 BAF *)(
,2 A7T(B7=(
* 8
.2
* (75 A)F , +
2
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Impacts Number of Final Estimate Preliminary Damage
Units ($/unit, 2012) Estimate
Power generation - 10,415 MW 612 6,373,980
General
Power generation - 246 MW 612 150,552
Run of River (ROR)
Water supply 183 small 44,629 8,167,236
7 large 154,910 1,084,372
9,251,608
Recreational boating 21,429 578 12,385,962
vessels
Golf Courses 38 286 10,867
Total 28,172,969
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4. European Fire Ant
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4.6 Unit Economic Damages
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05(
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E 2 D E ’ 5**Al %
8
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" 4 -
E E (O5=!
B 5: 1 05 ,2 "1@P- 1& @ -
4 p 4 &
Initial Estimate Final
Impacts . Adjustment Estimate Notes
Ll Lt ?;ﬂ,‘:ﬁf (CAD/unit)
Households 1998 Household USD 151 FER: x1.48 149 1
(health and property) CPI: x1.33
Other: x0.50
Schools 1998 School USD 4954 FER: x1.48 4,897 1
(health and property) CPI: x1.33
Other: x0.50
Municipalities 1998 Municipality ~ USD 53,628 FER: x1.48 1,267 1,2
(health and property) CPI: x1.33
Other: x0.50
Other: x0.024
Golf Courses 1998 Golf Course  USD 63,495 FER: x1.48 62,492 1
(health and property) CPI: x1.33
Other: x0.50
Notes
1 Data were collected from five metroplex (metropolitan) areas in Texas. Annual expenditure for the management
and control of fire ants was selected as an indicator of the annual economic impact. Damage estimates for
single detached households, schools, and golf courses were based on fire ant treatment costs which include
pesticides, baits and other control measures, repair, medical care and replacement costs. These damage costs
were extrapolated to all single detached households in the metroplex. Damage estimates for each of the impact
categories were reduced by 50% to account for reduced aggressiveness in comparison to the red imported fire
ant (Higgins, pers. comm.), but a less conservative 20% value is used later as an alternative. Estimates include
both health damages (medical costs) and damages to property for each impact listed.
2 Specific municipal properties considered by Lard et al. 2002 include parks, athletic fields, recreational areas,

public cemeteries, community centers, public office and building areas. An additional adjustment was made to
account for differences in the definition and size of B.C. municipalities (average number of households: 7,435)
in comparison to the “cities” defined in the Texas study (average number of households: 305,596) using a
simple prorating approach; this resulted in an adjustment factor of 0.024.
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4.8 Preliminary Damage Estimate
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Final Estimate .
Impacts Numberof ¢ it 2012: including 50% " relminary Damage
Units . Estimate
reduction)
Households 572,511 149 85,282,174
Schools 948 4,897 4,642,218
Municipalities 77 1,267 97,559
Golf Courses 160 62,492 9,998,720
Total 100,000,901
OH NH
. OH
1

,25A) )=A 7FA

March 2013

32 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

5. Asian Carp

I + |
I | +
@
6 + ())B! ,
+ 9
E D + +
% , |
+ i 0)>! +
+ 8
6 6 + ()8!
+ %
$ . 0)>!
$
» t 6
+ 05! 9 .
+ % + 03!
6 @ - 0)>!
5.1 Life History
+
0)>!
5.1.1 Grass Carp
> 7855
& 57 ,
& %
& B$7 o &
OJ =)J .
57J
, $ E
6 +(Q)B & 5 5(
) (
)7 7+ %

March 2013 33 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

(A$h) 558=)J O)=! O
- + - 5*>FI N 5$5) !
5))) +
+
(=$A)H
5.1.2 Black Carp
+ A$55 , % , 105
(A=) " 5(
+
&
5.1.3 Bighead and Silver Carp
$ + +
+ $
+ 05)!
. >)) $
B$5)
A$5) E O + 5*F5!-
; , = O (55! 9
AT) $ 57J
*=) $ 7B
0 0)>! > & =>
O (55!
+
& 55 0]
0)>! & 5A ; . o] ()55!
9 O
O)! 2 7 + 5)) +
O (55! .
0 0O)>! ; A
!
5.2 Physiological Limits
- 0O)>! » s >
; . - 75! |
] | 7 A 7FS5F7 )
March 2013 34 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

160°W 140°W 120°W

100°W

60°W 160°W 140°W

120°W

100°W

R e S WLy
z ' _silver carp
o L |2 e s 5
© A i ; : :
Environmental Environmental
1 suitability L J suitability
[13-10 [13-10
pe [ J1-20 C11-20
=3 [J21-30 T [21-30 r
[131-40 [031-40
[ 41-50 [ 41-50
1 5t -60 M Bl 51-60 i
Bl -70 Bl s1-70
z -, I 7-80 1 71 -80 |
Q7 ' st -90 r B 81 -9
! E=
= §
o
2] L
suitability suitability H
= [ ]3-10 [_13-10
- [In-20 [ J11-20
=% [ 121-30 I [21-30 r
[s1-40 [131-40
[ 41-50 | [ 41-50 |
51 - 60 B 51 - 60
> .. =61-70 Wl6i-70
9 ) 71-80 P “ Wl 71-80 L
& 51 - %0 ® -9 Bl A
160°W 140°W 120°W 100°W 80°W 60°W 160°W 140°W 120°W 100°W 80°W 60°W
. 75. 4 . ; , @
+ % E
£l
1- : 1- 1- +
! - 0)>!
5.3 Dispersal
& ” 8 %
& F+ 6 2 ; @ 0)B!
&
+ 6 (>)+
6
5*FAl
O + 5*FF 5**)1
E D + i +
- 7(
March 2013 35 ESSA Technologies Ltd.

60°N



Preliminary Damage Estimates
for Selected Invasive Fauna

1{\ M%}i;m\ {;ﬂ %\?«}"K}\%\.\& Vi e Canadian records of grass carp
e, X/ 28 e W tenaphanyrgodon idellon
| B L JOST T\t
A / K’\ e .‘\':-) “J-“’::} 1 Lakie Newsl s sy . 2500 o 01

\. J 2 of 2 4’\7 i~ zw:w-q’m-mmmm By
Vs L NS € Yo e =
N Caad) 0 - \ A S e =
J\\ '\ 3 ; \ ?« L}“'
S ) 12 (5\ ZI. g

s S
‘?“:‘4‘{‘\0&\- A J\‘f 3 'k) s

' 7¢ 2 ; 6 +())B!

- 6
4 oA

1|Lake Ede, af Pales lsland 2002

{ SV 7 B 2|Lake Exie, wost of Poiri Peles 2000
M W e b 3| Tormnia,_University Ave fourian 1593
F { 7| [westem Lake Ene fear St Lous. | 20022003 |

TEFY
<2 4 3 *  Canzdian records of bighead cap
; i A } THypoptithehnichtiys pobiis)
J} 3
4 .

- 7= 9 6 08!

March 2013 36 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

5B
0)>!

Ctenopharyngodon idella

; o

o

-

T~
e
P v

Vol
Py

B Native HUCs

B HUC 8 Level Record

B HUC 6 Level Record
Non-specific State Record

!

P
Map areated on 2/6/2013. United States Gedogical Survey

Hypophthalmichthys molitrix

1&{,‘)

Native HUCs

HUC 8 Level Record
HUC 6 Level Record
Non-specific State Record 2

b

=
N Map created on 1/32013. Unied States Geological Survey

USGS

Hypophthalmichthys nobilis

Native HUCs

HUC 8 Level Record

HUC 6 Level Record
Non-specific State Record

}

9
) Map created on 1/312013. United States Geological Survey

)&(,‘ﬁ

0

Mylopharyngodon piceus

Native HUCs
HUC 8 Level Record
HUC 6 Level Record

Non-specific State Record

}

" 7B 2 ) % I-
1- I- + !
% E ()5=!
5.4 Impacts
’ !
6 +()B 0)>!
2 +
+ - + - +
+ 05! 1
+
March 2013 37

ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

+
6 + ()B!
+ +
; O5=!
+
6 + ())B!
+ *7H!
+
+
: o
$
" 77
Ecosystem | Fisheries | | Recreation Health
services Services
Medical
Reduced costs Fish/wildlife
Altered food catch feeding on
—>
web —1  molluscs
Competition/ <
Changes in aquatic displacement Reduction/ Reduced
community changes in prey
composition vegetation —
cover
Flsl_\ L aqu::)tlc Fishers I Herbivorous Aquatic Molluscs/
organisms feeding on fish X lant i |
e e ish species plants native mussels
Consumption of Startlle Altera'tlon of Foraging Consumption
phytoplankton and reaction habitats of molluscs
zooplankton
Bighead carp Silver carp Grass carp Black carp
(Hypophthalmichthys (Hypophthalmichthys (Ctenopharyngodon (Mylopharyngodon
nobilis) molitrix) idella) piceus)
" 17 B »
March 2013 38 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

5.5 Potential Control

; $
$ + +
* 05)!
8 E 0. .
O+ E 0)>! %
, %
5.6 Overview of Economic Damages
. . ; » .
I , &
& % 2 =))
. @ 05 & ,
S &
+ [
8 + 05!
5.7 Potential Damages to the B.C. Economy
» + -
| 1
) a
&+ 05)!
O &
8
" 0))) + >7)))) +
E E R, 0)*! (B
s 6 1
(@) & +
4 @ , . 7 5
0)7
=B)))) B $ ,2 BF) & F(
& ,2 557
E24 ,2>75 >7)) 8 ,2F== & E E
R, o)+ . ! #
& & I
March 2013 39

ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

, +
& ’ .
& .
+ : o @ 6 . *>H
. 6 @, O
, @
55))) + 0)>!
(@] + 0] + + + /
Ed + ' k4
+ §
2 §

March 2013 40 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

6. Sitka Black-tailed Deer

+ +$ ! !
, + $ 5*
- E O)F!
&
E
$
6.1 Life History
. + +$ "
& 5)’ N
& =+ @ -
E O)F! . E
& >$  5)$
55=))) (M) F7)) + ¢
” 5= a+ ¢
1 0)5! - $ ==
«+ (2 6 Gx*>1
+ +
+
6.2 Physiological Limits
8 +
+§
E O)F! ¢ (7
5) + . +
E O)F! 57
| + _
4 + G5*FFI
+$ GAT - Us(T
6.3 Dispersal
> ; E 6 I 5*
+ +$
+
March 2013 41 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

@ o) - E
< 2
&
+$ 5**) |
=$8 E O)F!
+ " A5
COLUMBIAN BLACK-TAILED DEER
ROCKY MOUNTAIN MULE DEER
SITKA BLACK-TAILED DEER
SR )
=28
" A5 2 + +$ 5**)1
6.4 Impacts
+ +$ R E
5*) E ON!
- &

6 +

@ O)F! + - E
$ $
# 9 ! $
+$ # $
!
@ 0)>3!

March 2013 42 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

+ o) $ +

. A(

Ecosystem
services

> Forestry

N

Loss of plant

Reduced Altered
tree forest
productivity structure
Trees

diversity
N

Forest plant
community

. . Sitka black-tailed deer
Selective browsing ) .
. (Odocoileus hemionus
on tree species . .
sitkensis)
- AC + +§ |
6.5 Potential Control
E
O + - E
E 0))]
&
5%%) $

6.6 Overview of Economic Damages

2

+

6 5***! -

4

Foraging

E O)!

Os(¢

@ O)=!

March 2013 43

ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

4 Os¢ 4 % 2 5))$7))<
@ 5*F> (@) 2 5**(1 5**>1
% 2 =A> 5**B *H
*5H - E
6
! - E & »2
>))< ?5 7)< 6 !
$
2 6 5**>1
2 6 5**>1
+ 6 !
- &
E ont -
+$
6.7 Potential Damages to the B.C. Economy
+
- E +$ (@) +
+
& &
& & - 0O5(
& ,
/ 05(  =B(=F> °
B7(O7 $
G $ G +
+ +
$
+
$ <
05( ) D
6 + @ < T
- E ) 2 - O
3 D 6 + D
6 + @ - <
- E - 2 0
$ 05( D 6 + @ 9
?5(A** © +72B* AT T P>F A= T

March 2013 44 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

D +
6 ) D 4
0)B’ .
D 6 + @
r 6
' ())B! Ed E - + & >7H
E - ?5)7 TR ~
?BB )= ~ +  PBFEX T
4 " #
D
&
$ -
4 . Oy 07
O " 4
. 05( 4 (<9
7>>H 2 QO)F
O5( ?757) ~
r /
+ 9
0O5( ?A5 77< = ?5)7TF $
?BB)=! 6 0O5( 5% (= <
?A5 77 & =5(=F> I 0O5¢( ?A(AS¢
?5)77F $ B(*>! 6 0O5( ?25* 7A
< ?A(A5 & =5(=F> I ;
/
¢ -
+
/
+
&
’ +
05(
+
T« <1 <& y O <& <
March 2013 45 ESSA Technologies Ltd.


ftp://ftp.for.gov.bc.ca/HET/external/!publish/Web/exports/second-growth-conversion-table.pdf

Preliminary Damage Estimates
for Selected Invasive Fauna

$$
+ 2 $$

- E M ! s 2l >

55) 4 @ 4 , s

2 - ()55!
5AF (B7 s
+
" 05(
- E
E 03(
. +
- E - 2 s
) 0)) AAl

March 2013 46 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

7. European Starling

1 ! 1 s »
; S + 5* D 0)>!
7.1 Life History
+  5(
7 8 8
+
1 6 N 6 5 (
BSA BFJ ; D 0)>!
= 0O
BFH >*H 1 OH
, A)H D 0)>!
1
+ -
+ & $
+ +
7.2 Physiological Limits
&
1
D 0)>! $
; , ) >5
7.3 Dispersal
9 D 0)>!
$§ §
5)))87)) +
D 0O)>!
A)SF) + <
47 ESSA Technologies Ltd.

March 2013



Preliminary Damage Estimates
for Selected Invasive Fauna

European Starling
STLHLE vilg ans

LEGEND

M Year Round

B Summer (breeding)

B Winter (non-breeding)
Migration

Map by Comell Lab of Ornsthodogy
Ramnge data by NatweServe

- >5: 2 1 ! ; D 9 O5(
7.4 Impacts
1 O
+
N2
+
- O)R
+ +
D 0O)>!' D
- >(’
March 2013 48

ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

Ecosystem Health - Built
. . Agriculture .
services services environment
N

Medical Productivity/

Spread of costs production

diaseases loss
People

Physical damages

Displacement - (
| ildli | | | and nuisances
of native birds Wildlife Livestock Crops

Native birds Y‘;th:r for Feed on Buildings and
(cavity-nesting) |n‘e lous crops infrastructure
: : = diseases il
Competition for European starling Colonization
nest sites (Sturnus vulgaris) (roosts)
- > 1 !
7.5 Potential Control
&
+ O+ $ + 8
4 8
O+ $ + 0O)= E
E !, 05!
9
4 4 3§
+
E E /, 05) !

7.6  Overview of Economic Damages

1 s D 0))!
2 % 2
F)

March 2013 49 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

D 0)>! . % 2 F))
+ D O)>!  5*AF
% 2 FB5))) % 2778 ()5(
7.7  Potential Damages to the B.C. Economy
@ E
o+
+ & ,2=17
O)F !
+ " E »
2 ( O)F ! ,2
7)))) @ O5(
(TH /
o O)*! 9 > FH
! L2 7TF AA
.2 F(A 05
e O
0)>!
+
4 )
& L2*7>7 6 O5=! 4
& + &
+ +
e 0)ro
" E I,
5F=5)7 O)F 05 0)*
,25587))
E E /, 05) !

March 2013 50 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

8. Recommendations for Decision Makers

8.1 General Recommendations

42 6 +

8.2 Species Recommendations
8.2.1 Zebra and Quagga Mussels
1

$ 5)$=) ! &

8.2.2 European Fire Ant
1&

March 2013 51

ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

8.2.3 Asian Carp
@ . +

+

8.2.4 Sitka Black-tailed Deer

6 $
+ -
- E 8
s $ - E
8 +
- E
9 - E
6 $
- &
$ ¢
8.2.5 European Starling
9
6
8.3 Data Gaps and Future Research
8.3.1 Zebra and Quagga Mussels
> t 2 ) 9 $
$
+
°] + +

March 2013 52 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

@] +
D .
9
9 .1
05)! "
$ §
’ +
1 O5)! " &
+
8 ,
- (@)
$
8.3.2 European Fire Ant
- §
+ 1
1 %
- 05
/ $ 4 &
8
- l -
) $
& !
- +
$  +
8.3.3 Asian Carp
+ ’ ,
&
@
0)s! . & !
$  +

March 2013 53 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

&
/ 9)1¢
&
" (5! ,
$ @
/ 9
» 8
1
+
8.3.4 Sitka Black-tailed Deer
+ +
+$ - E
+
& " (5
& |
" #
! 6
8.3.5 European Starling
- S + 5* -
7’ + 1
2 ; $ +
]
9
+ $
/ » ’
+

March 2013 54 ESSA Technologies Ltd.



Preliminary Damage Estimates
for Selected Invasive Fauna

9. References

ANST , ; +° 1) 0 2 (G .
ACRCC (, @ 1O5(C » *
1 M o 2
X K < <O)5(" + Y
Bain, M.B., Webb, D.J., Tangedal, M.D. and L.D. Magnum. 5**) &
. 55*:77=$7A5
BCFIRB " @ ro)- e
’ 6 5F (5=
X« < 4 A*06 04 @ \
B.C. Grape Growers’ Association ()5) 9+ + 4
X < < Q Q4 Q05)Q & s Y
B.C. Grape Growers’ Association. ()5) 4 O+ +
- X < < 04 Q Q N Q5) Y
B.C. Golf Guide ()5= , 6 5F (5=
X« < < y
B.C. Inter-Ministry Invasive Species Working Group. ()5( 1 ", 4
E
X < < $ 4 <" _Q Q Q Y
B.C. Ministry of Education ()5= O 5(§ , 6 5F
O5= X« < <
B.C. Ministry of Forests. ())) M , , @ , ,
5> ()5= X << (I (K Y
B.C. Ministry of Forests. 2004. @ 0O)B . 6
B.C. Statistics. ()5( $4 4 1 , 6 5F ()5=
X < § <2 4 1 &Y

Baldwin, B.S., M..S. Mayer, J. Dayton, N. Pau, J. Mendilla, M. Sullivan, A. Moore, A. Ma, and E.L.
Mills. 2002.

I : , + N ™ , 7*: AF)$
A*B
Benson, A.J., Richerson, M.M., Maynard, E., Larson, J. and A. Fusaro. ()5=
% E ; . 2 E "
X < < &z P*7- @ 2 A(RO5(¢Y
Bially, A. and H.J. Maclsaac. ())) * ! D+
1 " B=:F7$*>
Bielert, C. ()5= 4 , E /,
L
Bielert, C. and R. Hol ))F , 9+ +
E /, X < Y

March 2013 55 ESSA Technologies Ltd.


http://www.asiancarp.us/documents/2012Framework.pdf
http://www.firb.gov.bc.ca/reports/Propane/09_May_PropaneCannonReview.pdf
http://www.grapegrowers.bc.ca/pdf/Starling_Control_Program_2010_expanded_1.pdf
http://www.grapegrowers.bc.ca/pdf/Starling_Program_fact_sheet_Jan_10.pdf
http://www.bcgolfguide.com/city/city.cfm
http://www.for.gov.bc.ca/hra/invasive-species/Publications/Fire_ant_planning_session.pdf
http://www.bced.gov.bc.ca/reporting/
http://www.for.gov.bc.ca/hts/tsa/tsa25/tsr2/analysis.pdf
http://www.bcstats.gov.bc.ca/StatisticsBySubject/Demography/PopulationEstimates.aspx
http://nas.er.usgs.gov/queries/factsheet.aspx?speciesid=95
mailto:bcga@nethop.net
http://www.grapegrowers.bc.ca/starling.shtml

Preliminary Damage Estimates
for Selected Invasive Fauna

Bootsma, H.A., Young, E.B. and J.A. Berges. ))F O

6 + D+ 6 - @ 6 +
6 2
Brooks, R. 2013 4 " 2 2 0] + 2 "
@) @ + [+
Buck, E.H., Upton, H.F., Stern, C.V. and J.E. Nicols. ()5) , E D+ @
@ @ 4 5( X« < S(Y
Bunnell, F.L. 5**) 1 +$ he2 +
" ( 6 - 3

Chen, D., Gerstenberger, S., Mueting, S.A., and Wong, W.H. ()55 1
!

) % , " 4 19.14 5B

X < Q 0 Q 0 <5BY
Conover, M. R. (1997). 6 % D

* o H(C CRT
Conover, G., Simmonds, R. and M. Whalen 'Q)> 6

+ % ) O + E

Cornell Lab of Ornithology. )5( @ 1

X K < < 0 < y
Craft, C.D., and C.A. Myrick. ()55 1 -

@ GN 0550 @ 2 (@) .

4 G
X < < $
< <()5))5¢ Q_QM Q Q Q Q $" i

Cross, C.L., W.H. Wong and T. Che. ()55 1
! ;

» » : A:5B5$5B>

Cudmore, B and N.E. Mandrak. ())B E !
- 9 E D+ D - , 6
e ° ., (>)7: UBB

Daufresne, T. and J.L. Martin. 5**>

E D+ + @ >((A

Engelstoft, C. ())5 1 + +$ ! " !
$ - E M ! 6
% 3

Frid, L., Knowler, D., Murray, C., Myers, J. and L. Scott. ())* 1 4
@ 4 1 ., D
3 5)7

Federenko, A.Y. and F.J. Fraser. 5*>F @

2 - 1 - 6 @ ; >FA
57

March 2013 56 ESSA Technologies Ltd.


mailto:ron.brooks@ky.gov
http://digitalcommons.unl.edu/crsdocs/12
http://digitalscholarship.unlv.edu/env_occ_health_fac_articles/14
http://www.allaboutbirds.org/guide/european_starling/lifehistory
http://www.aquaticnuisance.org/wordpress/wp-content/uploads/2010/01/evaluation_of_Quagga_mussel_veliger_thermal_tolerance-Final.pdf
http://www.aquaticnuisance.org/wordpress/wp-content/uploads/2010/01/evaluation_of_Quagga_mussel_veliger_thermal_tolerance-Final.pdf

Preliminary Damage Estimates
for Selected Invasive Fauna

Garvey, J.E., DeGrandchamp, K.L. and C.J. Williamson.())> D ,
6 @ , ; @ 4 .5 @4!
1@2 < ; ,; @4%)>% 5=
Gillingham, M.P. O))F 1 +$ 4
:D :
+ @E  0O)( ¢79 0)(
G.S. Gislason & Associates Ltd. ())* 1 - -
X« < < <F Q Q" QQ Q Q Q
@ Q Q Q4 Q1 i
Golumbia, T.E. ())) - E M !
4 =(>%==( % &D 6 2 10)) 4
+0 57¢5*% = b5*** 3 5 6
1 D 4 + 3 % @)
B*)
Gorbach E.I., Krykhtin M.L. 5*F5 @ !
e, @ N (5: F=7$FB=
Groden, E., Drummond, F.A., Garnas, J. and A. Franceour. ())7 2
- D I 6 N1 1 *F:5>>B$5>FB
Grime, T. 5**7 E D+ / V% E
X « < < <, <. 6D06 ,E <« < B Y
Gutrich, J.J., VanGelder, E. and Loope, L. ())> 4
- 1 R4 5):AFT7$
A*A
Heimowitz, P. and S. Phillips. ))F @ @
4 @ 5)) 6
Herborg, L.M. ()5= 4 ,
6 1 6 - LC
Herborg, L.M., Mandrak, N., Cudmore, B. and H. Maclsaac. ())>
+ + ! . L .
, - A AB:5>(=$5>=7
Higgins, R. O)5( 1 ", I
@ =59 (5 $
6 O + E
Higgins, R. ()5= 1 ", !
X < < Q Q & Y
Irons, K. ()5= 4 . > ; 4 6
2 : @ + L
Irons, K.S., Sass, G.G., McClelland, M.A. and J.D. Stafford. ())> @
$ ’ @ % t]
ZN - >5 21:(7F$
=
Johnson L.E., Ricciardi A. and J.T. Carlton. ())5 9
+ 1 ) 55:5>F*§5>**

March 2013 57 ESSA Technologies Ltd.


http://www.gofishbc.com/documents/pdf/Freshwater_Sport_Fishing_in_British_Columbia_Sending_Ripples_through_the_Provincial_Economy.pdf
http://www.gofishbc.com/documents/pdf/Freshwater_Sport_Fishing_in_British_Columbia_Sending_Ripples_through_the_Provincial_Economy.pdf
http://www.uoguelph.ca/research/publications/Assets/HTML_MAGS/oasis/environ4.html
mailto:Matthias.Herborg@gov.bc.ca
http://faculty.tru.ca/rhiggins/myrmica_rubra_index.htm
mailto:kevin.irons@illinois.gov

Preliminary Damage Estimates
for Selected Invasive Fauna

Kennedy, V.S. ))( 6 E

X < < < § < <@oLed)=< & Y
Kipp, R., Cudmore, B. and N.E. Mandrak. ()55 % O)As (55!

! ! 6 @ -

’ (*ACG: U775
Kolar, C.S., Chapman, D.C, Courtenay, W.R., Housel Jr., C.R., Williams, J.D. and Jennings, D.P.

0)>. ; + . )

4 == 62
Knowler, D. and K. Dust. ())>
) . @ 2 +

- 3 55=

Lard, C., Willis, D.B., Salin, V. and S. Robinson. ())( 1
& / 1 (7:5(=%5=>

Limburg K.E, Luzadis V.A, Ramsey M., Schulz K.L. and C.M. Mayer. ()5)

N 'E D+ @ =AFAS*(

Linz, G.M., Joman, H.J., Gaulker, S.M., Shannon, M., Penry, L.B. and W.J. Bleier ())> 1
: $ % & O EO 4 O
o, - 10)> 6 :
% 2,<,4. O ; (@) @ -
% ,

Local Government Act [@ 5**AY =(=

Lowe, S., Browne, M., Boudjelas, S. and M. De Poorter. ())) 5)) I
; ,» T - L
E

Mandrak, N.E. and B. Cudmore. ())B @ + ,
. . 10 2 0)BB)=

Mann, R., Radtke, H., Huppert, D.D., Hamilton, J.R., Hanna, S.S., Duffield, J. and N.R.Netusil.
05 1 +
@

05)%

Marbek. ()5) , E D+ *
9 6 1 K« < < <<

< 8 <« + < < < QFA*B(

Margo Supplies. )5= L D4 E ,
X « < < 5 < 0 +0 Y

May, B. and J.E. Marsden. 5**( E
2 E D+ N " , B*:57)5$57)A

Mayle, B.A. 5*** 6 - 4 ;- A_6 9

Millennium Ecosystem Assessment. ())7 1 $
O (@) @

1 , + 3 57* 2 1,

March 2013 58 ESSA Technologies Ltd.


http://www.mdsg.umd.edu/programs/research/projects/past/R_ZM-03/index.php
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene /@subject/@greatlakes/documents/nativedocs/stdprod_086942.pdf
http://www.ene.gov.on.ca/stdprodconsume/groups/lr/@ene /@subject/@greatlakes/documents/nativedocs/stdprod_086942.pdf
http://margosupplies.com/public/canadian1/scare/zon_mark_iv.htm

Preliminary Damage Estimates
for Selected Invasive Fauna

Mills, E.L., Dermott, R.M., Roseman, E.F., Dustin, D., Mellina, E., Conn, D.B. and A.P. Spidle.

B**= "M # :
2 ! D E D+ N *® . 7):(=)78(=5B
Mills E.L., Rosenberg, G., Spidle. A.P., Ludyanskiy, M., Pligin. Y. and B. May. 5**A ,
M !
: , , L =A:(>5%(FA
Minnesota Department of Natural Resources ())B * .
% 6 @ 4 6 2;0
O 2:;0 % - o @ =!
X o« < 0 < < < < Y
MICRA. O)( , E D+ @ : ; 6
@ , 55:5
Missouri Department of Conservation. ()5= L @ 6 5F ()5=
X < § < $ § § < $ < $ $
Y
Molloy, D.P. 5**F
) 1 L 6 9 ;
E D A*$>)
Moore, M.A., Boardman, A., Vining, A., Weiner, D. and D. Greenberg. ())B N v
4 N 4 , 6 (=>F*$F5(
Moyle, P.B. 5*FA *© ; , : 4 (G8B=1h &
6 - N, 2 + I 5*FA 1 ; s
- $3 ; S +
Muise, S. ()5= 4 - - E 2
6 L
Nalepa, T.F. ()5) ,
@
4 @ @ 6
@ , @ 1
L ; 5F50)) O)F % E @
05)8$75=7 =>( X« << &<O50B)=*F Y
NatureServe ()= ; 1& - 3 5F ;
» 3 X <& y
Nico, L.G., Williams, J.D. and H.L. Jelks ())7 + : +
, - 4 =( 62 ==>
Nico, L.G ()5= % E ; ) 2
E DX < < &z 2P7B* @ 2
=57<)5(Y
O'Neill, C. 5**> 1 : 5**7 L 6
E D+ @ @  ==7%(
Padilla D.K., Chotkowski, M.A. and L.A.J. Buchan. 5**A 4
! E 1

D 7:=7=$=7*

March 2013 59 ESSA Technologies Ltd.


http://files.dnr.state.mn.us/natural_resources/invasives/aquaticanimals/asiancarp/umrstudy.pdf
http://mdc.mo.gov/your-property/problem-plants-and-animals/invasive-animals/zebra-mussel-control
http://mdc.mo.gov/your-property/problem-plants-and-animals/invasive-animals/zebra-mussel-control
mailto:Sean.Muise@gov.bc.ca
http://www.glerl.noaa.gov/pubs/fulltext/2010/20100039.pdf
http://www.natureserve.org/explorer
http://nas.er.usgs.gov/queries/factsheet.aspx?speciesID=549

Preliminary Damage Estimates
for Selected Invasive Fauna

Park, J. and L.J. Hushak. 5*** L

9 % $9)(F , 9 E 4

9 B5A
Parker, K.L 5*FF 1 + NL  AA: (B>7$

(BF=
Pearce D.W. and R.K. Turner. 5**) 1 N

-+ 4
Peters, L.M., Pegg, M.A. and Reinhardt, U.G. ))A 6 $

@ » ) 5=7:50)7$5(5(

Peyer, S.M., A.J. McCarthy and C.E. Lee. ())* L
N 1& GCOCGSO=A

Phillips, S., Darland, T. and M. Sytsma. ())7 4
@ 4 6 -
4 9

Pimentel, D. )7 , - S + - @
E D+ : 1 6 =7: A*($>)(

Putman, R. ()5(

; @ : T(A
Ransome, D. B. ()5)
D 6
X < < <A)) <A>)=))=0Q Q Q Q4
Q0 Y
Redding, J. C. 5*F> 4
4 (=%=(%¢@D 4 , (@)
4

Reimchen, T.E., Nelson, R.J. and C.T. Smith. ())7 1
- E + 4 55550 % ¢E = 1
6 ND O)7 @) 4

Reimoser, F. ())) » h &4 6" ;
e : * 0)) % @9

@ 7:=BA$=7(

Ricciardi A., Neves R.J. and J.B. Rasmussen. 5**F & ; ”
% ! ! N

, 1  A>:A5=$A5*
Rooney, T.P. ())5 2 - , - >B:()5$

OF
Rossi, F., Adams, D.C. and D.J. Lee. ())B

- 4 5B$5F 4 &
. 1 , , 6 9+ % ,! -
0)B
Seeley, C. ()5= L

Shrestha, R.K., Seidl, A.F. and A.S. Moraes. ())( 3
4 : 1 1 BC(F*$(**

March 2013 60 ESSA Technologies Ltd.


http://www.al.gov.bc.ca/resmgmt/publist/600Series/6703003_Investigation_of_Starling_Populations_in_BC.pdf
http://www.al.gov.bc.ca/resmgmt/publist/600Series/6703003_Investigation_of_Starling_Populations_in_BC.pdf
mailto:Christopher.Seeley@tc.gc.ca

Preliminary Damage Estimates
for Selected Invasive Fauna

Snyder, F.L., Hilgendorf, M.B. and D.W. Garton. 5**> L 6 ; )
9 E 9 %
9 "« 0 < <" <" HYB7THQOL HO HQ H(
): HQ, Y
Spidle, A.P., Mills, E.B. and B. May 5**7 D
! ! , - ./
7(¢:(5)F$(55*
Statistics Canada. ()5= ()55 4 @ 6 5F (5=
K 5( & < $
<()55¢ << < < D PI1RE P7*R , 2P5REP5
RE 5P 2R 5P7*B>RE (P4@R (P7*
Stockton, S.A., Allombert, S., Gaston, A.J. and J.-L. Martin. ())7 , &
5(A:
55F$5(F
Strayer D.L., Eviner, V.T., Jeschke, J.M. and M.L. Pace. ())A % $
1 1 (5:AB7$A75
Stroh, N., Baltzinger, C. and J-L. Martin. ())F 2 !
$ - E : A 1
6 (T7:=%>=§=*>*
Sweeney, M. ()5= 4 6
£l 6 + I_
Therriault, T.E., Docker, MLF., Orlova, M.I., Heath, D.D. and H.J. MaclIsaac. ())B 6
6 ; ! 4 §
+ 0
1 =):B>*$BF*
Therriault, T.W., Weise, A.M., Higgins S.N., Guo, S. and J. Duhaime ()5( @ +
279 . @ 2 (O5(5>B
UFF « $ < § <« < < &$
Tracey, J., Bomford, M., Hart, Q., Saunders, G. and R. Sinclair. ())> 6
@
Turner, C.B. ()5) ! !
& , - ./ A>:5F**$5*)F
USACE % . 1 ' O5( + I,
: @ 4 X R < < 0 Y
USGS % E FO) L 6 1 1
4 E D+ E D+ ED * 0O))s$A
USGS % E L(O5=; § » 2 6
%
XE : « < < &z 2P75BY
X : « < < &z 2P775Y
X : « < < &z 2P7B*Y
X + : K < < &z 2P7>=Y

March 2013 61 ESSA Technologies Ltd.


http://ohioseagrant.osu.edu/_documents/publications/FS/FS045 Zebra mussels in North America.pdf
http://ohioseagrant.osu.edu/_documents/publications/FS/FS045 Zebra mussels in North America.pdf
http://www12.statcan.gc.ca.proxy.lib.sfu.ca/census-recensement/2011/dppd/prof/searchrecherche/lst/page.cfm?Lang=E&GeoCode=59&TABID=1&G=1&Geo1=CD&Code1=5947&Geo2=PR&Code2=59
http://www12.statcan.gc.ca.proxy.lib.sfu.ca/census-recensement/2011/dppd/prof/searchrecherche/lst/page.cfm?Lang=E&GeoCode=59&TABID=1&G=1&Geo1=CD&Code1=5947&Geo2=PR&Code2=59
http://www12.statcan.gc.ca.proxy.lib.sfu.ca/census-recensement/2011/dppd/prof/searchrecherche/lst/page.cfm?Lang=E&GeoCode=59&TABID=1&G=1&Geo1=CD&Code1=5947&Geo2=PR&Code2=59
mailto:Mark.Sweeney@gov.bc.ca
http://www.isdm-gdsi.gc.ca/csas-sccs/applications/publications/index-eng.asp
http://el.erdc.usace.army.mil/ansrp/mylopharyngodon_piceus.pdf
http://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=514
http://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=551
http://nas.er.usgs.gov/queries/factsheet.aspx?speciesID=549
http://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=573

Preliminary Damage Estimates
for Selected Invasive Fauna

Van Oostrom 2007. 1 .
? O ? - O ?
Vilaplana, J.V. and L.J. Hushak. 5**B @ D+1 9
9. % =9 E 4 9
Voller, J. and R.S. McNay. ())> 4 : +
"O@@1N\ @ 1& 0 () 5B7

Water Act, RSBC 5**A BF=!@ :

X« < <« < < B**A BF= < 5**A BF= \
Watkins, J.M., Dermott, R. Lozano, S.J., Mills, E.L., Rudstam, L.G. and J.V. Scharold. ())>

1 @ 1 6 . D, D +

9 5%>(0)=, 2" - ==:AB($A7>
Whittier, T.R., Ringold, P.L., Herlihy, A.T. and S.M. Pierson. ())F , $ +

[ 1 1 A:5F)$5FB
Wilson, A.B., Naish, K.A. and E.G. Boulding. 5*** &
! , - -/ 7A: ((BF$

((A5

Witmer G.W. and D.S. DeCalesta. 5**( 4
4 1 O 2 7:5=)$5=>
Wong W.H., Gerstenberger, S., Baldwin, W. and B. Moore. ()5(
, 5F*>I D+ 6 ; S, % ,

» >:>§5*

Zook B. and S. Phillips. O5( %
% %64 !4 6

- 4 o@ >>

March 2013 62 ESSA Technologies Ltd.


http://www.canlii.org/en/bc/laws/stat/rsbc1996c483/latest/rsbc1996c483.htm

	List of Tables 6
	List of Figures 7
	Executive Summary 8
	Acknowledgements 9
	1. Introduction 10
	1.1 Background 10
	1.2 Scope & Objectives 10
	1.3 Organization of the Report 11

	2. Conceptual Framework 12
	2.1 Methods and Approach 12
	2.2 Impact Assumptions and Diagrams 12
	2.3 Economic Analysis Methodology 14

	3. Zebra and Quagga Mussels 17
	3.1 Life History 17
	3.2 Physiological Limits 18
	3.3 Dispersal 19
	3.4 Impacts 20
	3.5 Potential Control 21
	3.6 Unit Economic Damages 22
	3.7 Ecological Carrying Capacity 24
	3.8 Preliminary Damage Estimate 26

	4. European Fire Ant 27
	4.1 Life History 27
	4.2 Physiological Limits 27
	4.3 Dispersal 28
	4.4 Impacts 28
	4.5 Potential Control 29
	4.6 Unit Economic Damages 30
	4.7 Ecological Carrying Capacity 30
	4.8 Preliminary Damage Estimate 32

	5. Asian Carp 33
	5.1 Life History 33
	5.1.1 Grass Carp 33
	5.1.2 Black Carp 34
	5.1.3 Bighead and Silver Carp 34


	5.2 Physiological Limits 34
	5.3 Dispersal 35
	5.4 Impacts 37
	5.5 Potential Control 39
	5.6 Overview of Economic Damages 39
	5.7 Potential Damages to the B.C. Economy 39
	6. Sitka Black-tailed Deer 41
	6.1 Life History 41
	6.2 Physiological Limits 41
	6.3 Dispersal 41
	6.4 Impacts 42
	6.5 Potential Control 43
	6.6 Overview of Economic Damages 43
	6.7 Potential Damages to the B.C. Economy 44

	7. European Starling 47
	7.1 Life History 47
	7.2 Physiological Limits 47
	7.3 Dispersal 47
	7.4 Impacts 48
	7.5 Potential Control 49
	7.6 Overview of Economic Damages 49
	7.7 Potential Damages to the B.C. Economy 50

	8. Recommendations for Decision Makers 51
	8.1 General Recommendations 51
	8.2 Species Recommendations 51
	8.2.1 Zebra and Quagga Mussels 51
	8.2.2 European Fire Ant 51
	8.2.3 Asian Carp 52
	8.2.4 Sitka Black-tailed Deer 52
	8.2.5 European Starling 52


	8.3 Data Gaps and Future Research 52
	8.3.1 Zebra and Quagga Mussels 52
	8.3.2 European Fire Ant 53
	8.3.3 Asian Carp 53
	8.3.4 Sitka Black-tailed Deer 54
	8.3.5 European Starling 54

	9. References 55

