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Types of Economic Impacts of Aquatic
[nvaders

® Production impacts
* Price and market effects
® Trade impacts

* Management and prevention
costs

® Recreational impacts
® Aesthetic impacts

e Human and wildlife health
Impacts




Why the European Green Crab?

e High priority invader listed in top 100 invaders
(TNC)

* Historical record of substantial economic impacts

* Quantitative data on relationship between green
crab abundance and magnitude of impacts

e Broadly distributed species established on five
continents

* Information regarding habitat preferences and
history of spatial spread

e Currently expanding its range, so management
decisions may be required



Why is Economic Information Needed?

e Limited amount of existing economic data on AlS
to inform management decisions

e Will help determine the impacts on national,
regional, and local economies

e Will broaden public and policymaker understanding
of AIS impacts

* Facilitate comparison of the magnitude of AlS
Impacts with impacts from other environmental
stressors

* Inform analyses of efficient and effective
prevention and management approaches

e All of the above will enhance government capacity
to target AlS
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Estimating Impacts of the European
Green Crab (Carcinus Maenas)

® Goal of Study: Estimate the
ecological and economic impacts
of the GC on the West and East .. _—
Coasts of the U.S. *“
— Current impacts
— Future impacts (West Coast)

— Consider future alternative
scenarios for West Coast
expansion and control

: .
-----



Green Crab Characteristics

Introduced on East Coast in 1800s and West Coast in 1989
Survives in a broad range of temperatures and salinities
Abundant in the intertidal and subtidal zone, to about 55m

Occurs in sandy and muddy bottoms, commonly found in
saltmarshes, seagrass beds, and rocky substrates

Single female may produce as many as 370,000 eggs /year

Prey include mussels, clams, worms, snails, seaweeds
(algae), barnacles, isopods, and other crustaceans



Spread of Carcinus maenas

Collected
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Boundaries of Potential Range

800 1200 Miles

Source: USGS, 2006; Yamada et al., 2001; Yamada et's o ' npubl. data; Holmes,

2001; Jamieson, 2006; Steves et al. unpubl. data; Audet et at:




Species Preyed Upon by the European
Green Crab

e Consumes over 35 different species, including
multiple commercially viable types of shellfish.

e Species affected include:
* Manila Clams

Northern Quahogs

Softshell Clams

Blue Mussels

Bay Scallops

Pacific Oysters

Razor Clams

Native California Clams




Potential Economic Impacts

e Commercial and recreational fishing and shellfishing

* Damage to eelgrass beds and effects on habitat
restoration

* |Indirect impacts on shorebirds due to reduction in prey,
with impacts on recreational birding

* Non-use impacts (e.g., existence of healthy aquatic
community)




Integrated Model

Ecological model
Shellfish Abundance

Densities Habitat Quality
Bird Populations

Green Crab

Changes In:

Fish & Eelgrass Biological
Shellfish Restoration Diversity
Harvest

Economic l Valuation

@Economic I@
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Integrating Ecological and Economic
Models for Impacts on Shellfish

® Use GARP (Steves

et al.) to predict the outer

boundaries of the potential future GC

distribution on the
regression models
estuaries

e Use statistical mod

West Coast; use logistic
to predict invasion of specific

els to determine relationship

between Green Crab densities in estuaries and

survival rates for s
e Use economic Mmoo

nellfish
els to estimate damages to

fishermen, seafood
users

consumers, and recreational
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Modeling Probability of Green Crab
Presence

Probability of Green Crab Presence (p):
exp(a+XB+Z.7)

P e exp(a+XpB+Zy)+1

Where:

X Is a vector of variables that
measure estuary characteristics and

Z 1S a vector of spatial variables. 12



[Independent Variables

The variables included in X:

WaterkEDA:
Mzone:
Human:

Temp:
Sal:

Coll:
Oth_Crab:

Shell:
Pol Flow:

Water EDA/CDA area (miles)

Mixing Zone (sg. miles)

Overall Human Influence (ordered from 1-5 in
increasing order of influence)

Mean surface and bottom temperature (Deg C)
Mean surface and bottom dissolved oxygen (mg/L)
Collection depth at which bottom readings were
collected (meters)

Ordered from 0-5 measuring the presence of other
crabs in increasing order of abundance.

Number of shellfish varieties present (1-6)

Total watershed estimated flow of pollution (mg/y)



Independent Variables (cont.)

The spatial variables included In Z:

DistanceSF:

Cont_Num:

Distance of estuary from San Francisco
Bay (miles)

Number of contiguous estuaries with
Green Crab presence
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Regression Results

Dependent Variable: Green Crab Presence
Logit Estimation

Variable Parameter Estimate T-Statistic
WaterEDA (miles) 0.01 0.8
Mzone (sg. miles) -0.01 -0.58
Human (ordered 1-6) -0.35 -0.64
Temp (Deg C) -0.98** -2.49
Sal (mg/L) -0.07 -0.67
Oxy (psu) -1.63 -1.56
Coll (meters) -0.15 -0.93
Oth_Crab ( ordered 0-5) -2.21* -1.81
Shell (1-6) 2.66** 2.06
Pol_Flow (mgly) 8.7E-07 1.13
DistanceSF (miles) -12.49* -1.94
Con_Num (count) 2.73** 2.43
Constant 33.41** 2.34

Number of Observations: 58 (West Coast-21, East Coast- 37)

Pseudo R2: 0.6879

Log Likelihood —11.81

* denotes significant at 10% level and ** denotes significance at 5% level
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Ecological Damage Model:

Species Considered:
e Manila Clams

e Softshell Clams

e Hardshell Clams

e Blue Mussels

e Scallops
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Ecological Damage Model:

Data Sources

Manila Clams

— data from Tomales Bay, CA (from Grosholz et al. 2001)

Softshell Clams

— data from Rowley River, MA (from MA Dept. of Fish & Game 2001)
Hardshell Clams

— data from 10 sites on Martha’'s Vineyard, MA (from Walton 2003)
Blue Mussels

— data from Menai Straits, North Wales (from Dare & Edwards 1976)
Scallops:

— data from the Poquonock River, CT (from Tettelbach 1986).
18



Green Crab Impacts on Shellfish

Percent Shellfish Lost by Green Crab Density

y=0.0114362x
For CPUE >30
y=0.4201406/(1+EXP(-0.0646836*x))

Edmonds Discovery
Prog_rams. 2005
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e Based on combined dataset for manila clams,
hardshell clams, softshell clams, bay scallops and
blue mussels
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Limitations of Ecological Models

® Lack of data on GS effects on many
species, including
— other shellfish species
— finfish
— shore birds

e Data used In this analysis are limited to a
few observations and thus do not allow
rigorous statistical modeling
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Fisheries Potentially Affected:
East Coast

Annual Commercial Fishing Landings for the Atlantic Coast

Northern Quahog Softshell Clams Blue Mussels Bay Scallops
pounds $ (millions pounds $ (millions pounds $ (millions pounds $ (millions
Year (millions) 2006) (millions) 2006) (millions) 2006) (millions) 2006)
2001 59.6 $41.8 16.5 $19.7 13.5 $3.0 0.0 $0.1
2002 58.2 $33.0 15.3 $17.0 23.5 $4.6 0.0 $0.0
2003 61.0 $37.9 15.4 $18.8 21.0 $4.9 0.0 $0.1
2004 70.8 $36.7 16.3 $19.8 20.1 $3.5 0.1 $0.2
2005 34.5 $27.8 16.6 $21.4 17.7 $2.9 0.8 $1.3
5-Year
Average 56.8 $35.4 (X)) $19.3 19.2 $3.8 0.2 $0.3

Source: NOAA 2006, Pritchard 2007, Pers. Communication.

Total annual value of the potentially affected harvest: $59.3 million
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Fisheries Potentially Affected:
West Coast

Annual Commercial Fishing Landings from the Pacific Coast

Manila Clams Softshell Clams Hardshell Clams Blue Mussels
pounds | $ (millions, | pounds | $ (millions, | pounds | $ (millions, | pounds $ (millions,

Year (millions) 20069%) (millions) 20069%) (millions) 2006%) (millions) 20069%)
2000 0.31 $0.33
2001 7.05 $8.01 0.22 $0.23 0.24 $0.38 1.95 $1.64
2002 7.33 $8.50 0.65 $0.25 0.27 $0.36 1.35 $1.75
2003 7.30 $8.44 1.12 $0.43 0.17 $0.32 2.28 $2.27
2004 7.99 $9.08 0.70 $0.26 0.16 $0.27 2.73 $2.38
2005 9.14 $10.12 0.93 $0.38 0.16 $0.20

:Vﬁ;;e 7.76 $8.83 0.72 $0.31 0.20 $0.31 1.73 $1.67

Source: NOAA, 2006 and data provided by Alaska, California, Oregon, and Washington

Total annual value of the potentially affected harvest: $11.12 million
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Conceptual Model of Economic Impacts
to Consumers of Shellfish

\
P1

P2

1. Net benefit to Consumers (CS)
from an increase in quantity from
Q1 to Q2 without green crab
predation and decline in price
from P1 to P2 .

CS and downstream producer’s
gain = Area J+K

MC P(Q)

Q P @) \

Q1 Q2
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Conceptual Model of Economic Impacts
to Commercial Harvesters of Shellfish

2. Net benefits to harvesters (PS) .

$ Total revenue is now area
L+M+Q+P.
= ]
P1 Change in revenue = M+P — J.

Variable cost increase = P

Change in rent associated with
fish harvesting = M-J

™~

P(Q)

P2

\Y/[®
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Conceptual Model of Net Economic
[mpacts to Society

3. Change in total social benefits when
harvest increases from Q1 to Q2 is
estimated by adding results of steps
1 and 2.

P1

Total social welfare change = M+K

Area J iIs a transfer from harvesters
to downstream producers and
consumers and thus it does not
result in total welfare change.

P2

MC

Ql Q2 P(Q)
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Modeling Market Impacts of GC:

e Estimate changes in commercial harvest due to
GC predation (in pounds)

® Use data on dockside prices to estimate gross
value of changes in harvest

® Estimate changes in producer’s normal profit
(PS) as a proportion of changes in gross value.
Producers net benefit ratios:

— aquaculture = 0.5;
— wild shellfish harvest =0.58

® Estimate welfare changes (CS) to final and
commercial consumers of fish due to changes in
shellfish price. .



Current and Historical Impacts of Green

Crab Predation on the East Coast

Estimated Total and Annual Losses to Green Crab Predation on the

East Coast
Average Annual Losses Total Harvest Losses, 1975-2005

Millions of Millions of Millions of Millions of
Species Pounds* 2006 Pounds* 2006%**
Hardshell Clam (Quahog) 35-39.6 $13.9-$15.7 | 1,085.4-1,227.8 | $431.5-$486.9
Softshell Clam 16.1-17.8 $6.5-%$7.3 500.5 - 550.6 $202.8 - $227.1
Blue Mussel 12.6-15.9 $0.8 - $1 391.2-492.8 $25-$32.1
Bay Scallop 3.7-3.7 $1.9-%$1.9 115.1-115.1 $59.7 - $59.7
Total 67.5-77 $23.2 - $26 2,092.2-2,386.3 | $719.1-$805.9

* All shellfish losses are presented in whole weight.
** Measured as the total value of consumer and producer surplus lost.

Input Data:
» Green crab densities range from 27.4 to 410.

* Anti-predator netting efficiency: Low = 13%; High = 54%
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Current Annual Commercial Shellfish Harvest
Losses due to Green Crab Predation on the
West Coast

(Preliminary Estimates)

Current Annual Losses by Species and State

California Oregon Washington Alaska West Coast Total

000's of 000's of 000's of 000's of 000's 000's of 000's 000's of 000's

Pounds* 20065+ Pounds* 20065  [000's of Pounds*|  of 2006%** Pounds* | of 20065 Pounds* of 20065+
Hardshell Clam 0 $0 o+ $0" - 50" 0 $0 0 $0 0-0 $0 - $0
Softshell Clam 0 $0 o= $0" - 50" 0 $0 0 $0 0-0 $0 - $0
Manila Clam 0.7-14 $0.4- 508 0 $0 03-05 $0.1-50.3 0 $0 1-19 $0.6- $1.1
Blue Mussel 02-04 $0.1-$02 0 $0 0 0 0 $0 02-04 $0.1- $0.2
Total 1-1.8 $0.5- $1 0-0 $0 03-05 $0.1-50.3 0-0 $0 12-23 $0.7- $1.3

* All shelffish losses are presented in whole weight

** Measured as the total value of consumer and producer surplus lost

*/alue >0

Input Data:

* Current green crab density ranges (CPUE): CA =0.005-15.3; OR = 0.05-1.15; WA =0.06-0.14

* Potential future green crab densities range from 0.01 to 31.5 CPUE.

* Anti-predator netting efficiency: Low = 13%; High = 54%
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Potential Future Commercial Shellfish Harvest
Losses due to Green Crab Predation on the
West Coast

(Preliminary Estimates)

Potential Future Annual Losses by Species and State

Cdlifornia Oregon Washington Alaska West Coast Tota

000's of 000's of 000's of 000's of 000's 000's of 000's 000's of 000's of

Pounds* 2006$* Pounds* 20065 | 000's of Pounds*|  of 20065* Pounds* | of 20065 Pounds* 20065
Hardshell Clam 0 $24- 96 0.1-0.1 $0.3-$0.7 16.3- 26.6 $9.9-$16.3 10.1-15 | $6.1-$89 | 266-4138 $18.8- $31.9
Softshell Clam 0 $1.5-95.7 0 $0.2 - $0.6 76.3- 146.9 $12-$23.5 0 $0 - $0.1 76.3-1469 | $13.7-$29.9
Manila Clam 22-44 | $56.4-9169 0 $5.6-9$17 | 920.3-1,596.9 | $396.9- $691.6 0 $1.0-931 | 9226-1601.3 | $460 - $380.6
Blue Mussel 44-842 | $24.6-965.3 0 $1.0-93.8 191.4-3685 | $646-$1275 | 02-04 | $0.3-$0.8 | 235.6-4531 | $90.5-$197.4
Total 46.2-88.6 | $85-9245.9 | 0.2-02 | $7.2-$221 | 12044-2138.9 | $483.4-$358.9 | 10.3-15.4 | $7.4-$12.9 | 1261.1- 2243 | $583 - $1139.7

*eValue >0

* All shellfish losses are presented in whole weight.
*Measured as the total value of consumer and producer surplus lost.

Net Present Value of potential losses over 25 years: $15 - $29 million (discounted at 3%)
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Modeling Non-market Impacts of GC:

® Recreational shellfishing/fishing
® Bird watching
® Eelgrass restoration efforts

® |mpacts on biological communities/species
assemblage
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Recreational Shellfishing Welfare Loss from
GC Predation on Quahog in MA and DE

Recreational Quahog Shellfishing Welfare Loss in MA and DE

\V/ /AN DE Total
Present Total Current Harvest, Whole Weight
(000, Ibs) 1,671 488 2,158
Present Estimated Losses from Green Crab
Predation, Whole Weight (000, lbs) 1,179 338 1,517
Welfare Loss from Reduction in Quahog Harvest
(000, 20069%) $58 $18 $76

*Recreational harvest data are provided by the state of MA (Division of Marine Fisheries)
eand DE (Division of Fish and Wildlife)

*WTP for an increase in quahog harvest is based on Damery and Allen (2004).
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Modeling Acres of Eelgrass Lost
due to GC Damages

(based on data from Davis et al., 1998)

y =0.86*exp(-0.0002257x)
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Annual Damages to
Eelgrass Restoration

Estimating the Cost of Replacing Eelgrass Damaged by Green Crab ($2006)

Estimated Eelgrass Lost Cost/Acre Cost of Replacing
Green Crab Acres per Eelgrass (Acres per Eelgrass Eelgrass per
Density (CPUE) Project Lost (%) Project) Transplant Project

West Coast Lelgrass Restoration Project (Based on California data only)
Low (.01) 2.85 2.34% 0.07 $35,417 $2,366
High (31.5) 2.85 17.91% 0.51 $35,417 $18,084
East Coast Eelgrass Restoration Project
Low (27.40) 6.97 17.47% 1.22 $49,382 $60,150
High (133.15) 6.97 22.49% 1.57 $49,382 $77,433
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Potential Positive Impacts:

® Bait for fishing

— East Coast landings are 1.2 million pounds
($699,239)

* Food
— Used In Europe In soups and other dishes
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Costs of Green Crab Management Options™

As Estimated in the Management Plan for the European Green Crab (2002)

Values are likely underestimate activity costs (2006%)

Prevention and Containment

e $50K in 2005; not estimated for later years

Detection and Forecasting
e $222K/ year in 2005-2006; $194K/year in 2007-2010

Control, Eradication and Mitigation
e $111K/year in 2005-2010
Information Management

e $11K/year

Potential Total Cost per Year

e $316K to $394K per year

* While the cost estimates include both the East and West Coast, most of the

activities are likely to take place on the West Coast.
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Costs and Benefits Comparison

Potential total cost per year to prevent further
expansion of Green Crabs

$316K to $394K per year™

Potential avoided damages to commercial
shellfishing from preventing green crab
expansion further north in WA and AK ($/year)

$681K per year (average estimate)

Both costs and benefits are likely to be
underestimated. Additional benefit categories
may include:

e Avoided damages to other shellfish species

e Avoided damages to recreational users (shellfish
harvest and birding)

eAvoided damages to habitat restoration efforts in
the state of WA

e Nonuse values

* While the cost estimates include both the East and West Coast, most of the
activities are likely to take place on the West Coast.



This Study is Work in Progress.
Next Steps Are:

® Refining the GC spread model

® Assessing GC impacts on benthic
populations and finfish

® Developing a probabilistic economic model
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This project funded by:

e EPA, National Center for Environmental
Economics

* EPA, Office of Water (Office of Wetlands,
Oceans and Watersheds)

* NOAA, National Sea Grant College
Program
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