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Why Corbicula fluminea ?

0 It is an invasive species

Invasive species is now considered as one of the top threats to
our planet’s biodiversity (Vitousek et al. 1997 Science 277;
Halpern et al. 2008 Science 319).

Clean Water Act: Aquatic Life Use




The Asian clam Corbicula fluminea
T S

0 It is considered to be one of the most ecologically
and economically important aquatic invasive species
in global aquatic ecosystems (Sousa et al. 2008)

0 The native range of C. fluminea is Eastern Asia and
Africa but it has spread to Europe, North Americq,
South America, and other areas of the world



The Asian clam Corbicula fluminea

I
Their invasive success and dispersion mainly relies

on their natural characteristics:
0 Rapid growth
0 Early sexual maturity

0 short life span

Sousa et al. 2008



The Asian clam Corbicula fluminea
T S

Their invasive success and dispersion mainly relies
on their natural characteristics:

0 Reproduction: hermaphrodites with self-
fertilization

-2 -1 ANNO



The Asian clam Corbicula fluminea
T S

Their invasive success and dispersion mainly relies
on their natural characteristics:

0 High fecundity: one clam can produce as many
as 400 larvae per day or up to 70,000 per
year



The Asian clam Corbicula fluminea
T S

Their invasive success and dispersion mainly relies
on their natural characteristics:

0 High fecundity: one clam can produce as many
as 400 larvae per day or up to 70,000 per
year

0 Extensive dispersal capacities and their
association with human activities (McMahon 2002)






Habitat:

« Large rivers and lakes
= Clams burrow prefer sandy or silty sediments into which they burrow up to 6-5
inches

Known Distribution:

« Widely distributed in southern and western United States, in the Great Lakes and in
southern New England
« Discovered in 2010 in Lake George, NY in the Champlain basin

Impacts:

« Clogging of power plant and industrial water systems. irrigation canals and pipes
and drinking water supplies

« Competes with native species for limited resources

« May promote algae blooms due to localized nutrient loading from dense clam beds
(observed in Lake Tahoe, CA)

Common Vector(s):
Aquarium releaseBait releaseOverland transport (e . boats, equipment)



Why Corbicula fluminea ?

—
0 $ 1 billion/year to control in USA (Pimentel et al. 2005)

0 Ecological damage: Filter feeders and a dominant
species

0 Thermal sensitive species: lower thermal limit 2°C
(Mattice and Dye 1976)




Asian Clam vs. Zebra Mussel
]

0 Reproduction: Self-fertilization with less larvae vs.
External-fertilization with more larvae

Denson and Wang 1994




Asian Clam vs. Zebra Mussel
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0 Byssal Thread: One vs. Many

Photos by Dan Minchin




Asian Clam vs. Zebra Mussel
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0 Byssal Thread: One vs. Many

Photos by David Wong




Asian Clam vs. Zebra Mussel
]

0 Asian clams are food while zebra mussels are not
for human beings




Ecosystem Engineers
(Wong et al. 2011)
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Cobicula fluminea: 1938 to 1970 in North America

U.S. Geological Survey. [2017]. Nonindigenous Aquatic Species Database. Gainesville, Florida. Accessed [3/9/2017].



Cobicula fluminea in North America: 1990

U.S. Geological Survey. [2017]. Nonindigenous Aquatic Species Database. Gainesville, Florida. Accessed [3/9/2017].



Cobicula fluminea in North America: 2000

U.S. Geological Survey. [2017]. Nonindigenous Aquatic Species Database. Gainesville, Florida. Accessed [3/9/2017].



Distributions of Cobicula fluminea in North America 2017

U.S. Geological Survey. [2017]. Nonindigenous Aquatic Species Database. Gainesville, Florida. Accessed [3/9/2017].
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They are abundant, too

Sampling along an unnamed
tributary to Porter Lake in
Springfield, Massachusetts



Station Station1 Station?2 Station3 Station4
Density (Ind/m?2) 7,104 6,932 6,416 4,047
Dry Dead Shell Weight (g/m?2) 512.3 159.3 51.7 4.3



Frequency of
Corbicula fluminea
in upstream and
downstream
stations of an
unnamed tributary
inside of Forest
Park, Springfield,
Massachusetts




470

WONT

e

315

LTl ?m .

CONNECTICUT

207
177

HEVWWHAMP SHIRE

| Kilometers
a0 510 20

| egend

B Pmperaire Soations

[— AzEn CEm R

-.".551-35"1_-5:1:




November 2013 to April 2014

|
0

I
4

T
AN

o © v <

(Do) ainjpiadwa)



3

VERMONT

HEVWWHAMP SHIRE

0.98°C
1.51° -
/ 21°C 2.40°C

1.57°C
e

CONNECTICUT

| Kilometers
a0 510 20




|

/

VERMONT

J\nf odoi

CONMECTICUT

HEVWWHAMP SHIRE

N

B e,

RHODE |3 LAND 27
] y

| Kilometers
051 20

”C#

';;-
/ﬂ
/Eﬂ

a
/?a

H:“- %

| egend

B Prpersiore Siatoos

AzEn CEm R

- AsEn Clam Lake

[ )1

s
(=]

&




H I‘,
-"""'JF‘E | egend
2

VERMONT

0.98°C
1.51°
/ 31" a0°C

1.57°C i 3
P— "2 19.21°C /-
T e

RHODE |13 LAND 27

CONNECTICUT

| Kilometers
a0 510 20




Cobicula likes warmer area Is Massachusetts becoming warmer?
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Climate Change: Ice Coverage
I
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Blue Hill Observatory: Home of the Oldest Climate Record



Blue Hill Observatory: Winter Daily Minimum Temperature (1985-2016)

30

20 - 0O
O o o O T

1 OO0
a
m

Celsius
=
(=]
L B ]
{ F 1
N
[ I+ ]
L +1 ]
[ [+ ]
N E
[+ ]
I
L [+ ]
[+ ]
+
.
.
+
]
]
I
+
E—
[+ |

10 o H

-20
1985 1987 1989 1991 1993 1995 1997 1993 2001 2003 2005 2007 2009 2011 2013 2015

Mike lacono



20

10

Celsius

-10

-20

Winter Minimum Daily Temperature

18852000

Wilcoxon Scores (Rank Sums) for Variable Celsius

period
B
19852000
200120186
m]
20012016

Classified by Wariable period

Sum of | Expected Std Dew
N Scores | Under HO Under HO

1444 | 2035509.60  20285358.0 @ 223085.7121
1444 | 2138206.50 | 20858580 | 223057121

Awverage scores were used for ties.

Wilcoxon Two-Sample Test

Statistic 2035509.5000

Normal Approximation

Fil -2.2481
One-Sided Pr = Z 0.0123
Two-Sided Pr = [£] 0.0245

t Approximation
One-Sided Pr<=Z 0.m23

Two-Sided Pr = [Z] 0.0245

Mean
Score

140882262

147036728



Temperature (oC)

Winter Minimum Daily Temperature

20
15 A
A 4 A . L
-I O ‘ ‘ Simple Statistics
‘ ‘ Yariable N Mean | Std Dev | Median | Minimum | Maximum | Label
A
5 ] Time 2BEE 14820 3376 14878 8132 20819 | Time
Celsius | 2888 -5.065800 | 586280  -5.55858 -25.55550 15.00000  Celsius
Kendall b Correlation Coefficients, N = 2888
_5 = [tau] under HD: Tau=0
Time Celsius
-10 Time 1.00000 0.04758
Time D002
-15 Celsius 0.04750 1.00000
Celsius 00002
-20 a4 5=
A 4.
-25 A

1/1/85  6/24/90 12/15/95 6/6/01 11/27/06 5/19/12



Warming Rate (1979-2012)
-

0 Air Temperatures: 0.25°C per decade

0 Ocean Surface Temperatures: 0.12°C per decade

0 Lake Surface Temperatures: 0.34°C per decade

0 Hartmann et al. 2013; O’Reilly et al. 2015









Correlation does not imply causation
N



Freshwater

Does this occur naturally ?

If so, the chance is 1/27,000,000

O'Reilly et al. 2015






Ecosystem Shift and Ecosystem Service Change

Photo from Mike Lowery



Ecosystem Shift and Ecosystem Service Change: Clam Feast

Photo from Mike Lowery
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