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(Yan et al. 2011)

*Short-term impacts

*Dispersal

*Prevention

Long-term impacts?

Establishment?



Native

North American Introduction: 1980s, by ballast water exchange.

By 2010: ~ 200 inland lakes invaded.

Non-native
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Sediment coring (March 2009)

(Bolivia-Livingstone corer)

•  Core extruded in ½ cm increments.

• 210Pb and 137Cs (St. Croix Lab).

• 1 to 3 year resolution.

• Bythotrephes spines counted.

• Daphnia ephippia – identified, 

counted & measured.
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Date of First Appearance
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Growth during colonization was logistic.

Raw Numbers

(R2 = 0.93)

Site #1 Site #1

dN/dt = rN (K-N/K)

Nt = K / (1 + be-rt)



B
y
th

o
tr

e
p
h

e
s

m
-2

in
 s

e
d
im

e
n
t

B
y
th

o
tr

e
p
h

e
s

m
-2

in
 s

e
d
im

e
n
t

1980 1990 2000 2010
0

1000

2000

3000

4000

Site #2

Site #3

1980 1990 2000 2010

0

1000

2000

3000

Year (210Pb)

(R2 = 0.96)

(R2 = 0.97)

1990 2000 2010
0

1000

2000

3000

1980

Year (210Pb)

Site #1

(R2 = 0.93)

Logistic growth was observed at 

all three deep sites.

10-20 years required to reach 

seasonal carrying capacity.



Why does a clonally reproducing species take so long (10-20 years) to 

reach a seasonal carrying capacity (seasonal inventory)?

•  Did the establishment require repeated invasions?  

Maybe

•  Did Bythotrephes become better at living in the lake over time?

Maybe

•  Is it linked to Allee effects associated with fall resting egg production?

Maybe

•  Is it linked to high mortality (85%) of overwintering eggs? (Brown 

and Branstrator 2011) 

Maybe

•  Is Island Lake Reservoir a poor habitat for Bythotrephes?

No



     Name     Dmax        Dmean       Dcycle   Yrs      DVP        Deeply  Chl a   Ref* 1 

                                          mixed 2 

______________________________________________________________________________ 3 

 Reservoirs 4 
 De Gijster† 475-1,800   2-5 4           18 1 5 

  Honderd en Dertig† 100, 325, 475   1-4 3           14 1 6 

 Petrusplaat† 100-325   3-4 4 near bottom yes  6 1, 2 7 

 Gile 155 69   1 near bottom yes    10.5 3 8 

 Island Lake 110, 110, 150    20, 47, 57 4-6 3  near bottom yes  8.5    4, 5 9 

 Rybinsk 95 16  1 1    6 10 

 11 

Natural Lakes 12 
 Maggiore  13 

      (1989-2003) 60-160 17-40   15 metalimnion no 3.5 7, 8  14 

      (1981-1988) up to 30 up to 7   8 metalimnion no 5 7, 8 15 

 Constance 68, 125   1-4 2 metalimnion no      4 9, 10 16 

 McFarland 74 54   1 near bottom yes 1.9 3 17 

 Long 30 14   1  no 1.1 11 18 

 Michigan 8, 23 4, 11  2  metalimnion no 1.5 12, 13 19 

 Huron up to 22    13   1.5 14, 15 20 

 Harp 1-25 up to 6  1-2 5 metalimnion no 2.2 16, 17 21 

 Pine 23 11   1 metalimnion no 2.7 3 22 

  Michigamme 8, 13, 20           3, 6, 7  1-2 3 metalimnion    no 8.0 3, 18 23 

 Greenwood 14 7   1 metalimnion no 2.9 3 24 

 Simcoe 6, 11 3, 4  1-2 2   4.3 19, 20 25 

(No. m-3) (yr-1)

(Brown et al. 2012)



The Daphnia species assemblage changed in 

proportional composition in the West basin.
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• West basin : significant increase in proportion of D. mendotae

semi-coincident with invasion.

• East basin : no notable changes in proportional composition.

• D. retrocurva not numerically important.

D. mendotae D. mendotae

D. pulex

D. pulex

D. retrocurva D. retrocurva



0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

DP

DM

DR

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

A
v
e

ra
g

e
 E

p
h

ip
p

iu
m

L
e
n

g
th

 (
m

m
)

Modeled Year (210Pb)

The Daphnia mean ephippium lengths declined 

in both basins.

West East

Significant decreases in average ephippium length.

•   D. mendotae: West (P<0.01) and East (P=0.05).

•   D. pulex: West (P=0.60) and East (P<0.01).

• Smaller maturation size, size-selective mortality, or both.
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P. Johnson

Management Implications:

1) Invasion date may not equate with date of first detection.

2) Evidence supports managing all water bodies as infested, 

whether there is evidence or not.

3) Historical timelines of invasion and                                  

source (hub) lakes may need to be                            

reconsidered for the Great Lakes.
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