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• Post-recruitment survival 
• Growth rate and condition index 
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• harvesting 

 



• Recruitment 



Ruesink et al.  
in review 
 
Manila and softshell 
clams 
 
Recruitment 
(#/core) 
 
No treatment effect 



Tezuka et al. 2013 
Manila clam recruitment vs.  
sediment size 
 
No treatment effect of grain size 



Carroll et al. 2012.  
Bay scallops – in Z. marina 
enhanced recruitment via edge effects 



Gribben & Wright 2006 
 
Sea Scallop – Australia 
 
Recruitment better @  
intermediate density of  
Caulerpa compared to 
heavy or none 
 



Bostrom & Bonsdorff, 2000 
 infaunal community  



• Post-recruitment survival  



Patten 2012 
 
Juvenile clams on sites with and without  Z. japonica removal (# clams < 15 mm /ft2 1 YAT) 
 
Treatment effect at one site,  but other sites had densities too low to be of value 

* Significant @  5% level 



Ruesink et al.  
in review 
 
Manila and soft shell 
Clams (#/core 1 YAT) 
 
 
 
Z. japonica removal 
enhanced recruitment / 
survival of clams <20 mm size 
on some substrate types 



Fredriksen et al 2010 



Cockle 

Manila clam 

Tu Do et al. 2012 
 
Change in benthic and 
epifauna populations 
in a French estuary during 
the expansion of  
Dwarf eelgrass (Z. noltii) 
2005 to 2009 

All bivalve species  
decreased in rank and 
abundance  with 
colonization 
(Manila rank and 
abundance went from 
7thto 27th, and 53 to 7, 
respectively) 



Ruesink et al.  
in review 
 
Manila and softshell 
clams 
 
Decoupling of recruitment density with juvenile density 
due to winter losses (predation?) 

Screened against predation 

Not screened against predation 



Summary – Recruitment and post-recruitment survival 
 
• Recruitment process does not appear to be affected by Z. japonica 

 
• Post-recruitment survival likely to be reduced by Z. japonica, but results are site-specific 



• Growth and fitness 



Tsai et al. 2010 

Clam density 
0, 250 or 500m2 
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 Treatment 
difference 
significant @ 5% 

Patten et al. 2012 

Summer Length Gain (7/1 to 9/14) 
Tagged Mature Manila Clams  
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Summer Length Gain (7/1 to 9/14)
Mature Manila Clams 
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Production of mature Manila clams  



* Treatment difference significant @ 5% 

Patten et al.  2012 

Condition index of mature Manila clams (clam quality)   



Allen & Williams 2003 
 

Mussel growth vs. Z. marina 
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Three data sets for current and Z. 
japonica in Willapa 
 
Patten  et al. 2012 
Tsai et al. 2010 
 

For obligate filter feeders like Manila clams,  the more water passing over 
the siphon the better the growth 



Wilke et al. 2012 
Z. noltii vs current  

Bare sediment 

Medium 
density 
 Z. noltii 



Many shellfish species show the opposite response to SAV 



Summary – growth and fitness 
 
• Manila clam growth rate and condition is reduced by Z. japonica 

 
• Other shellfish species may show a positive or negative response to SAV 



• sediment health 
 



Dwarf eelgrass – Z. noltii  in  France, monitor changes with 
 colonization over 5 years 
  



Posey 1988 
Mean particle size reduced 
with Z. japonica,  especially @ 
site with oldest infestation 
of Z japonica. 
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Melia et al. 2004 
 
Clam growth vs. 
Sediment type 



Z japonica 
DO <2 mg/l 
nightly  1-2 hrs 

Bare sediment 
DO  never 
< 5.5 mg/l 

Patten et al 2012 
 

DO mg/l  in Willapa Bay at the sediment surface  



Tsutsumi 2006 



Change in tidal elevation in Willapa Bay
 with Z. japonica control 

(measured April 2011)
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Sedimentation studies 



2D Graph 1

0.0
0.2
0.4
0.6
0.8
1.0

2D Graph 1

%
 b

y 
w

t i
n 

ea
ch

 s
iz

e 
cl

as
s

0.0
0.2
0.4
0.6
0.8
1.0

Sediment size class distribution 
 2 years after japonica removal

0.0
0.2
0.4
0.6
0.8
1.0

 a   b  a   b

 a   b

 a   b

 a   b

0 to 1 cm depth

1 to 2 cm depth

2 to 4 cm depth
treated - no eelgrass
japonica 

>1       >0.5      >0.25    >0.002   <0.002
            <1        <0.5      <0.25

millmeters
Patten et al. 2012 



Summary – sediment/water health 
 
• Z. japonica affects sediment texture, organic matter, surface gravel,  and short-term  
 night-time anoxia  

• These changes may negatively affect Manila clam survival, growth rate and/or condition 
• Level of impact is dependent on the level of colonization 
• Some of these variables are transitory and disappear during the winter. 
• Some of these variables could have lasting impacts 

 



• Disease and parasites 



Dwarf eelgrass – Z. noltii  in  France, monitor changes with 
 colonization over 5 years 
 Tu Do et al. 2011 

Cockle parasites 



Shellfish disease – no data on relationship with Z. Japonica or other eelgrass or SAV 
Enzootic parasites 
• Prokaryotes (rickettsia-like and chlamydia-like)- not associated w/ diseases 
• Gregarines in gills 
• Sphenophrya-like ciliates in gills and palp surfaces 
• Trichondina – chilates  on gills and siphon 
• Tubellaria 
• Trematodes 
• Mytilicola  
Exotic pathogens 
• Herpes-like viral infection – (France) 
• Vibrio tapetis (brown ring disease – France) 
• Protozoa – Perkinsis olseni 
Exotic parasite 
• Haplosporidian 
• Marteillia 
 
 



• Predation 



Tu Do  et al 2012 
mean biomass 
of trophic groups 
as a function of Z. noltii 
colonization over 5 yrs 
in France 

Predators                                           grazers 
 
 
 
 
 
Deposit feeders                                scavengers 
 
 
 
 
 
 
                                    suspension feeders 
 
 
 
 
 
 
White – sand,  black - eelgrass 



Munari and Mistri 
2011 Adriatic lagoon 
 
Whelk prey preference  
following–24 hr  short term 
hypoxia w/single prey or  
3 prey offered together 



Booth et al. 2012  - study of taxa pre and post Z. Japonica removal 



Clam  
predators 



• Harmful algae bloom (HAB) 
 



Genovesi et al 2013 



|----Silt ----- |           |----  Sand---| 

Increased 
HAB cysts 
in silt 



• Bio-fouling 
• No published data on Z. japonica effects 
• Grower anecdotal reports suggest fouling  
  enhanced w/ Z. japonica. 
• Other seagrass – noted to increase bio-fouling 

 
 



Increased biofouling 







Drift  
algae  
% coverage 

BS – 
bare sand 

Ruppia  maritima 
Low density (RL) 
Medium density (RM) 
High density (RH) 

Z marina 
Low density (ZL) 
Medium density (ZM) 
High density (ZH) 

Bostrom & Bonsdorff, 2000 



Summary – Diseases, parasites, predation, HAB, biofouling 
 
• Disease – no data 
• Parasites – trematodes increased on cockles with Z. noltii,  no data for Z. japonica.   
• Predation – no direct data on Z. japonica effect, but 

• There is a decoupling of recruit populations with juvenile populations 
• Z. japonica enhances overall infauna and megafauna population, including several  
 potential predators 

• HAB – no data, but Z japonica improves conditions for cysts. 
• Biofouling – no data 

 



• Harvesting - grower reports 
• Increased cost to harvest and clean 
• Increased crop losses during harvest 
     due to not being able to recover all the crop 
• Mechanical harvest – not viable  

in thick Z. japonica 



Projected net income ($) of Manila clam harvests at Willapa Bay, WA sites with 
and without Japanese eelgrass* 

Treatment 
Oysterville 

-1 
Oysterville. 

-2 
Leadbetter 

Point Stackpole 
South 

Nahcotta 
Mean All 

Sites 

No japonica 32208 9996 15751 7875 11207 15408 

Z. Japonica 14766 5770 9419 5092 3479 7705 
Difference 17443 4225 6331 2784 7728 7702 

*assumes: (a) $2.35/lb. wholesale; (b) $0.65/lb. digging cost, $0.65/lb.to 
produce, clean, package, and market product; (c) an extra $0.05/lb. cleaning 
cost for Z. japonica-infested sites; and (d) 5 percent crop loss for Z. japonica sites 
due to clams left unharvested, or damaged. 
  

Patten et al 2012. 



Summary – harvesting 
 
• Thick Z. japonica increases harvest costs & harvest losses of Manila clams (anecdotal) 
• Crop losses of $2.7 to $17.4K/ac/harvest cycle with Z. japonica infest clam beds. 



Summary –  
• Ample evidence that Z. japonica negatively affects shellfish in Willapa Bay 
• Research needs 

• Studies have been limited to very small plots, but the impacts are likely 
to be more significant at the large scale (acres to 100’s of acres) 

• Disease, health, predation, biofouling, sediment & water quality, fine 
sediment accretion.  

• Other shellfish (oysters) 
• Other sites (non- Willapa) 



Questions 
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