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Anchialine Pool Distribution 
throughout the Hawaiian Islands 

(~600 – 650 pools) 

Nature Conservancy , 2012 

~95% of Hawaiian anchialine habitats 
lost or degraded (Russ et al. 2010) 





Native and Endemic Fauna (non-exhaustive list) 



‘ōpae ‘ula 
Halocaridina rubra 



Effects of grazing  
and nutrients on microalgae 
across contrasting levels of 

groundwater influence 



 Driving Questions 
• How do salinity and nutrient concentrations 

affect primary productivity and algal biomass 
in anchialine pools?  

 

• Do specific nutrients have notable effects on 
algal growth and biomass? 

 

 

• How do primary grazers affect algal biomass? 
 

 

• What are the combined effects of salinity, 
nutrient additions and grazing? 

 

 



GRAZING 
EFFECT 

NUTRIENT 
LIMITATION 

SALINITY 

“HIGH” vs “LOW” 

≥20 ppt vs <5 ppt 

GRAZED 

(N, P, N+P, None) 

N Enrichment 

(NaNO3) 

UNGRAZED 

(N, P, N+P, None) 

No Enrichment 
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(NaNO3 + KH2PO4) 

P Enrichment 

(KH2PO4) 

Experimental Design 
Methods 



Manuka Reserve Boundary 
“pristine” site 

Weliweli 

‘Akahukaimu 
Kapalaoa 

Sampling Locations  
 
•11 pools across four sites 
 
 

• Open pools (no vegetation) 
 
 

• No invasive fish 
 
 

• Established H. rubra 
population 
 
• “high” vs. “low” 
Background nutrient 
concentration and salinity 

Kiholo 

Kauna 

Methods 



No significant nutrient effects on 
microalgal biomass 

Salinity: “high” (≥20 ppt) vs. “low” (<5 ppt) 

Significant reduction in algal biomass 
by ‘ōpae ‘ula grazing and lower salinity 

UNGRAZED GRAZED 



Key Findings 
• Not all Hawaiian anchialine pools are  
     nutrient-limited 

 
 High background nutrient concentrations 

 
• ‘ōpae ‘ula consistently play a key function across 

a range of habitat conditions by grazing  
 

 Engineering organisms that maintain 
biological integrity of the pools 

 
• Salinity may influence microalgal community 

structure 
 

 Provide different food resources available 
to ‘ōpae ‘ula 



Further Points of Interest 
• Common shrimps (‘ōpae ‘ula and M. lohena) 

tolerate a wide range of habitat conditions  
     (e.g., salinity) 

 
 Strong osmoregulatory traits (Havird et al. 2014) 

 
 Optimal conditions  for ōpae ‘ula in lab: 9-20 ppt 
     (Tagawa and Iwai pers. comm.) 

 
 • Less-common species limited to higher 

salinity (≥20 ppt) 
 
 Different habitat requirements? 

 
 Suggested oceanic larval stages require 

subterranean connectivity between 
anchialine habitat and ocean 
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‘ōpae ‘ula  
Halocaridina rubra 

Salinity Preferences and Overall Range 

‘ama‘ama, striped mullet 
Mugil cephalus 

Pinao ‘ula nymph 
Megalagrion xanthomelas 
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Maintaining 
Connectivity 

to 
Support Resiliency  

 

Wai → Muliwai → Kai 
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