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Stream pH is directly related to 

species diversity whenever pH is 

below 7.0.  This graph is of 

invertebrates that are critical 

salmonid foods in Norway (from 

Økland & Økland 1986).  Their 

abundance is graphed relative to 

mean pH.  A similar graph can be 

drawn for fish species.  Salmon 

are not found when waters are 

chronically below pH 6 and even 

brook trout are absent below pH 

5. 

When streams are limed 

(as for this stream where 

clam shells were added), 

it is easier in Downeast 

Maine to achieve pH 

goals than calcium goals.  

Or in other words, these 

streams are farther below 

Ca thresholds than for 

other water quality 

parameters. 

What are the Long-term Survival Thresholds?  For Atlantic 

salmon, pH must be above 6.0, and should be above 6.5 during 

critical life phases (growth of fry, smoltification, and for 

spawning).  From the growth of brook trout in Maine hatcheries, 

we know that ambient water concentrations of calcium must be 

above 2.5 mg/L, and should be above 4-5 mg/L in order to avoid 

losses due to water quality alone.  The lower the toxic aluminum 

the better.  And alkalinity should be above 10 mg/L.  In Downeast 

Maine we are farthest below thresholds for Calcium and 

Alkalinity. 

Thanks to our partners: US Fish & Wildlife Services, Maine Dept. Environmental Protection, Maine Dept. Marine Resources, Downeast Salmon Federation, Acadia National Park , St Croix Watershed Commission and the University of Maine (at Orono and Machias) 

Summary:  One hundred years of acid rain, and over 200 years of 

intensive forestry have depleted Downeast soils of calcium.  This loss 

of calcium (and other base cations) leads to loss of alkalinity, 

harmful fluctuations in pH, and mobilization of toxic aluminum 

from soils.  There is now often not enough calcium to build healthy 

fish.  Macroinvertebrates and other organisms are also affected.  

Liming experiments have been successful in headwater tributaries in 

increasing fish and macroinvertebrate abundance and diversity.  In 

order to bring back important fisheries, acid mitigation will have to 

occur at a watershed scale. 

Abstract:  Water quality surveys and an experimental liming project 

in Downeast Maine have shown that seasonal pH, yearly calcium and 

toxic aluminum are at or exceed threshold levels for salmon survival.  

Usually, calcium is more limiting than is pH or aluminum.  Many 

other aquatic organisms are also impaired.  In most streams, even 

brook trout are at or below survival thresholds.  This results in many 

streams that are (1) without fish, (2) support only brook trout, or (3) 

have only limited fish species diversity.  Restoration will involve a 

transition from fossil fuels to sustainable energy, and in the short 

term, watershed level liming is a cost-effective management strategy. 

Calcium is just as important 

and also has a direct 

relationship to species 

diversity (Fiske 1987, 

macroinvertebrate survey of 

VT lakes).  Brook trout 

cannot be maintained in a 

hatchery (even with 

nutritionally balanced foods) 

when Ca is between 2-2.5 

mg/L (Russ Danner 2004). 

The Narraguagus R watershed has the 

best water quality in the Downeast 

salmon rivers.  The middle watershed has 

adequate calcium, including parts of the 

mainstem, Baker and Shorey Brooks.  

This is due to natural limestone deposits 

in the mid-watershed.  However, much of 

the river is marginal or unsuitable for long 

term fish survival. 

The Pleasant R watershed has the 

worst water quality of the Downeast 

salmon rivers.  None of the tributaries 

or mainstem that have been sampled 

so far have adequate calcium for fish.  

Brook trout manage to survive in 

refugia, especially in the lower 

mainstem and in the Little River 

watersheds (again with more favorable 

bedrock with some better calcium 

sources). 

In Acadia National Park, some 

streams have average calcium levels 

that are adequate for sustaining 

aquatic species diversity.  But not all 

of them.  Some calcium means are 

near 2 mg/L, the lower limit for 

survival for brook trout.  For instance, 

the next time you are at Jordan Pond, 

take a look at Jordan Stream (not 

shown, mean Ca around 1.7 mg/L).  

This is some of the cleanest water in 

the country, but can you find anything 

living in it? 

In the St Croix watershed, many 

streams and lakes have adequate 

calcium, especially those near or 

across the Canadian border.  

However, notice West Grand Lake.  

This lake has been in the news 

because stocked landlocked salmon 

are not doing well.  Alewives in the 

watershed has been proposed as the 

cause.  But the real problem with 

salmon survival is the water quality.  

Neither salmon nor the small fish 

they would feed on can survive at 

extremely low calcium levels.   

Data from William Gawley, Acadia National 

Park for Acid Rain Critical Loads study. 

Data from St Croix Watershed Commission 

for Acid Rain Critical Loads Study. 
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Analysis Threshold Species Source

pH ≥ 6.5 Atlantic salmon Staurnes et al 1995

Calcium  ≥ 4 mg/L Brook trout Danner 2004

Alx < 54 ug/L Brook trout Josephson et al. 2014

Alkalinity ≥ 10 mg/L Brook Trout Petty et al 2005

ACADIA NATIONAL PARK - STREAMS
 CALCIUM MEANS in mg/L
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