ANC and Biological Integrity

Because there is a continuum in the relationshigwdsen ANC concentrations and
resulting biological effects, a characterizatiortted range of ANC values related to
specific biological effects is needed. For thizsan, five categories of ANC
concentrations are suggested that correspond tifisdgological health
conditions/effects of aquatic communities, randnagn no impacts to complete loss of
populations. Thesfive classesare based on the relationships between ANC and
ecological attributes, including species richndsgersity, community structure, and
individual fitness of organisms. The paragraph Wwedescribes the biological impact
potential for a range of ANC values and the scientesearch that supports the grouping.

For freshwater systems, ANC concentrations areggointo five major classes:
Acute Concern (less thanu@g/L), Severe Concern (0—2@qg/L), Elevated Concern (20—
50 pneqg/L), and Moderate Concern (50-18£1/L), and Low Concern (greater than 100
ueqg/L), with each range representing a probabilitgamlogical damage to the
community able 4.1-1). Biota are generally not harmed when ANC valuesadove
100peqg/L. For example, the number of fish species prtasean aquatic ecosystem tend
to peak at ANC values above 10€q/L (Bulger et al., 1999; Driscoll et al., 200Irekser
et al., 1989; Sullivan et al., 2006). Howeverhitgld be noted that ANC values of >100
in the water bodies represented in this analyigrampently associated with larger lakes
or higher discharge stream segments. In suchamients, with ANC concentrations at
or above 10Qieq/L, the diversity of the aquatic community is mmorfluenced by other
environmental factors, such as habitat availabifitytrient loading, and introduced
species rather than the acid-base balance of tFeceuvater.

At ANC levels between 100 and p8q/L,, it has been shown that for species
sensitive to acidity, such as is the case for siisheand invertebrate species, their fitness
and recruitment drops, which may result in a comitgudiversity decline as a few highly
acid-sensitive species are lostdure 2.3-1). However, minimal (no measurable) change
in total community abundance or production gengradicurs, resulting in good overall
health of the community. While overall communitypacts may be minor in this ANC

range, certain key, focal, or endangered specids &1 Atlantic SalmorSalmo salay



may be adversely impacted (Perry 1990, Dill e2@02, NRC 2003). Waters with
average ANC between 100 and &)/L are subject to episodic acidification
substantially below 5Qeq/L (Figure 4.1-2) placing significant short-term stress on a
variety of biota as described below. Such episadidification can lead to pH
depressions capable of inducing severe stress dalihin sensitive life stages of
Atlantic salmon (Haines et al. 1990).

When ANC concentrations drop between 50 and&fJL, they are generally
associated with negative effects on the fithessraadiitment of aquatic biota. For
example, Kretser et al. 1989 showed a 50% reduatitimee number of fish species
occurred when ANC concentrations dropped belowdéd)L of lakes that were surveyed.
Furthermore, Dennis and Bulger, 1995 shown th&NS concentrations drop between
50 and 2Queq/L, the overall fitness of most fish speciesratkiced, such as sensitive
species of minnows and dace, (fathead minnow aaxkbbse dace) and recreation fish
(lake trout and walleye). In addition to the chesign the fish community, some loss of
common invertebrate species from zooplankton anthiiecommunities that include
many species of snails, clams, mayflies and amplsipacur. These losses of sensitive
species often result in distinct decreases in spaahness and changes in species
composition of the biota. However, the total comityuabundance or production
remains high with little if any change. Watersiwaiverage ANC between 50 and 20
ueqg/L are subject to episodic acidification belom2@/L (Figure 4.1-2) placing
significant short-term stress on a variety of ba$adescribed below. Such episodic
acidification can lead to pH depressions capabladifcing mortality in sensitive life
stages of Atlantic salmon (Haines et al. 1990).

When ANC concentrations drop below 2€qg/L, almost all biota exhibit some
level of negative effects. Fish and plankton dsitgrdecline sharply to levels where
acid-tolerant species begin to outnumber all osipexcies, thus significantly altering the
structure of communities (Matuszek and Beggs, 188&coll et al., 2001). Loss of
several important sport fish species is possibduding lake trout, walleye, rainbow
trout as well as additional nongame species suchesk chub occur. In addition,
several other invertebrate species, includingredlls, most clams and many species of
mayflies, stoneflies and other benthic invertelwate lost or greatly reduced in



population size, which further depresses speciegosition and community richness.
Also, below 20ueq/L, surface waters are susceptible to episodieme acidification
where a total loss of biota can occur when ANC eaitration goes below an ANC of 0
ueq/L for a short period of time. Stoddard et abQ2) showed that to protect biota from
episodic extreme acidification in the springtimasé flow ANC concentrations had to
have an ANC of at least 30-4@q/L (Figure4.1-2).
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Figure 4.1-2 Relationship between summer and spring ANC value3 & sites
in New England, the Adirondacks and Northern Apglilan Plateau. Values are
mean summer values for each site during the p&9&@@-2000 (horizontal axis)
and mean spring minima for each site for the same period. On average,
spring ANC values are at least 38g/L lower than summer values.

Complete loss of fish populations and extremely thversity of planktonic
communities occur when ANC concentrations staywé@eq/L. Only acidophilic
species are present, but their population numberstarply reduced. For example,
under average ANC less tham€qg/L, lakes in the Adirondacks have been showreto b
fishless (Sullivan et al., 2006). A summary of five categories of ANC and expected
ecological effects can be foundkigure 4.1-3, Table 4.1-1.



Table 4.1-1 Aquatic Status Categories

Category Label ANC L evels* Expected Ecological Effects

Acute <0 micro | Complete loss of fish populations is expected. Rtamic

Concern | equivalent| communities have extremely low diversity and are

per Liter | dominated by acidophilic forms. The numbers of vittlials
(neqg/L) in plankton species that are present are greatlyced.

Severe 0-20 Highly sensitive to episodic acidification. Duriegisodes

Concern | neg/L of high acid deposition, brook trout populationsyma
experience lethal effects. Diversity and distribotof
zooplankton communities declines sharply.

Elevated | 20-50 Fish species richness is greatly reduced (morehbHrof

Concern | peqg/L expected species can be missing). On average, amak
populations experience sub-lethal effects, inclgdass of
health and reproduction (fitness). Diversity anstribbution
of zooplankton communities decline. Acid sensispecies
or life stages subject to episodic mortality.

Moderate | 50 — 100 | Fish species richness begins to decline (sensipieeies are

Concern ueq/L lost from lakes). Early life stages of Atlanticrs@in may be
impaired or subject to episodic mortality. Brooduwit
populations are sensitive and variable, with pdeshb-
lethal effects. Diversity and distribution of zoapkton
communities begin to decline as species that argtse to
acid deposition are affected.

Low >100 Fish species richness may be unaffected. Reproglicook

Concern | peq/L trout populations are expected where habitat isisid.
Zooplankton communities are unaffected and exhibit
expected diversity and distribution.
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Figure 4.1-3 Number of fish species per lake or stream versu€ Advel and
aguatic status category (colored region) for lake¢be Adirondacks (Sullivan et
al., 2006). The 5 aquatic status categories areribes in Table 4.1-1.
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