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Anomoeoneis brachysira

A. serians var. acuta

A. vitrea

Asterionella formosa
Aulacoseira distans

A. valida

Cavinula cocconeiformis

C. pseudoscutiformis

Cocconeis disculus

C. placentula

Cymbella cuspidata

C. aspera

C. delicatula

C. gracilis

C. microcephala

C. naviculiformis

C. subcuspidata

Decussata placenta

Diadesmis contenta

D. gallica

Diatoma anceps

D. mesodon

D. vulgare

Diploneis elliptica

Encyonema minuta

E. silesiacum

Eunotia bilunaris

E. exigua

Eunotia spp

Fragilaria capucina et vars

F. construens et var. venter + F. pinnata
F. leptostauron

Fragilariforma spp (F. virescens + F. constricta et
vars)

Frustulia rhomboides et var. amphipleuroides
F. vulgaris

Geissleria decussis
Gomphonema acuminatum

G. angustatum et var. productum
G. clavatum

G. parvulum

G. pumillum

G. truncatum

Melosira varians

Meridion circulare et var. constrictum
Navicula angusta
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N. capitata

N. capitatoradiata

N. cryptocephala

N. cryptotenella

N. elginensis

N. globulifera

N. gregaria

N. heimansii

N. lanceolata

N. mediocris

N. rhynchocephala

N. soehrensis et var. hassiaca
N. subtilissima

N. tripunctata

Neidium densestriatum

N. iridis

Nitzschia acicularis

N. dissipata

N. linearis

N. nana

N. palea

N. paleacea

Pinnularia appendiculata

P. gibba

P. microstauron

P. schoenfelderii

P. subcapitata

P. viridis

Reimeria sinuata
Rhoicosphenia curvata
Sellaphora pupula et var. rectangularis
Stauroneis anceps

S. phoenicenteron

S. smithii

Stenopterobia delicatissima
Surirella amphioxys

Synedra acus et var. angustissima
S. ulna et var. amphirhynchus
Tabellaria fenestrata

T. flocculosa
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Figure 3-25. Variations of the mean diatom Acidity Index (ACI) for the four surveys in
which diatoms were collected. Surveys with significantly different means (p < 0.05) were
marked with different letters.

The ACI range was divided into groups using the classification provided by the
regression trees. Sites with ACI < 0.40 were considered non-impacted because they were
found at pH > 7.0, corresponding to the first group in Figure 3-26, with a mean ACI of 0.22
(£0.19 SD). The BCS levels (Figure 3-27) at the non-impacted streams were high, > 221, and
the inorganic Al levels were low < 0.8 (Figure 3-28). The next two groups along the pH
gradient, with an ACI of 0.54 (+£0.25 SD) and 0.73 (£0.19 SD), exhibited highly overlapping
confidence intervals and, therefore, were combined. This group, with 0.40 < ACI <0.85,
represented the moderately impacted communities, occurring at 7.0 > pH > 5.8, 221 <BCS <
10, and inorganic Al < 0.8. Streams where diatom communities were composed of > 85%
acidophilous species were considered severely impacted. The environmental characteristics
of these streams included pH < 5.8, BCS < 10 and inorganic Al > 0.8. The diatom

communities in this group had a mean ACI value of 0.94, with a standard deviation of 0.08.
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ACI

ACI as a function of pH
PRE = 0.69 Mean=0.70
SD=0.31
N=662
|
pH76.28
Mean=0.42 Mean=0.89
SD=0.28 SD=0.14
N=267 N=395
[ [
pH76.98 pH75.79
Mean=0.22 Mean=0.54 Mean=0.73 Mean=0.94
SD=0.19 SD=0.25 SD=0.19 SD=0.08
N=100 N=167 N=90 N=305

Figure 3-26. Regression trees of the Acidity Index (ACI) as a function of pH, derived from
the complete dataset of diatom samples and water chemistry. PRE = Proportional reduction

in error, SD = standard deviation, N = number of samples.

The three groups of streams were compared across sampling surveys (Figure 3-29).
The number of severely impacted streams (between 44 and 54% of all sites) exceeded the
number of streams within the other two categories in all four surveys. The number of non-

impacted streams was the highest (34%) in the least acidic survey, August 2003, whereas in

the other three surveys this percentage was less than 20% of all sites. The number of

moderately impacted streams was the lowest in August 2003.
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ACI

ACI as a function of the BCS Mean=0.70
PRE =0.63 SD=0.31
N=662
|
BCS<|75.6
Mean=0.41 Mean=0.87
SD=0.28 SD=0.17
N=245 N=417
| |
BCS<|220.6 BCS<|10.0
Mean=0.27 Mean=0.53 Mean=0.72 Mean=0.93
SD=0.23 SD=0.26 SD=0.23 SD=0.09
N=112 N=133 N=119 N=298

Figure 3-27. Regression trees of the Acidity Index (ACI) as a function of the base cation
surplus (BCS), derived from the complete dataset of diatom samples and water chemistry.
PRE = Proportional reduction in error, SD = standard deviation, N = number of samples.

The RDA values of diatom data and forward selection of the environmental variables
including total Al, inorganic Al, organic Al, the ratio of inorganic Al to organic Al, BCS,
Ca®", CI', DOC, color, K", Mg*", Na*, NH4", NO5, pH, SiO,, and SO4> produced similar
results in the four surveys (Figures 3-30 to 3-33). Only four to five environmental variables
captured most of the variance in diatom data and were retained as explanatory variables.

Color was the only measurement that was retained as an explanatory variable in all four
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surveys. Color is closely related to DOC concentration and, therefore, to organic acidity, but

it is unclear why color rather than DOC concentration was selected in the model.

ACI

Mean=0.70
SD=0.31
N=660

Al <0.78
|

Mean=0.51 Mean=0.92
SD=0.30 SD=0.11
N=356 N=304

ACI as function of inorganic Al (Al;y,)
PRE = 0.44

Figure 3-28. Regression trees of the Acidity Index (ACI) as a function of inorganic Al
(Alim), derived from the complete dataset of diatom samples and water chemistry. PRE =
Proportional reduction in error, SD = standard deviation, N = number of samples.

The first axis (RDA1) explained between 15 and 21% of the variance in the four
surveys (Figures 3-30 to 3-33) and represented a strong pH gradient with sensitive species

positioned on the high end (right of the plot) and tolerant species on the low end of the axis
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Figure 3-29. Frequency distributions of acid impact, based on Acidity Index values for the
four diatom surveys. Non = non-impacted, Mod = moderately impacted, High = severely
impacted.

(left of the plot). In all but one survey, pH was the environmental factor with the highest
score on RDA. In August 2003, Ca>" was most closely correlated with RDA1 (Figure 3-30),
but since it was strongly related to pH in this survey (Pearson » = 0.89, r < 0.00001), it
constituted the same gradient. In all surveys, one or several forms of Al had the lowest score
on RDA1. The species with the highest positive score on RDA1 were the species found at
high pH values, including Achnanthes minutissima, followed by representatives of
Cocconeis, Fragilaria, Meridion, Navicula, Nitzschia, and Synedra, all of which prefered

circumneutral or alkaliphilous conditions (Table 3-5). The species with the lowest scores on

3-60



RDA1 included the acid-tolerant Eunotia bilunaris, followed by Tabellaria fenestrata,
Frustulia rhomboides, and Pinnularia subcapitata. The abundance of these species was
positively correlated with Al; these diatoms were among the most tolerant to high levels of
Al, especially the more toxic inorganic form. Similar results were reported for the
chronically acidified North Tributary of Buck Creek, where E. bilunaris dominated the
diatom flora in periods of high inorganic acidity (Passy 2006).

The second RDA axis (RDA2) explained 5-8% of the variance and was associated
with color and inorganic Al (Figures 3-30 to 3-33). Generally, the measurements of color

and inorganic Al plotted in different quadrants, which reflected opposing relations.

August 2003
1.0
Al;
Colo
Eunbln ~labfen
X Fruxho Nitpal
. itpa
2] Pinsub P Synuln
© Achmin
] Eunspp - \\| == DL Navcery
< Fracap C Navelg
o Achlan Navcpt
<DE Nitlin
(1'd Achbio Cocpla
Fruvul
Ffospp Navtri
Nitdis
1.0 S10
-1.0 RDA1, A = 14.6% 1.5

Figure 3-30. Redundancy analysis (RDA) ordination biplots of diatom species and
environmental variables in the August 2003 survey. Species acronyms are given in Table 3-
5. A = percentage of explained variance.
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This result is expected because color is closely tied to DOC concentrations, which tend to
lower inorganic Al concentrations. The August 2003 collection was an exception—
inorganic Al and color both had high positive scores on the RDA2 axis and were highly
correlated with the acid-tolerant species E. bilunaris (Figure 3-30). SiO, was correlated with
the acid anions (NO;, CI, SO42') and had the most negative score on RDA2.

Members of the genus Fragilariforma, which prefer slightly acidic conditions, had
the lowest scores on RDA2 and were most strongly correlated with SiO; in this survey. These

results suggest that the main source of high acidity in August 2003 was organic, and the most

October 2003
1.0
FEunexi
X Alim Fruvul
N Navten Cocpla
: Eunbin
e Tabjen pH Achlan
I Ampped
< Eunspp Nitlin
N Frurho BCS Selpup
< Gompar Fracap
E F Encsil
fospp Navcry
-1.0 Color
-1.0 RDA1, A = 18.1% 1.5

Figure 3-31. Redundancy analysis (RDA) ordination biplots of diatom species and
environmental variables in the October 2003 survey. Species acronyms are given in Table
3-5. A = percentage of explained variance.
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acid-tolerant species were found at the highest levels of color. Acidity due to inorganic acid
anions was less severe and prompted the proliferation of less acid-tolerant species. These
results reflect the deep hydrologic flow paths during this extremely dry period. These types
of flow paths generally pass through an inorganic matrix of till and bedrock that effectively
neutralize acidity and remove DOC. However, flow in some streams was maintained by

water stored in various types of organic-rich matrices that increased concentrations of DOC

March 2004
1.0
Al /Al
hmar
Eunbl Tabfe
Achmi
Pinsl/l -~ Goman.
; ———p Dsmgal
Eunsp ] Fracap
Frurh Sio Achlan
Nitdis
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i Encsil
Gomcla
Cocpla
Colo
-1.0
-1.0 RDA1, A = 21.4% 1.5

Figure 3-32. Redundancy analysis (RDA) ordination biplots of diatom species and
environmental variables in the March 2004 survey. Species acronyms are given in Table 3-
5. A = percentage of explained variance
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and associated organic acidity. These types of matrices included wetland riparian areas,

organic-rich sediments in the stream bed, and poorly-drained conifer stands with minimal

underlying mineral soil.

In the October 2003 survey, DOC concentrations were the highest of the four surveys

and color showed a strong negative correlation with RDA?2 that was associated with a

preponderance of the moderately acid-tolerant Fragilariforma species (Figure 3-31). High

Figure 3-33. Redundancy analysis (RDA) ordination biplots of diatom species and
environmental variables in the August 2004 survey. Species acronyms are given in Table 3-
5. A = percentage of explained variance.
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DOC concentrations tend to increase organic acidity, but they also provide buffering against
extremely low pH levels and reduce concentrations of inorganic Al at a given pH through
complexation reactions that form non toxic organic Al. These characteristics of DOC may
explain why results of the October 2003 survey showed color to be poorly correlated with pH
and well correlated with a genus that is only moderately tolerant of acidic conditions.
Concentrations of inorganic Al were more strongly related to RDA1 than RDA2 in the
October 2003 survey, which indicated a strong relationship with pH.

Results from the March 2004 survey were similar to those of the October 2003 survey
in that the ratio of inorganic to organic Al was positively related to RDA2, and color was
negatively related to RDA2 (Figure 3-32). However, in contrast to the October 2003 survey,
both factors had nearly equal correlations with RDAT in the March 2004 survey. This
difference in results is likely to be associated with lower DOC concentrations in the March
2004 survey than in the October 2004 survey. The mean DOC concentration for the March
2004 survey was approximately half the concentration measured in the October 2003 survey
(Table 3-2). Decreased DOC concentrations suggested decreased pH buffering and lower
organic acidity. Interpretation of the relationship between color and diatom species is
complicated by the fact that organic acidity associated with DOC varies widely in acid
strength. A certain fraction is strongly acidic, lowers pH, and contributes to the mobilization
of inorganic Al in a manner similar to strongly acidic inorganic acids derived from acid rain.
The remaining, weakly acidic fraction, buffers pH and complexes with Al to form non-toxic
organic Al.

Weakly acidic organic acids seemed to play a larger role in the October 2003 survey,

whereas strongly acidic organic acids seemed to play a larger role in the March 2003 survey.
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The influence of strongly acidic inorganic anions, indicated by high NO;™ concentrations, was
also apparent in the March 2004 survey (Table 3-2). Eunotia exigua, which is among the
most-acid tolerant species, was strongly correlated with the ratio of inorganic to organic Al,
whereas the other dominant acid-tolerant species, including E. bilunaris and Eunotia spp
were correlated with both this ratio and color. This pattern persisted in August 2004; the
ordination displayed organic and inorganic sources equally affecting the acidic part of the pH
gradient with the tolerant species associated with inorganic Al and the less tolerant with color

(Figure 3-33).

3.4.2 Conclusions on Diatoms as Indicators of Acidification

These results demonstrated the high degree of sensitivity to acidity shown by diatom
species. Only the most acid-tolerant species were found below a BCS value of 10 peq L™'; a
response that adds biological significance to the geochemical threshold for mobilization of
inorganic Al at the slightly lower BCS value of 0 peq L. The percentage of streams
determined to be moderately to severely affected by acidic deposition, on the basis of the
diatom data, ranged from 66% to 80% in the four surveys. These values are somewhat
higher than the percentage of streams estimated to be prone to episodic acidification on the
basis of BCS values that indicate Al mobilization (19% to 66%) and indicate a high degree of
sensitivity to water chemistry.

The limited variation in values of the mean ACI for the four surveys (Figure 3-25)
reflected the temporal integration provided by the diatoms. Whereas a water sample reflects
chemical concentrations at an instantaneous moment in time, the presence or absence of a

diatom individual reflects environmental conditions, including water chemistry, over the
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organism’s lifetime. For this reason, the ACI values for the October 2003, March 2004, and
August 2004 surveys were almost identical, despite considerable variation in flow, season,
and water chemistry in these surveys. This characteristic makes diatoms highly valuable in
the assessment of stream acidification, where water chemistry can vary substantially over a
few hours.

Redundancy analysis segregated the non-impacted from the acid-impacted streams on
RDAT1 and discriminated on the basis of weak acidity versus strong acidity on RDA2. This
large-scale study supports previous investigations, which showed that the source and type of
acidity is important in determining diatom community composition (Passy 2006, Passy et al.
2006). Additional research in this area would be useful to better understand how the short-

term chemical changes of episodic acidification control diatom populations and communities.

3.5 Macroinvertebrates as an Index of Acidification

Macroinvertebrates are an important biological component in all Adirondack
streams. They play an essential role in energy transfer within these ecosystems by
accelerating the breakdown of allochthonous detritius (plant material washed into the
stream) and serve as important food sources for secondary consumers, including fish
(Hynes 1970). Macroinvertebrates are also useful as indicators of water quality because
they are sensitive to changes in water chemistry and typically have a life span of a year or
more, thereby reflecting the variations in stream chemistry that occur throughout a given
year.

Simpson and colleagues assessed the effects of acidification on diversity of

macroinvertebrate communities in four headwater Adirondack streams in the 1980s
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(Simpson 1983, Simpson et al. 1985), but there have been no other publications that
document the effects of acidification on macroinvertebrate assemblages in Adirondack
streams. Therefore, the current condition of macroinvertebrate communities, as well as
their response to declining acidic deposition levels over the past two decades, is
unknown. This information gap also precludes the assessment of future trends in the
health of macroinvertebrate communities that may result from changing rates of acidic
deposition or other environmental factors. For these reasons, an assessment of

macroinvertebrate communities was incorporated into this project.

3.5.1 Macroinvertebrate Assessment Results

About 220 taxa were identified from the 36 study sites surveyed in 2004; more
than 190 taxa were identified to the genus or species levels. A linear relation was
observed between acidBAP values and pH in the 36 streams, and the distribution of
acidBAP scores was approximately even across a pH range from 4.25 to 7.25 (Figure 3-
34). Placing these data into four evenly divided (25" percentiles) impact categories
showed that communities in 34 of the 36 streams were slightly to severely affected by
acidic waters, and 20 of 36 streams were moderately to severely affected (Figure 3-34).

The strong relation between pH and the acidBAP score was illustrated by Figure
3-34, but this relation does not distinguish between the effects of acid rain and the effects
of natural acidity. Because measurable concentrations of inorganic Al are an
unambiguous indication of acidic deposition in undisturbed watersheds, and

macroinvertebrates are sensitive to this form of Al (Gensemer and Playle 1999),
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Figure 3-34. Acid Bioassessment Profile (acidBAP) scores as a function of median pH at
the 36 streams sampled in the western Adirondack Mountains of New York, 2003-05;
four acid-impact categories are defined using 25™ percentile divisions.

acidBAP scores were related to inorganic Al concentrations to select acidBAP sensitivity
thresholds (Figure 3-35). Although a statistically significant relation was observed, the
acidBAP was essentially independent of inorganic Al concentrations below 2.0 pumol L™
This concentration can, therefore, be considered a threshold above which inorganic Al
concentrations have a negative impact on macroinvertebrate communities. Other studies
have shown similar results (Gensemer and Playle 1999). However, the precision and
accuracy of inorganic Al measurements decrease considerably below approximately 1.5
pumol L'(Lawrence et al. 1995b), which makes it difficult to identify a statistical

relationship in this concentration range.
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Figure 3-35. Acid Bioassessment Profile (acidBAP) scores as a function of median
inorganic Al concentration at the 36 streams sampled in the western Adirondack
Mountains of New York, 2003-05.

To define categories of effects for acidBAP data through the full range of
acidification, regression tree analysis was used to relate acidBAP to pH and the BCS.
Results were divided into three categories: non impacted at an acidBAP value greater
than or equal to 5.0, moderately impacted for acidBAP values less than 5.0 but greater
than or equal to 2.5, and severely impacted for acidBAP values less than 2.5 (Figure 3-
36). The relationship between the acidBAP and BCS is shown with these impact
categories in Figure 3-37. At BCS values above approximately 25 [eq L', acidBAP
scores were not related to BCS values, which suggests that macroinvertebrate populations
were unaffected by acidification above this concentration. Below a BCS value of

" ately -50 peq L™, macroinvertebrate communities were severely affected. Had
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minimum BCS values been related to the acidBAP rather than median BCS values, the
value defining the threshold between non-impacted and moderately impacted would have
approximated 0.0 peq L™, the threshold value for mobilization of inorganic Al.
Applying the BCS-based acidBAP thresholds to the median pH-acidBAP relation (Figure

3-38) indicated that macroinvertebrate communities in general, were unaffected above

PRE =0.78 acidBAP
acidBAP =f (pH, BCS)
Mean=4.21
SD=2.38
N=36
|
pH ﬁ 5.59
Mean=1.96 Mean=6.01
SD=1.40 SD=1.09
N=16 N=20
|
BCS< : 43.9
Mean=1.29 Mean=2.82
SD=1.13 SD=1.28
N=9 N=7
Moderately
Severely impacted Non-impacted impacted

< A > < >
acidBAP < 2.5 acidBAP >5.0 2.5 < acidBAP < 5.0

(1.29 + 1.13 = 2.42) (6.01-1.09 = 4.92)

Figure 3-36. Regression tree of the acidBAP as a function pH and base cation surplus (BCS),
derived from macroinvertebrate samples and water chemistry. PRE = Proportional reduction
in error, SD = standard deviation, N = number of samples.
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Figure 3-37. Acid Bioassessment Profile (acidBAP) scores as a function of median base
cation surplus (BCS) at the 36 streams sampled in the western Adirondack Mountains of
New York, 2003-05; acidBAP and BCS levels that potentially impact stream biota are
denoted.

pH 6.0, were moderately impacted from pH 4.8 to 6.0, and were severely impacted at pH
values less than 4.8. However, because pH is influenced by natural acidity as well as
acidic deposition, the pH-acidBAP relation can be used only as an index of overall

acidity (combining natural and anthropogenic sources), whereas the BCS-acidBAP

relation serves as a specific index of acidic deposition.
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3.5.2  Conclusions of the Macroinvertebrate Assessment

The 36 streams used in the macroinvertebrate assessment were specifically chosen
to provide a range of chemical conditions. Therefore, these streams are not a
representative sample of the 565 streams in the potential sampling population.
However, the percentage of streams falling in each of the macroinvertebrate impact
categories can be estimated with the BCS values available for the 200 sample streams,
which can be considered representative of the population of 565 streams. If the March

2005 survey results are used as the median chemical condition (Table 3-2), 52% of the
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Figure 3-38. Acid Bioassessment Profile (acidBAP) scores as a function of median pH at the
36 streams sampled in the western Adirondack Mountains of New York, 2003-05; Three
acid-impact categories are redefined using thresholds based on BCS and inorganic Al
concentrations.
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streams in the potential sample population were moderately to severely impacted. These
percentages are lower than the approximately 80% of the streams in which diatoms were
moderately to severely affected, which suggests that macroinvertebrates are less sensitive
to acidification than diatoms. Nevertheless, this assessment indicated that
macroinvertebrate communities were negatively affected by acidic deposition in about

half of the 565 streams in the sampling population.

3.6 Changes in Stream Chemistry Since the Early 1980s

The large-scale stream survey conducted by the New York State DEC in the early
1980s provided documentation of acidic streams throughout the western Adirondack
region, but most of this sampling was limited to March and April of 1982. Because
differences in climatic factors can lead to substantial variations in stream chemistry over
days, seasons, and years (Lawrence et al. 2004), sampling over a two-month period in a
single year did not sufficiently characterize natural variations to allow comparisons with
recent data. However, sampling of 18 streams was done across seasons and, in most
cases, over several years. Therefore, by repeating the sampling of these 18 streams in
2003-2005 in the same seasons, under similar flow conditions, the two time periods to be
statistically compared. Of the 18 streams resampled in 2003-2005, six had a large
upstream pond or lake. These six streams, hereafter referred to as outlets, were separated
from the other 12 streams for statistical analysis because of potential effects from in-lake

Processes.
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3.6.1 Results for pH and ANC

Water chemistry data collected during the 2003-2005 time period were similar to
the data collected in the earlier surveys, although median values of pH and ANC were
somewhat lower in the early 1980s than in 2003-2005 in most streams and outlets (Table
3-6). Cellar Brook and Bradley Brook were the most acidic streams during both periods.
The West Branch of the Oswegatchie River was the most acidic of the outlets. In most
streams and outlets, water chemistry was statistically related to stream flow (p < 0.05)
measured at the Independence River gage. As expected, the most acidic samples were
usually collected during the high stream flows in the snow-melt period. The median
flows were similar between the two sample periods (Table 3-6), which demonstrated that
the 2003-2005 sampling reasonably duplicated the sampling conditions in the early 1980s
with regard to flow.

The range in pH measured during both sampling periods was typically greater
than two units in most of the streams and outlets (Tables 3-7a, 3-7b). The wide variations
within each period emphasized the need to characterize temporal variability related to
flow and season when comparing the two periods.

In 2003-2005, pH measurements were higher (p < 0.05) than in the early 1980s in
eight of the 12 streams, and none of the streams had a lower pH in 2003-2005 than in the
early 1980s (Table 3-7a). However, the pH increases in three of the eight streams were
less than 0.01 y™'. The difference in mean values between periods for the streams as a
group yielded an overall annual rate of increase of 0.012 y'. The highest rates of
increase were measured in Bald Mountain Brook and Independence River, but none of

the other streams increased at a rate higher than 0.02 y™'. Statistically higher pH values
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Table 3-6. Median pH, acid neutralizing capacity by Gran titration (ANCg in peq/L) and
specific conductance (Sp. Cond., uS/cm @ 25° C) for 18 Adirondack streams during the
two different time periods (early 1980s and 2003-2005). The median flow in the

Independence River is also listed for the respective stream sampling dates.

Early 1980s 2003-2005
Sp. Indep. Sp. Indep.

Stream Name pH ANC Cond. R. flow | pH ANC Cond. R. flow
Bald Mt. Bk. 5.30 11.52 20.45 115 6.77 48.97 22.97 88.5
Black Bear Mt.
Brook 6.78 84.70 30.45 92 7.02 100.01 27.77 114
Bradley Bk. 4.72 -18.25 32.00 99 4.88 -2.49 25.42 114
Buck Cr. 6.04 29.00 29.75 87 5.87 21.55 24.75 88.5
Cellar Bk. 4.80 -14.70 29.05 98 4.99 2.17 22.11 114
Eagle Cr. 6.89 128.50 | 36.00 136 7.38 198.77 | 37.65 114
Independence R. | 5.87 15.34 29.00 259 6.24 28.59 20.70 340
Otter Cr. 6.56 59.50 31.90 271 7.04 68.74 23.76 340
Seventh L. Inlet | 6.10 34.80 28.65 87 6.00 29.66 23.20 114
Silver Run,
downstream 5.58 12.00 27.00 97 5.81 24.27 23.03 114
Silver Run,
upstream 6.62 77.00 27.90 98 7.00 76.87 23.80 114
Wheeler Cr. 5.12 3.00 27.10 87 5.01 5.86 22.14 114
QOutlet Name
Black River 4.85 -5.33 28.00 218 5.12 7.17 18.31 92
Cascade L.
Outlet 6.93 106.00 32.00 97 6.92 83.97 25.50 132
Constable Cr. 4.88 -10.83 29.60 132.5 5.45 10.89 18.75 112.5
Fly P. Outlet 7.10 174.31 43.00 125 7.65 289.80 46.15 88.5
Little Woodhull
Cr. 5.95 41.97 26.00 208 6.55 58.13 22.28 114
Oswegatchie R.,
West Branch 4.93 -3.75 29.20 296 4.98 1.64 21.28 340

3-76




Table 3-7. Ranges and average annual rates of increase for pH and values of acid
neutralizing capacity by Gran titration (ANCg) in water samples collected in streams (a)
and lake and pond outlets (b) in the early 1980s and in the WASS 2003-2005 sampling.
The annual rate of increase is based on 23 years between the two sampling periods.
Rates are not shown for streams in which there were non significant differences between
the time periods. No streams or outlets showed significant decreases.

a. Streams Table

pH (pH units) ANCg (ueq L™
Annual Annual

Range Range Rate of Range Range Rate of
Stream Name 1980-85 2003-05 Increase 1980-85 2003-05 Increase
Bald Mt. Brook 5.05t05.94 | 5.10to 7.29 0.050 -1 to 43 3to 107 1.7
Black Bear Mt.
Brook 5.14t0 7.27 | 5.29 to 7.52 0.015 2to 191 10to 177 -
Bradley Brook 4.49t05.24 | 4.47t0 5.60 0.008 -38to 8 | -28 to 17 0.62
Buck Creek 4.62t07.10 | 4.80t0 6.97 --| -19to 107 -7 to 69 -
Cellar Brook 4.40t05.68 | 4.45t05.72 0.007 -42 to 41 -42 to 22 0.52
Eagle Creek 5.72t07.43 | 5.48t07.80 0.006 | 44t0199 | 27to0300 --
Independence
River 4.63t07.25 | 5.35t07.37 0.031 -29t042 | 10to 130 --
Otter Creek 5.58t0 7.50 | 6.40 to 7.52 0.020 | 15 to230| 38to201 -
Seventh Lake
Inlet 4.82t06.97 | 493t07.13 - -9 t0 98 0to 92 -
Silver Run,
downstream 4.67t06.74 | 4.63t06.97 0.013 -37to 76 -12to 71 0.48
Silver Run,
upstream 5.70t0 7.23 | 5.33t0 7.51 --| 20to 152 | 12to 174 --
Wheeler Creek 4361t06.29 |4.46t0 6.13 - -42 to 40 -28 to 34 -
Overall increase
for streams as a
group -- -- 0.012 -- -- 0.57
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b. Lake Outlets Table

pH (pH units) ANCg (ueq L™
Annual Annual

Range Range Rate of Range Range Rate of
Outlet Name 1980-85 2003-05 Increase | 1980-85 2003-05 Increase
Black River 4.49t05.56 | 4.65t06.38 -- -40to 3 -14 to 30 -
Cascade Lake
Outlet 5.56t07.39 | 5.48to 7.48 - 9to 183 12 tol52 -
Constable Creek | 4.541t06.02 | 4.74 to 7.01 0.020 -27 to 23 -8 to77 0.83
Fly Pond Outlet 6.86t0 7.38 | 7.20to 7.94 0.015| 82to322 6 to 453 4.22
Little Woodhull
Cr. 501t07.00| 5.16t07.27 0.008 | -11to 110 12 to 125 -
Oswegatchie
River, W. Br. 4.401t05.50 | 4.76to 5.46 0.007 -40to 8 -7tol4 0.44
Overall increase
for outlets as a
group -- -- 0.015 -- -- 0.85

(p <0.01) were also measured in 2003-2005 than in the early 1980s in four of the six

outlets, and none of the outlets had lower pH values in 2003-2005 than in the early 1980s

(Table 3-7b). The annual rate of increase for the outlets as a group (determined by

ANOVA) was 0.015 y™', which was similar to that of the 12 streams not affected by

impounded waters.

Ranges in measurements of ANCg were similar in both periods and varied from

as little as 21 peq L to as high as 447 ueq L in the streams and outlets (Tables 3-7a and

3-7b). Values of ANCg were statistically higher (p < 0.05) in 2003-2005 than in the early

1980s in only four of 12 streams, although none of the values in 2003-2005 were

statistically lower than in the early 1980s (Table 3-7a). The average annual rate of

increase for Bald Mountain Brook was 1.7 peq L™ y™', which was approximately three
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times higher than for any of the other streams in which ANCg increased (Figure 3-39a).
The response of the other three streams that showed a significant increase in ANC was
typified by that of Bradley Brook (Figure 3-39b). Each of these streams was subject to
severe episodic acidification in 2003-2005 despite the increase in ANC values since
1980-1985. The annual rate of increase for the 12 streams as a group (determined by
ANOVA) was 0.57 peq L™ y'. Values of ANCg were higher (p < 0.05) in three of the
six outlets in 2003-2005 than in the early 1980s, and none were lower in 2003-2005 than
in the early 1980s (Table 3-7). When grouped, the rate of increase determined by

ANOVA in the six outlets was 0.85 peq L™y

3.6.2  Results for Specific Conductance

The range in specific conductance among the streams and outlets in the two
periods varied from approximately 10 to 20 uS cm™ and was smaller in 2003-2005 than
in the early 1980s (Tables 3-8a and 3-8b). The difference between the two time periods
was also more apparent than for pH or ANC, (Tables 3-7a and 3-7b). Specific
conductance values were lower in 2003-2005 than in the early 1980s (p < 0.05) in 14 of
the 18 streams and outlets (Tables 3-8a, 3-8b). Annual rates of decrease for individual
streams and outlets ranged from 0.14 to 0.35 uS cm™.

Specific conductance is influenced by the concentrations of both anions and
cations. Solutions of inorganic acids, bases, and salts generally are good conductors, and
organic compounds generally do not conduct electrical current well (Clesceri et al. 1998).

The observed declines in specific conductance were most likely the result of lower
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Figure 3-39. Comparisons between ANC measurements in 1980-1985 and 2003-2005 as
a function of flow in Bald Mountain Brook (a) and Bradley Brook (b) . Lines represent
the regressions of points from each time period (p < 0.05).
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concentrations of sulfate and calcium, the ions of highest concentrations. Sulfate
concentrations have decreased in Adirondack lakes following the reductions in sulfur
deposition due to the Clean Air Act Amendments (Driscoll et al. 2003). In Adirondack
lakes, a near stoichiometric correspondence was observed between declines in sulfate and

nitrate concentrations and declines in base cation concentrations (Driscoll et al. 2003).

Table 3-8. Ranges and average annual rates of decrease for specific conductance of
water samples collected in streams (a) and lake outlets (b) in the early 1980°s and in the
WASS 2003-2005 sampling. The annual rate of decrease is based on 23 years between
the two sampling periods. Rates are not shown for streams in which there were non-
significant differences between the time periods. No streams or outlets showed increases.

a. Streams table
Specific Conductance (US cm’”’ @ 25°C)

Range Range Annual Rate of
Stream Name 1980-85 2003-05 Decrease
Bald Mt. Brook 16.0 to 29.0 17.9t031.0 --
Black Bear Mt. Brook 21.6 t0 40.6 21.1 to 36.7 --
Bradley Brook 28.0 to 45.0 21.9to 33.1 0.35
Buck Creek 26.0 to 36.6 21.41029.2 0.19
Cellar Brook 25.0t042.0 20.0 to 33.3 0.30
Eagle Creek 29.0t0 42.0 21.9t049.8 --
Independence River 27.0 to 41.5 18.4to 31.9 0.28
Otter Creek 27.0to 51.7 19.5 to 38.9 0.25
Seventh Lake Inlet 25.31t040.0 19.3 10 29.8 0.27
Silver Run, downstream 23.0to 34.8 19.8 t0 29.7 0.20
Silver Run, upstream 25.0t032.0 18.7to 31.3 0.15
Wheeler Creek 19.7 to 40.0 18.6 to 33.5 0.26
Overall decrease for streams
as a group -- -- 0.22
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b. Lake Outlets Table
Specific Conductance (US cm’™)

Range Range Annual Rate of
Outlet Name 1980-85 2003-05 Decrease
Black River 21.0t0 39.0 | 16.3 to 26.1 0.25
Cascade Lake Outlet 24.51t038.0 | 21.3t033.5 0.20
Constable Creek 21.8t040.0 | 15.4t026.8 0.34
Fly Pond Outlet 27.6t0 55.0 | 22.7 to 65.1 --
Little Woodhull Creek 24.0t0 32.0 | 19.5t0 27.1 0.14
Oswegatchie River, W. Br. 21.0t032.0 | 18.9 to 25.8 0.31
Overall decrease for outlets as a
group -- -- 0.24

With these reductions in both anions and cations, the observed declines in specific
conductance were to be expected. However, the decrease in specific conductance was
inversely related to the median pH in 2003-2005 in the 12 streams (Figure 3-40).
Streams with low pH values became more dilute than streams with high pH values as
sulfate leaching of soils decreased with lower rates of sulfate deposition. In streams with
relatively high pH values, decreased sulfate leaching may have been compensated to

some degree by bicarbonate leaching.

3.6.3 Conclusions on Changes in Stream Chemistry Since the Early 1980s

Statistically higher pH values were measured in 2003-2005 than in the early
1980s in most of the streams and outlets, but less than half of the streams and outlets had
a higher ANCg in 2003-2005 than in the early 1980s. The amount of change, however,
was relatively small, and nearly all of the streams and outlets exhibited episodic

acidification during periods of high stream flow in 2003-2005. A pH value less than 5.0
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was measured at least once in 2003-2005 in half of the streams and outlets, and a BCS
value less than 25 peq L™ was measured in all but one of these waters during the study.

Despite some increases in stream pH and ANCg over the past 20 years, chemical
recovery from acidification in these Adirondack streams and outlets has been minimal,
with the exception of Bald Mountain Brook and Fly Pond Outlet. The overall increase in
ANC for the 12 streams was 13 leq L over 23 years. In Bradley Brook, ANCg
increased 14 peq L over 23 years, but no fish were found in a 1999 re-survey (Simonin
et al. 2005). The degree of chemical recovery observed in the streams and outlets in this
historical comparison probably resulted in little or no biological recovery.

Results from specific conductance measurements showed differences in the
recovery capacity between low pH and high pH streams and outlets. The greater
decrease in specific conductance in low pH waters than in high pH waters is due to
greater decreases in Ca’" (and associated SO4>) concentrations than in the more buffered
waters. Because Ca’" is an important nutrient for aquatic ecosystems, decreased
concentrations of Ca*" may limit the recovery of aquatic life with a high calcium

dependency, such as certain species of zooplankton, amphipods, crayfish, and mollusks

(Jeziorski and Yan 2008).
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4 RELEVANCE OF THIS ASSESSMENT

Assessment of Adirondack stream acidification had previously been limited to a
large survey conducted in March and April of 1980 and subsequent studies involving
small numbers of streams for limited periods of time. Biological data associated with
these previous studies had been largely limited to fish. In contrast, comprehensive
monitoring and assessment of Adirondack lakes has been ongoing since the early 1980s.
In the absence of sufficient stream data for regional assessments, the lake data have
served to represent Adirondack surface waters for the past two decades. Therefore, the
WASS, the largest stream survey conducted in the United States to characterize episodic
acidification, has substantially expanded our knowledge of the current conditions of
Adirondack surface waters.

The percentage of acidified streams determined in the WASS (66 %) was much
higher than the percentage of acidified lakes (8 %) that had been previously reported by
the USEPA (Stoddard et al. 2003). The USEPA estimate of acidified lakes was based on
summer time, base flow sampling that was designed to provide an estimate of chronic
acidification for the overall Adirondack region, whereas our study assessed episodic
acidification of streams in the western Adirondack region. Therefore, the percentage of
acidified lakes reported by Stoddard et al. (2003) is not applicable to western Adirondack
streams.

The tendency of streams to acidify more readily than lakes contributed to the

difference in results between the WASS and Stoddard et al. (2003), as did the fact that
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our study region included the area with the highest number of acidic streams in the
Adirondack Park based on the stream survey in the early 1980s (Colquhoun et al. 1984).
Even though WASS assessed only 28% of the streams within the western 20% of the
Adirondack Park, we identified 718 km of stream reaches prone to acidification. It is
uncertain whether the percentage of inaccessible streams prone to acidification was
similar to that of the accessible streams, but we are not aware of any factors that would
suggest a different percentage for inaccessible streams. The percentage of acidified
streams in the remaining 80% of the Adirondack region is likely to be less, based on the
survey from the early 1980s, but the current condition is largely unknown.

Results of WASS included the development of the BCS and provided a robust
comparison between this chemical index and standard chemical indices of acidification.
Results also showed that the threshold of inorganic Al mobilization (defined by a BCS of
0) approximated the level below which diatom communities were severely impacted and
macroinvertebrate communities were moderately to severely impacted. Adirondack
studies prior to WASS related chemical indices of acidification primarily to brook trout, a
relatively acid-tolerant fish species.

The WASS also provided useful information on current soil conditions and how
they related to stream chemistry. These data indicated that the B horizon in most of the
WASS watersheds is depleted of Ca and is providing minimal neutralization of acidity.
Although a decrease in base saturation of this horizon is likely to have occurred in the
past, the current trend is unknown. Without recovery of the base saturation of the B
horizon, the degree to which the Oa horizon can continue to neutralize soil water and

reduce mobilization of inorganic Al is unknown. Modeling efforts to predict recovery
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trajectories for Adirondack surface waters need to consider incorporation of the role of
the Oa horizon in soil and surface water recovery.

Current efforts to model changes in soil and water chemistry in response to
changes in atmospheric deposition will benefit from the data collected in this study, but
additional data will be needed to document the effects of environmental changes. Future
trends in atmospheric deposition are uncertain, and upward trends in temperature and
precipitation in the study region (Dello 2007) are expected to continue (Hayhoe et al.
2007). The recently identified increase in DOC concentrations in surface waters of the
Northeast (Driscoll et al. 2007) provides an example of a biogeochemical response that
may be related to trends in atmospheric deposition and climate. WASS results will be
valuable in this regard because the study can be repeated to evaluate future changes in

stream chemistry and biota under both base flow and episodic conditions.
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5 MAJOR FINDINGS

1. The base cation surplus provides an effective measure for assessing acidic deposition
effects by relating base cation availability to mobilization of inorganic Al without the
complications of pH buffering by organic acids.

2. Of'the 565 streams assessed, 66% (718 km of stream reaches) were identified as prone
to acidification—likely to be acidified to levels harmful to biota.

3. Of'the 66% of streams found to be prone to acidification, approximately half were
likely to be episodically acidified and half were likely to be chronically acidified.

4. The estimated base saturation of the B horizon for the WASS watersheds was less than
20% for 90% of the watersheds; a likely result of base depletion by acidic deposition
that has rendered this horizon ineffective at buffering inputs of acidity.

5. The percentage of streams determined to be moderately to severely impacted by acidic
deposition on the basis of the diatom data ranged from 66% to 80% over 4 surveys.

6. Macroinvertebrate communities were moderately to severely impacted in 52% of
assessed streams.

7. Recovery from acidification in Adirondack streams and outlets sampled previously in
the early 1980s has been minimal except for Bald Mountain Brook and Fly Pond Outlet.
The overall increase in ANCg for the 12 streams was 13 peq L™ over 23 years.

8. The approach of seasonal sampling surveys conducted within three-day periods
throughout the study region was successful for capturing the episodic and seasonal
variability of stream chemistry. When indexed to a site with both episodic and long-term
monitoring data, this approach was an effective method for the regional assessment of
episodic acidification.
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