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Abstract

Changes in populations of stream algae and invertebrates have been
associated with acid deposition in Europe, Canada, and the northeastern United
States. Alpine regions in the western United States have very limited
capacity to neutralize acids, and acidification of surface waters has been
reported from montane lakes and streams. It is not known, however, if these
pulsed acidifications are having any effects on the aquatic biota of
mountainous areas in western North America. In the summer of 1986 :we
performed a series of stream channel experiments to determine the effects of
different levels of acid input on common invertebrates and algae found in High
Sierra streams. Twelve small channels, each 24 m X 20 cm X 20 cm, were
constructed next to the Marble Fork of the Kaweah River in Sequoia National
Park. Water from the Marble Fork was diverted through these channels and
channels were stocked with natural substrates, algae, and invertebrates.
During acid pulses sufficient acid was added to one set of four channels to
reduce pH to 4.6, another set of four channels received sufficient acid to
reduce pH to 5.2, and a third set of four channels was unmanipulated, acting
as a control at pH 6.5. Every two weeks acid was added for eight hqurs in
late morning and afternoon to simulate the magnitude and timing of acidic
summer rain storms. Benthic densities of invertebrates and algae in each
channel were measured before and after acid additions, and invertebrate drift
was measured before, during, and after acidification. Four experiments were
run through the summer and early autumn.

The response of the stream periphyton community was measured during one
of the experiments. Declines in total diatom abundance were noted in acidified
channels relative to controls one week after acid additions. Periphyton

responses to acidification were species-specific. Achnanthes minutissima, Taxon

99396-3SN (Cymbella failaisencis or Gomphonema sp.), Gomphonema subclavatum

Achnanthes levanderi, and Fragilaria vaucheri were deleteriously affected by acid
additions, whereas Eunotia spp. tended to be more abundant in acidified than
control channels.

Baetis was the most sensitive of the invertebrate taxa, drifting at
significantly higher rates in treatment than control channels. The percentage
of dead Baetis in the drift increased 2.5 to 8x during acidification. Similar

responses were noted in other Ephemeroptera. Drift rates of Epeorus and



Paraleptophlebia increased significantly in response te acid pulses in two

experiments, particularly when pH was reduced to 4.6. Drift rates of the
stonefly Zapada increased in pH 4.6 channels relative to 5.2 and control
channels during the acid pulse in one experiment. Other taxa, such as
chironomid larvae, exhibited less consistent responses to acidification, although
drift of chironomid larvae increased in pH 4.6 channels in one experiment.
Benthic densities of Baetis declined to 10 to 16% of controls 2 days after
acidification. Paraleptophlebia also declined in response to acid pulses in one
experiment. Other taxa either exhibited no statistically significant responses
or were present in too low densities for statistical analyses.
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Summary and Conclusions

Many lakes and streams in the High Sierra are very dilute and weakly
buffered; consequently they are quite sensitive to increased inputs of acid.
Episodes of surface-water acidification have been recorded for some of these
High Sierra waters but effects on the aquatic biota are largely unknown.
Changes in invertebrate and algae populations have accompanied acidification
of stream waters in other parts of the world. Because soﬁe stream
invertebrates and algae show substantial responses to acid inputs, stream
invertebrate and algae populations can act as sensitive indicators of
environmental stress. Because the effects of cultural acidification depend on
the chemistry of receiving waters, the biogeochemistry of affected watersheds,
the species composition of aquatic plant and animal communities, and the -
genetic composition of plant and animal populations, it is necessary to examine
the responses of the aquatic biota to acid inputs for each region separately.
Unfortunately, there is little detailed data on the effects of acidification on
aquatic ‘plants and animals in the western U.S. For that matter, data on the
acid sensitivity of stream algae and invertebrates in the western U.S. is
practically nonexistent. Such data are needed, however, to. assess the current
status qf High Sierra stream systems, to act as a baseline for comparison to
future changes, and to make predictions regarci;!.ng the probable effects of
acidification. ‘ ‘

In the summer of 1986 we performed a series of stream channel
experiments to determine the effects of different levels of acid input on
common invertebrates and algae found in High Sierra streams. Twelve small
channels, each 24 m X 20 cm. X 20 cm., were constructed next to the Marble
Fork of the Kaweah River in Sequoia National Park. Water from the Marble
Fork was diverted through these channels and channels were stocked with
natural substrates, algae, and invertebrates. During acid pulses sufficient
acid was added to one set of four channels to reduce pH to 4.6, another set
of four channels received sufficient acid to reduce pH to 5.2, and a third set
of four channels was unmanipulated, acting as a control (pH ca. 6.5). Every
two weeks acid was added for eight hours in late morning and afternoon to
simulate the magnitude and timing of acidic summer rain storms. Benthic
densities of invertebrates and algae in each channel were measured before and

after acid additions, and invertebrate drift was measured before, during, and



after acidification. Four experiments were run through the summer and early
autumn.
Additions of acid resulted in declines in diatom abundance and shifts in

the relative abundances of diatom species. Achnanthes minutissima, Taxon

99396-SN, Fragilaria vaucheri and, perhaps, Gomphonemé subclavatum and

Achnanthes levanderi were reduced by acid inputs, whereas Eunotia spp. tended

to be more abundant in acidified than control channels. There were no
differences in diatom live to dead ratios among treatments during or after
acid pulses. The only common alga that was not a diatom, Zygnema sp., showed
no response to acid inputs. Among the invertebrates, Baetis nymphs showed the
most sensitive responses to declines in pH, showing increases in drift density
and declines in benthic density with decreasing pH. Other mayfly species,

such as Epeorus sp. and Paraleptophlebia sp., showed increases.in drift activity
with increased inputs of acid, particularly when pH was reduce to 4.6. In an

experiment spanning nearly a month, benthic densities of Paraleptophlebia
declined with decreasing pH. A caddisfly (Amiocentrus) and a stonefly larva
(Zapada) also showed increased drift during pulses of strong acid {channel pH
= 4.6). Chironomids and most other taxa showed few consistent responses to
acidification, although chironomid drift was enhanced in strongly-acidified
channels (pH = 4.6) in one experiment. The large proportion of dead )
individuals in the drift of channels showing significant acidification effects
eﬁphasized the importance of acid toxicity in enhancing drift rates for

sensitive taxa (Baetis, Epeorus).

These data allow us to determine the effects of acid inputs on common
stream invertebrates and algae found in the High Sierra. These data pinpoint
sensitive taxa which can acf as indicators of environmental stress, and also
allow us to predict changes in community composition resulﬁng from the early
phases of cultural acidification.



Recommendations

Stream invertebrates and algae show a variety of responses to
acidification. In our studies we have measured the responses of common stream
algae and invertebrates to pulsed inputs of acid. These data allow us to
calibrate our monitoring programs so that we can pinpoint sensitive taxa which
can act as indicators of environmental change owing to acidification. This
information can help us evaluate the current status of High Sierra streanms,
and allow us to make predictions regarding the effects of increased acidic
inputs on High Sierra systems. Based on our past investigations we recommend
that the CARB do the following:

1. Continue qualitative monitoring of aquatic invertebrate populations in
streams in the Marble Fork basin. Our investigations indicate that the
disappearance of Baetis, in particular, miay act as a potent early-warning
indicator of acid stress.

2. Fund laboratory and field studies to experimentally examine the pH
tolerances of different diatom species. Experimental data on the pH tolerances
of diatoms are virtually nonexistent, despite the importance of diatom
microfossils in reconstructing the pH histories of lakes.

3. Experimentally examine the effects of acidification on trophic.
interactions. The effects of acidification on stream algae and invertebrates
may have important repercussions for their predators and prey. For example,
reductions in stream invertebrates may cause algal blooms, thereby degrading
water quality, or may result in significant alterations in the food base for
fish. Potential experiments could examine the effects of acidification on
stream invertébrates, and, ultimately, the fish which prey upon them.

4. Experimentally examine relationships between flooding and
acidification. Because most inputs of acid are associated with potential
flooding events (snow-melt, heavy rains) it is important to distinguish the
effects of acidification from the effects of natural disturbances associated
with flooding.



5. Integrate data on the effects of acid inputs on stream invertebrates
and algae with data from other projects in the Integrated Watershed Study
(IWS) to (a) provide predictions of changes in biological populations with
changes in surface water chemistry and (b) assist in setting deposition

standards which would prevent damage to aquatic resources in the High Sierra.

Our field experiments have shown the responses of aquatic invertebrates
to increased acidic inputs. CARB-sponsored modeling efforts, which integrate
hydrological, meteorological, and biogeochemical data, are examining the
responses of surface-water chemistry to different acid deposition scenarios.
The models' output will allow investigators to predict the effects of changes
in the loading of acidic species in wet and dry fall on the chemical
composition of lake and stream water. These changes in surface-water quality
in lakes and streams can be used in conjunction with the dose-response
relationships developed for algae and invertebrate populations to predict
biological responses to changes in water quality and, ultimately, acid loading.
Model outputs can be used in empirical equations that relate surface-water pH
and alkalinity to biological response.

‘ The lakes and streams of the High Sierra are the most sensitive
receptors for acidic wet and dry fall in the State of Caljforn:'ga. This means
that they ﬁill, be the first ecosystems to change with increases in acid
deposition. Changes in surface-water chemisfry will result in c;hanges in
biological populations. The CARB should consider the implementation of
deposition standards for acidic pollutants in sensitive areas. ' Such standards
would prevent the deterioration of surface-water quality that would lead to
changes in fish and invertebrate populations. The modeling efforts mentioned
above would allow scientists to determine the effects of different acid-loading
levels on surface-water chemistry and, in turn, on biological populations.
Deposition standards could be defined by "critical loadings" of acids, nitrates
and sulfates that would result in deleterious changes in water quality. The
regulatory strategy to achieve those standards would then have to be
formulated and implemented by the CARB to achieve this "level of protection”.



Introduction

Background

Many lakes and streams in the High Sierra are sensitive to acidic
deposition, and acid precipitation is known to occur in these mountains. The
lakes and streams in the Emerald Lake watershed (Sequoia National Park) are
representative of subalpine and alpine Sierran waters, and changes in the
chemistry and biology of these waters provide excellent early-warning signals
of acid deposition's effects. Changes in stream algae and invertebrate
communities have accompanied cultural acidification iﬁ the northeastern United
States, Canada, and Scandinavia. These community effects include declines in
species diversity, changes in species composition, declines in invertebrate
abundance, increases in algal standing stocks, and the local extinction of some
species. Stream invertebrates and algae show some of the first responses to
acidification, because acid pulses in streams often precede chronic
acidification in bodies of freshwater. Stream invertebrate and algae
populations, then, are sensitive indicators of environmental stress owing to
acidic inputs. The work on stream algae and invertebrates described below is
an integral part of the Integrated Watershed Study (IWS) supported by the
California Air Resources Board. This research has allowed us to characterize
the résponses of stream algae and invertebrates to pulsed acidic inputs. This
research calibrates our monitoring data set by allowing us to determine which
taxa are particularly sensitive to acid inputs, i.e. indicating the taxa to
focus our attention on in ﬁnonitoring efforts. In addition, these studies allow
us to predict the effects of increased acidification on some characteristics of
- High Sierra streams, which should ultimately allow the formulation of deposition
standards for protet:ting sensitive waters. Data collected during these
experimental studies will be used in concert with data from other IWS projects

to assess the current status of, and stresses to, High Sierra waters.

Literature review and justification for approach

Reduction of pH in stream waters, caused by acidic deposition, has many
effects on benthic invertebrate and algal communities (Hall et al. 1980,
Raddum 1980, Burton et al. 1982, 1985, Hall and Ide 1987). Increased acidity
has been shown to decrease the diversity of benthic invertebrate and algal

communities; to decrease the abundance of benthic invertebrates; to increase



the abundance of periphyton; and to alter invertebrate life histories (Friberg
et al. 1980, Roff and Kwiatkowski 1977, Almer et al. 1978, Okland and Okland
1980, Mackay and Kersey 1985, Simpson et al. 1985, NRC Canada 1981, Hall
and Likens 1979, Howells et al. 1983, Bell 1971, Fiance 1978, Zischke et al.
1983, Burton et al. 1985, Lacroix 1985, Hendrey 1976, Kimmel et al. 1985,
Hornbach and Childers 1987). Increased acidity can change community
composition as sensitive organisms are replaced by more tolerant ones
(Leivestad et al. 1976, Henriksen et al. 1980, Eriksson et al. 1980, Burton et
al. 1982, Zischke et al. 1983, Hunter et al. 1985, Hall et al. 1980, Hall and
Iide 1987). For example, many mayfly nymphs are particularly sensitive to
acidic inputs, whereas alderfly and some chironomid larvae are relatively
tolerant of acidic conditions (Sutcliffe and Carrick 1973, Grahn et al. 1974,
Bell 1971, Priberg et al. 1980, Singer 1981, Hagen and Langeland 1973).
Similarly, many species of diatoms will disappear as pH decreases, whereas
other diatoms (e.g. Tabellaria, Eunotia) or filamentous algae (particularly
Mougeotia) increase with declining pH (Hendrey 1976, Hall et al. 1980, Muller
1980, Turner et al. 1987). In addition, acidic inputs can affect organisms
through their influence on other organisms in the trophic web. For example,

fish can be eliminated by acid deposition with important repercussions for
the invertebrates on which they prey (Henrikson and Oscarson 1978, Eriksson et
al. 1980). Similarly, the elimination of sensitive invertebrate grazers by acid
inputs may result in algal blooms (Griffiths 1987, Hendrey 1976).

Mobilization of toxic metals, especially aluminum, occur in low pH waters,
and these metals have several deleterious effects on algae, invertebrate, and
fish populations (Hall et al. 1980, Howells et al. 1983, Hall et al. 1987,
Starodub et al. 1987, Burton and Allan 1986, see review in Cooper et al. 1988).
For fish and invertebrates some of these changes may be mediated through
effects on ion-exchange phenomena, blood chemistry, and respiratory structures
(Burton et al. 1985, McDonald 1983, LaCroix 1985). Particular life history
stages of stream organisms can be especially sensitive to acid stress
(Menendez 1976, Daye and Garside 1977, Burton et al. 1985, France and Stokes
1987).

Increased drift of benthic invertebrates often follows acidification of
streams (Hall and Likens 1979, Hall et al. 1980, Overrein et al. 1980, Singer
1982, Zischke et al. 1983, Hopkins et al. 1988, Ormerod et al. 1987). Mayflies
(family Ephemeroptera) are especially sensitive to low pH waters (Bell 1971,



Sutcliffe and Carrick 1973, Fiance 1978, Howells et al. 1983, MacKay and Kersey
1985) and often show a higher drift rate than other benthic invertebrates
(Overrein et al. 1980). Since many stream fish, such as trout, feed primarily
on drifting invertebrates (Jenkins et al. 1970), the changes in stream acidity
can greatly affect their food resources.

Acidic precipitation (pH 4-5) sometimes falls on the Sierra Nevada of
California during the summer and autumn (Melack et al. 1982). During periods
of heavy rainfall, watersheds may not be able to neutralize acidic inputs and
short-term pH depressions of lake and stream waters may occur (Dillon et al.
1984, Melack et al. 1987). These episodic depressions may have a substantial
impact on the aquatic biota well before long-term declines in pH are
detectable (Servos and Mackie 1986).

A variety of approaches have been used to assess the effects of
increased acidity on freshwater organisms. For example, surveys or laboratory
bioassays have often been used to determine the effects of acidification on
benthic invertebrates (Sutcliffe and Carrick 1973, Singer 1981, Raddum 1980,
Okland 1980, Okland and Okland 1980, Roff and Kwiatkowski 1977, Bell 1970).
The survey approach iﬁvolves comparisons of the distribution and abundance
of aquatic organisms in relation to the pH of the waters in which they live.

However, causation cannot be inferred from correlation, for relationships can
' be confounded or obscured by the effects of other, perhaps unmeasured,
variables. In the same geographical area, streams and lakes not affected by
acidification may be different in many ways from those experiencing decreases
in pH, thus obviating the usefulness of comparisons. Laboratory bioassays, in
which pH tolerances of various organisms are determined (Bell 1971, Hollet et
al. 1986), cannot adgquately represent the complex biological and chemical
interactions that occur in an organism's natural habitat. It is difficult to
extrapolate the results obtained in the laboratory to organisms in their
natural environments. Laboratory microcosms and mesocosms, which mimic natural
assemblages, sediments, and water (Tonnessen 1983) have been used as
compromises between bioassay-type and field experiments. Although certainly an
improvement, in some cases miérocosms quickly diverge from larger natural
systems as some processes, such as mixing, are hindered or modified by the
small size of the container. Also, other natural conditions, such as weather
changes, are difficult to simulate.



Stream ecologists have increasingly used cages to analyze species
interactions (Peckarsky and Dodson 1980). It is becoming increasingly
apparent, however, that cages alter abiotic conditions, such as current and
sediment conditions, and provide increased surfaces for insect and aigae
attachment, thereby confounding the interpretation of experimental resuits
(Walde and Davies 1984). Furthermore, chemicals experimentally added to in
situ cages are quickly washed to other parts of the stream. Results from
studies using artificial substrates cannot always be extrapolated to natural
substrate conditions owing to differences in the responses of organisms to
- artificial vs. patural substrates (Rosenberg and Resh 1982).

As alternatives, whole system acidification expe;'iments have been
performed (Hall and Likens 1979, Hall et al. 1980, Schindlér 1980a, b, Schindler
et al. 1985, Ormerod et al. 1987), but it is difficult to find replicate systems
both for examining inter-system variability and for concurrent controls. Using
separate streams or lakes as controls does not provide good replication
because of stream-to-stream or lake-to-lake variability. It is often difficult
to determine densities of the biota of whole lakes and streams because the
organisms in these systems are highly aggregated (Allan 1984, Hurlbert 1984,
Morin 1985). A number of studies have indicated that large numbers of
samples are needed to calculate density estimates for many freshwater,
particularly benthic, organisms (Resh 1979, Allan 1984). Whole stream
experiments often use a downstream-manipulative versus upstream-control
experimental design. The problem with this design is that it does not allow
for the replication of treatments (Allan 1984, Hurlbert 1984). Furthermore,
upstream and downstream areas are not independent, as upstream processes
. affect downstream results. Finally, whole-system manipulations are logistically
difficult, requiring large amounts of manpower, money and time. They can also
have effects that are biologically and socially unacceptable, potentially
altering whole systems irreversibly.

Experimental stream channels and large lake enclosures, then, seem to
constitute good compromises between the naturalness of whole system
manipulations and the control and replication of laboratory experiments; they
approximate natural conditions while providing the replication needed for
statistical analyses. Artificial stream channels have been successfully used in
past studies to examine the effects of increased acidity on stream systems
(Zischke et al. 1983, Burton et al. 1985, Servos and Mackie 1986, Griffiths



1987). Based on our analysis of the literature and our experience with stream
experiments we felt that the stream channels used in these studies provided
the best compromise in terms of replicability, ease of manipulation and size,
and duplication of nearly natural conditions. Simulations of acidic rain
events (containing sulfuric and nitric acids), of similar acidity to those
known to occur during summer storms (Melack et al. 1982), were performed in
stream channels operated near Emerald Lake. These acidic rains, together with
acidic snow-melt, comprise the primary acid inputs into Sierra Nevada aquatic
systems. Except during these events, the pH of freshwater habitats in the
western Sierra Nevada is near a pH of 6.2-6.5. Most previous stream or
stream channel experiments have added acid continuously to stream sections or
channels for periods of time (Hall et al. 1980, Burton et al. 1985). Although
these experiments may indicate biotic responses to severe, continuous acid
exposure, they provide us with little information regarding the effects of
episodic acid deposition on streams.

We measured benthic (bottom) densities of invertebrates and algae, as well
as invertebrate drift rates, in response to decreased pH, because benthic
densities and drift are indicators of acid stress (Fiance 1978, Hall and Likens
1980, Hall et al. 1980, Howells et al. 1983, Hall et al. 1987, Hendrey 1976).
The replicated stream channels used in this study allowed more precise
evaluation of the effects of acid deposition on the stream ‘biota and allowed
us to predict the effects of acidic inputs on this system.

Information from these stream channel experiments revealed which
invertebrates in Sierra Nevada aquatic habitats were particularly wvulnerable to
acid stress. These indicator organisms are being closely observed, together
with changes in stream chemistry, in order to monitor the effects of acidic
inputs on a representative Sierra Nevada running-water system, i.e. the streams
flowing into and out of Emerald Lake. In this report we describe the results
of stream channel experiments examining the effects of acidification on stream
benthos and drift.

Objectives

The overall objective of this research was to determine the responses
of invertebrates and algae commonly found in High Sierra streams to inputs of
acid under natural conditions. We achieved this objective by conducting field

experiments in streamside channels stocked with natural substrates,
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invertebrates, and algae. In these experiments we exposed replicate channels
to differing levels of acidity, and monitored the response of stream chemistry,
invertebrate and periphyton (algae) densities and drift (organisms carried
downstream in the current) to acidic inputs. These data allow us to make
specific predictions as to the effects of increased acidic inputs on the biota
of High Sierra streams. By using these data, in conjunction with monitoring
data on stream invertebrates and algae from a representative, sensitive basin
(Emerald Lake basin), we will determine the current status of, and stresses to,
aquatic populations in High Sierra streams. -

History of project

The stream channel project is an extension of on-going limnological
investigat_:ions being conducted at Emerald Lake with support from the
California Air Resources Board (CARB). We began CARB-funded limnological
investigations at Emerald Lake in the summer of 1984. The Emerald Lake

watershed was chosen by the California Air Resources Board as the site for

~ its Integrated Watershed Study because it is sensitive to acid deposition,

representative of subalpine and alpine waters of the Sierra Nevada, and
accessible at all times of the year. The overall purpose of the Integrated
Watershed Study is to assess the current status of a representative Sierran
system -and to determine current and potential re;*zponses_ to acidic inputs. The
ongoing ARB limnological investigations at Emerald Lake include: monitoring
water chemistry, planktonic and benthic populations, as well as performing
experiments to predict the effects of increased acidification on stream and
lake organisms (Melack, Cooper, and Holmes 1987; Cooper, Jenkins, and Soiseth
1988).

We have studied stream invertebrate and algae populations as part of the
Melack, Cooper, Holmes project since the summer of 1984. We collected
invertebrate samples from Emerald Lake's inlet and outlet streams during the
summers of 1984 - 1987, and we collected additional samples from the outlet
stream during other seasons. Stream algae samples were taken from these
streams during the summers of 1984 - 1986. This basic measurement program
will allow us to use the aquatic biota as indicators of the current status of
Emerald Lake's inlet and outlet streams, and will allow us to examine
correlations between biotic changes and changes in stream chemistry. In the

summer of 1985 we also performed a pilot experiment using streamside channels
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to assess the sensitivity of High Sierra streams to acidic conditions, and to
predict the effects of acid deposition on these streams (Melack et al. 1987,
Hopkins et al. 1988). This experiment was conducted along the Marble Fork of
the Kaweah River instead of in the Emerald Lake streams for the following
reasons: (1) There was not sufficient water in the Emerald Lake inlet or
outlet streams to provide the water necessary to feed experimental stream
channels. (2) Addition of effluent water from experimental channels to the
Emerald Lake streams could affect their chemistry and biota. In contrast, the
Marble Fork is usually much larger and would be, therefore, less affected by
chemical inputs. In our preliminary experiment effluent from stream channels
had a negligible effect on the pH of the Marble Fork. (3) Operation of the
stream channels would interfere with our monitoring program on the Emerald
Lake streams. (4) All of the common taxa present in the Emerald Lake
streams are also present in the Marble Fork. The Marble Fork has a variety
of additional taxa, some of which are reportedly sensitive to acid stress. The
results of the Marble Fork experiments are not only applicable to the Emerald
Lake system, because of the similarity in their flora and fauna, but are more
generally applicable to streams in the High Sierra, given the high diversity of
organisms f_dund in the Marble Fork. (5) The stream channels are much less
visible to the public at the Marble Fork site than at the Emerald Lake site.
This reduced the aesthetic and visval impacts of the channels, and also
reduced the probability of vandalism.

Unfortunately, because of a drought during the summer of 1985, flows. in
the Marble Fork became very low and there was only sufficient flow to feed
four of the 12 experimental stream channels. Acid was added to two of the
channels in sufficient quantities to reduce pH to 5.0 for 6 hours, and the
other two channels functioned as controls (pH ~ 6.2). Benthic samples were
taken from channels the day before and two days after acid additions, and
drift samples were taken at periodic intervals before, during, and after acid
additions. Because the Marble Fork dried up completely shortly after we added
acid to half of our channels, we had to discontinue this experiment. The
results of this experiment were best regarded as preliminary because of the
small number of replicates for each treatment, the short duration of the
experiment, and complications introduced by the Marble Fork drying. This
experiment showed, however, that we could set up replicated stream channels
with similar biota, and that we could successfully manipulate levels of acidity



12

in stream channels. Furthermore, the preliminary results from this experiment
showed that some taxa showed sensitive responses to acid additions. For
example, Baetis sp. drift in acidified channels was 7 times higher than in
control channels during acid additions, and the percentage of drifting baetids
that were dead was higher in acidified than in control channels.

Building on the experience gained during the 1985 field season we
acquired CARB funding to conduct a series of well-replicated, rigorous stream
channel experiments in the summer of 1986. These experiments allowed us to
determine and predict the effects of increased acid inputs on the biota of
High Sierra streams. A large advantage of channel experiments is that they
allow the precise control of experimental parameters (e.g. acid levels) while
exposing the stream community to natural conditions, thereby combining the
control of a laboratory assay with the biological reality of whole system
manipuiations. These experiments were conducted next to the Marble Fork of
the Kaweah River for the reasons cited above. Because of the similarities
between the Marble Fork's biota and the biota of the Emerald Lake streams, we
can use these data to determine the sensitivity of organisms from Emerald
Lake streams to acid inputs.

_ The stream channel pfoject of the Integrated Watershed Study was funded
by the CARB for one and one-half years (June 1986 to December 1987). A
series of four, short-term (2 weeks) acidification experiments were performed
during the summer of 1986. Because of problems ih maintaining precise pH
levels in the second experiment, we report the results of the first, third, and
fourth experiments here. In these experiments we introduced acid to some
experimental chamnels in pulsed additions to simulate low-pH rain events, Most
previous stream or stream channel experiments have added acid continucusly to
stream sections or channels for periods of time. Although these experiments
may indicate biotic responses to severe, continuous acid exposure, they provide
us with little information regarding the effects of episodic acid deposition on
streams. Currently, most pH depressions in Sierra Nevada lakes and streams
are temporary, and result from episodic inputs of acid, during rain events or
snow-melt. Because these episodic events can have large effects on the
aquatic biota, the biota can be used as early-warning signals of environmental
stress, even though stream or lake chemistry will show few responses at most
times. In this study we added acid, in 8-hour pulses, to stream channels and

examined the responses of the stream biota to these pulsed acidic inputs. The
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results of such experiments are especially relevant in areas like California
where acid deposition is just beginning to be recognized as a problem. In
California, changes in the stream biota can be used as early-warning signals
of cultural acidification. We summarize the results of our investigations
below.
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Materials and Methods

Twelve experimental stream channels were set up next to the Marble
Fork of the Kaweah River, in Sequoia National Park on the western side of the
Sierra Nevada, California, U.S.A. (elevation 2720 m, latitude 36035'N, longitude
118°40'W).

Channel design and sampling protocol were refined based on the
experiment of the summer of 1985. Equipment was lifted by helicopter to the
research camp on 24-25 June, 1986. On-site channel construction began 26
June and was completed on 8 July, although high discharge of the Marble Fork
precluded final water diversion into the channels until 21 July. Flow was
sufficient to run all 12 channels through 16 September and nine channels until
the end of the last experiment on 1 October 1986.

Channels were similar in design to those of 1985. The bases
consisted of two 1.2 x 2.4 meter plywood sheets treated with three coats of
Varathane (nontoxic). These were each divided into six, 20 cm x 2.4 meter,
channels with 20-cm high Plexiglas sides acting as partitions between channels
(Fig. 1). A 6-cm high Plexiglas plate was affixed to the downstream end of
each channel to insure adequate water depth throughout the channel.

Immediately in front of each downstream plate were small retainers on the

sides of the Plexiglas walis to hold drift nets (mesh size 250 um). The
gradient in each set of stream channels was- adjusted to provide a drop of 5
cm from the upstream to the downstream -end of each channel.

Water was diverted from a pool in the Marble Fork approximately 40 m
upstream and elevated 2 m above the channels. Two flexible plastic pipes

transported the unfiltered water to a 0.5 cubic meter central reservior. Three

12.7-cm diameter, S-meter PVC pipes carried water from the bottom of the front

panel of the reservoir to the channels. Four PVC "T's" were placed at
approximate 0.6-m intervals along each delivery pipe, and flexible plastic pipes
(internal diameter 12 cm) carried water from each T to the stream channels.
Flow into individual channels was regulated by 12.7-cm diameter butterfly
valves that connected the delivery pipes to each of the pipes delivering water
from the T's to experimental channels. During acidifications 2 30-liter plastic
containers dischargt‘ad acid solution through Tygon tubing to the appropriate

delivery pipe. Precise control of acid flow was accomplished with the use of
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Figure 1. Design of replicate experimental stream channels set up along the Marble Fork of the Kaweah River.
July-October 1986. Arrows indicate direction of water flow.
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stopcocks mounted in the Tygon tubing. Discharge waters from the channels
flowed through open plastic pipes back into the Marble Fork.

Acidification experiments were conducted on 4-8 August (Experiment 1),
19-22 August (Experiment 2), 3-6 September (Experiment 3), and 16-19 September
1986 {(Experiment 4). Each experiment consisted of a single 8-hour pulse of
three treatment levels of acid: pH 6.5 (control, no acid), pH 5.2, and pH 4.6.
Experimental channels were acidified with solutions of nitric and sulphuric
acids (1:1 by equivalents). Acid additions were conducted in late morning and
afternoon (1000 - 1800 hrs), to simulate acid precipitation events which
primarily occur in the afternoon in the summer months (Fig. 2). In two of the
treatment channels {one each at pHs 4.6 and 5.2), pH was monitored
continuously, with pH in remaining channels being measured every 60 minutes.
Continuous pH measurements were made using portable pH meters and gel-filled
electrodes. We measured the pH of water samples from other channels in the
field with a Ross combination electrode (8104) and an Orion SH250 pH meter.
pH was also frequently measured in effluent waters from channels, at the
confluence of discharge from channels and the Marble Fork, and in downstream
stretches of the Marble Fork to insure that acidified effluent from channels
was not depressing Marble Fork pH levels.

Water samples were collected for chemical analyses in the laboratory
beforé,ﬂ during, and after acidification. Laboratory measurements of pH, which
we used to verify the accuracy of the field measurements, were made on
unfiltered samples with a combination electrode suitable for use in dilute
waters (Sargent-Welch S-30072-15) and a Fisher Acumet 805 pH meter. Acid
neutralizing capacity (ANC) was determined by incremental titration of the same
sample with 0.1 N HCL. Filtered samples (Gelman AE glass-fiber filters) were
analyzed by ion chromatography for nitrate and sulfate. Unfiltered subsamples
which had been acidified in the field were analyzed for total iron and total
aluminum by atomic absorption with the graphite furnace technique.

The stream channels were leached with stream water for 2 weeks and
stocked with substrate from the Marble Fork. Six large rocks (approximately 9
cm diam.) and 2 cm of gravel (0.5-2.0 cm) and sand were placed in each
channel. Invertebrates were seeded in, and also allowed to naturally colonize,
all channels for a two-week period prior to the first, second, and tl'urd acid
events. Invertebrates were collected by gentle kick sampling into drift nets

(mesh size 250 um), placed into buckets of water, and divided equally among
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