RESULTS/DISCUSSION

SRBCs intent for the LFM Pilot Study was to document summer
baseline flow and low flow conditions in the Juniata River
Subbasin in consecutive years; however, low flow sampling
could not be completed in 2011. Record precipitation and
historic flooding from Hurricane Irene the week of August
26 and Tropical Storm Lee the week of September 9 caused
flows to remain too high through the end of the monitoring
period for SRBC staff to safely conduct sampling. Figure 2
depicts streamflow at the USGS gage on the Little Juniata
River at Spruce Creek, Pa., from June 1, 2010 to September
30, 2011. Flows approached flood stage following Tropical
Storm Lee and remained high through the end of September,
particularly in comparison with flows from the same period
in 2010. Streamflows throughout the Juniata River Subbasin
exhibited a similar pattern. The pilot study stations were
not sampled outside of the June through September time
frame to avoid potentially introducing confounding factors
due to seasonal changes in biological communities (PADEP,
2012). Because the focus of the pilot study was to document
differences between baseline flow and low flow periods, this
report primarily focuses on data from 2010. While data from
2011 are included in tables and figures for additional baseline
documentation, they were not included in analyses.

HABITAT

Habitat conditions were generally very good at all stations.
This was expected because the stations were selected based on
historical records of non-impaired conditions from previous
SRBC field surveys (LeFevre, 2005; Campbell, 2011). All
stations were categorized as having either excellent or supporting
habitat during both baseline flow and low flow in 2010. Habitat
condition category changed at only three stations, CRKD 0.3,
GTRC 2.9, and TSPC 0.1, between baseline flow and low flow
in 2010. All three stations scored excellent during baseline flow
and supporting during low flow. The changes in the scores can
primarily be attributed to decreased streamflow, which resulted
in loss of riffle habitat and increased sediment deposition due
to reduced capability of the streams to transport fine materials
downstream. These three stations received lower scores for
habitat condition factors related to flow status, velocity/depth
regime, and sedimentation.

Table 3 lists flows at the 17 stations where baseline flow and low
flow sampling occurred, as well as flows at the reference gages at
the time of sampling, percent reduction in streamflow, percent
loss of wetted area, and the actual annual flow exceedance
percentile for the reference gages at the time of sampling.
Percent reduction in streamflow between baseline flow and low
flow periods ranged from 17 percent at LJUN 3.8 to 99 percent
at GTRC 2.9. The median percent reduction in streamflow was
83 percent. The greatest loss of wetted area (78 percent) was also
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Figure 2. Streamflow at the USGS Gage on the Little Juniata River at Spruce Creek, Pa., from June 1, 2010 to
September 30, 2011



Table 3. Measured Flow, Percent Flow Reduction, Percent Loss of Wetted Area, and Flow and Annual Exceedance

Percentile at Reference Gages at Time of Sampling

. Percent Flow at Annual
Station Date Flow Percent Loss of
Flow Reference Gage Reference | Exceedance
Name Sampled (cfs) . Wetted Area .
Reduction Gage (cfs) Percentile

06/22/10 49.0 51.0 64
AUGH 17.2 84 16 Aughwick Creek (1564500)

09/02/10 8.1 8.2 96

06/22/10 19.9 51.0 64
BLLG 0.9 79 51 Aughwick Creek (1564500)

09/07/10 4.1 6.8 98

06/22/10 10.5 . 51.0 64
BLLG 4.6 92 51 Aughwick Creek (1564500)

09/07/10 0.9 6.8 98

06/08/10 60.9 . 105.0 48
BOBS 0.9 90 31 Dunning Creek (01560000)

09/09/10 6.1 14.0 97

06/01/10 28.7 162.0 40
BUFF 0.4 89 38 Tuscarora Creek (01566000)

09/01/10 3.2 16.0 94

06/07/10 6.7 121.0 44
BUFR 0.4 96 72 Dunning Creek (01560000)

09/09/10 0.2 14.0 97

06/16/10 9.3 110.0 47
CRKD 0.3 82 14 Dunning Creek (01560000)

09/07/10 1.7 12.0 98

06/08/10 115.7 . 105.0 48
DUNN 0.1 85 37 Dunning Creek (01560000)

09/08/10 17.3 14.0 97

06/09/10 355 486.0 47
GTRC 2.9 99 78 Raystown Branch (01562000)

09/09/10 0.4 82.0 97

07/06/10 89.0 89.0 87
LJUN 3.8 17 6 Little Juniata River (01558000)

08/04/10 74.0 74.0 94

06/21/10 8.8 57.0 62
NBLA 1.4 80 27 Aughwick Creek (1564500)

09/02/10 1.8 8.2 96

07/08/10 69.7 127.0 87
RAYS 80.5 33 1 Raystown Branch (01562000)

09/08/10 46.8 84.0 97

06/07/10 7.6 121.0 44
SHOB 0.4 67 9 Dunning Creek (01560000)

09/08/10 2.5 14.0 97

06/21/10 18.5 57.0 62
SIDE 0.1 97 69 Aughwick Creek (1564500)

09/02/10 0.6 8.2 96

06/21/10 4.4 57.0 62
TSPCO.1 83 50 Aughwick Creek (1564500)

09/02/10 0.8 8.2 96

06/23/10 80.0 80.0 61
TUSC 0.6 81 23 Tuscarora Creek (01566000)

09/01/10 15.0 16.0 94

06/23/10 3.9 80.0 61
WILL 0.4 55 22 Tuscarora Creek (01566000)

9/1/2010 1.7 16.0 94

observed at GTRC 2.9, while the smallest loss was documented
at RAYS 80.5 (1 percent). The median loss of wetted area
was 31 percent. The two limestone-influenced streams that
experienced annual P95 flows in 2010, SHOB 0.4 and LJUN 3.8,
had small reductions in wetted area between sampling periods (9
percent and 6 percent, respectively) compared to most stations.
Baseline flow in streams flowing through limestone geology is
generally comprised of a greater proportion of groundwater
than baseline flow in freestone streams, which allows limestone
streams to maintain higher flows during dry periods (Apse and
others, 2008).

WATER QUALITY

Water quality was generally good at all stations across sampling
periods. Six stations did not exceed any water quality levels of
concern for the parameters assessed during baseline flow 2010,
and 11 stations had zero exceedances during low flow 2010.
Parameters that most often exceeded levels of concern included
total nitrate (71 percent of stations), total orthophosphorus (53
percent), and total nitrogen (41 percent). The levels of concern
for these three parameters are based on natural background
concentrations rather than water quality standards or aquatic
life tolerances because Pennsylvania has not yet developed
numeric standards for nutrients. Total nitrate greater than 0.6



mg/L, total orthophosphorus greater than 0.02 mg/L, and total
nitrogen greater than 1.0 mg/L indicate potential enrichment
above background levels. The highest levels of total nitrate
and total orthophosphate were 2.87 mg/L and 0.078 mg/L,
respectively, both of which were observed at LJUN 3.8. RAYS
80.5 had the highest total nitrogen value (3.41 mg/L). Total
phosphorus was elevated at LJUN 3.8 in July 2010, and total
sodium was elevated at SIDE 0.1 in September 2010.

These water quality findings are consistent with those from
previous surveys of the Juniata River Subbasin (LeFevre,
2005; Campbell, 2011). Common sources of nitrogen and
phosphorus compounds include fertilizers, livestock waste,
wastewater treatment and septic systems, detergents, and
industrial discharges. Major sources of impairment in the
Juniata River Subbasin include agriculture (general, crop, and
animal), abandoned mine drainage, combined sewer overflows,
urban and residential runoff, industrial and municipal point
source, road runoff, and construction activities.

MACROINVERTEBRATES

TNC hypothesized that decreased flows during the summer
low flow period, whether brought on by natural or human
causes, could reduce macroinvertebrate diversity and richness,
particulatly of sessile, rheophilic (i.e., preferring fast-flowing
waters), large-bodied, pollutant-sensitive, filter feeding, and
grazing taxa (DePhilip and Moberg, 2010). TNC’s ecosystem
flows report condensed the results from nearly two dozen studies
into a list of 21 functional trait or general assemblage metrics

that may potentially detect changes in the macroinvertebrate
community resulting from lowered flows. These 21 metrics,
as well as PADEP’s benthic IBI, were calculated using
macroinvertebrate data collected at the Low Flow Monitoring
Pilot Study stations.

Table 4 lists the expected changes in metrics between baseline
flow and low flow sampling periods and the percentages of
stations where the expected changes were observed. Twelve
macroinvertebrate metrics showed the expected change between
baseline flow and low flow conditions at a majority (greater than
50 percent) of stations. These metrics included IBI, percent
dominant, percent multivoltine, percent strong swimmers,
percent shredders, percent herbivores, percent predators, percent
eurythermal, and percent cold stenothermal.

The PADEP IBI measures the degree to which a set of
community-level biological attributes differ at sites of interest
compared to a “reference” condition. In this context, reference
condition refers to a state of natural biotic structure and function
in the absence of significant human disturbance or alteration
(Stoddard and others, 2006). The IBI is a multimetric index
which incorporates information from six individual metrics
into a single measure of overall biological condition (Barbour
etal., 1995). For macroinvertebrate samples collected between
June and September, IBI scores less than 43 indicate aquatic life
use (ALU) impairment. Samples scoring greater than or equal
to 43 are also subject to four screening questions before ALU
attainment/impairment can be determined. The first screening
question addresses absence of mayflies, stoneflies, and/or
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caddisflies, the second addresses
scores for the individual metrics
Beck’s Index and Percent Sensitive
Individuals, the third question
deals with the ratios of tolerant
to intolerant taxa, and the fourth
flags signatures of acidification (i.e.,
low mayfly abundance and diversity,
high abundance of Awphinemnra
and Lewuctra stoneflies). If a sample
fails any of the screening questions,
the sample may be considered
impaired without compelling
reason otherwise (PADEP, 2012).
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Figure 3 summarizes the benthic
macroinvertebrate IBI scores
from samples collected at the
Low Flow Monitoring Pilot Study
stations during baseline flow 2010,
low flow 2010, and baseline flow
2011. Seven stations had IBI scores
indicating attainment of aquatic life

SHOB 0.4
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Figure 3. Index of Biotic Integrity Scores for the Low Flow Monitoring Pilot Study
Stations. Scores Less than 43 Indicate Impaired Communities
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use during baseline flow 2010. No
samples were designated impaired



Table 4. List of Macroinvertebrate Metrics, Expected
Metric Changes Between Baseline Flow and Low Flow,
and the Percentage of Expected Changes Observed

Percent of
Stations with
X Expected
Metrics Expected
Change
Changes
Observed
General Assemblage Metrics

PADEP Index of Biotic Integrity (IBI) decrease 65%
Taxa Richness* decrease 53%
EPT Taxa Richness (PTV < 3)* decrease 71%
Beck’s Index (Version 3)* decrease 77%
Hilsenhoff Biotic Index (HBI)* increase 82%
Shannon Diversity* decrease 18%
Percent Sensitive (PTV < 3)* decrease 47%
Percent EPT Taxa decrease 35%
Percent Dominant increase 53%

Functional Traits (from Poff et al., 2006)
Percent Multivoltine increase 71%
Percent Dessication Tolerant increase 47%
Percent Strong Adult Flyers increase 41%
Percent Common/Abundant in Drift increase 47%
Percent Strong Swimmers increase 53%
Percent Small-Bodied increase 47%
Percent Free-Living increase 47%
Percent Erosional decrease 47%
Percent Obligate Depositional increase 41%
Percent Burrowers increase 24%
Percent Shredders decrease 53%
Percent Herbivores decrease 53%
Percent Collector-Filterers decrease 35%
Percent Predators increase 59%
Percent Eurythermal increase 65%
Percent Cold Stenothermal decrease 65%

* denotes IBI component metric

based solely on IBI score during baseline flow 2010; however,
BOBS 0.9, CRKD 0.3, DUNN 0.1, RAYS 80.5, SHOB 0.4,
TSPC 0.1, and TUSC 0.6 failed at least one screening question.
Only GTRC, TSPC 0.1, and WILL 0.4 scored as definitively
attaining ALU during low flow in 2010. All other stations failed
at least one screening question, and BUFR 0.4 was considered
impaired on the basis of score alone.

Four stations — CRKD 0.3, DUNN 0.1, RAYS 80.5, and SHOB
0.4 — failed at least one screening question during all three
collection periods. Despite receiving numerical IBI scores
greater than or equal to 43, the macroinvertebrate communities
at CRKD 0.3, DUNN 0.1, and RAYS 80.5 may be impaired.
All three of these stations had high nitrate, total nitrogen,
and orthophosphorus levels, which can inhibit colonization
by sensitive macroinvertebrate taxa that cannot tolerate high
levels of nutrients. Limestone influence at SHOB 0.4 may
account for the consistent failure of this station to meet the
requirements of the screening questions. Streams flowing
through limestone geology tend to have uniform habitat,
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temperature, and water chemistry, which favor a high density
but low diversity macroinvertebrate community (PADEP, 2009).
No water quality parameters exceeded levels of concern at
SHOB 0.4 during any sampling period.

IBI scores were lower during low flow than baseline flow at 65
percent of stations in 2010 (Figure 3). Of the six IBI component
metrics, taxa richness, EPT taxa richness, Beck’s Index, and
Hilsenhoff Biotic Index (HBI) showed the expected change
between baseline flow and low flow at more than 50 percent
of stations (Table 4). All of these metrics except HBI measure
aspects of taxonomic richness within the macroinvertebrate
community. Numerous other studies conducted in a variety
of stream settings in the United States and abroad have also
documented reductions in total taxa and particularly EPT taxa
richness following water diversion or abstraction (Englund and
Malmgqyvist, 1996; Rader and Belish, 1999; McIntosh and others,
2002; McKay and King, 2000), indicating that lowered flows
may result in reduced taxonomic richness of macroinvertebrate
communities. Other studies failed to detect any changes in
macroinvertebrate taxa richness in response to decreased
streamflows (Armitage and Petts, 1992; Cortes and others,
2002; Dewson and others, 2003). Dewson and others (2007b)
suggest that the initial composition of the macroinvertebrate
community controls the magnitude and direction of response
to flow reduction. Some taxa have specific water-velocity
requirements (i.c., limited to riffles or pools), while others
can utilize a variety of habitats. Changes in habitat related
to flow reduction are highly variable and dependent upon
characteristics such as channel morphology, substrate stability,
degree of nutrient enrichment, stream size, and temperature
regime. In other words, the macroinvertebrate community in
an individual stream may or may not lose taxa when flows are
reduced depending on local habitat and the taxa initially present
prior to the drought or water withdrawal event.

HBI values increased as expected between baseline flow and
low flow at 82 percent of stations (see Table 4). The HBI
is a community composition and pollution tolerance metric
calculated as an average of the number of individuals in the
sample weighted by pollution tolerance values (Hilsenhoff, 1987).
PADEP has assigned regionally specific pollution tolerance
values (PTVs) to most macroinvertebrate taxa in the state of
Pennsylvania, which are used in calculating the IBI component
metrics. Although individual taxa respond differently to different
types of pollution (Carlisle and others, 2007), most of the PTVs
developed by PADEP reflect responses to nutrient enrichment
and sedimentation. The HBI generally increases with increasing
pollution levels due to a shift in community composition from
pollution-sensitive to pollution-tolerant taxa. Although 12 of
the 17 stations had elevated nutrient levels throughout the study
period, nutrient levels were not always higher during low flow
compared to baseline flow, making it unlikely that the increases
in HBI values were due to increasing pollution.



While developing the IBI, PADEP (2012) found that HBI
scores begin increasing in June through September or October
when they start to drop back to their minimum potential.
Likewise, the metrics based on taxonomic richness begin
dropping in June through September before rising again to
their maximum potential in November. These seasonal patterns
may be explained by macroinvertebrate life cycles (Merritt and
Cummins, 2008). Many taxa are in egg stages or very early (i.e.,
very small) instars throughout the summer months and are often
overlooked in samples. This can lead to artificially low taxa
counts for samples collected during this time period. Although
the IBI and its component metrics showed a large number of
expected changes between baseline flow and low flow sampling
periods, they may not be the best indicators for flow-related
responses due to the seasonal patterns in their scores.

Voltinism (the number of generations produced per year)
is a macroinvertebrate life history trait that may be sensitive
to decreases in streamflow. Studies have demonstrated that
multivoltine taxa (those that produce several generations per
year) become more abundant during times of lowered flows
while univoltine (one generation per year) and semivoltine
(less than one generation per year) taxa decrease in abundance
(Richards and others, 1997). The proportion of multivoltine
taxa increased at 71 percent of the LFM Pilot Study stations
between baseline flow and low flow sampling in 2010 (see

Table 4).

Mobility is a functional trait that other studies have demonstrated
affects the ability of macroinvertebrate taxa to persist during
periods of decreased streamflow. Taxa with limited ability to
drift, fly, or swim are more likely to suffer reduced abundance
due to low flows than highly mobile taxa (Boulton, 2003;
Walters and Post, 2011). Walters and Post (2011) found that
taxa with strong swimming ability, such as Gomphid dragonflies,
increased in abundance following artificial flow reductions in
streams in the Yale Myers Experimental Forest, Connecticut.
Fifty-three percent of LFM Pilot Study stations had a higher
proportion of strong swimmers during low flow than baseline
flow (see Table 4).

Decreases in baseline flows required to maintain riffle and pool
habitat, particularly during naturally dry seasons, can alter trophic
composition of the macroinvertebrate assemblage (DePhilip and
Moberg, 2010). As flows decrease and wetted width contracts,
macroinvertebrate density increases in remaining wetted
areas may lead to increased competition and predator-prey
interactions. Walters and Post (2011) observed that predators
became concentrated in high densities in pools that remained
during low flows, subsequently increasing predation rates.
Boulton and Lake (1990) found that predators dominated the
trophic structure of the macroinvertebrate communities in
Australian streams during drought years. The proportion of
predatory macroinvertebrate taxa was higher during low flow
than baseline flow at 59 percent of the pilot study stations (see
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Table 4). Water velocity also influences the foraging behavior
and efficiency of herbivorous (grazing) macroinvertebrate taxa.
As flow decreases and riffles disappear, the algal community
shifts from the diatom-dominated assemblage preferred by most
grazing macroinvertebrates to one characterized by filamentous
algae (Suren and others, 2003a), thus reducing richness and
abundance of herbivores (McKay and King, 2006; Wills and
others, 2000). Proportion of herbivores was lower during low
flow than baseline flow at 53 percent of stations (see Table
4). Shredder taxa were also less abundant during low flow (53
percent of stations); however, this trophic class made up a very
small proportion (3 percent on average) of the assemblage
across all stations.

Reductions in streamflow and water volume, along with the
higher air temperatures that generally accompany natural
droughts, can cause water temperatures to rise and subsequently
dissolved oxygen levels to decline, particularly in pools and
slow-moving reaches (Lake, 2003; Dewson and others, 2007a).
Reductions in dissolved oxygen in particular can negatively
impact macroinvertebrate assemblages. Coldwater taxa, such as
many stoneflies, require high dissolved oxygen levels and may
experience higher mortality when water temperatures rise. The
proportion of coldwater macroinvertebrate taxa was lower at
65 percent of pilot study stations during low flow than during
baseline flow (see Table 4). Eurythermal taxa, which have less
stringent temperature and dissolved oxygen requirements, made
up a larger proportion of the assemblage during low flow than
baseline flow at 65 percent of stations (see Table 4).

FISH

TNC’s ecosystem flows report identified five groups of fish
species that share life history strategies, habitat niches, or other
characteristics that may make them sensitive to flow alterations
(DePhilip and Moberg, 2010). Of these five groups, three are
particularly sensitive to low flows, including riffle obligates,
riffle associates, and coldwater species. Proportions of these
three groups, as well as nine other metrics examining general
assemblage composition or feeding guilds, were calculated
using data collected from the Low Flow Monitoring Pilot
Study stations.

Table 5 lists the expected changes in metrics between baseline
flow and low flow sampling periods and the percentages of
stations where the expected changes were observed. Nine fish
metrics showed the expected change between baseline flow and
low flow conditions at a majority (greater than 50 percent) of
stations. These metrics included percent riffle obligates, percent
riffle associates, percent dominant, percent cyprinids, percent
tolerant, percent intolerant, percent insectivores, percent feeding
generalists, and percent herbivores.

TNC identified riffle obligate and riffle associate species
as the group most sensitive to alterations in flow regime.



90
X X X
80
x X A
X
70 X
& A A
X % by
60
o
2
£ X
& 50
el A
ES
40 X
a 2
A
A
30 A A
20
A
10
~ a o a = = L b2 @ @ = w =
I It} w W o a8 = U =
T - =] -] = e = = o = w S
= - =2 >
g 2 2 § 2 3 8 z 8 3 & % 3
Baseline 2010 A Baseline 2011 x Low Flow 2010

50 individuals collected were measured and
weighed but not tagged so no assertions
regarding growth or biomass can be made
from the pilot study data.

Fish assemblage diversity is often positively
correlated with the complexity of instream
habitat. Velocity-depth regimes and
availability of cover, such as boulders, fallen
trees, and submerged aquatic vegetation,
are the most important habitat variables
determining fish species diversity (Gorman
and Karr, 1978; Schlosser, 1982). Flow is
amajor determinant of physical habitat in
streams, governing channel shape and size,
distribution of riffle and pool habitats, and
substrate stability (Bunn and Arthington,
2002). Although habitat assessment scores
showed reductions in some condition
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Figure 4. Percentage of the Fish Assemblage Represented by Minnow Species
(Family Cyprinidae) at the Low Flow Monitoring Pilot Study Stations

Shallow riffle habitats are among the first to change velocity
and depth as stream stage changes (DePhilip and Moberg,
2010). Riffle obligates, including longnose dace (Rhinichthys
cataractae), margined madtom (Notorus insignis), central stoneroller
(Campostoma anomalum), and tantail darter (Etheostoma flabellare),
are dependent upon the presence of year-round, stable riffle
habitat. Riffle associates, including white sucker (Catostonius
commersoni), shorthead redhorse (Moxostoma macrolepidotum),
northern hogsucker (Hypentelinm nigricans), and walleye (Sander
vitreus), are resident species with moderately sized home ranges
that migrate to spawn and therefore rely on connectivity between
riffle habitats in order to complete their life cycles. Freeman
and Marcinek (2000) found that the number of riffle specialist
fish species increased with increasing velocity and depth of riffle
habitats in Piedmont streams. Percentage of riffle obligates
was lower during low flow than baseline flow at 53 percent of
LEFM Pilot Study stations, while percentage of riffle associates
was lower at 59 percent of stations (see Table 5).

Another group that may potentially be sensitive to low flows
is coldwater species, particularly salmonid (trout) species.
Although temperature is the primary limiting factor determining
occurrence and distribution of trout, reduced stream discharge
and increased sedimentation during major growth periods can
negatively impact the size of adult brook trout (Hakala and
Hartman, 2004). James and others (2010) found that biomass of
adult brown trout was lower near the end of a prolonged drought
than at the beginning. The only station with a self-sustaining
(i.e., naturally reproducing) wild trout population was LJUN
3.8. Sixty-one fewer brown trout were collected during low flow
(128 individuals) than baseline flow (189 individuals). The first
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riffle habitat, and increased sedimentation,
fish species richness was actually higher
during low flow than baseline flow at 71
percent of LFM Pilot Study stations (see
Table 5). This increase in fish species richness can be attributed
to increases in the number of minnow species collected during
low flow compared to baseline flow. Minnow species also made
up a larger proportion of the fish assemblage during low flow
than baseline flow at 94 percent of sampling stations in 2010
(Figure 4). The percentage of the assemblage represented
by the dominant species was higher during low flow at 71
percent of the stations (see Table 5). The dominant species
was a minnow at 77 percent of the stations during low flow
compared to only 41 percent of the stations during baseline
flow in 2010 and 2011.

Table 5. List of Fish Metrics, Expected Metric Changes
Between Baseline Flow and Low Flow, and the
Percentage of Expected Changes Observed

Percent of Stations
X Expected .
Metrics with Expected
Change
Changes Observed
General Assemblage Metrics
Species Richness decrease 29%
Percent Tolerant increase 59%
Percent Intolerant decrease 65%
Percent Dominant increase 71%
Percent Cyprinids increase 94%
Functional Traits
Percent Piscivores increase 24%
Percent Insectivores decrease 65%
Percent Feeding Generalists increase 53%
Percent Herbivores increase 65%
Percent Coldwater decrease 47%
Percent Riffle Obligates decrease 53%
Percent Riffle Associates decrease 59%




At least some of the differences in numbers of minnows
collected during the Low Flow Monitoring Pilot Study can be
attributed to increased sampling effectiveness during low flow.
Small fish are less susceptible to the electric current generated
by electrofishing gear, and although they may become stunned,
they often do not exhibit strong electrotaxis. Slower stream
velocities make netting fish easier and decrease the likelihood
that stunned fish will be swept downstream before being netted.
Small fish are more likely to go unnoticed by netters and get
swept away by the current when stream velocity is high and
water is deep. Walters and Post (2008) observed a shift in the
average length of fish towards smaller individuals following
experimental water diversion in streams in the Yale Myers
Experimental Forest, Connecticut. These authors attributed this
phenomenon to outmigration by large individuals to unaffected
reaches when food and other resources became increasingly
scarce. In addition, body size is generally correlated with size of
home range and increasing flow-velocity tolerance (Winemiller
and Rose, 1992). Larger fish tend to have larger home ranges
and are more apt to migrate to stream reaches with more suitable
habitat when local conditions are compromised than small fish.

Modifications to flow regime, whether natural (i.c., drought)
or human-induced (i.e., water withdrawal or diversion), can
also affect the functional organization of the fish community
(Bunn and Arthington, 2002). Pusey and others (1993) found
that the fish assemblages in streams that experienced extended
periods of low flow became dominated by small, physiologically
tolerant, and feeding generalist species. Among the LFM
stations, the proportion of tolerant species was higher at low
flow than baseline flow at 59 percent of the stations and the
proportion of intolerant species was lower at 65 percent of the
stations (see Table 5). Feeding generalists were more common
during low flow than baseline flow at 53 percent of the stations,
while specialist insectivores were less common at 65 percent of
the stations (see Table 5). The percentage of herbivores was
higher during low flow than baseline flow at 65 percent of the
stations (see Table 5). The only herbivorous fish found at the
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pilot study stations was the central stoneroller, which is also a
riffle obligate. Itis possible that increased food supply during
low flow in the form of filamentous algae, which prefers slower
water velocities (Suren and others, 2003a) allowed stonerollers to
proliferate despite reductions in their preferred higher velocity
habitat type. Evans-White and others (2003) found that algae
constituted 47 percent of the diet of stonerollers in Kansas
streams.

PERIPHYTON

Although studies addressing the effects of flow on
macroinvertebrates and fish have become more common in
recent years, the body of literature regarding responses of
periphyton communities to changes in flow is limited. Most
studies examining the effects of flow on periphyton communities
have been in the context of how changes in algal communities
affect higher trophic levels (Suren and others, 2003b; Riseng
and others, 2004; McKay and King, 2006; Dewson and others,
2007b). Table 06 lists the expected changes in metrics between
baseline flow and low flow sampling periods and the percentages
of stations where the expected changes were observed. Five
periphyton metrics showed the expected change between
baseline flow and low flow conditions at a majority (greater than
065 percent) of stations. These metrics included diatom species
richness, soft-bodied algae species richness, percent dominant,
the disturbance index, and chlorophyll-a concentration.

Diatom species richness was lower during low flow than baseline
flow at 65 percent of stations and soft-bodied algae species
richness was higher during low flow at 82 percent of the stations
(see Table 6). Biggs and Close (1989) found that flow regime,
particularly water velocity, plays an important role in periphyton
development in cobble-bed streams and can affect colonization,
production, and mortality rates. Periphyton assemblages in
riffle-dominated streams atre characterized by prostrate diatoms,
which benefit from increased nutrient delivery rates at high
velocities, whereas streams with slow velocities have communities



dominated by soft-bodied filamentous
algae, which can be damaged by high
flows (Biggs and others, 1998). Suren
and others (2003b) found that low flow
conditions can bring about proliferation
of certain types of filamentous algae
that cause habitat degradation through
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Figure 5. Chlorophyll-a Concentrations (ug/cm?) at the Low Flow Monitoring

Pilot Study Stations in 2010

The percentage of the assemblage

represented by the dominant diatom

taxon was higher during low flow than baseline flow at 76 percent
of the stations (see Table 6). This finding, combined with the
decreased diatom taxa richness during low flow, supports the
hypothesis that diatom communities are negatively impacted
by reduced flows. The dominance metric was influenced by
the disturbance index, which measures the percentage of
the assemblage comprised of the pioneer diatom species
Achnanthidinm minntissimum. The disturbance index was higher
during low flow at 82 percent of the stations (see Table 6). This
is an expected result because this species becomes increasingly
abundant with increasing temporal distance from a scour (i.e.,
high flow) event (Barbour et al., 1999).

Chlorophyll-a (chl-a) concentration is widely used as a surrogate
for live periphyton biomass because it is the most common
pigment in oxygenic photosynthesis. It is found in higher
plants as well as algae. Periphyton chl-a concentrations greater
than 10 ug/cm? are indicative of algal growth at nuisance levels
(Welch and others, 1988) and chl-a greater than 20 ug/cm?
indicate eutrophic conditions (Paul, 2012). Periphyton chl-a
was higher during low flow than baseline flow at 65 percent of
the stations (Figure 5). Concentrations occurred at nuisance
levels at two stations during baseline flow and seven stations
during low flow, although no stations had chl-a concentrations
greater than 20 pg/cm® McKay and King (20006) also found
increases in chl-a concentration following water extraction from
streams in Australia. Suren and others (2003a) found that chl-a
concentration increased during a drought in a river with high
nutrient enrichment but remained constant in a river with low
nutrient enrichment.
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Table 6. List of Periphyton Metrics, Expected Metric
Changes Between Baseline Flow and Low Flow, and the
Percentage of Expected Changes Observed

Percent of
Stations with
X Expected
Metrics Expected
Change
Changes
Observed
Diatom Species Richness decrease 65%
Soft Bodied Algae Species Richness increase 82%
Percent Dominant increase 76%
Disturbance Index (% A. minutissima) increase 82%
Siltation Index increase 35%
Diatom Model Affinity decrease 29%
Chlorophyll-a Concentration increase 65%

A Northern Pike (Esox lucius) collected from Dunning Creek, Bedford
County, Pa., inJune 2011.



