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Executive Summary

Forested headwater streams comprise 60-75% of the total stream length and watershed

area in the Mid-Atlantic Highlands Area (MAHA) and are impacted by a variety of

environmental stressors.  All of the stressors addressed in this study were identified as

major environmental problems for the MAHA in the recently released Action Plan for the

region (Canaan Valley Institute 2002).  Given the cumulative importance of headwaters to

the ecological integrity, recreational quality, and food production of riparian and estuarine

ecosystems throughout the region, it is prudent to develop an index that managers and

decision-makers can use easily and confidently to target protection and restoration efforts. 

We investigated the potential of using bird and macroinvertebrate communities as

bioindicators of environmental stressors that affect forested headwater streams in the

Pennsylvania portion of the MAHA.  Our goal was to construct a Regional Index of

Biological Integrity (RIBI) for these small, but critically important aquatic habitats.  We used

a stressor-response approach to explore relationships between the biological communities

(y-axes) and physico-chemical stressors (x-axes).  There were three study areas

representing three ecoregions and three major drainage basins that extend into several

states in the MAHA.  Specifically, we examined the responses of the biota to three primary

stressors, habitat fragmentation (represented by percent forest in 1-km radius circles),

acidification (low pH caused by either acid deposition or coal mine drainage), and an

amalgamation of sedimentation, eutrophication, and hydrologic modification (represented

by Stream Habitat Assessment (SHA) scores).  We included three types of bioindicators:

Louisiana Waterthrush (LOWA) and other riparian songbirds, songbird communities, and

stream macroinvertebrate communities.

We examined the response of these bioindicators to these primary stressors.  The end

result was the development of a Headwater Stream Assessment (HSA) index that uses

simple measures of landscape, stream habitat, and instream water chemistry to

characterize the condition of headwater streams.  Those applying the HSA to streams in
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the region have the option of implementing IBIs for birds or macroinvertebrates to help

diagnose local stressors.

The final products of our research include:  1) a simple approach to assessing condition of

forested headwater streams based on easily measured physico-chemical metrics

(Headwater Stream Assessment, HSA); 2) calibration of that approach against a set of

biological parameters; and 3) a series of submitted and/or proposed papers that explain in

detail these findings.

Although we do not recommend use of a single RIBI, with the HSA, we have developed a

simple and efficient approach that both addresses an ecological integrity gradient and

spans spatial scales. The HSA we developed meets all six principles of RIBI development

outlined in the Introduction. We recommend that the HSA be applied as follows:

1. Small watersheds (14-digit HUC or smaller) are assessed by determining the percent

forest cover in 1-km radius circles which are located at the midpoint of each 2-km reach

along the headwater streams being investigated.  For the MAHA, we have found that the

single landscape metric of percent forest is sufficient to measure deviation in condition from

reference. The metric thresholds for categories for high, medium, and low forest cover

based are shown here, from Figure 32.

HSA Level 1 (metric rank/3)

Forest Cover

< 40% 41-70% 71-100%

BCI ecological
integrity category

low - medium medium - high high - highest

Metric Rank 1 2 3
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2. We recommend that the Stream Habitat Assessment be conducted at 5 points per 1 km.

Each Stream Habitat Assessment takes about 10 minutes once on site, and produces a

score between 0 and 200.  Based on this study, we present the thresholds for four levels of

condition below, from Figure 31.  Individual metrics contained within the overall SHA can be

useful for diagnosing the impact of various stressors.

HSA Level 2 (metric rank/4)

SHA

< 125 125-150 150-165 > 165

SCI assessment of
macroinvertebrate
community

 degraded probable
degradation

possible
degradation

no
degradation

Metric Rank 1 2 3 4

3. A measure of pH (calibrated, hand-held electronic meter) is taken at the center point of

each SHA station.  The literature describing the impact of low pH, acidity, and acid mine

drainage on stream biota is extensive.  In this study we found the thresholds for pH

presented here from Figure 30 for determining probable stream condition.

HSA Level 3 (metric rank/4)

pH

< 4.50 4.51 - 5.50 5.51 - 6.50 > 6.50

SCI assessment of
macroinvertebrate
community

severely
degraded

moderately
degraded

some
degradation

no
degradation

Metric Rank 1 2 3 4



9

4. If a particular stressor is suspected or if a selected stream warrants additional scrutiny,

data for any one of the IBIs can be collected.  For example, if the percent forest is high,

SHA score is moderate, and pH is circumneutral, it may be necessary to collect

macroinvertebrates for the SCI to determine how that community is being impacted, if at all,

by the stressors addressed by the Stream Habitat Assessment.  Also, assessors can collect

data on riparian birds, including LOWA.  The thresholds below are taken from Figure 33.

HSA Level 4 (mean metric rank/4)

LOWA 0 0-1 1-2 > 2 LOWA
territories/km

Riparian
Songbirds

0 1,2,3,4 5,6,7,8 >8 territories/km

Riparian
Songbirds

0 1,2,3 4, 5, 6,7 > 7 species richness

Riparian songbird
community
assessment

 degraded probable
degradation

possible
degradation

no degradation

Metric Rank 1 2 3 4

We developed a combined score index for the HSA ranging from 0-1 that facilitates

comparisons among streams, and provides the flexibility to include metrics related to

riparian songbird and Louisiana Waterthrush as an optional 4th level:

HSA Indicator Score =  ∑ (L1-L3) x 3-1  (minimum model)

HSA Indicator Score = ∑ (L1-L4) x 4-1 (optional 4-level model)

The regional index proposed here can be broadly applied throughout the region by citizens

and environmental managers under the direction of organizations such as the Canaan

Valley Institute and The Nature Conservancy.  This index can focus attention on the

ecological functions (e.g., biodiversity) and economic values (e.g., water supply,

ecotourism) of forested headwater streams and their contributing watersheds that

comprise about three quarters of the land area of this region.  Thus, the ecological
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indicators contained in the Headwater Stream Assessment developed during this research

project are applicable throughout the 168,420-km2 MAHA encompassing portions of three

major river basins and four states. Although we do not recommend use of a single RIBI,

we have developed a simple approach that both addresses an ecological integrity gradient

and spans spatial scales.
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Introduction

Finding ecological measures that behave predictably across scales, and that can be

aggregated to assess regional ecological trends, poses a serious dilemma.  Given limited

resources to assess and protect ecosystem health, a Regional Index of Biological Integrity

(RIBI), if properly constructed and evaluated, can help scientists, managers, and policy

makers document trends in ecosystem degradation, prioritize management issues, and

target restoration activities for appropriate locations.  By providing a reliable expression of

environmental stress or change, a RIBI can integrate impacts that are spatially and

temporally disparate (Brooks et al. 1998).

The concept of using indicators to assess ecological integrity was summarized by

McKenzie et al. (1992).  Messer (1992) discussed concerns regarding the development of

regional indicators.  The process of developing and evaluating regional ecological

indicators is a scoping one, varying by region, and requiring at least conceptual links, and

preferably causal links, between a stressor and the resultant ecological change.  When

constraining factors are strong and causal relationships are well established, the risk of

using indicators to draw conclusions will be relatively low.  As predictive capability wanes,

and as correlation replaces cause-and-effect understanding, the risk increases.  In either

case, these relationships should be documented to improve the knowledge base upon

which decisions are made.  For a RIBI to be useful, it must relate closely to societal

concerns and be defensible for the decision-makers (Brooks et al. 1991, Messer 1992,

Angermeier and Karr 1994, Brooks et al. 1998).  Noss (1990) described four levels of

organization that should be addressed by ecological indicators:  regional landscape,

community/ecosystem, population/species, and genetic.  In this project, our overall

objective was to develop a RIBI that would encompass the first three levels of organization,

and therefore, be used for making decisions or assessing risk on a regional basis.

By definition, a RIBI must integrate a variety of stressors, and this one focused on several

stressors of high priority to the U.S. Environmental Protection Agency, both nationally and

in the target area, Region 3: habitat loss and fragmentation, acidification, and

sedimentation (Adamus and Brandt 1990, USEPA 1990, Kepner et al. 1995, Magnien et al.
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1995).  Given the cumulative importance of headwaters to the ecological integrity,

recreational quality, and human food production of riparian and estuarine ecosystems

throughout the region, it is prudent to develop an index that managers and decision-makers

can use easily and confidently to target protection and restoration efforts.

Although regulatory scrutiny and restoration efforts in the eastern states have focused

on wetlands, contrasting with a riparian restoration focus in many western states, it is

timely to begin integrating wetland and riparian restoration in the context of watershed

protection.  The need for strategic restoration of aquatic ecosystems is strongly

supported by the National Research Council (1995, 2002), which has called for

integrated approaches.  This can be accomplished only if we consider wetlands,

streams, floodplains, and riparian areas to be gradations along an ecological continuum,

rather than individual entities.

Principles for Development of a Regional Index of Biological Integrity

Before presenting the results of the RIBI for forested riparian ecosystems, we outline six

general principles of RIBI development that have universal application, regardless of the

targeted ecosystem or region.

1.  Biological communities with high integrity are desired endpoints.  We define high

biological integrity as a condition where the biota represent the full spectrum of community,

population, and genetic biodiversity for a targeted ecosystem (Salwasser 1991).  If an

expected biological community is comparable to reference standard conditions in natural

habitats (e.g., Smith et al. 1995), then the physical and chemical attributes of the

environment that supports that community should be intact.  As that spectrum of

biodiversity declines, biological integrity should change measurably.  Detection of this

change would signal that some stressors may be impacting the community, thereby

causing a shift in its structure, composition, and functional organization (e.g., Angermeier

and Karr 1994).  There are many ways to characterize biological communities, as portrayed

below.  As one moves down this list, the data become increasingly more difficult and

expensive to collect, particularly when the goal is a regional assessment.
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SPECIES RICHNESS

SPECIES DIVERSITY

-----------------------------------------

RESPONSE GUILDS

FUNCTIONAL GROUPS

-----------------------------------------

POPULATION DEMOGRAPHICS

GENETIC PROFILES

INDIVIDUAL HEALTH PROFILES

We have found that traditional measures of species richness and diversity are not sensitive

to the stressors of interest, yet we can not afford to collect detailed population, genetic, or

health data across an entire region.  So, we have found considerable utility in constructing

response guilds explicitly designed to address specific stressors (e.g., Brooks et al. 1991,

Croonquist and Brooks 1991, Miller et al. 1997, O’Connell et al. 1998, 2000).  Response

guilds and functional groups can be generated from species lists, thus, describing what

species are present, not just how many are there (Brooks and Croonquist 1990).

2.  Indicators can have a biological, physical, or chemical basis, hence, ecological

indicator is commonly used as a collective term for all types of indicators (McKenzie et al.

1992).  We define ecological indicators as measures, variables, or indices that represent or

mimic either the structure or functions of ecological processes and systems across a

disturbance gradient.

3.  Indicators should be tied to specific stressors that can be realistically managed.

Although it may be intellectually satisfying to identify clear linkages between indicators and

a variety of stressors, if the stressor of concern cannot be realistically managed, there will

be minimal opportunities to improve the health of the targeted ecosystem.  Thus, the

search for indicators should be conducted according to a prioritized list of stressors that can

be addressed by managers.
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4.  Linkages across geographic scales and ecosystems should be provided.  No single

indicator works across all scales, so one must be aware of the appropriate ranges of scale

for each indicator and how there are linkages among indicators and across scales.  In this

project, we postulated linkages across scales from plot level to landscape for a single

ecosystem type, forest riparian headwaters.

 5.  Reference standards should be used to define target conditions.  The use of

reference sites has become increasingly more common as ecologists and regulators

search for reasonable and scientifically based methods to measure and describe the

inherent variability in natural systems (e.g., Kentula et al. 1992).  The primary reason to

include sites designated as reference standards (Smith et al. 1995) in a RIBI is the need to

compare impacted or degraded sites to a standard set of conditions or benchmarks,

defined by the best possible sites in the region (Hughes et al. 1986).  These benchmarks

can represent a starting point in time for trend analyses performed on the same sites

repetitively.  Reference sites can also serve as alternatives to standard experimental

controls that are seldom available in large-scale field studies.

6.  Assessment protocols should be efficiently and rapidly applied.  It is entirely

appropriate to conduct intensive studies to develop and test indicators.  This level of effort

is not appropriate, however, when collecting data across a region.  Whenever possible,

there should be an attempt to develop a rapid assessment protocol from more intensive

studies.

Regional Index of Biological Integrity for Forested Riparian Ecosystems

Forested headwater streams, and their associated riparian wetlands, represent the

reference condition for ecological integrity for this ecosystem type throughout this region.

Headwater streams (first and second order) contribute 60-75% of the total stream length

and total drainage area of watersheds in the Mid-Atlantic States.  The ecological integrity of

headwaters is important to the region (e.g., Sweeney 1992), but they are significantly

impacted by a variety of environmental stressors.
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Maintaining and restoring the ecological integrity of forested riparian buffers have been

identified as important strategies to protect the water quality and living resources of the

Chesapeake Bay/Susquehanna Basin.  Day et al. (1997) used satellite imagery to evaluate

the extent of forested riparian buffers in the Chesapeake Bay/Susquehanna Basin.  That

study found about one-third of the streams had buffers >100 m and about half had buffers

of 30 to 100 m wide.  The effects of forest buffer width on biotic communities had been

studied (e.g., Brooks et al. 1991, Croonquist and Brooks 1991, 1993), but the implications

for maintaining biological integrity are uncertain.

During a previous series of studies, Brooks et al. (1996) and Miller at al. (1997) developed

and evaluated tools for assessing cumulative impacts on wetlands and associated streams

and riparian areas by characterizing their current structure, potential functions, and

restoration potential in a watershed context.  This research focused primarily on wetlands

and riparian areas associated with streams equal to or lower than third order, or

headwaters.  Individually, headwater streams and wetlands are smaller in scope than the

more expansive areas of forested floodplains found downstream.  Their position within the

watershed, however, suggests these areas assume a relatively more important role in

maintaining in-stream water quality, because proportional to size, more overland flow

passes through these low order riparian wetlands than through bottomland forests (Brinson

1993).  In most watersheds, there are more headwater streams, with a larger cumulative

length, than mainstem rivers (Leopold 1974).

In this project, we proposed the use of three integrative bioindicators to develop an index of

regional ecological integrity for forested riparian ecosystems:  1) avian productivity,

primarily for the Louisiana Waterthrush, 2) macroinvertebrate communities, and 3) avian

communities.  Previous studies suggested that each of these bioindicators is directly

related to the ecological condition of its associated habitat components at one or more

scales [e.g., in-stream conditions (Plafkin et al. 1989, Brooks et al. 1991), riparian habitat

(Croonquist and Brooks 1993, Fearer et al. unpublished), and landscape patterns

(O’Connell et al. 2000)].  Two of these bioindicators, macroinvertebrate and avian

communities, have become established as useful predictors of instream conditions
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(Barbour et al. 1999) and landscape patterns (O’Connell et al. 2000), respectively.  The

third bioindicator, Louisiana Waterthrush productivity, density, and abundance, provides a

means to link the other two, and is the primary focus of this study.  Population measures of

the Louisiana Waterthrush, span the widest range of scale (Fig. 1). They provide a means

to calibrate the other indicators, and link them across scales. This calibrated index of

regional ecological integrity can be used to identify and refine thresholds of environmental

disturbance across multiple stressors that are of concern to the U.S. Environmental

Protection Agency in the Mid-Atlantic Integrated Assessment area (MAIA) (e.g., forest

habitat loss and fragmentation, acidification, and sedimentation).

The Louisiana Waterthrush represents both the biological resource of concern and the

means to calibrate this index.  Previous work suggested that the Louisiana Waterthrush, is

an excellent indicator of healthy forested riparian ecosystems in the eastern U.S. (Prosser

and Brooks 1998; D. Prosser, R. Brooks, R. Mulvihill, T. Master, unpublished data).  This

species depends on stream macroinvertebrates for food and forest riparian habitats for

nesting.  As a common top predator and the only obligate avian species of this ecosystem

in the eastern U.S., it is an ideal calibrator for an index of headwater ecosystems.

Measuring the population parameters of the Louisiana Waterthrush requires a substantial

investment, but once completed, provides a means to calibrate the other indicators, thus

linking them across scales.  Once tested between reference and impacted sites, and then

calibrated across scales, a set of indicators could be combined into a RIBI for the MAIA.

To construct the RIBI, field sampling in headwater streams and riparian habitats occurred

over three ecoregions in the MAIA at different scales (e.g., 4.5 ha/territory, 25 ha/reach,

250 ha/watershed, and 2,500 ha/landscape).  Each bioindicator is most strongly associated

with measures of habitat at a particular scale.  Measuring productivity for the Louisiana

waterthrush relates primarily to quality of riparian habitat, but it is also dependent on the

availability of macroinvertebrates as food.  Biomass and composition of macroinvertebrate

communities relate to instream and wetland habitat and measures of water chemistry and

sedimentation.  Avian communities relate primarily to landscape metrics.  However, by

combining measures of nest productivity, territory density, and survey abundance,
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attributes of the Louisiana Waterthrush spans the widest range of scale, as seen in Figure

1.

_____ landscape _____ watershed ______ reach _______ plot _______

_____  2,500 ha  ______  250 ha   ______ 25 ha  ______ 4.5 ha ________

  _ _ _ ________ Louisiana Waterthrush _______________

 (survey )        ( territory density)    (nest productivity)

_ _ _ ____ riparian habitat _____

_ _ _ ____ instream habitat ____

   _ _ _ _ _ ______ invertebrates ______

     _ _ _ _ _ _________ water chemistry______

           _ _ _ _ _ _____________ sedimentation ______

   _ _ _ ____ avian surveys/guilds ____ _ _ _

_ _ _ _____ landscape patterns ____ _ _ _

Figure 1.  Relative overlap of bioindicators and habitat measures for determining ecological

condition as a function of scale (____ solid lines represent confirmed relationships, _ _ _

dashed lines represent possible relationships) for a RIBI of forest riparian ecosystems.  The

waterthrush spans the widest range of scales, plot to watershed, and thus, would be used

to link plot-level measures to landscape metrics.

Each indicator operates at a different scale, but these can be nested within each

watershed.  Breeding territories of the Louisiana Waterthrush are about 450 m in length,

and riparian habitat can be assessed within territories and at nest sites to a width of about

100 m, or about 4.5 ha/plot.  The integrity of headwater streams, including measures of

macroinvertebrates, water quality, channel morphometry, bottom substrate, and

sedimentation, should be assessed along a reach of about 2.5 km in length to a width of

100 m, or about 25 ha/reach.  The landscape assessment will be made within a 1km radius

circle (314 ha) and in small watersheds of about 2500 ha per study site.  Thus, sampling

and data evaluation occurred over several orders of magnitude, but within a logical, nested

design that addressed scale issues.
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Based on this set of principles and previous investigations, our primary objectives and

hypotheses were:

1.  Determine the reliability of these bioindicators and their associated habitat components

for detecting changes in ecosystem condition caused by anthropogenic stressors found in

forested headwater ecosystems in the Mid-Atlantic Highlands (e.g., forest fragmentation,

acidification, sedimentation). Hypothesis:  Measures of bioindicators and habitats will vary

between reference and impacted sites, and can be applied consistently across a regional

gradient.

2.  Use population parameters of the Louisiana Waterthrush as a means to calibrate more

easily measured indicators to assess ecological condition across multiple scales.

Hypothesis: Louisiana Waterthrush breeding biology will vary with disturbance in ways

equivalent to the variation observed in other indicators.

3. Develop a calibrated index of regional ecological integrity for forested riparian

ecosystems. Hypothesis:  The index will reflect measurable changes in ecosystem

condition across the region.
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Part I: Methods and Results for Disparate Information Sources Used in Development

of an Indicator for Forested Headwaters

Because we sampled and analyzed data at multiple levels (e.g., instream water chemistry,

Louisiana Waterthrush breeding biology, land cover of small watersheds) for this research,

it is useful to address disparate pieces separately before presenting analyses to build the

indicator.  In this section, we introduce the type of data collected, why those data are

relevant to an indicator of forested headwater condition, basic analysis, and results.

Subheadings include a brief justification and methods followed by specific results.

Statistical analyses, specifically identified under relevant subheadings, include a range of

exploratory, multivariate, parametric, and non-parametric techniques, all applied in Minitab

10.5 Xtra for the Power MacIntosh (Minitab 1995). In general, departures from linearity

precluded robust use of Principal Components or Factor Analysis.  We relied on plotting

graphics and hierarchical cluster analysis to identify relevant groups in the data, and

followed these up with one-way ANOVA, Kruskal Wallace tests, or simple linear

regression, as appropriate (Hair et al. 1987, Neter et al. 1990). We used Levene’s test for

homoscedasticity, and transformed variables or adopted non-parametric methods as

appropriate.

A. Study Area and Allocation of Field Sampling Effort

We collected data from 23 stream reaches in three distinct study areas in Pennsylvania.

Six eastern study streams were contained within the Delaware River Watershed, seven

central Pennsylvania streams were located within the Susquehanna River watershed, and

10 streams in western Pennsylvania contributed to the greater Ohio River watershed (Fig.

2). The separate study areas typified vegetation and terrain of the glaciated Poconos

Plateau (east), Ridge-and-Valley (central), and Allegheny Plateau (western) physiographic

provinces in Pennsylvania. East Stroudsburg University, the Penn State Cooperative

Wetlands Center, and the Carnegie Museum of Natural History organized and conducted

field activities in eastern, central, and western Pennsylvania study areas, respectively.
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Study areas in these three regions of Pennsylvania are intended to represent conditions

that could be found in forested areas throughout the Mid-Atlantic Highlands ecoregion (Fig.

3), i.e., the region in which our headwater indicator is intended to apply.

Individual study stream reaches were 1st or 2nd order perennial segments that were 2-3 km

in length.  We planned to survey 2 km segments, but in some instances elected to

lengthen the monitored reach to accommodate complete territories of breeding birds or to

include a natural organizing feature (e.g., a confluence).  Table 1 lists stream reach names

and locations. For systematic sampling procedures and to help field observers orient to

any particular point along the study reach, we marked off 50-m increments of the study

streams with plastic flagging. Figure 4 is a schematic representation of sampling design at

a hypothetical study reach.

Figure 2. Location of 23 study stream reaches in three major river drainages of

Pennsylvania.

Ohio
(west)

Susquehanna
(central)

Delaware
(east)
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Figure 3. Dominant land cover in the Mid-Atlantic Highlands (pink outline) circa 1990.

Modified from Jones et al. (1997). Source: Multi-Resolution Land Characteristics

Consortium. Major land cover classes are colored green (forest), yellow (agriculture), and

red (urban areas).
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Figure 4. Schematic representation of sampling design at a hypothetical study reach. For

most sites, we focused on data collection within a 2-km riparian corridor. In this corridor,

we collected data on water chemistry, benthic macroinvertebrates, breeding birds, and

vegetation, and applied stream habitat assessment (SHA) and habitat suitability index

(HSI) models to systematic random sampling locations. Observation, monitoring, and

banding of Louisiana Waterthrush, and territory mapping of riparian songbirds occurred

anywhere along the sample reach to a distance of approximately 50-m on either side of the

stream channel.  Land cover data were analyzed within a 1-km radius circle and

throughout the 14-digit hydrologic unit code (HUC) boundary of the local watershed.

X

X

X

X
1 km

X
Systematic sampling location,
e.g., for point counts, water chemistry

Watershed

Landscape circle
(1 km radius)

Study reach

X

X
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The Louisiana Waterthrush (Seiurus motacilla) [LOWA] is unique among Passerines in

eastern North America in that is a riparian obligate species. The species nests and forages

in the immediate riparian zone of perennial streams, and obtains a large proportion of its

food (primarily aquatic macroinvertebrates, amphibian larvae, and small fish) from the

wetted area of streams. General natural history and breeding biology information appear in

Bent (1953), Eaton (1958), and Craig (1984, 1987), and Robinson (1995) provides a

modern synthesis.

In addition to the species’ dependence on instream habitat quality, LOWA are, like many

forest songbirds, sensitive to forest fragmentation. Prior studies (Prosser and Brooks 1998)

have demonstrated that LOWA is clearly sensitive to the amount of forest cover in the

surrounding landscape, and does not occur as a breeding bird where canopy cover falls

below 40%. A random probability sample of bird communities in the Mid-Atlantic Highlands

indicated a minimum forest patch size for LOWA of 34 ha with most individuals detected in

forest patches of at least 65 ha (n = 12/126 sites with LOWA). Mean forest patch size for

all sites in that study was 51 ha (O’Connell 1999), suggesting that LOWA seek out large

patches of forest for breeding.

Because a central goal of this research was to test the utility LOWA breeding biology

metrics as indicators of anthropogenic stress, we selected study stream reaches that

represented presumed ideal conditions for LOWA and reaches that were in some way

degraded. For this study, we included forest fragmentation as a stressor under

observation, but selected “fragmented” study reaches that were only mildly disturbed. We

selected fragmented study reaches that still supported breeding LOWA rather than

deforested reaches where there would be no LOWA at all.  Thus, our objective was to

more clearly define a threshold of forest cover at which LOWA breeding success was

compromised, as evidence for degradation of headwater stream ecological integrity. A

decline in reproductive success in forest fragments is a common mechanism cited for the

pattern of area sensitivity in songbirds that breed in Nearctic temperate forests (e.g.,

Hoover and Brittingham 1998, Flaspohler et al. 2001, Ford et al. 2001, Rodewald 2002).   
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Unlike many area sensitive forest songbirds that breed across broad areas within suitable

forest patches, LOWA are also constrained within forest patches to suitable linear

territories that follow riparian corridors through the forest. Because LOWA build their nests

and collect nearly all of their food from within the immediate riparian zone (Bent 1953,

Robinson 1995), they are also susceptible to physico-chemical alterations of the streams

that flow through the forest patches. Human-mediated disturbances that affect the

abundance or availability of benthic macroinvertebrates as food for LOWA constitute a

stressor on LOWA reproductive biology that can be independent of large scale landscape

condition (Terranova and Master 1996, Mulvihill 1999). In this regard, we considered

acidification, sedimentation, eutrophication, and hydrologic modification as potential

instream stressors of concern for LOWA.

The Louisiana Waterthrush is attractive as a forested headwater indicator in the Mid-

Atlantic not only because of its specific habitat requirements, but also because it remains a

widespread and common species in the region (Fig. 5). In Pennsylvania, LOWA occurred

in 94% of 211 EMAP hexagons (Myers et al. 2000) and were well distributed statewide in

Pennsylvania’s  Breeding Bird Atlas (Brauning 1992).

We used the concept of reference sites and reference landscapes to define appropriate

endpoints for assessing ecological integrity and its degradation.  For this study, we

focused on stressors that alter the natural vegetation, degrade water quality, and change

the surrounding landscape, such that the condition is degraded from the reference

standard, either in structure or function.  To be relevant at a regional scale, there must be

a reference standard against which comparisons of condition (as a surrogate for integrity)

can be made.  The reference standard for all indicators and their respective habitats were

the reference watersheds selected in each study area.  In each of the three study locations

three reference watersheds of headwater streams were selected.  Wherever possible,

reference standards consisted of headwater streams and riparian areas in forest habitat

(>80% mature forest cover) with minimal evidence of stressors (i.e., habitat fragmentation,

acid mine drainage, sedimentation, residential development, or major roads).  Drainage

basins in each study location had comparable physical characteristics (e.g., area, aspect,

elevation, underlying geology, stream discharge).
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Figure 5. Breeding range and relative abundance of Louisiana Waterthrush, as determined

by Breeding Bird Survey routes. Note that the Mid-Atlantic Highlands supports some of the

highest densities anywhere in the species’ breeding range. Data and image courtesy of the

USGS – Patuxent Wildlife Research Center.

To address stressors to the health and condition of the instream component to LOWA

breeding territories, we selected study stream reaches that were negatively affected by

acid mine drainage, acid deposition, elevated nitrogen from human waste effluent, and

moderate erosion and sedimentation from construction in the riparian corridor.  Streams

with low pH from acid mine drainage were confined to the western study region; additional

low-pH streams in the central study area resulted from acid deposition on poorly buffered

soils.  Streams affected by elevated nitrogen were limited to the eastern study area.
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Certain streams intended to reflect reference condition were subsequently discovered to

be relatively acidic (e.g., Detweiler Run), and at least one site (Penn Estates) with obvious

water quality disturbances supported unusually elevated LOWA densities. Due to these

and other unforeseen idiosyncracies in site selection, we performed statistical analyses

based on measured levels of perceived stressors rather than strict adherence to

“reference” and “degraded” designations. Figure 6 plots study reaches according to the

two primary influences on LOWA from instream (pH) and land cover (percent forest)

condition.

Table 1.  Names, locations, and intended condition of 23 study stream reaches in the three

study areas.

Study Stream Code PA County Drainage Basin Condition Longitude Latitude
Dingman's Creek DICR Pike Delaware fragmented -74 56 32 41 14 45
Marshall's Creek MACR Monroe Delaware fragmented -75 08 25 41 04 23
Penn Estates PEES Monroe Delaware fragmented -75 13 48 41 02 39
Hornbeck's Creek HOCR Pike Delaware reference -74 53 45 41 11 29
Tom's Creek TOCR Pike Delaware reference -74 57 55 41 08 00
Tumbling Waters TUWA Pike Delaware reference -74 55 31 41 09 34

Greenlee Run GRRU Huntingdon Susquehanna fragmented -77 49 35 40 39 53
Boal Gap Run BGRU Centre Susquehanna fragmented -77 39 57 40 46 45
Armond Run ARRU Huntingdon Susquehanna fragmented -77 55 20 40 38 06
Garner Run GARU Huntingdon Susquehanna reference -77 57 03 40 40 37
Laurel Run LARU Huntingdon Susquehanna reference -77 51 23 40 41 46
Detweiler Run DERU Huntingdon Susquehanna reference -77 45 09 40 42 51
Little Fishing Creek LFCR Centre Susquehanna reference -77 39 21 40 53 33

Jonathan Run JORU Fayette Ohio acidified -79 31 47 39 53 17
Linn Run LIRU Westmoreland Ohio acidified -79 11 48 40 07 39
Gary's Run GARY Somerset Ohio acidified -79 18 36 39 58 52
Mill Run MIRU Fayette Ohio fragmented -79 24 08 39 56 40
Tressler Run TRRU Somerset Ohio fragmented -79 15 01 39 51 04
Loyalhanna Stream LOST Westmoreland Ohio fragmented -79 18 30 40 09 30
Blackberry Run BLRU Fayette Ohio reference -79 30 56 39 53 52
Camp Run CARU Westmoreland Ohio reference -79 17 47 40 05 45
Roaring Run RORU Westmoreland Ohio reference -79 19 01 40 03 22
Rock Spring Run RSRU Fayette Ohio reference -79 27 06 39 51 50
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Figure 6. Mean instream pH and % forested cover in 314 ha landscape circle for 23

sample study reaches.

Land Cover Characterization of Local Landscapes

We used Thematic Mapper  (TM) imagery to as source data for land cover around our

sample stream reaches. The Landsat program was initiated in 1967 and sent its first

satellite into orbit in 1972.  To date, six Landsat satellites have been successfully launched

and with the most recent being in April 1999.  The development of the TM sensor, first

used on Landsat 4, improved on the original multi-spectral scanner (MSS) collecting data

in seven bands of the spectrum and increasing the resolution to 30m x 30m.  Total scene

size for these sensors is 185km x 185km and both of these sensors were intended and

have proved particularly useful for distinguishing among vegetation cover types (Lillesand

& Kiefer 1994).
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Land cover data that were used in this study were produced as part of a cooperative

project between the U.S. Geological Survey (USGS) and the U.S. Environmental

Protection Agency (USEPA) to produce a consistent, land cover data layer for the

conterminous U.S. based on Landsat thematic mapper (TM) data.  National Land Cover

Data (NLCD) were developed from TM data acquired by the Multi-resoultion Land

Characterization (MRLC) Consortium.  The MRLC Consortium is a partnership of federal

agencies that produce or use land cover data.  Partners include the USGS (National

Mapping, Biological Resources, and Water Resources Divisions), USEPA, the U.S. Forest

Service, and the National Oceanic and Atmospheric Administration (Loveland & Shaw

1996).  The goal of the MRLC is to provide data across a range of spatial and temporal

scales for the analysis and monitoring of environmental change (Loveland & Shaw 1996).

Spatial resolution, or pixel size, is 30m on a side (900 m2) and the images were

preprocessed to correct for electronic problems and geographic referencing by the MRLC.

Images for the Mid-Atlantic region were acquired from dates ranging from 1989 to 1994.

The general NLCD procedure is to classify regions from mosaiced TM scenes using

spectral information (Vogelmann et al. 1998, and Brown et al. 1993).  The initial

classification was then interpreted and corrected using any number of ancillary data sets

that include: aerial photographs, Digital Terrain Elevation Data (DTED) and derived slope,

aspect and shaded relief; population and housing density data from census data; USGS

land use and land cover (LUDA); and National Wetlands Inventory (NWI) data if available.

Other ancillary data sources may include soils data, unique state or regional land cover

data sets, or data from other federal programs such as the National Gap Analysis Program

(GAP) of the USGS Biological Resources Division (BRD).   Frequently derived data sets

based on the TM data were also used to separate confusing areas, for example the

normalized vegetation index (NDVI) and various TM band ratios.  To help discriminate

areas seasonally different two distinct TM mosaics are produced, a leaves-on version

(summer) and a leaves-off (spring/fall) version.  The first version NLCD version for the mid-

Atlantic region was completed in 1996.  Based on local user input and new ancillary data

sets, improvements, on a state-by-state basis, have continued and the currently available

version was updated in April 2000.
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We characterized land cover in 1-km radius circular areas centered on the sample reaches

and within 14 digit Hydrologic Unit Code watershed boundaries containing each reach. We

located reach center points using Terrain Navigator software (Maptech 2001).  Both scales

of land cover analysis can be considered “local landscape” scale relevant to area sensitive

breeding birds and typical land cover disturbances (e.g., agriculture, residential

development, mining) in Pennsylvania.

The circular land cover views standardized the area under consideration to 314 ha and

facilitated comparisons to other Pennsylvania research on land cover associations with

breeding songbirds (O’Connell 1999, O’Connell et al. 2000). This area is much larger than

the estimated 4.5-ha territory size of a typical LOWA breeding pair in Pennsylvania.  We

also characterized land cover in the contributing watershed of the study reach to determine

if land cover at such scales provided a better correlation to aspects of LOWA reproductive

biology. Watershed basin areas averaged 2,373 ha (range 293-10,307 ha). Both scales of

land cover data (314-ha circle and small watershed) include expanses of land area that

may not be relevant to the LOWA nesting on the sample reach. Furthermore, the

watershed view may include disturbances downstream from the sample reach that

artificially reduce the correlation among land cover and potential LOWA metrics.

Land Cover Summary Statistics

Figures 7-9 illustrate land cover in 314 landscape circles, 14-digit HUC watershed areas,

and the surrounding landscape of the three study regions.  The physiographic differences

among study regions are apparent in these views.  For example the formerly glaciated

eastern region supports many small lakes in an almost completely forested landscape. The

central region typifies the Ridge-and-Valley landscape with long patches of forest on

mountain ridges and long narrow valleys dominated by agricultural land cover. The

western study region reflects a largely forested landscape with disturbed areas that contain

a greater interspersion of forested and agricultural land cover than the central region.
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Figure 7. Land cover in the eastern study region, Delaware River drainage basin. Center

points for  ~ 2-km sample reaches are indicated with an “X”.  Black circles represent

landscape analysis circles of 1 km radius (314 ha) encompassing sample reaches; 14-digit

HUC watershed boundaries appear in red.

N
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Figure 8. Land cover in the central study region, Susquehanna River drainage basin.

Center points for  ~ 2-km sample reaches are indicated with an “X”.  Black circles

represent landscape analysis circles of 1 km radius (314 ha) encompassing sample

reaches; 14-digit HUC watershed boundaries appear in red.

N
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Figure 9. Land cover in the western study region, Ohio River drainage basin. Center points

for  ~ 2-km sample reaches are indicated with an “X”.  Black circles represent landscape

analysis circles of 1 km radius (314 ha) encompassing sample reaches; 14-digit HUC

watershed boundaries appear in red.

N
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Tables 2 and 3 present relative percentages of dominant land cover types in 14-digit

watersheds and 314-ha landscape circles, respectively. In Pennsylvania and throughout

the Mid-Atlantic Highlands region (Fig. 3), forest comprises the landscape matrix at large

scales. O’Connell (1999) reported that forested land cover in the region covers roughly

65% of the total land area.  O’Connell et al. (2000) documented significant negative shifts

in modeled biotic integrity in areas where local landscape matrix had been converted to a

non-forested cover.  Because of the importance of forest cover in the region for

maintenance of biotic integrity and area sensitive forest bird, we concentrated landscape

analysis on the prevalence of forest at sample reaches.

Table 2. Land cover data for 14-digit HUC watersheds.  Data include total basin area and

percentage allocated to six major classes of land cover. Due to an indefinite watershed

boundary at Tumbling Waters (TUWA), we were unable to calculate land cover proportions

for this watershed.

Stream
Code

Region basin area
(ha)

water
%

suburban
%

urban
%

forest
%

pasture
%

row crop
%

DICR east 3665.42 4.19 2.55 0.49 91.20 0.23 0.38
MACR east 4049.89 1.57 3.75 0.37 91.00 2.75 0.17
PEES east 3704.10 2.87 15.30 4.79 70.30 5.24 0.49
HOCR east 2450.58 3.15 2.04 1.46 88.00 1.35 3.42
TOCR east 2425.15 0.65 1.04 0.15 97.20 0.33 0.27
TUWA east * * * * * * *
GRRU central 1060.99 0.00 0.00 0.00 95.10 3.68 1.01
BGRU central 1197.90 0.04 0.17 0.01 83.60 11.60 2.03
ARRU central 523.61 0.14 0.02 0.17 81.90 15.60 1.96
GARU central 1873.37 0.13 0.28 0.01 88.10 9.85 0.95
LARU central 4115.34 0.21 0.00 0.03 94.50 3.90 1.14
DERU central 876.84 0.00 0.00 0.00 99.70 0.08 0.07
LFCR central 6727.43 0.04 0.27 0.03 62.40 23.90 13.10
JORU west 1385.07 0.00 0.04 0.00 96.80 1.32 0.01
LIRU west 1616.99 0.00 0.42 0.00 98.50 0.65 0.01
GARY west 317.16 0.00 0.00 0.00 97.10 0.09 0.00
MIRU west 1607.73 0.00 0.75 0.02 72.50 23.40 3.18
TRRU west 10306.75 0.09 0.71 0.16 75.10 20.10 2.14
LOST west 1531.90 0.00 0.53 0.00 72.90 25.10 1.32
BLRU west 293.11 0.00 0.00 0.00 100.00 0.00 0.00
CARU west 877.00 0.00 0.01 0.00 99.60 0.29 0.03
RORU west 1197.93 0.02 0.12 0.00 99.00 0.66 0.11
RSRU west 402.11 0.00 0.02 0.00 97.30 2.48 0.11
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Table 3. Land cover data in 314-ha land cover circles centered on the mid-point of

sampling reaches. Data include percentage allocated to five major classes of land cover.

Stream
Code

Region water % suburban
%

forest
%

pasture
%

row crop
%

DICR east 2.09 1.14 95.80 0.00 0.10
MACR east 0.37 1.06 95.80 2.50 0.00
PEES east 2.31 2.91 93.50 0.57 0.00
HOCR east 0.00 0.00 99.90 0.03 0.00
TOCR east 0.51 0.14 99.00 0.00 0.00
TUWA east 0.26 0.00 95.20 1.36 2.83
GRRU central 0.00 0.00 79.50 15.90 4.52
BGRU central 0.13 0.97 63.40 31.00 4.31
ARRU central 0.00 0.04 77.00 20.30 2.61
GARU central 0.00 0.00 100.00 0.00 0.00
LARU central 0.00 0.00 99.70 0.06 0.00
DERU central 0.00 0.00 99.60 0.25 0.07
LFCR central 0.00 0.00 99.90 0.07 0.00
JORU west 0.00 0.00 99.90 0.03 0.00
LIRU west 0.00 0.00 100.00 0.00 0.00
GARY west 0.00 0.00 98.30 0.00 0.00
MIRU west 0.00 0.00 83.20 15.30 1.35
TRRU west 0.03 0.03 82.70 15.20 1.49
LOST west 0.00 0.00 70.40 29.40 0.18
BLRU west 0.00 0.00 100.00 0.00 0.00
CARU west 0.00 0.00 100.00 0.00 0.00
RORU west 0.00 0.00 100.00 0.00 0.00
RSRU west 0.00 0.00 99.60 0.39 0.00

At watershed scales, forest cover ranged from 70-100%, with a mean of approximately

85%. Within 314-ha land cover analysis circles, forested cover averaged 93%, and ranged

from 63-100%. We found no significant differences among study regions in forest cover at

314 ha (F = 0.91, P = 0.417), row crops at 314 ha (F = 1.40, P = 0.269), watershed level

forest (F = 1.36, P = 0.279), and watershed level row crops (F = 1.43, P = 0.264). Other

than eastern sites supporting significantly greater urban land cover than western sites (F =

4.35, P = 0.027), we found no significant differences in land cover among regions at 314-

ha or watershed scales.
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With a minimum of 63% forest cover at the 314 ha scale, approximately 200 ha of forest

was present in the immediate area of even our most “fragmented” study reaches. This

illustrates a key point in the interpretation of forest cover associations in this project: We

sampled from the upper end of the disturbance spectrum for LOWA to ensure that all

reaches supported a population of waterthrushes at least attempting to breed.  Thus, the

influence of forest cover on the occurrence and distribution of LOWA is underestimated

with our data. Prosser and Brooks (1998) estimated that mean site level canopy cover

below approximately 40% would not be sufficient to support breeding LOWA.

Physico-chemical and Habitat Assessments of Study Streams

To characterize the instream habitat condition of forested headwaters, we collected field

data on water chemistry and applied the USEPA’s Rapid Bioassessment Protocol (high or

low gradient stream habitat assessment) to systematic sampling locations 1998-2000

(http://www.epa.gov/owow/monitoring/rbp/app_a.html) (Plafkin et al. 1989, Brooks et al.

1991, 1996). Concern for and management of sediment at the local level is well

established, particularly in the Mid-Atlantic Highlands (Magnien et al. 1995). We collected

water samples from three systematic random sampling locations and delivered samples to

independent water testing laboratories for analysis. We averaged pH and nitrates per

stream over years to characterize water chemistry relevant to LOWA breeding biology

(Terranova and Master 1996, Mulvihill 1999).

A set of vegetation measurements was taken at each sampling point, including nest sites,

foraging sites, and avian survey points.  We collected these measurements to quantify

habitat characteristics and to complete habitat suitability models (Prosser and Brooks 1998)

Additional data on vegetation included cover, density, and dominant species of forest (live

and dead material), shrub, and ground vegetation.   Habitat characteristics of nest sites and

foraging sites were sampled according to the standard BBIRD protocol of Martin (1994)

with minor modifications as needed to adapt to linear riparian areas.
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The physical characterization of the stream channel followed a modified protocol of Plafkin

et al. (1989), and included stream depth, stream width, substrate, cover, channel

morphometry, bank structure, bank condition, and a ratio of wetted perimeter to mean

depth (Terranova and Master 1996).  Sediment embeddedness of substrates in stream

reaches was estimated from submerged rings (0.1 m2) at the macroinvertebrate plots

(Brooks et al. 1991).

Summary Statistics for Instream Habitat Component and Habitat Suitability Index

Tables 4 and 5 contain data on water chemistry, stream habitat condition, and habitat

suitability for Louisiana Waterthrush. These data provide information primarily on the

physical and chemical condition of the sample reaches.

Disturbances within a watershed could contribute to sedimentation and/or eutrophication of

instream habitat. Measured concentrations of Phosphorus and Nitrogen, as well as

conductivity, provide clues to stressors of instream condition that may not be apparent in

the sampled reach. Because eutrophication and sedimentation can limit distribution and

abundance of some benthic macroinvertebrate taxa, we consider instream condition as an

important variable for LOWA due to possible reductions in the abundance or availability of

food for LOWA adults and young.

Conversely, euthrophication could reduce overall macroinvertebrate diversity, but still

support an artificially elevated abundance of tolerant taxa that may or may not provide a

rich source of food for LOWA. For example, the Penn Estates sample reach (eastern

region) provided an order of magnitude higher concentration of total N than any other

sample reach in this study.  We suspect the root of enrichment lies in failing septic systems

from summer home development in this watershed. Despite this apparent disturbance,

however, an enormous abundance of tolerant macroinvertebrate taxa occur at Penn

Estates (primarily Chironomid flies), and this rich food base likely contributes to the high

density of breeding LOWA supported on this stream reach.

In addition to eutrophication, LOWA populations have been demonstrated to be sensitive

to acidity (Mulvihill 1999). In Pennsylvania, there are generally two causes of stream
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acidification: point source, from acid mine drainage (AMD) entering ground or surface

water, and non-point source from acid deposition in rain, snow, or fog. Acid deposition

occurs over large areas of the Mid-Atlantic highlands, but the resulting influence on

instream water chemistry varies with the buffering capacity of surficial geology. For

example, the low pH documented at Detweiler Run (central region) is presumed to result

from acid deposition while the low pH at western “acidified” streams was associated with

AMD. No eastern stream reaches were found to be acidic.

Again, changes in water chemistry from neutral to acidic may or may not affect LOWA

breeding biology. If a sufficient abundance of acid tolerant macroinvertebrates persists on

an acidified reach, LOWA productivity could remain as high as on a similar neutral reach

(Mulvihill 1999).

Physical changes to the instream and immediate riparian corridor condition can be reflected

in Stream Habitat Assessment (SHA) scores. On our 23 sample reaches, mean SHA

scores ranged from 112 to 189, with only one site scoring below 150.  The theoretical range

of this index is 0-200, indicating that, as with the land cover data, we sampled from the

upper end of disturbance tolerable to LOWA. Although the focus of SHA scores is riparian

corridor condition, we found a relatively high (0.66) correlation between SHA and forest

percentage in the 314-ha landscape circle as well as a significant regression (SHA = 77.4 +

0.953 (% forest), F = 16.22, P = 0.001) (Fig. 10).  There was no difference in mean SHA

score among regions (F = 0.24, P = 0.786).
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Table 4.  Instream water chemistry of 23 sample reaches, averaged over samples from

sytematic random locations in 1998 and 1999.

Site
Code

Region pH conductivity alkalinity total
P

total
N

DICR east 6.69 57.30 4.34 0.03 0.17
MACR east 6.83 71.50 11.25 0.04 0.14
PEES east 6.43 129.03 17.34 0.10 3.30
HOCR east 6.89 103.90 10.06 * 0.11
TOCR east 6.74 72.31 10.25 * 0.12
TUWA east 6.62 64.18 5.38 0.19 0.17
GRRU central 6.77 36.73 7.13 0.04 0.22
BGRU central 7.03 42.79 10.87 0.02 0.33
ARRU central 7.85 220.28 99.54 0.13 0.57
GARU central 6.12 28.52 1.36 0.01 0.15
LARU central 6.58 31.26 4.35 0.02 0.61
DERU central 5.29 22.04 0.57 0.01 0.20
LFCR central 6.69 32.16 6.46 0.01 0.24
JORU west 4.43 179.50 0.75 <0.1 <1.5
LIRU west 5.43 31.00 2.50 <0.1 <1.5
GARY west 4.70 41.75 1.00 <0.1 <1.0
MIRU west 7.10 80.00 18.75 <0.1 <1.0
TRRU west 7.30 104.75 21.75 <0.1 <1.0
LOST west 7.40 154.50 37.25 <0.1 <1.5
BLRU west 6.93 70.50 19.50 <0.1 <1.0
CARU west 7.15 67.00 17.25 <0.1 1.00
RORU west 7.03 57.00 13.25 <0.1 <1.0
RSRU west 6.70 67.50 14.00 <0.1 <1.0
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Table 5. Mean LOWA Habitat Suitability Index and Stream Habitat Assessment scores at

23 sample reaches.

Site Code Region HSI SHA
TOCR east 0.79 175
HOCR east 0.89 183
TUWA east 0.77 179
PEES east 0.58 160
MACR east 0.80 166
DICR east 0.41 155
ARRU central 0.35 113
GRRU central 0.84 160
LARU central 0.88 179
BGRU central 0.57 151
DERU central 0.87 189
LFCR central 0.87 174
GARU central 0.86 180
RSRU west 0.84 175
LOST west 0.49 150
CARU west 0.79 172
LIRU west 0.71 165
JORU west 0.83 169
TRRU west 0.65 158
RORU west 0.91 179
MIRU west 0.44 166
BLRU west 0.91 158
GARY west 0.89 160

Habitat Suitability Index scores for LOWA applied to systematic random sampling locations

also demonstrate the degree to which we generally sampled from a range of undisturbed to

moderately disturbed stream reaches. Mean HSI scores ranged from 0.35 to 0.91 (average

= 0.74) at sampled reaches; the theoretical range is 0.00 to 1.00. In verifying their HSI

model, Prosser and Brooks (1998) found that sites that supported breeding LOWA were

assigned HSI scores that averaged 0.76, and no site with a lower mean HSI score than

0.57 supported breeding LOWA. Sites that lacked breeding LOWA were assigned mean

HSI scores of 0.23, and they visited sites in their sample that scored as low as 0.04

(Prosser and Brooks 1998).
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Figure 10. Simple linear regression of Stream Habitat Assessment score on percent

forested land cover in 314 ha circles.

Songbird Community Sampling and Application of the Bird Community Index

To characterize to overall community of small landbirds along the study streams, we

conducted two rounds of June point counts for breeding birds at five systematic sampling

locations in 1998, 1999, and 2000. Count stations were separated by at least 200 m. We

used 10-minute, 50-m radius point counts by experts in identifying birds by song and call.

Counts were conducted on rain and wind free mornings between approximately 0600 and

1000 hrs EDT to maximize detections of breeding birds (Hutto et al. 1986, Manuwal and

Carey 1991, Ralph et al. 1993). Although we documented the bird community during site

visits from April to July, we limited point counts to June to ensure our samples were

collected during a time when most birds detected were territorial and assumed to be at

least attempting to breed, rather than merely passing through the area as transients

(Brauning 1992).
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Species lists from individual point counts sampled were pooled for each visit per season to

each study stream. We then applied the Bird Community Index (BCI) to the resulting

species list of “likely breeding birds.”  The BCI is a guild-based analysis tool that assigns

ranks to the proportions of individual life history groups reflected in a breeding songbird

assemblage. Ranks relating to aspects of structural, functional, and compositional biotic

integrity are summed to produce an overall BCI score (O’Connell et al. 2000). BCI scores

fall within a theoretical range of 20-77, and are applicable across a broad region of the

eastern United States, including the entire study area for this research.  We averaged BCI

scores for individual study reaches with point count data collected 1998-2000.

Summary Statistics for the BCI

We documented more than 100 species of birds as confirmed or probable breeding

species at our 23 sample reaches from 1998-2000.  This great diversity of species, from

warblers to woodpeckers to turkeys and hawks, highlights the tremendous value of

forested headwaters for conservation in the mid-Atlantic Highlands.

As a means to attach an ecologically defined index to that conservation value, we applied

the BCI model to data on songbirds and “near-passerines” collected during June point

counts. Mean BCI scores ranged from 39 to 64, with an average of 57 (Table 6). Of

breeding songbird communities at our 23 sample reaches, 13 indicated that the reach

supported the ”highest” category of ecological integrity modeled for the Mid-Atlantic

Highlands, while only one site scored “low” (O’Connell 1999, O’Connell et al. 2000).

Mean BCI scores were marginally higher (60) in the western study region relative to the

central (53) and eastern (57) regions, but these differences were not statistically significant

(F = 2.58, P = 0.100).  With strict application of the BCI categories, however, western sites

averaged “highest” integrity, while central and eastern sites averaged “high” integrity. We

ascribe these subtle differences to the larger number of completely forested sites (7) in the

western region relative to the central (4) and eastern (3) regions, and note that all three

regions supported multiple sites with “highest” integrity bird communities.
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As expected from previous research (O’Connell 1999, O’Connell et al. 2000), BCI scores

were strongly and positively correlated (r = 0.76) with forest cover in the 314-ha landscape

circles (Figure 11), and produced a significant regression model with same (F = 25.52, P <

0.001). We found no evidence (r = 0.05) of an association between songbird communities

at our sample reaches and forest cover in 14-digit watersheds, and little correlation (r =

0.20) between forest cover at the two landscape scales.

Table 6. Mean Bird Community Index scores and ecological condition category of modeled

biotic integrity at 23 forested headwater sample reaches in Pennsylvania.

Site
Code

BCI
score

Condition
Category

TOCR 64 highest integrity
HOCR 62 highest integrity
TUWA 62 highest integrity
PEES 47 medium integrity
MACR 57 high integrity
DICR 49 medium integrity
ARRU 45 medium integrity
GRRU 44 medium integrity
LARU 60 high integrity
BGRU 39 low integrity
DERU 61 highest integrity
LFCR 61 highest integrity
GARU 61 highest integrity
RSRU 63 highest integrity
LOST 51 medium integrity
CARU 61 highest integrity
LIRU 62 highest integrity
JORU 62 highest integrity
TRRU 58 high integrity
RORU 61 highest integrity
MIRU 63 highest integrity
BLRU 64 highest integrity
GARY 60 high integrity
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Figure 11. Simple linear regression of Bird Community Index score on percent forested

land cover in 314 ha circles.

Bird Community Index scores were not related to instream water chemistry, but did

correlate positively with SHA (r = 0.67). With respect other biological information, we found

no pattern of association between the BCI, the invertebrate Stream Condition Index, or

LOWA territory density.  The density of breeding riparian songbirds, however, was

positively correlated with BCI score (Fig. 12). All sites that supported more than six riparian

songbird territories/km supported BCI scores in the upper 50s and low 60s.
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Figure 12. Scatterplot of territories/km of riparian songbirds (Y-axis) against Bird

Community Index score (X –axis).

Territory Mapping of the Riparian Songbird Assemblage

To bridge levels of information provided by LOWA and the entire songbird community

sampled with point counts, we also collected and additional layer of data on a suite of

songbirds that, like LOWA, are generally confined to riparian forests.  Characterization of

the “riparian songbird community” was particularly important at sites with low densities of

LOWA. Several of these species use similar nesting substrates to LOWA, in addition to

occurring within the same linear riparian corridor.

We considered the following species to constitute the riparian songbird community.  All are

potentially breeding species at any of the study stream reaches in the three study areas:

Eastern Phoebe (Sayornis phoebe), Eastern Wood-Pewee (Contopus virens), Acadian

Flycatcher (Empidonax virescens), Winter Wren (Troglodytes troglodytes), Hermit Thrush

(Catharus guttatus), Wood Thrush (Hylocichla mustelina), Veery (Catharus fuscescens),
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Blue-headed Vireo (Vireo solitarius), Canada Warbler (Wilsonia canadensis), Hooded

Warbler (Wilsonia citrina), Northern Waterthrush (Seiurus noveboracensis), and Dark-eyed

Junco (Junco hyemalis).

We determined the actual density of breeding riparian songbirds at each study reach

through a territory mapping technique.  During each site visit in which the entire study

reach was walked from mid-May to early July, we marked on transect maps the distribution

of breeding territories for each focal species.  From these observations, we were able to

derive the represented species richness in the riparian songbird community and the total

number of riparian songbird territories/km. For statistical analysis, we averaged riparian

species richness and territories/km for 1998-2000.

Summary Statistics for the Riparian Songbird Community

We documented breeding pairs of riparian-associated songbirds at all sample reaches.

Total species richness of this riparian suite ranged from 2 to 11 of 12 potential species

(Table 7).  At five sites, densities of breeding territories supported roughly 10 pairs of these

species/km.  Eastern study reaches supported fewer riparian species than central reaches

(Figure 13), and the difference was marginally significant (F = 2.95, P = 0.075).  Territory

density of eastern reaches was significantly different from  (F = 4.59, P = 0.023) and lower

than that recorded on western study reaches.  Because of these regional differences in the

riparian bird community, we analyzed relationships separately between eastern and

central/western study regions.

For eastern sample reaches (n = 6), neither riparian species richness nor territory density

revealed a pattern of association with instream water chemistry. The riparian bird

community also showed no pattern against forested land cover, although the range of

forest cover (93-100%) was extremely narrow to be discriminated by only six sites. Both

riparian species richness and territory density, however, did exhibit a generally increasing

trend with SHA score, indicating that the physical condition of the riparian corridor may

have some influence on the distribution of these birds (Figs. 14-15). The data plotted in

Figures 14 and 15 indicate a potential negative shift in habitat suitability for riparian

songbirds between SHA cores of roughly 155-165.  Based on these data, we suggest that
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streams scoring below approximately 150 with the SHA would have little value for

supporting a riparian songbird community.

Table 7. Total species richness and mean number of territories/km of 12 songbirds

associated with forested riparian areas in the Mid-Atlantic Highlands.

Site Code Study
Region

Riparian Birds Total
Species Richness

territories/km
(mean)

TOCR east 3 2.6
HOCR east 5 2.3
TUWA east 7 4.5
PEES east 5 0.8
MACR east 6 4.6
DICR east 2 0.9
ARRU central 3 1.6
GRRU central 5 3.1
LARU central 9 5.1
BGRU central 6 2.8
DERU central 11 9.7
LFCR central 9 9.4
GARU central 8 6.0
RSRU west 4 6.5
LOST west 5 4.7
CARU west 4 2.5
LIRU west 7 10.2
JORU west 6 5.2
TRRU west 6 7.5
RORU west 7 10.6
MIRU west 6 4.6
BLRU west 7 12.2
GARY west 7 6.5
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Figure 13. Total number of riparian songbirds recorded as breeders on sample reaches

1998-2000.

Figure 14. Riparian species richness plotted against Stream Habitat Assessment score for

eastern sample reaches.

2

3

4
5

6

7
8

9

10
11

east central west

185175165155

7

6

5

4

3

2

SHA



46

Figure 15. Riparian songbird territory density plotted against Stream Habitat Assessment

score for eastern sample reaches.

For central and western study reaches considered together, the riparian songbird

community species richness declined with increasing P concentration  (r = -0.771), but

showed no pattern of association with other instream water chemistry variables.  The

correlation with P may be due to the correlation between P concentration and SHA score (r

= -0.631).

With respect to SHA scores for central and western sample reaches, we used cluster

analysis to group sites according to actual SHA score and the rank of SHA score among

all sites (n = 17).  We recognize that this approach violates an assumption of hierarchical

clustering in that the variables are highly correlated, however, we used the clusters solely

as an exploratory aid to group sites with like scores with a more objective method than, for

example, identifying groups by percentiles. Our cluster analysis produced three groups of

sites with different mean SHA score: 179, 160, and 112 (the “group” of 112 contained a

single site).  When we used the SHA groups as factors in an one-way ANOVA model, we
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found significant differences among groups for riparian species richness (F = 5.56, P =

0.017), with groups supporting means of 8, 6, and 3 riparian species, respectively (Fig.

16).  Although the result was not significant (F = 2.28, P = 0.139) owing to the wide

confidence interval of the group with a single observation, territory density at reaches with

SHA scores of at least 160 averaged 7, while the site with an SHA score of 112 supported

less than 2 territories/km.

Results of the riparian songbird community for central and western reaches are in general

agreement with results from the eastern reaches on the relationship to SHA score.

Namely, streams receiving SHA scores below approximately 160 are somewhat

compromised in their ability to support the riparian bird community, and streams that score

less than 150 are limited in the number and density of riparian songbirds that can be

supported.

Relationships between riparian songbirds and SHA in central and western reaches are

corroborated at the landscape scale as well.  Contrary to the smaller sample and narrow

range of forest cover in the eastern sample, the 17 sites of the combined central and

western sample included sites with forest covers that ranged from roughly 63 to 100%. As

with the SHA data, we clustered sites by the percentage and rank of forest cover in the

314 ha landscape circles.  Clustering resulted in two groups supporting 76% (n = 6) and

100% (n = 11) forest, respectively. Riparian songbird richness also differed significantly

between these groups (F = 4.69, P = 0.047) (Fig. 17).

Thus, aspects of the riparian songbird community hold promise as an element of a

forested headwater indicator due to statistical relationships that span scales from riparian

corridor to landscape condition.
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Figure 16. Riparian songbird species richness (Y-axis) plotted for three groups of sites with

different mean Stream Habitat Assessment scores. Mean SHA scores/group are 1 (112), 2

(161), and 3 (179).
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Figure 17. Riparian songbird species richness (Y-axis) plotted for two groups of sites with

different mean forest cover at landscape scales: 1 (76% forest), 2 (100% forest).

Stream Macroinvertebrate Sampling and application of the Stream Condition Index

(SCI)

Aquatic invertebrate communities are known to change in response to a variety of stressors

(Adamus and Brandt 1990, Brooks et al. 1991, Garano and Kooser 1994, Hicks 1995).  A

significant effort has been made to integrate chemical, biological, and physical parameters

for assessing the ecological integrity of streams (e.g., Plafkin et al. 1989, USEPA 1991,

Sweeney 1992), resulting in satisfactory predictions of the health and condition.

Considerably less effort has been directed towards riparian wetlands.

In recent years, benthic macroinvertebrates have been the most widely used taxonomic

assemblage in biomonitoring by state water resource agencies (Southerland and Stribling

1995, Barbour et al. 1999).  In 1996, 94% of state bioassessment programs used benthic

invertebrates (Karr and Chu 1997).  Macroinvertebrates play an integral role within

freshwater ecosystems, feeding on plants, algae, and detritus while providing a rich food
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source for fish, birds, and other wildlife (Sharitz and Batzer 1999).  According to Karr and

Chu (1997), “macroinvertebrate taxa are numerous, ubiquitous, abundant, and relatively

easy to sample; their responses to a wide spectrum of human activities are relatively easy

to interpret.” This makes them an important biological piece of the ecological puzzle,

providing useful information about a stream’s biological condition.  We included a benthic

macroinvertebrate indicator in this research as an independent measure of the biotic

integrity of sampled streams.  In particular, we intended benthic macroinvertebrates to be a

more sensitive indicator of instream degradation than, for example, landscape level

indicators.

There are no standard methods recommended for sampling macroinvertebrates in

wetlands.  Murkin et al. (1983) compared emergence and submergence activity traps to

sweep nets.  Hicks (1994) reviewed the advantages and disadvantages of a variety of

methods, including emergence traps, artificial substrates, D-nets for substrates and

sweeps, and benthic cores.  In previous studies, we have investigated the utility of several

techniques, including submergence traps, emergence traps, benthic grab samples (Hepp

1987), benthic cores, and sweep nets (Brooks et al. 1991).

To sample benthic macroinvertebrates at the 23 study stream reaches, we first marked 50-

m increments along each reach to create a sampling transect. We randomly selected 5

stations for systematic sampling.  Each of these stations consisted of one riffle and one

coarse particulate organic matter (CPOM) sample, totaling 10 systematic samples per

stream collected in 1998 and 1999. In addition to systematic random sampling along the

primary riparian corridor, we mapped peripheral pools and channels associated with

headwater wetland complexes feeding the streams and sampled up to 10 of these areas/

stream.  All peripheral pools were sampled using the CPOM sample method. If enough

water and flow were present in the peripheral channels, we used the riffle sampling

method; if not, we took CPOM samples.

We sampled three distinct microhabitats for the SCI macroinvertebrate classification to

ensure our samples included organisms on which LOWA actually fed.  For example, in

riparian areas with multiple accessory channels and pools, individual waterthrushes would
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routinely spend more time foraging and enjoy greater foraging success in peripheral

wetlands relative to the main stream channel.

We employed the following specific procedures for benthic macroinvertebrate sampling:

Riffle samples

• Place a D-frame kick net (30.5 cm x 20.3 cm, 500 m mesh) at the base of the riffle.

• Using the net frame as a guide, estimate a sample area of approximately 30 cm2 and

remove all rocks within that sampling area.

• While a second person inspects the rocks for clinging organisms, disturb the substrate

to a depth of approximately 5 cm for 1 minute.  Dislodged organisms will float

downstream into the net.

• Transfer the sample contents to a sieve bucket (500 m mesh) to remove fine sediments.

• After the sediments are removed and the water above the sample is clear, place the

sample contents in properly labeled plastic containers for transport.

Crews sampling in the Ohio and Delaware drainages followed this sampling method

however, they substituted a surber sampler for the D-frame kick net.  Although this

apparatus is used for quantitative studies (the sample area is delineated by the surber’s

sample frame rather than estimated), the same approximate area was sampled for each

site.  Because of the high variability associated with macroinvertebrate populations, a vast

number of samples would be needed for a quantitative analysis (in order to obtain the

desired level of precision); this was beyond the scope and purpose of this study.  Since our

objectives were of a more qualitative nature, the difference in sampling gear should not

create any significant differences in the results.
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CPOM samples

We sampled 5 stream marginal microhabitats per site.  These habitats primarily consisted

of leaf packs; however, some portions of the disturbed sites lacked deciduous forest cover.

Samples taken from these areas often consisted of other types of organic matter.  We took

CPOM samples using the following method:

• After completing the riffle sample, select an adjacent area along the channel margin

that contains accumulations of leaves and other organic material.

• Using a 10.2 cm-diameter pvc corer, penetrate the substrate to a depth of

approximately 5 cm. (The corer provides a more standardized sampling area than

simply grabbing with one’s hand and is easier to control than an Ekman-grab sampler.)

• Transfer the sample contents to a sieve bucket (500 m mesh) to remove fine sediments.

• After the sediments are removed and the water above the sample is clear, place the

sample contents in properly labeled plastic containers for transport.

Peripheral samples

As indicated, we sampled peripheral pools with the CPOM technique, and either CPOM or

riffle technique for peripheral channels, depending on the rate of flow.

We sorted all samples live in the laboratory, using white plastic trays and good lighting

conditions.  Specimens were identified using dissecting scopes (80x magnification).

Taxonomic resolution was to genus level (whenever possible).  The exceptions were non-

arthropodan invertebrates and midge larvae (Chironomidae) which were taken to class and

family level respectively.  We used the following texts for taxonomic identification: Pennak

1978, Burch 1989, Peckarsky et al. 1990, Stewart and Stark 1993, Merritt and Cummins

1996, Wiggins 1996.

The Stream Condition Index (SCI)

Tetra Tech Inc., in cooperation with the West Virginia Department of Environmental

Protection, developed the Stream Condition Index (SCI) for U.S. EPA Region 3,

specifically for West Virginia wadeable streams.  The information used in constructing this

index originated from streams located throughout the Mid-Atlantic Highlands (MAHA),

concentrating in West Virginia but including Pennsylvania.  Therefore, we considered this



53

index to be more applicable to our data than other biotic indices such as the Benthic-Index

of Biotic Integrity (B-IBI) developed for Tennessee streams  (Kerans and Karr 1994).

The SCI is a reference condition bioassessment approach that compares a stream's

biological condition to that of unimpaired streams of the same region (Gerritsen et al.

2000).  The index is comprised of six discriminatory metrics representing three different

categories of benthic community attributes: taxonomic richness (counts of distinct taxa

within selected taxonomic groups), taxonomic composition (proportions of individuals in

selected taxonomic groups), and tolerance to environmental stress (Gerritsen et al. 2000).

In order to combine these metrics into a final SCI score, they must first be converted into a

common scoring base.  Each metric is assigned a score based on the expectations for that

metric at reference sites (those sites "able to support and maintain a balanced and

integrated, and adaptive biological system having the full range of elements and processes

expected for a region") (Karr and Chu 1997).   The SCI defines reference condition as the

standard or "best" values for each metric revised to the 95th or 5th percentile (depending

on the metric's response to disturbance) of the distribution of the data set (Gerritsen et al.

2000).  Table 8 lists the best standard values for each metric and the formulas for

converting those values to metric scores.  The final SCI value is the average of the metric

scores.

If we based SCI metrics on combined data from both riffle and CPOM samples, the range

of values would be significantly increased.  The metric's ability to score a site would be

diluted to such a degree that the macroinvertebrate community would not be able to

indicate the degree of disturbance, and therefore, would not be able to accurately position

a site along the disturbance gradient.  This leads us to the conclusion that lumping the

data from different habitats could severely affect the scoring results.

Because the SCI 's standardized best values were based on samples taken from riffle

habitats, and because these metrics can be highly sensitive to both natural environmental

conditions and human disturbance, it is important to only compare results from truly similar

habitats.  Therefore, we used only data taken from riffle habitats to compute the metrics.
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Table 8. Metrics and anticipated behavior in response to disturbance of the Stream

Condition Index.

Metric Definition Expected
Response to
Disturbance

Taxonomic
Richness
Total taxa Total number of distinct taxa decrease
EPT taxa Total number of families belonging to the

Ephemeroptera, Plecoptera, and Trichoptera
decrease

Taxonomic
Composition
% EPT taxa Percentage of individuals in the Ephemeroptera,

Plecoptera, and Trichoptera relative to the total
number of individuals

decrease

% Chironomindae Percentage of individuals in the Dipteran family
Chironomidae relative to the total number of
individuals

increase

% Two Dominant
Taxa

Percentage of individuals in the two dominant taxa
relative to the total number of individuals

increase

Tolerance
HBI (Family Index) Proportion of tolerant to intolerant individuals

weighted by taxa’s corresponding tolerance value
(0-10)

increase

Summary Statistics for the Stream Condition Index

Because they are extensive and complex, summary statistics for the benthic

macoinvertebrate sampling on this project appear as Appendices to this report.  Herein we

present specific relationships of the SCI to other physical and biological data.  As with the

riparian songbird community, SCI scores were significantly lower in the eastern study

region (F = 11.02, P = 0.001) than in the central and western regions, and we analyzed

data from the two groups separately.

Again, due the small sample size of the eastern study region (6 sites), we were limited in

analytical approaches that could demonstrate links between SCI scores and other

variables. We documented no pattern of association between SCI scores and landscape
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level forest cover.  Figures 18-20, however, illustrate relationships between SCI score and

instream habitat condition.

Figure 18. Stream Condition Index (Y-axis) plotted against mean N concentration for

eastern sample stream reaches.
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Figure 19. Stream Condition Index (Y-axis) plotted against mean pH for eastern sample

stream reaches.

Figure 20. Stream Condition Index (Y-axis) plotted against mean SHA for eastern sample

stream reaches.
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For central and western stream reaches, we found relationships between SCI, pH, and

SHA.  A cluster analysis of pH produced three groups of sites with mean pH values of 5.03

(n = 4), 6.65 (n = 6), and 7.37 (n = 7).  Stream Condition Index scores were significantly

lower at sites with the lowest pH (F = 4.90, P = 0.024), indicating that acidified streams do

detrimentally affect benthic macroinvertebrate communities in the region (Fig. 21).

Combined with relationships from the eastern study region, our data suggest that benthic

macroinvertebrate communities are degraded below pH of approximately 5.5, and there

may be some measurable degradation below about pH 6.5.

Figure 21. Stream Condition Index scores for three groups of sites with different mean pH

values in the central and western study areas.

Stream Condition Index scores for central and western sites also indicated a relationship to

SHA.  Again, due the wide variance in SHA score for the group with a single observation

(SHA = 112), we were limited in our ability to attach statistical significance to this

relationship.  A graphical portrayal, however, indicates a likely negative shift in SCI score

somewhere between SHA scores of 112-160 (Fig 22).
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Figure 22. Stream Condition Index scores for three groups of sites with different mean

Stream Habitat Assessment scores. Mean SHA scores/group are 1 (112), 2 (161), and 3

(179).

Reproductive Biology of Louisiana Waterthrush (Seiurus motacilla) [LOWA] in

Pennsylvania.

We monitored LOWA populations on study reaches over three breeding seasons (1998-

2000).  In each season, we began monitoring territorial behavior of breeding males in early

April, and attempted to capture and uniquely mark individuals. We determined territory

limits through repeated site visits in which we marked on a map the specific locations at

which individual birds were observed. Males arrive on their breeding territories in late

March or early April several days before females. During this time, males sing persistently

from high perches and engage in frequent aggressive encounters with neighboring males

as territory boundaries are solidified. When the females arrive, males turn their attention to

mate attraction, and sing persistently until a seasonal pair bond is formed (Robinson
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1995).  Once nest building is initiated, the rate of song by the male declines dramatically,

and the birds become extremely secretive. Other than short bouts of song at dawn and

dusk, nesting males sing infrequently and become as equally difficult to locate on their

territories as the nesting females. Unmated males, or males that have lost a mate during

the season, will deliver song at rates as high as 6/min. from approximately dawn to 11:00

hrs EDT between April and mid-June. A male singing at such a rate at any point in May or

June is most likely unpaired.

We used the aggressive territorial behavior of male LOWA to our advantage in our efforts

to capture and uniquely mark individuals. We captured LOWA in 30-mm mesh, black mist

nets of 6-12 m length and roughly 2.5 m height.  Nets were placed along observed or

presumed travel corridors on active LOWA territories.  Paired males were easily attracted

to the nets by broadcasting commercially available songs and calls of LOWA. The song of

an “intruder” male was especially attractive to paired males, which would fly rapidly to the

source and sing or call aggressively. Unpaired males did not respond to broadcasts of

male song, or if they did, would investigate the source from roughly >10 m up in

surrounding trees. Thus, unpaired males were relatively more difficult to capture than

paired males, but could be occasionally lured into the nets through imitations and

recordings of call notes produced by both males and females.  Female LOWA were also

relatively difficult to capture, because they rarely responded to broadcasts of song or call

notes and because females are less mobile than males during the breeding season due to

the constraints of incubation and brooding.  Thus, we typically captured females as they

traveled back and forth to the nest while feeding young – a window of opportunity generally

not more than seven days long.

All captured LOWA were measured, weighed, aged, and sexed in accordance with

standard procedure of the USFWS - Bird Banding Laboratory and using information

summarized in Pyle (1997). Each bird was fitted with a uniquely-numbered aluminum band

on the tarsometatarsus. We applied aluminum bands to the right leg of males and the left

leg of females. In addition, all LOWA were marked with a unique combination of plastic

colored leg bands. The unique combination of color and placement of bands allowed us to

identify individuals at a distance in the field, and greatly facilitated our assessment of which
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birds represented mated pairs, which males might be interlopers on a neighbor’s territory,

etc.  Furthermore, color-banded individuals on our study reaches could be tracked for

several seasons to produce a reproductive history of individuals.

In addition to banding operations, we conducted extensive observations of LOWA behavior

in the field, especially as a means to monitor reproductive success. Methods generally

follow the BBIRD protocol for monitoring reproductive success of North American

passerines (Martin and Guepel 1993, Martin 1994). We followed birds at distances of

roughly 20-50 m in the field to observe foraging behavior, interactions within and between

mated pairs, and to assist in our locating active nests.  When we located a nest, we

carefully judged behavior of adults, presence of potential nest predators in the immediate

vicinity, and weather conditions before deciding to approach the nest to determine its

phenological state. Once the state (e.g., incomplete clutch prior to incubation, incubation,

hatchlings, older nestlings) could be ascertained, we pulled back to a safe distance and

developed a course of action for nest monitoring. Unless specifically interested in

collecting data on nestling provisioning behavior of adults, we generally avoided nests at

which we had determined phenological state until the time arrived to band the nestlings.

Nestling LOWA typically fledge at 10-12 days post-hatching (Robinson 1995), and become

scattered and exceedingly difficult to catch after they leave the nest.  Thus, our best

opportunity to band and collect data on young LOWA was to capture them while still in the

nest, process them, and return them to the nest prior to fledging. For several days during

the nestling phase, however, LOWA nestlings are too small to be banded; bands applied

on small nestlings could fall off in the nest or injure the developing birds.  Generally

nestlings at seven days post-hatching had tarsi developed enough for banding. Our

window of opportunity for banding nestlings, therefore, was approximately 7-10 days post-

hatching. As with the adults, we also color-banded LOWA nestlings, but the combinations

of bands were unique to stream reach, rather than to individuals. For determination of

reproductive success, we assumed that all nestlings that survived to banding were fledged.

For statistical analysis of reproductive biology among streams, we determined the number

of territories/km, the number of nests/km, and the number of fledglings/km averaged over
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three years for each study stream reach.  We also calculated Mayfield survivorship

estimates for the three study areas.

Summary Statistics for LOWA Breeding Biology

Tables 9-11 summarize aspects of LOWA breeding biology from data collected at all 23

study reaches during 1998, 1999, and 2000 field seasons. Immediately evident from Table

9 is the fact that LOWA were not distributed evenly across PA from 1998-2000.  Eastern

and western study streams supported greater numbers and greater densities of breeding

LOWA than streams in the central study area. The number of territories/km, for example

(Fig. 23), was significantly different and lower at central stream relative to eastern streams

(ANOVA, F = 3.78, P = 0.040), while the difference between eastern and western streams

was not significant (i.e., 95% Tukey intervals included 0).

Table 9. Distribution and reproductive output of LOWA across all study regions and years .
Region #

sites
#

territories
#

nests
mean clutch

size
Territories

/km
Nests
/km

Fledglings
/km

East 6 91 74 4.7 2.3 2.0 5.6
Central 7 49 31 4.7 1.1 1.9 2.7
West 10 148 117 4.8 1.8 1.7 7.4
TOTALS 23 288 222 * * * *
AVERAGES * * * 4.7 1.7 1.9 5.2
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Figure 23. Differences in breeding density of LOWA across all three study regions.

Table 10. Daily survivorship estimates and sources of nest failure. “Mayfield Total” is an

estimation of the probability of survivorship of individual eggs in a nest through laying,

incubation, and nestling periods.

Region Mayfield
Total

# depredated
nests

# parasitized
nests

# females killed
on nest

East 0.64 26 (35%) 5 (7%) *
Central 0.76 7 (23%) 0 (0%) 4 (13%)
West 0.55 34 (29%) 3 (3%) 8 (7%)
TOTALS * 67 (30%) 8 (4%) 12 (8%)
AVERAGES 0.65 * * *

Across years and regions, LOWA enjoyed relatively high reproductive success. Our

estimate of 2.9 fledged young/pair/season is similar to an estimate of 2.8

young/pair/season based on compilations of data from Eaton (1958) and Robinson (1990)

in Robinson (1995). Mayfield total survivorship estimates indicates that a given egg laid

during the course of our research had a roughly 65% probability of surviving to the

fledgling stage (Mayfield 1975).

The primary agent leading to nest failure was nest predation, with roughly 30% of clutches

and broods depredated prior to fledging. Potential nest predators abound in LOWA

1

2

3

east central west

study region
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territories, and may have included Blue Jay (Cyanocitta cristata), eastern chipmunk

(Tamias striatus), red squirrel (Sciurus hudsonicus), gray squirrel (Sciurus carolinensis),

opossum (Didelphis virginiana), mink (Mustela vison), and raccoon (Procyon lotor), among

others. We specifically observed convincing evidence for predation by raccoons,

opossums, and mink, but other predators are probably just as likely.

In addition to depredation of nest contents, we documented at least 12 instances of nest

predation events in which the incubating or brooding female was also captured and eaten

by the predator.  In these cases, the influence of the depredation on reproductive success

was magnified because the loss of a mate generally prevented the “widowed” male from

attempting a second brood.  Although LOWA are normally single brooded, pairs will

attempt a second brood if the first is lost, especially if lost early in the nesting season

(Robinson 1995, Mulvihill et al. 2002, in press).

According to data compiled by Robinson (1995), 33-81% of LOWA nests were subjected to

brood parasitism by the Brown-headed Cowbird (Molothrus ater) in New York and Illinois

(n = 42). In contrast, our data based on 222 nests across Pennsylvania documented

cowbird eggs in only 8 (4%) of nests.

Table 11. Banding effort and return rates for LOWA across regions 1998-2000.

Region # adults
banded

# fledglings
banded

male return
rate

female return
rate

fledgling return
rate

East 62 137 19 44 1.4
Central 56 41 39 35 0
West 133 341 50 47 *
TOTALS 251 519 * * *
AVERAGES * * 36 42 0.7

A large proportion of field time on this project was devoted to capturing and banding both

adult and fledgling LOWA.  This effort was absolutely essential to determining territory

boundaries with confidence and identifying mated pairs. Table 11 includes return rates for

banded males and females, expressed as the percentage of banded individuals that

returned to the same stream reach (not necessarily the same territory) in the subsequent

season.  We collected data on several individuals (males and females) that returned to the
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same territory (with previous or new partners) over several subsequent breeding seasons.

Data from these individuals suggest that LOWA are highly site faithful.  We, therefore,

concluded that nesting adults that did not return to a study reach in a subsequent year did

not survive the interim period, although we recognize that some individuals could have

returned to the same stream , but not necessarily in our arbitrarily defined sampling reach.

Given these caveats, we observed an overall return rate of roughly 40%.

In contrast, only about 1% of more than 500 banded nestlings were documented in

subsequent years on their natal stream (Table 11).  We assume that survivorship of hatch

year LOWA is reduced relative to adults, but conclude that the vast majority of young

LOWA do not attempt to return to their natal stream for breeding.  Thus, LOWA have been

demonstrated in this study to be site faithful, but not philopatric.

Because we observed, monitored, and banded so many individuals across a broad area of

the LOWA breeding range (Table 11), we are confident that our estimates of reproductive

biology typify the species’ life history throughout the Mid-Atlantic Highlands.  The 222

nests monitored and 770 individuals banded represented a order of magnitude larger

sample than any prior study of LOWA life history referenced in Robinson (1995). Included

in the Appendices are two manuscripts from this research that document for the first time

the occurrence of polygyny (Mulvihill et al. 2002) and double brooding (Mulvihill et al. in

press) in the Louisiana Waterthrush.

For development of an ecological indicator, one key criterion for the utility of the indicator is

the ease with which it could be applied (USEPA 2000).  Our field work was intensively

focused on determining reproductive success of a single, relatively secretive species. The

data that calibrate all others, i.e., LOWA reproductive success (fledglings/km in this study),

are well beyond the scope, budget, and expertise of likely users of our forested headwater

indicator. We found, however, that the number of fledglings/km was highly correlated (r =

0.74) with the number of territories/km, even though several territories on any given reach

may be occupied by unpaired males. Figure 24 illustrates the significant (F = 25.61, P <

0.001) regression that results from predicting fledglings/km from territories/km. Because of
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this statistical relationship, we have featured territories/km as the primary LOWA variable

for analysis with environmental variables.

Figure 24. Fitted line simple linear regression with 95% Prediction Intervals illustrating the

relationship between the mean number of Louisiana Waterthrush territories/km and the

mean number of fledglings produced/km.

As illustrated in Figure 23, densities of breeding LOWA varied across study regions, and

were significantly lower in the central region, relative to eastern and western study regions.

Density differences were irrespective of anthropogenic disturbance, and reflect natural

variability in the abundance of the species over large portions of the breeding range (Fig.

4). Because these differences are significantly different, we analyzed aspects of LOWA

breeding biology separately between central and eastern-and-western regions.

In the central study region, one site (Laurel Run) supported much higher densities of

breeding LOWA (2.5 territories/km) than the remaining six sites (mean = 0.9

territories/km). We found no pattern of association between LOWA variables and instream

water chemistry, riparian habitat condition, or landscape level forest cover. With data from

Laurel Run removed, however, underlying patterns in the remaining six sites become more
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evident.  When we removed Laurel Run as an outlier, we found a graphical relationship

between the density of LOWA territories and SHA score (Fig. 25). Again, a decline in a

biological variable (i.e., LOWA density) is apparent below SHA scores of approximately

150.

Figure 25. Louisiana Waterthrush territories/km from six stream reaches in the central

study area plotted against mean Stream Habitat Assessment score.

In eastern and western study regions, statistical relationships were difficult to demonstrate

due to apparent exceptions to every rule.  For example, the eastern region’s Penn Estates

was eutrophied and exhibited a relatively low SHA score and SCI score. Despite obvious

instream stressors, though, the elevated abundance of Chironomid larvae supported a

density of breeding LOWA.  With respect to acid mine drainage (AMD), Jonathan Run in

the western study region was clearly stressed with AMD, and the acid stress was generally

reflected in SHA and SCI scores. Jonathan Run, however, supported a relatively high

density of breeding LOWA (1.8 territories/km) which compromised statistical demonstration

of an effect from AMD on LOWA. Behavioral observation of foraging LOWA indicated that

the birds spent more time foraging on intermittent tributaries to Jonathan Run which were
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not acidified than on the main stream channel itself (Mulvihill 1999).  Thus, when

concentrating on the use of single species’ biology for indicator development, researchers

must be mindful of the effect that behavioral modifications of individuals could have on the

interpretation of data. This type of diagnostic interpretation of results is critical if managers

and decision makers commit to using biological indicators to meet conservation objectives.

Despite difficulties in establishing statistical relationships between LOWA and

environmental variables, there are patterns apparent in a graphical approach. Figure 26

plots LOWA territory density against mean instream pH, and a general negative

relationship is apparent. Even including the extenuating behavioral circumstances at

Jonathan Run, there appears to be a decline in a stream’s ability to support high LOWA

densities as pH falls below a zone of roughly 5.5-6.5.  While some streams with near

neutral pH supported only modest densities of LOWA (i.e., 1-2 territories/km), no site

below the zone of 5.5-6-5 supported any more than two territories/km. Figure 27

demonstrates that a similar threshold of pH is associated with declines in the number of

fledglings produced/km (an indicator of LOWA reproductive success).

Figure 26. Louisiana Waterthrush territories/km (Y-axis) plotted against mean pH (X-axis)

for 16 stream reaches in the eastern and western study areas.
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Figure 27. Mean number of Louisiana Waterthrush fledglings produced/km (Y-axis) plotted

against mean pH (X-axis) for 16 stream reaches in the eastern and western study areas.

Likewise for SHA scores, aspects of LOWA breeding biology are associated negatively

with degraded stream habitat condition. As in the central study region, the relationship is

difficult to quantify, but apparent when plotted on a graph (Fig. 28).  In this case, the

elevated territory density at Jonathan Run points to detrimental effects on LOWA density

occurring at SHA scores below 150.

Forest cover has previously been demonstrated to be an important predictor of LOWA

(Prosser and Brooks 1998, O’Connell 2000). These studies indicate a lower threshold of

landscape level forest cover below which the species is not likely to breed (i.e, about 40%).

In this study, we included no sites with any less than about 60% forest, so it is again

difficult to establish a firm statistical link to different levels of LOWA density. Our data do

show (Fig. 29) that LOWA densities tend to decrease as forest cover decreases, and that

only the least fragmented forests are apparently capable of supporting high densities of

LOWA (e.g., > 2 territories/km).  We assume based on our data that while some sites with

as little as 40% forest at the landscape scale may support individual territorial LOWA or
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LOWA pairs, sites in this range of land cover disturbance would be unlikely to support

densities approaching 1 territory/km.

Figure 28. Louisiana Waterthrush territories/km (Y-axis) plotted against mean Stream

Habitat Assessment score for 16 stream reaches in the eastern and western study areas.
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Figure 29. Louisiana Waterthrush territories/km (Y-axis) plotted against landscape level

forest cover for all 23 sample reaches.
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Part II. An integrated and calibrated index of ecological integrity for forested

headwaters in the Mid-Atlantic Highlands

Statement of Purpose

A central premise of this research is that field indicators of biological and ecological integrity

can assist citizen watershed groups, state water monitoring programs, and others in

assessing disturbances to water resources and developing appropriate plans for protection

and restoration. In the Mid-Atlantic Highlands, indicators of instream condition (primarily

based on fish or benthic macroinvertebrate communities) were developed and applied in

the 1990s. These indicators, for example the Stream Condition Index (SCI), can effectively

demonstrate detrimental biological effects from stressors such as eutrophication and

acidification, but are not particularly useful for discriminating stressors acting at landscape

scales. Additional indicators, especially the Bird Community Index (BCI), have been

developed and applied in the region as reliable indicators of ecological affects associated

with landscape scale disturbances, but these are not necessarily sensitive to important

smaller scale stressors, e.g., acid deposition (O’Connell et al. 2000).

For conservationists and land managers concerned with the ecological integrity of forested

headwater environments, neither class of indicators necessarily provides a satisfactory

assessment of condition or guidance on a prescription for management. As the interface

between land and water and the majority of drainage land area for large rivers, forested

headwaters warrant development of indicators that specifically address the integration of

relevant taxonomic groups and calibration to stressors that act at different scales.

In this project, we have proposed the development of an integrated and calibrated indicator

for forested headwaters featuring a linkage between benthic macroinvertebrate data to

reveal instream stessors, and bird community data to highlight landscape stressors. As an

ideal study subject to integrate taxonomic groups and calibrate stressors operating at

different scales, we have focused attention on breeding biology of the Louisiana

Waterthrush (LOWA). The Louisiana Waterthrush is a North American wood warbler in the

family Parulidae and, like many eastern warblers that breed in mature forests, this species

is sensitive to forest fragmentation at landscape scales. In addition, LOWA are unique
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among eastern songbirds in being confined as breeding birds to linear territories in the

immediate riparian corridor of streams and rivers, especially forested headwaters. The

species is the only obligate songbird of forested running streams in eastern North America.

Benthic macroinvertebrates  (adults and larvae) form the bulk of the species’ diet, and are

especially important as food for developing nestlings.

Thus, LOWA integrate taxonomic groups: As an obligate predator on benthic

macroinvertebrates, LOWA breeding biology would be expected to be compromised in

areas where the macroinvertebrate fauna is depauperate.  As an area sensitive forest bird,

LOWA is also directly susceptible to the detrimental effects of forest fragmentation. As an

integrator of taxonomic groups that respond to scale-specific stressors, LOWA also is a

likely calibrator of indicators specific to water chemistry, stream physical conditions, and the

surrounding uplands at local landscape scales.

Our purpose in this research was not to develop an indicator that would necessitate

intensive field monitoring of LOWA breeding biology. Rather, we studied LOWA to help

justify a biological basis for establishing decision thresholds in other indicators. Given

expertise and opportunity, we encourage users of our indicator to monitor LOWA

populations that may be breeding on relevant stream reaches for additional insight into the

ecology of forested headwaters, but monitoring LOWA is not essential to application of our

indicator. Those who may opt to include LOWA monitoring as part of their field work to

assess riparian condition may refer to the general monitoring methods described in Part 1.
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Assessment of Success in Achieving Objectives

For the construction of a regional index of forested headwater condition, we endeavored to

establish the following relationships:

q An ecological indicator applied to data on benthic macroinvertebrates could discriminate

sites with varying degrees of instream stressors (e.g., water quality degradation)

independent of landscape condition.

q An ecological indicator applied to data on songbird communities could discriminate sites

with varying degrees of landscape scale disturbance.

q Aspects of Louisiana Waterthrush breeding biology could discriminate sites with varying

degrees of instream and landscape scale disturbance. Additional riparian species also

link instream to landscape condition.

Do macroinvertebrates respond to water chemistry degradation?

We applied the Stream Condition Index (SCI) to macroinvertebrate data collected at our

study sites and found associations between SCI, N concentration, pH, and the suite of

instream and riparian corridor condition stressors (e.g., sedimentation) indicated by the

Stream Habitat Assessment (SHA). Because we had no gradient of total N concentration

in our sample (i.e, only one reach with elevated N), we do not have sufficient justification to

include eutrophication as a stressor that our indicator can address, other than the inferred

inclusion in the SHA.

In contrast, the SCI exhibited a statistically significant relationship to pH. Our results

suggest three categories of indicator coding in response to acidification. For pH above 6.5,

we have no evidence of degradation to the benthic macroinvertebrate community. (We

further assume no widespread stress from excessive alkalinity in the study region – as with

N, we did not sample from a gradient of alkalinity.) We document some level of

degradation in a range of pH between 6.5 and 5.5.  According to our data, reaches
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supporting pH less than 5.5 will support a degraded benthic macroinvertebrate community

(Fig. 30).

pH

< 4.50 4.51 - 5.50 5.51 - 6.50 > 6.50

SCI assessment of
macroinvertebrate
community

severely
degraded

moderately
degraded

some
degradation

no
degradation

Figure 30. Relationship between Stream Condition Index and acidification.

Benthic macroinvertebrates also revealed statistically significant shifts in SHA scores. Our

data suggest that reaches with SHA scores above approximately 165 (out of a maximum

possible 200 points) exhibit no degradation of benthic macoinvertebrate communities

discernible with the SCI. Some degradation is possible in a range from about 150 to 165.

Recognizable degradation occurs on reaches that score between about 125 and 150.  Our

data suggest that SHA scores below 125 indicate a degraded community of benthic

macroinvertebrates.  Additional categories below this level may also be identifiable, but we

do not have the data from this study to delineate specific categories below about SHA  =

100 (Fig. 31).

SHA

< 125 125-150 150-165 > 165

SCI assessment of
macroinvertebrate
community

 degraded probable
degradation

possible
degradation

no
degradation

Figure 31. Relationship between Stream Condition Index and Stream Habitat Assessment

score.



75

Do songbird communities respond to landscape condition?

The Bird Community Index (BCI) applied to data on the overall community of breeding

songbirds and near-passerines confirmed a statistical relationship between landscape

level forest cover and ecological integrity. The BCI discriminates four categories of

ecological integrity in the Mid-Atlantic Highlands when applied to songbird community data;

three categories are identifiable with data on forest cover in the local landscape. (BCI and

forest cover in 314 ha landscape circles were not correlated with forest cover in 14-digit

watersheds.) We recommend land cover assessment of percent forest at small landscape

scales with interpretation as indicated in Figure 32.

Forest Cover

< 40% 41-70% 71-100%

BCI ecological
integrity
category

low - medium medium - high high - highest

Figure 32. Recommended interpretation of forest cover at small landscape scales based

on the Bird community Index.

Does the breeding biology of Louisiana Waterthrush integrate taxonomic groups and

calibrate stressor indicators?

We demonstrated relationships between aspects of LOWA breeding biology and stressors

affecting both instream and landscape condition.  As with data from the SCI, our results

indicate that LOWA populations may begin to experience detrimental effects in a range of

pH from roughly 5.5 – 6.5. Based on LOWA, then, we recommend no alteration to the

thresholds and interpretation of pH presented in Fig. 30 and based on SCI scores. The

levels listed in Figure 30 are, therefore, the product of biological data on both stream

macroinvertebrates and Louisiana Waterthrush.
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We found LOWA variables to be related as well to SHA scores. In this case, we

documented declines in LOWA territory density and reproductive success at roughly where

SHA scores fall below 150.  Thus, our data from LOWA point to three categories of

condition in SHA scores: no degradation (150-200), possible degradation below 150, and

probably to roughly 110, and degraded condition below 110.  Because the three categories

of SHA discernible with LOWA data are fewer than the four identified with the SCI, there is

again no justification to modify the interpretation presented in Fig. 31.

With respect to landscape level forest cover, if we base the threshold for LOWA suitability

on territories/km, we find that only sites with at least 70% forest supported two or more

LOWA territories/km. Our data suggest that LOWA populations will be somewhat degraded

where forest cover falls below 70%, and previous work indictated that LOWA would not

occur at sites with less than 40%.  Thus, less than 40% forest cover is another logical

threshold break for LOWA. Referring to Figure 32, 40% and 70% are exactly the cut-offs

independently determined by the BCI.

We conclude then, that LOWA indeed integrate across taxonomic groups and stressors so

well, that we have little justification in calibrating to adjust assessment thresholds

established by macroinvertebrate and songbird indices.

Does the riparian songbird community provide additional insight?

Representation of a community of riparian-associated songbirds provides assessment

insights into the condition of forested headwaters in the absence of , or as a supplement

to, data on Louisiana Waterthrush.  Our data show that information as simple as the

richness of this species suite along a sample reach can provide a linkage between

instream and landscape level condition. We found significant differences in riparian

songbird richness at roughly the same threshold values for SHA as determined with the

SCI in Figure 31.  Thus, the riparian songbird community, like LOWA, integrates
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macroinvertebrate data and provides a calibration to the stressor of stream habitat

degradation.

In addition, the riparian songbird community is significantly associated with percent forest

cover at local landscape scales. Our data suggest that the greatest richness of the riparian

community occurs where forest cover approaches 100%. This result indicates that the

riparian songbird community, like LOWA, also integrates with the larger songbird

community and calibrates the stressor of forest fragmentation.  Because the range of

calibration is so narrow, however, (roughly 99-100% forest), there is little justification for

modifying the recommend landscape thresholds in Figure 32.

For situations in which it is feasible to collect data on the riparian songbird community, we

recommend the following thresholds in Figure 33.

0 1, 2, 3 4, 5, 6, 7 > 7 species richness

0 1, 2, 3, 4 5, 6, 7, 8 >8 territories/km

Riparian songbird
community
assessment

 degraded probable
degradation

possible
degradation

no degradation

Figure 33. Interpretation of riparian songbird community data (either species richness or

territory density/km) with respect to forested headwater condition.
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An Indicator for Forested Headwaters in the Mid-Atlantic Highlands: The Headwater

Stream Assessment (HSA)

We view the application of this regional indicator of biotic integrity (RIBI) for forested

headwaters as a decision tree, with numerical scores for each level provided only to

facilitate comparisons with other models.  We highly recommend that management

decisions resulting from application of the HSA be developed through careful examination

of the individual metrics, rather than from the numerical score.

LEVEL 1 – LANDSCAPE.  Land cover data are readily available in the Mid-Atlantic

Highlands. We found that land cover data in small watersheds (14-digit Hydrologic Unit

Codes) was not a good indicator of forested headwater condition. Even these small

watershed areas at thousands of ha in size were too big to provide a relevant

characterization for a stream reach of 1-2 km. We therefore recommend obtaining smaller

scale land cover imagery for Level 1.  At a minimum, we recommend a linear strip of 500

m wide by 1000 m long  (50 ha) for a 1 km reach. With percent forest cover determined in

the local landscape, apply to the following categories:

Forest Cover
< 40% 41-70% 71-100%

BCI ecological integrity
category

low - medium medium - high high - highest

Metric Rank 1 2 3

• < 40%: Primary stressor affecting the reach is land cover disturbance. Determine
the potential for reforestation or establishment of corridors to larger blocks of forest
habitat to promote connectivity.  Proceeding to LEVEL 2 may be moot depending on
severity of landscape disturbance.

• 41-70%: Forest fragmentation may be detrimentally affecting ecological condition of
the reach. Explore options to prevent further fragmentation or promote forest
connectivity. Proceed to LEVEL 2 for Stream Habitat Assessment.

• >71%: monitor as reference. Proceed to LEVEL 2 for Stream Habitat Assessment

Level 1 metric score (L1) = rank/3.
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LEVEL 2 – STREAM HABITAT. Apply the SHA (Appendix) to systematic random samples

along the reach (recommended 5 samples/km).  Average scores for samples to

characterize the reach and apply the following:

SHA

< 125 125-150 150-165 > 165

SCI assessment of
macroinvertebrate
community

 degraded probable
degradation

possible
degradation

no
degradation

Metric Rank 1 2 3 4

• < 125: Reach is degraded to the point that macroinvertebrates and riparian
songbirds are likely compromised. Identify sources of stress and work to restore.
Proceed to LEVEL 3 for assessment of potential stresses to water chemistry.

• 125-150: There are likely missing or impaired habitat features preventing the reach
from achieving its full complement of benthic macroinvertebrates and/riparian
songbirds. LOWA may be present in low densities. Proceed to LEVEL 3 for
assessment of potential stresses to water chemistry.

• 150-165: There may be some degradation of stream habitat sufficient to limit
populations of LOWA, riparian songbirds, and macroinvertebrates.  Identify
stressors that reduce the SHA score on the reach and attempt restoration. Proceed
to LEVEL 3 for assessment of potential stresses to water chemistry.

• >165: monitor as reference. Proceed to LEVEL 3 for assessment of potential
stresses to water chemistry.

Level 2 metric score (L2) = rank/4.
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LEVEL 3 – WATER CHEMISTRY. Several aspects of water chemistry alterations

stemming from anthropogenic disturbance are known to detrimentally affect instream biotic

integrity. In this study, however, mean pH of sample reaches provided the most complete

gradient of disturbance and least ambiguous interpretation of effects on benthic

macroinvertebrates and LOWA. From the same locations at which the SHA was applied in

LEVEL 2, determine pH using an electronic probe or portable water testing kit. Determine

average pH and apply the following:

pH

< 4.50 4.51 - 5.50 5.51 - 6.50 > 6.50

SCI assessment of
macroinvertebrate
community

severely
degraded

moderately
degraded

some
degradation

no
degradation

Metric Rank 1 2 3 4

• < 4.5: Water is extremely acidic and likely not capable of supporting sensitive
macroinvertebrates; LOWA likely absent or present in very low densities.  Determine if
source of acid can be corrected or mitigated.

• 4.51-5.50: Water is acidic and likely not capable of supporting the full complement of
macroinvertebrates or maximum densities of LOWA. Explore potential for restoration.

• 5.51-6.50: Possibly some negative influence on macroinvertebrates and/or LOWA
populations.

• 6.50:  Water likely neutral and capable of supporting the full complement of
macroinvertebrates and high breeding densities of LOWA.

Level 3 metric score (L3) = rank/4.
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LEVEL 4 – OPTIONAL LOWA AND RIPARIAN SONGBIRD MONITORING.   Given

appropriate resources and expertise, watershed groups may opt to collect data on LOWA

and the riparian songbird community.  To collect the data, it is absolutely essential that the

observers can identify all species listed in Part I under “Riparian Songbird Community” by

song and call.  (LOWA songs and calls are distinctive, and could be readily learned by

even novice birders.) For a 1-km sample reach, we recommend marking off the distance in

25- or 50-m segments with plastic flagging. To determine territory density, observers

should make approximately 5 trips to the reach/breeding season (approximately late May

to late June – begin mid-April for LOWA).  During each visit, slowly walk the entire reach

on rain or wind-free mornings between approximately 0600 – 1000 hrs EDT.  For each

singing male of one of the target species, mark on a schematic map of the reach the

approximate area frequented by the bird. Determine the maximum number of territories on

the reach and apply the following:

LOWA 0 0-1 1-2 > 2 LOWA
territories/km

Riparian
Songbirds

0 1, 2, 3, 4 5, 6, 7, 8 >8 territories/km

Riparian
Songbirds

0 1, 2, 3 4, 5, 6, 7 > 7 species richness

Riparian songbird
community
assessment

 degraded probable
degradation

possible
degradation

no degradation

Metric Rank 1 2 3 4

In this case, we cannot assume that the user will have access to all three metrics; any one

will be sufficient to assign a sample reach to one of the categories.  If all three metrics are

available, take the average of the three metric ranks to assign a suitable category.

Level 4 metric score (L4) = rank/4.

To determine a numeric rank for the Headwater Stream Assessment:
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Indicator Score =  ∑ (L1-L3) x 3-1  (minimum model)

Indicator Score = ∑ (L1-L4) x 4-1 (including data on LOWA or riparian songbirds)

Indicator Range: (0-1)

Sample Application to Three Test Reaches

To illustrate how the indicator could potentially apply to a stream reach under study,

we ran three of our sample reaches through the indicator model:

Test 1 – Detweiler Run

Level 1 – 99.6% forest – no landscape disturbance (L1 = 1)

Level 2 – SHA = 189 – no degradation of stream habitat (L2 = 1)

Level 3 – pH = 5.29 – instream water chemistry “moderately degraded” by acidification to a

level at which macroinvertebrate communities and LOWA breeding biology may be

affected. (L3 = 2/4 = 0.50)

Level 4 (optional) – The 11 riparian species and 9.71 territories/km show no evidence of

degradation. In contrast, the 0.83 LOWA territories/km place Detweiler Run in the category

of “probable degradation” with respect to LOWA. (L4 = average of metric ranks 2, 4, and 4

= 3.33; 3.33/4 = 0.56)

Indicator score  =  (1 + 1 + 0.50 + 0.56) / 4 = 3.06/4 = 0.77

Interpretation: Detweiler Run is physically in excellent condition at the landscape scale and

with respect to stream habitat.  However, the stream also faces a serious problem with

acidification, which may the reason for an unusually low density of breeding LOWA in

otherwise optimal habitat. Recommend steps to determine source of acidity and potential

to mitigate the problem.

Test 2 – Armond Run

Level 1 – 77% forest – some obvious forest loss at the landscape scale, but not sufficient

to indicate a biological stress. (L1 = 1)
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Level 2 – SHA = 112 – Stream habitat degraded to a point at which benthic

macroinvertebrates, LOWA, and riparian songbirds are detrimentally affected. (L2 = 0.25)

Level 3 – pH = 7.85 – no degradation from acidity (L3 = 1)

Level 4 (optional) – three riparian species (1.57 terr/km) and only 0.67 LOWA territories/km

all point to the “probable degradation” of this reach. (L4 = 0.50)

Indicator score  =  (1 + 0.025 + 1 + 0.50) / 4 = 2.75/4 = 0.69

Interpretation: Armond Run is experiencing significant stressors to the condition of stream

habitat and the immediate riparian corridor, and these stressors are corroborated by

unusually low densities of breeding LOWA and riparian songbirds.  A largely unfragmented

forest surrounding the reach and neutral water column, however, indicate that restoration

at Armond Run could be highly successful. Management should focus on identifying and

neutralizing stressors to stream habitat.

Test 3 – Laurel Run

Level 1 – 99.7% forest - no landscape disturbance (L1 = 1)

Level 2 – SHA = 179 – no degradation of stream habitat (L2 = 1)

Level 3 – pH = 6.58 - no degradation from acidity (L3 = 1)

Level 4 (optional) – nine riparian songbirds and 2.5 LOWA territories/km point to no

degradation of this reach.  The 5.08 riparian songbird territories/km is low enough to place

the reach in the category of “possible” degradation, but probably of little concern given the

previous two metrics of Level 4. (L4 = [4 + 4 + 3]/4 = 2.75;  2.75/4 = 0.69)

Indicator Score = 1 + 1 + 1 + 0.69 = 3.69/4 = 0.92

Interpretation: Laurel Run is not affected by instream acidity, the stream habitat is in

excellent condition, and there is no significant land cover disturbance in the local

landscape. The reach supports high densities of breeding LOWA and a high species

richness of riparian songbirds.  Thus, information from multiple scales points to Laurel Run

as supporting reference conditions for forested headwater systems.
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Conclusions

The EMAP Streams Report (USEPA 2000) indicated that up to 67% of the streams in the

MAHA are in fair to poor condition based on fish and aquatic macroinvertebrates.

Although the EMAP study sampled first order streams, due to differences in map scales, it

is likely that headwater streams investigated in this study occur upstream of those sampled

by EMAP, thus expanding the sphere of assessment.  According to the same report, about

25% of MAHA streams are negatively affected by acidification (acid deposition 11%, acid

mine drainage 14%).   EMAP used a similar index to our SHA showing that >50% of the

MAHA streams were in fair (28%) or poor (24%) condition.  Jones et al. (1997) reported

that 47% of the MAHA landscape was considered to be in fair to poor condition due to

forest fragmentation.

In this study, we proposed to use three integrative bioindicators to develop a regional index

of biological integrity (RIBI) for forested riparian ecosystems:  1) riparian bird productivity,

primarily for the Louisiana waterthrush, 2) stream macroinvertebrate communities, and 3)

songbird communities.  Previous studies suggested that each of these bioindicators is

directly related to the ecological condition of its associated habitat components at one or

more scales (e.g., in-stream conditions, riparian habitat, and landscape patterns).  Two of

these bioindicators, macroinvertebrate and avian communities, have become established

as useful predictors of instream conditions and landscape patterns, respectively.  The third

bioindicator, Louisiana Waterthrush (LOWA; productivity, density, and abundance),

potentially provided a means to link the other two.  Our goal was to develop a calibrated

index that could be used to identify and refine thresholds of environmental disturbance

across multiple stressors that are of concern to a wide range of environmental

organizations and agencies in the MAHA (e.g., forest habitat loss and fragmentation,

acidification, and sedimentation).

The final products of our research include:  1) a simple approach to assessing condition of

forested headwater streams based on easily measured physico-chemical metrics

(Headwater Stream Assessment, HSA); 2) calibration of that approach against a set of
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optional biological parameters; and 3) a series of submitted and/or proposed papers that

explain in detail these findings.

Our quest to construct and validate a RIBI was hindered by several issues.  First, there was

substantial variation among the results from each of the three study areas such that use of

a single RIBI for the region is not possible.  Although the same parameters can be

measured across the region, they respond differentially to stressor variations.  Secondly,

the level of effort required to measure the biological parameters on numerous sites is cost-

prohibitive to most environmental management programs.  Instead, we recommend

targeted use of the bioindicators to help diagnose potential environmental problems

revealed by the more universally applied HSA.  Finally, stochastic events (e.g., nest

predation, flash floods, windrow) and isolated stressors (e.g., septic system failure,

stormwater outfall) can alter the occurrence and behavior of organisms in short reaches.  If

a significant proportion of a watershed is assessed, however, these types abnormalities

should not affect the overall results.

Although we do not recommend use of a single RIBI, we have developed a simple

approach that both addresses an ecological integrity gradient and spans spatial scales.  We

recommend that the HSA be applied as follows:

•  Small watersheds (14-digit HUC or smaller) are assessed by determining the percent

forest cover in 1-km radius circles which are located at the midpoint of each 2-km reach

along the headwater streams being investigated.  For the MAHA, we have found that

the single landscape metric of percent forest is sufficient to measure deviation in

condition from reference.  This does not preclude, however, the use of other landscape

metrics (e.g., riparian buffer width, road density, impervious surface, etc.) for other

ecoregions or a smaller assessment unit (e.g., 500 m wide x 1,000 m length).  This task

is best accomplished with GIS using available satellite imagery for land cover.  The

metric thresholds for categories for high, medium, and low forest cover based are shown

in Figure 32.  They are based on work by O’Connell et al. (2000) for bird communities,

but are applicable here.
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• We recommend that the SHA be conducted at 5 points per 1 km.  Each SHA

assessment takes about 10 minutes once on site, and produces a score between 0 and

200.  Based on this study, Figure 31 presents the thresholds for four levels of condition.

Individual metrics contained within the overall SHA can be useful for diagnosing the

impact of various stressors.

• A measure of pH (calibrated, hand-held electronic meter) is taken at the center point of

each SHA station.  The literature describing the impact of low pH, acidity, and acid mine

drainage on stream biota is extensive.  Sublethal effects can begin to affect large fish

below a pH of below 6.5 (USEPA 2000) and some zooplankton, macroinvertebrates,

and amphibians begin to decline at a pH below 5.5 (Freda et al. 1991, USEPA 2000).

A pH of about 5.6 is considered the historic, pre-industrial value for precipitation,

although it is highly variable by region (Mayer et al. 1984), but precipitation commonly

falls across Pennsylvania with a pH <4.25.  In this study we found the thresholds for pH

presented in Figure 30 for determining probable stream condition.

• If a particular stressor is suspected or if a selected stream warrants additional scrutiny,

data for any one of the IBIs can be collected.  For example, if the percent forest is high,

SHA score is moderate, and pH is circumneutral, it may be necessary to collect

macroinvertebrates for the SCI to determine how that communities is being impacted, if

at all, by the stressors addressed by the SHA.  Also, assessors can collect data on

riparian birds, including LOWA (Figure 33).

We developed a combined score index for the HSA ranging from 0-1 that  facilitates

comparisons among streams, and presented three examples as to how it can be

interpreted. The three test cases illustrate two important points in interpreting indicator

scores.  First, the ultimate indicator score of the HSA is of little value in diagnosing

stressors or developing management prescriptions of stream reaches.  Again, we

strongly recommend users to report on the specific categories evident at each level of

the indicator to provide the most complete descriptive assessment of a sample reach.
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Finally, it is entirely possible for a sample reach to score well using this indicator yet still be

subjected to important stressors.  For example, the SHA includes assessment questions

related to eutrophication, but this index does not specifically address instream N or P

levels. Nonetheless, we are confident that an informed application of the HSA by citizen

watershed protection groups, environmental consultants, state and local conservation

agents, and even secondary school groups could lead to more efficient conservation and

restoration of headwater ecosystems in the Mid-Atlantic Highlands.
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