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MONITORING HEMLOCK CROWN HEALTH IN DELAWARE WATER GAP
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3National Park Service, DWG-NRA, Milford, Pennsylvania

ABSTRACT

Decline of the health of hemlocks in Delaware Water Gap National Recreation Area was
noticeable in the southern areas of the park by 1992.  The following year, a series of plots
were established to monitor hemlock health and the abundance of hemlock woolly adelgid.
This poster examines only the health rating of the hemlocks in the monitoring plots.

METHODS

Seven sites were selected on the Pennsylvania
and New Jersey sides of the Delaware River
which runs through the middle of the park.
One site, Grey Towers, is just north of the
park boundary.  The hemlock stands are as-
sociated mostly with watercourses that run to
the river, often in steep ravines with spectacu-
lar waterfalls.  Plots were installed from 1993
to 1995; the Donkeys Corner site was added
in 1998 (Figure 1).  Dunnfield Creek access
was difficult and too many measurements were
missed, so this site was discontinued and its
data are omitted from analysis.

Each site had several plots of 10 living
hemlock trees.  The number of plots at each
site ranged from three to 36, with more plots
on larger sites.  Diameter at breast height
(DBH) and crown position were measured for
each tree.  Each year (with some gaps), the
crown condition was estimated by a trained
crew using the “Visual Crown Rating Methods” developed by Forest Service State and Pri-
vate Forestry (USDA Forest Service, 1998).

Figure 1. Study sites in the Delaware Water Gap
National Recreation Area.
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Ratings of the crown were done by a two- or three-person crew standing 15–30 m (50–
100 ft) from the base of the tree at various angles with an open view of the crown.  The
consensus visual estimates were recorded to the nearest 5% for dieback, density, transpar-
ency, and live crown ratio.  Crown diameter was measured with a tape measure on the ground
from one edge of the canopy to the opposite edge; a second measurement was made at right
angles to the first.

After completing this formal rating of crown indicators the crew scored the overall health
of the hemlock crown into four classes:  1 = severe decline, 2 = moderate decline, 3 = slight
decline, and 4 = healthy.  Trees with dead crowns were recorded as 0.

Measurements were made on 900 trees.  The number of trees measured in any year
varied from 201 to 801.  Although the sampling of trees from year to year was haphazard,
trends in health based on the trees measured each year seem to depict the average condition of
hemlock in the park reasonably well.  The data presented represent averages for all the trees
measured each year and have not been interpolated for missing data.  Future work will ana-
lyze the data with models and statistical procedures.

RESULTS

The crown condition indicators showed little change from 1993 to 1999 except for crown
density, which began its decrease earlier.  Dieback of branches showed the greatest change,
increasing 4-fold from 6% in 1999 to 23% in 2004.  Transparency of the crown increased
from 25% to 45%.  The live crown ratio showed little change.  Figure 2 illustrates these
trends.

The overall health rating by the trained observers provided a simple, easily understood
“report card” of hemlock health.  By 2004, none of the hemlocks were rated completely healthy,
only 1% were slightly unhealthy, 64% in moderate decline, 11% in severe decline, and 23%
were dead.  Although the onset and pace of decline in hemlock health in the park varied
among the study sites, by 2004 there were no completely healthy hemlocks in any of the sites
(Figure 3).  Annual mortality during the last five years was about 3%.  The report card for all
sites is poor with no sign of improvement.

Live Crown Condition Indicators

Live Crown Ratio — ratio of live crown to total tree height

Foliage Density — an estimate (percentage) of the fullness of the crown, based on
the amount of skylight blocked from view by leaves, branches, bole, and
fruits

Foliar transparency — an estimate (percentage) of the amount of light seen through
the foliage parts of branches

Crown Dieback — the percentage of branches with newly dead twigs in the live
crown
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Figure 2. Trends in tree health indicators.
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Figure 3. Overall health of hemlocks, 1993-2004.
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MANAGEMENT OF HWA AND RESTORATION OF HEMLOCK HEALTH
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ABSTRACT

Hemlock woolly adelgid (Adelges tsugae) populations have been dramatically reduced and
the health of eastern hemlock (Tsuga canadensis) forest stands has been restored in two loca-
tions in northeastern Pennsylvania.

Bushkill Falls, Pike County, Pennsylvania has over 30-acres of hemlock-dominated for-
est.  A comprehensive inventory and health assessment was conducted of individual trees in
November 2000.  Defoliation of 50 percent and significant individual mortality of hemlocks
over 20-inches DBH was observed in five (5) hemlock-dominated stands. The economic and
ecological importance of 1,500 trees was studied and 1,100 trees were chemically injected
with imidacloprid in 2001-2002.  The systemic insecticide was applied via soil drench (Merit®
75WSP) with a Kioritz® soil injector and via stem injections (Pointer ®) with a Wedgle® tree
injector.  Sampling results and visual observations indicated adelgid populations were re-
duced to less than 10 percent of pre-application levels in the winter 2002-2003.  Significant
new growth was subsequently observed on all treated trees with exception of hemlocks that
had experienced significant defoliation.

A foliar chemistry analysis was conducted in late winter 2003 to determine if elements
necessary for optimal photosynthesis were lacking in the needles of previously infested hem-
locks. An analysis of 12 micro-elements and crude fiber from samples taken at Bushkill Falls
was compared to samples taken from healthy nursery-grown hemlocks.  The results indi-
cated hemlocks infested with HWA had deficiencies in micro-elements necessary to maxi-
mize photosynthesis and produce new growth in the absence of HWA.  Deficiencies were
observed in all five stands.   In May 2004, a customized mix of chelated nitrogen and micro-
elements was applied to the foliage of 30-acres of hemlocks via helicopter spraying.  New
growth of 3 inches or more was abundant throughout the forest in summer and fall of 2004,
and foliar element levels examined after treatment showed significant positive changes.

The Henryville Troutfisherman own land bordering six (6) miles of Paradise Creek in
Monroe County, Pennsylvania.  Paradise Creek is an high value trout stream which main-
tains native reproducing brook trout   Hemlocks occupy approximately 30 percent of the


