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Abstract

The effects that great blue herons (drdea heredias) have upon nesting trees, Douglas-fir (Pseudotsuga menziesii), were explored
in western Washington. An explanation for the decline and death of nesting trees following use by herons is offered, Excrement
deposited on the soil beneath nests was analyzed, and found te centain nutrients in amounts beneficial to Douglas-fir. Although
soil pH decreased following the onset of nesting, this decrease was not sufficient to adversely change soil netrient availability.
However, heron excrement o needles beneath the nest probably acted as a physical barrier to photosynthetic and to transpira-
tional processes. It was also caustic to needle tissues and resulted in abnormai needle loss. This needle loss was likely the precur-

sor to tree decline.

Introduction

In the Pacific Northwest, great blue herons
{Ardea herodias) maintain large nesting colonies
in the upper branches of Douglas-fir (Pseudo-
tsuga menziesii). When walking through an ac-
tive heron rookery in spring, one is overwhelmed
by the smell of excrement and rotting heron food
(fish, shellfish and frogs) which cover the forest
floor. Those trees that support nests have lost
most of their foliage; they appear diseased and
near death. The areas directly beneath nesting
trees are void of plant growth, in contrast to the
lush understory that surrounds the rookery. The
association between the presence of heron excre-
ment and the deterioration of nesting trees and
their shrub understory, suggests that excrement
has caused the observed changes. Dolesh (1984)
suggested this type of deterioration was caused
by detrimental changes in soil conditions resuli-
ing from heron excrement deposits beneath the
nesting trees. The objective of this study was to
develop a basis for understanding nesting tree
decline using (1) a description of the morpho-
logical changes that nesting trees undergo, (2)
a chemical examination of heron excrement, and
(3} an analysis of soil pH beneath nesting trees.

Study Area

This study. was conducted on the Washington
State Monroe Management Tract located approx-
imately 3 km southeast of the town of Monroe,
Washington. An active rookery was the collec-
tion site for heron excrement and soil samples,
while trees used for crown reconstruction were

obtained from within and directly adjacent to a
rookery that had been abandoned since 1974.

The stand in which the inhabited rookery was
located, was composed of a 60-year-old Douglas-
fir and western hemlock (Tsuga heterophylla)
overstory with sword fern (Polystichum munitum)
in the understory. 1t is a relatively flat site (slop-
ing (-5 percent toward the southeast) at about
180 m in elevation. The stand in which the aban-
doned rookery was located, was composed of a
100-year-old Douglas-fir and western hemlock
overstory along the periphery, with young red
alder (Alnus rubra) and bigleaf maple (Acer
macrophyllum) filling in the gaps in the canopy
in the center of the rookery. Salmonberry (Rubus
spectabilis), vine maple {(dcer circinatum) and
sword fern were the dominant understory plants.
The site slopes to the northeast (10-20 percent)
and is at approximately 230 m in elevation.

Methods

To characterize tree growth responses produced
in the presence and absence of nesting, breast
height increment cores were removed from trees
within and directly adjacent to the abandoned
rockery site. From these characterizations, two
Douglas-fir, each representing typical growth
response patterns expressed in the absence of and
following nesting, respectively, were felled for
analysis of crown development,

An estimation of the time at which nesting
began was necessary to relate nesting activity to
periods of tree decline. In order to complete the
morphological aspects of this study, the follow-
ing assumptions were made: (1) Since relatively
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large branches are needed to support a heron
nest, the second node from the apex bud was as-
sumed to be the highest position or the earliest
time that a nest could have been buili, and (2)
Assuming that herons are responsible for caus-
ing malformations typically found in association
with heron nests, the year preceding the death
of the apical shoot and initiation of compression
wood on the lower side of the upturning branch
could be considered the latest possible con-
struction time. In this way nest initiation was
bracketed to within a few years.

The functional crowns of the sample trees
were reconstructed from 1935 until 1980. This
was done by counting the number of rings con-
tained within all branches formed after 1934 in
relation to the number of annual rings contained
within the main stem directly above the point of
branch insertion. When a branch becomes non-
funetional, it fails to preduce annual rings. The
difference between the stem ring count and the
branch ring count is the number of years that
the branch has been in a nonfunctional state.
Functional branches are those branches, gener-
ally located in the upper crown, that contribute
carbohydrates o the tree stem (Underwood 1967).
Changes in this portion of the crown were as-
sumed to represent relevant changes in terms of
tree health.

Heron excrement was gathered using three
trays {0.6 m x 0.6 m} placed beneath an inhabited
tree. The area below the projected crown of the
tree was stratified into three horizontal concen-
tric deposition zones, each approximately 0.85 m
in width. Each tray was constructed of a corru-
gated fiberglass base with 2.5-cm fiberglass
splash borders, sealed by silicon-based sealer and
reinforced by a wooden frame. Inserted in one
side of each tray was a garden hose segment that
fed into a plastic bag to accommodate rain water.
Trays were installed prior to nesting activity in
1982. The contents of each tray was collected and
combined at the end of the 1982 nesting season.
The excrement was analyzed for nitrogen, phos-
phorus, potassium, sulfur, calcium, magnesium
and sodium content using standard EPA methods
(EPA 1979). These values were then expanded
from parts per million to grams per square meter,

To assess whether prolonged exposure to
heron excrement had altered soil acidity, pH was
measured at six depths along five soil profiles
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beneath nesting trees and five soil profiles
beneath trees without nests. Soil pit location was
determined randomly where soil was collected
from 0, 10, 20, 30, 40 and 50 cm beneath the soil
surface. Soil pH was measured in a 1:1 solution
using the glass-electrode method {McLean 1982).
Analysis of variance was used to evaluate dif-
ferences in soil pH associated with nesting.

Results

Functional tree crown reconstructions revealed
those changes that were associated with nesting.
In contrast to the unaffected tree which sup-
ported a uniform crown during the 45-year in-
terval, the nesting tree exhibited two periods of
crown decline (Fig. 1).

It was estimated that nests were constructed
in 1934 and 1958. Within a few years following
nest establishment, branch senescence in the
lower crown proceeded at an abnormally high
rate, Eventually nest level became the upper limit
of branch senescence. The tree continued to grow
and developed a healthy crown above nest level.
When a second nest was established higher in
the crown, this nest became the new upper limit
of branch senescence (Fig. 1).

Nutrient analysis of the heron excrement
revealed that nitrogen and phosphorus were the

primary nutrient censtituents. Excrement pH was
neutral (Table 1).

TABLE 1. Annual nutrient additions and pH of the excre-

ment deposited in trays.

Nutrient Amount {g m _2yr - 1)
Nitrogen 474
Phosphorus 7.1
Sulfur 29
Caleium 25
Magnesiom 0.4
Potassium 0.4
Sodium 0.2
pH 7.0

Soil beneath nesting trees was statistically
more acidic than the soil beneath control trees
(P < 0.05). Soil pH values ranged from slightly
above 3.4 to 5.0 (Fig. 2).




o0

I,
>

304

Ht -
(m)

20

10—

1930 1940 1950 1960 1970 1980

YEAR
B.
A
40-
] M f_.‘}.
304 '
Ht -
(m)
204
10+

1930 1940 1950 1960 1970 1980
YEAR

Figure 1. Patterns of crown development for the control tree (A) and the nesting tree (B} at 5-year intervals. Note the relation-
ship between nest height (which remains constant) and the eventual upper limit of branch lass on the nesting tree.
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Figure 2. Mean soil pH profiles from beneath nesting trees
and from beneath the control trees. The small bars
indicate two standard errors of the mean.

Discussion

Tree crown reconstructions showed that within
a few years following the establishment of heron
nests, branches below each nest died in an as-
cending direction. The nesting tree exhibited ac-
celerated lower branch senescence following the
construction of two heron nests established circa
1934 and 1958. Only those branches in the lower
crown were affected; nest level became the up-
per limit of branch senescence.

Abnormal foliage loss in the lower crown
could have been caused by the herons physically
debranching the trees while in the process of
building their nests. But since herons are rela-
tively awkward when it comes to hovering, it
seems unlikely that they would have the oppor-
tunity to remove twigs in the lower crown—
especially at the branch tips.

Considering the ascending pattern and up-
per limit of branch senescence, low foliage
tolerance to heron excrement is a logical cause
for tree decline. Accumulation of heron excre-
ment on foliage would present a physical barrier
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to essential physiological processes such as
photosynthesis, and could also cause chemical
burning.

As the grey excrement coats needle surfaces,
the amount of sunlight reaching chleroplasts
would substantially decrease. The coating would
also clog stomata, reducing both carbon dioxide
uptake, thus affecting photosynthesis, and water
loss, thus affecting transpirational cooling. Im-
paired photosynthesis resulting from lower effec-
tive light levels and restricted carbon dioxide in-
take, combined with the likelihood of excessive
heating, would act to reduce foliage efficiency
and longevity.

Another way in which the excrement could
affect the foliage is through chemical burning.
When concentrated nutrients are applied directly
to foliage in aqueous form, osmotic burning has
been reported to result (Miller and Young 1976),
Concentrations of total nitrogen alone in the
heran excrement were within the range of values
that have been shown to be extremely detrimen-
tal to the foliage of Douglas-fir (Miller and Wert
1979},

The pattern of needle loss sustained by
nesting trees shows that needle damage occurs
over several years, for the degree to which
needles were damaged increased as the time of
exposure increased. Branches beneath recently
established nests support chlorotic one-year- and
two-year-old needles and a few three-year-old
needles speckled with necrotic spots. Unaffected
trees in the area and the branches above nest
level on nesting trees support six age classes of
foliage. This evidence suggests these trees have
the capacity to tolerate exposure for at least three
years. Foliage abscission and the reduction in
foliage quality would eventually cause branch
death and lead to overall tree decline.

Heron excrement containing concentrated
nutrients reaches the soil surface annually. Those
nutrients which were contained within these de-
posits added during a nesting season, were pres-
ent in concentrations that have been shown to
be beneficial to the growth of Douglas-fir (Stein-
brenner 1981, Gessell et al. 1979, Rustagi and
Gupta 1979, B. C. For. Serv. 1971). Nutrients sup-
plied by the herons would supplement existing
soil nutrients and should represent a positive in-
fluence on tree growth. It is possible that an ac-
cumulation of nutrients in the soil or chemicals




not examined in the excrement caused the demise
of nesting trees. This possibility, however, is
unlikely since only the foliage beneath the nest
level was affected. If the foliage loss had been
caused by a soil-related factor, such as nutrient
toxicity, symptoms of deterioration would be evi-
dent throughout the crowns of nesting trees.

The addition of nutrients to soil, particularly
nitrogen, has been reported to elicit changes in
soil pH (Otchere-Boateng 1979). Changes in soil
pH are important since they can drastically af-
fect plant nutrient availability and toxicity, For
example, a lowering of pH may make aluminum
toxic to roots (Heilman 1981). Extended nest use
was associated with a decrease in soil pH beneath
nesting trees. The decrease in soil pH however,
was still within the range of values that occur in
undisturbed Douglas-fir forests (Heilman 1981,
Franklin 1970). A lowering of soil pH to these
levels is probably not biologically significant,
Symptoms of biologically significant changes in
soil pH would have been evident throughout the
crown and not confined solely to the lower crown.

Conclusions

Great blue heron nesting in Douglas-fir was
associated with significant damage to host trees.
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