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Great Blue Heron Nesting

Abstract
The effects that great blu e heturs (Ar.Jea hercdiB) have upon nesting kees, Douglas,fi. (Pseedorslg@ merz;ert0, sere explored
in western Vashington. An explanalion for the decline and d€ath of nesting trees {oliowing use by herons is of{ered. Excrement
deposited on the soil beneath nests was analyzed, and found b contain nutrients in anounrs be.eficial ro Douglas fir. Although
soil pH decreased foilowing the onset of nesling, this decrease was not su{ficient to adversely change soil nutrienr arailabiliiy.
Ho*ever, heron excrenent on needles benealh the nest probab)y acted as a physical barrier to photosynthetic and to transpira,
tional processes. Ir was also caustic to needle tissues and resulted in abnormat needle loss. This needle loss vas likelr rhe precur,
sor to t ree decl ine.

Introduclion

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; rhey appear diseased and
near death. The areas directly beneath nesting
trees are void ofplant 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 rlas caused
by detrimental changes in soil conditions result-
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 (l) a description of the rnorpho-
logical changes that nesting trees undergo, (2)
a chemical examination of heron excrernent, and
(3)  an  ana l ls i .  o f  so i l  pH benca lh  nes t ing  l rees .

Study Area

This study. rvas 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 crorvn 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 (l"saga heterophylla)
overstory with sword letn (Polystichum munitum)
in the understory. It is a relatively flat site (slop-
ing 0-5 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) ar'd bigleaf maple (Acer
macrophyllum) fillir'g in the gaps in the canopy
in the center of the rookery. Salmonberry (RzDzs
spectabilis), vine rnaple (Acer 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 grovlh responses produced
in the presence and absence of nesting, breast
height increment cores were removed from trees
within and directly adjacent to the abandoned
rookery  s i te .  F rom these charac tc r iza l ions ,  t \ ^o
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: (l) 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 posit ion or the earl iest
t ime that a nest could have been bui l t ,  and (2)

Assuming that herons are responsible for caus-
i ng  ma l f o rma t i ons  t r p i ca l l l  f ound  i n  assoc ia l i on
with heron nests, the year preceding the death
of the apical shoot and init iat ion of compression
wood on the lower side of the upturning branch
could be considered the latest possible con-
struct ion t ime. In this way nest ini t iat ion was
bracketed to within a few years.

The functional crowns of the sample trees
lrere reconstructed from 1935 unti l  1980. This
was done by counting the number of r ings con-
tained within al l  branches formed after 1934 in
relation to the number of annual rings contained
within the main stem direct ly above the point of
branch insert ion. When a branch bectrrues nul-
functional, i t  fai ls to produce annual r ings. The
difference between the stem ring count and the
branch r ing count is the number of years that
the branch has been in a nonfunctional state.
Functional branches are those branches, gener-

al l ,v located in the uppef crown, that contr ibute
carbohydrates to the tree stern (Underwood 1967).

Changes in this port ion 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 strat i f ied into three horizontal concen'
tric deposition zones, each approximately 0.85 m
in width. Each tray was constructed of a corru-
gated f iberglass base with 2.5-cm f iberglass
splash borders, sealed by silicon-based sealer and
reinforced by a wooden frame. Inserted in one
side ofeach tray was a garden hose segment that
fed into a plastic bag to accommodate rain vater.
T rays  we re  i n " t a l l ed  p r i o r  t o  nes t i ng  ac l i v i l ]  i n
1982. The contents of each tray was collected and
comb ined  a t  t he  pnd  o f  t he  1982  nes t i ng  " . ason .
The excrement was analyzed for nitrogen, phos-
pho ru . .  po ta . " i um.  "u i f u r .  ca l c i um.  magnes ium
and sodirm 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 soi l  acidity, pH was
measured at six depths along f ive soi l  prof i les

beneath nesting trees and f ive soi l  prof i les
beneath trees without nests. Soi l  pi t  locatron was
determined randomly where soi l  was col lected
from 0, 10,20,30,40 and 50 cm beneath the soi l
surface. Soi l  pH \,ras measured in a l : l  solut ion
using the glass"electrode method (McLean 1982).
Analysis of variance was used to evaluate dif-
l e rences  i n  so i l  pH  a " ro r " i a ted  w i l h  nes l i ng .

Results

Functional tree crown ieconstmctions revealed
those changes that rrere 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 decl ine (Fig. l) .

I t  i ras estimated that nests were constructed
in 1934 and 1958. Within a few years fol lowing
nest establ ishment, branch senescence in the
lower crown proceeded at an abnormally high
rate. Eventually nest level became the upper limit
of branch selescence. The tree continued to grow
and developed a healthy crown above nest level.
When a second nest was establ ished higher in
the crown, this nest became the new upper l imit
of branch senescence (Fig. l) .

Nutr ient analysis of the heron excrement
revealed that nitrogen and phosphorus were the
p mary nutrient constituents. Excrement pH was
neutral (Table l) .

TABLE 1. Annual nutr ient addit ions and pH of the excre'
ment deposited in lrays.

Nutr ient  A-ou. t  (g .  2y.  1)

Nitrogen

Sul{ur
Calc ium
Magnesium

Sodiun

47.4
7 .1
2.7
2.5
0.4
0.4
0.2

p H 7.0

Soil  beneath nesting trees was stat ist ical ly
more acidic than the soi l  beneath control trees
(P < 0.05). Soi l  pH values ranged from sl ightly
above 3.4 to 5.0 (Fig. 2).
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Figure l .  Par lerrs of  c iown dereloprnert  lor  the contro l  l ree (A) and the nestnrg rree (B) ar  S rear inrc.ra ls.  Nore the retar ion-
sh. ip ber{een Dest  heiehl  (which remains constani)  and the eventuai  upper l i r r i r  of  branch loss or  rh.  nesr ing rree.
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Figure 2. Mean soil pH profiles from beneath nesting tr€es

and from beneath the control irees. The snall bars

indicate two standard errors of the nean.

Discussion

Tree crown reconstructions showed that within
a few years following the establishment of heron
ne6ts, 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. 0nly those branches in the lower
crown were affected; nest level became the up-
per l imit of branch senescence.

Abnorrnal foliage loss in the lower crown
could have been caused by the herons physical ly
debranching the trees while in the process of
bui lding rheir nests. But since herons are rela-
t i ve l y  awkward  when  i t  comes  to  hove r i ng ,  i t
seerns unl ikely that they would have the oppor-
tunity to remove tvigs in the lower crown-
especial ly at the branch t ips.

Considering the ascending pattern and up-
per l imit of branch senescence, low fol iage
tolerance to heron excrement is a logical cause
for tree decl ine. Accumulation of heron excre-
ment on foliage rould present a physical barrier

to essential physiological piocesses such as
photosynthesis, and could also cause chemical
burning.

As the grey excrement coats needle surfaces,
the amount of sunl ight reaching chloroplasts
would substantial ly decrease. The coating would
also clog stomata, reducing both carbon dioxide
uptake, thus affect ing photosynthesis, and water
loss, thus affect ing transpirat ional cool ing. Im-
paired photosynthesis resulting from lower effec-
tive lighr levels and restricted carbon dioxide in-
take, combined with the l ikel ihood of excessive
heating, would act to reduce fol iage eff iciency
and longevity.

Another way in which the excrement could
affect the fol iage is through chemical burning.
When concentrated nutrients are applied directiy
to fol iage in aqueous form, osmotic burning has
been reported to result (Miller and Young l9?6),
Concentrat ions of total nitrogen alone in the
heron excrement were within the range of values
that have been shown to be extremely detr imen-
tal to the fol iage of Douglas-f ir  (Mil ler and Wert
1979).

The pattern of needle loss sustained by
nesting trees shoirs that needle damage occurs
over several years, for the degree to which
needles nere damaged increased as the t ime of
exposure increased. Branches beneath recently
establ ished nests support chlorot ic 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
fol iage. This evidence suggests these trees have
the capacity to tolerate exposure for at least three
years. Fol iage abscission and the reduction in
foliage quality would eventually cause branch
death and lead to overal l  tree decl ine.

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 concentrat ions that have been shown to
be beneficial to the growth of Douglas-fir (Stein-

brenner l98l,  Gessel l  et al 1979, Rustagi and
Cup ta  197o .  B .  C .  Fo r .  Se rv .  l 97 l ) .  Nu l r i en l s  sup -
p l i ed  by  t he  hc rons  nou ld .upp lemen t  ex i s l i ng
so i l  nu t r i en t "  and  "houJd  rep resen t  a  pos i t i r e  i n -
f luence on tree growth. I t  is possible that an ac-
cumLllat ion of nutr ients in the soi l  or chemicals
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not examined in the excrement caused the demise since this damage was confined to foliage
of.nesting trees. This possibility, however, is beneath nests, lowloliage tolerance to excreme"nt
unlikely since only the foliage beneath the nest wourd appear to be th; destructive mechanism
level was affected lf the foliage loss had been involved. 

-Nutrient 
additions to the soil beneath

caused by a soil-related factor, such as nutrient nesting trees would have probably acted as a
toxicity, symptoms of deterioration would be evi- positive rather than a negative infl;ence on tree
dent throughout the crowns of nesting trees. growth.

The addition of nutrients to soil, particularly
nitrogen, has been reported to elicir 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 l98l). 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 l98l,
Franklin l9?0). 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
ciown and not confined solely to the lower crown,

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

In a broad sense, damage to nesting trees by
herons represents an interesting yet localized
problem. In terms of forest dynamics, heron
nesting would act to enhance plant diversity
through disturbance, where seral trees and
shrubs are given space to invade rookery sites.
Nesting tree loss would represent a serious prob,
lem if availabiliry of suitable great blue heron
habitat ever becomes limited.
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