


 

 

Determination: In accordance with CEQA, a Draft Initial Study has been prepared by 
UC Davis that evaluates the environmental effects of the proposed 
project.  On the basis of the project's Draft Initial Study the campus 
found that although the proposed project could have a significant effect 
on the environment, there will not be a significant effect in this case 
because revisions in the project have been made that will avoid or reduce 
any potential significant effects to a less than significant level.  A 
Mitigated Negative Declaration will be prepared. 

 
Public Review: In accordance with Section 15073 of the CEQA Guidelines, the Draft 

Initial Study for the project will be circulated for public and agency 
review from January 16, 2009 to February 17, 2009.  Comments received 
during the review period and responses to these comments will be 
presented in the final Initial Study.   
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10.1.1 Introduction 

Heron rookeries are known to threaten the health of the trees in which they nest.  There are several 
documented examples of herons harming or destroying their nest site vegetation through mechanical 
damage and the effects of guano accumulation on the foliage and soil.  It is so common for heron 
colonies to destroy nest site vegetation and then move on that heron conservation plans often call for 
preserving multiple possible nesting locations in a region to allow for this behavior.  Where their forest 
habitat is extensive, egret and heron damage to nest site vegetation does not pose much of a problem.  
The former breeding site undergoes ecological succession, which adds to the structural diversity of the 
vegetation in the region.  However, where forest habitat has been lost or fragmented, herons may 
increasingly nest in cultivated trees in urban areas.   

Concerns about the effect of the heron colony on the trees in Shields Oak Grove were first raised in 
2003 by consulting arborist John Lichter when he was working on a comprehensive tree evaluation and 
horticultural site assessment for the collection.  Since then, the arboretum staff has worked with Lichter 
and other campus partners to study and document the effect of the birds on soil chemistry and various 
indicators of tree health.  Damage has become increasingly evident over the last five years as the colony 
has grown.  However, it is very challenging to predict when tree mortality may occur.   
 
Based on the high density of birds present in the colony, the large amount of guano deposition, 
measured changes in soil chemistry, observed defoliation and branch death, and the history of other 
large colonies throughout the world, it is likely that the Shields Grove oaks will decline in health and 
eventually die if the heronry is allowed to persist at current levels. While the rate of decline will depend 
upon factors such as local nest density, distribution, and tree health mitigation measures, significant 
negative effects are expected within a few years.   
10.1.2 Literature Review 

Negative impacts to vegetation by large aggregations of colonial birds are documented in Weseloh and 
Brown 1971, Wiese 1978, Gilmore et al. 1984, Dusi and Dusi 1987, Belzer and Lombardi 1989, Baxter 
and Fairweather 1994, Mun 1997, Ligeza and Smal 2003, Telfair and Bister 2004, and Hobara et al. 2005. 
Damage mechanisms include: physical damage to trees arising from bird activity, changes in soil 
chemistry, and leaf loss due to accumulation of guano.  Tree death has been known to occur within one 
to five years.  Increasing densities of nesting birds accelerate the negative effects they may have on their 
nest site vegetation.  The expansion of the Cattle Egret range into North America and its rapid 
proliferation in heron colonies, including the one in Shields Oak Grove, may be hastening damage to 



 

nesting trees and shortening the life‐spans of heronries in this region, resulting in more frequent colony 
site shifts (Telfair 1983). 

Mechanisms of Impact 
Soil Effects 
Measurable changes in soil chemistry as a result of guano deposition beneath large colonies have been 
correlated with significant vegetation declines over short time periods (often one nesting or roosting 
season) (Weseloh and Brown 1971, Wiese 1978, Gilmore et al. 1984, Baxter and Fairweather 1994, Mun 
1997, Ligeza and Smal 2003, Hobara et al. 2005). In these studies, soil nitrogen, phosphorus, and 
potassium were significantly higher beneath colonies (Wiese 1978, Mun 1997, Ligeza and Smal 2003). 
Mun (1997) found elevated calcium levels and Ligeza and Smal (2003) found higher concentrations of 
ammonium in nesting areas. pH was high in some studies (Wiese 1978) and low in others (Mun 1997). 
While changes in soil chemistry beneath large colonies was often dramatic, direct cause and effect 
relationships between heavy bird use and tree death has not been established in controlled 
experiments. 
 
Mechanical Damage 
Egret and heron nests are composed primarily of woody sticks and twigs.  When dead sticks are plentiful 
in the nest‐site understory, they will be gathered by birds first for nest construction.  If fallen dead sticks 
are limited, cattle egrets are known to harvest dead twigs from trees and shrubs, and as that supply 
becomes exhausted, will eventually resort to pulling live, leafy twigs from trees for nest construction 
Jenni 1969, Arendt & Arendt 1988, Telfair 2006).  This behavior is less common among the other native 
ardeid species (Telfair 2006).  Before the breeding seasons in 2006 and 2007, remnants of the previous 
years’ nests and loose sticks in the understory were removed from Shields Oak Grove in an attempt to 
discourage nesting.  In the breeding seasons following these activities, egrets were observed pruning 
twigs from the trees for nesting materials (Hattori and Bohn, personal communication).  Nest site 
vegetation for ardeids can range from trees to shrubs to reeds.  In some cases the weight of nesting can 
cause branch breakage (Jenni 1969, Arendt & Arendt 1988).  This is not as much of a concern in Shields 
Oak Grove, due to the sturdy nature of oak limbs. 
 
Defoliation 
Guano from breeding colonies of egrets and herons affects not only soil chemistry, but also the foliage 
underneath nests.  Foliage under nesting areas becomes coated with guano, impairing the leaves’ ability 
to photosynthesize and exchange gases with the atmosphere.  Thoroughly coated leaves no longer 
benefit the plant through photosynthetic activity and may be shed.  Guano also contains ammonia, 
which is known to cause leaf abscission, or leaf dropping.  It is unknown whether the influence of guano 
coating or ammonia gas has a greater influence on leaf loss.  Defoliation appeared to be a major factor 
in the decline of nest site vegetation on Pea Patch Island, Delaware (see case study below).   Defoliation 
is also one of the most visible effects of the heron colony on the trees in Shields Oak Grove.  Repeated 
defoliation of individual branches under nests has been found to result in branch death. 
 
While most trees can withstand periodic defoliation, severe decline or death may occur following 
more than two seasons of complete defoliation (Johnson, W.T. and H.Lyon, 1988).  The 



 

 

tolerance of trees to defoliation is related to the amount of foliage lost, the time of year of 
defoliation, tree condition and horticultural site suitability.  Often, secondary insects, diseases or 
drought will kill a tree which has been stressed by defoliation (Dunbar and Stephens 1975).   
Case Studies 
There is little available information regarding the impact of mixed‐species Ardeid colonies on mature 
oaks.  These bird species will nest in a large variety of different tree and shrub species that occur in their 
breeding range.  In tropical areas, it’s typical to find nesting colonies in mangroves.  In central California, 
they can also be found nesting in eucalyptus trees and coast redwoods.  One of the best documented 
cases of the effects of nesting egrets and herons on oaks was studied by Ray C. Telfair on islands in 
Cedar Creek Reservoir in Texas (see below), where he saw a rapid decline in the oak population 
following heron colony establishment.   
 
Examples of herons nesting in oaks in Mediterranean climates have been observed but undocumented 
in Spain and California.  Cork oaks at the Coto Doñana Preserve in southern Spain have suffered serious 
mortalities as a result of a very large, longstanding colony of mixed Ardeids (JJ Chans, personal 
communication).  On the other hand, Audubon Canyon Ranch Heron and Egret Project researchers 
report that a large oak in Suisun Marsh, California, has supported over sixty nests over the past decade 
with no apparent ill effects (JP Kelly and M McCaustland, personal communication). Although there are 
several documented cases of tree damage and death caused by large aggregations of nesting herons and 
egrets, this outcome is not guaranteed.  All of these cases occurred in wildland areas where no attempt 
was made to alleviate the damage inflicted on the trees by the colony.   
 
Cedar Creek Reservoir, Texas 
Located in northeast Texas, Cedar Creek Reservoir has been home to a mixed species 
breeding colony of birds since 1972.  Bird breeding has been centered on two islands in the 
reservoir, Bird Island and Telfair Island, where nesting species have included Neotropic 
Cormorant, Great Egret, Snowy Egret, Little Blue Heron, Tricolored Heron, Cattle Egret, and 
Black-crowned Night Heron.  Ray C. Telfair, a researcher with the Texas Parks and Wildlife 
Department, recently reported on a 28-year study of Cattle Egrets on the islands (2004), where 
he tracked breeding of the birds and long-term changes in nest-site vegetation.  The original 
vegetation of the islands consisted of grasslands, post oak (Quercus stellata) savannah with 
scattered large trees, and thickets of shrubs and closely spaced tree saplings.  The thicket 
areas were most popular for nesting and consisted primarily of post oak (Quercus stellata), 
winged elm (Ulmus alata), green ash (Fraxinus pennsylvanica), and honey locust (Gleditsia 
triacanthos). 
Colony monitoring started in 1974, and by 1975, 85% of the plants in the thickets of preferred 
nesting vegetation and the tall roost trees in the post oak savannah on Telfair Island were dead.  
Telfair took annual photographs of the nest site vegetation to record the changes he observed.  
He found that birds would continue to nest in the leafless skeletons of dead trees.  As the native 
vegetation died, the birds began bringing in twigs and nesting materials from the nearby 
mainland.  By flying in fruit-bearing twigs of the umbrella chinaberry (Melia azedarach f. 
umbraculiformis) for nest construction, Cattle Egrets introduced this Asian tree to the islands.  
By 1980, most of the native guano-intolerant vegetation on the island had been replaced by 
guano-tolerant umbrella chinaberry and eastern red cedar (Juniperus virginianus), which 
became the new host vegetation for nesting.  After 1985, even these more tolerant species 
began to die, and by 2000, almost all the nest-site vegetation on Bird Island had died.  Telfair 
attributed the plant death to “overfertilization from guanotrophy.” 



 

Based on his observations, Telfair has developed a rating for the tolerance of various plant 
species to guanotrophy (1983).  The most tolerant species, such as the chinaberry, can support 
high nest densities for 11 or 12 years.  He called all the oak species he rated “intolerant…dying 
within 1 or 2 years.”  Oak species mentioned included post oak (Quercus stellata), blackjack oak 
(Q. marilandica) , water oak (Q. nigra), and willow oak (Q. phellos). 
Pea Patch Island, Delaware 
Pea Patch Island is located in the Delaware River, about 16 km south of Wilmington, Delaware.  
A very large mixed species heron colony was found to have a dramatic impact on host 
vegetation on the island in 1975 and 1976 (Wiese 1978).  Records of the colony date back to 
1964 when 900 nesting pairs were counted.  After several years of nest counts ranging from 
1500 to 2000, the colony ballooned to 8,000 nests in 1974 and held at 7,500 for the following 
two years.  Cattle Egrets made up more than half of the expanded colony, and other dominant 
species included Glossy Ibis, Black-crowned Night Heron, Snowy Egret, and Little Blue Heron.  
Blueberry shrubs (Vaccinium sp.) were the preferred host vegetation for the birds.  By the end of 
the 1975 nesting season the blueberries in the most heavily used nesting areas were dead, and 
the ground underneath them (which had been covered with herbaceous vegetation) was bare.  
The death of host shrubs in this area prompted half the heronry to occupy a previously unused 
area for nesting in 1976.  At the end of the 1976 nesting season, Weise (1978) found that in the 
previously unused area of blueberry shrubs, “after only one nesting season, 60 percent of the 
shrubs were defoliated and 8 percent were killed.”   
Soil tests in the new nesting area revealed an increase in pH and a 12-fold increase in soluble 
salts over the course of the nesting season. Wiese attributed the defoliation and death of the 
blueberry shrubs and their undergrowth to excessive accumulation of salts in the soil.  In 
reviewing his own study and other published studies on herons, Wiese noted that although 
moderate concentrations of guano were beneficial for some plant species and acted as a 
fertilizer, high concentrations of guano were harmful to all plant growth. 
10.1.3 Shields Oak Grove Study Results 

The UC Davis Arboretum horticultural staff has been monitoring the effects of the heronry on the 
tree collection in Shields Oak Grove since 2003.  Assessing tree health can be challenging, and 
most arborists use a multi-point assessment system that is typically limited in scope by what can 
be viewed from the ground with a somewhat subjective visual check.  Assessing tree longevity 
and predicting the life span of a tree with compromised health is even more difficult.  In 
attempting to understand the impact of the birds on the trees, Arboretum staff and their partners 
have studied nest density, changes in the appearance of tree canopies, aerial photographs of 
the grove, tree metabolic indicators, changes in soil chemistry, and tree increment cores.   Most 
of these studies clearly indicate that the condition of the trees has been negatively affected by 
the heronry.  The rate of their health decline is difficult to predict and will depend on the density 
of nesting and the implementation of horticultural mitigation measures. 

Nest Density 
Nest density is a key factor that determines the level of impact heronries have on their nest site 
vegetation.  Greater nest densities are clearly linked with more rapid and severe damage to 
vegetation.  Nest densities can also be compared to other documented heronries to assess the 
potential for vegetation damage.  Annual active nest counts have been tallied for each tree in 
Shields Oak Grove by the UC Davis Museum of Wildlife and Fish Biology biomonitoring staff 
since 2005.  In 2007, UC Davis Arboretum curatorial staff measured the canopy radius of each 
tree in Shields Oak Grove.  Nest counts can be divided by canopy area to give an indicator of 
nest density per tree.   
In the 64 trees with active nests in 2008, the average nest count per tree was 11.4 and the 
average nest density per tree was 0.107 nests per square meter.  In the ten trees with the 



 

 

highest nest densities, average nest density per tree was 0 .409 nests per square meter.  The 
single tree with the greatest nest density had 1.06 nests per square meter. On the islands in 
Cedar Creek Reservoir, peak nest densities between 0.5 and 0.75 nests per square meter 
resulted in the death of oaks within one to three years (Telfair & Bister 2004).  Nest densities 
between 0.25 and 0.375 nests per square meter resulted in the death of guano-tolerant 
chinaberries over the course of 15 years.  Nest densities in the more heavily occupied trees in 
Shields Oak Grove meet or exceed nest densities found to cause tree death at Cedar Creek 
Reservoir, which raises concerns about the threat to the health of those trees.  On Pea Patch 
Island, nest densities greater that 1.3 nests per meter resulted in rapid destruction of nest site 
vegetation (Wiese 1978).  Nest densities in Shields Oak Grove do not yet approach those found 
on Pea Patch Island. 
Tree Canopies 
The most visible effect of the heronry on the trees in Shields Grove is canopy thinning.  UC 
Davis Arboretum horticulture staff and consulting arborist John Lichter have observed the 
foliage under nests being whitewashed with guano.  It is unclear whether leaf drop is caused by 
shading of the foliage by the guano or by chemicals in the guano (such as ammonia), but 
defoliation under nests is quite apparent.  In the more heavily nested trees, branch death under 
nests is the ultimate result of repeated defoliation.  Surprisingly, outer tree branch tips above the 
nests appear relatively healthy.  Guano deposition from bird nesting is resulting in an alteration 
of the natural canopy architecture of preferred nesting trees.  As interior branches and foliage 
are killed off, the tree canopy becomes thinner, and active growth is restricted to a thin veneer 
at the outer edges of the canopy.  This change in canopy structure is of particular concern for 
the Arboretum, because the tree collection is intended to serve as a living museum exhibit and 
reference collection that illustrates the natural forms of a broad variety of oaks, many of which 
are uncommon in cultivation. 
In August of 2008, John Lichter updated the Arboretum staff on his personal observations of the 
effect of the heronry on the tree canopies in Shields Oak Grove.  Lichter was hired to evaluate 
each tree in the collection for a conservation project in 2003.  Since then, he has regularly 
worked on smaller projects in the collection and has served as the Arboretum’s main consultant 
for matters relating to tree health.  He has observed that the impact of the birds is spreading in 
the tree collection both in terms of the number of trees affected and in the effect on individual 
trees.  He has also noticed an increase in deadwood under nests in the grove, and the 
deadwood appears to include larger branches than he has previously observed.  According to 
Lichter, bird nesting “is definitely altering the structure of the trees.”  Although the impact on the 
appearance of the trees is clear, what remains uncertain is how the canopy thinning will 
ultimately affect tree health and longevity. 



 

 

Figure 1. Leaves coated with guano 

 

Figure 2. Defoliated branches underneath nests 



 

 

 
Figure 3. View of Quercus agrifolia in Shields Grove in 2003.  Note whitewashing of foliage. 

 
Figure 4. Same view as in Figure 3 above taken in 2006.  Note thinning of canopy interior. 

Aerial Photographs 



 

Color infrared aerial photographs are frequently used for analyzing vegetation on a broad scale.  In these 
photographs red tones are associated with live vegetation, and the shade and intensity of color is an 
indicator of the density and vigor of vegetation.  Dense, rapidly growing vegetation will show up as very 
intense reds.  Sparse or low vigor vegetation will show up as light red or pink (USGS 2008).  Infrared 
photos of Shields Oak Grove were obtained from 1995 (before the heronry formed) and 2003 (when the 
heronry was starting to rapidly expand) for comparison.  Researchers at the UC Davis Center for Spatial 
Technologies and Remote Sensing attempted to make a quantitative comparison of the photographs, 
but the difference in photographic equipment used to make the two images made it impossible.  Even 
without a quantitative analysis, qualitative comparison of the photos still reveals a clear visual pattern.  
In the 1995 photo, the oak canopies in Shields Oak Grove are fairly uniform in color appearance with 
mid to dark reds.  In the 2003 photo, the effect of heron nesting is quite apparent.  Canopy areas that 
contain a high concentration of nests appear pink or white and stand in stark contrast to healthy canopy 
areas that are bright red.  The pale color of the aerial photos in the nesting areas is a strong indicator 
that the birds are having a negative impact on tree growth and vigor. 
Tree Metabolic Indicator – Chlorophyll Fluorescence 
Symptoms of stress in plants include both visible changes (such as wilting or leaf burn) and 
metabolic ones that often result in reduced growth.  Chlorophyll fluorescence is a metabolic 
indicator that is used to measure the efficiency and functionality of the photosynthetic apparatus 
in plants.  The chlorophyll fluorescence profile for a leaf indicates the efficiency of photosystem 
II.  Electrons moving through photosystem II fluoresce red light as they move between different 
states of excitation.  The fluorescence profile changes when some of “the photosystem II 
reaction centers are damaged, a phenomenon called photoinhibition, often observed in plants 
under stress conditions” (Fracheboud 2008).  Chlorophyll fluorescence has been identified as a 
promising tool for diagnosing and quantifying damage to the photosynthetic apparatus in 
response to environmental stress. 
Chlorophyll fluorescence readings were taken from at least six leaves each from three different 
coast live oak (Quercus agrifolia) trees with varying levels of bird activity.  The study trees 
included a control tree (M) from the Mediterranean Section with no nesting activity, tree 13 from 
Shields Oak Grove which had 28.3 average peak active nests in 2005, and tree 22 from Shields 
Oak Grove which had 6.9 average peak active nests in 2005.  All three trees were of similar age 
and were growing in similar environmental conditions.  Readings were taken on February 14, 
2006 when drought stress would not be a factor before the spring nesting season began.  
Readings are typically expressed as Fv/Fm, with measurements of 0.78 to 0.85 being 
associated with healthy, non-stressed trees (Demming and Bjorkman 1987, Maki and Colombo 
2001, Percival 2004).  Measurements below 0.78 are associated with trees experiencing stress.  
Average readings for the three trees are summarized in Figure 7 below.  Although these results 
should be considered preliminary due to the small sample size and limited time frame of the 
study, they do indicate that tree 13, the tree with the highest nesting level, was undergoing the 
most stress. 
 



 

 

 

Figure 5. Color infrared aerial photograph of the north end of Shields Oak Grove from 1995.  Note consistent red 
color of tree canopies. 

 

Figure 6. Color infrared aerial photograph of the north end of Shields Oak Grove from 2003.  Note pale pink color 
of tree canopies in areas with dense bird nesting activity. 
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Figure 7. Average of chlorophyll fluorescence meter readings from 6 or more leaves from trees 13 and 22 in 
Shields Oak Grove and Tree M in the Mediterranean Collection. 

 
Figure 8. Taking leaf readings with the chlorophyll fluorescence reader in Shields Oak Grove. 

Soil Chemistry 
The accumulation of guano under nesting colonies and associated chemical changes in the soil 
are referred to as guanotrophy.  Heron guano is rich in the plant macronutrients of nitrogen, 
phosphorous, and potassium, and is harvested as a source of fertilizer in some parts of the 
world.  When present in higher concentrations, however, salts from these nutrients can cause 
plant damage. The total concentration of ions in the soil determines the salinity of the soil.  
Common ions include chlorides, sulfates, nitrates, phosphates, calcium, magnesium, sodium, 
potassium, ammonium, and more.  The concentration of ions is measured as electrical 
conductivity (EC), and an EC in excess of 3 mmhos/cm is considered saline.  Some individual 



 

 

ions, such as chloride, sodium, boron, and ammonium, are particularly toxic and can cause 
injury to sensitive plants when they reach critical levels regardless of soil salinity (Costello et al 
2003). 
Symptoms of mild salt damage include stunted or reduced growth and foliage yellowing.  More 
extensive damage results in leaf necrosis and defoliation.  Costello et al offer a guide to the 
effects of salinity on plants in their recent book Abiotic Disorders of Landscape Plants: A 
Diagnostic Guide(2003).  They describe the symptoms of root-absorbed salts as follows: “The 
symptoms are usually most severe on the edges and tips of older leaves where the greatest salt 
accumulation occurs and less severe on new foliage…In severe cases, plants are killed.  The 
degree of symptoms depends on the sensitivity of the plant to salts and the concentration of 
accumulated salts in the soil.” 
The sensitivity of oaks to salts appears to vary widely by species.  Of the eight oak species 
listed in Costello et al, two were considered to have low salinity tolerance, three to have 
moderate tolerance, and three to have high tolerance.  Soil salinity (EC) levels of 0.5 to 2.0 
mmhos/cm are considered generally safe for most plants.  Levels between 2.0 and 4.0 
mmhos/cm are considered slight to moderate, and levels above 4.0 mmhos/cm are considered 
severe. 
Soil samples were first taken in August of 2003 by John Lichter in high and medium nest density 
areas and a control area with no nesting.  Starting in spring of 2005 and ending in spring of 
2007, samples were taken at the beginning and end of each nesting cycle to track soil changes.  
A final set of samples was taken at the end of the nesting season in fall of 2008.  Not 
surprisingly, soil samples in higher bird activity areas systematically show elevated levels of 
nitrate, phosphorous, and potassium and higher EC measurements than control samples.  The 
soil pH is also markedly reduced in areas with bird activity.  EC measurements for samples from 
the single highest bird activity area were found to exceed 4.0 mmhos/cm (considered severe 
level) in 2003, spring and fall of 2005, and fall of 2006.  Samples from this area had reduced EC 
levels in spring of 2006 and spring of 2007, presumably due to the heavy leaching rains during 
the two previous winters. 
There is no chemical amendment, conditioner, or fertilizer that can be used to remediate saline 
soils.  Leaching of salts to below the plant root zone through heavy rainfall or deep irrigation 
with good quality water is the primary method used to reclaim saline soils.  The installation of an 
automated irrigation system in Shields Oak Grove in summer of 2006 allows the Arboretum to 
apply irrigation more easily for leaching purposes.  Deep, infrequent irrigations in Shields Oak 
Grove provide leaching of salts that would not occur in a natural environment and help prevent 
salt build-up on the soil surface.  Leaching salts to below the root zone may prove challenging, 
however, because roots have been found to grow at least four feet deep in the soil profile in the 
grove (Lichter 2003).  
Increment Cores 
The width of annual growth increments (or tree rings) of a tree trunk are used as a measure of 
tree health and vigor by dendrochronologists.  Increment cores of wood allow researchers to 
study the changes in annual growth increments over time, providing a historic look at the 
condition of the tree each year through time.  In June and July, 2005, John Lichter and his 
associate Dan Quickert cored eight coast live oaks (Quercus agrifolia) within the Shields Oak 
grove and six Q. agrifolia outside of the grove in the arboretum’s Mediterranean Collection to 
measure radial increment growth and determine whether a relationship existed between bird 
nesting and the growth rate of the trees.  Trees outside of the grove contained no active nests.  
Trees cored within the grove included the following trees with the number of average peak 
active nests listed for each tree. 
 
 
 



 

 
Tree 
# 

Average Peak Active Nests in 
2005 

12 8.6 
13 28.3 
15 14.9 
22 6.9 
23 12.8 
34 25.5 
62 1.9 
70 17.8 

  
 
Cores were mounted, dried, sanded with sand paper and later with a Dremel tool for analysis.  
Growth rings were measured and data are presented below. 
The average radial growth of coast live oak outside of the grove exceeded that within the grove 
for every year between 1996 through 2005.  Since 2002, the growth rate of trees within the 
grove increased every year except for 2005 (which may be due to the fact that only a partial 
year’s growth was “captured” within the core).  By excluding the trees with lower numbers of 
nests (62, 22, and 12), the increase in growth rate over the period since 2003 becomes more 
dramatic.  These results suggest that the oak trees with more nests grew faster since the heron 
colony became established than the oaks with fewer nests.  
There have been two significant changes to the Shields Oak Grove trees since 1996, 1) 
changes in irrigation and 2) bird use.  Since 2002, the number of trees irrigated and the 
frequency and duration of irrigation has increased dramatically (Duane Goosen, personal 
communication).  This change corresponded to the time when birds inhabited the grove in 
significant numbers.  Unfortunately, it is not possible to isolate the effect of these two variables 
on annual increment growth. 
Irrigation can have a dramatic effect on the growth rate of trees within the Central Valley.  
Therefore, the increases in the growth rate of the trees sampled since 2002 could be related to 
this change in their management.  The guano deposited by the birds could also have had a 
stimulating effect, due to the amounts of nitrogen deposited in the soils.  It is also possible that 
the level of salts in the soil and the defoliation caused by the guano has had a negative effect on 
the growth rate of the trees and, had the birds not been present, the stimulating effect of 
irrigation on the growth rate could have been greater than it was.   

Figure 9. 2005 nest tallies for 
Shields Oak Grove study trees 
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Figure 10.  Average Radial Increment Growth of Q. agrifolia inside and outside Shields Oak Grove. 
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Figure 11.  Average Radial Increment Growth of Q. agrifolia outside grove and trees inside grove with greater 
than 8.6 nests/tree. 

Had the growth rate of the grove trees declined significantly since the birds populated the grove, 
this would have supported the contention that the birds were negatively affecting the tree’s 



 

growth.  Due to the confounding factor of increased irrigation it is unclear what effect guano 
deposition has had on tree growth. 
10.1.4 Conclusions 
A review of the literature on heronries reveals many studies where birds have been found to 
cause death or substantial damage to nest vegetation.  The large quantity of guano produced by 
nesting colonies has the potential to cause defoliation and dieback of stems and an increase in 
soil salinity that stunts or kills plant growth.  The rate and severity of damage depends on the 
density of nesting and the guano tolerance of the nest vegetation. 
Studies in Shields Oak Grove show clear evidence of damage and stress caused by the heron 
colony.  The current nest density in heavily occupied trees exceeds the density that caused oak 
tree death in Texas.  Observations from the ground have found extensive defoliation and branch 
death under nests in heavily occupied trees, resulting in a thinning of tree canopies and a 
significant change in canopy architecture.  Aerial photographs have revealed that nesting is 
causing a visible reduction in tree growth and vigor.  Preliminary studies using chlorophyll 
fluorescence as a metabolic indicator have indicated that a tree with many nests was 
undergoing more environmental stress than a control tree without nests.  Salt accumulation in 
the soil is known to stress and sometimes kill plants, and soil samples from areas with heavy 
bird nesting have been found to exceed severe salinity levels.  Deep irrigation and heavy rainfall 
can help mitigate and suppress rising salinity, but it’s unclear whether leaching can be sufficient 
to push salts below the rooting depth of oaks in the soil profile.  Drought and declining irrigation 
water quality may also affect our ability to effectively leach.  If nesting continues at current 
levels, it is likely that increased damage and stress will occur in the oak collection that will 
ultimately result in premature tree death. 
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