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ABSTRACT

Colonv utilization of three heronries near Wachapreague, Virginia,
by several species of herone and the glossv ibis was examined in an
attempt to determine if the ibis was using a portion of the colony site
not used by the other gpecies. Statistical tests were performed to
determine if success differed with position in the colony, if position
in the colony differed with time of nesting, and if success differed

th time of nesting. None of these tests showed consistvent and signif-
icant patterns for zll species. 1In addition, a principal components
znalysis of 10 nest site variables was performed for each species at
Clubh Point and for each species in the twe Swash Bay colenies, com-
bined. Differences in components were found, with the glossy ibis nost
different from the cther species at Club Point. This suggesfts that
thcy were vtilizing a portion of the heronry not occupied by the cother
species nestiug there in 1976,

Changes in colony compocition from 1975 as well as changes in vege-
tation in the colonv throughout the breeding sezscon of the birds are
evazmined and discussed. The vegetational changa~ are thought to be
due, in part, to the effect of the nesting birds.

Trials were made of census techniques (various times of seascn and
day for censusing and infrared aerial photography) In order to ascertain
whether a retio could be established between visible and tctal nesting
birds. No conclusive resulte were obtained but all methods are dis-
cussed.

viii



THE NESTING ECOLOGY OF SEVERAL SPECIES OF HERONS

AND THE GLOSSY IBIS (PLEGADIS FALCINELLUS)

IN THREE HERONRIES IN VIRGINIA



INTRODUCTION

The northwvard expansion of the breeding range of the glossy ibi

w

(Plegadis falcinellus) in recent years (Williams, 1973; Byrd, 1977)

has raised many interesting questions. One such question relates to
the aspects of this bird's biology which have enabled it to move into
ectablished heronries where there may be three or four similax species
already nesting and to breed successfullyvenough there to extend its
range.

There were three main aspects of this study. The first was to
investigate colony utilization tec see if the glossy ibis were using
a portion of the site for mesting tnat was not used, either temporally
or spatially, by the other species there. MecCrimmon (1975) and Custer
ard Osbourn (1977) both found differences in nest sites of different
species of herons and Jenni (1961) found some vertical stratification
in nest sites of the herons in the colony that he studied in 1958, sug-
gesting that there may be some division of nesting resources in some
heron colcnies.

The second aspect of the study dealt with herons as environmental
indicators: colony utilization--temporally and spatially; changes in
colony coeomposition {row the previous year; changes in vegatation within
the colonies throughout the breeding season of the birds, and whether
this vegetational change was brougnt about by the nesting birds.

A third aspect involved trizls of different census techniques in

order to ascertain whether a ratio between visible birds and aumber of



nests could be established. Infrared aerial photography also was

investigated as a possible tool for censusing colonies.



MATERIALS AND METHODS

STUDY AREA

This study was ccnducted in three heron colonies during the
period 8 May to 16 August, 1976, near Wachapreague, Virginia. The
largest colony, Club Point, was at Clubhouse Marsh approximately 3.5
airline miles from Wachapreague and the smaller colcnies, Swash Bay
North end Swash Bay South, were on a sandy spoil island approximately
5 airline miles fyrom Wachapreague, The two Swash Bay colonies were
approximately ‘15 meters apart. Both eites could only be.reached by
boat.

Six bird species were found nesting at Club Point: snowy =egrets

(Egretta thula), Louisiana herons (liydranassa tricolor), little blue

herons (Florida caerulea), glossy ibis (Plegadis falcinellus), green

herons (Butorides virescens), and a pair of gredt egrets (Casmerodius

albus). PBoth Swash Bay colonies contained snowy egrets and Louisiana
herons. The Swash Ncrth colony also had one pair of little blue
herons nesting there.

The predominant vegetation utilized for nesting in all colonies

was marsh elder (Iva frutescens), with groundsel-tree (Baccharis hali-

mifolia) and red cedar (Juuiperus virginiana) also being used at Ciub

Point.

The Club Point hevonry is spatially divided into north and south
ends. For the comparison of 1975 and 1976 species composition, data
from both parts of the colony were included. For all cther analyses,
only data from the north end were used. The greatest number of nests
were in this area and it was the only area that was mapped and in
which nest measurcments were taken.

4



WEEKLY CENSUS

A weekly census of nests was taken in each colony. New nests were
tagged with a number placed on surveyor's tape and tied around a branch
near the nest. The number of eggs (good or damaged), chicks (dead or
alive) in or out of the nest, species, and date that the nest was
found were recorded for each nest.

The species occupying the nest was determined on the basis of
chick color and morphology. If eggs failed to hatch, species for that
nesting was reccorded as unknown. Hatchling morphology of little blue
herons and snowy egrefrs is very similar and identification was not al-
wavs certain in very young birds. In these casec the nest was counted
as unkncwn. One nest at Club Point contained two Louisiana heron
chicks and owe little blue heron chick. This nest was also counted as
unknown.

The weekly census was made during one day per week for Swash Bay
and during one to four days per week at Club Point, longer census time
being necessitated at Club Point because of greater number of nests
(977 as cpposed to 168 and 87). A given area of the colony was visited
only for a period of one to twe hours in order that adults would not
be away from eggs or chicks for excessgive periods of time. The length
of a visit depend=d somewhat cn weather conditions, with less time
being spent in any given area of the colony on cool or windy days.

When censusing took more than one day, the first day was counted
as date of census for that week. All ctservations during that week were
counted as seen on that date.

Three success figures were cslculated for each nest of known

species: hatching success (number hatched/mumber eggs laid); survival



success (number of chicks alive and in the nest at two weeks/number
hatched}; and breeding success (number of chicks alive and in the ncst
at two weeks/number of eggs laid). Number of live chicks in the nest
at two weeks was used instead of the number fledging or the total num-
ber alive either in or out of the nest because of the difficulty of
following juvenile herons after they are able to leave the nest and
run around the heronry. The figures calculated are, therefore, prob-
ably conservative, with the actual numbers of chicks alive at two
weeks being greater than those used because of older chicks hav%ng
left the nest. The week that the chicks were first found was designated
as week one and the following week as week two.

The date that each nest was started was recorded as the week that
it was first found with eggs or the date was extrapolated as three
weeks before hatching date of the chicks. Yor those nests containing
only chicks and no eggs on the first census date, date of hatching was
unknown and, consequently, date of nesting was unkngwn.

For tests of differences in success between early and late nesters
for each species, a Kruskal-Wallis oneway analysis of variance was per-
formed. The nesting season was divided into early (22 April through
31 May) and late (6 June through 8 August) time periods and each suc-
cess figure was tested for snowy egrets, Louisiana herons, and little
blue herons at Club Point and snowy egrets and Louisiana herons at
Swash North and Swash South. The glossy ibis at Club Point were tested
by the Kruskal-Wallis procedure for differences in their success be-
tween 6 May and 13 May. These tests were made using programs from the

Statistical Package for the Social Sciences (Nie & Hull, 1977, version

H7C), hereafter referred to as SPSS.



Graphs were made of the number of nests started each week by
each species in each celony in order to detect temporal differences
in the nesting of each species.

Also calculated from weekly censuses were the total number of
nests used throughout the seascn and the approximate number of adult
birds in the colony each week. The latter figure was obtained by
multiplying the number of nests by two. The total number of nests
used throughout the season was compared to 1975 data collected by Bill
Williams, Tom Weibolt, and Bill Akers for.Club Point and by similar
figures from Custer and Osbourn (1977) for Swash Bay. The percentage
composition for each species in each colony in 1975 and 1976 was cal-
culated. A test for equality of two percentages (Sokal and Rohlf,
1669) was made to detect changes in relative composition from 1975 to
1676.

MAPS3

Maps were made of both Swash Bay colonies and the north end of
the Club Pcint colony. Parallel lines were set up in the coleny four
eters apart using a compass for direction and rope marked at 0.5
meter intervals. Width of the colony at each line was recorded and the
outline of the colony was sketched in. Nests were placed on the map
using the marks on the rcpes as cne reference and estimating to the
nearest 0.5 meter the position between the ropes.

The maps were used for gaining an overall picture of the species
distribution in the heronries; analyses of the independence of success
and position in gge colony; and regression analyses of time of nesting
and position in the colony.

An R X C test of independence (Sokal and Rohlf,1969) of success
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and position was performed for each success figure for each species

in each colenv. Position in the colony (inner portion or cuter por-
tion) was determined by an arbitrary line drawn 3 meters from and
parallel to the perimeter of the colcny (see Figs. 1-3). Unusable,
grassy areas with no bushes were thus included in both portiens and

it was assumed that they would have the same effect in either arzaa.
Total number of eggs laid, number of chicks hatched, and number of
live chicks in the nests at two weeks were calculated for each species
in each area and success figures obtained using these totals.

A regression analysis (Sokal and Rohlf, 1969) of time of nasting
and position in the colony was performed for ecach major species in
each colony in an attempt to discern any temporal pattern of nest
site selection. Position was determined by 1.5 meter lines drawn para-
lell to the perimeter of the colony and to each subsequent line until
all area was used (see Figs. 4-6). Those contours with no nests, with
only one nest, or with all mnests built in the same week were excluded
from the analyses proper, but are shown in thg figures where appro-
priate. The glossy ibis at Club Point were not tested because all
birds nested within a two week period. A Bartlett's test for homogen-
eity of varilances was performed for each analysis.

NEST MEASUREMENTS

After most of the birds had finished nesting and a large number
had left the cclonies, ten nest site measurements were made for each
nest of known species that was still intact. The variables were a
combination of these used by McCrimmon (1975) and Custer and Osbourn
(1977). Measurements for the following varisbles were taken: nest

bush species (WNBSP), coded for analvsis as 1 = Iva, 2 = Baccharis, and



Figure 1. Map of the Clubt Point heronry showing inner and outer
portions for testing independence of success and position

in the colony. Shaded parts are grassy areas.
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Figure 2. Map of the Swash North colony showing inner and outer
portions for testing independence of success and position

in the colony. Shaded parts are grassy areas.
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Figure 3. Map of the Swash South heronry showing inner and outerxr
portions for testing independence of success and position

in the colony. Shaded parts are grassy areas.
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Figure 4. Map of the Club Point heronry showing contours drawn for
regression analysis of time of nesting and position in

the colony. Shaded parts are grassy areas.
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Figure 5. Map of the Swash North hevonry showing contours drawn
for regression analysis of time of nesting and position

in the colony. Shaded parts are grassy areas.
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Figure 6. Map of the Swash Scuth heronry showing contours drawn fer
regression analysis of time of nesting and position in

the colony. Shaded parts are grassy areas.
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3 = Juniperus; condition of nest bush {ChB)~-dead, partially dead, or
alive and coded U, 1, and 2 respectively ior anaiysis; distance of the
nes=c Lo the ground (DC); distance of the nest to the canopy ol the
nest hush (DC); distance of the nest to the center, or the apparent
center, of the nest push (DCE); distance of the nest to the outside of
the nest bush (DOB); nest deflection (ND)--amcunt the nest moved
downward when a 1200 gram weight was placed in the center of the nest
(1200 grams chosen to be consistent with the welght used by Custer

and Osbourn (1977) for this variable); number of branches supporting
the nest (8B); circumference of the main supporting branch (CMSB);
and dirvection of opening of the vegetation arocund the nest (DO).
DC, DCB, and DOB were measured to thz nearest 0.1 mater; MND in centdi~-

MSB to the nearest 0.5 centimeter; and DO to the anearvest 10

=
6]
r+
oo
ri
9]
“e
Q

Each variable was tested for differences among species within
each colony and among colonies within each species. 7Those with homo-
geneous variances (Bartlctt's test, P>0.05) were tested by cna-way
analysis of wvariance and a Student-Newman Keuls z posteriori rest

(both using SPSS) if there was a significant difference. For those
variables with heterogeneous variances, a Kruskal-Wallis cne-wav
analysis of variance (SPSS) was performed. No a posteriori tests were
made for these variables.

Since variances were heterogeneocus for moest variables when tested
among species, a principal components analysis was done for each
gpecies separately rather than by pcoling them. In tests among colonies,
variances were homogeneous (F-max test, P>0.05; ¥-max used here instead

-

of Bartlett's because there were only twe colonies being tested in this
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case) for the Swash Bay colonies but wére heterogenecus between Swash
Bav and Club Pcint. Data from the two Swash Bav colonies were pooled
for analysis.

The following principal components analvees for nest site variables
were performed: snowy egrets, Lowisiana herons, and little blue herons
from Club Point, all variables (refer to Table I for a list of variables
and their mnemonics); glossy ibis from Club Point and snowy egrets
from Swash Bay, all variables except NBSP and ND; Louisiana herons from
Swash Bay, all variables except NBSP. Variables NBSP and ND could noct
be used in cases where there was no variance for that sample.

The purpose of these analyses was to determine the most important
components of nest site selection for each species utilizing the three
heronries that I studied. These components could then be compared to
possibly obtain a better understanding of the division, if any, of
coleony nesting resources.

N

Principal components analysis is an attempt to reduce the number
of variables to a set of components with which these variables corre-
late highly and to delineate an underlving structure in the variables.
A correlation matrix was calculated for the variables, from which the
riew components were then drawn. The variables were then rearranged so
as to get the best linear combination of the variables. Best in this
instance means that combination which accounted for more of the var-
iance in the data than any other combinatien (Nie et al., 1975). This
combination of variables is the first component. The second component
is the best arrangement that explains that portion of the variance after
the first component is removed (Nie et al., 1975). This continued

until all or most of the variance in the data was accounted for, each
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component being orthogonal (unrelated) to the others. FEssentially, the
correlation matrix has mevely been rearranged tc a more easiiv inter-
preted form, especially in cases where there are many variables. he
factor matrices were then rotated to achieve components which ave more
useful in scientific description. Rotation of the factor loadings
tends to bring out patterns better and to make the components simpler
to interpret. A wvariable will usually load high on onlv one compo-
nent, rather than on several as can be the case with an unrotated fac-
tor matrix. These new components are an exact mathematical transfor-
mation of the original ones.

SPss (Nie et al., 1975) subprogram Factor was uvsed to perform these
analyses. The method of factoring was PAl, principal factoring with-
out jteration. Unity was used in the main diagonal. The number of
factors extracted was determined by Kaiser's criterion of an eigen-
value of greater than or equal to 1.0 for each factor kept. ''This
criterion ensures that only components accounting for at least the
amount. of total variance of a single variable will be treated as signi-
ficant" (Nie et al., 1975). The extracted factors were then submitted
ta Varimax orthogonal rotation.

PLATFORM CBSERVATION

Hourly counts of birds visible in the colonies were taken on
days, weather permitting, that were not used for weekly censuses in
order to determine the best time of day and season to achieve the most
accurate and consistent numbers without having to enter the colony.

The counts were mads from platforms at both sites, 1 meter from the
edge of the colony and approximately 10 meters from nesting birds at

Club Point and about 8 meters from each cclony at Swash Bay. The
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number of birds secen with the telescope was recorded by species. By
the end of the season, young little blue herons could not easily be
Jdistinguiched from adult snowy egrets, hence, in the analyses, all
species were pocled. Observations were grouped by weeks.

The percentage of birds visible each hour was computed as the
number of adult birds seen divided by the total number of nesting
birds in the coleny that week. Only observations during May and June
were used for comparisons. During these months an accurate count of
birds in the colony could be made from the number of nests present
each week. After June, however, the young birds are visible and ob-
taining accurate percentages is complicated by their presence. These
figures are discussed subjectively. Lack of obszrvations for each
hour of each week prevents further quantitative analysis.

AERTAL PHOTOGRAPHS

infrared photographs were made of each colony from a fized wing
aircraft in order to determine their value as a census technique and
to detect changes in the vepetation, possibly caused by the herons,
throughout the season. These photographs were taken with a Pentax
35 mm camera, yellow filter, and Kodak IE 135-20 Color Infrared film
from altitudes of 150 to 800 feet. Dates of photography were § May,

5 July, and 7 August, 1976.

Changes in the vegetaticn from the first to the end of the sea-
son were subjectively examined for each colony. Analysis posed prob-
lems in that the pictures were taken at an angle to the colony froem
the airplane window rather than from a vertical mount. These angles
varied with each photograph, and necessarily, with each session and

caused differing amounts ol vegetatiocn and open areas to appear—-—even
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within the same session. To be entirely consistent and comparable,
the camera should be mounted so that the photographs could be taken
from a vertical position, from the same altitude{s), and at the same
spot(s) in the coleny each time.

Each of the Swash Bay colonies was used to determine the per-
cent of birds visible in the slides. Number of birds in each slide
was divided by the total number of adult birds nesting in the colony
that week. Only the slides taken on 8 May were used. Young birds in
the colonies after June complicated calculation of total number of
birds present, so that an accurate number could be caléulated only

-early in the season.



RESULTS
I. DIVISICN OF NESTING RESOURCES

In teste performed to find differences among the species at
Civb Point for each of the nest site variables, the following tests
were significant: DCl, ND, KBSP, SB (P<0.001 for each), and CMSE
(P=0.01). Tehles Y1 and III give rasults for these tests. In a
Student-Newvman-Keuls test on DC, the glossy ibis were found to nest
further from the canopy than the other species. Nest deflection was
greater for the Louisiana herons thar for the glossy ibis ox the
snovy egrets but not different Irom the little blue herons (Table
IV). Those variables analyzed by the Kruskal-Wallis procedure were
net formally subjected to a posceriori testing, but the mean ranke
given provide some indication of where the differences among the
species lie. The mean ranks for the glossy ibis ave much lower than
for the other species for variables DG and (MSB, suggésting that this
species nests closer to the ground and uses smaller branches to
support its nest than do the other species. The mean rank for the
number of supporting branches was also smallest for the glossy ibis,
with little blue herons having an intermediate rank, and Louisiana
herons and sncwy egrets, the largest. For nest bush species, the
Iittle blue hervons had a greater mean rank than the other species,
suggesting that a greater nuwber of these birds nested in the red

cedars than did the other herons or the glossy ibis (Table III).

1 Hereafter, in all references to the nest site variables, the mnemonics
will be used. Table I should be referred to for an explanation of
these.

21
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In tests for differences in nest site variables between snowy
egrets and Louisiana herons at Swash North, only CMSB (P<0.0l) and

DC (P<0.05) were significantly different for the two species (Tahles

I1 and III). The circumference of the main supporting branch weas

greater for snowy egrets than for Louisiana herons. The distance to
the canopy was alsc greater for snowy egrets.

At Swash South, significant differences between the snowy egrets
and Louisiana herons were found for the following nest site variables:
DG (P<0.001), LC, and CMSB (P<0.05) (Table II). Louisiana heron
neste were further from the ground and closer to the canopy than those
of snowy egrets. The circumference of the main supporting branch was
greater for snowy egret nests than for Louisiana heron nests.

In tests for differences among colonies in nest site variables
of snowy egret nests, only condition of nest bush was significant
(P<0.05) (Tables II and III). However, in a Student-Newman-Keuls test
(with « = 0.05), this difference is not picked up. The means for this
variable for each colony are given in Table IV.

The following nest site variables showed differences among the
colonies for Louisiana heron nests in each: CNB, DC (P<0.01), DCB,

ND (P<0.05), and CMSB (P<0.001) (Tables II and III). A Student~Newman-
Feuls test (Table IV) for copndition of nest bush shows Swash North to

have a significantly greater mean than Club Point, but neither of these
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TABLE 1IV. Student-Newman—-Keuls tests for nest site
variables. Vertical lines connect means which
are not significantly different (« = 0.05).

Test Variable Species Means

DC LAH 0.7634 |
SE 0.7898
LBH 0.8600C
. GI 1.0656 |
Among species, '
Club Point ND cI 0.0
SE 0.1592
LEBH 0.32125
LAH $.3235
Colony
Among colonies, CNB Club Foint 1.3376 ‘
Snowy egrets Swash North 1.6471 i
Swash South 1.7143 1
Among colonies,
Louisiana herons CNB Club Point 1.3805 l
Swash South 1.5385 ||

Swash North 1.6750




to be different from Swash South. Mofe Louisiena herons nest in live
bushes at Swash North than at Club Point., The mean rank for distance
to the cancpy is less at Swash Sovth (Table III), suggesting that ths
Loulsiana herons there nest closer to the canopy than at the other
colonies. The DCB mean rank is smaller, and that for CMSB is larger
at Club Point than at Swash North or South. The Louisiana herons at
Club Point seem tc nest closer to the center of the bush and use
larger supporting branches than the Louisiana herons at Swash North
or South. The nest deflection of Louisiana herons at Swash North is
smaller than at the other two colonies.

Teble V gives sample size, mean, standard deviation, and coeffi-
cient of variation for each nest site variable that is uced in a
principal components analysis. The correlation matrix, unrotated factor
matrizx, and transformaction matrix for each analysis is given in Appen-
dix I, Tables A-¥. The raesults of the varimax rotated factexr matrices
are given in Table VI. The table is broken down by components, with
the resultant loadings on that component for each variable frem each
analysis given.

FIRST PRINCIPAL COMPONENT

The snowy egrets, Louisiana herons, and little blue herons at

Club Point &1l have high loadings on their respective components I

for nest bush epecies and distance to the center of the bush. Little

o<]

blue herons at Club Polnt also have a high negative loading for SB,
which 1s dinterprated as a low number of supporting branchas. The

first components for these three species have been called horizontal

The glossy ibis at Club Point and the snowy egrets at Swash Bay
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TABLE V1. Factor loadings for each component. See Taltle I for explanation of mnemonics.

Species ' NBSP CNB DG DC DCB DOB ND sB CMSB DO

Component I

Clut Point
SE 0.73 0.48 -0.02 0.33 0.80 0.0C 5.12 -G.07 .05 V.39
LAY 0.75 0.14 -0.004 0.04 0.69 -0.08 0.39 -0, 0.15 ~(.37
LTH 0.95 0.40 -0.05 -0.32 C.82 -0.15 0.14 -0.74 -0.10 -G.16
GI ——— -0.28 0.95 -0.62 -0.35 0.09 —— 0.87 0.92 0.23
Swash Bay
SE — 0.€0 0.80 -0.94 0.03 -0.01 -——— 0.48 -0.81 -0.14
LAH ——— -0.19 ~0.31 0.77 -0.19 0.50 ~0.04 0.09 0.40 -0.51
Couponent IL
Club Point
SE 0.09 -0.56 0.05 0.61 -0.05 0.59 -0.22 ~5.12 G.68 G.18
LAH 0.C8 0.85 ~-0.09 -0.07 ~0.09 -0.01 0,27 0.07 -0.68 0.28
LBH 0.10 0.8 0.11 0.08 0.24 -0.35 0.30 0.58 .82 -3.0%
GI ——— 0.39 -0.05 -0.12 0.54 Q.07 ——— -0.0% -0,16 0,94
Swash Bay
SE ——— -0.33 0.41 0.04 0.09 0.73 ———— 0.47 0.20 0.85
LAH ——— 0.15 0.67 ~0.09 -0.15 0.21 ¢.01 0.75 0.62 0.46
Covponent IIT
Club Point
SE ¢.01 0.C8 0.85 -0.27 -0.02 0.32 0.78 -0.06 -0.07 0.17
LAH -0.05 0.03 0.89 ~0.49 0.25 0.24 0.58 0.02 0.01 0.15
LBH 0.09 0.3] 0.91 -0.81 0.05 0.38 0.26 ~-0.04 -0.15 ~-3.0%
GI —— 0.26 0.12 0.53 0.42 0.89 ——— ~0.14 -0.07 -0.12
Swash Bay
SE ——= 0.25 -0.04 0.03 0.91 0.12 ————— -0.56 "0.20 -0.11
LAY ——— 0.02 0.36 ~0.37 0.75 0.02 0.81 -0.19 -0.06 -0.06
Component IV
Club Peint
SE -0.27 0.08 0.04 0.01 0,01 0.41 -0.06 c.89 -0.17 0.18
LAH -0.07 0.16 0.11 0.70 0.06 0.82 ~0.10 -0.01 0.35 ~0.02
LBH 0.10 0.0206 0.06 0.05 -0.31 0.23 0.55 -0.05 0.16 0.93
Gl ——— - — —— - — ——— ———= E— ———
Swash Bay

SE —— ———= - —— —— — —— m_—— e =

LAH - 0.86 0.19 0.03 ~-0.37 -0.23 0.24 -0.08 0.3% ~0.50




both have high positive loadings for DG and high negative loadings for
vC, counter-balancing each other for vertical placement in the busi.
Glossy ibis also have high positive loadings for SB and CMSB. The
Swash Bay snowy egrets have a mcderate positive loading for CNB and a
high negative lcading rfor CMSB. The first components have been called
stability for these two populations.

The Louisiana herons at Swash Bay are most different from the
cther species for component I. They have high positive lcadings for
DC (the glossy ibis and the Swash Bay snowy egrers were both negative)
and DQB. The amount of protection for the nest describes this compo-
nent.

SECOND PRINCIPAL COMPONENT

The second principal component seems to be more varied in its
pattern of variables for the different species than coaponent I. The
snowy egrets at Club Point have pesitive, mederate loadings for DC,
DOB, and CMSB and a negative moderate loading for CNE, For this popu-

otection. The

s

lation, component I1 has been described as one of p

Club Point Louisiana herons have a high positive loading for CNB and

a moderate negative loading for CMSB, with very low loadings for ail

other variables. Little blue herous have a high positive loading for

CNB and CMSB and a moderate positive loading for SB. The second prin-

cipal component for these two populations has been called stability.
The glossy ibis at Club Point énd the snowy egrets at Swash Bay

both load high for DO. The glessy ibis also have a moderate leading

for DCE. The snowy agrets have a moderate positive loading fox DOB.

I have named component II for these two populaticns protection also,

even though the variables lcading on it are different from those of
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the snowy egrets at Club Point.

Agaln, the Swash Bay Lcuislans herons load differently from the
others, with moderate positive 1oadings for DS oand CMSE and a sidightly
higher factor loading for SB. This seems to be a stability componernt.
THIRD PRINCIPAL COMPONENT

Snowv egrets, Louigiana herons, and lit¢tle blue herone at Club
Point all lcad high on their regvective componentsz TYI for DG. The
snowy egrets and Louisiana herons both lcad for ND but with Louisiana
herons loading at a lower magaitude that the snowy egrets. The Loui-
siana herons and littl blue herons both load negatively for DC but
with Louisians herons again having a lower lcading. This component
has been called vertical placement.

Glossy ibis have a high positive loading on component ITY for
DOD and a mocderate positive loading for DC.

The snowy egrets and Leuisiana herons at Swash Bay both lead
positively for DCB. The Louisiana herons algo have a high positive
loading for ND, while the snowy egrets lead nzgatively, and moderately,
for SB. ¥or all three of these populations, herizontal placement de-
scribes component III.

FOURTH PRINCIPAL COMPONENT

The snowy egrets at Club Péint load high for S3 ca component IV.
This has been called stability.

The Louisjana herons at Club Point have high positive loadings for
DC and DOB, a protective component.

The little blue herons load high for DO and moderate for MND.

The Louisiane herons at Swash Bay have a high positive loading

for CNB. This component has not been nzmed for these last two populatiens



The glossy ibis and the Swash Bay sncowy egrets have no component
1v.

Table VII gives each species in cach colony and their variables
which load on each component.
TTME OF MESTING

All species nesting at Club Point seem to have nested during

al -
aK Nes

0

ting times were from

¢

approximately the same weeks (Fig. 7). P
29 April through 13 May and on 22 June. The glessy ibis only nested
during the weeks of 6 May and 13 May, when tLhe peak was declining for
the snowy egrets and the Louisiana herons. The only great egret nest
was started on 13 May. Although numbers of nests are different fer
the different species, peak nesting times are about the same but with
the glossy ibis arriving after the other species.

At the Swach North colony, Lovizianae hevons started nesting on

o

29 April with a peak on 13 May (Fig. 8a). The snowy egrets started
nesting on 132 May with peak numbers cf nests on 20 May and 6 June,
thus showing some degree of temporél differences from Louisiana herons
in nesting time. Both species had iate nesters or renesters on 18

and 24 June.

In the Swash Scuth colony, Louisiana herons, again, started
nesting before the snowy egrets, 29 April as opposed to 13 May (Fig,
8b). The overliap in time by the two species is the same as for Swash
North, 13 and 20 May, but with the peak number of snowy egret nests
built on 13 may and the peak number of Loulsiana heron vests built on
6 -May.

Both of the Swash Bay colonies were started later than Club Point

and had peak numbers of nests in later weeks. “As Club Point nesting
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0q

rure 7. Number of nests built each week by each species at

Point. A key to the species is provided below.

Snowy egrets

Little blue hercns

Great egret
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Figure 8(a). MNumber of nests built each week by each species at
Swash North. A key to the species is provided below.
&(b). Number of nests built each week by each species at

Swash South. A key to the species is provided below.

ey
Snowy egrets 6@%
s
l.ouisiana herons o

\]
Little blue herons iz?%
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was tapering off, Swash Bay nesting activity was greatest.
TIME-SUCCESS

In tests for differences in success of early or late nesters for
esch species in each colony, only the snowy egrets at Club Foint
showed significant differences in survival and breeding success (P20.05).
They did significantly better later in the season. Table VIII gives
the mean ranks and XZ for each test.

POSITICN AND TIME OF NESTING

Bartlett's tests for homogeneity of variances was performed prior
to the regression analyses of time of nesting and position in the
colony. The variances for time of nesting among the contours were homo-
geneovs for all species except for the snowy egrets at Club Foint
(P£0.01) and the snowy egrets at Swash South (P40,05). They were sub-
jected tc the regression analysis anvway, as this was the only test
of which I was aware to give the information needed.

In the regression analyses of time of nesting and position in the
coleny, linear regressions were found for the Louisiana herons at Club
Point (P£0.01 that/5== 0) and for the snowy egrets at Swash North
(P£0.01 that S = 0) and at Swash South (P40.05 that £= 0) (Table IX).

Figures 6-16 show mean time of nesting for each gpecies, range of
weeks; and n fcr each contour in each colony.

In the initial analyses of variance for each of these, there was
& significant difference in time of nesting among contecurs only for
the snowy egrete at Swash North (P£0.01) {Table IX).

Yor the Louisiana hevons at Club Point, early nesters showed a

tendency to nest in the center of the colonv with later nesters building

towvard the edges (Fig. 10).



TABLE VITI. Kruskal-Wallis tests for differences in suvccess for early
or late nesters for each speeies in each colony (X2 corrected for ties).

Test Time N X ranks x2 P

Snowy egrets, Club Point

Hatehing succoss Early 166 96.71 0.030 0.852 ns
ching success Late 26 95.17
Early 166 92.25 7.931 0.005 k¥
Survival success Late 26 123.62
s Early 166 92.75 6.138 0.013 *%
Breeding success Late 26 120.44
Louisiana herons, Club Point
Eariy 243 146.44 0.088 G.767 ns
Hlatching success Late 50 149.73
. Early 243 148.28 0.355 0.551 ns
Survival success Late 50 140.78
Sreeding success Early 243 148.38 0.395 0.530 ‘ns
reeding succe Late 50 140.30
Little blue herons, Club Point
. Early 26 14,25 2.385 0.123 ns
Hat_ching, success Late 3 21.50
R . . Early 26 15.42 0.656 0.418 ns
Survival success Late 3 11.33 »
Breeding e R EarIy 26 15.33 0.382 0.537 us
ceding success Late 3 12.17
Glossy ibiscs, Club Point
6 May 25 13.78 0.306 0.580 ns
Hatching success 13 May 2 16.75
Survival success 6 May 25 13.90 0.072 0.789 as
: neees 13 May 2 15.25
Breeding ssccess 6 May 25 13.82 0.232 0.630 ns
eeding 13 May 2 16.25
Snowy egrets, Swash HNorth.
R . Early 12 13.25 2,032 0.154 ns
Hatching success Late 10 9.40
Survival . Early 12 10.96 0.208 ©.649 ns
survival success Late 10 12.15
Breedt . Early 12 11.33 0.018 0.893 ns
reeding success Late 10 11.70
Louisiana herons, Swash North
N o Early 14 22.50 0.395 0.530 ns
Hlatching succéss Late 27 20.22
Survival success Early 14 22.64 0.510 0.475 ns
T Late 27 20,15
U Early 14 23.43 0.920 0.337 ns
Preeding succerss Late 27 19.74
Snowy egrets, Swash Scuth
o« e Eavly 14 8.36 2,232 0.135 ns
Hatching success Lite 1 3.00
. e Early 14 7.57 2.762 0.097 ns
Survival success Late 1 14.00
N Farly 14 7.64 1.904 0.16R ns
Breeding success Late 1 13.90
Loutsf{ana hervns, Swash South
: . Early 9 8.33 1.201 0.273 ng
Hatching succeas Late 5 6.00 ]
. ) . Early 9 8.17 1.nn8 0.315 ns
Survival success Late 5 6.0
o Early 9 B.22 0.025 C.364 na
Breediup tuccess Late 5 ©.20

P o= probabitity lovel, % P < 0,61, na = not afpnlfleant at the 0,05 lovel,
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Figure 9. DMean and range of date of nesting in each ceontour by snowy
egrets at Club Point. Contcur 1 is not used in the regres-

sion analysis because there was no varisnce in that sample.

(s
w



DATE OF NESTING

15-

JULY 06+

29+

22~

14+

JUNE 07+

314

22~

13-

MAY 06"

29+

APRIL 22+

31 45

ww

67

42

3 4
CONTCUR

5




.

Figure 10. Mean and range cf date of nesting in each contour by

Louisiana herons at Club Point.
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Figure 11.

Mean and range of date of nesting in each contour by
glossy ibis at Club Point. DMNo regression anaylsis was

performed for this species because of lack of variance

in the samples.
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¥Yigure 12. Mean and range of date of nesting in each contour by
little blue herons at Club Point. Contours 1-3 were
not used in the analysis because no nests were built
there by little blue herons. Contour 4 was not used

because there was no variance for that sample.
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Figure 13. Mean and range of date of nesting in each conteour by

snowy egrets at Swash North. Centours 1, 2, 5, 6 and 7 are
not included in the analvsis because of lack of variance for

those samples, or no nests.
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Figure 14. Mear and range of date of nesting in each contour by
Louisiana herone at Swash North. Contours 1-3, 5, and

8 not included because of lack of variance or no anests.

43



DATE OF NESTING

07~
JULY O1-
24~
18~
11~
JUNE 06~

13-
MAY 06—
APRIL 29~

14

a
1 3
5 6

CONTOUR

10



Figure 15. Mean and range of date of nesting in each contour by
snowy egrets at Swash South. Contours 3 and 5 not
used in analysis because of lack of variance or no

nests.
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Figure 16. Mean and range of date of nesting in each contour by
Louisiana herons at Swash South. Contours 1 and 5 not

used because of lack of variance or no nests.
N
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The snowy egrets at Swash North and at Swash South nested in the
outer contours during the early weeks and in the center of the colony
leter (Figs. 13 and 15).

The glossy ibis at Club Point were not tested because all nests
were built during one of twc weeks (predominantly 6 May) in contours
3-6 (Fig. 11).

SUCCESS AND POSITION

In tests ci independence of success and position in the colony
(inner and outer contours) for each species (Tables X-XII), the Loui-
siana herons at Swash North and tlhe snowy egrets at Swash South had
significantly higher (P<0.05) survival and breeding success in the
inner portions of the cclonies. All tests for other species were not
significant, indicating that success was independent of position in
the colony.

Although no quantitative analyses of species distribution were
made for the colonies, visual analyses of the Club Point and Swash
North maps dc not suggest a clumping of conspecifics (Figs. 17 and
18). In the Swash South heronry, there seems tc be some segregation

of snowy egrets and Louisiana herons, but. not a total one (Fig. 19).



TARLF X,

R X € tests for iandependence of success and position for each species at Cilub Point,

Snowy egrets

Contour # Hatrched Total! (7 egys) in G P
Hatchiug Ianer 393 433 91 1.6247 0.1<P<0.5 ns
-eniug Outer 121 140 85
Contour # Chicks Total (# hatched) %CH/E G P
. Inner 152 393 39 0.3313 0.5<P<0.9 ns
Survival Cuter 51 121 42
Contour # Chicks Total (# eggs) KCH/E G I3
Broedi Inner 152 433 35 ¢.0335 02.5<P<0.9 ns
~eding Outer 51 140 36
Louisjana herons
Contour # Hatched Total (f eggs) Z R G P
Inner 449 512 88 0.3824 0.5<k<0.9 ns
"
Hatching outer 303 353 86
Contour # Chicks Total (¢ hatched) “CH/H G P
Survival Inner 240 449 53 3.6142 0.05<P<0.1 ns
: Outer 184 303 61
Contour # Chicks Total (# eggs) XCH/E G |3
Tnrer 2490 513 47 2.178 0.1<P<0,5 ns
Breeding Outer 184 353 52
Little blue herong
Contour {## Hatched Total (#f epgs) %z H G P
Fateht Inrer f 32 88 0.0385 0.5<P<0.9 ns
-atching Cuter 52 74 84
.Contour . # Chicks Totai (#f hatched) ZCH/H G b4
. Inner 17 28 61 0.3308 0.5<P<G.9 s
Survival Cuter 32 62 52
Contour # Chicks Total (# esgs) XCH/E G P
Breadt Inner 17 32 53 0,5242 0.1<1'<G.5 ns
reading Outer 32 74 43
Glossy ibis
Contour # Ratched Total ( eggs) ZH G P
Hatchi Ianer 39 53 74 0.8530 0.3<P<0.5 ns
atching Outer ‘19 22 86
Contour { Chicks Total (# hatched) ZCR/N c r
Inner 7 39 18 1.5120 0.3<P<0.5 ng
s L
urvival Outer 7 13 37
Contour f Chicks Total (! egns) VCH/E G P
At Inner 7 53 13 72,2810 0.1<P<0.5 ns
Breedig Outar ; 22 32

P = probabiltty level, s = not sipottfcant st the 0.0% level,
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Figure 17. Map of the Club Point heronry showing nesting distri-

bution for the species. Shaded parts are grassy areas.
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Figure 182. {fap of the Swash North heronry showing nesting distri-

bution for the species. Shaded parts are grassy areas.
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Figure 19. Map of the Swash South heronry showing nesting distri-

bution for the species. Shaded parts are grassy areas.
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HERONS AS ENVIROWMENTAL INDICATORS

COLCNY UTILIZATION
Results of analyses of nesot zite salection, zuccess and time,

position and time, and position and success have been given az well

%

zg ccuments on qualitative differcnces in pe nesting times Iocr each

0

species and on epeciee distrvibution in sach cclony. In addition, &
comparision of the 1975 and 1976 species composition was made for each
cclony {(Teble ZIIT). At Club Point, the percencage c¢f each species

for the tweo years, except for Louvdsiana

i

was not significantly differen
heronsg, which compogsed a greater percentzge of the total number of
birds in 19746 (3=0.05) and the glossy ibis, which had a greater per-
centage in 1975 (P£0.001). The portion of snowy egretz in the Swach
North colony was zreater in 1975 (P20.001) while the percentage of
Louisiuna hercus in that colony was greeter in 1876 (P=0.001). There
weyve 8 pairs of glossy ibis in 1975 and none in 1376 at the Swash
North colony. The Swash South colouy slsc had a greater percintage
of snowy egrets in 1975 (P£0.001).
CAANGES IN VEGETATICN

A visual znalysis of the change iun vegetation as the scason pro-
gressed was made. In infrared slides of each colony,., the vegetation
looks Xuvshewr znd densewr, with more ground cover and fewer, smzller
*open arez2s in July than in May or Avgust. Slides taken in May show
mere green and blue and not as nuceh vivid red as do slides taken in

July. Qualityv cf the slices difinrred, however, making if diffic

l—-l
(3

to compare May and July with August.
At the south end of Club Point, where there were few birds nest-

ing, the vegctatien in the slides taken in August locks fuller and
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denser than in those for the cther areas.
CENSUS TECHNIQUES

The percentage of birds visible in the colony was calculated for
hourly observations threugh May and June. The percentzges seen for
each colony over the hours in observation days are much wore consistent
than the percentages seen over all weeks for each nour. There is a
conslderzble scatter of pointe for both seagonal and hourly percentages,
but the scatter for seasonal is much less.

At Club Point, very low percentages of the birds were visible on
all dates. The lowest percentages seen s7ye on 6/11 May and 27/28 May.
The percentage of birds is slightly higher on 16 June and 26 June with
o7 and 20% seen respectively (Fig. 20). The hourly checks reveal very

ds visible

1 -

little pattermn but with a slightly i

e

gher percentage of biy
in the esrly evening (20%) (Tig. 21).

£
¥
~

In the Swash Herth colony, a very large percentage of birds wa

(7]

seen (100-350%) on 5/10 May, an indication of many marc birds present
than were actually using the coleny for nesting. A shavp decline to
257% was seen in the next weeks (21 May and 30 May). The percentage
was a lititle higher on 12 June (43%) but drops again on 25/26/30 June
(21%) (¥ig. 22). The hourly checks showed very scattered results

pperent pattern.  (Flg. 23).

L'r)

with no
The Swash South colony showed the same genersl pattern ae the
Swash Novth cclony for the percentage of birds visible over the seasoii:

high on 5/10 May (100%), lower on 21 May (1%%) and 30 May {(16%), high

agnin on 12 June (63%), and ancther drop on 25/26/30 June (13%) (¥Fig. 24).

The hourly checls here also revealed no patterns (¥ig. 25).

The infrared slides from May were used to calculate the percentage



Figure 20. Percentage of birds visible at Club Point on observation

days. Replicates are hourly observations for each date.
Census date Number of nesting adults
May 6 978

31 1,282
June 14 472

28 4490
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Figure 21. Percentage of birds visible at Club.Point at hourly

checks. Replicates are observation dates, 6 May -
26 June.
Census_date Number of nesting adults
May 6 978
31 1,282
June 14 472
28 440
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Figure 22. Percentage of birds visible at Swash North on observation

days. Replicates are hourly observations for each date.
Census date Number of nesting adults
May 6 4

13 36

20 96

27 102
June 11 146

24 194
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Figure 23. Percentage of birds visible at Swash North at hourly

checks. PRepiicates are observation dates, 5 May -

30 June.
Census date Number of nesting adults
May 6 4
13 36
20 96
27 102
June 11 146
24 194
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Figure 24. Percentage of birds visible at Swash South on observation

days. Replicates are hourly observations for each date.

Census date Number of nesting adults
May 6 16

13 52

20 86

27 100
June 11 62

24 58
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Figure 25. Percentage cof birds visible at Swash South at hourly

checks. Replicates are ohservation dates, 5 May -

30 June.
Census date Number of nesting adults
May 6 16
13 52
20 86
27 100
Juue 11 62
14 58

61
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of birds visible in the Swash Bay colonies. In the Swash Nerth colony,
175%, 350%, and 2254 were seen (Table XIV). (Here, again, indicative
of a greater number of birds in the colony than were actually nesting
there.) In the Swash South colony, 197 were seen in each of two

slides (Table XIV).



TABLE XIV.

Percentage of birds visible in May on infrared photographs.

- . (8 May) (6 May) & <re
Colony Slide # Birds in slide # of nesting birds in colony % Visible

1 7 175

Swash North 2 14 4 350

3 19 225

1 3 16 19

Swash South 2 3 19




DISCUSSINN

I. HABITAT UTILIZATION
The principal components analyses and the tests for differences
in nest site variables have suggested that in 1876 at the Club Poi
heronry, glossy ibis were utilizing a portion of the heronry not be-
ing used by the other species. The first component, the most impou-
tant one fory nest site selection, was vaery different for the glose
ibie¢ from that for the other species at Ciub Point, being cne of sta-
bility dnstesnd of horizontsl placement. Each of the varisbles which
loaded on the first component for the ibis was significantly different
from those of the bercon species there, The fact that the ibis arrived
as the peak of nesting was declining for the other species suggests
that they did not displace herons from these sites.

Tn other tests to establish the possible existence of temporal
or spatial patteris {dozs success differ with time of nesting?; does
position in the coleony differ with time of nesting?; and does success
Giffer with position in the colony?), the seeming lack of any consis-
tent patterns for all of the species leads me to believe that those few
found were peculiar to the 1976 eeason. Only one population, the
snowy egrets at Club Point, showed a significant difference in success
with time. The snowy egrets at Swash North were the only population
showing & significant, clear—cut regression of position in the colony
and time of nesting. Success varied with position only with the Loui-
siana hierons at Swash Novrth and with the snowy egrets at Swash South.

If temporal or spatial consicderations strongly influenced nest place-

ment and sveceoess, one would expect significant relationships between
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the above variables for all or mest of the species, either each show-
ing a different temporal and/cr spatial pattern or different combina-
tion of patterns from the other species to divide colony nesting re-
sources or all species and populations showing consistently the same
patterns.

The snowy egrets at Swash North exhibited a very strong trend for
early nesters to build in the outer areas of the coleony. This could
have been dus to the relatively poor quality of the vegetation in the
center (persocnal observation; Custer and Osbourn, 1977) of the colony.
The Louisiana herons, however, did not show this same trend. TFurther,
the Louisiana herons in that colony were more successful (survival and
breeding) in the center of the heronry. If a significant patterin were
already established here, it would be expected that the snowy egrets
would be more suzcessful in the outer areas since they utilize those
nest sites first and that Louisiana herons would occupy the center por-

N
tion of the colony first, since they were more successful there; the
two species thus complementing each other in spatial and temporal nest-
ing arrangement for this cclony.

Although the overall patterns of temporal or gross spatial utiliza-
tion of the cclonies seem to be of little importance here, the birds do
seem to be dividing the nesting rvesources at the finer spatial level.
The distance to the ground for nests at Club Point was significantly
different for all species tested, with the glossy ibis nesting lowest,
snowy egrets and Louisiana herons next, and iittle blue herons highest.
At Swash South, the snowy egrets nested significantly lover there than
the Louisiana hevons. No difference in nest height was found between

species at Swash North.
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The differences in components for the two species at Swash Bay
suggests that ir these colonies the snowy egrets and Louisiana herons
are choosing nest sites on the basis of different criteria.

Jenni (1961) found that in the Lake Alice hevonry, the herons
wvere somewhat stratified in their nesting in 1958, butr less sc in 19959
or 1960. McCrimmou (1973) and Custer and Osbourn (1976) found differ-
ences in nest sites of hercns with principal components analyses and
both have suggested that the birds respond to the structure of the vege-
tation in each herecnry in this division. Jenni's (1961) discussion of
the wide rangce of nest heights of herons indicates that a response
based on the iandividual heronry is indeed a possibility.

It has been suggested that young birds imprint on (Lack, 1933;

Lack and Venables, 1939; Therpe, 1945) or respond to {(see James, 1971

for a discussion of niche-gestalt in bird habitat selection) the gross
physical struciure of their habitat. This could indeed be the case with

the glossy ibis, with the young birds returning to heronries cof similar
structure to the one in which they were reared. If their range of
nesting sites, or their virtual niche (Colwell and Futuyma, 1971), with-
in this structure were brcad enough, they could find portions of the

colony in which to nest with velatively little, 1if any, competitive

i~

energy expenditure. £ the species diversity or density were different
in any given case, this space available for the glossy ibis in the col-
ony might well be different (Diamond, 1970). I believe that the divi-
sicn of nesting cesocurces may vary from year to year and colony to col-
eny, giving each year and coleny a unique nesting structure dependent up-

on the physical aspects of the colony, the amount of suitable nesting

resources, and e species density and diversity.
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In this regard, the similarity of the components for the snowy
egrets dat Swash Bay and the glossy ibis at Club Point (Table 7) might

rossibly be the reascn that there were no glossy ibis at Swash North

3

in 1976, This is, however, merely a pessibility and T have no specific
evidence with which to support this hypothesis.
IT. HERONS A5 ENVIRONMEMTAL INDICATORS

In additiow to the division of nesting resources in the three
colonies studied, differences in peak nesting times of the colonies and
the changes in celony composition from 1975 to 1976 are important in
understanding colony utilization for these heronries.

The peak week of nesting at Club Point was 29 April while at the
wo Swash Bay colonies, nesting was just beginning that week. The peak
weeks at Swash North were 13 May and 6 June, and at Swash Scuth, 13
May. Nesting at Swash Bay has also been observed to be later than at
Cluh Point in previous years (M.A. Byrd, pers. comm.).

N

The overall numbers of herons was greater in 1976 than in 1975 at
Club Point and less in 1976 at each of the Swash Bay colonies. Based
cn data for conly two years, it is difficult tc detect trends in the
changes in the percentages of the total compesition of each species.
Most likely they are just annual fluctuations, with the factors in-
volved in colony utilization, which have been discussed above, playing-
a role.

Absolute numbers of glossy ibiis were lower at both Club Point and
Swash North and, consequently, their percentage contribution to the
cclony population was also lower. This could be duc to the factors al-
ready discussed, the continued novrthward expansion of this species

{(Byrd, 1977), oxr, more probably, a combination of the two.
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The infrared slides taken of the two colonies suggest that changes
in vegetation do occur during the breeding season. The fact that the
vagetation in ecarly July slides looks lusher and fuller is probably
due to the nactural growing seascn of the plants. By August, however,
the vegetation did not look as healthg. This could be due to the nest-
ine herons. ticbonald (1971) found a decrease in understory vegetation
beneath the coleny she studied and a directly proportional increase of
nutrients in the swamp where the heronry was lecated with the numbers
of herons present. Weseloh and Brown (1971) found an inverse relation-
ship between ithe ceoncentraticn of heron nests and the percentage ground
cover, The south end of the Club Point colony looks healthier in the
Aupust slides than do the other areas. There were virtually no herons
nesting there in 197¢. This further supports the theory that the herons
have sowewhat of a detrimental effect on their habitat. Jenni (1961)
states that "the herons may be an important facter in altering their

own breeding habitat and making it unfit."

t Club Point, the lowest percentages of birde visible were recorded
vhen most of the hirds would have been incubating eggs. As eggs hatched
and adults were off the nest and sitting in the open more often, a
siightlr higher percentage was seen. This same pattern was exhibited
i both of the Swash Bay colonies, with the exception of very high per-
centages sesn early in the season. These could have been due to birds
wvhizh were using the colouy merely ec a place to rest, and not tc nest.

The variability in the percentage of birds visible during hourly
observations prevents any speculation about the best time of day to

carvy out visual censuses.
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The importance of knowing the time of mnesting and the relative
progress of nesting for each colony censused is obvious here. Either
this must be assumed from past obszervation or the colenies wmust be
entered. The establishment of ratios of birds visible to total number
of nests for future use in censusing is uot nossible with these data,
although certain treunds do exist.

The value of vsing infrered photography as a census technique is
certainly not supported by the percentages of birds seen in slides of

In the Swash Nerth slides, there were far
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gting there (again, probably due to

= -3

more birds visible than actually n

IR

birds utilizing the colony as a resting place) and far fewer in the
Swash South colony.

Infrared aerial photography might possibly be a valuable means cf
censusing heron colonies if done with the consistency of technigue and

4.

m
D

quality already discus
In conclusion, one important concept seems to underlie this en-

tire study: every colony in each year is an individual and unique com-

munity, with changes in vegetation and nesting species cemposition,

density and timing of nesting, and subsaquent division, if eny, of

2]

nesting resources all acting to create the unique community of that year.

4
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APPENDIX

Table A-2. Unrotated factor matrix from the principal
components analysis for snowy egrets, Club
Point. See Table 1 for explanation of
variable mnemonics.

Unrotated factor matrix:

Fzctor 1 Factor 2 . Factor 3 Factor 4
NBSP 0.390 0.664 -0.137 -0.070
CNEB 0.608 0.016 -0.364 0.231
DG 0.510 -0.212 0.614 ~0.204
DC -0.292 0.653 0.166 0.109
DCB G474 0.583 -0.171 0.228
DOB -0.102 0.152 0.734 0.231
ND 0.685 -0.213 0.342 -0.211
SB -0.038 ~0.307 0.168 0.834
CMSB  -0.350 0.471 0.333 -0.191

DO 0.236 0.307 0.233 0.202




APPENDIX

Table A-3. Transformation matrix from the principal
components analysis for snowy egrets, Club
Point. See Table 1 for explanation of
‘variable mnemonics.

Trans formation matrix:

Facteor 1 Factor 2 Factor 3 Factor 4
Factor 1 0.577 -0.505 0.641 ~0.030
Factor 2 0.757 0.555 -0.255 -0.233
Factor 3 -0,157 0.654 0.671 0.313

Factor 4 0.264 -0.099 -0.271 0.920
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APPENDIX

Table B-2. TUnrotated factor matrix from the principal
components analysis for Louisiana herons, Club
Point. See Table 1 for explanation of
variable mnemonics.

Unrotated factor matrix:

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

NBSP 0.357 0.245 ~0.4356. 0.414 0.220
CNB 0.355 -0.337 0.356 0.425 0.463
DG 0.562 0.239 0.223 -0.591 0.091
DC -0.508 0.403 0.347 0.459 0.073
DCB 0.524 0.488 -0.160 0.269 ~-0.118
DOB ~0.104 G.520 0.572 -0.087 0.350
ND 0.770 0.091 0.050 -0.006 0.044
SB -0.236 -0.170 -0.258 ~0.329 0.696
DMSB -0.288 0.687 -0.150 -C.169 ~0.086

DO 06.159 -0.284 0.510 -0.030 -G.332




APPENDIX

Table B-3. Transformation matrix from the principal
components analysis for Louisiana herons, Club
Point. See Table 1 for explanation of
variable mnemonics.

Transformation matrix:

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Factor 1 0.481 G.377 0.703 —0;264 -0.251
Factor 2 0.469 -0.595 0.205 0.616 -0.072
Factor 3 -0.484 0.393 0.209 0.629 -0.414
Factor & 0.541 0.415 -0.641 0.166 -0.310

Factor 5 0.149 0.421 0.097 .0.356 0.815

e, et it . e e} ot
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APPENDIX

Table C~2., Unvotated factor matrix from the principal
components analysis for little blue herons, Club
Point. See Table 1 for explanation of
variable mnemonics.

Urrotated factor matrix:

Factor 1 Factor 2 Factor 3 Factor 4
NBSP 0.870 -0.119 -0.178 0.367
CNB 0.664 0.665 - -0.0390 -0.082
DG 0.391 0.198 0.722 -0.359
DG -0,624 0.111 -0.536 0.266
DCB 0.809 -0.062 -0.409 -0.018
DOB -0.060 -0.194 0.545 0.016
ND 0.253 0.404 0.343 0.369
SB -0.51% 0.7C9 -0.002 ~0.344
DMSB 0.018 0.826 -0.243 0.077
DO -0.279 0.227 0.438 0.765




APPENDIX

Table €-3. Transformation matrix from the principal
components analysis for little blue herons, Club
Point. See Table 1 for explanation of
variable mnemonics.

Transformation matrix:

Factor 1 Factor 2 Factor 3 Factor 4
Factor 1 0.856 0.228 0.453 -0.098
Factor 2 -0.255 0.927 .0.072 0.265
Factor 3 -0.286 -0.277 0.782 0.479

Factor 4 0.347 -0.110 -0.421 0.831
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APPLNDIX

Table D-2. Unrotated factor matrix from the principal
components analysis for glossy ibis, Club
Point. See Table 1 for explanation of
variable mnemonics.

Unrotated factor matrix:

Factor 1 Factor 2 Factor 3
CNB ~0.451 0.305 ~0.062
DG 0.850 0.434 0.127
DC ~0.672 -0.018 0.479
DCB ~0.607 0.480 -0.042
DOB ~0.185 0.629 0.626
SE 0.912 0.097 0.070
DMSB 0.908 0.232 0.052

Do -0.230 0.586 -0.715




APPENDIX

Teble D-3. Transformation matrix from the principal
componeénts analysis for glossy ibis, Club
Point. See Table 1 for explanation of
variable mnemonics.

Transformation matrix:

Factor 1 Factor 2 Factor 3
Factor 1 0.910 -0.312 -0.275
Factor 2 0.416 0.682 0.662

(3]

Factor 0.000 -0.6061 0.750
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APPENDIX

Table E-2. Unrotated factor matrix from the principal

components analysis

Bay. See Table 1

for snowy egrets,

for explanation of

variable mnemonics.

Swash

Unrotataed factor matrix:

Factor 1 Factor 2 Factor 3
CNB 0.51¢ -0.473 0.214
DG 0.828 0.288 0.229
DC ~0.926 0.162 -0.107
DCB -0.139 -0.202 0.884
DOB 0.033 0.654 0.352
SB 0.614 0.554 -0.290
DMSB ~0.812 0.238 0.124.
DO ~0.,049 0.852 0.156




APPENDIX

Table E~3. Transformation matrix from the principal
components analysis for snowy egrets, Swash
Bay. See Table 1 for explanation of
variable mnemonics.

Transformation matrix:

Factor 1 Factor 2 Factor 3
Factor 1 0.978 0.082 -0.194
Factor 2 -0.141 0.939 -0.312

Factor 3 0.157 0.333 0.930
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APPENDIX

Table F-2. Unrotated factor matrix from the principal
components analysis for Louisiana herons, Swash
Bay. See Table 1 for explanation of
variable mnemonics.

UInrotated factor matrix:

Factor 1 Factor 2 Factor 3 Factor 4
CNB 0.136 0.479 -0.704 -0.244
DG 0.452 0.694 0.045 0.136
DC -0.836 -0.095 -0.080 0.161
DCB 0.620 -0.289 0.155 0.517
DOB -0.618 0.074 0.192 0.562
ND 0.513 0.089 -0.365 0.555
SB -0.188 0.656 0.376 0.007
DMSB  ~0.365 0.676 -0.079 0.209

DO 0.377 0.243 0.690 -0.199




APPENDIX

Table F-3. Transformation matrix from the principal
components analyvsis for Louisiana herons, Swash
Bay. See Table 1 for explanation of
variable mnemonics.

Transformation matrix:

Factor 1 Factor 2 Factor 3 Factor 4
FPactor 1 ~-0.793 -0.0006 0.608 -0.029
Factoi 2 -0.035 0.919 -0.017 0.392
Factor 3 -0.11.8 0.376 -0.193 -0.899

Factor 4 0.596 0.119 0.790 -0.194
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