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Heron populations. The Great White Heron appears to be a good biological species
and a review of its taxonomic status is merited. Recruitment from Great Blue Heron
populations does not appear to be an important factor in maintaining the Great White
Heron population. Effective conservation, therefore, will require understanding and

managing the small Florida Keys Great White Heron population as an isolate.
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INTRODUCTION

Conservation biology has emerged as a discipline that seeks to preserve
biological diversity by recognizing evolutionary processes as the foundation for
conservation decisions (Soulé and Wilcox 1980, Frankel and Soul¢ 1981). The goal of
conservation biology is to conserve evolutionary potential. Barriers to gene flow
between populations and subsequent genetic differentiation due to natural selection or
genetic drift are the fundamental processes of speciation and, thus, the origin of
biological diversity. Species are the cornerstone of some of the most powerful
environmental legislation ever written (c.g. U.S. Endangered Species Act, Convention
on International Trade in Endangered Species) and remain a galvanizing force behind
most conservation efforts. However, geographically and genetically isolated
populations are of particular interest to the conservation biologist because these
populations have the greatest potential for speciation (Meffe and Carroll 1994).

Many species definitions have been proposed (e.g. biological species.
evolutionary species. phylogenetic species, morphological species. recognition
species. cohesion species. ecological species, genealogical species), but no single
definition works well for all biological organisms. The biological species concept
(BSC) defines species as groups of actually or potentially interbreeding populations
that are reproductively isolated from other such groups (Dobzhansky 1937, Mayr
1942). Although the BSC is one of the most widely used definitions, it has
limitations. It does not apply to organisms that reproduce asexually or to fossil taxa.
It is often difficult to apply to plants because hybridization is common (even between

genera), and many phylogeneticists reject the BSC because it does not necessarily
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yield monophyletic species (Quicke 1993, Futuyma 1998). Highly differentiated
populations that never interbreed or undifferentiated populations that interbreed freely
rarely present problems for the BSC. However, there are many cases where the level
of “actual” or “potential” interbreeding is ambiguous and the BSC offers no concrete
rules to govern what level renders two populations conspecific. Many find this to be a
weakness, but it is precisely those cases that present a challenge to the BSC where we
may find the most compelling examples of speciation in progress. Any species
concept can become mired in trivial phenotypic differences among populations. The
criterion of reproductive isolation anchors the BSC to the evolutionary processes that
split a single lineage into two.

Analysis of species with significant among-population variation can provide
insights into evolutionary processes such as adaptation and speciation (Mayr 1942)
and identify unique populations that may require attention as conservation priorities.
Many bird species exhibit geographic variation among populations and are divided
into subspecies based on differences in size. plumage. and geographic distribution.
For example, seven Great Blue Heron (Ardea herodias) subspecies are recognized in
North America (AOU 1957. AOU 1973). Six are composed entirely of individuals
with dark plumage (collectively, Great Blue Heron). Only 4. h. occidentalis contains
individuals with all white plumage (Great White Heron). The taxonomic status of the
Great White Heron has been debated for over a century. Unlike the Great Blue Heron,
which is widely distributed throughout North America, the Great White Heron is
restricted to south Florida (USA) and parts of the Caribbean (Stevenson and Anderson

1994). It is extremely rare in the Caribbean (Raffaele et al. 1998) and the largest

~
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known breeding population (approximately 850 breeding pairs) occurs in the Florida
Keys (Powell and Bjork 1996). The debate surrounding the Great White Heron’s
taxonomic status, and the vulnerability of this Florida Keys population to natural
catastrophic events (e.g. hurricanes) and habitat degradation from human activities
motivated my research, which seeks to understand the relationships between Great
White Heron and Great Blue Heron populations.

The Great White Heron was originally described as a distinct species, Ardea
occidentalis, but is currently considered to be the white morph of a polymorphic Great
Blue Heron subspecies, A. herodias occidentalis (AOU 1973). Support for the current
classification stems largely from limited observations of interbreeding between white
and blue herons in the Florida Keys and the existence of a putative hybrid
(Wiirdemann's Heron), which has plumage that is clearly intermediate between a
Great White Heron and a Great Blue Heron. Typical Great Blue Heron plumage
includes a white forehead, white crown and white cheeks (which contrast sharply with
a black crest and black occipital plumes), a black breast and belly streaked with white.
and deep bluish-gray wings and back. Wiirdemann's Herons vary considerably, but
they are generally distinguished from Great Blue Herons by an all white head (or
mostly white head streaked with gray or black), white or gray occipital plumes, white
breast and belly streaked with gray or black, and pale bluish-gray wings and back.
Wiirdemann's Heron is not found in other North American Great Blue Heron
populations. It is widely believed to be a hybrid, but has also been regarded as a
distinct species (4. wiirdemannii), a light color phase of the Great Blue Heron, or a

dark color phase of the Great White Heron (Holt 1928).
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Wiirdemann'’s Heron is not directly addressed in the 1973 revision of the Great

White Heron’s taxonomic status:
Ardea occidentalis is considered conspecific with A. herodias, a polymorphic
species in the West Indies and Caribbean area; the population of the Florida

Keys, on additional morphological grounds, is entitled to subspecific rank
with the name A. herodias occidentalis...

...The English species name remains Great Blue Heron, with “Great White
Heron” available for the white morph. (AOU 1973)

Although vague, the classification criteria appear to be based primarily on geography
rather than phenotype. Wiirdemann’s Heron would, presumably, be considered A. A.
occidentalis because of its geographic distribution (Florida Keys).

Not only is the status of the Wiirdemann’s Heron unclear, but accounts conflict
concerning which blue form predominates in the Florida Keys. Holt (1928) and Mayr
(1956) independently examined museum skins of herons collected in breeding
condition from the Florida Keys. They identified all blue individuals as Wiirdemann's
Herons and concluded that few, if any, Great Blue Herons from the Florida peninsula
(belonging to the subspecies A. A. wardi) breed in the Florida Keys. In contrast,
Stevenson and Anderson (1994) stated that there are “apparently no published reports
of the nesting of 2 Wiirdemann’s Herons,” implying that Great Blue Herons breeding
in the Florida Keys are something other than Wiirdemann’s Herons (presumably A. A.
wardi).

White-dark polymorphism is relatively common in herons. Mock (1978)
identified six species of dichromatic herons (including the Great Blue Heron) in which
adults are either white or dark. A seventh species, the Grey Heron (4. cinerea), is

dark throughout most of its range (Europe, Asia and Africa), but contains an isolated
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population of “nearly white” individuals. This population is restricted to small islands
off the coast of Mauritania and has been given subspecific rank (4. ¢. monicae). A.
herodias and A. cinerea are closely related allopatric species. They have continent
wide distributions and, with two exceptions (4. h. occidentalis and A. c. monicae), are
monochromatic throughout their range. These exceptions may be the result of similar
evolutionary events (geographic isolation followed by adaptation to local conditions
and phenotypic divergence) and possess attributes that distinguish them from the other
five dichromatic herons.

The Great Blue Heron differs from the other dichromatic herons in at least two
respects. First, although the ratio of white to dark individuals varies among
populations within dichromatic species. both color phases are generally present within
any given population. Great White Herons are almost never found in other North
American Great Blue Heron populations. Second dichromatic species contain few
intermediates. Individuals are usually either all white or uniformly dark. The Florida
Keys population exhibits a wider range of intermediate plumages than any of the other
dichromatic herons (Mock 1978). and others have suggested that most breeding Great
Blue Herons in Florida Bay have intermediate plumage (Holt 1928. Mayr 1956).

The absence of white individuals in other North American Great Blue Heron
populations and the wide range of blue phenotypes in the Florida Keys population are
more consistent with a hypothesis that south Florida is a contact zone between two
previously isolated taxa rather than a hypothesis that south Florida contains a truly
dichromatic subspecies of the Great Blue Heron (Mayr 1956, Mock 1978, Lazell

1989). The Great White Heron may have diverged from the Great Blue Heron,
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perhaps in the Caribbean, during a Pleistocene interglacial when much of the Florida
peninsula was submerged (Mayr 1956, Shinn 1988, Lazell 1989). As sea level
subsided, movement of Great Blue Herons onto the emerging Florida peninsula and
westward expansion of the Great White Heron into the Florida Keys produced a
contact zone where these two taxa currently interbreed. The plumage polymorphism
is probably maintained by immigration of Great Blue Herons into the Florida Keys
and subsequent hybridization with Great White Herons

The importance of mixed pairs and the existence of putative hybrids may have
been overemphasized. A key question is whether white and blue individuals
interbreed freely or only rarely (Mayr 1956). The current classification implies that
reproductive barriers have not accrued between Great White and Great Blue herons.
but there is little evidence to support or refute this assumption. Despite a lively
historical debate regarding the Great White Heron’s taxonomic status (Holt 1928,
Mayr 1956, Meyerriecks 1957, Lazell 1989, Stevenson and Anderson 1994), little
attention has been paid to the relationships between sympatric white and blue herons.
Great White Heron and Great Blue Heron breeding ranges overlap in the Florida Keys.
This sympatry provides an opportunity to study the degree to which these two taxa are
reproductively isolated (if at all).

The challenges imposed on south Florida’s ecosystems by a growing human
population provide compelling reasons to study the Great White Heron, regardless of
how we ultimately classify it (full species or subspecies). The Great White Heron is
one of the world’s many small endemic populations that persist in remnants of

ecosystems increasingly influenced by surrounding urban, agricultural and recreational
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landscapes. It is entirely dependent on troubled south Florida ecosystems, including
Florida Bay, the Florida Keys, and the Florida Everglades. Because of its narrow
geographic distribution, this population is vulnerable to natural catastrophic events
(e.g. hurricanes) and habitat loss or deterioration resulting from human activities. The
discontinuous variation between Great White Herons in the Florida Keys and Great
Blue Herons on the nearby Florida peninsula suggests the presence of reproductive
barriers between these taxa. If reproductive barriers exist between Great White
Herons and Great Blue Herons, conservation of the Great White Heron population will
require that it be viewed and managed as an isolate. For example, if Great White
Heron numbers decline, recruitment from other Great Blue Heron populations would
not be a viable management option. A greater understanding of the relationships
between Great White Herons and Great Blue Herons, therefore, is essential to
formulate an appropriate management scheme for the conservation of this unique
Great White Heron population.

As a first step toward answering the question of whether reproductive barriers
exist between these two taxa, I collected morphological, behavioral, genetic data sets
to evaluate the relationships between Great White Heron and Great Blue Heron
populations. My objectives were to clarify the Great White Heron's taxonomic status
and provide information that may guide conservation efforts. The current
classification leads to predictions of no significant size differences(Hol), random mate
choice (H¢2), and no genetic divergence (Ho3) between sympatric white and blue
herons. [ collected morphometric data from museum specimens to test Hyl and

monitored breeding Great White and Great Blue herons in Florida Bay (Monroe
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County, USA) to test Hp2. I compared allele frequencies at 12 nuclear microsatellite
loci and tested for genetic differentiation between Great White Heron and Great Blue
Heron populations (Ho3). Together, these data suggest that the Florida Keys breeding
population is distinct from other Great Blue Heron populations and that there are
barriers to gene flow between the Florida Keys breeding population and nearby Great
Blue Heron populations. Although reproductive isolation does not appear to be
complete. [ believe that the Great White Heron is a good biological species and that
these data provide sufficient evidence to merit a review of the Great White Heron’s
taxonomic status. Recruitment from Great Blue Heron populations does not appear to
be an important factor in maintaining the Great White Heron population. Effective
conservation, therefore, will require understanding and managing the Great White

Heron population as an isolate.
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CHAPTER 1. Analysis of seven morphological variables measured from
museum skins of Great White and Great Blue herons

INTRODUCTION

Although biological species are defined by reproductive isolation, morphology
is often the yardstick by which inferences about species or subspecies boundaries are
made. The Great Blue Heron has been divided into several subspecies, which are
distinguished by differences in size. plumage, and geographic distribution. Although
authors disagree about how many subspecies should be recognized (AOU 1957, AOU
1973. Hancock and Elliott 1978, Eckert 1981, del Hoyo et al. 1992), most
classifications identify three subspecies in eastern North America (Figure 1.1). The
nominate race., Ardea herodias herodias, breeds throughout the mid-Atlantic states
(USA) to Nova Scotia (Canada) and west to northern Montana (USA) and southern
Alberta (Canada). Ardea herodias wardi is distributed throughout the southeastern
and south-central United States, including the southern Florida peninsula. Ardea
herodias occidentalis is restricted to south Florida (Florida Bay and the Florida Keys).
Ardea h. herodias and A. h. wardi are composed entirely of individuals with dark
plumage (“blue™), while Florida’s A. h. occidentalis population contains white and
blue individuals. Other investigators have documented size differences among A. A.
herodias, A. h. wardi and white A. h. occidentalis (Ridgway 1878, Oberholser 1912,
Holt 1928, Mayr 1956. Zachow 1983), but little attention has been given to
morphometric comparisons of white and blue herons from within Florida’s 4. A.
occidentalis breeding population. Considering the intensity of the Great White Heron

species debate over the years, this information gap is remarkable.
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A - Ardea herodias herodias
B - Ardea herodias wardi
p ' | C - Ardea herodias occidentalis
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Figure 1.1: Distribution of the three Great Blue Heron subspecies found
in eastern North America

Holt (1928) calculated an index of proportion, culmen length divided by tarsus
length, for Great Blue Herons collected on the Florida peninsula (4. 4. wardi) and
Great White Herons (4. h. occidentalis). He reported that this index “sharply
separates” the two (“the index for wardi falling always definitely below that of

occidentalis™), but did not provide supporting quantitative data. Mayr (1956)
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presented another index, bill length divided by wing length, for 4. h. wardi and white
A. h. occidentalis. Mayr acknowledged that white occidentalis differed from wardi by
an average longer bill, but noted much overlap in the values of this index (X yara =
29.7, n = 14; X occrgenatis = 31.6, n=11). A t-test of these data show this index is
significantly different between the two groups (Ho: W warai = W occidentatiss t = 2.84, df =
23, p=0.007). In one of the most thorough treatments, Zachow (1983) found
significant size differences among northern Great Blue Herons (4. h. herodias), Great
Blue Herons from the Florida peninsula (4. A. wardi), and Great White Herons (4. h.
occidentalis). Among these three groups, northern Great Blue Herons were the
smallest. Great Blue Herons from the Florida peninsula were intermediate in size, and
Great White Herons were the largest.

Despite evidence of size differences among A. h. herodias. A. h. wardi. and
white A. h. occidentalis, only one investigator has directly compared white and blue
herons within the Florida Keys breeding population at any morphometric variable.
Occipital plumes, which are normally elongated in adult Great Blue Herons, are
generally reduced or absent in adult Great White Herons. Holt (1928) measured the
longest occipital plume in a small series of Great Blue Herons from the Florida
peninsula and Great White Herons and intermediate Wiirdemann's Herons from the
Florida Keys. Among females, Great Blue Herons from the Florida peninsula had the
longest plumes ( X gue = 154 mm, n = 4), plumes from Wiirdemann’s Herons were
intermediate in size ( X wardemann = 137 mm, n = 5), and Great White Herons had the
shortest occipital plumes ( X whie = 87.7 mm, n= 11). Among males, occipital plumes
of Great White Herons and Wiirdemann’s Herons did not differ in length (X whie =

11
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109.2 mm, n = 11; X wordemann = 109 mm, n = 5), but both were shorter than plumes of
Great Blue Herons from the Florida peninsula ( X i = 181 mm, n = 18).

Zachow’s (1983) analysis of skeletal measurements showed that Great Blue
Herons from the Florida peninsula were smaller than Great White Herons. Holt’s
occipital plume data exhibit the opposite trend (Great Blue herons from the Florida
peninsula have longer occipital plumes than Great White Herons) and suggest that
morphometric comparisons may reveal significant size differences between white and
blue herons breeding in the Florida Keys. Together these data suggest that a
morphometric comparison of Great White and Great Blue herons from the Florida
Keys may provide insight into the origin of blue herons breeding in this population.

Extracting appropriate raw data from existing literature, however. is not
possible because no other comparable morphological measurements have been
published for these two groups (Palmer 1962 and Appendix A). [ attempted to fill this
information gap by measuring seven morphological variables from museum skins of
Great Blue Herons, Great White Herons, and intermediate Wiirdemann’s Herons. My
objectives were to test for size differences between white and blue herons within the
Florida Keys breeding population and, if size differences exist, to determine whether
they are consistent with the hypothesis of a hybrid origin for the intermediate
Wiirdemann’s Heron. If size differences exist, then this would suggest that Great
White Herons and Great Blue Herons within the Florida Keys are not a randomly
mating population. The hybrid origin hypothesis would be supported if Wiirdemann's
Herons are intermediate in size at all variables measured, regardless of weather an

individual variable is larger in Great Blue Herons or in Great White Herons.
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METHODS
Data Collection

I measured seven morphological variables (length of exposed culmen, depth of
bill at base, length of tarsus, wing chord, length of tail, length of middle toe, and
length of longest occipital plume) from museum skins of herons in the following
groups: northern Great Blue Herons (B-N), Great Blue Herons from the Florida
peninsula (B-FP), and Great White and Great Blue herons from the Florida Keys
breeding population (B-FK, W-FK). The first five variables are commonly reported
for most birds, the length of the middle toe is often reported for herons and other large
birds. and existing data suggest that the longest occipital plume may vary among Great
White Heron and Great Blue Heron populations (Holt 1928).

Ardea h. herodias (B-N) is migratory. Winter ranges overlap with 4. h. wardi
(B-FP) and other subspecies to the south (B-FK and W-FK) or west (Palmer 1962,
Eckert 1981). Departures from northern breeding grounds generally begin in mid-
September; returns begin in early February and continue through April (Palmer 1962).
To minimize the possibility of including winter migrants. [ restricted the B-FP sample
to Great Blue Herons collected in Florida (excluding the Florida Keys: Monroe
County, FL) during summer. which I defined as 01 April through 30 September.
Selection criteria for B-FK and W-FK included Great Blue Herons collected during
summer in Monroe County, Florida. and Great White Herons and intermediate
Wiirdemann's Herons regardless of collection date. My selection criteria for B-N
included Great Blue Herons collected within the A. A. herodias subspecies breeding

range regardless of collection date.
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I used a ruler to measure the longest occipital plume to the nearest millimeter,
digital calipers to measure depth of bill at base to the nearest 0.1 mm (Baldwin et al.
1931, Proctor and Lynch 1993), a ruler with an upright stop at the zero point to
measure the wing chord to the nearest 0.5 mm (Palmer 1962, Proctor and Lynch
1993), and dividers and a ruler to measure the remaining variables to the nearest 0.5
mm (Baldwin et al. 1931. Proctor and Lynch 1993). For each individual, [ measured
each variable at least twice and averaged these measurements to obtain the values
reported in Appendix B.

Because males are larger than females, I analyzed them separately and omitted
birds whose sex was unknown. I did not have a large enough sample of juvenile birds
within any group to adequately test for size differences between adult and juvenile
birds. Therefore. I omitted juvenile birds from subsequent analysis rather than pool
them with adults. Only seven adult Great Blue Herons from the Florida peninsula (3
males. 3 females, | unknown) met my selection criteria. Raw data for these seven
herons are included in Appendix B, but I dropped them from subsequent statistical
analyses because of the small sample sizes.

Statistical Analysis

[ analyzed males and females separately for each variable within each group
(B-N, B-FK, and W-FK for males; B-FK and W-FK for temales). For each variable, [
calculated descriptive statistics (mean. variance, standard deviation, etc.) and tested
ANOVA and t-test assumptions of normality and homogeneity of variance. [ used the
W test for normality (Shapiro and Wilk 1965) to determine whether observations for

each variable within each group were normally distributed. For females, [ used an F-
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test (Sokal and Rohlf 1995) to test for homogeneity of variance between groups (Ho:
o’ sk = 6> w.ek). For males, [ used Bartlett’s test for homogeneity of variance (Sokal
and Rohlf 1995) to test among groups (Ho: 6% g.n = 6° g.rk = 6° woek). [ used
appropriate parametric or nonparametric statistics to test for differences between or
among means (Ho femates: 1 B-Fk = I W-FK» Ho mates: HB-N = pB.Fk = B w-Fk). Flow charts
for statistical procedures are shown in Appendix C.
RESULTS

[ measured seven morphological variables from a total of 101 Great White and
Great Blue herons (Appendix B). After excluding juvenile birds. birds of unknown
sex, and groups with inadequate sample sizes, my final data set contained 75 herons:
eight male northern Great Blue Herons (B-N), 26 (14 male, 12 female) Great Blue
Herons from the Florida Keys breeding population (B-FK). and 41 (24 male. 17
female) Great White Herons from the Florida Keys breeding population (W-FK). [
did not find any specimens collected from the Florida Keys that met my selection
criteria and had “typical” Great Blue Heron plumage (white cheek and crown, black
crest and occipital plumes, black breast and belly streaked with white, and deep
bluish-gray wings and back). The B-FK group, therefore, contains only intermediate
Wiirdemann’s Herons (head all white or white streaked with gray or black, white
breast and belly streaked with gray or black, and pale bluish-gray wings and back).

Results of tests for normality and homogeneity of variance are provided in
Appendix D (males) and Appendix E (females). Descriptive statistics and tests
concerning the difference between means are presented in Table 1.1 (males) and Table

1.2 (females).
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Table 1.1: Mean (in millimeters), standard error (SE), and sample size
(n) of seven morphological variables measured from museum skins of
adult male herons and p-values for tests of the difference between

means.

Variable Group® Mean SE n p-value "
Culmen B-N 1453 1.6 08 N I

B-FK 1582 20 14 [ <0.001

W-FK 160.2 1.0 22 W <0.001 0.293
Depth of Bill B-N 304 04 08

B-FK 322 04 14 [ 0.002

W-FK 325 03 22 W <0.001 0.463
Tarsus B-N 183.1 20 08

B-FK 2019 27 14 I <0.001

W-FK 2068 24 24 W <0.001 0.174
Middle Toe B-N 1096 20 08

B-FK 1147 1.1 14 [ 0.037

W-FK 116.9 1.2 24 W 0.002 0.220
Wing B-N 490.7 32 08

B-FK 4902 38 14 [ 0935

W-FK 4903 3.0 20 W 0947 0.981
Tail B-N 180.9 1.4 08

B-FK 1783 2.1 14 [ 0370

W-FK 1816 1.3 24 W 0.798 0.139

Occipital B-N 1926 356 8
plume B-FK 1134 100 14 I <0.001
W-FK 98.2 105 20 W <0.001 0.281
? B-N =N = Great Blue Herons collected in northeastern and north-
central United States, B-FK = I= intermediate Wiirdemann’s Herons
collected in the Florida Keys (Monroe County, FL), W-FK = W = Great
White Herons collected in the Florida Keys (Monroe County, FL).

® Ho: b1 = pa, t*=(X, =X, )/\/MSE(/n, +1/n,), df = df.rror, Bonferroni
correction for multiple comparisons = 0.05/3 = 0.017

Among males, X p.y differed significantly from both X sk and X w.rk at five
of the seven variables - length of exposed culmen, depth of bill at base, length of

tarsus, length of middle toe, and length of longest occipital plume (Table 1.1. Figure
1.2). Wing chord and tail length did not differ among groups. X g.ex and X w.ex did

not differ significantly at any of the seven variables in either males or females (Table

16
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1.1 and Table 1.2). Although not significantly different, mean values for these two
groups followed a consistent pattern (Figure 1.2). In males and females, X w.rx was
larger than X .k at all variables except longest occipital plume (where X g.rk > X w.
FK)- X g.rx Was intermediate between X gy and X w.gk at five of the seven variables -
length of exposed culmen, depth of bill at base, length of tarsus, length of middle toe,
and length of longest occipital plume.

Table 1.2: Mean (in millimeters), standard error (SE), and sample size (n) of

seven morphological variables measured from museum skins of adult female

herons. Test statistic (TS), degrees of freedom (df) and p-value for two-tailed

tests concerning the difference between means (Ho: jtprk = J w-Fk).
Variable Group® Mean SE n TS df p>TS

Culmen B-FK 1484 1.8 12 021° 255 0.82
W-FK 149.1 28 17

Depth of Bill B-FK 302 06 12 108 12.17 0.81
W-FK 303 05 17

Tarsus B-FK 187.7 1.8 12 081° 214 043

W-FK 1915 43 17

Middle Toe  B-FK 1055 1.3 12 1.02¢ 27 0.
W-FK 1076 1.5 17

LI
~

Wing B-FK 466.0 3.2 11 085° 23.1 040
W-FK 4713 54 16
Tail B-FK 1723 16 12 0.68¢ 27 0.50

W-FK 1743 22 17

Occipital B-FK 1132 126 11 117¢ 11,15 0.07
plume W-FK 815 63 15
* B-FK = intermediate Wiirdemann’s Herons collected in the Florida Keys
(Monroe County, FL), W-FK = Great White Herons collected in the Florida
Keys (Monroe County, FL).
® Two sample t-test assuming unequal variances (Ott 1993), test statistic = t’
¢ Mann-Whitney test (Zar 1984), test statistic = U
4 Two sample t-test assuming equal variances (Ott 1993), test statistic =t
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Figure 1.2: Mean values (+ 95% CI) for seven morphological variables measured
from museum skins of northern Great Blue Herons (B-N), Great Blue Herons
from the Florida Keys (B-FK), and Great White Herons from the Florida Keys
(W-FK).
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