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Effects of Environmental Change on Species: Marvacrassatella Lineage and the 

Plio-Pleistocene Record of Sea Level Change 

Amy E. Tobias 

(ABSTRACT) 

Morphological studies can be used to examine paleoecological issues, such as the 

effects of environmental change on organisms. Much has been written on extinction 

caused by environmental change; however, relatively little research has been directed at 

species which survive these changes. 

The Marvacrassatella (Mollusca: Bivalvia) lineage is widely distributed and 

abundant in space and time. This study concentrates on the latter portion of the lineage. 

Five previously recognized groups of specimens, which have been thought to possibly 

represent three to five species, survived three episodes of habitat alteration over three 

million years. Approximately 800 specimens representing seven formations (Yorktown, 

Duplin, Raysor, Jackson Bluff, Tamiami, Chowan River, and James City) and three 

members (Rushmere and Moore House Member of the Yorktown Formation, and the 

Edenhouse Member of the Chowan River Formation) from the early late Pliocene to the 

early Pleistocene from Virginia to Florida were examined. Eighteen quantitative 

measurements were made on each valve. Principal-components analysis assessed shape 

variation within the Marvacrassatella lineage. Canonical discriminant analysis on 

geometric means produced two canonical variables that explain the separation among 

species. Most changes in shell and muscle shape occurred in adductor muscle 

dimensions, pedal retractor height, and the distance from the pallial line to the ventral 

margin, which have been overlooked in previous studies. Although the morphospace for 

each species overlaps, each has its own unique morphology. Analyses reveal 

morphological stability in the early late Pliocene, followed by an extinction event and a 

possible migration event in the late Pliocene, with later events leading to the complete 

extinction of the Marvacrassatella \ineage in the early Pleistocene.
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CHAPTER 1. INTRODUCTION 

Morphological studies can be used to examine paleoecological issues, such as the 

effects of environmental change on organisms. Much research has focused on living 

species to help examine this issue; however, these studies are limited in the time 

dimension. By examining the paleontological records of species, the effects of habitat 

change on organisms over longer periods of time can be assessed. Much has been written 

by paleontologists and neontologists on extinction, the most extreme consequence of 

habitat alteration (Gilinsky, 1991; Stanley, 1990; Raup, 1984, 1989; Gould, 1969). 

However, relatively little research has been directed at species which survive these 

sometimes catastrophic events. This study focuses on the more frequent phenomenon, 

the persistence of species through episodes of environmental change. In this case, the 

habitat was altered by glacio-eustatic changes of sea level. These pulses offer an 

opportunity to understand more fully how species respond to habitat change over long 

periods of time. 

Vrba (1993) outlined possible responses to environmental change: 1) species may 

become extinct, 2) species may persist through change with little or no effect on their 

geographic distributions and their morphologies, 3) a species distribution may fragment 

geographically, and later be reinstated, 4) species distributions may fragment and new 

morphological variants dominate when the habitat is restored, or, 5) they may speciate. 

The purpose of this study is to sample a large number of specimens over a wide



geographical range and at multiple time lines to test for morphological changes which 

may reveal certain responses to environmental change. The Marvacrassatella (Mollusca: 

Bivalvia) lineage, which ranges from the early Miocene (18.0 Ma) to the early 

Pleistocene (1.8 Ma), is widely distributed and abundant in space and time, easily 

collected, and well-preserved. The latter portion of the lineage is examined in this study. 

There are five previously recognized groups of specimens that have been thought to 

possibly represent three to five species: M. undulatus (Say, 1824), M. meridionalis (Dall, 

1900), M. sp. A, M. sp. B, and M. kauffmani Ward and Blackwelder, 1987 (the results 

support changing taxonomic assignments; however, the names as originally designated 

will be used for clarity until the Discussion). These groups apparently survived three 

different episodes of habitat alteration over some three million years in the Plio- 

Pleistocene. 

This study provides important contributions to paleontology and neontology. 

Neontologists may study disturbed habitats to gain insight into how human-induced 

habitat changes might affect the global biota. Paleontologists can participate in these 

biodiversity studies by examining the fossil record which offers multiple natural 

experiments of environmental change over long periods of time. Analyses on survivors 

of habitat alterations will be of interest to conservation biologists. By studying these 

cases, a more complete understanding of today’s biological crisis will be achieved, an 

understanding that cannot be obtained by examining the modern Earth alone.



This study will also provide insights into morphometric and paleoecological 

studies. Many researchers have focused on the Plio-Pleistocene mollusks of the Atlantic 

Coastal Plain. Most of these studies have been descriptive in nature, lacking 

morphometrics. These taxonomic studies (Ward and Gilinsky, 1988, 1993) are important 

qualitative works; however, morphometric analysis of lineages over a wide geographical 

range and through time will provide a quantitative aspect necessary to advance our 

understanding of the basic systematic paleontology of Neogene mollusks. Changes in 

morphology at different slices of time will aid in our understanding of the effects of 

environmental change on organisms, increasing the extent of our knowledge of 

paleoecology. 

This study documents the history of part of a lineage in four dimensions (space 

and time). Morphometric studies of lineages over wide geographical ranges and over 

extended periods of time, before and after extinction and migration events, produce data 

relevant to theories of morphological stability, diversity, and evolution. Most published 

studies of fossil species consist of recording morphological change through one or more 

vertical sections. These studies were generally carried out over a limited geographical 

range. However, studies of taxa through time covering larger geographical areas could be 

substantially more valuable, as seen in Eldredge and Gould’s (1972) theory of punctuated 

equilibria and Mayr’s (1954) theory of allopatric speciation. 

Four-dimensional documentation of morphology is needed for distinguishing 

punctuated equilibria from phyletic gradualism. Many reported cases of phyletic



gradualism probably represent migration rather than true evolutionary change. These 

flawed conclusions were due to the limited geographical sampling in previous studies. 

According to Eldredge and Gould (1972), “The allopatric theory predicts that most 

variation will be found among samples drawn from different geographic areas rather than 

from different stratigraphic levels in the local rock column.” Furthermore, Ager (1956) 

noted that within a small geographical area, one cannot differentiate between 

morphological changes in time that are due to evolution and those that are a result of 

migration. The work discussed herein contributes to evolutionary studies by attempting 

to meet the challenge of four-dimensional documentation of morphology. 

This morphological analysis was attempted at several scales or levels. Questions 

addressed large- to small-scale issues, which required an analysis at different levels. The 

large-scale questions addressed species issues (“among groups”- or “among species”- 

scale questions). Smaller scale questions addressed formation issues (“among 

formations”- or “within groups”-scale questions). The smallest questions in scale 

addressed locality issues (“among localities”- or “within formations”-scale questions). A 

variety of tests were run to answer the different scale questions. This type of analysis 

was necessary to document the complete morphological history of the latter portion of the 

Marvacrassatella lineage. 

This study attempts to answer many questions which relate to the three levels of 

analysis outlined above. The species-level questions are listed as follows: 

¢ Can we document the morphological history of part of a lineage? 

¢ Is there morphological change? 

4



¢ Are the changes evolutionary? 

* If there is no change, can we interpret this result in evolutionary terms? 

¢ Do the survivors of extinction events persist through environmental 

changes drastically altered or slightly influenced? 

¢ Can we characterize geographical variation among species at particular 

time planes? 

¢ Are all eighteen quantitative variables needed to identify a group 
(species)? 

¢ Are Marvacrassatella sp. A from the lower Tamiami Formation and M. 

meridionalis from the Jackson Bluff Formation synonymous species? 

¢ Is M. sp. B from the Chowan River Formation closer in morphology to 

M. undulatus or M. meridionalis? 

¢ How does M. sp. B from the Chowan River Formation compare 1n 

morphology to the geologically younger M. kauffmani? 

¢ Did M. meridionalis migrate northward? 

* Do M sp. B from the Chowan River Formation and M. undulatus 

represent pseudoextinction? 
¢ Does a quantitative morphological study of a lineage confirm nominal 

species designations, or is taxonomic revision suggested? 

¢ Is the number of prominent, concentric ribs on the nepionic shell helpful 

in the differentiation of Marvacrassatella species? 

¢ Is the number of boreholes by particular borers helpful in identifying a 

group (species)? 

¢ Can the position of boreholes by mollusks provide information about 
predator-prey relationships among groups (species)? 

¢ Is the borehole information helpful in determining which group (species) 

survived extinction events and which did not? 

The formation-level questions are listed as follows: 

¢ If morphological changes are apparent, can these changes be associated 

with sea level changes? 

¢ Are all eighteen quantitative morphological variables necessary to 

identify a species association with a particular formation? 

¢ Is the number of boreholes by particular borers useful in identifying a 

formation? 

The locality-level question is as follows: 

¢ Do the characters that vary consistently in a particular sediment 

composition among localities in a formation also vary consistently in the 
same type of sediment among formations and members? 

5



CHAPTER 2. STRATIGRAPHIC FRAMEWORK 

This study examines specimens from Plio-Pleistocene deposits of the U.S. 

Atlantic Coastal Plain. Table 2.1 summarizes the stratigraphic relationships between 

pertinent formations and their members. Specimens were collected from the lower upper 

Pliocene Rushmere Member of the Yorktown Formation and its stratigraphic equivalents, 

the Duplin Formation, Raysor Formation, Jackson Bluff Formation, and lower Tamiami 

Formation. The Rushmere Member, named by Ward and Blackwelder (1980), consists of 

moderately well- to well-sorted, silty, very shelly sands that were deposited in the 

Salisbury and Albemarle Embayments of Virginia and North Carolina. These and other 

major structural features of the Atlantic Coastal Plain are depicted in Figure 2.1. The 

Duplin Formation of Miller (1912), a lateral and temporal equivalent of the Rushmere, 

consists of sands, sandy and silty clays, and very shelly sands deposited across the Cape 

Fear Arch in the southern half of North Carolina (south of the Neuse River) and in the 

northeastern part of South Carolina. The western portion of the Charleston Embayment 

in South Carolina also contains the shelly sands of the Duplin Formation. These grade 

into a sandy calcarenite facies to the east and south in South Carolina, named the Raysor 

Formation (Cooke, 1936), which extends from northeastern South Carolina to 

northeastern Georgia (Ward, 1993). The Raysor Formation is temporally equivalent to 

the northern shelly quartzose sands of the Rushmere Member and the clastic-rich, shelly 

Duplin Formation (Ward and Huddlestun, 1988).
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  Figure 2.1 Major structural features of the Atlantic Coastal Plain from New York to 
Florida (Ward and Strickland, 1985).



Unlike its northern counterparts, the ages and stratigraphic positions of Florida 

deposits are more difficult to interpret due to the thinness of most strata, lack of exposure, 

and rapid facies changes. Studies involving biostratigraphy, isotopic chronostratigraphy, 

and paleomagnetism concur that the Jackson Bluff Formation of northwestern Florida and 

bed 11 of the lower Tamiami Formation of southern Florida are early late Pliocene in age 

and are stratigraphically equivalent to the northern Rushmere Member of the Yorktown _ 

Formation, Duplin Formation, and Raysor Formation (Jones et al., 1991; Ward, 1992; 

Zullo and Harris, 1992; Zullo and Portell, 1991). The Jackson Bluff Formation, named 

by Puri and Vernon (1964), consists of soft, quartz-sandy calcilutite and silty clays 

deposited in the southwestern Georgia Embayment in northwestern Florida (Johnson, 

1989). Bed 11 of Petuch (1982) of the lower Tamiami Formation consists of clayey 

quartz sand with many phosphate grains (Ketcher, 1992). 

The younger, lower upper Pliocene Moore House Member of the Yorktown 

Formation, named by Ward and Blackwelder (1980), consists of bioclastic and quartz 

sands that were deposited mainly in southeastern Virginia and the Salisbury Embayment 

with a small portion in eastern parts of the Albemarle Embayment (Ward et al., 1991). 

The upper upper Pliocene Chowan River Formation, named by Blackwelder 

(1981a), disconformably overlies the Yorktown Formation. Specimens were collected 

from the Edenhouse Member, which consists of shelly, silty sands. The Chowan River 

Formation was mainly deposited in northeastern North Carolina in the Albemarle 

Embayment with portions in southeastern Virginia (Ward, 1984).



The last known appearance of Marvacrassatella occurs in the lower Pleistocene 

James City Formation of DuBar and Solliday (1963). It is a very shelly sand that 

unconformably overlies the Chowan River Formation and was deposited in the 

northeastern North Carolina Ablemarle Embayment south to the New River (Ward et al., 

1991). Figures 2.2-2.5 depict these formations and their geographical extent. 
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numbered. 
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CHAPTER 3. PALEQENVIRONMENT 

The U.S. Atlantic Coastal Plain was the site of repeated marine transgressions 

during Plio-Pleistocene time (5.0 to 0.01 Ma). The most extensive transgression occurred 

during the early late Pliocene (3.5 Ma), resulting from a global warming trend that 

created the largest global sea level rise since the middle Eocene (Ward and Strickland, 

1985). During the early late Pliocene, an open-marine, shallow-shelf sea extended from 

Maryland to Florida. The Rushmere Member of the Yorktown Formation of Virginia and 

North Carolina, the Duplin Formation of North and South Carolina, the Raysor 

Formation of South Carolina and Georgia, the Jackson Bluff Formation of northwestern 

Florida, and the lower Tamiami Formation of southern Florida were deposited during the 

same maximum transgression in the early late Pliocene (Lyons, 1991). Molluscan 

assemblages indicate that a warm-temperate environment existed during deposition of the 

Rushmere Member in Virginia and northeastern North Carolina. South of the linear high, 

near the Neuse River, subtropical assemblages dominate. In the Duplin and Raysor 

Formations of southeastern North Carolina to Georgia, the initial transgressive seas were 

temperate, with subtropical conditions occurring later. The same is true for the Jackson 

Bluff Formation of northwestern Florida and the lower Tamiami Formation of southern 

Florida. However, the lower Tamiami Formation was deposited in a sea that became 

increasingly warmer as the transgression progressed (Ward, 1993). 
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After deposition of the Rushmere Member and its stratigraphic equivalents in the 

early late Pliocene, a brief regression resulted from minor tectonic uplift. A localized 

transgression occurred with an open-marine, shallow-shelf sea that covered the 

southeastern portion of the Salisbury Embayment and the northeastern portion of the 

Albemarle Embayment (3.0 Ma). The emergent Norfolk Arch may have separated these 

basins (Ward et al., 1991). The Moore House Member of the Yorktown Formation was | 

deposited during the early late Pliocene, and is exposed only in southeastern Virginia 

(Ward and Blackwelder, 1980). Molluscan assemblages indicate warm-temperate to 

subtropical conditions. 

Following the Moore House transgression, profound changes occurred during the 

late Pliocene that eliminated the temperate marine environment in the region. These 

changes include the onset of the glaciations, a major regression, and the emergence of the 

Central American Isthmus (Stanley, 1986; Jones and Hasson, 1985; Allmon et al., 

1996). A regression due to polar glaciation followed the Moore House transgression and 

caused the emergence of the entire shelf. During the latest Pliocene (2.5 Ma), a period of 

global warming and deglaciation produced the final Pliocene transgression (Ward et al., 

1991). An open-marine, shallow-shelf sea covered southeastern portions of the Salisbury 

Embayment in Virginia and northeastern portions of the Albemarle Embayment in North 

Carolina. The Edenhouse Member of the Chowan River Formation was deposited during 

this transgression. Molluscan assemblages indicate warm-temperate to subtropical 
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�c�o�n�d�i�t�i�o�n�s�,� �a� �r�e�t�u�r�n� �t�o� �c�o�n�d�i�t�i�o�n�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�r�e�v�i�o�u�s� �P�l�i�o�c�e�n�e� �t�r�a�n�s�g�r�e�s�s�i�o�n�s� �(�W�a�r�d� 

�a�n�d� �S�t�r�i�c�k�l�a�n�d�,� �1�9�8�5�)�.� 

�A�f�t�e�r� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �t�r�a�n�s�g�r�e�s�s�i�o�n�,� �a� �b�r�i�e�f� �r�e�g�r�e�s�s�i�o�n� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� �g�l�o�b�a�l� 

�c�o�o�l�i�n�g�,� �m�a�r�k�i�n�g� �t�h�e� �o�n�s�e�t� �o�f� �P�l�e�i�s�t�o�c�e�n�e� �c�o�n�t�i�n�e�n�t�a�l� �g�l�a�c�i�a�t�i�o�n�s� �i�n� �t�h�e� �N�o�r�t�h�e�r�n� 

�H�e�m�i�s�p�h�e�r�e�.� �D�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e� �(�1�.�9� �M�a�)�,� �a� �t�r�a�n�s�g�r�e�s�s�i�o�n� �c�o�v�e�r�e�d� �t�h�e� 

�A�l�b�e�m�a�r�l�e� �E�m�b�a�y�m�e�n�t�,� �t�h�e� �C�a�p�e� �F�e�a�r� �A�r�c�h�,� �a�n�d� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �C�h�a�r�l�e�s�t�o�n� �E�m�b�a�y�m�e�n�t�.� 

�I�n� �t�h�i�s� �b�a�s�i�n�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �s�e�a� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�e�d� �i�n� �w�h�i�c�h� �s�e�d�i�m�e�n�t�s� �o�f� �t�h�e� 

�J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �w�e�r�e� �d�e�p�o�s�i�t�e�d�.� �M�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e�s� �i�n�d�i�c�a�t�e� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� 

�t�o� �s�u�b�t�r�o�p�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �(�W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r�,� �1�9�8�7�)�.� 
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�C�H�A�P�T�E�R� �4�.� �B�I�O�S�T�R�A�T�I�G�R�A�P�H�Y� �A�N�D� �P�A�L�E�O�Q�E�C�O�L�O�G�Y� 

�C�o�r�r�e�l�a�t�i�o�n� �o�f� �C�o�a�s�t�a�l� �P�l�a�i�n� �s�e�d�i�m�e�n�t�s� �r�e�m�a�i�n�s� �a� �f�o�r�m�i�d�a�b�l�e� �t�a�s�k�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�s�t�r�a�t�i�g�r�a�p�h�i�c� �c�o�d�e� �r�e�q�u�i�r�e�s� �l�i�t�h�o�l�o�g�i�c� �d�i�f�f�e�r�e�n�c�e�s� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �l�i�t�h�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �u�n�i�t�s�,� 

�f�o�r�m�a�t�i�o�n�s� �a�r�e� �o�f�t�e�n� �r�e�c�o�g�n�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �n�a�t�u�r�e�.� �M�o�s�t� �n�o�w� 

�a�g�r�e�e� �t�h�a�t� �i�n� �o�r�d�e�r� �t�o� �d�e�f�i�n�e� �l�i�t�h�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �u�n�i�t�s�,� �l�i�t�h�o�l�o�g�i�c� �u�n�i�t�s� �a�n�d� �f�a�u�n�a�l� �z�o�n�e�s� 

�s�h�o�u�l�d� �b�e� �t�r�e�a�t�e�d� �s�e�p�a�r�a�t�e�l�y� �(�S�c�o�t�t�,� �1�9�9�2�)�.� �W�h�i�l�e� �s�t�u�d�i�e�s� �o�f� �f�a�u�n�a�l� �s�i�m�i�l�a�r�i�t�y� �a�r�e� �u�s�e�f�u�l� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �s�t�r�a�t�i�g�r�a�p�h�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �C�o�a�s�t�a�l� �P�l�a�i�n� �s�e�d�i�m�e�n�t�s�,� �v�a�r�i�o�u�s� �i�s�o�t�o�p�i�c� 

�s�t�u�d�i�e�s� �o�n� �t�h�e� �t�a�x�a� �h�e�l�p� �r�e�v�e�a�l� �t�h�e� �a�g�e�s� �o�f� �t�h�e�s�e� �d�e�p�o�s�i�t�s�.� �O�n�l�y� �r�e�c�e�n�t�l�y� �h�a�s� �t�h�e� �s�y�n�t�h�e�s�i�s� 

�o�f� �l�i�t�h�o�s�t�r�a�t�i�g�r�a�p�h�y�,� �c�h�r�o�n�o�s�t�r�a�t�i�g�r�a�p�h�y�,� �a�n�d� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �b�e�e�n� �u�s�e�d� �t�o� �d�i�s�c�u�s�s� �t�h�e� 

�r�e�l�a�t�i�v�e� �t�i�m�e� �f�r�a�m�e�,� �d�e�p�o�s�i�t�i�o�n�a�l� �h�i�s�t�o�r�y�,� �a�n�d� �p�a�l�e�o�e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� 

�P�l�a�i�n� �s�e�d�i�m�e�n�t�s�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �f�a�u�n�a� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �h�a�s� �b�e�e�n� �h�e�a�v�i�l�y� �s�t�u�d�i�e�d� �f�o�r� �1�5�0� 

�y�e�a�r�s�,� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �a�n�a�l�y�s�e�s� �h�a�v�e� �o�n�l�y� �r�e�c�e�n�t�l�y� �b�e�e�n� �a�t�t�e�m�p�t�e�d�.� �B�o�t�h� 

�l�i�t�h�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �a�n�d� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �a�n�a�l�y�s�e�s� �h�a�v�e� �c�o�n�f�i�r�m�e�d� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �t�h�e� 

�R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �w�i�t�h� �t�h�e� �D�u�p�l�i�n�,� �R�a�y�s�o�r�,� �J�a�c�k�s�o�n� �B�l�u�f�f�,� 

�a�n�d� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n�s� �(�W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r�,� �1�9�8�0�)�.� �C�a�l�c�a�r�e�o�u�s� �n�a�n�n�o�f�o�s�s�i�l� 

�a�n�d� �o�s�t�r�a�c�o�d�e� �s�t�u�d�i�e�s� �b�y� �H�a�z�e�l� �(�1�9�7�1�)� �a�n�d� �p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a�l� �s�t�u�d�i�e�s� �b�y� �A�k�e�r�s� 

�(�1�9�7�2�)� �a�n�d� �B�l�o�w� �(�1�9�6�9�)� �a�s�s�i�g�n�e�d� �a� �P�l�i�o�c�e�n�e� �a�g�e� �t�o� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�,� �d�i�s�c�a�r�d�i�n�g� 

�t�h�e� �e�r�r�o�n�e�o�u�s� �M�i�o�c�e�n�e� �a�g�e� �a�s�s�i�g�n�m�e�n�t� �t�h�a�t� �a�r�o�s�e� �f�r�o�m� �t�h�e� �u�s�e� �o�f� �L�y�e�l�l�i�a�n� �p�e�r�c�e�n�t�a�g�e�s�.� 
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�W�a�r�d� �a�n�d� �G�i�l�i�n�s�k�y� �(�1�9�9�3�)� �r�e�f�i�n�e�d� �t�h�i�s� �a�g�e� �b�y� �p�l�a�c�i�n�g� �t�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� 

�M�e�m�b�e�r�s� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� 

�B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�0�)� �a�n�d� �H�a�z�e�l� �(�1�9�8�3�)� �a�g�r�e�e� �w�i�t�h� �B�l�o�w ��s� �(�1�9�6�9�)� �a�s�s�i�g�n�m�e�n�t� �o�f� �t�h�e� 

�Y�o�r�k�t�o�w�n� �t�o� �t�h�e� �N�1�9� �p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a�l� �z�o�n�e�.� �H�a�z�e�l� �(�1�9�7�1�)� �a�s�s�i�g�n�e�d� �t�h�e� �b�a�s�a�l� 

�b�e�d�s� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �t�o� �t�h�e� �P�r�e�r�y�g�o�c�y�t�h�e�r�i�s� �i�n�e�x�p�e�c�t�a�t�a� �z�o�n�e� �a�n�d� �t�h�e� �u�p�p�e�r� �R�u�s�h�m�e�r�e� 

�b�e�d�s� �t�o� �t�h�e� �O�r�i�o�n�i�n�a� �v�a�u�g�h�a�n�i� �o�s�t�r�a�c�o�d�e� �a�s�s�e�m�b�l�a�g�e� �z�o�n�e�,� �t�h�e� �l�a�t�t�e�r� �o�f� �w�h�i�c�h� �i�s� 

�e�q�u�i�v�a�l�e�n�t� �t�o� �M�a�n�s�f�i�e�l�d ��s� �z�o�n�e� �2�.� �M�a�n�s�f�i�e�l�d� �(�1�9�4�4�)� �d�i�v�i�d�e�d� �t�h�e� �m�o�l�l�u�s�c�a�n� �f�a�u�n�a� �o�f� �t�h�e� 

�Y�o�r�k�t�o�w�n� �i�n�t�o� �z�o�n�e�s�.� �T�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �z�o�n�e� �2� 

�o�r� �t�h�e� �T�u�r�r�i�t�e�l�l�a� �a�l�i�c�o�s�t�a�t�a� �z�o�n�e�.� �B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�1�a�)� �d�i�v�i�d�e�d� �t�h�e� �C�o�a�s�t�a�l� �P�l�a�i�n� �s�t�r�a�t�a� 

�i�n�t�o� �s�i�x� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c� �z�o�n�e�s� �b�a�s�e�d� �o�n� �m�o�l�l�u�s�c�a�n� �f�a�u�n�a� �i�n�t�e�r�v�a�l� �z�o�n�e�s�.� �T�h�e� �R�u�s�h�m�e�r�e� 

�a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �M�-�5� �z�o�n�e� �o�r� �B�u�r�w�e�l�l�i�a�n� �S�t�a�g�e�,� �w�h�i�c�h� �i�s� 

�e�q�u�i�v�a�l�e�n�t� �t�o� �M�a�n�s�f�i�e�l�d ��s� �z�o�n�e� �2�.� �T�h�e� �M�-�5� �z�o�n�e� �i�s� �a�l�s�o� �k�n�o�w�n� �a�s� �t�h�e� �C�h�e�s�a�p�e�c�t�e�n� 

�m�a�d�i�s�o�n�i�u�s�-�N�o�e�t�i�a� �l�i�m�u�l�a� �i�n�t�e�r�v�a�l� �z�o�n�e�,� �w�h�e�r�e� �t�h�e� �f�i�r�s�t� �a�p�p�e�a�r�a�n�c�e� �o�f� �C�.� �m�a�d�i�s�o�n�i�u�s� 

�(�S�a�y�,� �1�8�2�4�)� �m�a�r�k�s� �t�h�e� �l�o�w�e�r� �b�o�u�n�d�a�r�y� �o�f� �t�h�e� �B�u�r�w�e�l�l�i�a�n� �w�h�i�l�e� �t�h�e� �u�p�p�e�r� �b�o�u�n�d�a�r�y� �i�s� 

�m�a�r�k�e�d� �b�y� �t�h�e� �f�i�r�s�t� �a�p�p�e�a�r�a�n�c�e� �o�f� �N�.� �l�i�m�u�l�a� �(�C�o�n�r�a�d�,� �1�8�3�2�)�.� 

�C�o�m�m�o�n� �m�o�l�l�u�s�k�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s� �a�r�e� �l�i�s�t�e�d� �i�n� 

�T�a�b�l�e� �4�.�1�.� �T�h�e�s�e� �m�e�m�b�e�r�s� �a�r�e� �t�r�e�a�t�e�d� �t�o�g�e�t�h�e�r� �s�i�n�c�e� �t�h�e�y� �c�o�n�t�a�i�n� �v�i�r�t�u�a�l�l�y� �t�h�e� �s�a�m�e� 

�m�o�l�l�u�s�c�a�n� �f�a�u�n�a�.� �B�o�t�h� �c�o�n�t�a�i�n� �w�e�l�l�-�p�r�e�s�e�r�v�e�d�,� �a�b�u�n�d�a�n�t� �t�a�x�a�,� �w�i�t�h� �m�a�n�y� �a�p�p�e�a�r�i�n�g� �f�o�r� 

�t�h�e� �f�i�r�s�t� �t�i�m�e� �i�n� �t�h�e� �R�u�s�h�m�e�r�e�.� �T�h�i�s� �h�i�g�h�l�y� �d�i�v�e�r�s�e� �a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�e�s� �n�o�r�m�a�l�-�s�a�l�i�n�e�,� 

�o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �f�a�u�n�a�s� �o�f� �t�h�e� �t�w�o� 

�m�e�m�b�e�r�s� �w�a�s� �p�r�o�d�u�c�e�d� �b�y� �c�l�i�m�a�t�e�.� �W�h�i�l�e� �t�h�e� �R�u�s�h�m�e�r�e� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�e�s� 
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�T�a�b�l�e� �4�.�1� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s� �o�f� 
�t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� �A�s�t�e�r�i�s�k�s� �i�n�d�i�c�a�t�e� �t�a�x�a� �t�h�a�t� �f�i�r�s�t� �a�p�p�e�a�r� �i�n� 
�t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�.� 

�*� �D�i�o�d�o�r�a� �r�e�d�i�m�i�c�u�l�a� �(�S�a�y�)� 
�*�T�u�r�r�i�t�e�l�l�a� �a�l�t�i�c�o�s�t�a�t�a� �C�o�n�r�a�d� 
�*�P�e�t�a�l�o�c�o�n�c�h�u�s� �s�c�u�l�p�t�u�r�a�t�u�s� �(�L�e�a�)� 
�*�L�i�r�o�s�o�m�a� �s�u�l�c�o�s�a� �(�C�o�n�r�a�d�)� 
�P�t�e�r�o�r�y�t�i�s� �u�m�b�r�i�f�e�r� �(�C�o�n�r�a�d�)� 
�*�U�r�o�s�a�l�p�i�n�x� �t�r�o�s�s�u�l�u�s� �(�C�o�n�r�a�d�)� 
�*� �E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� �(�S�a�y�)� 
�*� �P�t�y�c�h�o�s�a�l�p�i�n�x� �f�o�s�s�u�l�a�t�u�m� �(�C�o�n�r�a�d�)� 
�*�P�t�y�c�h�o�s�a�l�p�i�n�x� �l�a�q�u�e�a�t�u�m� �(�C�o�n�r�a�d�)� 
�P�t�y�c�h�o�s�a�l�p�i�n�x� �a�l�t�i�l�e� �(�C�o�n�r�a�d�)� 
�*� �P�e�r�i�s�t�e�r�n�i�a� �f�i�l�i�c�a�t�u�m� �(�C�o�n�r�a�d�)� 
�B�u�s�y�c�o�n� �m�a�x�i�m�u�m� �(�C�o�n�r�a�d�)� 
�*� �B�u�s�y�c�o�t�y�p�u�s� �i�n�c�i�l�e� �(�C�o�n�r�a�d�)� 
�*� �F�u�s�i�n�u�s� �e�x�i�l�i�s� �(�C�o�n�r�a�d�)� 
�C�y�m�a�t�o�s�y�r�i�n�x� �l�u�n�a�t�a� �(�L�e�a�)� 
�*� �A�n�a�d�a�r�a� �i�m�p�r�o�c�e�r�a� �(�C�o�n�r�a�d�)� 
�N�o�e�t�i�a� �i�n�c�i�l�e� �(�S�a�y�)� 
�S�t�r�i�a�r�c�a� �c�e�n�t�e�n�a�r�i�a� �(�S�a�y�)� 
�*�G�l�y�c�y�m�e�r�i�s� �a�m�e�r�i�c�a�n�a� �(�D�e�F�r�a�n�c�e�)� 
�*�G�l�y�c�y�m�e�r�i�s� �a�r�a�t�a� �(�C�o�n�r�a�d�)� 
�*�C�h�e�s�a�p�e�c�t�e�n� �m�a�d�i�s�o�n�i�u�s� �(�S�a�y�)� 
�*� �C�h�e�s�a�p�e�c�t�e�n� �s�e�p�t�e�n�a�r�i�u�s� �(�S�a�y�)� 
�*�*�P�e�c�t�e�n �� �d�e�c�e�m�n�a�r�i�u�s� �C�o�n�r�a�d� 
�* ��P�e�c�t�e�n �� �r�o�g�e�r�s�i�i� �(�C�o�n�r�a�d�)� 
�*� �C�a�r�o�l�i�n�a�p�e�c�t�e�n� �e�b�o�r�e�u�s� �(�C�o�n�r�a�d�)� 
�*� �P�l�i�c�a�t�u�l�a� �m�a�r�g�i�n�a�t�a� �S�a�y� 
�*� �C�o�n�r�a�d�o�s�t�r�e�a� �s�c�u�l�p�t�u�r�a�t�a� �(�C�o�n�r�a�d�)� 
�*� �O�s�t�r�e�a� �r�a�v�e�n�e�l�i�a�n�a� �T�u�o�m�e�y� �&� �H�o�l�m�e�s� 
�S�t�e�w�a�r�t�i�a� �a�n�o�d�o�n�t�a� �(�S�a�y�)� 
�L�u�c�i�n�o�m�a� �c�o�n�t�r�a�c�t�a� �(�S�a�y�)� 
�*�C�h�a�m�a� �c�o�n�g�r�e�g�a�t�a� �C�o�n�r�a�d� 
�P�s�e�u�d�o�c�h�a�m�a� �c�o�r�t�i�c�o�s�a� �(�C�o�n�r�a�d�)� 
�C�h�e�s�a�c�a�r�d�i�u�m� �a�c�u�t�i�l�a�q�u�e�a�t�u�m� �C�o�n�r�a�d� 
�*�C�a�r�d�i�t�a�m�e�r�a� �a�r�a�t�a� �(�C�o�n�r�a�d�)� 
�*� �A�s�t�a�r�t�e� �u�n�d�u�l�a�t�a� �S�a�y� 
�*� �A�s�t�a�r�t�e� �c�o�n�c�e�n�t�r�i�c�a� �C�o�n�r�a�d� 
�*� �A�s�t�a�r�t�e� �s�y�m�m�e�t�r�i�c�a� �C�o�n�r�a�d� 
�*� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �(�S�a�y�)� 

�*� �P�l�a�n�i�c�a�r�d�i�u�m� �v�i�r�g�i�n�i�a�n�u�m� �(�C�o�n�r�a�d�)� 
�S�p�i�s�u�l�a� �d�e�l�u�m�b�i�s� �(�C�o�n�r�a�d�)� 
�S�p�i�s�u�l�a� �d�u�p�l�i�n�e�n�s�i�s� �(�D�a�l�l�)� 
�*� �M�u�l�i�n�i�a� �c�o�n�g�e�s�t�a� �(�C�o�n�r�a�d�)� 
�G�l�o�s�s�u�s� �f�r�a�t�e�r�n�a� �(�S�a�y�)� 
�*� �M�e�r�c�e�n�a�r�i�a� �c�o�r�r�u�g�a�t�a� �(�L�a�m�a�r�c�k�)� 
�D�o�s�i�n�i�a� �a�c�e�t�a�b�u�l�u�m� �(�C�o�n�r�a�d�)� 
�*� �P�l�e�i�o�r�y�t�i�s� �c�e�n�t�e�n�a�r�i�a� �(�C�o�n�r�a�d�)� 
�P�a�n�o�p�e�a� �g�o�l�d�f�u�s�s�i�i� �W�a�g�n�e�r� 
�P�a�n�o�p�e�a� �r�e�f�l�e�x�a� �S�a�y� 
�K�u�p�h�u�s� �f�i�s�t�u�l�a� �(�H�.�C�.� �L�e�a�)� 
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�a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �r�e�g�i�m�e�,� �w�i�t�h� �r�a�r�e� �s�u�b�t�r�o�p�i�c�a�l� �e�x�o�t�i�c� �t�a�x�a�,� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �r�e�f�l�e�c�t�s� 

�s�u�b�t�r�o�p�i�c�a�l� �t�o� �t�r�o�p�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �(�W�a�r�d�,� �1�9�9�3�)�.� �O�f� �p�a�r�t�i�c�u�l�a�r� �i�n�t�e�r�e�s�t� �i�s� �t�h�e� �a�b�s�e�n�c�e� �o�f� 

�t�h�e� �t�e�m�p�e�r�a�t�e� �p�e�c�t�i�n�i�d�,� �C�h�e�s�a�p�e�c�t�e�n� �s�e�p�t�e�n�a�r�i�u�s�,� �i�n� �t�h�e� �M�o�o�r�e� �H�o�u�s�e�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�B�u�r�w�e�l�l�i�a�n�,� �t�h�e� �g�e�n�e�r�a� �E�c�p�h�o�r�a� �a�n�d� �C�h�e�s�a�p�e�c�t�e�n� �b�e�c�a�m�e� �e�x�t�i�n�c�t�,� �a�n�d� �s�e�v�e�r�a�l� �o�t�h�e�r� 

�l�i�n�e�a�g�e�s� �e�n�d�e�d�.� �T�h�i�s� �s�t�a�g�e� �c�o�n�t�a�i�n�s� �n�e�a�r�l�y� �5�%� �e�x�t�a�n�t� �s�p�e�c�i�e�s� �(�B�l�a�c�k�w�e�l�d�e�r�,� �1�9�8�1�b�)�.� 

�T�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n�,� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �i�n� �a�g�e�,� �c�o�n�t�a�i�n�s� �a� �p�r�e�d�o�m�i�n�a�t�e�l�y� 

�s�u�b�t�r�o�p�i�c�a�l� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �(�T�a�b�l�e� �4�.�2�)�.� �T�h�e� �b�a�s�a�l� �t�r�a�n�s�g�r�e�s�s�i�v�e� �b�e�d�s� �h�o�u�s�e� �w�a�r�m�-� 

�t�e�m�p�e�r�a�t�e� �t�a�x�a� �t�h�a�t� �a�r�e� �c�o�m�m�o�n� �t�o� �b�o�t�h� �t�h�e� �D�u�p�l�i�n� �a�n�d� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�.� �S�u�c�h� 

�t�e�m�p�e�r�a�t�e� �g�e�n�e�r�a� �i�n�c�l�u�d�e� �C�h�e�s�a�p�e�c�t�e�n�,� �G�l�o�s�s�u�s�,� �a�n�d� �C�h�e�s�a�c�a�r�d�i�u�m�.� �H�i�g�h�e�r� �i�n� �t�h�e� 

�s�e�c�t�i�o�n�,� �s�u�b�t�r�o�p�i�c�a�l� �m�o�l�l�u�s�k�s� �d�o�m�i�n�a�t�e�.� �T�h�e� �D�u�p�l�i�n� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�e�s� 

�n�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�e� �l�o�w�e�r� �s�e�c�t�i�o�n� �o�f� �t�h�e� 

�L�u�m�b�e�r�t�o�n� �l�o�c�a�l�i�t�y�.� �B�r�a�c�k�i�s�h� �w�a�t�e�r� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�e�d� �a�t� �t�h�e� �t�o�p� �o�f� �t�h�e� �s�e�c�t�i�o�n� �(�W�a�r�d�,� 

�p�e�r�s�.� �c�o�m�m�.�)�.� 

�T�h�e� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�,� �l�i�k�e� �t�h�e� �D�u�p�l�i�n�,� �c�o�n�t�a�i�n�s� �a� �t�e�m�p�e�r�a�t�e� �f�a�u�n�a� �i�n� �t�h�e� �b�a�s�a�l� 

�t�r�a�n�s�g�r�e�s�s�i�v�e� �u�n�i�t� �a�n�d� �s�u�b�t�r�o�p�i�c�a�l� �t�a�x�a� �h�i�g�h�e�r� �i�n� �t�h�e� �s�e�c�t�i�o�n�.� �T�h�i�s� �r�e�f�l�e�c�t�s� �c�o�o�l�e�r� 

�t�e�m�p�e�r�a�t�u�r�e�s� �d�u�r�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �t�r�a�n�s�g�r�e�s�s�i�v�e� �p�h�a�s�e�.� �T�h�e� �f�a�u�n�a� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �n�o�r�t�h�e�r�n� 

�D�u�p�l�i�n� �a�n�d� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�s� �(�T�a�b�l�e� �4�.�3�)�.� �U�n�l�i�k�e� �t�h�e�s�e� �n�o�r�t�h�e�r�n� �e�q�u�i�v�a�l�e�n�t�s�,� �w�h�i�c�h� 

�c�o�n�t�a�i�n� �a� �w�e�l�l�-�p�r�e�s�e�r�v�e�d� �f�a�u�n�a�,� �h�o�w�e�v�e�r�,� �t�h�e� �R�a�y�s�o�r� �c�o�n�t�a�i�n�s� �a� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� 

�t�h�a�t� �i�s� �p�r�e�s�e�r�v�e�d� �o�n�l�y� �w�h�e�r�e� �s�u�f�f�i�c�i�e�n�t� �s�i�l�i�c�i�c�l�a�s�t�i�c� �s�e�d�i�m�e�n�t� �i�s� �p�r�e�s�e�n�t�.� �T�h�e� �m�o�l�l�u�s�c�a�n� 

�a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�e�s� �n�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s�.� �W�a�r�d� �a�n�d� 

�H�u�d�d�l�e�s�t�u�n� �(�1�9�8�8�)� �o�b�t�a�i�n�e�d� �a� �d�i�v�e�r�s�e� �a�s�s�e�m�b�l�a�g�e� �o�f� �p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a� �f�r�o�m� �t�h�e� 

�2�1



�T�a�b�l�e� �4�.�2� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�T�u�r�r�i�t�e�l�l�a� �d�u�p�l�i�n�e�n�s�i�s� �G�a�r�d�n�e�r� �a�n�d� �A�l�d�r�i�c�h� 
�C�y�p�r�a�e�a� �c�a�r�o�l�i�n�e�n�s�i�s� �C�o�n�r�a�d� 
�S�c�o�n�s�i�a� �h�o�d�g�i�i� �(�C�o�n�r�a�d�)� 
�U�r�o�s�a�l�p�i�n�x� �t�r�o�s�s�u�l�a� �(�C�o�n�r�a�d�)� 
�N�a�s�s�a�r�i�u�s� �g�r�a�n�i�f�e�r�a� �(�C�o�n�r�a�d�)� 
�N�a�s�s�a�r�i�u�s� �c�h�o�w�a�n�e�n�s�i�s� �(�G�a�r�d�n�e�r�)� 
�E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� �(�S�a�y�)� 
�E�c�p�h�o�r�a� �b�r�a�d�l�e�y�a�e� �P�e�t�u�c�h� 
�F�a�s�c�i�o�l�a�r�i�a� �s�p�a�r�r�o�w�i� �E�m�m�o�n�s� 
�B�u�s�y�c�o�n� �m�a�x�i�m�u�m� �(�C�o�n�r�a�d�)� 
�B�u�s�y�c�o�n� �p�e�r�v�e�r�s�u�m� �(�L�i�n�n�a�e�u�s�)� 
�C�o�n�t�r�a�c�o�n�u�s� �a�d�v�e�r�s�a�r�i�u�s� �(�C�o�n�r�a�d�)� 
�A�n�a�d�a�r�a� �l�i�e�n�o�s�a� �(�S�a�y�)� 
�C�h�e�s�a�p�e�c�t�e�n� �s�e�p�t�e�n�a�r�i�u�s� �(�S�a�y�)� 
�C�a�r�o�l�i�n�a�p�e�c�t�e�n� �e�b�o�r�e�u�s� �(�C�o�n�r�a�d�)� 
�P�l�i�c�a�t�u�l�a� �m�a�r�g�i�n�a�t�a� �S�a�y� 
�P�s�e�u�d�o�c�h�a�m�a� �c�o�r�t�i�c�o�s�a� �(�C�o�n�r�a�d�)� 
�C�a�r�d�i�t�a�m�e�r�a� �a�r�a�t�a� �(�C�o�n�r�a�d�)� 
�P�l�e�u�r�o�m�e�r�i�s� �t�r�i�d�e�n�t�a�t�a� �(�S�a�y�)� 
�A�s�t�a�r�t�e� �c�o�n�c�e�n�t�r�i�c�a� �C�o�n�r�a�d� 
�C�r�a�s�s�i�n�e�l�l�a� �l�u�n�u�l�a�t�a� �(�C�o�n�r�a�d�)� 
�C�h�e�s�a�c�a�r�d�i�u�m� �a�c�u�t�i�l�a�q�u�e�a�t�u�m� �C�o�n�r�a�d� 
 ��C�a�r�d�i�u�m �� �s�u�b�l�i�n�e�a�t�u�m� �C�o�n�r�a�d� 
�M�e�r�c�e�n�a�r�i�a� �c�o�r�r�u�g�a�t�a� �(�L�a�m�a�r�c�k�)� 
�M�a�c�r�o�c�a�l�l�i�s�t�a� �r�e�p�o�s�t�a� �(�C�o�n�r�a�d�)� 
�D�o�s�i�n�i�a� �e�l�e�g�a�n�s� �C�o�n�r�a�d� 

�2�2



�T�a�b�l�e� �4�.�3� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�D�i�o�d�o�r�a� �r�e�d�i�m�i�c�u�l�a� �(�S�a�y�)� 
�C�h�e�s�a�p�e�c�t�e�n� �s�e�p�t�e�n�a�r�i�u�s� �(�S�a�y�)� 
�O�s�t�r�e�a� �r�a�v�e�n�e�l�i�a�n�a� �T�u�o�m�e�y� �a�n�d� �H�o�l�m�e�s� 
�O�s�t�r�e�a� �l�o�c�k�l�i�n�i� �G�a�r�d�n�e�r� 
�L�u�c�i�n�i�s�c�a� �c�r�i�b�r�a�r�i�u�s� �(�S�a�y�)� 
�P�s�e�u�d�o�c�h�a�m�a� �c�o�r�t�i�c�o�s�a� �(�C�o�n�r�a�d�)� 
�C�y�c�l�o�c�a�r�d�i�a� �g�r�a�n�u�l�a�t�a� �(�S�a�y�)� 
�A�s�t�a�r�t�e� �c�o�n�c�e�n�t�r�i�c�a� �C�o�n�r�a�d� 
�A�s�t�a�r�t�e� �f�l�o�r�i�d�a�n�a� �D�a�l�l� 
 ��C�r�a�s�s�a�t�e�l�l�a �� �s�p�e�c�i�o�s�a� �(�A�.� �A�d�a�m�s�)� 
�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �(�S�a�y�)� 
�G�l�o�s�s�u�s� �f�r�a�t�e�r�n�a� �(�S�a�y�)� 
�K�u�p�h�u�s� �f�i�s�t�u�l�a� �(�L�e�a�)� 

�2�3



�m�a�t�r�i�x� �i�n�s�i�d�e� �p�a�i�r�e�d� �v�a�l�v�e�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�n�d� �O�s�t�r�e�a� �r�a�v�e�n�e�l�i�a�n�a�.� �T�h�e� 

�p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�s� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �B�l�o�w ��s� �(�1�9�6�9�)� �N�2�0� �z�o�n�e�.� �C�r�o�n�i�n� �(�1�9�8�1�)� �c�o�r�r�e�l�a�t�e�d� 

�t�h�e� �o�s�t�r�a�c�o�d�e� �a�s�s�e�m�b�l�a�g�e� �w�i�t�h� �t�h�e� �P�r�e�r�y�g�o�c�y�t�h�e�r�i�s� �i�n�e�x�p�e�c�t�a�t�a� �a�n�d� �t�h�e� �l�o�w�e�r� �p�a�r�t� �o�f� �t�h�e� 

�O�r�i�o�n�i�n�a� �v�a�u�g�h�a�n�i� �z�o�n�e�s� �o�f� �H�a�z�e�l� �(�1�9�7�1�)�,� �w�h�i�c�h� �a�r�e� �e�q�u�i�v�a�l�e�n�t� �t�o� �M�a�n�s�f�i�e�l�d ��s� �(�1�9�4�4�)� 

�z�o�n�e� �2�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �a�g�r�e�e� �t�h�a�t� �t�h�e� �R�a�y�s�o�r� �i�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �o�f� 

�t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�,� �n�o�t� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�,� �a�n�d� �i�s� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �i�n� �a�g�e�.� 

�T�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n�,� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �i�n� �a�g�e�,� �c�o�n�t�a�i�n�s� �a�n� �a�b�u�n�d�a�n�t� 

�m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �(�T�a�b�l�e� �4�.�4�)�.� �T�h�e� �t�a�x�a� �(�i�.�e�.� �E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� �a�n�d� �P�o�l�i�n�i�c�e�s� 

�i�n�t�e�r�n�u�s�)� �f�r�o�m� �t�h�e� �E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� �u�m�b�i�l�i�c�a�t�a� �z�o�n�e� �o�f� �D�a�l�l� �a�n�d� �H�a�r�r�i�s� �(�1�8�9�2�)� 

�i�n�d�i�c�a�t�e� �n�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s� �i�n� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� 

�s�u�b�t�r�o�p�i�c�a�l� �s�e�t�t�i�n�g�.� �T�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �i�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �R�u�s�h�m�e�r�e� 

�M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �a�n�d� �i�t�s� �s�t�r�a�t�i�g�r�a�p�h�i�c� �e�q�u�i�v�a�l�e�n�t�s�.� �S�p�e�c�i�e�s� �c�o�m�m�o�n� 

�t�o� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �a�n�d� �t�h�e�s�e� �n�o�r�t�h�e�r�n� �c�o�u�n�t�e�r�p�a�r�t�s� �i�n�c�l�u�d�e� �E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� 

�(�W�a�g�n�e�r�)�,� �P�t�y�c�h�o�s�a�l�p�i�n�x� �l�a�q�u�e�a�t�u�m� �(�C�o�n�r�a�d�)�,� �B�u�s�y�c�o�n� �m�a�x�i�m�u�m� �(�C�o�n�r�a�d�)�,� �S�c�a�p�h�e�l�l�a� 

�m�u�t�a�b�i�l�i�s� �(�C�o�n�r�a�d�)�,� �L�e�d�a� �t�r�o�c�h�i�l�i�a� �t�r�o�c�h�i�l�i�a� �D�a�l�l�,� �Y�o�l�d�i�a� �t�a�r�p�a�e�i�a� �D�a�l�l�,� �P�l�a�n�i�c�a�r�d�i�u�m� 

�v�i�r�g�i�n�i�a�n�u�m� �C�o�n�r�a�d�,� �M�u�l�i�n�i�a� �c�o�n�g�e�s�t�a� �(�C�o�n�r�a�d�)�,� �D�o�s�i�n�i�a� �a�c�e�t�a�b�u�l�u�m� �o�b�l�i�q�u�a� �D�a�l�l�,� �a�n�d� 

�C�h�i�o�n�e� �c�r�i�b�r�a�r�i�a� �R�o�g�e�r�s�.� �T�h�e� �E�c�p�h�o�r�a� �z�o�n�e� �c�o�n�t�a�i�n�s� �1�4�%� �e�x�t�a�n�t� �s�p�e�c�i�e�s� �(�M�a�n�s�f�i�e�l�d�,� 

�1�9�3�2�)�.� 

�B�e�d� �1�1� �o�f� �t�h�e� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n�s� �a�n� �a�b�u�n�d�a�n�t�,� �d�i�v�e�r�s�e�,� �a�n�d� �w�e�l�l�-� 

�p�r�e�s�e�r�v�e�d� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �(�T�a�b�l�e� �4�.�5�)�.� �T�e�m�p�e�r�a�t�e� �t�a�x�a� �a�r�e� �c�o�m�m�o�n� �i�n� �t�h�e� �e�a�r�l�y� 

�s�t�a�g�e�s� �o�f� �t�h�e� �t�r�a�n�s�g�r�e�s�s�i�o�n�,� �w�i�t�h� �t�r�o�p�i�c�a�l� �f�o�r�m�s� �o�c�c�u�r�r�i�n�g� �h�i�g�h�e�r� �i�n� �t�h�e� �s�e�c�t�i�o�n� �(�W�a�r�d�,� 
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�T�a�b�l�e� �4�.�4� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �E�c�p�h�o�r�a� �z�o�n�e� �o�f� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� 
�F�o�r�m�a�t�i�o�n� �(�M�a�n�s�f�i�e�l�d�,� �1�9�3�0�;� �M�a�n�s�f�i�e�l�d�,� �1�9�3�2�)�.� 

�C�a�l�l�i�o�s�t�o�m�a� �a�l�u�m�i�n�i�u�m� �D�a�l�l� 
�T�e�i�n�o�s�t�o�m�a� �n�a�n�u�m� �u�m�b�i�l�i�c�a�t�u�m� �(�L�e�a�)� 
�T�u�r�r�i�t�e�l�l�a� �a�l�u�m�e�n�s�i�s� �M�a�n�s�f�i�e�l�d� 
�T�u�r�r�i�t�e�l�l�a� �a�l�u�m�e�n�s�i�s� �g�a�r�d�n�e�r�a�e� �M�a�n�s�f�i�e�l�d� 
�E�p�i�t�o�n�i�u�m� �a�l�u�m�e�n�s�i�s� �M�a�n�s�f�i�e�l�d� 
�P�o�l�i�n�i�c�e�s� �i�n�t�e�r�n�u�s� �(�S�a�y�)� 
�E�u�p�l�e�u�r�a� �m�i�o�c�e�n�i�c�a� �D�a�l�l� 
�E�c�p�h�o�r�a� �q�u�a�d�r�i�c�o�s�t�a�t�a� �(�W�a�g�n�e�r�)� 
�P�t�y�c�h�o�s�a�l�p�i�n�x� �l�a�q�u�e�a�t�u�m� �(�C�o�n�r�a�d�)� 
�A�l�e�c�t�r�i�o�n� �a�l�u�m�e�n�s�i�s� �(�O�l�s�s�o�n�)� 
�B�u�s�y�c�o�n� �m�a�x�i�m�u�m� �(�C�o�n�r�a�d�)� 
�B�u�s�y�c�o�n� �m�a�x�i�m�u�m� �t�u�d�i�c�u�l�a�t�u�m� �D�a�l�l� 
�B�u�s�y�c�o�n� �p�y�r�u�m� �p�r�o�p�e�i�n�c�i�l�e� �M�a�n�s�f�i�e�l�d� 
�B�u�s�y�c�o�n� �p�y�r�u�m� �l�i�b�e�r�t�i�e�n�s�e� �M�a�n�s�f�i�e�l�d� 
�B�u�s�y�c�o�n� �p�y�r�u�m� �a�e�p�y�n�o�t�u�m� �D�a�l�l� 
�F�a�s�c�i�o�l�a�r�i�a� �s�p�a�r�r�o�w�i� �E�m�m�o�n�s� 
�S�c�a�p�h�e�l�l�a� �m�u�t�a�b�i�l�i�s� �(�C�o�n�r�a�d�)� 
�A�r�c�a� �i�d�o�n�e�a� �a�l�u�m�e�n�s�i�s� �M�a�n�s�f�i�e�l�d� 
�A�r�c�a� �a�r�e�s�t�a� �D�a�l�l� 
�P�e�c�t�e�n� �l�e�o�n�e�n�s�i�s� �M�a�n�s�f�i�e�l�d� 
�P�h�a�c�o�i�d�e�s� �c�o�n�t�r�a�c�t�u�s� �(�S�a�y�)� 
�A�s�t�a�r�t�e� �f�l�o�r�i�d�a�n�a� �D�a�l�l� 
�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �D�a�l�l� 
�P�l�a�n�i�c�a�r�d�i�u�m� �v�i�r�g�i�n�i�a�n�u�m� �C�o�n�r�a�d� 
�M�u�l�i�n�i�a� �c�o�n�g�e�s�t�a� �(�C�o�n�r�a�d�)� 
�D�o�s�i�n�i�a� �a�c�e�t�a�b�u�l�u�m� �o�b�l�i�q�u�a� �D�a�l�l� 
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�T�a�b�l�e� �4�.�5� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �B�e�d� �1�1� �o�f� �t�h�e� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d�,� 
�1�9�9�2�)�.� 

�T�u�r�r�i�t�e�l�l�a� �s�p�.� 
�P�e�t�a�l�o�c�o�n�c�h�u�s� �s�c�u�l�p�t�u�r�a�t�u�s� �(�L�e�a�)� 
�C�o�n�t�r�a�c�o�n�u�s� �a�d�v�e�r�s�a�r�i�u�s� �(�C�o�n�r�a�d�)� 
�C�u�n�e�a�r�c�a� �p�e�t�e�r�s�b�u�r�g�e�n�s�i�s� �(�O�l�s�s�o�n� �a�n�d� �H�a�r�b�i�s�o�n�)� 
�G�r�a�n�o�a�r�c�a� �p�r�o�p�a�t�u�l�a� �(�C�o�n�r�a�d�)� 
�C�h�e�s�a�p�e�c�t�e�n� �s�e�p�t�e�n�a�r�i�u�s�/�m�a�d�i�s�o�n�i�u�s� �c�o�m�p�l�e�x� �(�S�a�y�)� 
�C�a�r�o�l�i�n�a�p�e�c�t�e�n� �e�b�o�r�e�u�s� �w�a�t�s�o�n�e�n�s�i�s� �(�T�u�c�k�e�r�-�R�o�w�l�a�n�d�)� 
�P�l�i�c�a�t�u�l�a� �m�a�r�g�i�n�a�t�a� �S�a�y� 
�O�s�t�r�e�a� �r�a�v�e�n�e�l�i�a�n�a� �T�u�o�m�e�y� �a�n�d� �H�o�l�m�e�s� 
�P�s�e�u�d�o�c�h�a�m�a� �c�o�r�t�i�c�o�s�a� �(�C�o�n�r�a�d�)� 
�C�a�r�d�i�t�a�m�e�r�a� �a�r�a�t�a� �(�C�o�n�r�a�d�)� 
�C�y�c�l�o�c�a�r�d�i�a� �g�r�a�n�u�l�a�t�a� �(�S�a�y�)� 
�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �(�D�a�l�l�)� 
�M�u�l�i�n�i�a� �c�o�n�g�e�s�t�a� �(�C�o�n�r�a�d�)� 
�D�o�s�i�n�i�a� �a�c�e�t�a�b�u�l�u�m� �(�C�o�n�r�a�d�)� 
�P�a�n�o�p�e�a� �r�e�f�l�e�x�a� �S�a�y� 
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�1�9�9�3�)�.� �T�h�e� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e�,� �t�y�p�i�c�a�l� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� 

�F�o�r�m�a�t�i�o�n� �o�r� �M�a�n�s�f�i�e�l�d ��s� �(�1�9�4�4�)� �z�o�n�e� �2�,� �i�n�d�i�c�a�t�e�s� �n�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-� 

�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s�.� �B�e�d� �1�1� �m�a�y� �r�e�p�r�e�s�e�n�t� �s�t�o�r�m� �d�e�p�o�s�i�t�s�,� �a�s� �t�h�e� �f�o�s�s�i�l�s� �a�r�e� �d�i�s�a�r�t�i�c�u�l�a�t�e�d� 

�a�n�d� �r�a�r�e�l�y� �f�o�u�n�d� �i�n� �l�i�f�e� �p�o�s�i�t�i�o�n� �(�K�e�t�c�h�e�r�,� �1�9�9�2�)�.� �B�e�d� �1�1� �c�o�n�t�a�i�n�s� �i�n�d�e�x� �f�o�s�s�i�l�s� �i�n�d�i�c�a�t�i�v�e� 

�o�f� �B�l�a�c�k�w�e�l�d�e�r ��s� �M�-�5� �z�o�n�e�,� �a�s�s�i�g�n�i�n�g� �a�n� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �a�g�e� �t�o� �B�e�d� �1�1�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �t�r�a�n�s�g�r�e�s�s�i�o�n�,� �a� �m�a�j�o�r� �r�e�g�r�e�s�s�i�o�n� �a�n�d� �c�o�o�l�i�n�g� �e�v�e�n�t� 

�c�a�u�s�e�d� �t�h�e� �e�x�t�i�n�c�t�i�o�n� �o�f� �m�a�n�y� �t�e�m�p�e�r�a�t�e� �m�o�l�l�u�s�k�s� �(�S�t�a�n�l�e�y�,� �1�9�8�6�)�.� �W�i�t�h� �t�h�e� �r�e�g�r�e�s�s�i�o�n� 

�c�a�m�e� �t�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �t�h�e� �s�h�a�l�l�o�w�-�s�h�e�l�f� �b�a�s�i�n�s� �t�h�a�t� �h�a�d� �e�x�i�s�t�e�d� �s�i�n�c�e� �t�h�e� �e�a�r�l�y� �M�i�o�c�e�n�e�.� 

�M�o�l�l�u�s�k�s� �t�h�a�t� �h�a�d� �a�d�a�p�t�e�d� �t�o� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �a� �b�r�o�a�d� �c�o�n�t�i�n�e�n�t�a�l� �s�h�e�l�f� �a�n�d� �t�e�m�p�e�r�a�t�e� 

�c�o�n�d�i�t�i�o�n�s� �b�e�c�a�m�e� �e�x�t�i�n�c�t�.� �T�a�x�a� �s�u�c�h� �a�s� �E�c�p�h�o�r�a�,� �C�h�e�s�a�p�e�c�t�e�n�,� �P�l�a�n�i�c�a�r�d�i�u�m�,� 

�P�l�e�i�o�r�y�t�i�s�,� �a�n�d� �G�r�a�n�o�a�r�c�a� �d�i�d� �n�o�t� �s�u�r�v�i�v�e� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� �W�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� 

�s�u�b�t�r�o�p�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �r�e�t�u�r�n�e�d� �w�i�t�h� �t�h�e� �d�e�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �E�d�e�n�h�o�u�s�e� �M�e�m�b�e�r� �o�f� �t�h�e� 

�C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�.� �S�i�n�c�e� �f�e�w� �t�e�m�p�e�r�a�t�e� �t�a�x�a� �s�u�r�v�i�v�e�d� �t�h�e� �p�o�s�t�-� �Y�o�r�k�t�o�w�n� �c�o�o�l�i�n�g� 

�e�v�e�n�t�,� �t�h�e� �E�d�e�n�h�o�u�s�e� �M�e�m�b�e�r� �c�o�n�t�a�i�n�s� �a� �p�r�e�d�o�m�i�n�a�t�e�l�y� �s�u�b�t�r�o�p�i�c�a�l� �f�a�u�n�a� �(�T�a�b�l�e� �4�.�6�)�.� 

�T�h�e� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�e�s� �n�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� 

�c�o�n�d�i�t�i�o�n�s�,� �b�u�t� �t�h�e� �G�o�m�e�z� �P�i�t� �l�o�c�a�l�i�t�y� �c�o�n�t�a�i�n�s� �s�o�m�e� �b�r�a�c�k�i�s�h� �w�a�t�e�r� �f�o�r�m�s� �b�e�c�a�u�s�e� �o�f� �i�t�s� 

�p�r�o�x�i�m�i�t�y� �t�o� �s�h�o�r�e�.� 

�B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�1�a�)� �p�l�a�c�e�d� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �M�-�4� �z�o�n�e� �o�r� 

�G�o�u�l�d�i�a�n� �S�u�b�s�t�a�g�e� �o�f� �t�h�e� �C�o�l�e�r�a�i�n�i�a�n� �S�t�a�g�e�.� �T�h�e� �M�-�4� �z�o�n�e� �i�s� �a�l�s�o� �k�n�o�w�n� �a�s� �t�h�e� �N�o�e�t�i�a� 

�l�i�m�u�l�a�-�G�l�y�c�y�m�e�r�i�s� �s�u�b�o�v�a�t�a� �i�n�t�e�r�v�a�l� �z�o�n�e�.� �W�a�r�d� �a�n�d� �G�i�l�i�n�s�k�y� �(�1�9�9�3�)� �c�l�a�i�m� �t�h�a�t� �t�h�e� �M�-�4� 

�z�o�n�e� �1�s� �b�a�s�e�d� �o�n� �m�i�s�i�d�e�n�t�i�f�i�e�d� �t�a�x�a�.� �T�h�e� �N�o�e�t�i�a� �a�b�u�n�d�a�n�t� �i�n� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� 
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�T�a�b�l�e� �4�.�6� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d� �e�t� �a�l�.�,� 
�1�9�9�1�)�.� 

�T�u�r�r�i�t�e�l�l�a� �b�e�a�u�f�o�r�t�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�C�r�u�c�i�b�u�l�u�m� �l�a�w�r�e�n�c�e�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�U�r�o�s�a�l�p�i�n�x� �t�r�o�s�s�u�l�a� �s�u�b�s�i�d�u�s� �(�D�a�l�l�)� 
�V�o�l�u�t�i�f�u�s�u�s� �t�y�p�u�s� �C�o�n�r�a�d� 
�N�o�e�t�i�a� �c�a�r�o�l�i�n�e�n�s�i�s� �(�C�o�n�r�a�d�)� 
�C�a�r�o�l�i�n�a�p�e�c�t�e�n� �b�e�r�t�i�e�n�s�i�s� �(�M�a�n�s�f�i�e�l�d�)� 
�C�a�r�o�l�i�n�a�p�e�c�t�e�n� �s�o�l�a�r�i�o�i�d�e�s� �(�H�e�i�l�p�r�i�n�)� 
�B�e�l�l�u�c�i�n�a� �w�a�c�c�a�m�a�w�e�n�s�i�s� �(�D�a�l�l�)� 
�S�p�o�r�t�e�l�l�a� �c�a�l�p�i�x� �G�a�r�d�n�e�r� 
�A�s�t�a�r�t�e� �b�e�r�r�y�i� �G�a�r�d�n�e�r� 
�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� 
�C�h�i�o�n�e� �c�r�i�b�r�a�r�i�a� �(�C�o�n�r�a�d�)� 
�V�e�r�t�i�c�o�r�d�i�a� �c�h�o�w�a�n�e�n�s�i�s� �G�a�r�d�n�e�r� 
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�F�o�r�m�a�t�i�o�n� �i�s� �n�o�t� �N�o�e�t�i�a� �l�i�m�u�l�a� �b�u�t� �r�a�t�h�e�r� �N�o�e�t�i�a� �c�a�r�o�l�i�n�e�n�s�i�s� �(�C�o�n�r�a�d�,� �1�8�6�2�)�.� �T�h�e� 

�G�l�y�c�y�m�e�r�i�s� �a�b�u�n�d�a�n�t� �i�n� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �w�a�s� �n�a�m�e�d� �G�l�y�c�y�m�e�r�i�s� �h�u�m�m�i� �b�y� 

�W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�7�)�.� �H�a�z�e�l� �(�1�9�7�7�)� �p�l�a�c�e�d� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �b�e�d�s� �i�n� �t�h�e� �N�2�1� 

�p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a�l� �z�o�n�e� �a�n�d� �N�N�1�6� �a�n�d� �N�N�1�8� �c�a�l�c�a�r�e�o�u�s� �n�a�n�n�o�f�o�s�s�i�l� �z�o�n�e�s�.� �M�.�E�.� 

�B�e�n�d�e�r� �(�u�n�p�u�b�.� �d�a�t�a�,� �1�9�7�8�)� �d�a�t�e�d� �c�o�r�a�l�s� �f�r�o�m� �t�h�e� �E�d�e�n�h�o�u�s�e� �M�e�m�b�e�r�,� �s�u�g�g�e�s�t�i�n�g� �a� �l�a�t�e� 

�l�a�t�e� �P�l�i�o�c�e�n�e� �a�g�e� �f�o�r� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�.� 

�T�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n�s� �a� �d�i�v�e�r�s�e� �m�o�l�l�u�s�c�a�n� �a�s�s�e�m�b�l�a�g�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� 

�p�r�e�d�o�m�i�n�a�t�e�l�y� �s�u�b�t�r�o�p�i�c�a�l� �t�h�e�r�m�a�l� �r�e�g�i�m�e� �(�T�a�b�l�e� �4�.�7�)�.� �N�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� 

�s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�e�d�.� �B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�1�a�)� �p�l�a�c�e�d� �t�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� 

�i�n� �t�h�e� �M�-�3� �z�o�n�e� �o�r� �W�i�n�d�y�a�n� �S�u�b�s�t�a�g�e� �o�f� �t�h�e� �C�o�l�e�r�a�i�n�i�a�n� �S�t�a�g�e�.� �T�h�e� �M�-�3� �z�o�n�e� �i�s� �a�l�s�o� 

�k�n�o�w�n� �a�s� �t�h�e� �G�l�y�c�y�m�e�r�i�s� �s�u�b�o�v�a�t�a�-�A�n�a�d�a�r�a� �o�v�a�l�i�s� �i�n�t�e�r�v�a�l� �z�o�n�e�,� �w�h�e�r�e� �t�h�e� �l�a�s�t� 

�a�p�p�e�a�r�a�n�c�e� �o�f� �G�.� �s�u�b�o�v�a�t�a� �S�a�y�,� �1�8�2�4� �a�s� �u�s�e�d� �b�y� �T�h�o�m�a�s�,� �1�9�7�5� �m�a�r�k�s� �t�h�e� �l�o�w�e�r� �b�o�u�n�d�a�r�y� 

�a�n�d� �t�h�e� �u�p�p�e�r� �b�o�u�n�d�a�r�y� �i�s� �m�a�r�k�e�d� �b�y� �t�h�e� �f�i�r�s�t� �a�p�p�e�a�r�a�n�c�e� �o�f� �A�.� �o�v�a�l�i�s� �(�B�r�u�g�u�i�e�r�e�,� �1�7�8�9�)�.� 

�T�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �i�s� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �N�2�2� �p�l�a�n�k�t�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a�l� �z�o�n�e�.� �T�h�i�s� 

�a�s�s�i�g�n�m�e�n�t� �a�l�o�n�g� �w�i�t�h� �B�e�n�d�e�r ��s� �(�u�n�p�u�b�.� �d�a�t�a�,� �1�9�7�8�)� �H�e�/�U� �d�a�t�e�s� �o�n� �c�o�r�a�l�s� �p�l�a�c�e� �t�h�e� 

�J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e�.� �T�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �3�5�%� �e�x�t�a�n�t� �s�p�e�c�i�e�s�.� 

�T�h�e�s�e� �f�o�s�s�i�l� �a�s�s�e�m�b�l�a�g�e�s� �r�e�v�e�a�l� �m�u�c�h� �a�b�o�u�t� �t�h�e� �p�a�l�e�o�e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �m�o�l�l�u�s�c�a�n� 

�t�a�x�a� �l�i�v�e�d� �p�r�i�m�a�r�i�l�y� �i�n� �l�o�w�-�e�n�e�r�g�y�,� �s�u�b�t�i�d�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �w�i�t�h� �r�e�l�a�t�i�v�e�l�y� �f�i�r�m�,� �s�t�a�b�l�e� 

�s�u�b�s�t�r�a�t�e�s�.� �N�o�r�m�a�l�-�s�a�l�i�n�e�,� �o�p�e�n�-�m�a�r�i�n�e�,� �s�h�a�l�l�o�w�-�s�h�e�l�f� �c�o�n�d�i�t�i�o�n�s� �e�x�i�s�t�e�d�.� �T�h�e� �f�a�u�n�a� �t�h�a�t� 

�l�i�v�e�d� �i�n� �t�h�e� �L�u�m�b�e�r�t�o�n� �l�o�c�a�l�i�t�y� �o�f� �t�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n� �a�n�d� �t�h�e� �C�h�u�c�k�a�t�u�c�k� 

�2�9



�T�a�b�l�e� �4�.�7� �C�o�m�m�o�n� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� �i�n� �t�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �(�W�a�r�d� �a�n�d� �G�i�l�i�n�s�k�y�,� 
�1�9�9�3�)�.� 

�D�i�o�d�o�r�a� �a�u�r�o�r�a�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�D�i�o�d�o�r�a� �p�a�m�l�i�c�o�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�A�r�e�n�e� �p�e�r�g�e�m�m�a� �(�G�a�r�d�n�e�r�)� 
�R�i�s�s�o�a� �g�e�r�a�e�a� �D�a�l�l� 
�D�i�d�i�a�n�e�m�a� �d�u�p�l�i�n�e�n�s�i�s� �c�o�m�e�s� �O�l�s�s�o�n� �a�n�d� �H�a�r�b�i�s�o�n� 
�T�u�r�r�i�t�e�l�l�a� �b�e�a�u�f�o�r�t�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�T�u�r�r�i�t�e�l�l�a� �p�e�r�e�x�i�l�i�s� �C�o�n�r�a�d� 
�C�r�u�c�i�b�u�l�u�m� �l�a�w�r�e�n�c�e�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�P�t�e�r�o�r�y�t�i�s� �c�o�n�r�a�d�i� �(�D�a�l�l�)� 
�E�u�p�l�e�u�r�a� �c�a�u�d�a�t�a� �(�S�a�y�)� 
�A�e�s�o�p�u�s� �g�a�r�d�n�e�r�a�e� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�A�e�s�o�p�u�s� �i�t�h�i�t�o�m�a� �(�D�a�l�l�)� 
�B�u�s�y�c�o�n� �a�r�u�a�n�u�m� �(�L�i�n�n�e�a�u�s�)� 
�B�u�s�y�c�o�t�y�p�u�s� �c�o�n�c�i�n�n�u�m� �(�C�o�n�r�a�d�)� 
�N�a�s�s�a�r�i�u�s� �a�l�b�u�s� �(�S�a�y�)� 
�N�a�s�s�a�r�i�u�s� �c�o�r�n�e�l�l�i�a�n�a� �(�O�l�s�s�o�n�)� 
�F�a�s�c�i�o�l�a�r�i�a� �b�e�a�u�f�o�r�t�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�P�l�e�u�r�o�p�l�o�c�a� �c�r�o�n�l�y�e�n�s�i�s� �G�a�r�d�n�e�r� 
�H�e�i�l�p�r�i�n�i�a� �c�a�l�o�o�s�a�e�n�s�i�s� �k�e�l�l�o�g�g�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�S�c�a�p�h�e�l�l�a� �t�y�p�u�s� �(�C�o�n�r�a�d�)� 
 ��A�n�a�d�a�r�a �� �a�e�q�u�i�c�o�s�t�a�t�a� �(�C�o�n�r�a�d�)� 
�N�o�e�t�i�a� �l�i�m�u�l�a� �(�C�o�n�r�a�d�)� 
�C�a�r�o�l�i�n�a�p�e�c�t�e�n� �e�b�o�r�e�u�s� �s�o�l�a�n�o�i�d�e�s� �(�H�e�i�l�p�r�i�n�)� 
�C�o�n�r�a�d�o�s�t�r�e�a� �l�a�w�r�e�n�c�e�i� �(�W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r�)� 
�B�e�l�l�u�c�i�n�a� �w�a�c�c�a�m�a�w�e�n�s�i�s� �(�D�a�l�l�)� 
�S�p�o�r�t�e�l�l�a� �w�a�c�c�a�m�a�w�e�n�s�i�s� �G�a�r�d�n�e�r� 
�M�y�s�e�l�l�a� �b�e�a�u�f�o�r�t�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�P�l�e�u�r�o�m�e�r�i�s� �a�u�r�o�r�a�e�n�s�i�s� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�C�r�a�s�s�i�n�e�l�l�a� �j�o�h�n�s�o�n�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�M�a�c�o�m�a� �h�o�l�m�e�s�i�i� �D�a�l�l� 
�S�e�m�e�l�e� �b�e�l�l�a�s�t�r�i�a�t�a� �(�C�o�n�r�a�d�)� 
�C�h�i�o�n�e� �i�n�t�a�p�u�r�p�u�r�e�a� �(�C�o�n�r�a�d�)� 
�P�i�t�a�r� �m�o�r�r�h�u�a�n�u�s� �L�i�n�s�l�e�y� 
�M�a�c�r�o�c�a�l�l�i�s�t�a� �g�r�e�e�n�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
�P�a�n�o�p�e�a� �f�l�o�r�i�d�a�n�a� �H�e�i�l�p�r�i�n� 
�V�e�r�t�i�c�o�r�d�i�a� �e�m�m�o�n�s�i�i�(�C�o�n�r�a�d�)� 
�V�e�r�t�i�c�o�r�d�i�a� �k�e�l�l�o�g�g�i� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� 
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�l�o�c�a�l�i�t�y� �o�f� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �a�r�e� �e�x�c�e�p�t�i�o�n�s�;� �t�h�e�s�e� 

�m�o�l�l�u�s�k�s� �l�i�v�e�d� �i�n� �h�i�g�h�e�r�-�e�n�e�r�g�y� �c�o�n�d�i�t�i�o�n�s� �d�u�e� �t�o� �s�h�o�a�l�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s� �(�W�a�r�d�,� �p�e�r�s�.� 

�c�o�m�m�.� �)�.� 

�T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �i�n� �p�a�r�t�i�c�u�l�a�r� �r�e�v�e�a�l�s� �m�u�c�h� �a�b�o�u�t� �p�a�l�e�o�e�c�o�l�o�g�y�.� 

�B�e�c�a�u�s�e� �s�h�e�l�l� �m�o�r�p�h�o�l�o�g�y� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �c�l�a�m�s�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �s�t�u�d�y� �t�h�e� 

�l�i�f�e� �h�a�b�i�t�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�.� �T�h�e� �s�i�z�e� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �r�a�n�g�e�s� �f�r�o�m� �s�e�v�e�r�a�l� 

�m�i�l�l�i�m�e�t�e�r�s� �u�p� �t�o� �1�1�5� �m�m� �i�n� �l�e�n�g�t�h� �a�n�d� �a� �f�e�w� �m�i�l�l�i�m�e�t�e�r�s� �u�p� �t�o� �9�0� �m�m� �i�n� �h�e�i�g�h�t�.� 

�D�e�s�p�i�t�e� �t�h�e�s�e� �s�i�z�e� �v�a�r�i�a�b�i�l�i�t�i�e�s�,� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �h�a�s� �a� �d�i�s�t�i�n�c�t� �s�h�e�l�l� �f�o�r�m� �a�n�d� 

�o�r�n�a�m�e�n�t�a�t�i�o�n�.� �T�h�e� �s�h�e�l�l� �i�s� �s�u�b�t�r�a�p�e�z�o�i�d�a�l� �t�o� �s�u�b�t�r�i�g�o�n�a�l� �i�n� �s�h�a�p�e� �w�i�t�h� �a� �r�o�u�n�d� �a�n�t�e�r�i�o�r� 

�a�n�d� �a� �v�a�r�i�a�b�l�y� �e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r�.� �T�h�e� �e�x�t�e�r�i�o�r� �o�f� �t�h�e� �s�h�e�l�l� �d�i�s�p�l�a�y�s� �c�o�n�c�e�n�t�r�i�c� �r�i�b�b�i�n�g�,� 

�e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �y�o�u�n�g�e�r� �s�t�a�g�e�s�,� �w�h�i�l�e� �t�h�e� �i�n�t�e�r�i�o�r� �r�e�v�e�a�l�s� �a� �s�m�a�l�l� �p�a�l�l�i�a�l� �s�i�n�u�s�,� �a�n�d� 

�p�r�o�m�i�n�e�n�t� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r�s� �a�n�d� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �s�c�a�r�s� �(�P�l�a�t�e�s� �1�-�1�7�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�a�s� �a�n� �i�n�f�a�u�n�a�l� �o�r�g�a�n�i�s�m�,� �e�x�h�i�b�i�t�i�n�g� �a� �p�a�l�l�i�a�l� �s�i�n�u�s� �a�n�d� 

�p�r�o�m�i�n�e�n�t� �m�u�s�c�u�l�a�t�u�r�e�,� �w�h�i�c�h� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� �b�u�r�r�o�w�i�n�g� �l�i�f�e� �s�t�y�l�e�.� �A�b�r�a�s�i�o�n� 

�c�o�m�m�o�n�l�y� �s�e�e�n� �o�n� �a� �s�m�a�l�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �a�d�u�l�t� �s�h�e�l�l� �a�l�s�o� �s�u�g�g�e�s�t�s� �t�h�a�t� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�w�a�s� �a� �S�h�a�l�l�o�w�,� �i�n�f�a�u�n�a�l� �o�r�g�a�n�i�s�m� �w�i�t�h� �a� �s�m�a�l�l� �a�m�o�u�n�t� �(�p�e�r�h�a�p�s� �o�n�l�y� �1�-�2� �m�m�)� �o�f� �t�h�e� �s�h�e�l�l� 

�e�x�p�o�s�e�d� �a�b�o�v�e� �t�h�e� �s�e�d�i�m�e�n�t�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e� �(�W�a�r�d�,� �p�e�r�s�.� �c�o�m�m�.�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �a�m�o�u�n�t� 

�o�f� �t�h�e� �s�h�e�l�l� �e�x�p�o�s�e�d� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �e�n�o�u�g�h� �t�o� �c�l�a�s�s�i�f�y� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �a�s� 

�s�e�m�i�-�i�n�f�a�u�n�a�l�,� �a� �t�e�r�m� �a�p�p�l�i�e�d� �t�o� �t�h�o�s�e� �g�r�o�u�p�s� �t�h�a�t� �l�i�v�e� �o�n�l�y� �p�a�r�t�l�y� �b�u�r�i�e�d� �i�n� �t�h�e� 

�s�u�b�s�t�r�a�t�u�m�.� 
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�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �c�a�n� �b�e� �s�h�o�w�n� �t�o� �b�e� �a� �s�h�a�l�l�o�w� �b�u�r�r�o�w�e�r� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.� 

�F�i�r�s�t�,� �t�h�e� �s�i�p�h�o�n� �i�n� �b�i�v�a�l�v�e�s� �m�a�i�n�t�a�i�n�s� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �s�u�b�s�t�r�a�t�e� �s�u�r�f�a�c�e� �t�h�r�o�u�g�h�o�u�t� 

�b�u�r�r�o�w�i�n�g�,� �a�n�d� �t�h�e� �d�e�p�t�h� �o�f� �b�u�r�r�o�w�i�n�g� �m�u�s�t� �t�h�e�r�e�f�o�r�e� �b�e� �r�e�l�a�t�e�d� �t�o� �s�i�p�h�o�n� �l�e�n�g�t�h� �(�A�n�s�e�l�l�,� 

�1�9�6�2�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a ��s� �s�m�a�l�l� �p�a�l�l�i�a�l� �s�i�n�u�s�,� �w�h�i�c�h� �c�o�r�r�e�l�a�t�e�s� �w�i�t�h� �a� �s�h�o�r�t� �s�i�p�h�o�n� 

�l�e�n�g�t�h�,� �i�n�d�i�c�a�t�e�s� �a� �s�h�a�l�l�o�w� �b�u�r�r�o�w�i�n�g� �l�i�f�e� �s�t�y�l�e�.� �S�e�c�o�n�d�,� �a�s� �i�n�d�i�c�a�t�e�d� �b�y� �a�b�r�a�s�i�o�n� �o�f� �t�h�e� 

�s�h�e�l�l�,� �a� �s�m�a�l�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �p�o�s�t�e�r�i�o�r� �w�a�s� �e�x�p�o�s�e�d�,� �s�o� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�u�s�t� �h�a�v�e� �l�a�i�n� 

�n�e�a�r� �t�h�e� �s�e�d�i�m�e�n�t�-�w�a�t�e�r� �i�n�t�e�r�f�a�c�e�.� �T�h�i�r�d�,� �t�h�e�r�e� �i�s� �a� �s�t�r�i�k�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �b�i�v�a�l�v�e� 

�s�h�e�l�l� �f�o�r�m� �a�n�d� �t�h�e� �d�e�p�t�h� �o�f� �b�u�r�i�a�l� �(�C�a�r�t�e�r�,� �1�9�6�8�)�.� �V�i�r�t�u�a�l�l�y� �a�l�l� �t�h�i�c�k�-�s�h�e�l�l�e�d� �f�o�r�m�s�,� �l�i�k�e� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �a�r�e� �s�h�a�l�l�o�w� �b�u�r�r�o�w�e�r�s�,� �p�r�o�b�a�b�l�y� �b�e�c�a�u�s�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�i�c�k�n�e�s�s� �w�i�l�l� 

�a�i�d� �s�h�a�l�l�o�w� �b�u�r�r�o�w�e�r�s� �a�g�a�i�n�s�t� �p�r�e�d�a�t�i�o�n�s� �b�y� �s�h�e�l�l�-�b�r�e�a�k�e�r�s� �a�n�d� �b�o�r�e�r�s�.� �B�o�r�i�n�g�s� �f�o�u�n�d� �o�n� 

�s�p�e�c�i�m�e�n�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�e�r�e� �m�a�d�e� �b�y� �m�o�l�l�u�s�k�s�,� �s�p�o�n�g�e�s�,� �w�o�r�m�s�,� �a�n�d� �b�a�r�n�a�c�l�e�s�.� 

�F�o�u�r�t�h�,� �n�e�a�r�l�y� �a�l�l� �o�r�n�a�m�e�n�t�e�d�,� �i�n�f�a�u�n�a�l� �f�o�r�m�s�,� �l�i�k�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �a�r�e� �s�h�a�l�l�o�w� 

�b�u�r�r�o�w�e�r�s� �(�S�t�a�n�l�e�y�,� �1�9�7�0�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �c�a�n� �b�e� �s�h�o�w�n� �t�o� �b�e� �a� �s�l�o�w� �b�u�r�r�o�w�e�r� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.� �F�i�r�s�t�,� 

�t�h�e� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e�,� �f�i�r�m� �s�u�b�s�t�r�a�t�a� �i�n� �w�h�i�c�h� �i�t� �l�i�v�e�d� �d�i�d� �n�o�t� �r�e�q�u�i�r�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �t�o� 

�b�e� �a� �f�a�s�t� �r�e�-�b�u�r�r�o�w�e�r�,� �s�i�n�c�e� �i�t� �w�o�u�l�d� �n�o�t� �o�f�t�e�n� �b�e� �e�x�h�u�m�e�d�.� �S�e�c�o�n�d�,� �l�a�r�g�e�r� �b�i�v�a�l�v�e�s� 

�b�u�r�r�o�w� �m�o�r�e� �s�l�o�w�l�y� �t�h�a�n� �s�m�a�l�l�e�r� �o�n�e�s�,� �w�h�i�c�h� �i�s� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �c�o�n�t�r�a�c�t�i�o�n� 

�t�i�m�e� �o�f� �t�h�e� �m�u�s�c�l�e� �i�s� �d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �i�t�s� �l�e�n�g�t�h�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a ��s� �s�i�z�e� �(�o�v�e�r� 

�1�0�0� �m�m� �i�n� �l�e�n�g�t�h�)� �r�a�i�s�e�s� �t�h�e� �o�r�g�a�n�i�s�m ��s� �m�a�s�s�-�t�o�-�s�u�r�f�a�c�e� �r�a�t�i�o� �a�n�d� �l�o�w�e�r�s� �i�t�s� �c�e�n�t�e�r� �o�f� 

�g�r�a�v�i�t�y� �i�n� �l�i�f�e� �p�o�s�i�t�i�o�n�,� �w�h�i�c�h� �h�e�l�p�s� �t�o� �p�r�e�v�e�n�t� �e�x�h�u�m�a�t�i�o�n� �(�S�t�a�n�l�e�y�,� �1�9�7�0�)�.� �T�h�i�r�d�,� 

�c�o�n�c�e�n�t�r�i�c� �r�i�b�b�i�n�g�,� �a�s� �s�e�e�n� �i�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �p�r�e�s�e�n�t�s� �r�e�s�i�s�t�a�n�t� �s�u�r�f�a�c�e�s� �t�o� �d�o�w�n�w�a�r�d� 
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�m�o�v�e�m�e�n�t�.� �D�u�r�i�n�g� �s�h�e�l�l� �r�o�c�k�i�n�g� �m�o�v�e�m�e�n�t�,� �t�h�e�s�e� �s�u�r�f�a�c�e�s� �r�o�t�a�t�e� �w�i�t�h� �t�h�e� �s�h�e�l�l� �m�a�r�g�i�n� 

�a�n�d� �c�a�n�n�o�t� �p�e�r�f�o�r�m� �a� �s�l�i�c�i�n�g� �f�u�n�c�t�i�o�n�.� �H�e�n�c�e�,� �t�h�e�y� �c�a�n� �o�n�l�y� �h�i�n�d�e�r� �p�e�n�e�t�r�a�t�i�o�n� �a�n�d� 

�i�n�c�r�e�a�s�e� �b�u�r�r�o�w�i�n�g� �t�i�m�e�.� �H�o�w�e�v�e�r�,� �r�i�b�b�i�n�g� �h�e�l�p�s� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�a�i�n�t�a�i�n� �i�t�s� �p�o�s�i�t�i�o�n� 

�b�e�l�o�w� �t�h�e� �s�u�r�f�a�c�e� �b�y� �o�f�f�e�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �a�g�a�i�n�s�t� �e�x�h�u�m�a�t�i�o�n� �(�S�t�a�n�l�e�y�,� �1�9�8�1�)�.� 

�I�n� �e�x�a�m�i�n�i�n�g� �t�h�e� �l�o�c�o�m�o�t�i�o�n� �o�f� �b�i�v�a�l�v�e�s�,� �o�n�e� �m�u�s�t� �c�o�n�s�i�d�e�r� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 

�s�u�b�s�t�r�a�t�e�.� �S�u�b�s�t�r�a�t�e�,� �i�n� �g�e�n�e�r�a�l�,� �c�a�n� �r�a�n�g�e� �f�r�o�m� �a� �s�o�f�t� �a�n�d� �f�l�u�i�d� �s�u�b�s�t�r�a�t�e� �t�o� �a� �h�a�r�d� �a�n�d� 

�s�o�l�i�d� �o�n�e�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�v�e�d� �p�r�i�m�a�r�i�l�y� �i�n� �s�i�l�t�y�,� �s�h�e�l�l�y� �s�a�n�d�s� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �c�o�h�e�s�i�v�e�n�e�s�s� �o�f� �t�h�e� �s�a�n�d�/�m�u�d� �m�i�x�t�u�r�e�,� �s�u�c�h� �s�u�b�s�t�r�a�t�e�s� �t�e�n�d� �t�o� �b�e� 

�r�e�l�a�t�i�v�e�l�y� �f�i�r�m� �a�n�d� �s�t�a�b�l�e�.� �T�h�e� �m�o�s�t� �w�i�d�e�s�p�r�e�a�d� �b�i�v�a�l�v�e� �s�h�e�l�l� �f�o�r�m� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� 

�t�y�p�e� �o�f� �s�u�b�s�t�r�a�t�e� �h�a�s� �t�h�i�c�k� �v�a�l�v�e�s�,� �a�n� �e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r�,� �a�n�d� �a� �r�o�u�n�d� �a�n�t�e�r�i�o�r� �m�u�c�h� �l�i�k�e� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �(�S�t�a�n�l�e�y�,� �1�9�7�0�)�.� 

�A� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �s�e�d�i�m�e�n�t�a�r�y� �r�e�g�i�m�e� �a�n�d� �f�e�e�d�i�n�g� �t�y�p�e� �i�n� �b�i�v�a�l�v�e�s�.� 

�S�u�s�p�e�n�s�i�o�n� �f�e�e�d�e�r�s� �a�r�e� �f�o�u�n�d� �p�r�e�d�o�m�i�n�a�t�e�l�y� �i�n� �s�a�n�d�y� �d�e�p�o�s�i�t�s�,� �w�h�e�r�e�a�s� �d�e�p�o�s�i�t� �f�e�e�d�e�r�s� 

�a�r�e� �u�s�u�a�l�l�y� �f�o�u�n�d� �i�n� �a�r�e�a�s� �w�i�t�h� �a� �h�i�g�h� �c�l�a�y� �a�n�d� �s�i�l�t� �c�o�n�t�e�n�t�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�a�s� �a� 

�s�u�s�p�e�n�s�i�o�n� �f�e�e�d�e�r�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �p�a�l�l�i�a�l� �s�i�n�u�s� �a�n�d� �t�h�e� �p�r�e�d�o�m�i�n�a�t�e�l�y� �s�a�n�d�y� �a�r�e�a�s� �i�t� 

�i�n�h�a�b�i�t�e�d�.� �S�i�n�c�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �h�a�d� �l�i�t�t�l�e� �n�e�e�d� �t�o� �c�h�a�n�g�e� �l�o�c�a�t�i�o�n�s� �f�o�r� �f�e�e�d�i�n�g�,� �i�t� 

�r�e�m�a�i�n�e�d� �s�t�a�t�i�o�n�a�r�y� �i�n� �t�h�e� �s�e�d�i�m�e�n�t� �(�u�n�l�e�s�s� �f�o�r�c�e�d� �t�o� �r�e�-�b�u�r�r�o�w�)� �(�S�t�a�n�l�e�y�,� �1�9�7�0�)�.� �I�t�s� 

�i�n�h�a�l�e�n�t� �s�i�p�h�o�n� �b�r�o�u�g�h�t� �i�n� �f�o�o�d� �f�r�o�m� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �w�a�t�e�r�,� �i�n� �w�h�i�c�h� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� 

�m�i�c�r�o�s�c�o�p�i�c� �p�r�o�t�i�s�t�s� �(�c�h�i�e�f�l�y� �d�i�a�t�o�m�s� �a�n�d� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s�)� �w�e�r�e� �s�u�s�p�e�n�d�e�d� �(�M�o�o�r�e�,� �1�9�6�9�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�a�s� �a�n� �i�n�f�a�u�n�a�l�,� �s�h�a�l�l�o�w�-�b�u�r�r�o�w�i�n�g� �s�u�s�p�e�n�s�i�o�n� �f�e�e�d�e�r� �t�h�a�t� 

�e�x�p�l�o�i�t�e�d� �a� �r�e�s�t�r�i�c�t�e�d� �n�u�m�b�e�r� �o�f� �h�a�b�i�t�a�t�s� �p�r�i�n�c�i�p�a�l�l�y� �i�n� �l�o�w�-�e�n�e�r�g�y�,� �s�u�b�t�i�d�a�l� 
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�e�n�v�i�r�o�n�m�e�n�t�s�.� �I�t� �w�o�u�l�d� �n�o�t� �b�e� �e�x�p�e�c�t�e�d� �t�o� �f�i�n�d� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�v�i�n�g� �i�n� �a� �g�r�a�v�e�l�-�t�y�p�e� 

�b�o�t�t�o�m� �o�r� �h�i�g�h�-�e�n�e�r�g�y� �e�n�v�i�r�o�n�m�e�n�t�,� �s�i�n�c�e� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t� �w�o�u�l�d� �h�i�n�d�e�r� �t�h�e� �t�a�x�o�n ��s� 

�b�u�r�r�o�w�i�n�g� �b�e�h�a�v�i�o�r�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �i�s� �a�l�s�o� �n�o�t� �f�o�u�n�d� �i�n� �t�h�e� �M�o�r�g�a�r�t ��s� �B�e�a�c�h� �M�e�m�b�e�r� 

�o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �T�h�i�s� �m�e�m�b�e�r� �c�o�n�t�a�i�n�s� �a� �h�i�g�h� 

�m�u�d� �c�o�n�t�e�n�t�,� �w�h�i�c�h� �w�o�u�l�d� �i�n�h�i�b�i�t� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �f�r�o�m� �f�e�e�d�i�n�g� �a�n�d� �b�u�r�r�o�w�i�n�g� 

�a�d�e�q�u�a�t�e�l�y�.� �T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �s�u�r�v�i�v�e�d� �i�n� �a� �l�o�w�-�e�n�e�r�g�y�,� �s�u�b�t�i�d�a�l�,� �s�h�a�l�l�o�w�-� 

�s�h�e�l�f� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �a�t� �l�e�a�s�t� �s�i�x�t�e�e�n� �m�i�l�l�i�o�n� �y�e�a�r�s�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �h�a�b�i�t�a�t� �c�h�a�n�g�e�s� 

�t�h�a�t� �d�i�s�r�u�p�t�e�d� �t�h�e� �s�e�a� �b�o�t�t�o�m�,� �t�h�e�r�e� �w�a�s� �a�p�p�a�r�e�n�t�l�y� �a�d�e�q�u�a�t�e� �t�i�m�e� �f�o�r� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �t�o� 

�e�i�t�h�e�r� �a�d�a�p�t� �t�o� �t�h�o�s�e� �c�h�a�n�g�e�s� �o�r� �m�i�g�r�a�t�e� �t�o� �a�p�p�r�o�p�r�i�a�t�e� �e�n�v�i�r�o�n�m�e�n�t�s� �w�h�e�n� �l�o�c�a�l� 

�c�o�n�d�i�t�i�o�n�s� �c�h�a�n�g�e�d�.� 
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�C�H�A�P�T�E�R� �5�.� �M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�S�p�e�c�i�m�e�n�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �e�a�c�h� �s�t�r�a�t�i�g�r�a�p�h�i�c� �i�n�t�e�r�v�a�l� �f�r�o�m� 

�s�e�v�e�n� �S�i�t�e�s� �i�n� �V�i�r�g�i�n�i�a�,� �f�i�v�e� �i�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �o�n�e� �i�n� �S�o�u�t�h� �C�a�r�o�l�i�n�a�,� �o�n�e� �i�n� �G�e�o�r�g�i�a�,� �a�n�d� 

�t�h�r�e�e� �i�n� �F�l�o�r�i�d�a�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �8�0�0� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �s�t�u�d�i�e�d�,� �r�e�p�r�e�s�e�n�t�i�n�g� �s�e�v�e�n� 

�f�o�r�m�a�t�i�o�n�s� �a�n�d� �t�h�r�e�e� �m�e�m�b�e�r�s� �f�r�o�m� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �t�o� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e�.� 

�F�i�g�u�r�e�s� �2�.�2�-�2�.�5� �i�n�d�i�c�a�t�e� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�o�l�l�e�c�t�i�n�g� �s�i�t�e�s�.� �F�i�e�l�d� �w�o�r�k� �c�o�n�s�i�s�t�e�d� �o�f� �b�u�l�k� 

�s�a�m�p�l�i�n�g� �w�i�t�h�i�n� �a� �s�h�o�r�t� �v�e�r�t�i�c�a�l� �d�i�s�t�a�n�c�e� �(�1�-�3� �f�e�e�t�)� �a�t� �e�a�c�h� �t�i�m�e� �h�o�r�i�z�o�n�.� �T�h�e� �f�i�e�l�d� 

�c�o�l�l�e�c�t�i�o�n� �w�a�s� �s�u�p�p�l�e�m�e�n�t�e�d� �b�y� �c�o�l�l�e�c�t�i�o�n�s� �b�o�r�r�o�w�e�d� �f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a� �M�u�s�e�u�m� �o�f� 

�N�a�t�u�r�a�l� �H�i�s�t�o�r�y� �a�n�d� �t�h�e� �F�l�o�r�i�d�a� �M�u�s�e�u�m� �o�f� �N�a�t�u�r�a�l� �H�i�s�t�o�r�y�.� �T�h�e� �l�o�c�a�l�i�t�y� �r�e�g�i�s�t�e�r� �i�s� 

�s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�T�h�i�s� �s�t�u�d�y� �a�d�o�p�t�s� �d�i�a�g�n�o�s�t�i�c� �v�a�r�i�a�b�l�e�s� �d�e�v�i�s�e�d� �b�y� �S�t�a�n�l�e�y� �a�n�d� �Y�a�n�g� �(�1�9�8�7�)� �t�o� 

�r�e�f�l�e�c�t� �t�h�e� �r�a�n�g�e� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �s�i�z�e� �a�n�d� �s�h�a�p�e�.� �B�e�c�a�u�s�e� �t�h�e� �v�a�r�i�a�b�l�e�s� �a�r�e� �e�a�s�i�l�y� 

�i�d�e�n�t�i�f�i�a�b�l�e�,� �m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� �r�e�s�u�l�t�s� �a�r�e� �r�e�p�r�o�d�u�c�i�b�l�e�.� �E�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �o�n� �a�l�l� �c�o�m�p�l�e�t�e� �s�p�e�c�i�m�e�n�s� �(�T�a�b�l�e� �5�.�1�)�.� �B�r�o�k�e�n� �a�n�d� �p�o�o�r�l�y� 

�p�r�e�s�e�r�v�e�d� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �n�o�t� �d�i�s�c�a�r�d�e�d�,� �a�n�d� �a�s� �m�a�n�y� �o�f� �t�h�e� �e�i�g�h�t�e�e�n� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

�m�e�a�s�u�r�e�d� �a�s� �p�o�s�s�i�b�l�e� �(�F�i�g�.� �5�.�1�)�.� �M�o�s�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �h�e�i�g�h�t� 

�l�i�n�e�,� �w�h�i�c�h� �w�a�s� �h�a�n�d�-�d�r�a�w�n� �o�n� �e�a�c�h� �s�p�e�c�i�m�e�n�,� �a�n�d� �e�x�t�e�n�d�s� �f�r�o�m� �t�h�e� �h�i�g�h�e�s�t� �p�o�i�n�t� �o�f� �t�h�e� 

�b�e�a�k� �a�t� �a� �n�o�r�m�a�l� �t�o� �t�h�e� �v�e�n�t�r�a�l� �m�a�r�g�i�n�.� �T�h�i�s� �r�e�f�e�r�e�n�c�e� �l�i�n�e� �s�e�p�a�r�a�t�e�s� �t�h�e� �a�n�t�e�r�i�o�r� �f�r�o�m� �t�h�e� 

�p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h� �v�a�r�i�a�b�l�e�s�.� �M�o�s�t� �o�t�h�e�r� �v�a�r�i�a�b�l�e�s� �n�o�t� �d�i�r�e�c�t�l�y� �d�r�a�w�n� �t�o� �t�h�e� �h�e�i�g�h�t� �l�i�n�e� �w�e�r�e� 

�d�r�a�w�n� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �h�e�i�g�h�t� �l�i�n�e�.� �H�e�i�g�h�t� �a�n�d� �l�e�n�g�t�h� �v�a�r�i�a�b�l�e�s� �a�s�s�e�s�s� �s�i�z�e� �a�n�d� �s�h�a�p�e� �o�f� �t�h�e� 
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�T�a�b�l�e� �5�.�1� �E�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �m�e�a�s�u�r�e�d� �o�n� �e�a�c�h� �s�p�e�c�i�m�e�n�,� �t�h�e�i�r� 
�a�b�b�r�e�v�i�a�t�i�o�n�s� �u�s�e�d� �i�n� �A�p�p�e�n�d�i�c�e�s� �B� �a�n�d� �C�,� �a�n�d� �t�h�e�i�r� �l�e�t�t�e�r� �d�e�s�i�g�n�a�t�i�o�n�s� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d� 
�t�o� �F�i�g�u�r�e� �5�.�1�.� 

�A�n�t�e�r�i�o�r� �P�e�d�a�l� �R�e�t�r�a�c�t�o�r� �H�e�i�g�h�t� 
�P�o�s�t�e�r�i�o�r� �P�e�d�a�l� �R�e�t�r�a�c�t�o�r� �H�e�i�g�h�t� 
�F�u�l�l� �H�e�i�g�h�t� 
�A�n�t�e�r�i�o�r� �t�o� �P�o�s�t�e�r�i�o�r� �P�e�d�a�l� �R�e�t�r�a�c�t�o�r� �M�i�d�p�o�i�n�t� �H�e�i�g�h�t� 

�A�n�t�e�r�i�o�r� �L�e�n�g�t�h� 
�P�o�s�t�e�r�i�o�r� �L�e�n�g�t�h� 
�F�u�l�l� �L�e�n�g�t�h� 
�A�n�t�e�r�i�o�r� �P�e�d�a�l� �R�e�t�r�a�c�t�o�r� �L�e�n�g�t�h� 
�P�o�s�t�e�r�i�o�r� �P�e�d�a�l� �R�e�t�r�a�c�t�o�r� �L�e�n�g�t�h� 
�A�n�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �L�e�n�g�t�h� 
�P�o�s�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �L�e�n�g�t�h� 
�P�a�l�l�i�a�l� �S�i�n�u�s� �D�e�p�t�h� 
�A�n�t�e�r�i�o�r� �P�a�l�l�i�a�l� �R�a�d�i�a�l� �D�i�s�t�a�n�c�e� 
�P�o�s�t�e�r�i�o�r� �P�a�l�l�i�a�l� �R�a�d�i�a�l� �D�i�s�t�a�n�c�e� 
�A�n�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �W�i�d�t�h� 
�A�n�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �H�e�i�g�h�t� 
�P�o�s�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �W�i�d�t�h� 
�P�o�s�t�e�r�i�o�r� �A�d�d�u�c�t�o�r� �M�u�s�c�l�e� �H�e�i�g�h�t� 
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�w�h�o�l�e� �o�r�g�a�n�i�s�m�.� �O�t�h�e�r� �v�a�r�i�a�b�l�e�s� �r�e�p�r�e�s�e�n�t� �m�o�r�e� �l�o�c�a�l� �v�a�r�i�a�t�i�o�n� �a�s� �i�n� �t�h�e� �s�o�f�t� �p�a�r�t� 

�a�n�a�t�o�m�y�,� �s�u�c�h� �a�s� �t�h�e� �m�u�s�c�l�e� �a�t�t�a�c�h�m�e�n�t�s� �a�n�d� �t�h�e� �p�a�l�l�i�a�l� �s�i�n�u�s�.� �T�h�e� �a�n�t�e�r�i�o�r� �a�n�d� �p�o�s�t�e�r�i�o�r� 

�p�a�l�l�i�a�l� �r�a�d�i�a�l� �d�i�s�t�a�n�c�e�s� �(�A�P�R�D�,� �P�P�R�D�)�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �i�n�d�i�c�a�t�e� �t�h�e� �d�i�s�t�a�n�c�e� �o�f� �t�h�e� �m�a�n�t�l�e� 

�a�t�t�a�c�h�m�e�n�t� �f�r�o�m� �t�h�e� �s�h�e�l�l� �m�a�r�g�i�n�.� �H�o�w�e�v�e�r�,� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

�A�P�R�D�,� �P�P�R�D�,� �a�n�d� �t�h�e� �m�a�n�t�l�e� �i�s� �o�b�s�c�u�r�e� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �A�P�R�D� �a�n�d� �P�P�R�D� �m�a�y� �p�r�o�v�i�d�e� 

�i�n�f�o�r�m�a�t�i�o�n� �o�n� �b�i�v�a�l�v�e� �l�i�f�e� �h�a�b�i�t�s� �b�y� �a�s�s�e�s�s�i�n�g� �s�h�e�l�l� �s�h�a�p�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �l�o�n�g�e�r� �A�P�R�D� 

�i�n� �s�t�u�n�t�e�d� �f�o�r�m�s�,� �l�i�k�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s�,� �m�a�y� �b�e� �a�n� �a�d�v�a�n�t�a�g�e� �i�n� �t�h�e� 

�b�u�r�r�o�w�i�n�g� �p�r�o�c�e�s�s�.� �A� �w�e�l�l�-�r�o�u�n�d�e�d� �a�n�t�e�r�i�o�r� �d�e�c�r�e�a�s�e�s� �b�u�r�r�o�w�i�n�g� �t�i�m�e� �a�n�d� �i�n�c�r�e�a�s�e�s� 

�b�o�d�y� �m�a�s�s�,� �w�h�i�c�h� �h�e�l�p�s� �p�r�e�v�e�n�t� �e�x�h�u�m�a�t�i�o�n� �(�S�t�a�n�l�e�y�,� �1�9�7�0�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�w�e�l�v�e� �q�u�a�l�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �n�o�t�e�d� �f�o�r� �a�l�l� �p�o�s�s�i�b�l�e� �s�p�e�c�i�m�e�n�s� 

�(�T�a�b�l�e� �5�.�2�)�.� �T�h�e� �t�y�p�e� �o�f� �v�a�l�v�e� �w�a�s� �n�o�t�e�d� �(�l�e�f�t� �o�r� �r�i�g�h�t�)�.� �I�n� �o�r�d�e�r� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �|� 

�o�r�n�a�m�e�n�t�a�t�i�o�n�,� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�o�m�i�n�e�n�t�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �(�e�x�t�e�n�d�i�n�g� �v�e�n�t�r�a�l�l�y� �f�r�o�m� �t�h�e� 

�h�i�g�h�e�s�t� �p�o�i�n�t� �o�f� �t�h�e� �b�e�a�k� �u�n�t�i�l� �t�h�e� �r�i�b�s� �d�i�s�a�p�p�e�a�r�)� �w�a�s� �c�o�u�n�t�e�d�.� �T�h�e� �l�a�s�t� �q�u�a�l�i�t�a�t�i�v�e� 

�c�a�t�e�g�o�r�y� �d�e�s�c�r�i�b�e�d� �i�s� �b�o�r�e�h�o�l�e�s�.� �T�o� �a�n�a�l�y�z�e� �p�r�e�d�a�t�o�r�-�p�r�e�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h�i�n� �t�h�e� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �m�o�l�l�u�s�k� �b�o�r�e�h�o�l�e�s� �a�n�d� �t�h�e�i�r� 

�p�o�s�i�t�i�o�n� �o�n� �e�a�c�h� �s�p�e�c�i�m�e�n� �w�e�r�e� �n�o�t�e�d�.� �T�h�i�s� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �d�e�s�i�g�n�a�t�i�n�g� �f�i�v�e� 

�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �v�a�l�v�e� �(�F�i�g�.� �5�.�2�)�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �m�o�l�l�u�s�k� �b�o�r�e�r�s�,� �o�t�h�e�r� �t�y�p�e�s� �o�f� �b�o�r�e�r�s� �w�e�r�e� 

�n�o�t�e�d�.� �T�h�e� �e�n�t�i�r�e� �d�a�t�a� �s�e�t� �i�s� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� 

�T�o� �a�v�o�i�d� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m�s� �w�i�t�h� �a�l�l�o�m�e�t�r�y�,� �o�n�l�y� �a�d�u�l�t� �s�h�e�l�l�s� �w�e�r�e� �m�e�a�s�u�r�e�d�.� 

�H�o�w�e�v�e�r�,� �a�d�u�l�t� �b�o�d�y� �s�i�z�e� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �p�i�n�p�o�i�n�t� �f�o�r� �m�a�r�i�n�e� �b�i�v�a�l�v�e� �s�p�e�c�i�e�s� �b�e�c�a�u�s�e� 

�g�r�o�w�t�h� �i�s� �a�m�b�i�g�u�o�u�s� �(�S�t�a�n�l�e�y� �a�n�d� �Y�a�n�g�,� �1�9�8�7�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �a� 
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�T�a�b�l�e� �5�.�2�.� �T�w�e�l�v�e� �q�u�a�l�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �n�o�t�e�d� �f�o�r� �e�a�c�h� �s�p�e�c�i�m�e�n� �a�n�d� �t�h�e�i�r� �a�b�b�r�e�v�i�a�t�i�o�n�s� 
�u�s�e�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� �M�o�l�l�u�s�k� �b�o�r�e�h�o�l�e� �a�b�b�r�e�v�i�a�t�i�o�n�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �F�i�g�u�r�e� �5�.�2�.� 

�N�u�m�b�e�r� �o�f� �R�i�b�s� 
�T�y�p�e� �o�f� �V�a�l�v�e� �L�e�f�t� �o�r� �R�i�g�h�t� �(�L�/�R�)� 
�B�o�r�e�d�?� �Y�e�s� �o�r� �N�o� �(�Y�/�N�)�;� �Y�-�P� �=� �p�a�r�t�i�a�l�l�y� �b�o�r�e�d� 
�L�o�c�a�t�i�o�n� �o�f� �M�o�l�l�u�s�k� �B�o�r�e�h�o�l�e�:� 

�U�p�p�e�r� �R�e�g�i�o�n� �U�R� 
�L�o�w�e�r� �R�e�g�i�o�n� �L�R� 
�A�n�t�e�r�i�o�r� �S�i�d�e� �A�S� 
�P�o�s�t�e�r�i�o�r� �S�i�d�e� �P�S� 
�C�e�n�t�r�a�l� �R�e�g�i�o�n� �C�R� 

�T�y�p�e� �o�f� �B�o�r�i�n�g�:� 
�M�o�l�l�u�s�k� �M�B� 
�S�p�o�n�g�e� �S�B� 
�W�o�r�m� �W�B� 
�B�a�r�n�a�c�l�e� �B�B� 
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�j�u�v�e�n�i�l�e� �t�o� �a�n� �a�d�u�l�t� �i�s� �m�a�r�k�e�d� �b�y� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �g�a�m�e�t�e�s�,� �w�h�i�c�h� �i�s� �n�o�t� �r�e�c�o�r�d�e�d� �i�n� 

�t�h�e� �h�a�r�d� �p�a�r�t�s� �o�f� �t�h�e� �f�o�s�s�i�l�.� �T�h�i�s� �s�t�u�d�y� �a�d�o�p�t�s� �t�h�e� �a�r�b�i�t�r�a�r�y� �d�e�c�i�s�i�o�n� �b�y� �W�i�n�g�a�r�d� �(�1�9�9�3�)� �t�o� 

�l�a�b�e�l� �a�n� �a�d�u�l�t� �c�r�a�s�s�a�t�e�l�l�i�d� �f�o�s�s�i�l� �s�h�e�l�l� �a�s� �h�a�v�i�n�g� �a� �l�e�n�g�t�h� �o�f� �3�0� �m�m� �o�r� �g�r�e�a�t�e�r�.� 

�M�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �e�l�e�c�t�r�o�n�i�c�,� �d�i�g�i�t�a�l� �c�a�l�i�p�e�r�s� �(�U�l�t�r�a�-�c�a�l� �m�a�r�k� �I�I�I�,� 

�F�o�w�l�e�r�-�S�y�l�v�a�c�,� �S�w�i�s�s� �m�a�d�e�)� �t�h�a�t� �r�e�a�d� �t�o� �0�.�0�1� �m�m� �a�n�d� �w�e�r�e� �e�n�t�e�r�e�d� �i�n�t�o� �Q�u�a�t�t�r�o� �P�r�o� 

�(�1�9�9�5�)�.� 

�T�h�e� �d�a�t�a� �u�n�d�e�r�w�e�n�t� �n�u�m�e�r�o�u�s� �t�e�s�t�s� �b�y� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m�s� �(�S�A�S�,� �1�9�8�8�)�.� 

�S�a�m�p�l�e�s� �w�i�t�h� �m�i�s�s�i�n�g� �d�a�t�a� �w�e�r�e� �n�o�t� �e�m�p�l�o�y�e�d�.� �T�h�i�s� �s�t�u�d�y� �w�a�s� �e�x�a�m�i�n�e�d� �a�t� �d�i�f�f�e�r�e�n�t� 

�l�e�v�e�l�s� �o�r� �s�c�a�l�e�s� �a�s� �o�u�t�l�i�n�e�d� �i�n� �t�h�e� �I�n�t�r�o�d�u�c�t�i�o�n�.� �T�h�u�s�,� �d�i�f�f�e�r�e�n�t� �t�e�s�t�s� �w�e�r�e� �u�s�e�d� �t�o� �a�n�s�w�e�r� 

�t�h�e� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l� �q�u�e�s�t�i�o�n�s�.� �T�h�e� �s�p�e�c�i�e�s�-�l�e�v�e�l� �q�u�e�s�t�i�o�n�s� �w�e�r�e� �a�n�s�w�e�r�e�d� �u�s�i�n�g� �t�h�e� 

�f�o�l�l�o�w�i�n�g�:� �p�r�i�n�c�i�p�a�l�-�c�o�m�p�o�n�e�n�t�s� �a�n�a�l�y�s�i�s� �(�P�C�A�)�,� �c�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� 

�(�C�D�A�)�,� �s�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�S�D�A�)�,� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)�,� �a� �c�h�i�-� 

�s�q�u�a�r�e� �t�e�s�t�,� �a�n�d� �s�i�m�p�l�e� �f�r�e�q�u�e�n�c�i�e�s�;� �t�h�e� �l�a�t�t�e�r� �t�w�o� �w�e�r�e� �b�a�s�e�d� �o�n� �q�u�a�l�i�t�a�t�i�v�e� �d�a�t�a�.� 

�F�o�r�m�a�t�i�o�n�-�l�e�v�e�l� �q�u�e�s�t�i�o�n�s� �w�e�r�e� �a�n�s�w�e�r�e�d� �u�s�i�n�g� �P�C�A�,� �C�D�A�,� �S�D�A�,� �a�n�d� �c�h�i�-�s�q�u�a�r�e� �t�e�s�t�s�;� 

�t�h�e� �l�a�t�t�e�r�m�o�s�t� �w�a�s� �b�a�s�e�d� �o�n� �q�u�a�l�i�t�a�t�i�v�e� �d�a�t�a�.� �A�N�O�V�A�,� �w�h�i�c�h� �e�m�p�l�o�y�e�d� �q�u�a�l�i�t�a�t�i�v�e� �d�a�t�a�,� 

�a�n�d� �a� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �w�e�r�e� �u�s�e�d� �t�o� �a�n�s�w�e�r� �t�h�e� �l�o�c�a�l�i�t�y�-�l�e�v�e�l� �q�u�e�s�t�i�o�n�.� �A� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�e�a�c�h� �o�f� �t�h�e� �t�e�s�t�s� �f�o�l�l�o�w�s�.� 

�I�n� �t�h�e� �p�r�i�n�c�i�p�a�l�-�c�o�m�p�o�n�e�n�t�s� �(�P�C�A�)� �r�e�s�u�l�t�s� �o�n� �n�o�n�-�n�o�r�m�a�l�i�z�e�d� �d�a�t�a�,� �s�i�z�e� 

�d�i�f�f�e�r�e�n�c�e�s� �a�c�c�o�u�n�t� �f�o�r� �s�o� �m�u�c�h� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �c�l�a�m�s� �t�h�a�t� �s�h�a�p�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� 

�d�i�f�f�i�c�u�l�t� �t�o� �d�i�s�c�e�r�n�.� �N�e�a�r�l�y� �a�l�l� �o�f� �t�h�e� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �m�e�a�s�u�r�e�m�e�n�t�s� �w�i�t�h�i�n� �f�i�v�e� 

�s�p�e�c�i�e�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �l�e�n�g�t�h�,� �a� �s�i�z�e� �v�a�r�i�a�b�l�e�.� �T�h�u�s�,� �t�h�e� �o�r�i�g�i�n�a�l� �d�a�t�a� �s�e�t� �w�a�s� 
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�n�o�r�m�a�l�i�z�e�d� �b�y� �t�h�e� �g�e�o�m�e�t�r�i�c� �m�e�a�n�s� �m�e�t�h�o�d� �i�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �s�h�a�p�e� �c�h�a�n�g�e�s� �m�a�s�k�e�d� �b�y� 

�s�i�z�e� �(�S�o�k�a�l� �a�n�d� �R�o�h�l�f�,� �1�9�9�5�)�.� �T�h�e� �g�e�o�m�e�t�r�i�c� �m�e�a�n�s� �a�n�d� �t�h�e� �t�r�a�n�s�f�o�r�m�e�d� �d�a�t�a� �s�e�t� �a�r�e� 

�l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �C�.� �P�C�A� �a�s�s�e�s�s�e�d� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� 

�a�n�d� �w�i�t�h�i�n� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� �T�h�i�s� �m�u�l�t�i�v�a�r�i�a�t�e� �t�e�c�h�n�i�q�u�e� �r�e�m�o�v�e�s� �t�h�e� 

�r�e�d�u�n�d�a�n�c�y� �f�r�o�m� �a� �s�e�t� �o�f� �c�o�r�r�e�l�a�t�e�d� �v�a�r�i�a�b�l�e�s� �b�y� �t�r�a�n�s�f�o�r�m�i�n�g� �t�h�e�m� �i�n�t�o� �a� �s�m�a�l�l�e�r� �s�e�t� �o�f� 

�u�n�c�o�r�r�e�l�a�t�e�d�,� �i�n�d�e�p�e�n�d�e�n�t� �v�e�c�t�o�r�s� �(�W�a�c�k�e�r�n�a�g�e�l�,� �1�9�9�5�)�.� �P�C�A� �e�x�t�r�a�c�t�s� �a�s� �m�a�n�y� 

�e�i�g�e�n�v�e�c�t�o�r�s� �a�s� �t�h�e�r�e� �a�r�e� �v�a�r�i�a�b�l�e�s�;� �h�o�w�e�v�e�r�,� �m�o�s�t� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� 

�f�i�r�s�t� �f�e�w� �e�i�g�e�n�v�e�c�t�o�r�s� �(�R�o�c�k�,� �1�9�8�8�)�.� �T�h�u�s�,� �t�h�e� �r�e�d�u�n�d�a�n�c�y� �i�n� �t�h�e� �d�a�t�a� �s�e�t� �i�s� �r�e�m�o�v�e�d� 

�b�e�c�a�u�s�e� �o�n�l�y� �t�h�e� �f�i�r�s�t� �f�e�w� �e�i�g�e�n�v�e�c�t�o�r�s� �e�x�p�l�a�i�n� �n�e�a�r�l�y� �a�l�l� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� 

�t�h�e� �d�a�t�a� �s�e�t�.� �B�o�t�h� �c�o�r�r�e�l�a�t�i�o�n� �a�n�d� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�c�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d�.� �E�i�g�e�n�v�a�l�u�e�s� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �v�a�r�i�a�n�c�e�,� �m�a�g�n�i�t�u�d�e�,� �a�n�d� �l�e�n�g�t�h� �o�f� �t�h�e� �e�i�g�e�n�v�e�c�t�o�r�.� �L�o�a�d�i�n�g�s�,� �c�o�r�r�e�l�a�t�i�o�n� 

�c�o�e�f�f�i�c�i�e�n�t�s� �b�e�t�w�e�e�n� �v�a�r�i�a�b�l�e�s� �a�n�d� �e�i�g�e�n�v�e�c�t�o�r�s�,� �i�n�d�i�c�a�t�e� �w�h�i�c�h� �v�a�r�i�a�b�l�e�s� �a�r�e� �m�o�s�t� 

�i�n�v�o�l�v�e�d� �i�n� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� �d�a�t�a� �s�e�t�.� 

�C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �a�s�s�e�s�s�e�d� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �f�o�r�m�a�t�i�o�n�s� 

�a�n�d� �t�h�e�i�r� �m�e�m�b�e�r�s� �b�y� �s�e�a�r�c�h�i�n�g� �f�o�r� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� �d�i�s�c�r�i�m�i�n�a�t�e� �b�e�t�w�e�e�n� �g�r�o�u�p�s�,� 

�f�o�l�l�o�w�i�n�g� �W�i�n�g�a�r�d� �(�1�9�9�3�)�.� �U�n�l�i�k�e� �W�i�n�g�a�r�d� �(�1�9�9�3�)�,� �h�o�w�e�v�e�r�,� �t�h�i�s� �s�t�u�d�y� �d�i�d� �n�o�t�  ��c�l�e�a�n �� 

�t�h�e� �d�a�t�a� �b�y� �r�e�m�o�v�i�n�g� �p�o�s�s�i�b�l�e� �o�u�t�l�i�e�r�s�.� �S�A�S� �p�e�r�f�o�r�m�e�d� �C�D�A� �o�n� �n�o�r�m�a�l�i�z�e�d� �a�n�d� �n�o�n�-� 

�n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�s� �b�y� �g�r�o�u�p�s� �a�n�d� �b�y� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �m�e�m�b�e�r�s�.� �T�h�i�s� �d�i�s�c�r�i�m�i�n�a�n�t� 

�p�r�o�c�e�d�u�r�e� �i�s� �a� �d�i�m�e�n�s�i�o�n�-�r�e�d�u�c�t�i�o�n� �t�e�c�h�n�i�q�u�e� �s�i�m�i�l�a�r� �t�o� �P�C�A�.� �B�y� �f�i�n�d�i�n�g� �l�i�n�e�a�r� 

�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s�,� �C�D�A� �r�e�v�e�a�l�s� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �c�l�a�s�s�e�s� �(�S�A�S� 

�I�n�s�t�i�t�u�t�e�,� �I�n�c�.�,� �1�9�8�8�)�.� �T�h�i�s� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �f�o�r�c�i�n�g� �m�a�x�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �a�m�o�n�g� 
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�g�r�o�u�p�s� �a�n�d� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �w�i�t�h�i�n� �g�r�o�u�p�s�,� �m�a�k�i�n�g� �a�n�y� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �g�r�o�u�p�s� 

�s�i�g�n�i�f�i�c�a�n�t�.� 

�A�l�l� �e�i�g�h�t�e�e�n� �v�a�r�i�a�b�l�e�s� �m�a�y� �n�o�t� �b�e� �n�e�e�d�e�d� �t�o� �i�d�e�n�t�i�f�y� �a� �g�r�o�u�p� �o�r� �a� �s�p�e�c�i�e�s� 

�a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �a� �p�a�r�t�i�c�u�l�a�r� �f�o�r�m�a�t�i�o�n�.� �S�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�S�D�A�)�,� �a� 

�v�a�r�i�a�b�l�e�-�s�e�l�e�c�t�i�o�n� �t�e�c�h�n�i�q�u�e�,� �a�t�t�e�m�p�t�s� �t�o� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �v�a�r�i�a�b�l�e�s� �n�e�e�d�e�d� �f�o�r� �c�l�a�s�s� 

�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �(�S�A�S� �I�n�s�t�i�t�u�t�e�,� �I�n�c�.�,� �1�9�8�8�)�.� �S�A�S� �p�e�r�f�o�r�m�e�d� �S�D�A� �o�n� �n�o�r�m�a�l�i�z�e�d� �a�n�d� �n�o�n�-� 

�n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�s� �b�y� �g�r�o�u�p�s� �a�n�d� �b�y� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �m�e�m�b�e�r�s�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �o�f� 

�v�a�r�i�a�b�l�e�s� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �e�l�i�m�i�n�a�t�i�n�g� �t�h�o�s�e� �w�h�i�c�h� �a�c�c�o�u�n�t� �f�o�r� �a� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �(�K�a�c�h�i�g�a�n�,� �1�9�9�1�)�.� 

�A�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �a�s�s�e�s�s�e�d� �w�h�e�t�h�e�r� �v�a�r�i�a�b�i�l�i�t�y� �i�s� �c�o�n�s�i�s�t�e�n�t� �a�m�o�n�g� 

�l�o�c�a�l�i�t�i�e�s� �w�i�t�h�i�n� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� �O�n�l�y� �t�h�o�s�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s� �w�i�t�h� 

�m�o�r�e� �t�h�a�n� �o�n�e� �l�o�c�a�l�i�t�y� �w�e�r�e� �t�e�s�t�e�d�.� �S�A�S� �p�e�r�f�o�r�m�e�d� �a� �o�n�e�-�w�a�y� �A�N�O�V�A� �o�n� �n�o�r�m�a�l�i�z�e�d� 

�a�n�d� �n�o�n�-�n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�s� �b�y� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �b�y� �m�e�m�b�e�r�s�.� �T�o� �b�e� �s�u�r�e� �t�h�e� �r�e�s�u�l�t�s� �d�i�d� 

�n�o�t� �a�r�i�s�e� �b�y� �c�h�a�n�c�e�,� �a� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �o�r� �p�-�v�a�l�u�e� �o�f� �0�.�0�5� �w�a�s� �c�h�o�s�e�n� �(�K�a�c�h�i�g�a�n�,� �1�9�9�1�)�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �w�e�r�e� �b�a�s�e�d� �o�n� �q�u�a�l�i�t�a�t�i�v�e� �d�a�t�a�.�)� �A�N�O�V�A� �w�a�s� �u�s�e�d� �t�o� �t�e�s�t� �i�f� �t�h�e� 

�n�u�m�b�e�r� �o�f� �p�r�o�m�i�n�e�n�t�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �i�s� �h�e�l�p�f�u�l� �i�n� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� 

�o�f� �s�p�e�c�i�e�s�.� �C�h�i�-�s�q�u�a�r�e� �t�e�s�t�s� �a�s�s�e�s�s�e�d� �t�h�e� �d�i�s�t�i�n�c�t�i�o�n�s� �a�m�o�n�g� �g�r�o�u�p�s� �o�r� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s� 

�i�n� �o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s�.� �S�i�m�p�l�e� �f�r�e�q�u�e�n�c�i�e�s� 

�w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �t�o� �a�s�s�e�s�s� �b�o�r�e�h�o�l�e� �p�o�s�i�t�i�o�n� �b�y� �m�o�l�l�u�s�k� �b�o�r�e�r�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s� �a�n�d� �t�h�e� 

�n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �a�m�o�n�g� �g�r�o�u�p�s� �o�r� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s�.� 
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�A� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �w�a�s� �a�l�s�o� �c�o�n�d�u�c�t�e�d�.� �T�h�e� �s�e�d�i�m�e�n�t� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �m�o�s�t� 

�o�f� �t�h�e� �l�o�c�a�l�i�t�i�e�s�.� �A�f�t�e�r� �w�e�i�g�h�i�n�g� �t�h�e� �s�e�d�i�m�e�n�t� �i�n� �g�r�a�m�s� �(�0�.�1� �g�)�,� �t�h�e� �s�e�d�i�m�e�n�t� �w�a�s� �p�l�a�c�e�d� 

�i�n� �a� �T�y�l�e�r� �s�i�e�v�e� �s�h�a�k�e�r� �f�o�r� �t�w�o�-�a�n�d�-�a�-�h�a�l�f� �m�i�n�u�t�e�s�.� �S�e�v�e�n� �s�i�e�v�e�s� �w�e�r�e� �u�s�e�d�,� �m�e�a�s�u�r�i�n�g� 

�g�r�a�i�n� �s�i�z�e� �f�r�o�m� �v�e�r�y� �c�o�a�r�s�e� �s�a�n�d� �t�o� �c�l�a�y�.� �T�h�e� �s�e�d�i�m�e�n�t� �w�a�s� �t�h�e�n� �r�e�m�o�v�e�d� �f�r�o�m� �e�a�c�h� 

�s�i�e�v�e� �a�n�d� �a�g�a�i�n� �w�e�i�g�h�e�d�,� �a�n�d� �a� �p�e�r�c�e�n�t� �b�y� �w�e�i�g�h�t� �f�o�r� �e�a�c�h� �g�r�a�i�n� �s�i�z�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d�.� 
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�C�H�A�P�T�E�R� �6�.� �R�E�S�U�L�T�S� �O�F� �S�T�A�T�I�S�T�I�C�A�L� �A�N�A�L�Y�S�I�S� 

�P�r�i�n�c�i�p�a�l�-�c�o�m�p�o�n�e�n�t�s� �a�n�a�l�y�s�i�s� �(�P�C�A�)� �u�s�i�n�g� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �p�r�o�d�u�c�e�d� �t�h�r�e�e� 

�e�i�g�e�n�v�e�c�t�o�r�s� �t�h�a�t� �t�o�g�e�t�h�e�r� �e�x�p�l�a�i�n� �a�b�o�u�t� �7�0�%� �o�f� �t�h�e� �t�o�t�a�l� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� 

�e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �(�T�a�b�l�e� �6�.�1�)�.� �T�h�e� �f�i�r�s�t� �e�x�t�r�a�c�t�e�d� �p�r�i�n�c�i�p�a�l� �c�o�m�p�o�n�e�n�t� �e�x�p�l�a�i�n�s� 

�3�8�.�0�2�%� �o�f� �t�h�e� �t�o�t�a�l� �v�a�r�i�a�n�c�e�.� �E�i�g�e�n�v�e�c�t�o�r�s� �2� �a�n�d� �3� �e�x�p�l�a�i�n� �1�6�.�3�3�%� �a�n�d� �1�5�.�0�0�%� �o�f� �t�h�e� 

�t�o�t�a�l� �v�a�r�i�a�n�c�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �f�i�r�s�t� �t�h�r�e�e� �e�i�g�e�n�v�e�c�t�o�r�s� �w�e�r�e� �c�h�o�s�e�n� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� 

�v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �d�a�t�a� �s�e�t� �b�e�c�a�u�s�e� �e�i�g�e�n�v�e�c�t�o�r�s� �4�,� �5�,� �a�n�d� �s�o� �f�o�r�t�h�,� 

�a�c�c�o�u�n�t� �f�o�r� �o�n�l�y� �a� �s�m�a�l�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �v�a�r�i�a�n�c�e�.� 

�T�a�b�l�e� �6�.�1� �l�i�s�t�s� �t�h�e� �e�i�g�h�t�e�e�n� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e�i�r� �l�o�a�d�i�n�g�s� �o�n� �e�a�c�h� �e�i�g�e�n�v�e�c�t�o�r�.� 

�E�i�g�e�n�v�e�c�t�o�r�s� �4� �a�n�d� �5� �a�r�e� �i�n�c�l�u�d�e�d� �t�o� �s�h�o�w� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �n�u�m�b�e�r�s� �f�o�r� �l�o�a�d�i�n�g�s�.� �T�h�e� 

�l�o�a�d�i�n�g�s� �v�a�r�y� �f�r�o�m� �-�1�.�0�0� �t�o� �+�1�.�0�0� �a�n�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �r�-�v�a�l�u�e�s� �(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �c�o�r�r�e�l�a�t�i�o�n�)� 

�f�o�r� �e�a�c�h� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �v�a�r�i�a�n�c�e� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �v�a�r�i�a�b�l�e� �i�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �s�q�u�a�r�i�n�g� �t�h�e� �r�-�v�a�l�u�e� �(�c�o�e�f�f�i�c�i�e�n�t� �o�f� �d�e�t�e�r�m�i�n�a�t�i�o�n�)�.� �A�n� �r�-�v�a�l�u�e� �o�f� �0�.�7�0� �w�a�s� 

�c�h�o�s�e�n� �a�s� �t�h�e� �l�o�w�e�r� �l�i�m�i�t� �f�o�r� �h�i�g�h�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�s�,� �w�h�i�c�h� �w�i�l�l� �b�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� 

�v�a�r�i�a�n�c�e� �o�f� �e�a�c�h� �e�i�g�e�n�v�e�c�t�o�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�u�l�l� �l�e�n�g�t�h� �(�F�L�)� �i�s� �h�i�g�h�l�y� �l�o�a�d�e�d� �o�n� 

�e�i�g�e�n�v�e�c�t�o�r� �1�,� �h�a�v�i�n�g� �a�n� �r�-�v�a�l�u�e� �o�f� �0�.�7�1�8�5�6�.� �E�i�g�e�n�v�e�c�t�o�r� �1� �t�h�e�n� �e�x�p�l�a�i�n�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�5�0�%� �(�r ��)� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �i�n� �t�h�e� �f�u�l�l� �l�e�n�g�t�h� �v�a�r�i�a�b�l�e� �o�f� �a�l�l� �t�h�e� �c�l�a�m�s�.� �T�h�u�s�,� �t�h�e� 

�h�i�g�h� �l�o�a�d�i�n�g�s� �o�n� �a�n� �e�i�g�e�n�v�e�c�t�o�r� �(�h�i�g�h�l�i�g�h�t�e�d� �a�n�d� �u�n�d�e�r�l�i�n�e�d� �i�n� �T�a�b�l�e� �6�.�1� �f�o�r� 

�c�o�n�v�e�n�i�e�n�c�e�)� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �m�o�s�t� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �d�e�f�i�n�i�n�g� �t�h�a�t� �e�i�g�e�n�v�e�c�t�o�r�.� �S�o�k�a�l� 
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�T�a�b�l�e� �6�.�1� �P�C�A� �r�u�n� �o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x�.� �T�h�e� 
�e�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e�i�r� �f�a�c�t�o�r� �l�o�a�d�i�n�g�s� �a�r�e� �l�i�s�t�e�d� �f�o�r� �e�a�c�h� �e�i�g�e�n�v�e�c�t�o�r�.� 
�H�i�g�h� �l�o�a�d�i�n�g�s� �(�>� �0�.�7�0�)� �a�r�e� �b�o�l�d�f�a�c�e�d� �a�n�d� �u�n�d�e�r�l�i�n�e�d�.� 

�A�P�R�H� 
�P�P�R�H� 
�F�H� 
�P�R�M�P�H� 
�A�L� 
�P�L� 
�F�L� 
�A�P�R�L� 
�P�P�R�L� 
�A�A�M�L� 
�P�A�M�L� 
�P�S�D� 
�A�P�R�D� 
�P�P�R�D� 
�A�A�M�W� 
�A�A�M�H� 
�P�A�M�W� 
�P�A�M�H� 

�F�a�c�t�o�r� �1� 
�(�3�8�.�0�2�%�)� 

�-�0�.�2�1�6�4�2� 
�0�.�0�2�5�5�6� 

�-�0�.�1�9�2�8�5� 
�-�0�.�2�6�6�4�5� 
�-�0�.�4�9�2�8�6� 
�0�.�9�6�3�6�2� 
�0�.�7�1�8�5�6� 

�-�0�.�5�5�3�7�2� 
�0�.�8�1�0�4�8� �©� 

�-�0�.�4�6�5�8�5� 
�0�.�8�7�9�4�9� 
�0�.�1�3�7�3�4� 

�-�0�.�1�9�0�9�5� 
�-�0�.�2�6�4�6�0� 
�-�0�.�2�5�2�0�3� 
�-�0�.�2�4�3�1�1� 
�0�.�0�7�7�4�3� 

�-�0�.�2�8�9�8�0� 

�F�a�c�t�o�r� �2� 

�(�1�6�.�3�3�%�)� 

� � 

� � 

� � 

� � 

�4�6� 

�F�a�c�t�o�r� �3� 
�(�1�5�.�0�0�%�)� 

�0�.�1�6�6�4�4� 
�-�0�.�5�2�0�2�3� 
�0�.�2�5�6�8�2� 
�0�.�2�6�8�6�3� 
�0�.�5�7�3�5�8� 

�-�0�.�0�8�0�4�7� 
�0�.�3�0�6�4�9� 
�0�.�3�5�6�8�2� 
�0�.�2�4�9�2�6� 
�0�.�7�3�8�8�2� 
�0�.�2�6�4�5�5� 

�-�0�.�6�1�5�3�7� 
�-�0�.�4�7�7�4�4� 
�-�0�.�6�9�7�6�3� 
�-�0�.�0�4�2�9�8� 
�0�.�2�6�4�5�4� 
�0�.�0�9�1�6�2� 

�-�0�.�1�0�1�8�5� 

�F�a�c�t�o�r� �4� 
�(�1�2�.�6�9�%�)� 

�-�0�.�0�7�2�7�2� 
�0�.�1�3�1�1�8� 

�-�0�.�3�2�6�2�1� 
�-�0�.�3�3�5�3�2� 
�0�.�6�0�2�1�3� 

�-�0�.�0�1�7�2�7� 
�0�.�5�8�3�3�3� 

�-�0�.�3�9�3�8�9� 
�-�0�.�3�7�4�4�7� 
�0�.�1�4�8�6�7� 

�-�0�.�3�0�5�6�7� 
�0�.�4�4�4�0�7� 
�0�.�2�6�5�8�1� 
�0�.�2�0�3�3�7� 

�-�0�.�2�5�9�9�5� 
�-�0�.�4�3�2�0�1� 
�-�0�.�2�7�8�5�7� 
�-�0�.�2�8�4�5�2� 

�F�a�c�t�o�r� �5� 
�(�3�.�6�6�%�)� 

�-�0�.�2�9�0�7�7� 
�0�.�4�2�7�2�7� 

�-�0�.�0�7�7�2�9� 
�0�.�0�5�0�1�3� 
�0�.�0�1�5�1�8� 
�0�.�0�0�3�3�2� 
�0�.�0�2�3�4�9� 

�-�0�.�0�2�0�6�2� 
�-�0�.�1�3�0�3�5� 
�0�.�1�1�7�7�9� 
�0�.�0�4�3�5�8� 

�-�0�.�2�0�3�4�9� 
�-�0�.�5�8�3�9�1� 
�-�0�.�0�7�4�4�1� 
�0�.�1�3�9�4�9� 
�0�.�0�8�4�9�4� 
�0�.�3�3�7�0�4� 
�0�.�4�1�2�8�4



�a�n�d� �R�o�h�l�f� �(�1�9�9�5�)� �s�t�a�t�e� �t�h�a�t� �a�n� �r�-�v�a�l�u�e� �o�f� �0�.�5�0� �i�s� �a�c�c�e�p�t�a�b�l�e�;� �h�o�w�e�v�e�r�,� �t�h�i�s� �s�t�u�d�y� �u�s�e�d� 

�0�.�7�0� �i�n� �o�r�d�e�r� �t�o� �b�e� �m�o�r�e� �s�e�l�e�c�t�i�v�e�.� 

�T�e�n� �o�f� �t�h�e� �e�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �m�e�a�s�u�r�e�d� �o�n� �e�a�c�h� �v�a�l�v�e� �l�o�a�d�e�d� �h�i�g�h�l�y� 

�(�>� �0�.�7�0�)� �o�n� �e�i�g�e�n�v�e�c�t�o�r�s� �1�,� �2�,� �a�n�d� �3�,� �a�n�d� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �e�x�p�l�a�i�n� �m�o�s�t� �o�f� �t�h�e� 

�v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�.� �C�l�a�m�s� �t�h�a�t� �l�o�a�d� �h�i�g�h�l�y� �o�n� �t�h�e� 

�f�i�r�s�t� �e�i�g�e�n�v�e�c�t�o�r� �h�a�v�e� �e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r�s�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h� �(�P�L�)�,� �t�h�e� 

�d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �p�o�s�t�e�r�i�o�r� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r� �t�o� �t�h�e� �h�e�i�g�h�t� �l�i�n�e� �(�P�P�R�L�)�,� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� 

�p�o�s�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �t�o� �t�h�e� �h�e�i�g�h�t� �l�i�n�e� �(�P�A�M�L�)�,� �a�n�d� �l�o�n�g�e�r� �s�h�e�l�l�s� �i�n� �g�e�n�e�r�a�l�,� �a�s� �s�e�e�n� 

�i�n� �t�h�e� �f�u�l�l� �l�e�n�g�t�h� �(�F�L�)�.� �T�h�e�s�e� �v�a�r�i�a�b�l�e�s� �a�r�e� �h�i�g�h�l�y� �c�o�r�r�e�l�a�t�e�d�.� �C�l�a�m�s� �t�h�a�t� �l�o�a�d� �h�i�g�h�l�y� �o�n� 

�t�h�e� �s�e�c�o�n�d� �f�a�c�t�o�r� �h�a�v�e� �t�a�l�l�e�r� �s�h�e�l�l�s�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �l�o�n�g�e�r� �a�n�t�e�r�i�o�r� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r� �h�e�i�g�h�t� 

�(�A�P�R�H�)�,� �t�h�e� �p�o�s�t�e�r�i�o�r� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r� �h�e�i�g�h�t� �(�P�P�R�H�)�,� �t�h�e� �f�u�l�l� �h�e�i�g�h�t� �(�F�H�)�,� �a�n�d� �t�h�e� �p�e�d�a�l� 

�r�e�t�r�a�c�t�o�r� �m�i�d�p�o�i�n�t� �h�e�i�g�h�t� �(�P�R�M�P�H�)�.� �T�h�e�s�e� �c�l�a�m�s� �a�r�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �f�r�o�m� �t�h�o�s�e� �t�h�a�t� �m�a�k�e� 

�u�p� �t�h�e� �f�i�r�s�t� �e�i�g�e�n�v�e�c�t�o�r� �b�e�c�a�u�s�e� �t�h�e� �t�w�o� �v�e�c�t�o�r�s� �a�r�e� �n�o�n�-�c�o�r�r�e�l�a�t�e�d�.� �C�l�a�m�s� �t�h�a�t� �l�o�a�d� 

�h�i�g�h�l�y� �o�n� �t�h�e� �t�h�i�r�d� �e�i�g�e�n�v�e�c�t�o�r� �a�r�e� �n�e�g�a�t�i�v�e�l�y� �c�o�r�r�e�l�a�t�e�d� �t�o� �o�n�e� �a�n�o�t�h�e�r�;� �a�s� �t�h�e� �d�i�s�t�a�n�c�e� 

�f�r�o�m� �t�h�e� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �t�o� �t�h�e� �h�e�i�g�h�t� �l�i�n�e� �i�n�c�r�e�a�s�e�s� �(�A�A�M�L�)�,� �t�h�e� �p�o�s�t�e�r�i�o�r� 

�p�a�l�l�i�a�l� �r�a�d�i�a�l� �d�i�s�t�a�n�c�e� �d�e�c�r�e�a�s�e�s� �(�P�P�R�D�)�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�n� �t�h�e� �s�h�e�l�l� �o�f� �t�h�e�s�e� �t�e�n� �v�a�r�i�a�b�l�e�s� 

�i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �a� �P�C�A� �o�n� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r� �o�f� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �d�i�d� 

�n�o�t� �d�e�v�i�a�t�e� �g�r�e�a�t�l�y� �f�r�o�m� �t�h�o�s�e� �f�o�r� �a�l�l� �t�h�e� �c�l�a�m�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �P�C�A� 

�o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �u�s�i�n�g� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� �m�a�t�r�i�x� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x�.� �T�h�u�s�,� �g�r�a�p�h�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� 

�4�7



�"�J�S� �B�J�E�P� �I�I�1�j�U�D� �O�Y�}� �U
�T�Y�I�M

� 
�J�U�D�I�O�Y�U�T� 

�S�O
�U

�R
�L�I�A� 

�S�Y�)� �J�O� �J�S�O
�W

� 
�U�I�E�|�A�x�X�d� 

�y�e�y�}� �S�O�]�Q�u�I�I�e�A� 
�U�D�}� �D�Y�}� �J�O� �[�J�A�Y�S� �a�y�}� �U�O� �U�O

�I�B�O
�O

�]� 
�A�Y�,� �[�°�9� �B�I�N�B�I�]� 

�o
�o

� 
�o

�o
� 

�[�_ � �� 
�7

� �i� 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�
 
�
 

�~
� 

�|� 
�
 
�
 
�
 
�
 

�
 
�
 

� � 
� � 

� � 
� � 

�W�i�)� 
�N� 

�4�8



�w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �c�l�a�m�s� �o�f� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �w�i�l�l� �s�u�f�f�i�c�e� �i�n� 

�d�i�s�c�u�s�s�i�n�g� �s�h�a�p�e� �t�r�e�n�d�s� �i�n� �t�h�e� �g�e�n�u�s� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�.� 

�F�i�g�u�r�e�s� �6�.�2�-�6�.�4� �d�i�s�p�l�a�y� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �P�C�A� �o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� 

�t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x�.� �T�h�e� �s�c�o�r�e�s� �o�f� �a�l�l� �t�h�e� �c�l�a�m�s� �w�e�r�e� �p�l�o�t�t�e�d� �t�o� �s�h�o�w� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� 

�w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �d�a�t�a� �s�e�t�.� �T�h�e� �s�y�m�b�o�l�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �f�i�v�e� �g�r�o�u�p�s� �e�x�a�m�i�n�e�d�.� �T�h�e� �u�p�w�a�r�d� 

�a�r�r�o�w�s� �a�t� �t�h�e� �p�o�s�i�t�i�v�e� �e�n�d� �o�f� �c�o�m�p�o�n�e�n�t�s� �1�,� �2�,� �a�n�d� �3� �r�e�p�r�e�s�e�n�t� �p�o�s�i�t�i�v�e�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�s�;� 

�t�h�e� �d�o�w�n�w�a�r�d� �a�r�r�o�w�s� �t�o�w�a�r�d� �t�h�e� �o�r�i�g�i�n� �d�e�p�i�c�t� �l�o�w�e�r� �v�a�l�u�e�s� �o�f� �t�h�e� �p�o�s�i�t�i�v�e�l�y� �l�o�a�d�e�d� 

�v�a�r�i�a�b�l�e�s�.� �O�n� �f�a�c�t�o�r� �3�,� �h�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �a� �d�o�w�n�w�a�r�d� �a�r�r�o�w� �a�t� �t�h�e� �p�o�s�i�t�i�v�e� �e�n�d� �o�f� �t�h�e� 

�a�x�i�s�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �a� �n�e�g�a�t�i�v�e�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�;� �t�h�e� �u�p�w�a�r�d� �a�r�r�o�w� �t�o�w�a�r�d� �t�h�e� �o�r�i�g�i�n� 

�r�e�p�r�e�s�e�n�t�s� �h�i�g�h�e�r� �v�a�l�u�e�s� �o�f� �t�h�e� �n�e�g�a�t�i�v�e�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�.� �T�a�b�l�e� �6�.�2�a� �l�i�s�t�s� �e�a�c�h� �s�p�e�c�i�e�s� 

�a�n�d� �i�t�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�h�a�p�e� �t�r�e�n�d�s� �o�f� �t�h�e� �h�i�g�h�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�s�.� 

�F�i�g�u�r�e�s� �6�.�5�-�6�.�7� �d�e�p�i�c�t� �t�h�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �f�o�r� �e�a�c�h� 

�f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� �T�h�e�s�e� �g�r�a�p�h�s� �a�r�e� �c�l�o�s�e�u�p�s� �o�f� �F�i�g�u�r�e�s� �6�.�2�-�6�.�4�,� �a�n�d� �d�o� �n�o�t� 

�r�e�p�r�e�s�e�n�t� �a� �d�i�f�f�e�r�e�n�t� �t�e�s�t�.� �T�h�u�s�,� �t�h�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �l�o�a�d� �h�i�g�h�l�y� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �t�h�o�s�e� �f�o�r� 

�F�i�g�u�r�e�s� �6�.�2�-�6�.�4�.� �T�a�b�l�e� �6�.�2�b� �l�i�s�t�s� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�Z�.� �u�n�d�u�l�a�t�u�s� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� 

�m�e�m�b�e�r�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� 

�a�n�d� �i�t�s� �s�o�u�t�h�e�r�n� �s�t�r�a�t�i�g�r�a�p�h�i�c� �e�q�u�i�v�a�l�e�n�t�s�,� �t�h�e� �D�u�p�l�i�n� �a�n�d� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�s�,� �o�v�e�r�l�a�p�,� 

�t�h�e�r�e� �a�r�e� �s�o�m�e� �d�i�f�f�e�r�e�n�c�e�s�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n�,� 

�s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �a�r�e� �s�i�m�i�l�a�r� �i�n� �h�e�i�g�h�t� �b�u�t� �t�e�n�d� �t�o� �h�a�v�e� �a� �m�o�r�e� 

�e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r�,� �a� �s�h�o�r�t�e�r� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �l�e�n�g�t�h� �(�A�A�M�L�)�,� �a�n�d� �a� �l�o�n�g�e�r� 

�p�o�s�t�e�r�i�o�r� �p�a�l�l�i�a�l� �r�a�d�i�a�l� �d�i�s�t�a�n�c�e� �(�P�P�R�D�)�.� �R�u�s�h�m�e�r�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� �t�h�e� �A�A�M�L� 
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�T�a�b�l�e� �6�.�2�a� �P�C�A� �r�e�s�u�l�t�s� �o�n� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �o�f� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�,� 
�s�h�o�w�i�n�g� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s�.� �H�i�g�h�l�y� �l�o�a�d�e�d� �v�a�r�i�a�b�l�e�s� �f�r�o�m� �e�i�g�e�n�v�e�c�t�o�r�s� �1�,� 
�2�,� �a�n�d� �3� �d�e�s�c�r�i�b�e� �m�o�s�t� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s�.�  ��F�u�l�l� �r�a�n�g�e �� �i�n�d�i�c�a�t�e�s� �t�o�t�a�l� 
�r�a�n�g�e� �v�a�l�u�e�s� �o�f� �a�n� �e�i�g�e�n�v�e�c�t�o�r� �s�c�o�r�e�.�  ��E�l�o�n�g�a�t�e �� �a�n�d�  ��t�a�l�l �� �i�n�d�i�c�a�t�e� �h�i�g�h�e�r� �r�a�n�g�e� �v�a�l�u�e�s� 
�o�f� �a�n� �e�i�g�e�n�v�e�c�t�o�r� �s�c�o�r�e�.�  ��M�o�d�e�r�a�t�e �� �i�n�d�i�c�a�t�e�s� �m�i�d�d�l�e� �r�a�n�g�e� �v�a�l�u�e�s� �o�f� �a�n� �e�i�g�e�n�v�e�c�t�o�r� 
�s�c�o�r�e�.�  ��S�h�o�r�t �� �i�n�d�i�c�a�t�e�s� �l�o�w�e�r� �r�a�n�g�e� �v�a�l�u�e�s� �o�f� �a�n� �e�i�g�e�n�v�e�c�t�o�r� �s�c�o�r�e�.� �T�h�i�s� �c�h�a�r�t� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �F�i�g�u�r�e�s� �6�.�2�-�6�.�4�.� 

�E�i�g�e�n�v�e�c�t�o�r� �1� �E�i�g�e�n�v�e�c�t�o�r� �2� �E�i�g�e�n�v�e�c�t�o�r� �3� 

�P�L�,� �P�P�R�L�,� �A�P�R�H�,� �P�P�R�H�,� �A�A�M�L�,�P�P�R�D� 
�P�A�M�L�,� �F�L� �F�H�,� �P�R�M�P�H� 

�M�.� �k�a�u�f�f�m�a�n�i� �f�u�l�l� �r�a�n�g�e� �m�o�d�.�-�t�a�l�l� �m�o�d�.�-�l�o�n�g�,� �m�o�d�.�-�s�h�o�r�t� 
�M�.� �s�p�.� �B� �m�o�d�.�-�e�l�o�n�g�a�t�e� �f�u�l�l� �r�a�n�g�e� �m�o�d�.�-�l�o�n�g�,� �m�o�d�.�-�s�h�o�r�t� 
�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �m�o�d�.�-�s�h�o�r�t� �m�o�d�.�-�s�h�o�r�t� �m�o�d�.�-�l�o�n�g�,� �m�o�d�.�-�s�h�o�r�t� 

�&� �M�.� �s�p�.� �A� 
�M�.� �u�n�d�u�l�a�t�u�s� �f�u�l�l� �r�a�n�g�e� �f�u�l�l� �r�a�n�g�e� �m�o�d�.�-�s�h�o�r�t�,� �m�o�d�.�-�l�o�n�g� 

�T�a�b�l�e� �6�.�2�b� �S�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� �T�h�e� 
�v�a�r�i�a�b�l�e�s� �t�h�a�t� �l�o�a�d� �h�i�g�h�l�y� �o�n� �e�i�g�e�n�v�e�c�t�o�r�s� �1�,� �2�,� �a�n�d� �3� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �a�b�o�v�e�.� �T�h�i�s� �c�h�a�r�t� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �F�i�g�u�r�e�s� �6�.�5�-�6�.�7�.� 

�E�i�g�e�n�v�e�c�t�o�r� �1� �E�i�g�e�n�v�e�c�t�o�r� �2� �E�i�g�e�n�v�e�c�t�o�r� �3� 

�R�u�s�h�m�e�r�e� �M�b�r�.� �m�o�d�.�-�e�l�o�n�g�a�t�e� �m�o�d�.�-�t�a�l�l� �m�o�d�.�-�s�h�o�r�t�,� �m�o�d�.�-�l�o�n�g� 
�D�u�p�l�i�n� �F�m�.� �m�o�d�.�-�s�h�o�r�t� �f�u�l�l� �r�a�n�g�e� �m�o�d�.�-�l�o�n�g�,� �m�o�d�.�-�s�h�o�r�t� 
�R�a�y�s�o�r� �F�m�.� �m�o�d�.�-�s�h�o�r�t� �m�o�d�.�-�s�h�o�r�t� �f�u�l�l� �r�a�n�g�e�,� �f�u�l�l� �r�a�n�g�e� 
�M�o�o�r�e� �H�o�u�s�e� �M�b�r�.� �_�m�o�d�.�-�s�h�o�r�t� �f�u�l�l� �r�a�n�g�e� �m�o�d�.�-�s�h�o�r�t�,� �m�o�d�.�-�l�o�n�g� 

�T�a�b�l�e� �6�.�2�c� �S�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n�.� �T�h�e� 
�v�a�r�i�a�b�l�e�s� �t�h�a�t� �l�o�a�d� �h�i�g�h�l�y� �o�n� �e�i�g�e�n�v�e�c�t�o�r�s� �1�,� �2�,� �a�n�d� �3� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �a�b�o�v�e�.� �T�h�i�s� �c�h�a�r�t� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �F�i�g�u�r�e�s� �6�.�8�-�6�.�1�0�.� 

�E�i�g�e�n�v�e�c�t�o�r� �1� �E�i�g�e�n�v�e�c�t�o�r� �2� �E�i�g�e�n�v�e�c�t�o�r� �3� 

�J�a�c�k�s�o�n� �B�l�u�f�f�F�m�.� �=�m�o�d�.�-�s�h�o�r�t� �m�o�d�.�-�s�h�o�r�t� �m�o�d�.�-�l�o�n�g�,� �m�o�d�.�-�s�h�o�r�t� 
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�a�n�d� �P�P�R�D� �t�o� �s�p�e�c�i�m�e�n�s� �o�f� �t�h�e� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�,� �b�u�t� �a�r�e� �t�a�l�l�e�r� �a�n�d� �h�a�v�e� �a� �m�o�r�e� �e�l�o�n�g�a�t�e� 

�p�o�s�t�e�r�i�o�r�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �o�l�d�e�r� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�,� �M�o�o�r�e� �H�o�u�s�e� 

�s�p�e�c�i�m�e�n�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� �h�e�i�g�h�t�,� �A�A�M�L�,� �a�n�d� �P�P�R�D�,� �b�u�t� �t�e�n�d� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �p�o�s�t�e�r�i�o�r�.� 

�F�i�g�u�r�e�s� �6�.�8�-�6�.�1�0� �d�i�s�p�l�a�y� �t�h�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� 

�M�.� �s�p�.� �A� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n�.� �A�g�a�i�n�,� �t�h�e�s�e� �g�r�a�p�h�s� �a�r�e� �c�l�o�s�e�u�p�s� �o�f� �F�i�g�u�r�e�s� �6�.�2�-�6�.�4�.� �T�h�e� 

�s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �a�r�e� �e�x�a�c�t�l�y� �t�h�e� �s�a�m�e�:� �a� �m�o�d�e�r�a�t�e� �t�o� 

�s�h�o�r�t� �p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h�,� �a� �m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �h�e�i�g�h�t�,� �a� �m�o�d�e�r�a�t�e� �t�o� �l�o�n�g� �A�A�M�L�,� �a�n�d� �a� 

�m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �P�P�R�D� �(�T�a�b�l�e� �6�.�2�c�)�.� �U�n�l�i�k�e� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�,� 

�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �t�e�n�d�s� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �p�o�s�t�e�r�i�o�r�,� �a� �s�h�o�r�t�e�r� �h�e�i�g�h�t�,� �a� �l�o�n�g�e�r� �A�A�M�L�,� �a�n�d� �a� 

�s�h�o�r�t�e�r� �P�P�R�D�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� 

�t�h�o�s�e� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �D�u�p�l�i�n� �a�n�d� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�s�,� �s�o�u�t�h�e�r�n� �e�q�u�i�v�a�l�e�n�t�s� 

�o�f� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �(�T�a�b�l�e�s� �6�.�2�b�-�6�.�2�c�)�.� 

�F�i�g�u�r�e�s� �6�.�5�-�6�.�1�0� �c�o�m�p�a�r�e� �t�h�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r� �t�o� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s�.� �T�h�u�s�,� �s�e�p�a�r�a�t�e� �g�r�a�p�h�s� �f�o�r� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �a�n�d� �J�a�m�e�s� 

�C�i�t�y� �F�o�r�m�a�t�i�o�n�s� �b�e�y�o�n�d� �F�i�g�u�r�e�s� �6�.�2�-�6�.�4� �w�e�r�e� �n�o�t� �n�e�e�d�e�d�,� �a�s� �t�h�e�r�e� �w�a�s� �o�n�l�y� �o�n�e� 

�f�o�r�m�a�t�i�o�n� �o�r� �m�e�m�b�e�r� �f�o�r� �e�a�c�h�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �f�r�o�m� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� 

�F�o�r�m�a�t�i�o�n� �s�h�a�r�e�s� �m�o�r�e� �s�i�m�i�l�a�r� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �t�h�a�n� �w�i�t�h� �M�.� �u�n�d�u�l�a�t�u�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �h�a�s� �a� �l�o�n�g�e�r� �p�o�s�t�e�r�i�o�r� �l�i�k�e� �M�.� �u�n�d�u�l�a�t�u�s� �i�n� �t�h�e� �R�u�s�h�m�e�r�e� 

�M�e�m�b�e�r�,� �b�u�t� �e�x�h�i�b�i�t�s� �a� �l�o�n�g�e�r� �A�A�M�L� �a�n�d� �s�h�o�r�t�e�r� �P�P�R�D�,� �a�s� �s�e�e�n� �i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�.� �M�.� 

�k�a�u�f�f�m�a�n�i� �s�h�a�r�e�s� �s�i�m�i�l�a�r� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �o�l�d�e�r� �M�.� �s�p�.� �B�,� �e�s�p�e�c�i�a�l�l�y� �i�n� 

�t�h�e� �l�o�n�g�e�r� �A�A�M�L� �a�n�d� �s�h�o�r�t�e�r� �P�P�R�D� �(�T�a�b�l�e� �6�.�2�a�)�.� 
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�S�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s� �f�r�o�m� �a� �p�a�r�t�i�c�u�l�a�r� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r� �a�r�e� 

�s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �w�i�t�h�i�n� �e�a�c�h� �o�v�e�r�a�l�l� �s�p�e�c�i�e�s� �(�T�a�b�l�e�s� �6�.�2�a�-�6�.�2�c�)�.� �A� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� 

�d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�s� �w�i�t�h�i�n� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e�:� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �h�a�s� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�;� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �a�n�d� �M�.� �k�a�u�f�f�m�a�n�i� �h�a�v�e� �a� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� 

�v�a�r�i�a�t�i�o�n�;� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �h�a�v�e� �a� �m�o�d�e�r�a�t�e� �d�e�g�r�e�e� �o�f� 

�i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�.� 

�C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�e�s� �(�C�D�A�)� �w�e�r�e� �r�u�n� �o�n� �t�h�e� �n�o�n�-�n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�s� 

�c�o�n�t�a�i�n�i�n�g� �s�p�e�c�i�m�e�n�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �<� �7�2� �m�m� �i�n� 

�l�e�n�g�t�h�,� �a�n�d� �o�f� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �< ��7�2� �m�m� �i�n� �l�e�n�g�t�h� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �>� �7�2� �m�m� �i�n� �l�e�n�g�t�h�.� 

�A� �p�-�v�a�l�u�e� �o�f� �0�.�0�0�0�1� �w�a�s� �o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� �t�e�s�t�,� �i�n�d�i�c�a�t�i�n�g� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� 

�t�h�e� �g�r�o�u�p�s� �i�n� �b�o�t�h� �a�n�a�l�y�s�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �t�h�e� �g�r�o�u�p�s� �w�e�r�e� �n�o�t� �s�i�m�i�l�a�r� 

�i�n� �e�a�c�h� �t�e�s�t�.� �S�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� �c�o�e�f�f�i�c�i�e�n�t�s� �f�r�o�m� �t�h�e� �f�i�r�s�t� �C�D�A� �o�n� �t�h�e� �s�m�a�l�l�e�r� 

�s�p�e�c�i�m�e�n�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �d�o� �n�o�t� �c�o�n�t�r�i�b�u�t�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �t�o� �t�h�e� 

�d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p�s� �(�T�a�b�l�e� �6�.�3�)�,� �w�h�e�r�e�a�s� �t�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� �c�o�e�f�f�i�c�i�e�n�t�s� 

�f�r�o�m� �t�h�e� �s�e�c�o�n�d� �C�D�A� �o�n� �t�h�e� �s�m�a�l�l� �a�n�d� �l�o�n�g� �l�e�n�g�t�h� �s�p�e�c�i�m�e�n�s� �s�h�o�w� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� 

�v�a�r�i�a�b�l�e�s� �c�o�n�t�r�i�b�u�t�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p�s� �(�T�a�b�l�e� �6�.�4�)�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�o�r�s�,� �o�r� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e�s�,� �i�n� �b�o�t�h� �t�e�s�t�s� �a�r�e� �n�o�t� �s�i�m�i�l�a�r� �e�n�o�u�g�h� 

�t�o� �w�a�r�r�a�n�t� �t�h�e� �u�s�e� �o�f� �t�h�e� �n�o�n�-�n�o�r�m�a�l�i�z�e�d� �d�a�t�a�.� 

�T�h�u�s�,� �C�D�A� �w�a�s� �r�u�n� �o�n� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x� �o�f� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�,� 

�e�x�c�l�u�d�i�n�g� �t�h�e� �t�h�i�r�t�e�e�n� �s�p�e�c�i�m�e�n�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �t�h�e�r�e� 

�6�1



�T�a�b�l�e� �6�.�3� �C�D�A� �r�u�n� �o�n� �M�.� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �<� �7�2� �m�m� �i�n� �l�e�n�g�t�h�.� �T�h�e� 
�e�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e�i�r� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� �c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �l�i�s�t�e�d�.� 

�A�P�R�H� 
�P�P�R�H� 
�F�H� 
�P�R�M�P�H� 
�A�L� 
�P�L� 
�F�L� 
�A�P�R�L� 
�P�P�R�L� 
�A�A�M�L� 
�P�A�M�L� 
�P�S�D� 
�A�P�R�D� 
�P�P�R�D� 
�A�A�M�W� 
�A�A�M�H� 
�P�A�M�W� 
�P�A�M�H� 

�C�A�N� �1� 

�-�0�.�0�7�0�7�3� 
�0�.�1�4�4�0�1� 

�-�0�.�0�8�6�2�6� 
�-�0�.�0�9�3�3�8� 
�-�0�.�1�2�5�2�4� 
�-�0�.�0�0�0�8�1� 
�-�0�.�0�2�5�3�5� 
�-�0�.�2�7�0�2�7� 
�-�0�.�0�7�7�7�4� 
�-�0�.�2�5�4�3�3� 
�-�0�.�0�9�9�6�1� 
�0�.�1�7�5�2�4� 
�0�.�0�5�2�2�5� 
�0�.�1�9�2�2�4� 

�-�0�.�2�0�7�5�8� 
�-�0�.�1�7�1�1�5� 
�-�0�.�1�2�3�8�5� 
�-�0�.�0�7�4�5�4� 
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�T�a�b�l�e� �6�.�4� �C�D�A� �r�u�n� �o�n� �M�.� �u�n�d�u�l�a�t�u�s� �>� �7�2� �m�m� �i�n� �l�e�n�g�t�h� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �<� �7�2� �m�m� �i�n� 
�l�e�n�g�t�h�.� �T�h�e� �e�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e�i�r� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� �c�o�e�f�f�i�c�i�e�n�t�s� 
�a�r�e� �l�i�s�t�e�d�.� 

�A�P�R�H� 
�P�P�R�H� 
�F�H� 
�P�R�M�P�H� 

�P�L� 
�F�L� 
�A�P�R�L� 
�P�P�R�L� 
�A�A�M�L� 
�P�A�M�L� 
�P�S�D� 
�A�P�R�D� 
�P�P�R�D� 
�A�A�M�W� 
�A�A�M�H� 
�P�A�M�W� 
�P�A�M�H� 

�C�A�N� �1� 

�0�.�8�7�4�0�4� 
�0�.�9�1�2�5�3� 
�0�.�8�6�5�4�7� 
�0�.�8�6�2�0�4� 
�0�.�8�4�6�6�8� 
�0�.�8�8�8�3�7� 
�0�.�9�0�1�7�8� 
�0�.�7�7�7�0�6� 
�0�.�8�5�2�5�1� 
�0�.�7�9�2�5�5� 
�0�.�8�5�8�8�3� 
�0�.�8�9�3�9�9� 
�0�.�8�7�8�6�9� 
�0�.�8�7�7�1�4� 
�0�.�7�9�0�5�0� 
�0�.�8�4�7�5�1� 
�0�.�8�7�8�7�4� 
�0�.�8�6�9�0�4� 
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�w�e�r�e� �t�o�o� �f�e�w� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �k�a�u�f�f�m�a�n�i� �t�o� �g�e�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �v�a�l�u�a�b�l�e� �r�e�s�u�l�t�s� �i�n� �t�h�e� �C�D�A�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �w�e�r�e� �e�x�a�m�i�n�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �a�s� �o�n�e� �g�r�o�u�p�.� 

�T�h�u�s�,� �C�D�A� �r�u�n� �o�n� �t�h�r�e�e� �g�r�o�u�p�s� �(�M�.� �u�n�d�u�l�a�t�u�s�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �[�i�n�c�l�u�d�i�n�g� �M�.� �s�p�.� �A� �f�r�o�m� 

�t�h�e� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n�]�,� �a�n�d� �M�.� �s�p�.� �B� �f�r�o�m� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�)� 

�p�r�o�d�u�c�e�d� �t�w�o� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� �e�x�p�l�a�i�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �a�m�o�n�g� �g�r�o�u�p�s� �o�r� �s�p�e�c�i�e�s� 

�(�T�a�b�l�e� �6�.�5�)�.� �A� �p�-�v�a�l�u�e� �o�f� �0�.�0�0�0�1� �w�a�s� �o�b�t�a�i�n�e�d�,� �i�n�d�i�c�a�t�i�n�g� �a� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �g�r�o�u�p�s�.� 

�T�h�e� �d�i�s�c�r�i�m�i�n�a�n�t� �s�c�o�r�e�s� �w�e�r�e� �f�o�u�n�d� �a�n�d� �p�l�o�t�t�e�d� �f�o�r� �e�a�c�h� �v�a�r�i�a�b�l�e�.� �T�h�e� �p�l�o�t� �o�f� �c�a�n�o�n�i�c�a�l� 

�a�x�e�s� �1� �a�n�d� �2� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �a�l�l� �t�h�r�e�e� �g�r�o�u�p�s� �(�F�i�g�.� �6�.�1�1�)�.� �F�i�g�u�r�e� �6�.�1�2� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �s�a�m�e� �g�r�a�p�h� �a�s� �F�i�g�u�r�e� �6�.�1�1�,� �b�u�t� �t�h�e� �d�a�t�a� �a�r�e� �s�h�o�w�n� �a�s� �f�i�e�l�d�s� �e�n�c�l�o�s�i�n�g� �t�h�e� 

�r�a�n�g�e� �o�f� �d�a�t�a� �p�o�i�n�t�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �m�e�a�n� �i�s� �s�h�o�w�n� �i�n� �t�h�e� �m�o�r�p�h�o�s�p�a�c�e� 

�o�f� �e�a�c�h� �s�p�e�c�i�e�s�.� �C�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e�s� �m�o�r�e� �t�o� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �M�.� 

�u�n�d�u�l�a�t�u�s� �f�r�o�m� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �(�i�n�c�l�u�d�i�n�g� �M�.� �s�p�.� �A�)� �a�n�d� �M�.� �s�p�.� �B�,� �a�c�c�o�u�n�t�s� �f�o�r� �8�4�.�3�5�%� 

�o�f� �t�h�e� �v�a�r�i�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�p�e�c�i�e�s�.� �A� �v�a�l�u�e� �o�f� �0�.�5�0� �f�o�r� �t�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� 

�c�o�e�f�f�i�c�i�e�n�t�s� �(�b�o�l�d�f�a�c�e�d� �a�n�d� �u�n�d�e�r�l�i�n�e�d� �i�n� �T�a�b�l�e� �6�.�5� �f�o�r� �c�o�n�v�e�n�i�e�n�c�e�)� �i�n�d�i�c�a�t�e�s� �t�h�o�s�e� 

�v�a�r�i�a�b�l�e�s� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e� �m�o�s�t� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p�s�;� �t�h�e� �p�o�s�t�e�r�i�o�r� �p�e�d�a�l� 

�r�e�t�r�a�c�t�o�r� �h�e�i�g�h�t� �(�P�P�R�H�)� �a�n�d� �t�h�e� �A�A�M�L� �c�o�n�t�r�i�b�u�t�e� �m�o�s�t� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� 

�s�p�e�c�i�e�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �t�e�n�d�s� �t�o� �h�a�v�e� �a� �l�o�n�g�e�r� 

�P�P�R�H� �a�n�d� �s�h�o�r�t�e�r� �A�A�M�L� �a�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �B�.� �C�a�n�o�n�i�c�a�l� 

�v�a�r�i�a�b�l�e� �2�,� �w�h�i�c�h� �a�c�c�o�u�n�t�s� �f�o�r� �1�5�.�6�5�%� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �b�e�t�w�e�e�n� �s�p�e�c�i�e�s�,� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� 

�s�e�p�a�r�a�t�i�o�n� �o�f� �M�.� �s�p�.� �B� �f�r�o�m� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �(�i�n�c�l�u�d�i�n�g� �M�.� �s�p�.� �A�)� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s�;� �t�h�e� 

�o�n�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�i�s�c�r�i�m�i�n�a�t�o�r� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �2� �i�s� �t�h�e� �a�n�t�e�r�i�o�r� �p�a�l�l�i�a�l� �r�a�d�i�a�l� 
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�T�a�b�l�e� �6�.�5� �C�D�A� �r�u�n� �o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� �c�o�v�a�r�i�a�n�c�e� �m�a�t�r�i�x�,� �e�x�c�l�u�d�i�n�g� 
�M�.� �k�a�u�f�f�m�a�n�i�.� �T�h�e� �e�i�g�h�t�e�e�n� �q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e�i�r� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� 
�c�o�e�f�f�i�c�i�e�n�t�s� �a�r�e� �l�i�s�t�e�d�.� �A� �l�o�w�e�r� �l�i�m�i�t� �o�f� �0�.�5�0� �w�a�s� �c�h�o�s�e�n� �f�o�r� �t�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �c�a�n�o�n�i�c�a�l� 
�c�o�e�f�f�i�c�i�e�n�t�s� �(�b�o�l�d�f�a�c�e�d� �a�n�d� �u�n�d�e�r�l�i�n�e�d�)�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e� �t�h�o�s�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e� 
�m�o�s�t� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p�s�.� 

�C�A�N� �1� �C�A�N� �2� 

�A�P�R�H� �0�.�0�8�6�8�5� �0�.�0�3�7�2�3� 
�P�P�R�H� �0�.�6�4�4�9�9� �0�.�3�0�1�1�3� 
�F�H� �-�0�.�1�1�8�7�0� �0�.�3�2�8�9�8� 
�P�R�M�P�H� �-�0�.�2�0�2�5�5� �0�.�3�7�0�1�3� 
�A�L� �-�0�.�1�8�5�2�5� �-�0�.�3�1�1�7�8� 
�P�L� �0�.�2�4�5�0�0� �0�.�3�3�2�2�5� 
�F�L� �0�.�2�9�1�3�4� �0�.�0�2�9�4�5� 
�A�P�R�L� �-�0�.�4�8�2�6�2� �0�.�3�1�8�1�8� 
�P�P�R�L� �0�.�0�8�5�7�2� �0�.�3�7�7�9�4� 

�A�A�M�L� �-�0�.�5�7�0�0�7� �-�0�.�0�8�5�2�1� 
�P�A�M�L� �-�0�.�0�3�3�9�6� �0�.�3�8�5�1�0� 
�P�S�D� �0�.�3�3�0�2�1� �-�0�.�3�2�9�3�0� 
�A�P�R�D� �0�.�4�3�8�2�0� �-�0�.�5�2�2�6�9� 
�P�P�R�D� �0�.�3�9�0�7�4� �-�0�.�3�4�5�9�8� 

�A�A�M�W� �-�0�.�4�3�2�9�6� �-�0�.�2�2�2�6�6� 
�A�A�M�H� �-�0�.�3�4�7�8�9� �0�.�0�4�9�7�5� 
�P�A�M�W� �-�0�.�2�6�3�2�9� �0�.�3�0�3�4�2� 
�P�A�M�H� �-�0�.�0�7�6�7�8� �0�.�2�3�4�2�8� 
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�d�i�s�t�a�n�c�e� �(�A�P�R�D�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �t�e�n�d�s� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �A�P�R�D� �t�h�a�n� �M�.� 

�u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�n� �t�h�e� �s�h�e�l�l� �o�f� �t�h�e�s�e� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� 

�c�o�n�t�r�i�b�u�t�e� �m�o�s�t� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p�s� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�3�.� 

�F�i�g�u�r�e� �6�.�1�4� �i�s� �a� �c�l�o�s�e�u�p� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �F�i�g�u�r�e� �6�.�1�1�.� �T�h�u�s�,� 

�t�h�e� �d�i�s�c�r�i�m�i�n�a�t�o�r�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �1� �a�n�d� �2� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �t�h�o�s�e� �f�o�r� �F�i�g�u�r�e� �6�.�1�1�.� 

�F�i�g�u�r�e� �6�.�1�4� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �a�l�l� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�.� �T�h�e�r�e� 

�d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �a�n�y� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �a�m�o�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�,� �w�h�i�c�h� �i�s� 

�s�i�g�n�i�f�i�c�a�n�t� �b�e�c�a�u�s�e� �C�D�A� �t�e�n�d�s� �t�o� �m�a�x�i�m�i�z�e� �s�e�p�a�r�a�t�i�o�n�.� 

�F�i�g�u�r�e� �6�.�1�5� �i�s� �a� �c�l�o�s�e�u�p� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �f�r�o�m� 

�F�i�g�u�r�e� �6�.�1�1�.� �A�g�a�i�n�,� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�o�r�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �1� �a�n�d� �2� �a�r�e� �t�h�e� �s�a�m�e� �a�s� 

�t�h�o�s�e� �f�o�r� �F�i�g�u�r�e� �6�.�1�1�.� �F�i�g�u�r�e� �6�.�1�5� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �b�o�t�h� �f�o�r�m�a�t�i�o�n�s�.� �T�h�e�r�e� 

�d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �a�n�y� �s�i�g�n�i�f�i�c�a�n�t� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �a�m�o�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n�s�.� 

�A� �s�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�S�D�A�)� �r�u�n� �o�n� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� 

�s�p�e�c�i�e�s�,� �e�x�c�l�u�d�i�n�g� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i�,� �r�e�v�e�a�l�e�d� �t�h�a�t� �f�o�u�r�t�e�e�n� �o�f� �t�h�e� �e�i�g�h�t�e�e�n� 

�q�u�a�n�t�i�t�a�t�i�v�e� �v�a�r�i�a�b�l�e�s� �m�e�a�s�u�r�e�d� �o�n� �e�a�c�h� �v�a�l�v�e� �a�r�e� �n�e�e�d�e�d� �t�o� �i�d�e�n�t�i�f�y� �a� �g�r�o�u�p�,� �i�n�d�i�c�a�t�i�n�g� 

�t�h�a�t� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� �m�o�r�p�h�o�l�o�g�y� �(�T�a�b�l�e� �6�.�6�)�.� �A�n�o�t�h�e�r� �S�D�A� �w�a�s� �r�u�n� �o�n� �t�h�e� 

�n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�.� �A�l�l� �e�i�g�h�t�e�e�n� �v�a�r�i�a�b�l�e�s� �a�r�e� �n�e�e�d�e�d� �t�o� 

�i�d�e�n�t�i�f�y� �a� �s�p�e�c�i�e�s� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �a� �p�a�r�t�i�c�u�l�a�r� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�,� �a�g�a�i�n� �c�o�n�f�i�r�m�i�n�g� 

�t�h�a�t� �t�h�e� �g�r�o�u�p�s� �a�r�e� �s�i�m�i�l�a�r� �(�T�a�b�l�e� �6�.�7�)� �B�o�t�h� �t�a�b�l�e�s� �l�i�s�t� �t�h�e� �v�a�r�i�a�b�l�e�s� �i�n� �d�e�s�c�e�n�d�i�n�g� �o�r�d�e�r� 

�f�r�o�m� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �i�n�v�o�l�v�e�d� �a�t� �t�h�e� �t�o�p� �o�f� �t�h�e� �l�i�s�t�.� 
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�T�a�b�l�e� �6�.�6� �S�D�A� �o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� �g�r�o�u�p�s�,� �e�x�c�l�u�d�i�n�g� �M�.� �k�a�u�f�f�m�a�n�i�.� 
�T�h�e� �v�a�r�i�a�b�l�e�s� �n�e�e�d�e�d� �t�o� �i�d�e�n�t�i�f�y� �a� �g�r�o�u�p� �a�r�e� �l�i�s�t�e�d� �i�n� �d�e�s�c�e�n�d�i�n�g� �o�r�d�e�r� �f�r�o�m� �t�h�e� �m�o�s�t� 
�i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �i�n�v�o�l�v�e�d� �a�t� �t�h�e� �t�o�p�.� 

�P�P�R�H� 
�A�P�R�L� 
�A�A�M�L� 
�A�P�R�D� 
�A�A�M�W� 
�A�L� 
�P�L� 
�P�R�M�P�H� 
�F�L� 
�P�P�R�L� 
�P�A�M�L� 
�A�A�M�H� 
�P�A�M�W� 
�P�A�M�H� 

�7�2



�T�a�b�l�e� �6�.�7� �S�D�A� �o�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�.� �T�h�e� 
�v�a�r�i�a�b�l�e�s� �n�e�e�d�e�d� �t�o� �i�d�e�n�t�i�f�y� �a� �s�p�e�c�i�e�s� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �a� �p�a�r�t�i�c�u�l�a�r� �f�o�r�m�a�t�i�o�n� �o�r� �m�e�m�b�e�r� 
�a�r�e� �l�i�s�t�e�d� �i�n� �d�e�s�c�e�n�d�i�n�g� �o�r�d�e�r� �f�r�o�m� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �i�n�v�o�l�v�e�d� �a�t� �t�h�e� �t�o�p�.� 

�P�P�R�H� 
�A�P�R�D� 
�P�P�R�L� 
�P�R�M�P�H� 
�A�A�M�W� 
�P�A�M�H� 
�A�P�R�L� 
�P�A�M�L� 
�A�L� 
�A�P�R�H� 
�A�A�M�H� 
�P�P�R�D� 
�A�A�M�L� 
�P�L� 
�F�L� 
�P�A�M�W� 
�P�S�D� 
�F�H� 
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�T�h�e� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �e�x�a�m�i�n�e�d� �u�s�i�n�g� �t�w�o� �m�e�t�h�o�d�s�.� �S�i�m�p�l�e� �f�r�e�q�u�e�n�c�i�e�s� 

�w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �m�o�l�l�u�s�k�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �f�i�v�e� 

�d�e�s�i�g�n�a�t�e�d� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �s�h�e�l�l� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s� �(�T�a�b�l�e� �6�.�8�)�.� �T�h�e� �c�h�a�r�t� �r�e�v�e�a�l�s� �t�h�a�t� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �h�a�s� �a� �l�o�w� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�o�l�l�u�s�k�-�b�o�r�e�d� �s�p�e�c�i�m�e�n�s�,� �w�h�i�l�e� �a�n� 

�i�n�c�r�e�a�s�e�d� �f�r�e�q�u�e�n�c�y� �o�f� �m�o�l�l�u�s�k� �b�o�r�e�h�o�l�e�s� �i�s� �s�e�e�n� �i�n� �M�.� �k�a�u�f�f�m�a�n�i�;�,�;� �h�o�w�e�v�e�r�,� �M�.� 

�k�a�u�f�f�m�a�n�i� �d�o�e�s� �n�o�t� �h�a�v�e� �a� �g�r�e�a�t�e�r� �f�r�e�q�u�e�n�c�y� �o�f� �m�o�l�l�u�s�k�-�b�o�r�e�d� �s�p�e�c�i�m�e�n�s� �t�h�a�n� �t�h�e� �o�l�d�e�r� 

�f�o�r�m�s�,� �M�.� �u�n�d�u�l�a�t�u�s�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� �a�n�d� �M�.� �s�p�.� �A�.� �T�h�e� �c�h�a�r�t� �a�l�s�o� �r�e�v�e�a�l�s� �t�h�a�t� �M�.� 

�k�a�u�f�f�m�a�n�i� �w�a�s� �m�o�r�e� �b�o�r�e�d� �i�n� �t�h�e� �a�n�t�e�r�i�o�r� �r�e�g�i�o�n� �t�h�a�n� �o�t�h�e�r� �s�p�e�c�i�e�s�;� �h�o�w�e�v�e�r�,� �t�h�i�s� �r�e�s�u�l�t� 

�i�s� �p�r�o�b�a�b�l�y� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �b�e�c�a�u�s�e� �t�h�e�r�e� �w�e�r�e� �t�o�o� �f�e�w� �s�p�e�c�i�m�e�n�s� �e�x�a�m�i�n�e�d�.� �A� �c�h�i�-�s�q�u�a�r�e� 

�t�e�s�t� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s� �r�e�v�e�a�l�e�d� �a� �p�-�v�a�l�u�e� �<� 

�0�.�0�5�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �i�s� �h�e�l�p�f�u�l� �i�n� �t�h�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a� �g�r�o�u�p�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �s�t�a�t�e�s� �t�h�a�t� �c�l�a�m�s� �o�f� �a� �g�i�v�e�n� �s�p�e�c�i�e�s� �w�i�l�l� �b�e� 

�b�o�r�e�d�/�n�o�t� �b�o�r�e�d� �a�t� �a� �5�0�/�5�0� �r�a�t�i�o�.� �T�a�b�l�e� �6�.�9�a� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �e�x�p�e�c�t�e�d� �v�a�l�u�e�s� �i�f� �t�h�e�r�e� �i�s� �n�o� 

�d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �t�h�e� �c�l�a�m�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�.� �H�o�w�e�v�e�r�,� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s� �(�p�-�v�a�l�u�e� �<� 

�0�.�0�5�)� �d�o� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �s�p�e�c�i�e�s� �a�r�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�n�e� �a�n�o�t�h�e�r�,� �b�u�t� �r�a�t�h�e�r� 

�t�h�a�t� �o�v�e�r�a�l�l� �t�h�e�y� �t�e�n�d� �t�o� �d�e�v�i�a�t�e� �f�r�o�m� �t�h�e� �5�0�/�5�0� �r�a�t�i�o� �(�b�o�r�e�d�/�n�o�t� �b�o�r�e�d�)�.� �T�a�b�l�e� �6�.�9�b� �i�s� �a� 

�s�i�m�p�l�e� �f�r�e�q�u�e�n�c�y� �c�h�a�r�t�,� �s�h�o�w�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �a� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r� �f�o�r� 

�e�a�c�h� �s�p�e�c�i�e�s�.� �G�r�e�a�t�e�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �p�o�s�t�-�m�o�r�t�e�m� �b�o�r�i�n�g�s� �b�y� �s�p�o�n�g�e�s�,� �w�o�r�m�s�,� �a�n�d� 

�b�a�r�n�a�c�l�e�s� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �p�r�o�l�o�n�g�e�d� �e�x�p�o�s�u�r�e� �o�f� �a� �s�p�e�c�i�m�e�n� �a�f�t�e�r� �d�e�a�t�h�.� �A�n�o�t�h�e�r� �c�h�i�-� 

�s�q�u�a�r�e� �t�e�s�t� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� 

�m�e�m�b�e�r� �r�e�v�e�a�l�e�d� �a� �p�-�v�a�l�u�e� �o�f� �<� �0�.�0�5�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� 
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�T�a�b�l�e� �6�.�8� �A� �s�i�m�p�l�e� �f�r�e�q�u�e�n�c�y� �c�h�a�r�t� �o�n� �t�h�e� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�.� �T�h�e� 
�p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �m�o�l�l�u�s�k�s� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �a�r�e�a� �o�f� �t�h�e� �s�h�e�l�l� �i�s� �l�i�s�t�e�d�.� 

�#� �c�l�a�m�s� �i�n� �s�t�u�d�y� 

�#� �m�o�l�l�u�s�k�-�b�o�r�e�d� 

 ��%� �b�o�r�e�d� �i�n� �C�R� 

�%� �b�o�r�e�d� �i�n� �U�R� 

 ��%� �b�o�r�e�d� �i�n� �L�R� 

�%� �b�o�r�e�d� �i�n� �P�S� 

�%� �b�o�r�e�d� �i�n� �A�S� 

�t�o�t�a�l� �%� �m�o�l�l�u�s�k�-� 
�b�o�r�e�d� �i�n� �s�t�u�d�y� 

�M�.� �u�n�d�u�l�a�t�u�s� 

�5�5�2� 

�1�4�9� 

�1�1�.�2�3�%� 

�1�4�.�1�3�%� 

�1�.�0�9�%� 

�0�%� 

�0�.�5�4�%� 

�2�6�.�9�9�%� 

�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� 
�&� �M�.� �s�p�.� �A� 

�1�5�5� 

�3�2� 

�1�2�.�2�6�%� 

�5�.�8�1�%� 

�2�.�5�8�%� 

�0�%� 

�0�%� 

�2�0�.�6�5�%� 

�7�5� 

�7�1� 

�0�%� 

�1�.�4�1�%� 

�0�%� 

�0�%� 

�0�%� 

�1�.�4�1�%� 

�M�.�s�p�.�B�-� �M�.� �k�a�u�f�f�m�a�n�i� 

�1�3� 

�3� 

�7�.�6�9�%� 

�0�%� 

�0�%� 

�0�%� 

�1�5�.�3�8�%� 

�2�3�.�0�7�%



�T�a�b�l�e� �6�.�9�a� �A� �c�h�i�-�s�q�u�a�r�e� �t�e�s�t� �o�n� �t�h�e� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �e�a�c�h� �g�r�o�u�p�,� �s�h�o�w�i�n�g� �t�h�e� 
�e�x�p�e�c�t�e�d� �v�a�l�u�e�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �c�l�a�m�s� �o�f� �a� �g�i�v�e�n� �s�p�e�c�i�e�s� �w�i�l�l� �b�e� 
�b�o�r�e�d�/�n�o�t� �b�o�r�e�d� �a�t� �a� �5�0�/�5�0� �r�a�t�i�o�.� 

�M�.� �u�n�d�u�l�a�t�u�s� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �M� �s�p�.�B�-� �M�.� �k�a�u�f�f�m�a�n�i� 
�&� �M�.� �s�p�.� �A� 

�#� �c�l�a�m�s� �i�n� �s�t�u�d�y� �5�5�2� �1�5�5� �7�1� �1�3� 

�b�o�r�e�d� �2�7�6� �7�7�.�5� �3�5�.�5� �6�.�5� 

�n�o�t� �b�o�r�e�d� �2�7�6� �7�7�.�5� �3�5�.�5� �6�.�5� 
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�T�a�b�l�e� �6�.�9�b� �A� �s�i�m�p�l�e� �f�r�e�q�u�e�n�c�y� �c�h�a�r�t�,� �s�h�o�w�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �a� 
�p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�.� 

�M�.� �u�n�d�u�l�a�t�u�s� 

�#� �c�l�a�m�s� �i�n� �s�t�u�d�y� �5�5�2� 

�%� �b�o�r�e�d� �b�y� �m�o�l�l�u�s�k�s� 
�(�M�B�)� �2�6�.�9�9�%� 

�%� �b�o�r�e�d� �b�y� �s�p�o�n�g�e�s� 
�(�S�B�)� �2�4�.�4�6�%� 

 ��%� �b�o�r�e�d� �b�y� �w�o�r�m�s� 
�(�W�B�)� �1�0�.�5�1�%� 

�%� �b�o�r�e�d� �b�y� �b�a�r�n�a�c�l�e�s� 
�(�B�B�)� �1�0�.�6�9�%� 

�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� 
�&� �M�.� �s�p�.� �A� 

�1�5�5� 

�2�0�.�6�5�%� 

�9�.�0�3�%� 

�1�9�.�3�5�%� 

�1�6�.�7�7�%� 

�7�7� 

�7�1� 

�1�.�4�1�%� 

�4�2�.�2�5�%� 

�1�2�.�6�8�%� 

�2�2�.�5�4�%� 

�M�.�s�p�.�B� �M�.� �k�a�u�f�f�m�a�n�i� 

�1�3� 

�2�3�.�0�7�%� 

�3�8�.�4�6�%� 

�2�3�.�0�8�%� 

�3�8�.�4�6�%



�p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �i�s� �h�e�l�p�f�u�l� �i�n� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a� �f�o�r�m�a�t�i�o�n�/�m�e�m�b�e�r�.� �T�a�b�l�e� �6�.�1�0�a� �l�i�s�t�s� 

�t�h�e� �e�x�p�e�c�t�e�d� �v�a�l�u�e�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �c�l�a�m�s� �o�f� �a� �g�i�v�e�n� �f�o�r�m�a�t�i�o�n� 

�a�n�d� �m�e�m�b�e�r� �w�i�l�l� �b�e� �b�o�r�e�d�/�n�o�t� �b�o�r�e�d� �a�t� �a� �5�0�/�5�0� �r�a�t�i�o�.� �S�i�m�p�l�e� �f�r�e�q�u�e�n�c�i�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� 

�t�o� �a�s�s�e�s�s� �t�h�e� �n�u�m�b�e�r� �o�f� �b�o�r�e�h�o�l�e�s� �b�y� �p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r�s� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s� �(�T�a�b�l�e� �6�.�1�0�b�)�.� 

�W�h�e�r�e�a�s� �T�a�b�l�e� �6�.�8� �l�i�s�t�s� �t�h�e� �t�o�t�a�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �m�o�l�l�u�s�k�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�,� 

�T�a�b�l�e�s� �6�.�9�b� �a�n�d� �6�.�1�0�b� �d�o� �n�o�t� �l�i�s�t� �t�h�e� �t�o�t�a�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �f�o�r� �e�a�c�h� �g�r�o�u�p� �o�r� �f�o�r� 

�e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�,� �b�e�c�a�u�s�e� �s�o�m�e� �o�f� �t�h�e� �c�l�a�m�s� �w�e�r�e� �b�o�r�e�d� �b�y� �m�o�r�e� �t�h�a�n� �o�n�e� 

�t�y�p�e� �o�f� �b�o�r�e�r�,� �a�n�d� �a�s� �s�u�c�h�,� �t�h�e� �t�o�t�a�l� �p�e�r�c�e�n�t�a�g�e� �w�o�u�l�d� �a�m�o�u�n�t� �t�o� �m�o�r�e� �t�h�a�n� �1�0�0�%�.� 

�A�n� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �t�e�s�t�e�d� �w�h�e�t�h�e�r� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� 

�c�o�n�c�e�n�t�r�i�c� �u�n�d�u�l�a�t�i�o�n�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �i�s� �h�e�l�p�f�u�l� �i�n� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �s�p�e�c�i�e�s�.� 

�A�n� �i�n�i�t�i�a�l� �A�N�O�V�A� �r�u�n� �o�n� �f�u�l�l� �l�e�n�g�t�h� �a�s� �a� �p�r�e�d�i�c�t�o�r� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� �r�i�b�s� �r�e�v�e�a�l�e�d� 

�a� �p�-�v�a�l�u�e� �o�f� �0�.�5�9�7�9�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �f�u�l�l� �l�e�n�g�t�h� �v�a�r�i�a�b�l�e� �i�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �p�r�e�d�i�c�t�i�n�g� 

�t�h�e� �n�u�m�b�e�r� �o�f� �r�i�b�s�.� �F�i�g�u�r�e� �6�.�1�6� �i�l�l�u�s�t�r�a�t�e�s� �t�h�i�s� �p�o�i�n�t� �w�i�t�h� �a� �w�i�d�e� �s�c�a�t�t�e�r� �o�f� �d�a�t�a� �p�o�i�n�t�s�.� 

�S�i�n�c�e� �a�n� �a�l�l�o�m�e�t�r�i�c� �e�f�f�e�c�t� �w�a�s� �n�o�t� �s�e�e�n� �i�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �i�n�i�t�i�a�l� �t�e�s�t�,� �a�n�o�t�h�e�r� �A�N�O�V�A� 

�r�u�n� �o�n� �s�p�e�c�i�e�s� �a�n�d� �r�i�b�s� �r�e�v�e�a�l�e�d� �a� �p�-�v�a�l�u�e� �o�f� �0�.�0�0�0�1�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �s�p�e�c�i�e�s� �c�a�n� �b�e� 

�p�r�e�d�i�c�t�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �u�n�d�u�l�a�t�i�o�n�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �a�s� �s�h�o�w�n� 

�b�y� �F�i�g�u�r�e� �6�.�1�7�.� �T�a�b�l�e� �6�.�1�1� �l�i�s�t�s� �e�a�c�h� �s�p�e�c�i�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �c�l�a�m�s� �i�n� �t�h�e� �s�t�u�d�y�,� �t�h�e� �r�i�b� 

�m�e�a�n� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�,� �a�n�d� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s�,� �M�.� �s�p�.� �B�,� �a�n�d� 

�M�.� �k�a�u�f�f�m�a�n�i� �h�a�v�e� �a� �s�i�m�i�l�a�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�.� �T�h�u�s�,� �t�h�e� 

�n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� �r�i�b�s� �i�s� �h�e�l�p�f�u�l� �i�n� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �a� �l�a�r�g�e� �s�a�m�p�l�e� �o�f� �e�a�c�h� �s�p�e�c�i�e�s� 
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�T�a�b�l�e� �6�.�1�0�a� �A� �c�h�i�-�s�q�u�a�r�e� �t�e�s�t� �o�n� �t�h�e� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� 
�m�e�m�b�e�r�,� �s�h�o�w�i�n�g� �t�h�e� �e�x�p�e�c�t�e�d� �v�a�l�u�e�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �c�l�a�m�s� �o�f� �a� 
�g�i�v�e�n� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r� �w�i�l�l� �b�e� �b�o�r�e�d�/�n�o�t� �b�o�r�e�d� �a�t� �a� �5�0�/�5�0� �r�a�t�i�o�.� 

�J�a�m�e�s� �C�i�t�y� �F�m�.� 

�C�h�o�w�a�n� �R�i�v�e�r� �F�m�.� 
�E�d�e�n�h�o�u�s�e� �M�b�r�.� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�M�o�o�r�e� �H�o�u�s�e� �M�b�r�.� 

�l�o�w�e�r� �T�a�m�i�a�m�i� �F�m�.� 

�J�a�c�k�s�o�n� �B�l�u�f�f� �F�m�.� 

�R�a�y�s�o�r� �F�m�.� 

�D�u�p�l�i�n� �F�m�.� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�R�u�s�h�m�e�r�e� �M�b�r�.� 

�#� �c�l�a�m�s� �i�n� �s�t�u�d�y� 

�1�3� 

�7�1� 

�2�3�2� 

�1�4� 

�1�4�1� 

�5�9� 

�5�2� 

�2�0�9� 

�b�o�r�e�d� 

�6�.�5� 

�3�5�.�5� 

�1�1�6� 

�7�0�.�5� 

�2�9�.�5� 

�2�6� 

�1�0�4�.�5� 

�7�9� 

�n�o�t� �b�o�r�e�d� 

�6�.�5� 

�3�5�.�5� 

�1�1�6� 

�7�0�.�5� 

�2�9�.�5� 

�2�6� 

�1�0�4�.�5



�T�a�b�l�e� �6�.�1�0�b� �A� �s�i�m�p�l�e� �f�r�e�q�u�e�n�c�y� �c�h�a�r�t�,� �s�h�o�w�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�l�a�m�s� �b�o�r�e�d� �b�y� �a� 
�p�a�r�t�i�c�u�l�a�r� �b�o�r�e�r� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� 

�J�a�m�e�s� �C�i�t�y� �F�m�.� 

�C�h�o�w�a�n� �R�i�v�e�r� �F�m�.� 
�E�d�e�n�h�o�u�s�e� �M�b�r�.� 

�Y�o�r�k�t�o�w�n� �F�m�.� 

�M�o�o�r�e� �H�o�u�s�e� �M�b�r�.� 

�l�o�w�e�r� �T�a�m�i�a�m�i� �F�m�.� 

�J�a�c�k�s�o�n� �B�l�u�f�f� �F�m�.� 

�R�a�y�s�o�r� �F�m�.� 

�D�u�p�l�i�n� �F�m�.� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�R�u�s�h�m�e�r�e� �M�b�r�.� 

�#�c�l�a�m�s� 
�i�n� �s�t�u�d�y� 

�1�3� 

�7�1� 

�2�3�2� 

�1�4� 

�1�4�1� 

�5�9� 

�5�2� 

�2�0�9� 

 ��%� �b�o�r�e�d� 
�b�y� �m�o�l�l�u�s�k�s� 

�2�3�.�0�8�%� 

�1�.�4�1�%� 

�2�7�.�1�6�%� 

�2�8�.�5�7�%� 

�1�9�.�8�6�%� 

�1�0�.�1�7�%� 

�3�.�8�5�%� 

�3�7�.�3�2�%� 

�8�0� 

�%� �b�o�r�e�d� 
�b�y� �s�p�o�n�g�e�s� 

�3�8�.�4�6�%� 

�4�2�.�2�5�%� 

�1�3�.�3�6�%� 

�4�2�.�8�6�%� 

�5�.�6�7�%� 

�2�7�.�1�2�%� 

�5�7�.�6�9�%� 

�2�7�.�7�5�%� 

�%� �b�o�r�e�d� 
�b�y� �w�o�r�m�s� 

�2�3�.�0�8�%� 

�1�2�.�6�8�%� 

�8�.�1�9�%� 

�3�5�.�7�1�%� 

�1�7�.�7�3�%� 

�1�0�.�1�7�%� 

�1�1�.�5�4�%� 

�1�2�.�9�2�%� 

�%� �b�o�r�e�d� 

�b�y� 
�b�a�r�n�a�c�l�e�s� 

�3�8�.�4�6�%� 

�2�2�.�5�4�%� 

�6�.�4�7�%� 

�3�5�.�7�1�%� 

�1�4�.�8�9�%� 

�1�8�.�6�4�%� 

�1�5�.�3�8� 

�1�1�.�9�6�%
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�x� �J� �e� �a� �e� �o� �e�a�e� �a� 
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 �� �=� �b�e� �W�e�m� �6� �e�s�e� �a� 
�1�0� �=� �s�e�  ��_� �m�e� �w�s� �e�e� �s� 

�=� �g� �.� � � � � � � �I� �o�Y� �T� �j� �t� �]� �'� �i� �'� �j� �s� �1� �t� �J� �c� �j� �'� �j� �t� �|� �c� 

�3�0� �5�0� �7�0� �9�0� �1�2�0� �1�4�0� 

�F�u�l�l� �L�e�n�g�t�h� �(�m�m�)� 

�F�i�g�u�r�e� �6�.�1�6� �S�c�a�t�t�e�r� �p�l�o�t� �o�f� �f�u�l�l� �l�e�n�g�t�h� �v�e�r�s�u�s� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� 
�n�e�p�i�o�n�i�c� �s�h�e�l�l� �f�o�r� �a�l�l� �t�h�e� �s�p�e�c�i�e�s�.� 
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�M�.� �s�p�.� �B� 

�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �&� �M�.� �s�p�.� �A� 
�M�.� �u�n�d�u�l�a�t�u�s� 
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�2�0� �e�e� 
�:� �=� 

 ��_ �� �~�s� �s� 

�:� �~�-� �°� 

�1�0� �e�  �� 

�r�r� �*� �2� �f�F� �3� �t� �4� 

�S�p�e�c�i�e�s� 

�F�i�g�u�r�e� �6�.�1�7� �S�c�a�t�t�e�r� �p�l�o�t� �o�f� �s�p�e�c�i�e�s� �v�e�r�s�u�s� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� 
�n�e�p�i�o�n�i�c� �s�h�e�l�l�.� �s�h�o�w�i�n�g� �t�h�e� �r�a�n�g�e� �o�f� �v�a�r�i�a�t�i�o�n� �w�i�t�h� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �b�a�r�s�.� 
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�T�a�b�l�e� �6�.�1�1� �A�N�O�V�A� �t�o� �t�e�s�t� �i�f� �r�i�b�s� �c�o�u�l�d� �p�r�e�d�i�c�t� �a� �s�p�e�c�i�e�s�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�l�a�m�s� �f�o�r� 
�e�a�c�h� �s�p�e�c�i�e�s�,� �t�h�e�i�r� �m�e�a�n� �r�i�b� �n�u�m�b�e�r�,� �a�n�d� �t�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �a�r�e� �l�i�s�t�e�d�.� �T�h�i�s� �t�a�b�l�e� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �F�i�g�u�r�e� �6�.�1�6�.� 

�S�p�e�c�i�e�s� 

�M�.� �k�a�u�f�f�m�a�n�i� 

�M�.� �s�p�.� �B� 

�M�.� �m�e�r�i�d�i�o�n�a�l�i�s� 

�&� �M�.� �s�p�.� �A� 

�M�.� �u�n�d�u�l�a�t�u�s� 

�#�c�l�a�m�s� 

�i�n� �s�t�u�d�y� 

�1�]� 

�4�5� 

�1�0�4� 

�4�6�5� 

�m�e�a�n� �r�i�b� �#� 

�2�1�.�7�3� 

�2�0�.�1�6� 

�1�1�.�5�6� 

�1�9�.�7�4� 

�8�3� 

�s�t�a�n�d�a�r�d� �e�r�r�o�r� 

�0�.�9�2�0�4�0� 

�0�.�4�5�5�0�6� 

�0�.�2�9�9�3�3� 

�0�.�1�4�1�5�6



�a�n�d� �n�o�t� �i�n�d�i�v�i�d�u�a�l�s�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A�,� �h�o�w�e�v�e�r�,� �e�x�h�i�b�i�t� �a� 

�m�u�c�h� �l�o�w�e�r� �r�i�b� �c�o�u�n�t� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�.� 

�A�n� �A�N�O�V�A� �a�n�d� �a� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �t�e�s�t�e�d� �w�h�e�t�h�e�r� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �d�i�f�f�e�r�e�n�t� 

�s�p�e�c�i�e�s� �a�r�e� �r�e�l�a�t�e�d� �t�o� �s�p�e�c�i�f�i�c� �e�c�o�l�o�g�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �A�N�O�V�A� �r�u�n� �o�n� 

�t�h�e� �n�o�n�-�n�o�r�m�a�l�i�z�e�d� �a�n�d� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�s� �w�e�r�e� �t�h�e� �s�a�m�e�.� �A�N�O�V�A� �w�a�s� �r�u�n� �o�n� �t�h�e� 

�t�h�r�e�e� �v�a�r�i�a�b�l�e�s� �f�r�o�m� �t�h�e� �P�C�A� �t�h�a�t� �e�x�p�l�a�i�n�e�d� �m�o�s�t� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� 

�e�n�t�i�r�e� �d�a�t�a� �s�e�t�.� �P�o�s�t�e�r�i�o�r� �l�e�n�g�t�h� �(�P�L�)�,� �f�u�l�l� �h�e�i�g�h�t� �(�F�H�)�,� �a�n�d� �t�h�e� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� 

�l�e�n�g�t�h� �(�A�A�M�L�)� �e�x�p�l�a�i�n�e�d� �m�o�s�t� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n� �e�i�g�e�n�v�e�c�t�o�r�s� �1�,� �2�,� �a�n�d� �3�,� �c�o�n�s�e�c�u�t�i�v�e�l�y� 

�(�T�a�b�l�e� �6�.�1�)�.� �T�h�e� �t�e�s�t� �w�a�s� �r�u�n� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s� �w�i�t�h� �m�o�r�e� �t�h�a�n� �o�n�e� �l�o�c�a�l�i�t�y� 

�s�i�t�e� �i�n� �o�r�d�e�r� �t�o� �t�e�s�t� �f�o�r� �c�o�n�s�i�s�t�e�n�c�i�e�s� �i�n� �v�a�r�i�a�b�l�e�s� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �i�n� �f�o�r�m�a�t�i�o�n�s� �a�n�d� 

�m�e�m�b�e�r�s�.� �T�a�b�l�e� �6�.�1�2� �l�i�s�t�s� �t�h�e� �f�o�u�r� �f�o�r�m�a�t�i�o�n�s�,� �t�h�r�e�e� �m�e�m�b�e�r�s�,� �a�n�d� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s�.� �I�f�a� 

�p�-�v�a�l�u�e� �o�f� �<� �0�.�0�5� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �p�a�r�t�i�c�u�l�a�r� �t�e�s�t�,� �a�  ��Y �� �f�o�r� �y�e�s� �w�a�s� �p�l�a�c�e�d� �b�y� �t�h�e� 

�c�l�a�m� �c�h�a�r�a�c�t�e�r� �t�h�a�t� �v�a�r�i�e�s� �c�o�n�s�i�s�t�e�n�t�l�y� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �i�n� �t�h�a�t� �f�o�r�m�a�t�i�o�n� �o�r� �m�e�m�b�e�r�.� �I�f�a� 

�p�-�v�a�l�u�e� �o�f� �>� �0�.�0�5� �w�a�s� �o�b�t�a�i�n�e�d�,� �a�  ��N �� �f�o�r� �n�o� �w�a�s� �p�l�a�c�e�d� �b�y� �t�h�a�t� �c�h�a�r�a�c�t�e�r�.� �A� �s�e�d�i�m�e�n�t� 

�a�n�a�l�y�s�i�s� �t�e�s�t�e�d� �w�h�e�t�h�e�r� �t�h�e� �c�h�a�r�a�c�t�e�r�s� �t�h�a�t� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �s�e�d�i�m�e�n�t� 

�c�o�m�p�o�s�i�t�i�o�n� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �i�n� �a� �f�o�r�m�a�t�i�o�n� �a�l�s�o� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �t�h�e� �s�a�m�e� �t�y�p�e� �o�f� 

�s�e�d�i�m�e�n�t� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�.� �T�a�b�l�e� �6�.�1�3� �l�i�s�t�s� �t�h�e� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�,� 

�t�h�e�i�r� �l�o�c�a�l�i�t�i�e�s�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t� �b�y� �w�e�i�g�h�t� �g�r�a�i�n� �s�i�z�e� �f�r�o�m� �v�e�r�y� �c�o�a�r�s�e� �s�a�n�d� �t�o� �c�l�a�y�.� �I�t� �i�s� 

�n�o�t� �k�n�o�w�n� �a�t� �t�h�i�s� �t�i�m�e� �h�o�w� �t�h�e� �c�h�a�r�a�c�t�e�r�s� �v�a�r�y� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �s�e�d�i�m�e�n�t� �t�y�p�e� �,� �a�s� �P�C�A� �w�a�s� 

�n�o�t� �r�u�n� �o�n� �e�a�c�h� �l�o�c�a�l�i�t�y�.� 
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�T�a�b�l�e� �6�.�1�2� �A�N�O�V�A� �r�u�n� �o�n� �t�h�e� �d�a�t�a� �s�e�t� �t�o� �t�e�s�t� �i�f� �t�h�r�e�e� �c�h�o�s�e�n� �v�a�r�i�a�b�l�e�s� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� 
�a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �i�n� �a� �f�o�r�m�a�t�i�o�n�.� �A�  ��Y �� �s�t�a�n�d�s� �f�o�r� �y�e�s� �a�n�d� �a�  ��N �� �f�o�r� �n�o�.� 

�p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h� �f�u�l�l� �h�e�i�g�h�t� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �l�e�n�g�t�h� 
�(�P�L�)� �(�F�H�)� �(�A�A�M�L�)� 

�C�h�o�w�a�n� �R�i�v�e�r� �F�m�.� 

�E�d�e�n�h�o�u�s�e� �M�b�r�.� �N� �Y� �N� 

�Y�o�r�k�t�o�w�n� �F�m�.� 

�M�o�o�r�e� �H�o�u�s�e� �M�b�r�.� �N� �Y� �N� 

�J�a�c�k�s�o�n� �B�l�u�f�f� �F�m�.� �N� �Y� �N� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�R�u�s�h�m�e�r�e� �M�b�r�.� �Y� �N� �Y� 
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�T�a�b�l�e� �6�.�1�3� �A� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �f�o�r�m�a�t�i�o�n�s� �w�i�t�h� �m�o�r�e� �t�h�a�n� �o�n�e� �l�o�c�a�l�i�t�y� 
�s�i�t�e�.� �T�h�e� �p�e�r�c�e�n�t� �b�y� �w�e�i�g�h�t� �f�o�r� �e�a�c�h� �g�r�a�i�n� �s�i�z�e� �1�s� �l�i�s�t�e�d� �f�o�r� �e�a�c�h� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r�.� 

�V�C�S� �=� �v�e�r�y� �c�o�a�r�s�e� �s�a�n�d� 
�C�S� �=� �c�o�a�r�s�e� �s�a�n�d� 

�M�S� �=� �m�e�d�i�u�m� �s�a�n�d� 
�F�S� �=� �f�i�n�e� �s�a�n�d� 
�V�F�S� �=� �v�e�r�y� �f�i�n�e� �s�a�n�d� 

�C�S�I� �=� �c�o�a�r�s�e� �s�i�l�t� 
�M�S�-�C� �=� �m�e�d�i�u�m� �s�i�l�t� �t�o� �c�l�a�y� 

�V�C�S� 

�C�h�o�w�a�n� �R�i�v�e�r� �F�m�.� 

�E�d�e�n�h�o�u�s�e� �M�b�r�.� 

�e�G�o�m�e�z� �P�i�t� �3�2�.�1� 
�e�F�d�e�n�h�o�u�s�e� �L�n�d�.� �2�5�.�9� 

�e�M�t�.� �G�o�u�l�d� �4�6�.�5� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�M�o�o�r�e� �H�o�u�s�e� �M�b�r�.� 
�e�C�h�u�c�k�a�t�u�c�k� �1�4�.�1� 

�e�R�i�c�e ��s� �P�i�t� �5�.�2� 

�J�a�c�k�s�o�n� �B�l�u�f�f� �F�m�.� 
�e�J�a�c�k�s�o�n� �B�l�u�f�f� �0�.�0� 

�e�A�l�u�m� �B�l�u�f�f� �8�.�8� 

�Y�o�r�k�t�o�w�n� �F�m�.� 
�R�u�s�h�m�e�r�e� �M�b�r�.� 

�e�L�t�.� �R�u�n� �4�9�.�8� 

�e�D�a�y�s� �P�t�.� �6�.�5� 
�e�R�u�s�h�m�e�r�e� �W�h�a�r�f� �8�.�0� 
�e�S�y�c�a�m�o�r�e� �B�e�n�d� �2�5�.�0� 

�C�S� 

�2�.�9� 
�9�.�5� 
�7�.�9� 

�1�5�.�4� 
�5�.�9� 

�5�5�.�4� 
�1�1�.�8� 

�1�4�.�2� 
�7�.�7� 
�4�.�5� 
�7�.�4� 

�%� �b�y� �w�e�i�g�h�t� �f�o�r� �e�a�c�h� �g�r�a�i�n� �s�i�z�e� 
�V�F�S� �M�S� 

�8�.�7� 
�2�2�.�8� 
�1�0�.�2� 

�2�1�.�7� 
�2�4�.�9� 

�1�3�.�2� 
�2�8�.�6� 

�1�4�.�9� 
�1�3�.�0� 
�1�9�.�9� 
�2�3�.�3� 

�8�6� 

�F�S� 

�3�5�.�8� 
�2�2�.�8� 
�2�1�.�9� 

�3�3�.�3� 
�3�7�.�9� 

�1�5�.�7� 
�2�8�.�9� 

�1�4�.�6� 
�2�1�.�8� 
�3�7�.�5� 
�3�0�.�2� 

�1�8�.�9� 
�1�5�.�8� 

�9�.�2� 

�1�4�.�2� 
�2�4�.�5� 

�1�0�.�7� 
�1�8�.�6� 

�5�.�6� 
�2�2�.�9� 
�2�3�.�4� 
�1�2�.�5� 

�C�S�I� 

�0�.�1� 
�0�.�6� 
�0�.�2� 
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�T�a�b�l�e� �6�.�1�4� �R�e�s�u�l�t�s� �o�f� �s�e�v�e�r�a�l� �h�i�s�t�o�g�r�a�m�s� �o�n� �f�u�l�l� �l�e�n�g�t�h� �a�n�d� �f�u�l�l� �h�e�i�g�h�t� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�,� 
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�M�.� �k�a�u�f�f�m�a�n�i� �1�3� �6�5�.�5�9� �1�3�.�1�3� �3�.�6�4� 
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�C�H�A�P�T�E�R� �7�.� �D�I�S�C�U�S�S�I�O�N� 

�T�h�r�o�u�g�h� �a� �d�e�t�a�i�l�e�d� �t�a�x�o�n�o�m�i�c� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�r�a�s�s�a�t�e�l�l�i�d�a�e�,� �W�i�n�g�a�r�d� �(�1�9�9�3�)� 

�n�o�t�e�d� �t�h�a�t� �t�h�e� �p�u�b�l�i�s�h�e�d� �f�o�s�s�i�l� �r�e�c�o�r�d� �i�s� �u�n�r�e�l�i�a�b�l�e� �d�u�e� �t�o� �o�v�e�r�l�y� �s�p�l�i�t� �f�o�s�s�i�l� �g�r�o�u�p�s�.� �E�n�d� 

�m�e�m�b�e�r�s� �o�f� �a� �s�i�n�g�l�e� �s�p�e�c�i�e�s� �w�e�r�e� �s�p�l�i�t� �i�n�t�o� �s�e�p�a�r�a�t�e� �t�a�x�a� �b�e�c�a�u�s�e� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� 

�w�a�s� �o�f�t�e�n� �n�o�t� �r�e�c�o�g�n�i�z�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �e�a�r�l�y� �w�o�r�k�e�r�s� �f�a�i�l�e�d� �t�o� �a�c�k�n�o�w�l�e�d�g�e� �a�l�l�o�m�e�t�r�y� �o�r� 

�d�i�f�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �o�n�t�o�g�e�n�y�,� �a�n�d� �o�f�t�e�n� �i�d�e�n�t�i�f�i�e�d� �j�u�v�e�n�i�l�e� �s�p�e�c�i�m�e�n�s� �a�s� �s�e�p�a�r�a�t�e� �s�p�e�c�i�e�s� 

�o�r� �g�e�n�e�r�a�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �o�v�e�r�s�p�l�i�t�t�i�n�g� �o�f� �t�a�x�a�.�  ��E�v�o�l�u�t�i�o�n�a�r�y� �g�e�n�e�r�a�l�i�z�a�t�i�o�n�s� 

�b�a�s�e�d� �o�n� �d�a�t�a� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �o�n�l�y� �a�r�e� �o�f�t�e�n� �u�n�r�e�l�i�a�b�l�e� �a�n�d� �m�a�y� �b�e� �d�i�r�e�c�t�l�y� 

�i�n� �o�p�p�o�s�i�t�i�o�n� �t�o� �r�e�a�l�i�t�y� �(�C�u�l�v�e�r� �e�t� �a�l�.�,� �1�9�8�7�)�. �� �T�h�u�s�,� �t�h�e� �f�o�s�s�i�l�s� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� 

�s�h�o�u�l�d� �b�e� �t�h�e� �s�o�u�r�c�e� �o�f� �d�a�t�a� �w�h�e�n� �e�x�a�m�i�n�i�n�g� �e�v�o�l�u�t�i�o�n�a�r�y� �c�h�a�n�g�e�.� �M�u�l�t�i�v�a�r�i�a�t�e� �s�t�a�t�i�s�t�i�c�s� 

�q�u�a�n�t�i�t�a�t�i�v�e�l�y� �e�v�a�l�u�a�t�e� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�a�x�a�,� �p�r�o�v�i�d�i�n�g� �a� �m�o�r�e� �a�c�c�u�r�a�t�e� �p�i�c�t�u�r�e� �o�f� �t�h�e� 

�e�v�o�l�u�t�i�o�n�a�r�y� �h�i�s�t�o�r�y� �o�f� �a� �l�i�n�e�a�g�e�.� 

�W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�7�)� �e�r�e�c�t�e�d� �t�h�e� �g�e�n�u�s�,� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �w�h�i�c�h� �f�i�r�s�t� 

�a�p�p�e�a�r�s� �i�n� �t�h�e� �l�o�w�e�r� �M�i�o�c�e�n�e� �K�i�r�k�w�o�o�d� �F�o�r�m�a�t�i�o�n� �(�1�8�.�0� �M�a�)� �a�n�d� �i�s� �l�a�s�t� �k�n�o�w�n� �t�o� �o�c�c�u�r� 

�i�n� �t�h�e� �l�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �(�1�.�9� �M�a�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �g�e�n�e�r�a�l�l�y� 

�l�i�v�e�d� �a�t� �t�e�m�p�e�r�a�t�e� �t�o� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �l�a�t�i�t�u�d�e�s�,� �a�n�d� �i�s� �f�o�u�n�d� �i�n� �M�i�o�c�e�n�e�,� �P�l�i�o�c�e�n�e�,� �a�n�d� 

�l�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� �d�e�p�o�s�i�t�s� �f�r�o�m� �N�e�w� �J�e�r�s�e�y� �t�o� �F�l�o�r�i�d�a� �(�T�a�b�l�e� �7�.�1�)�.� �B�a�s�e�d� �o�n� �t�h�e� 

�g�e�n�o�t�y�p�e�,� �M�.� �k�a�u�f�f�m�a�n�i�,� �W�a�r�d� �a�n�d� �B�l�a�c�k�w�e�l�d�e�r� �(�1�9�8�7�)� �c�h�a�r�a�c�t�e�r�i�z�e�d� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�b�y� �i�t�s� �l�a�r�g�e� �s�i�z�e�,� �v�a�l�v�e�s� �o�f�t�e�n� �1�0�0� �m�m� �l�o�n�g� �o�r� �l�o�n�g�e�r�,� �b�y� �t�h�e� �f�l�a�t�,� �t�h�i�n� �n�e�p�i�o�n�i�c� 
�s�h�e�l�l�s�,� �w�h�i�c�h� �a�r�e� �s�u�b�t�r�a�p�e�z�o�i�d�a�l� �i�n� �o�u�t�l�i�n�e�,� �b�y� �t�h�e� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �u�n�d�u�l�a�t�i�o�n�s� 
�o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�h�i�c�h� �d�i�m�i�n�i�s�h� �a�n�d� �d�i�s�a�p�p�e�a�r� �d�u�r�i�n�g� �l�a�t�e�r� �s�h�e�l�l� �g�r�o�w�t�h�,� �a�n�d� 
�b�y� �t�h�e� �o�r�t�h�o�g�y�r�o�u�s� �b�e�a�k�s�.� 
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�T�a�b�l�e� �7�.�1� �C�h�a�r�t� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �t�e�m�p�o�r�a�l� �a�n�d� �g�e�o�g�r�a�p�h�i�c�a�l� �r�a�n�g�e�s� �o�f� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 
�l�i�n�e�a�g�e� �(�W�a�r�d�,� �p�e�r�s�.� �c�o�m�m�.� �)�.� 
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�M�.� �c�y�c�l�o�p�t�e�r�u�s� 
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�M�.� �s�u�r�r�y�e�n�s�i�s� 
�M�.� �s�p�.� 
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�T�e�m�p�o�r�a�l� �R�a�n�g�e� 

�e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e� 
�l�a�t�e� �l�a�t�e� �P�l�i�o�c�e�n�e� 
�e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� 
�e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� 
�e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� 
�e�a�r�l�y� �P�l�i�o�c�e�n�e� 
�l�a�t�e� �l�a�t�e� �M�i�o�c�e�n�e� 
�l�a�t�e� �l�a�t�e� �M�i�o�c�e�n�e� 
�l�a�t�e� �l�a�t�e� �M�i�o�c�e�n�e� 
�l�a�t�e� �M�i�o�c�e�n�e� 

�l�a�t�e� �m�i�d�d�l�e� �M�i�o�c�e�n�e� 
�m�i�d�d�l�e� �m�i�d�d�l�e� �M�i�o�c�e�n�e� 
�m�i�d�d�l�e� �m�i�d�d�l�e� �M�i�o�c�e�n�e� 
�e�a�r�l�y� �t�o� �e�a�r�l�y� �m�i�d�d�l�e� �M�i�o�c�e�n�e� 

�9�2� 

�G�e�o�g�r�a�p�h�i�c�a�l� �R�a�n�g�e� 

�N�C� 
�V�A�,� �N�C� 
�V�A�,� �N�C�,� �S�C�,� �G�A� 
�N�W� �F�L� 
�S�.� �F�L� 
�V�A�,� �N�C� 
�V�A�,� �N�C� 
�N�W� �F�L� 
�V�A� 
�M�D�,� �V�A� 
�M�D�,� �V�A� 
�M�D�,� �V�A� 
�N�W� �F�L� 
�N�J�,� �M�D�,� �V�A



�F�i�v�e� �p�r�e�v�i�o�u�s�l�y� �r�e�c�o�g�n�i�z�e�d� �g�r�o�u�p�s� �o�f� �s�p�e�c�i�m�e�n�s�,� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �t�h�o�u�g�h�t� �t�o� �p�o�s�s�i�b�l�y� 

�r�e�p�r�e�s�e�n�t� �t�h�r�e�e� �t�o� �f�i�v�e� �s�p�e�c�i�e�s�,� �w�e�r�e� �e�x�a�m�i�n�e�d� �m�o�r�p�h�o�l�o�g�i�c�a�l�l�y� �a�t� �f�o�u�r� �t�i�m�e� �h�o�r�i�z�o�n�s�:� �t�h�e� 

�e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �y�o�u�n�g�e�r� �s�t�r�a�t�a� �o�f� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �t�h�e� �l�a�t�e� �l�a�t�e� 

�P�l�i�o�c�e�n�e�,� �a�n�d� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e� �(�T�a�b�l�e� �2�.�1�)�.� �A�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �I�n�t�r�o�d�u�c�t�i�o�n�,� �n�e�w� 

�t�a�x�o�n�o�m�i�c� �a�s�s�i�g�n�m�e�n�t�s� �w�i�l�l� �b�e� �j�u�s�t�i�f�i�e�d� �l�a�t�e�r� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �b�o�t�h� �e�x�i�s�t�e�d� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� 

�P�l�i�o�c�e�n�e� �b�u�t� �o�c�c�u�p�i�e�d� �d�i�s�t�i�n�c�t� �g�e�o�g�r�a�p�h�i�c�a�l� �a�r�e�a�s� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �r�e�g�i�m�e�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �i�s� �f�o�u�n�d� �i�n� �d�e�p�o�s�i�t�s� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �o�f� �t�h�e� 

�Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�,� �t�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n�,� �a�n�d� �t�h�e� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n� �f�r�o�m� �V�i�r�g�i�n�i�a� �t�o� 

�G�e�o�r�g�i�a�,� �a�n�d� �i�n�h�a�b�i�t�e�d� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� �m�a�r�g�i�n�a�l�l�y� �s�u�b�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�C�o�m�p�a�r�e�d� �t�o� �t�h�e� �g�e�n�o�t�y�p�e�,� �M� �k�a�u�f�f�m�a�n�i�,� �M�.� �u�n�d�u�l�a�t�u�s� �h�a�s� �a� �s�u�b�o�v�a�t�e� �o�u�t�l�i�n�e�,� �a� �l�e�s�s� 

�i�n�f�l�a�t�e�d� �s�h�e�l�l�,� �a� �f�l�a�t�t�e�n�e�d� �p�o�s�t�e�r�i�o�r�,� �a� �s�i�n�u�a�t�e� �v�e�n�t�r�a�l� �m�a�r�g�i�n�,� �a� �s�i�m�i�l�a�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� 

�r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �1�9�.�7�4� �u�n�d�u�l�a�t�i�o�n�s� �(�T�a�b�l�e� �6�.�1�1�)�,� �a�n�d� �a� �s�m�a�l�l�e�r� 

�s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �l�e�n�g�t�h� �o�f� �7�1�.�4�4� �m�m� �a�n�d� �a� �m�e�a�n� �h�e�i�g�h�t� �o�f� �4�8�.�6�1� �m�m� �(�T�a�b�l�e� �6�.�1�4�)� 

�(�P�l�a�t�e�s� �1�-�8�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �i�s� �f�o�u�n�d� �i�n� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �o�f� 

�n�o�r�t�h�w�e�s�t�e�r�n� �F�l�o�r�i�d�a�,� �a�n�d� �e�x�i�s�t�e�d� �i�n� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� �s�u�b�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �(�W�a�r�d�,� 

�1�9�9�3�)�.� �C�o�m�p�a�r�e�d� �t�o� �t�h�e� �g�e�n�o�t�y�p�e� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �h�a�s� �a� �s�u�b�t�r�i�g�o�n�a�l� 

�o�u�t�l�i�n�e�,� �a� �n�a�r�r�o�w�e�r� �r�o�s�t�r�a�t�e� �p�o�s�t�e�r�i�o�r�,� �b�r�o�a�d�l�y� �s�e�p�a�r�a�t�e�d� �u�n�d�u�l�a�t�i�o�n�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� 

�a� �m�u�c�h� �l�o�w�e�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �1�1�.�5�6� 

�u�n�d�u�l�a�t�i�o�n�s� �(�T�a�b�l�e� �6�.�1�1�)�,� �a�n�d� �a� �s�t�u�n�t�e�d� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �l�e�n�g�t�h� �o�f� �5�4�.�0�2� �m�m� �a�n�d� �a� 

�9�3



�m�e�a�n� �h�e�i�g�h�t� �o�f� �3�7�.�9�7� �m�m� �(�T�a�b�l�e� �6�.�1�4�)� �(�P�l�a�t�e�s� �9�-�1�0�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �A� �i�s� �f�o�u�n�d� �i�n� 

�t�h�e� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �o�f� �F�l�o�r�i�d�a�,� �a�n�d� �e�x�i�s�t�e�d� �i�n� �a� �s�u�b�t�r�o�p�i�c�a�l� �t�o� �m�a�r�g�i�n�a�l�l�y� 

�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �(�W�a�r�d�,� �1�9�9�3�)�.� �U�n�l�i�k�e� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� �M�.� �s�p�.� �A� �d�i�s�p�l�a�y�s� �m�o�r�e� 

�r�e�g�u�l�a�r�i�t�y� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �a�n�d� �a� �m�o�r�e� �s�u�b�t�l�e� �f�l�e�x�u�r�e� �o�f� �t�h�e� 

�p�o�s�t�e�r�i�o�r� �r�i�d�g�e� �(�W�a�r�d�,� �p�e�r�s�.� �c�o�m�m�.�)� �(�P�l�a�t�e� �1�1�)�.� �D�e�s�p�i�t�e� �t�h�e�s�e� �m�i�n�o�r� �d�i�f�f�e�r�e�n�c�e�s�,� �M�.� �s�p�.� �A� 

�i�s� �c�l�o�s�e� �i�n� �f�o�r�m� �t�o� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�;� �t�h�e�r�e�f�o�r�e�,� �t�h�e�s�e� �s�p�e�c�i�e�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �_� 

�a�s� �o�n�e� �g�r�o�u�p�.� �U�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �i�n�d�i�c�a�t�e�d�,� �d�i�s�c�u�s�s�i�o�n�s� �o�f� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �w�i�l�l� �b�e� 

�r�e�f�e�r�r�i�n�g� �t�o� �b�o�t�h� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �i�s� �d�e�r�i�v�e�d� 

�f�r�o�m� �a� �M�i�o�c�e�n�e� �s�p�e�c�i�e�s� �t�h�a�t� �p�r�o�b�a�b�l�y� �m�i�g�r�a�t�e�d� �s�o�u�t�h�w�a�r�d� �t�o� �F�l�o�r�i�d�a� �d�u�r�i�n�g� �a� �M�i�o�c�e�n�e� 

�c�o�o�l�i�n�g� �e�v�e�n�t�.� �S�p�e�c�i�m�e�n�s� �f�r�o�m� �F�l�o�r�i�d�a� �a�r�e� �g�e�n�e�r�a�l�l�y� �s�m�a�l�l�e�r� �t�h�a�n� �s�p�e�c�i�m�e�n�s� �f�r�o�m� 

�t�e�m�p�e�r�a�t�e� �l�o�c�a�t�i�o�n�s�.� �T�h�i�s� �m�a�y� �b�e� �b�e�c�a�u�s�e� �t�h�e� �F�l�o�r�i�d�a� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �p�e�r�s�i�s�t�i�n�g� �i�n� 

�s�u�b�o�p�t�i�m�a�l� �c�o�n�d�i�t�i�o�n�s�,� �a�s� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �g�e�n�e�r�a�l�l�y� �l�i�v�e�d� �a�t� �t�e�m�p�e�r�a�t�e� �t�o� �w�a�r�m�-� 

�t�e�m�p�e�r�a�t�e� �l�a�t�i�t�u�d�e�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�l�s�o� �e�x�i�s�t�e�d� �i�n� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �y�o�u�n�g�e�r�,� �l�o�w�e�r� �u�p�p�e�r� 

�P�l�i�o�c�e�n�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �i�n� �s�o�u�t�h�e�a�s�t�e�r�n� �V�i�r�g�i�n�i�a�,� �a�n�d� 

�i�n�h�a�b�i�t�e�d� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� �m�a�r�g�i�n�a�l�l�y� �s�u�b�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �(�P�l�a�t�e�s� �1�2�-�1�3�)�.� �I�t� 

�a�p�p�e�a�r�s� �t�o� �h�a�v�e� �t�h�e� �s�a�m�e� �f�o�r�m� �a�s� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �o�l�d�e�r� �R�u�s�h�m�e�r�e� 

�M�e�m�b�e�r�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �s�p�e�c�u�l�a�t�i�o�n� �t�h�a�t� �1�4� �m�e�r�i�d�i�o�n�a�l�i�s� �e�x�i�s�t�e�d� �i�n� �a� �M�o�o�r�e� �H�o�u�s�e� 

�s�t�r�a�t�i�g�r�a�p�h�i�c� �e�q�u�i�v�a�l�e�n�t� �u�n�i�t� �i�n� �n�o�r�t�h�w�e�s�t�e�r�n� �F�l�o�r�i�d�a�,� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�u�c�h� �s�t�r�a�t�a� �h�a�s� �n�o�t� 

�b�e�e�n� �m�a�d�e� �w�i�t�h�o�u�t� �a�m�b�i�g�u�i�t�y� �(�W�a�r�d�,� �1�9�9�3�)�.� �T�h�u�s�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �w�a�s� �n�o�t� �c�o�l�l�e�c�t�e�d� �a�t� 

�t�h�i�s� �t�i�m�e� �p�l�a�n�e�.� 
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�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �e�x�i�s�t�e�d� �i�n� �t�h�e� �u�p�p�e�r� �u�p�p�e�r� �P�l�i�o�c�e�n�e� �C�h�o�w�a�n� �R�i�v�e�r� 

�F�o�r�m�a�t�i�o�n� �i�n� �V�i�r�g�i�n�i�a� �a�n�d� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �a�n�d� �i�n�h�a�b�i�t�e�d� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �t�o� �m�a�r�g�i�n�a�l�l�y� 

�s�u�b�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� �I�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� �t�h�i�s� �s�p�e�c�i�e�s� �e�x�h�i�b�i�t�s� �a� 

�s�u�b�t�r�i�g�o�n�a�l� �o�u�t�l�i�n�e� �a�n�d� �r�o�s�t�r�a�t�e� �p�o�s�t�e�r�i�o�r�.� �U�n�l�i�k�e� �4� �m�e�r�i�d�i�o�n�a�l�i�s�,� �h�o�w�e�v�e�r�,� �M�.� �s�p�.� �B� �h�a�s� 

�a� �m�e�a�n� �o�f� �2�0�.�1�6� �u�n�d�u�l�a�t�i�o�n�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �(�T�a�b�l�e� �6�.�1�1�)� �a�n�d� �a� �l�a�r�g�e�r� �s�h�e�l�l�,� �h�a�v�i�n�g� 

�a� �m�e�a�n� �l�e�n�g�t�h� �o�f� �8�2�.�1�4� �m�m� �a�n�d� �a� �m�e�a�n� �h�e�i�g�h�t� �o�f� �5�6�.�1�8� �m�m� �(�T�a�b�l�e� �6�.�1�4�)� �(�P�l�a�t�e�s� �1�4�-�1�6�)�.� �_� 

�T�h�e� �l�a�s�t� �k�n�o�w�n� �o�c�c�u�r�r�e�n�c�e� �o�f� �t�h�e� �l�i�n�e�a�g�e� �i�s� �i�n� �t�h�e� �l�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� �J�a�m�e�s� �C�i�t�y� 

�F�o�r�m�a�t�i�o�n� �i�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �w�i�t�h� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i�,� �w�h�i�c�h� �i�n�h�a�b�i�t�e�d� �a� �w�a�r�m�-� 

�t�e�m�p�e�r�a�t�e� �t�o� �m�a�r�g�i�n�a�l�l�y� �s�u�b�t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i�,� �t�h�e� 

�g�e�n�o�t�y�p�e� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �h�a�s� �a� �s�u�b�t�r�a�p�e�z�o�i�d�a�l� �t�o� �s�u�b�t�r�i�g�o�n�a�l� �o�u�t�l�i�n�e�,� �a� �t�h�i�c�k� �h�i�n�g�e� 

�a�r�e�a�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �a�d�u�l�t�s�,� �a� �s�m�o�o�t�h� �i�n�n�e�r� �m�a�r�g�i�n�,� �a� �m�e�a�n� �o�f� �2�1�.�7�3� �u�n�d�u�l�a�t�i�o�n�s� �o�n� �t�h�e� 

�n�e�p�i�o�n�i�c� �s�h�e�l�l� �(�T�a�b�l�e� �6�.�1�1�)�,� �a�n�d� �a� �l�a�r�g�e� �s�h�e�l�l�,� �h�a�v�i�n�g� �a� �m�e�a�n� �l�e�n�g�t�h� �o�f� �9�1�.�8�5� �m�m� �a�n�d� �a� 

�m�e�a�n� �h�e�i�g�h�t� �o�f� �6�5�.�5�9� �m�m� �(�T�a�b�l�e� �6�.�1�4�)� �(�P�l�a�t�e� �1�7�)�.� 

�I�n� �o�r�d�e�r� �t�o� �e�x�a�m�i�n�e� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �h�i�s�t�o�r�y� �o�f� �t�h�e� �l�a�t�t�e�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�i�n�e�a�g�e�,� 

�t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s� �a�t� �s�e�v�e�r�a�l� �t�i�m�e� �p�l�a�n�e�s� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �b�o�t�h� �e�x�i�s�t�e�d� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� 

�A�s� �n�o�t�e�d� �e�a�r�l�i�e�r�,� �t�h�e�r�e� �a�r�e� �s�o�m�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� 

�t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �a�n�d� �i�t�s� �s�o�u�t�h�e�r�n� �s�t�r�a�t�i�g�r�a�p�h�i�c� �e�q�u�i�v�a�l�e�n�t�s�,� �t�h�e� �D�u�p�l�i�n� �a�n�d� �R�a�y�s�o�r� 

�F�o�r�m�a�t�i�o�n�s�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�h�e� �D�u�p�l�i�n� �F�o�r�m�a�t�i�o�n�,� �s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�h�e� 

�R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �a�r�e� �s�i�m�i�l�a�r� �i�n� �h�e�i�g�h�t� �b�u�t� �t�e�n�d� �t�o� �h�a�v�e� �a� �m�o�r�e� �e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r�,� �a� 

�s�h�o�r�t�e�r� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �l�e�n�g�t�h� �(�A�A�M�L�)�,� �a�n�d� �a� �l�o�n�g�e�r� �p�o�s�t�e�r�i�o�r� �p�a�l�l�i�a�l� �r�a�d�i�a�l� 
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�d�i�s�t�a�n�c�e� �(�P�P�R�D�)�.� �R�u�s�h�m�e�r�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� �t�h�e� �A�A�M�L� �a�n�d� �P�P�R�D� �t�o� �s�p�e�c�i�m�e�n�s� 

�o�f� �t�h�e� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�,� �b�u�t� �a�r�e� �t�a�l�l�e�r� �a�n�d� �h�a�v�e� �a� �m�o�r�e� �e�l�o�n�g�a�t�e� �p�o�s�t�e�r�i�o�r� �(�T�a�b�l�e� �6�.�2�b�)�.� 

�D�e�s�p�i�t�e� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s�,� �h�o�w�e�v�e�r�,� �a�l�l� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �s�h�a�r�e� �a� �s�i�m�i�l�a�r� �n�u�m�b�e�r� 

�o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �1�9�.�7�4� �(�T�a�b�l�e� �6�.�1�1�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �i�n�h�a�b�i�t�e�d� �F�l�o�r�i�d�a� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �T�h�e� 

�s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �a�r�e� �e�x�a�c�t�l�y� �t�h�e� �s�a�m�e�:� �a� �m�o�d�e�r�a�t�e� �t�o� 

�s�h�o�r�t� �p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h�,� �a� �m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �h�e�i�g�h�t�,� �a� �m�o�d�e�r�a�t�e� �t�o� �l�o�n�g� �A�A�M�L�,� �a�n�d� �a� 

�m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �P�P�R�D� �(�T�a�b�l�e� �6�.�2�c�)�.� �P�e�r�h�a�p�s� �t�h�e� �s�u�b�t�l�e� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �s�e�e�n� �w�i�t�h� �t�h�e� 

�n�a�k�e�d� �e�y�e� �b�e�t�w�e�e�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �A� �w�a�s� �i�n�f�l�u�e�n�c�e�d� �b�y� �c�l�i�m�a�t�e� �o�r� �e�c�o�l�o�g�y�;� 

�M�.� �s�p�.� �A� �i�n�h�a�b�i�t�e�d� �a� �m�o�r�e� �s�a�n�d�y�,� �h�i�g�h�e�r�-�e�n�e�r�g�y� �e�n�v�i�r�o�n�m�e�n�t� �i�n�c�l�u�d�i�n�g� �w�a�r�m�e�r� �w�a�t�e�r�s�.� 

�U�n�l�i�k�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� 

�t�e�n�d�s� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �p�o�s�t�e�r�i�o�r�,� �a� �s�h�o�r�t�e�r� �h�e�i�g�h�t�,� �a� �l�o�n�g�e�r� �A�A�M�L�,� �a�n�d� �a� �s�h�o�r�t�e�r� �P�P�R�D� 

�(�T�a�b�l�e� �6�.�2�b�-�6�.�2�c�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� 

�t�h�o�s�e� �w�i�t�h�i�n� �M�Z� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �D�u�p�l�i�n� �a�n�d� �R�a�y�s�o�r� �F�o�r�m�a�t�i�o�n�s�,� �s�o�u�t�h�e�r�n� �s�t�r�a�t�i�g�r�a�p�h�i�c� 

�e�q�u�i�v�a�l�e�n�t�s� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�.� �D�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �t�r�o�p�i�c�a�l� �w�a�t�e�r�s� 

�f�r�o�m� �t�h�e� �G�u�l�f� �o�f� �M�e�x�i�c�o� �a�n�d� �t�h�e� �C�a�r�i�b�b�e�a�n� �f�l�o�w�e�d� �o�v�e�r� �t�h�e� �s�h�a�l�l�o�w�l�y� �s�u�b�m�e�r�g�e�d� �F�l�o�r�i�d�a� 

�P�e�n�i�n�s�u�l�a� �t�o�w�a�r�d� �t�h�e� �C�a�p�e� �F�e�a�r� �A�r�c�h� �(�P�o�p�e�n�o�e�,� �1�9�8�5�)�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �s�h�a�p�e� 

�t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �s�o�u�t�h�e�r�n�m�o�s�t� �l�o�c�a�l�i�t�i�e�s� �p�a�r�a�l�l�e�l� �t�h�o�s�e� �i�n� �M�.� 

�m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �t�h�e� �s�u�b�t�r�o�p�i�c�a�l� �l�o�c�a�l�i�t�i�e�s� �i�n� �F�l�o�r�i�d�a�.� �S�h�a�p�e� �a�n�d� �w�a�r�m� �c�o�n�d�i�t�i�o�n�s� �a�r�e� 

�c�o�r�r�e�l�a�t�e�d� �i�n� �t�h�i�s� �c�a�s�e�.� �H�o�w�e�v�e�r�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �1� �m�e�r�i�d�i�o�n�a�l�i�s� �e�x�h�i�b�i�t�s� �a� �l�o�w�e�r� 

�n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �1�1�.�5�6�.� �T�h�e� 
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�v�a�r�y�i�n�g� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �g�e�o�g�r�a�p�h�i�c�a�l� 

�v�a�r�i�a�t�i�o�n� �e�x�i�s�t�e�d� �i�n� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �d�u�r�i�n�g� �t�h�i�s� �t�i�m�e� �p�l�a�n�e�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�l�s�o� �o�c�c�u�r�s� �i�n� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �y�o�u�n�g�e�r�,� �l�o�w�e�r� �u�p�p�e�r� 

�P�l�i�o�c�e�n�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� 

�u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �o�l�d�e�r� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�,� �M�o�o�r�e� �H�o�u�s�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �s�i�m�i�l�a�r� �i�n� 

�h�e�i�g�h�t�,� �A�A�M�L�,� �a�n�d� �P�P�R�D�,� �b�u�t� �t�e�n�d� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �p�o�s�t�e�r�i�o�r� �(�T�a�b�l�e� �6�.�2�b�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �o�c�c�u�r�s� �i�n� �t�h�e� �u�p�p�e�r� �u�p�p�e�r� �P�l�i�o�c�e�n�e� �C�h�o�w�a�n� �R�i�v�e�r� 

�F�o�r�m�a�t�i�o�n�.� �L�i�k�e� �M�.� �u�n�d�u�l�a�t�u�s� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s�,� �M�.� �s�p�.� �B� 

�h�a�s� �a� �l�o�n�g�e�r� �p�o�s�t�e�r�i�o�r� �a�n�d� �a� �s�i�m�i�l�a�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� 

�s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �2�0�.�1�6�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� �M�.� �s�p�.� �B� �e�x�h�i�b�i�t�s� �a� �l�o�n�g�e�r� 

�A�A�M�L� �a�n�d� �s�h�o�r�t�e�r� �P�P�R�D� �(�T�a�b�l�e� �6�.�2�a�)�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i� �o�c�c�u�r�s� �i�n� �t�h�e� �l�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� �J�a�m�e�s� �C�i�t�y� 

�F�o�r�m�a�t�i�o�n�.� �T�h�e�s�e� �c�l�a�m�s� �s�h�a�r�e� �s�i�m�i�l�a�r� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �o�l�d�e�r� �M�.� �s�p�.� �B�,� 

�e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �l�o�n�g�e�r� �A�A�M�L�,� �s�h�o�r�t�e�r� �P�P�R�D� �(�T�a�b�l�e� �6�.�2�a�)�,� �a�n�d� �s�i�m�i�l�a�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g� 

�r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �2�1�.�7�3�.� 

�S�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s� �f�r�o�m� �a� �p�a�r�t�i�c�u�l�a�r� �f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�m�b�e�r� �a�r�e� 

�s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �w�i�t�h�i�n� �e�a�c�h� �o�v�e�r�a�l�l� �s�p�e�c�i�e�s�.� �T�h�e�s�e� �t�r�e�n�d�s� �i�n�d�i�c�a�t�e� �a� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� 

�d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e�:� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �h�a�s� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�;� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �a�n�d� �M�.� 

�k�a�u�f�f�m�a�n�i� �h�a�v�e� �a� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�;� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�m�e�r�i�d�i�o�n�a�l�i�s� �h�a�s� �a� �m�o�d�e�r�a�t�e� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �(�T�a�b�l�e�s� �6�.�2�a�-�6�.�2�c�)�.� �T�h�e� 
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�h�i�g�h� �d�e�g�r�e�e� �o�f� �o�v�e�r�l�a�p� �o�f� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �e�a�c�h� �s�p�e�c�i�e�s� �c�o�r�r�o�b�o�r�a�t�e�s� �t�h�a�t� �t�h�e� 

�s�p�e�c�i�e�s� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �i�d�e�n�t�i�f�y� �w�i�t�h� �t�h�e� �n�a�k�e�d� �e�y�e� �(�F�i�g�s�.� �6�.�2�-�6�.�1�0�)�.� �P�l�a�t�e�s� �1�-�1�7� �d�i�s�p�l�a�y� 

�t�h�e�s�e� �m�o�r�p�h�o�l�o�g�i�c�a�l�l�y� �v�a�r�i�e�d� �s�p�e�c�i�e�s�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�.� 

�P�r�i�n�c�i�p�a�l�-�c�o�m�p�o�n�e�n�t�s� �a�n�a�l�y�s�i�s� �(�P�C�A�)� �a�n�d� �c�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �h�a�v�e� 

�b�o�t�h� �s�h�o�w�n� �t�h�a�t� �a�l�l�o�m�e�t�r�y� �a�f�f�e�c�t�s� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n�.� �I�n� �t�h�e� �r�e�s�u�l�t�s� �o�n� �t�h�e� �r�a�w� �d�a�t�a� �s�e�t�,� �s�i�z�e� 

�d�i�f�f�e�r�e�n�c�e�s� �a�c�c�o�u�n�t� �f�o�r� �s�o� �m�u�c�h� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �c�l�a�m�s� �t�h�a�t� �s�h�a�p�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� 

�d�i�f�f�i�c�u�l�t� �t�o� �p�e�r�c�e�i�v�e�.� �P�C�A� �o�n� �t�h�e� �r�a�w� �d�a�t�a� �s�h�o�w�e�d� �t�h�a�t� �n�e�a�r�l�y� �a�l�l� �(�9�0�%�)� �o�f� �t�h�e� �s�h�a�p�e� 

�v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �m�e�a�s�u�r�e�m�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �f�i�v�e� �s�p�e�c�i�e�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �a� �s�i�z�e� �v�a�r�i�a�b�l�e�,� 

�l�e�n�g�t�h�.� �I�n� �a�d�d�i�t�i�o�n�,� �C�D�A� �w�a�s� �r�u�n� �o�n� �t�h�e� �d�a�t�a� �s�e�t�s� �c�o�n�t�a�i�n�i�n�g� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� 

�a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �<� �7�2� �m�m� �i�n� �l�e�n�g�t�h�,� �a�n�d� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �>� �7�2� �m�m� �i�n� �l�e�n�g�t�h� �a�n�d� �M�.� 

�m�e�r�i�d�i�o�n�a�l�i�s� �<� �7�2� �m�m� �i�n� �l�e�n�g�t�h�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �i�n� 

�b�o�t�h� �C�D�A� �t�e�s�t�s� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� �s�e�p�a�r�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �w�a�y�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �s�i�z�e�.� 

�H�o�w�e�v�e�r�,� �t�h�e�s�e� �g�r�o�u�p�s� �d�i�d� �n�o�t� �s�e�p�a�r�a�t�e� �i�n� �t�h�e� �s�a�m�e� �w�a�y�,� �i�n�d�i�c�a�t�i�n�g� �a�n� �a�l�l�o�m�e�t�r�i�c� �e�f�f�e�c�t� 

�(�T�a�b�l�e�s� �6�.�3�-�6�.�4�)�.� �T�h�u�s�,� �f�u�r�t�h�e�r� �t�e�s�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t� �t�o� �a�v�o�i�d� 

�s�h�a�p�e� �c�h�a�n�g�e�s� �m�a�s�k�e�d� �b�y� �s�i�z�e�,� �b�u�t� �s�i�z�e� �i�s� �n�e�v�e�r� �c�o�m�p�l�e�t�e�l�y� �e�l�i�m�i�n�a�t�e�d� �i�n� �t�h�e� 

�n�o�r�m�a�l�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �(�R�.� �E�d�w�a�r�d�s�,� �p�e�r�s�.� �c�o�m�m�.�)�.� �A�l�s�o�,� �t�o� �a�v�o�i�d� �p�o�t�e�n�t�i�a�l� �a�l�l�o�m�e�t�r�y� 

�e�f�f�e�c�t�s�,� �j�u�v�e�n�i�l�e� �s�p�e�c�i�m�e�n�s� �(�<� �3�0� �m�m� �i�n� �l�e�n�g�t�h�)� �w�e�r�e� �t�a�k�e�n� �o�u�t� �o�f� �t�h�e� �d�a�t�a� �s�e�t�.� �H�o�w�e�v�e�r�,� 

�t�h�e� �r�e�m�a�i�n�i�n�g� �d�a�t�a� �s�e�t� �s�t�i�l�l� �c�o�n�t�a�i�n�s� �v�a�r�i�o�u�s� �a�g�e� �g�r�o�u�p�s�,� �m�a�k�i�n�g� �a� �r�e�s�i�d�u�a�l� �a�l�l�o�m�e�t�r�i�c� 

�e�f�f�e�c�t� �a� �p�o�s�s�i�b�l�e� �s�o�u�r�c�e� �i�n� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n�.� 
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�C�l�i�m�a�t�i�c� �f�a�c�t�o�r�s� �m�a�y� �h�a�v�e� �i�n�f�l�u�e�n�c�e�d� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a ��s� �p�a�l�e�o�b�i�o�g�e�o�g�r�a�p�h�y�,� �a�n�d� 

�h�e�n�c�e�,� �i�t�s� �m�o�r�p�h�o�l�o�g�y�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �M�i�o�c�e�n�e� �c�o�o�l�i�n�g� �e�v�e�n�t� �m�a�y� �h�a�v�e� �c�a�u�s�e�d� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a�,� �w�h�i�c�h� �g�e�n�e�r�a�l�l�y� �l�i�v�e�d� �a�t� �t�e�m�p�e�r�a�t�e� �t�o� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �l�a�t�i�t�u�d�e�s�,� �t�o� 

�m�i�g�r�a�t�e� �s�o�u�t�h�w�a�r�d� �t�o� �F�l�o�r�i�d�a�.� �S�p�e�c�i�m�e�n�s� �f�r�o�m� �F�l�o�r�i�d�a� �a�r�e� �g�e�n�e�r�a�l�l�y� �s�m�a�l�l�e�r� �t�h�a�n� 

�s�p�e�c�i�m�e�n�s� �f�r�o�m� �t�e�m�p�e�r�a�t�e� �l�o�c�a�t�i�o�n�s�.� �T�h�e�s�e� �F�l�o�r�i�d�a� �p�o�p�u�l�a�t�i�o�n�s� �m�a�y� �h�a�v�e� �b�e�e�n� �p�e�r�s�i�s�t�i�n�g� 

�i�n� �s�u�b�o�p�t�i�m�a�l� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� 

�M�.� �s�p�.� �A� �f�r�o�m� �F�l�o�r�i�d�a� �m�a�y� �h�a�v�e� �b�e�e�n� �i�n�f�l�u�e�n�c�e�d� �b�y� �c�l�i�m�a�t�e� �a�s� �w�e�l�l�,� �s�i�n�c�e� �M�.� �s�p�.� �A� 

�i�n�h�a�b�i�t�e�d� �w�a�r�m�e�r� �w�a�t�e�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �g�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �i�s� 

�s�e�e�n� �i�n� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �o�f� �M�4�.� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �n�o�r�t�h�e�a�s�t�e�r�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a� 

�e�x�h�i�b�i�t�s� �a� �s�h�e�l�l� �f�o�r�m� �i�n�d�i�c�a�t�i�v�e� �o�f� �i�t�s� �n�a�t�u�r�a�l�l�y� �t�e�m�p�e�r�a�t�e� �e�n�v�i�r�o�n�m�e�n�t�.� �H�o�w�e�v�e�r�,� 

�s�p�e�c�i�m�e�n�s� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �t�o� �t�h�e� �s�o�u�t�h� �s�h�a�r�e� �s�i�m�i�l�a�r� �s�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� 

�o�f� �F�l�o�r�i�d�a�.� �T�h�u�s�,� �s�h�a�p�e� �a�n�d� �w�a�r�m� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �c�o�r�r�e�l�a�t�e�d� �i�n� �t�h�i�s� �c�a�s�e�.� 

�S�t�a�n�l�e�y� �(�1�9�7�0�)� �e�x�a�m�i�n�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�h�e�l�l� �f�o�r�m� �a�n�d� �l�i�f�e� �h�a�b�i�t�s� �i�n� 

�b�i�v�a�l�v�e�s�.� �T�h�e� �e�n�v�i�r�o�n�m�e�n�t� �d�i�r�e�c�t�l�y� �i�n�f�l�u�e�n�c�e�s� �s�p�e�c�i�f�i�c� �b�i�v�a�l�v�e� �l�i�f�e� �h�a�b�i�t�s�,� �a�n�d� �h�e�n�c�e�,� 

�s�h�e�l�l� �s�h�a�p�e� �(�s�e�e� �C�h�a�p�t�e�r� �4�)�.� �I�m�p�o�r�t�a�n�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�i�n�g� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� 

�a�r�e� �f�o�o�d� �s�u�p�p�l�y�,� �s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�,� �w�a�t�e�r� �m�o�v�e�m�e�n�t�,� �a�n�d� �t�o� �a� �m�i�n�o�r� �d�e�g�r�e�e�,� �w�a�t�e�r� 

�d�e�p�t�h�,� �a�l�l� �o�f� �w�h�i�c�h� �c�a�u�s�e� �v�a�r�i�a�t�i�o�n�s� �a�m�o�n�g� �i�n�d�i�v�i�d�u�a�l�s� �a�n�d� �a�m�o�n�g� �s�p�e�c�i�e�s� �(�S�t�a�n�l�e�y�,� 

�1�9�7�0�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �i�s� �f�o�u�n�d� �i�n� �u�n�i�t�s� �o�f� �n�o�n�-�h�o�m�o�g�e�n�e�o�u�s� �s�e�d�i�m�e�n�t� �c�o�m�p�o�s�i�t�i�o�n� 

�a�n�d� �e�x�h�i�b�i�t�s� �c�e�r�t�a�i�n� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �d�i�f�f�e�r�e�n�t� �s�e�d�i�m�e�n�t� �t�y�p�e�s�;� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �f�o�u�n�d� 
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�i�n� �s�a�n�d� �h�a�s� �t�h�i�c�k�e�r�,� �m�o�r�e� �a�r�c�h�e�d� �v�a�l�v�e�s�,� �w�h�e�r�e�a�s� �t�h�o�s�e� �f�o�u�n�d� �i�n� �s�i�l�t�i�e�r� �s�e�d�i�m�e�n�t�s� �a�r�e� 

�t�h�i�n�n�e�r� �a�n�d� �l�e�s�s� �a�r�c�h�e�d� �(�W�a�r�d�,� �p�e�r�s�.� �c�o�m�m�.�)�.� 

�E�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �a�c�t�i�v�e� �r�e�s�p�o�n�s�e� �o�f� �a�n� �o�r�g�a�n�i�s�m� �t�o� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�f�l�u�e�n�c�e�s� �t�h�r�o�u�g�h� �t�h�e� �c�h�o�o�s�i�n�g� �o�f� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�a�t�h�w�a�y�s�,� �w�h�i�c�h� �d�i�f�f�e�r�s� 

�f�r�o�m� �n�a�t�u�r�a�l� �s�e�l�e�c�t�i�o�n� �o�f� �g�e�n�e�t�i�c�a�l�l�y� �p�r�o�d�u�c�e�d� �v�a�r�i�a�t�i�o�n� �(�J�o�h�n�s�o�n�,� �1�9�8�1�)�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� 

�t�e�a�s�e� �a�p�a�r�t� �e�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n� �f�r�o�m� �e�v�o�l�u�t�i�o�n�a�r�y� �c�h�a�n�g�e� �i�n� �t�h�e� �f�o�s�s�i�l� �r�e�c�o�r�d�,� �a�n�d� 

�r�e�q�u�i�r�e�s� �m�o�r�e� �t�h�a�n� �t�h�e� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �a� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t� 

�i�n� �o�n�e� �t�i�m�e� �p�l�a�n�e�.� �A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �b�y� �e�m�p�l�o�y�i�n�g� �a�n� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� 

�a�n�d� �a� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �t�o� �t�e�s�t� �w�h�e�t�h�e�r� �t�h�e� �c�h�a�r�a�c�t�e�r�s� �t�h�a�t� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� 

�s�e�d�i�m�e�n�t� �c�o�m�p�o�s�i�t�i�o�n� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �i�n� �a� �f�o�r�m�a�t�i�o�n� �a�l�s�o� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �t�h�e� �s�a�m�e� 

�t�y�p�e� �o�f� �s�e�d�i�m�e�n�t� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e� �p�l�a�n�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� 

�t�h�e�s�e� �t�e�s�t�s� �a�r�e� �i�n�t�e�r�p�r�e�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �C�D�A�,� �w�h�i�c�h� �r�e�v�e�a�l�e�d� 

�m�o�r�p�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�m�o�n�g� �t�h�e� �s�p�e�c�i�e�s� �i�n� �s�p�a�c�e� �a�n�d� �t�i�m�e�.� 

�C�D�A� �r�u�n� �o�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s�,� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� �a�n�d� �M�.� �s�p�.� �B� �p�r�o�d�u�c�e�d� 

�t�w�o� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �e�x�p�l�a�i�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �a�m�o�n�g� �g�r�o�u�p�s� �o�r� �s�p�e�c�i�e�s�.� �M�o�s�t� 

�c�h�a�n�g�e�s� �i�n� �s�h�e�l�l� �a�n�d� �m�u�s�c�l�e� �s�h�a�p�e� �a�m�o�n�g� �s�p�e�c�i�e�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �p�o�s�t�e�r�i�o�r� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r� 

�h�e�i�g�h�t� �(�P�P�R�H�)�,� �A�A�M�L�,� �a�n�d� �t�h�e� �a�n�t�e�r�i�o�r� �p�a�l�l�i�a�l� �r�a�d�i�a�l� �d�i�s�t�a�n�c�e� �(�A�P�R�D�)� �(�T�a�b�l�e� �6�.�5�)�.� 

�P�P�R�H� �a�n�d� �A�A�M�L� �d�e�s�c�r�i�b�e� �h�e�i�g�h�t� �a�n�d� �l�e�n�g�t�h� �r�e�l�a�t�i�v�e� �t�o� �g�e�o�m�e�t�r�i�c� �m�e�a�n�s�,� �w�h�e�r�e�a�s� 

�A�P�R�D� �a�s�s�e�s�s�e�s� �s�h�e�l�l� �s�h�a�p�e� �a�n�d� �h�e�n�c�e�,� �b�i�v�a�l�v�e� �l�i�f�e� �h�a�b�i�t�s� �(�F�i�g�.� �6�.�1�3�)�.� �T�h�e� �p�l�o�t� �o�f� 

�c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �|� �a�n�d� �2� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �o�v�e�r�l�a�p� �o�f� �t�h�e� �m�o�r�p�h�o�s�p�a�c�e� �o�f� �e�a�c�h� �s�p�e�c�i�e�s� 

�(�F�i�g�s�.� �6�.�1�1�-�6�.�1�2�)�.� �T�h�e� �d�e�g�r�e�e� �o�f� �o�v�e�r�l�a�p� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �o�n�l�y� �a� �f�e�w� �v�a�r�i�a�b�l�e�s� 
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�d�i�s�c�r�i�m�i�n�a�t�e� �t�h�e� �s�p�e�c�i�e�s� �i�n�d�i�c�a�t�e� �l�o�w� �i�n�t�e�r�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�.� �T�h�e� �m�o�d�e�r�a�t�e� �t�o� �h�i�g�h� �d�e�g�r�e�e� 

�o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �s�e�e�n� �i�n� �t�h�e� �P�C�A� �a�n�d� �t�h�e� �l�o�w� �i�n�t�e�r�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �s�e�e�n� �i�n� �t�h�e� 

�C�D�A� �c�o�n�f�i�r�m� �t�h�a�t� �t�h�e� �s�p�e�c�i�e�s� �a�r�e� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �i�d�e�n�t�i�f�y� �w�i�t�h� �t�h�e� �n�a�k�e�d� �e�y�e�.� �T�h�u�s�,� 

�s�t�a�t�i�s�t�i�c�s� �p�r�o�v�i�d�e�s� �a� �q�u�a�n�t�i�t�a�t�i�v�e� �a�s�p�e�c�t� �n�e�c�e�s�s�a�r�y� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �t�h�e� �s�p�e�c�i�e�s�.� 

�I�n� �o�r�d�e�r� �t�o� �e�x�a�m�i�n�e� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �h�i�s�t�o�r�y� �o�f� �t�h�e� �l�a�t�t�e�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�i�n�e�a�g�e�,� 

�t�h�e� �m�o�r�p�h�o�s�p�a�c�e� �o�f� �e�a�c�h� �s�p�e�c�i�e�s� �w�i�l�l� �b�e� �a�s�s�e�s�s�e�d� �a�t� �e�a�c�h� �t�i�m�e� �p�l�a�n�e�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �b�o�t�h� �o�c�c�u�r� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �C�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1� 

�c�o�n�t�r�i�b�u�t�e�s� �m�o�s�t� �t�o� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �s�p�e�c�i�e�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �P�P�R�H� �a�n�d� �A�A�M�L� �(�F�i�g�s�.� 

�6�.�1�1�-�6�.�1�2�)�.� �C�a�n�o�n�i�c�a�l� �a�x�e�s� �a�r�e� �n�o�t� �s�h�a�p�e� �d�e�s�c�r�i�p�t�o�r�s� �b�u�t� �s�e�p�a�r�a�t�o�r�s�.� �A�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�,� 

�P�C�A� �p�r�o�v�i�d�e�s� �t�h�e� �s�h�a�p�e� �t�r�e�n�d�s� �o�f� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�i�t�h�i�n� �M�Z� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� 

�m�e�r�i�d�i�o�n�a�l�i�s�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �m�e�r�i�d�i�o�n�a�l�i�s� �t�e�n�d�s� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �P�P�R�H� �a�n�d� �l�o�n�g�e�r� 

�A�A�M�L� �t�h�a�n� �M�.� �u�n�d�u�l�a�t�u�s� �(�T�a�b�l�e� �6�.�2�a�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�s�e� �g�r�o�u�p�s� �d�i�f�f�e�r� �i�n� �t�h�e�i�r� �n�u�m�b�e�r� 

�o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �(�T�a�b�l�e� �6�.�1�1�)�.� 

�T�h�e� �h�i�g�h� �d�e�g�r�e�e� �o�f� �o�v�e�r�l�a�p� �o�r� �l�o�w� �i�n�t�e�r�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �e�a�c�h� �c�o�n�t�a�i�n�s� �a�l�l� �t�h�r�e�e� �m�e�a�n�s� �i�n� �i�t�s� 

�m�o�r�p�h�o�s�p�a�c�e� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �n�o�t� �o�f� �s�p�e�c�i�f�i�c� �r�a�n�k�.� �T�h�u�s�,� 

�M�.� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�r�e� �s�y�n�o�n�y�m�o�u�s� �s�p�e�c�i�e�s� �b�u�t� �s�e�p�a�r�a�t�e� �s�u�b�s�p�e�c�i�e�s� �o�r� 

�g�e�o�g�r�a�p�h�i�c�a�l� �r�a�c�e�s�,� �i�n�d�i�c�a�t�i�n�g� �g�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �i�n� 

�t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �T�h�e�r�e� �i�s� �d�e�b�a�t�e� �a�m�o�n�g� �t�a�x�o�n�o�m�i�s�t�s� �o�n� �t�h�e� �c�o�n�c�e�p�t� �o�f� �s�u�b�s�p�e�c�i�e�s�.� 

�B�l�a�c�k�w�e�l�d�e�r� �(�1�9�6�7�)� �s�t�a�t�e�d� �t�h�a�t� �a� �v�a�l�i�d� �s�u�b�s�p�e�c�i�e�s� �o�c�c�u�p�i�e�s� �a� �d�i�s�t�i�n�c�t� �g�e�o�g�r�a�p�h�i�c�a�l� �a�r�e�a� 

�a�n�d� �h�a�s� �m�o�r�p�h�o�l�o�g�i�c�a�l� �f�e�a�t�u�r�e�s� �p�a�r�t�i�a�l�l�y� �s�e�t�t�i�n�g� �i�t� �a�p�a�r�t� �a�s� �a� �s�u�b�s�p�e�c�i�e�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �M�.� 
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�m�e�r�i�d�i�o�n�a�l�i�s� �o�c�c�u�p�i�e�d� �F�l�o�r�i�d�a�,� �a� �p�h�y�s�i�c�a�l� �b�a�r�r�i�e�r� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�p�e�c�i�e�s�.� �T�h�e� 

�d�i�s�c�r�i�m�i�n�a�t�i�n�g� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�s�t�r�o�n�g� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �p�a�r�t�i�a�l�l�y� �s�e�t�t�i�n�g� �1�.� �u�n�d�u�l�a�t�u�s� 

�a�p�a�r�t� �f�r�o�m� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �u�n�d�u�l�a�t�i�o�n�s� �a�r�e� �d�a�n�g�e�r�o�u�s� �t�o� �u�s�e� 

�a�s� �a� �g�e�n�e�t�i�c� �c�h�a�r�a�c�t�e�r� �i�n� �s�e�p�a�r�a�t�i�n�g� �t�h�e�s�e� �g�r�o�u�p�s� �b�e�c�a�u�s�e� �t�h�e� �p�r�o�m�i�n�e�n�c�e� �o�f� �t�h�e� �r�i�b�s� �c�a�n� 

�b�e� �a�f�f�e�c�t�e�d� �b�y� �s�e�d�i�m�e�n�t�.� �I� �s�u�g�g�e�s�t� �t�h�e� �n�a�m�e�s� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �f�o�r� �t�h�e� �m�o�r�e� 

�n�o�r�t�h�e�r�n� �f�o�r�m� �(�V�i�r�g�i�n�i�a� �t�o� �G�e�o�r�g�i�a�)� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�o�r� �t�h�e� �s�o�u�t�h�e�r�n� �f�o�r�m� 

�(�F�l�o�r�i�d�a�)�.� �T�h�e� �s�p�e�c�i�e�s� �n�a�m�e� �u�n�d�u�l�a�t�u�s� �w�a�s� �c�h�o�s�e�n� �o�v�e�r� �m�e�r�i�d�i�o�n�a�l�i�s� �b�e�c�a�u�s�e� �t�h�e� �f�o�r�m�e�r� 

�w�a�s� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r� �i�n� �t�i�m�e�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �h�a�s� �p�r�i�o�r�i�t�y�.� 

�G�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �m�a�y� �b�e� �i�n� 

�r�e�s�p�o�n�s�e� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �t�r�u�e� �g�e�n�e�t�i�c� �c�h�a�n�g�e�,� �o�r� �b�o�t�h�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �c�a�n�n�o�t� �b�e� 

�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�t� �o�n�e� �t�i�m�e� �p�l�a�n�e�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �a�n�d� 

�s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �o�n� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �i�n� �t�h�e� �e�a�r�l�y� 

�l�a�t�e� �P�l�i�o�c�e�n�e� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �h�o�p�e� �t�h�a�t� �e�x�a�m�i�n�a�t�i�o�n�s� �o�f� �l�a�t�e�r� �t�i�m�e� �p�l�a�n�e�s� �w�i�l�l� 

�s�h�e�d� �s�o�m�e� �l�i�g�h�t� �o�n� �t�h�e� �f�a�c�t�o�r�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �g�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� 

�P�l�i�o�c�e�n�e�.� �A�N�O�V�A� �w�a�s� �r�u�n� �o�n� �t�h�e� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s� �p�r�o�d�u�c�e�d� �b�y� �P�C�A� �t�h�a�t� �e�x�p�l�a�i�n�e�d� �m�o�s�t� 

�o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n�h�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� �e�n�t�i�r�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�:� �P�L�,� �F�H�,� �a�n�d� �A�A�M�L� �(�T�a�b�l�e� 

�6�.�1�2�)�.� �I�n� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�,� �P�L� �a�n�d� �A�A�M�L� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �o�f� 

�t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�.� �T�h�e� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �i�s� �a� 

�n�o�n�-�h�o�m�o�g�e�n�e�o�u�s� �u�n�i�t�,� �s�h�o�w�i�n�g� �a� �r�a�n�g�e� �o�f� �s�i�l�t�y�,� �s�h�e�l�l�y� �s�a�n�d�s� �(�T�a�b�l�e� �6�.�1�3�)�.� �I�n� �M�.� 

�u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �o�p�p�o�s�i�t�e� �p�a�t�t�e�r�n� �e�x�i�s�t�s�,� �i�n� �t�h�a�t� �F�H� �v�a�r�i�e�s� 
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�c�o�n�s�i�s�t�e�n�t�l�y� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �o�f� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n�.� �T�h�e� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� 

�r�e�v�e�a�l�s� �t�h�a�t� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �h�a�s� �a� �h�i�g�h�e�r� �c�o�a�r�s�e� �s�a�n�d� �a�n�d� �s�i�l�t� �c�o�n�t�e�n�t�,� 

�w�h�e�r�e�a�s� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �c�o�n�t�a�i�n�s� �m�o�r�e� �f�i�n�e� �s�a�n�d� �a�n�d� �m�e�d�i�u�m� �s�i�l�t� �t�o� �c�l�a�y�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �a�n�d� 

�M�.� �s�p�.� �A� �f�r�o�m� �t�h�e� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �a�r�e� �n�o�t� �s�e�p�a�r�a�t�e�d� �b�y� �d�i�s�c�r�i�m�i�n�a�t�o�r�s� �a�l�o�n�g� 

�c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e�s� �1� �a�n�d� �2� �(�F�i�g�u�r�e� �6�.�1�5�)�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �4� �s�p�.� �A� �f�r�o�m� �t�h�e� �l�o�w�e�r� 

�T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �b�e� �n�a�m�e�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �a�n� �A�N�O�V�A� 

�a�n�d� �a� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �c�o�u�l�d� �n�o�t� �b�e� �d�o�n�e� �o�n� �t�h�e� �l�o�w�e�r� �T�a�m�i�a�m�i� �F�o�r�m�a�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� 

�c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �t�o� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �b�e�c�a�u�s�e� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �s�p�.� �A� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �f�r�o�m� �o�n�l�y� �o�n�e� �l�o�c�a�l�i�t�y�.� �H�o�w�e�v�e�r�,� �i�t� �c�a�n� �b�e� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �t�w�o� 

�m�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r� �b�e�t�w�e�e�n� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �s�i�t�e�s� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �c�l�i�m�a�t�i�c� �a�n�d� �p�o�s�s�i�b�l�y� �s�u�b�t�l�e� �e�c�o�l�o�g�i�c� �f�a�c�t�o�r�s�.� 

�A�f�t�e�r� �t�h�e� �d�e�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �l�o�w�e�r� �u�p�p�e�r� �P�l�i�o�c�e�n�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r�,� �t�h�e� �f�i�r�s�t� �o�f� �a� 

�s�e�r�i�e�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s� �o�c�c�u�r�r�e�d�.� �I�n� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e�,� �a� �b�r�i�e�f� �r�e�g�r�e�s�s�i�o�n� 

�r�e�s�u�l�t�e�d� �f�r�o�m� �m�i�n�o�r� �t�e�c�t�o�n�i�c� �u�p�l�i�f�t�,� �a�n�d� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �a� �r�a�p�i�d�,� �l�i�m�i�t�e�d� �t�r�a�n�s�g�r�e�s�s�i�o�n� �i�n� 

�t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e� �i�n� �w�h�i�c�h� �s�e�d�i�m�e�n�t�s� �o�f� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �w�e�r�e� �d�e�p�o�s�i�t�e�d� 

�(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� �R�e�g�r�e�s�s�i�o�n�s� �f�o�l�l�o�w�e�d� �b�y� �r�a�p�i�d� �t�r�a�n�s�g�r�e�s�s�i�o�n�s� �l�e�s�s�e�n� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�e�s� �o�n� �o�r�g�a�n�i�s�m�s� �b�y� �l�i�m�i�t�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f� �r�e�d�u�c�e�d� �h�a�b�i�t�a�t� �a�r�e�a� 

�(�H�a�l�l�a�m�,� �1�9�9�0�)�.� �T�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �h�a�v�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�a�x�a� �b�e�c�a�u�s�e� �a� 

�s�u�f�f�i�c�i�e�n�t� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �a�b�l�e� �t�o� �s�u�r�v�i�v�e� �t�h�e� �b�r�i�e�f� �s�e�a� �l�e�v�e�l� �c�h�a�n�g�e�,� �i�n�c�l�u�d�i�n�g� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�.� �M�o�r�p�h�o�l�o�g�i�c�a�l� �s�t�a�b�i�l�i�t�y� �o�r� �s�t�a�s�i�s� �i�s� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� 
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�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �6�.�1�4�.� �T�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�n�g� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1� 

�(�P�P�R�H�,� �A�A�M�L�)� �a�n�d� �2� �(�A�P�R�D�)� �d�o� �n�o�t� �d�e�s�c�r�i�b�e� �a�n�y� �s�e�p�a�r�a�t�i�o�n� �a�m�o�n�g� �M�.� �u�n�d�u�l�a�t�u�s� 

�u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �o�l�d�e�r� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �a�n�d� �i�t�s� �s�t�r�a�t�i�g�r�a�p�h�i�c� 

�e�q�u�i�v�a�l�e�n�t�s�,� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �y�o�u�n�g�e�r� �M�o�o�r�e� �H�o�u�s�e� 

�M�e�m�b�e�r�.� 

�T�h�e� �l�o�c�a�l�i�t�i�e�s� �o�f� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �c�o�n�t�a�i�n� �a� �r�a�n�g�e� �o�f� �s�e�d�i�m�e�n�t� 

�c�o�m�p�o�s�i�t�i�o�n�s�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �i�s� �m�o�r�e� �s�i�m�i�l�a�r� �i�n� �s�e�d�i�m�e�n�t� �t�y�p�e� �t�o� 

�t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �t�h�a�n� �t�o� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n�,� �i�n� �t�h�a�t� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� 

�M�e�m�b�e�r� �h�a�s� �a� �g�r�e�a�t�e�r� �f�i�n�e� �s�a�n�d� �a�n�d� �m�e�d�i�u�m� �s�i�l�t� �t�o� �c�l�a�y� �c�o�n�t�e�n�t� �(�T�a�b�l�e� �6�.�1�3�)�.� �T�h�e� 

�A�N�O�V�A� �s�h�o�w�s� �t�h�a�t� �F�H� �v�a�r�i�e�s� �c�o�n�s�i�s�t�e�n�t�l�y� �a�m�o�n�g� �l�o�c�a�l�i�t�i�e�s� �o�f� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� 

�M�e�m�b�e�r� �a�n�d� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n�,� �w�h�e�r�e�a�s� �P�L� �a�n�d� �A�A�M�L� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �a�m�o�n�g� 

�l�o�c�a�l�i�t�i�e�s� �o�f� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� �(�T�a�b�l�e� �6�.�1�2�)�.� �H�o�w�e�v�e�r�,� �F�H� �d�o�e�s� �n�o�t� �v�a�r�y� 

�c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �t�h�e� �s�a�m�e� �t�y�p�e� �o�f� �s�e�d�i�m�e�n�t� �a�m�o�n�g� �f�o�r�m�a�t�i�o�n�s� �a�n�d� �m�e�m�b�e�r�s�,� �a�s� �s�e�e�n� �i�n� �t�h�e� 

�R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �F�H� �d�o�e�s� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� 

�d�i�f�f�e�r�e�n�t� �s�e�d�i�m�e�n�t� �t�y�p�e�s�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �a�n�d� �J�a�c�k�s�o�n� �B�l�u�f�f� 

�F�o�r�m�a�t�i�o�n�,� �a�r�g�u�i�n�g� �a�g�a�i�n�s�t� �e�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �t�r�a�n�s�g�r�e�s�s�i�o�n� �i�n� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �a� �r�e�g�i�o�n�a�l� 

�e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� �o�c�c�u�r�r�e�d� �a�l�o�n�g� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �w�i�t�h� �t�h�e� �e�x�p�a�n�s�i�o�n� �o�f� �c�o�n�t�i�n�e�n�t�a�l� 

�g�l�a�c�i�e�r�s� �i�n� �t�h�e� �N�o�r�t�h�e�r�n� �H�e�m�i�s�p�h�e�r�e�.� �T�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �t�h�e� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�n� �I�s�t�h�m�u�s� 

�(�C�A�T�)� �m�a�y� �h�a�v�e� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �o�n�s�e�t� �o�f� �t�h�e� �g�l�a�c�i�a�t�i�o�n�s� �(�B�l�a�c�k�w�e�l�d�e�r�,� �1�9�8�0�)�.� �T�h�i�s� 

�e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� �w�a�s� �r�e�g�i�o�n�a�l� �i�n� �e�x�t�e�n�t� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �f�a�u�n�a�s� �o�f� �C�a�l�i�f�o�r�n�i�a� �a�n�d� 
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�J�a�p�a�n�,� �w�h�i�c�h� �d�e�m�o�n�s�t�r�a�t�e�d� �h�i�g�h� �s�u�r�v�i�v�o�r�s�h�i�p� �p�e�r�c�e�n�t�a�g�e� �(�6�3�%�)� �o�f� �e�a�r�l�y� �P�l�i�o�c�e�n�e� �b�i�v�a�l�v�e� 

�s�p�e�c�i�e�s� �t�o� �t�h�e� �p�r�e�s�e�n�t�.� �I�n� �c�o�n�t�r�a�s�t�,� �o�n�l�y� �2�0�%� �o�f� �t�h�e� �e�a�r�l�y� �P�l�i�o�c�e�n�e� �b�i�v�a�l�v�e� �s�p�e�c�i�e�s� �f�r�o�m� 

�t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �a�r�e� �p�r�e�s�e�n�t� �t�o�d�a�y�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �f�a�u�n�a� 

�s�u�f�f�e�r�e�d� �a� �s�e�v�e�r�e� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n�.� 

�A� �m�a�j�o�r� �r�e�g�r�e�s�s�i�o�n� �a�n�d� �e�x�t�r�e�m�e� �c�o�o�l�i�n�g� �e�v�e�n�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �o�n�s�e�t� �o�f� �t�h�e� 

�g�l�a�c�i�a�t�i�o�n�s� �c�a�u�s�e�d� �t�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �t�h�e� �e�n�t�i�r�e� �s�h�e�l�f�,� �e�l�i�m�i�n�a�t�i�n�g� �m�a�n�y� �m�o�l�l�u�s�c�a�n� �s�p�e�c�i�e�s� 

�a�n�d� �g�e�n�e�r�a� �a�d�a�p�t�e�d� �t�o� �t�h�e� �s�p�e�c�i�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �a� �v�e�r�y� �b�r�o�a�d� �s�h�e�l�f�.� �T�h�e�r�e� �i�s� �d�e�b�a�t�e� �a�b�o�u�t� 

�t�h�e� �p�r�o�x�i�m�a�t�e� �f�a�c�t�o�r�s� �o�f� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n�.� �S�o�m�e� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e� 

�e�x�t�r�e�m�e� �r�e�g�r�e�s�s�i�o�n�,� �w�h�i�c�h� �m�a�y� �h�a�v�e� �a�l�t�e�r�e�d� �l�o�c�a�l� �m�a�r�i�n�e� �c�l�i�m�a�t�i�c� �c�o�n�d�i�t�i�o�n�s�,� �h�a�b�i�t�a�t� �s�i�z�e�,� 

�a�n�d� �f�o�o�d� �s�u�p�p�l�y�,� �p�r�i�m�a�r�i�l�y� �c�a�u�s�e�d� �t�h�e� �m�a�j�o�r� �e�x�t�i�n�c�t�i�o�n�s�.� �H�a�l�l�a�m� �(�1�9�8�9�)� �s�t�a�t�e�s� �t�h�a�t� �t�h�e� 

�r�e�d�u�c�t�i�o�n� �o�f� �s�h�a�l�l�o�w� �m�a�r�i�n�e� �h�a�b�i�t�a�t� �a�r�e�a� �a�n�d� �t�h�e� �s�p�r�e�a�d� �o�f� �a�n�o�x�i�c� �b�o�t�t�o�m� �w�a�t�e�r�s� �d�u�r�i�n�g� �a� 

�f�o�l�l�o�w�i�n�g� �t�r�a�n�s�g�r�e�s�s�i�o�n� �a�r�e� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �c�a�u�s�e�s� �o�f� �m�a�s�s� �e�x�t�i�n�c�t�i�o�n�.� �S�t�a�n�l�e�y� �(�1�9�8�7�)� 

�a�r�g�u�e�s� �t�h�a�t� �g�l�o�b�a�l� �r�e�g�r�e�s�s�i�o�n� �w�a�s� �n�o�t� �t�h�e� �p�r�o�x�i�m�a�t�e� �f�a�c�t�o�r�.� �F�i�r�s�t�,� �g�l�o�b�a�l� �r�e�g�r�e�s�s�i�o�n� �d�i�d� 

�n�o�t� �c�a�u�s�e� �h�e�a�v�y� �e�x�t�i�n�c�t�i�o�n� �w�o�r�l�d�w�i�d�e�,� �a�s� �t�h�e� �e�v�e�n�t� �i�s� �n�o�t� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �f�a�u�n�a�s� �o�f� 

�C�a�l�i�f�o�r�n�i�a� �a�n�d� �J�a�p�a�n�;� �a�l�t�h�o�u�g�h� �t�h�e� �s�h�e�l�f� �a�r�e�a� �i�n� �t�h�e� �t�e�m�p�e�r�a�t�e� �t�o� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �z�o�n�e� �o�f� 

�t�h�e� �E�a�s�t�e�r�n� �P�a�c�i�f�i�c� �w�a�s� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� �s�h�e�l�f� �a�r�e�a� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c�,� 

�E�a�s�t�e�r�n� �P�a�c�i�f�i�c� �e�n�d�e�m�i�c�s� �e�x�p�e�r�i�e�n�c�e�d� �l�o�w� �r�a�t�e�s� �o�f� �e�x�t�i�n�c�t�i�o�n�.� �S�e�c�o�n�d�,� �l�a�r�g�e� �p�o�p�u�l�a�t�i�o�n�s� 

�o�f� �s�m�a�l�l�-�b�o�d�i�e�d�,� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �b�i�v�a�l�v�e� �s�p�e�c�i�e�s� �w�h�i�c�h� �i�n�h�a�b�i�t�e�d� �m�u�d�d�y� �s�e�d�i�m�e�n�t�s� 

�s�u�f�f�e�r�e�d� �v�e�r�y� �h�e�a�v�y� �e�x�t�i�n�c�t�i�o�n�;� �h�o�w�e�v�e�r�,� �a� �r�e�d�u�c�t�i�o�n� �o�f� �h�a�b�i�t�a�t� �w�o�u�l�d� �n�o�t� �h�a�v�e� 

�e�l�i�m�i�n�a�t�e�d� �t�h�e�s�e� �s�p�e�c�i�e�s�,� �b�e�c�a�u�s�e� �t�h�e�y� �f�l�o�u�r�i�s�h� �i�n� �m�u�d�d�y� �l�a�g�o�o�n�s� �d�u�r�i�n�g� �l�o�w�s�t�a�n�d�s� �o�f� �s�e�a� 

�l�e�v�e�l�.� �T�h�i�r�d�,� �g�e�o�g�r�a�p�h�i�c�a�l�l�y� �w�i�d�e�s�p�r�e�a�d� �s�p�e�c�i�e�s� �a�l�o�n�g� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �e�x�p�e�r�i�e�n�c�e�d� 
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�h�i�g�h�e�r� �r�a�t�e�s� �o�f� �e�x�t�i�n�c�t�i�o�n� �t�h�a�n� �n�a�r�r�o�w�l�y� �d�i�s�t�r�i�b�u�t�e�d� �s�p�e�c�i�e�s� �a�l�o�n�g� �t�h�e� �C�a�l�i�f�o�r�n�i�a� �c�o�a�s�t�.� 

�T�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �e�x�p�e�r�i�e�n�c�e�d� �m�u�c�h� �c�o�o�l�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�n� �e�l�s�e�w�h�e�r�e� �d�u�e� �t�o� 

�p�a�l�e�o�g�e�o�g�r�a�p�h�i�c� �f�a�c�t�o�r�s�.� �C�o�o�l�i�n�g� �e�v�e�n�t�s� �s�h�o�u�l�d� �h�a�v�e� �t�h�e�i�r� �p�r�i�m�a�r�y� �i�m�p�a�c�t� �o�n� �t�a�x�a� �a�t� �l�o�w� 

�l�a�t�i�t�u�d�e�s�.� �A�s� �s�e�e�n� �i�n� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c�,� �a�l�l� �p�u�r�e�l�y� �t�r�o�p�i�c�a�l� �s�p�e�c�i�e�s� �f�r�o�m� �F�l�o�r�i�d�a� 

�b�e�c�a�m�e� �e�x�t�i�n�c�t� �(�S�t�a�n�l�e�y�,� �1�9�8�6�)�.� �T�h�e� �f�i�f�t�y�-�s�e�v�e�n� �b�i�v�a�l�v�e� �s�p�e�c�i�e�s� �t�h�a�t� �s�u�r�v�i�v�e�d� �t�h�e� �c�o�o�l�i�n�g� 

�e�v�e�n�t� �i�n� �F�l�o�r�i�d�a� �p�o�s�s�e�s�s�e�d� �b�r�o�a�d�e�r� �t�e�m�p�e�r�a�t�u�r�e� �t�o�l�e�r�a�n�c�e�s�,� �a�n�d� �a�r�e� �a�l�l� �f�o�u�n�d� �i�n� 

�n�o�n�t�r�o�p�i�c�a�l� �a�r�e�a�s� �t�o�d�a�y� �(�S�t�a�n�l�e�y�,� �1�9�8�6�)�.� �S�t�a�n�l�e�y� �b�e�l�i�e�v�e�s� �a� �t�h�e�r�m�a�l� �f�i�l�t�e�r� �w�a�s� �t�h�e� 

�d�o�m�i�n�a�n�t� �c�a�u�s�a�l� �f�a�c�t�o�r� �i�n� �t�h�i�s� �e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� �s�i�n�c�e� �c�o�o�l�i�n�g� �i�s� �t�h�e� �o�n�l�y� �a�g�e�n�t� �o�f� �m�a�r�i�n�e� 

�m�a�s�s� �e�x�t�i�n�c�t�i�o�n� �c�l�o�s�e�l�y� �t�i�e�d� �t�o� �l�a�t�i�t�u�d�e� �(�S�t�a�n�l�e�y�,� �1�9�8�4�)�.� �O�t�h�e�r�s� �b�e�l�i�e�v�e� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� 

�w�a�s� �n�o�t� �t�h�e� �p�r�i�m�a�r�y� �c�a�u�s�e�.� �P�a�l�e�o�n�t�o�l�o�g�i�c�a�l� �a�n�d� �i�s�o�t�o�p�i�c� �a�n�a�l�y�s�e�s� �r�e�v�e�a�l� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a� 

�m�a�j�o�r� �d�e�c�r�e�a�s�e� �i�n� �b�i�o�l�o�g�i�c�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f�f� �t�h�e� �w�e�s�t� �c�o�a�s�t� �o�f� �F�l�o�r�i�d�a� �d�u�r�i�n�g� �t�h�e� �l�a�t�e� 

�P�l�i�o�c�e�n�e�.� �T�h�i�s� �d�e�c�r�e�a�s�e� �w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�i�g�n�i�f�i�c�a�n�t� �u�p�w�e�l�l�i�n�g� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �C�A�I� �(�A�l�l�m�o�n� �e�t� �a�l�.�,� �1�9�9�6�)�.� �D�e�b�a�t�e� �c�o�n�t�i�n�u�e�s� �o�n� �t�h�e� �p�r�i�m�a�r�y� �c�a�u�s�e� �o�f� 

�t�h�i�s� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t�;� �h�o�w�e�v�e�r�,� �t�h�e� �p�o�s�t�-� �Y�o�r�k�t�o�w�n� �e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� �w�a�s� 

�p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�w�o� �o�r� �m�o�r�e� �o�f� �t�h�e�s�e� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r�s�,� �i�n�c�l�u�d�i�n�g� �c�h�a�n�c�e�.� 

�T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �s�u�r�v�i�v�e�d� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n�,� �a�s� 

�e�v�i�d�e�n�c�e�d� �b�y� �M�.� �s�p�.� �B� �i�n� �t�h�e� �u�p�p�e�r� �u�p�p�e�r� �P�l�i�o�c�e�n�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �i�n� 

�s�o�u�t�h�e�a�s�t�e�r�n� �V�i�r�g�i�n�i�a� �a�n�d� �n�o�r�t�h�e�a�s�t�e�r�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �A� �p�e�r�i�o�d� �o�f� �g�l�o�b�a�l� �w�a�r�m�i�n�g� �a�n�d� 

�d�e�g�l�a�c�i�a�t�i�o�n� �p�r�o�d�u�c�e�d� �a� �t�r�a�n�s�g�r�e�s�s�i�o�n� �i�n� �w�h�i�c�h� �s�e�d�i�m�e�n�t�s� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� 

�F�o�r�m�a�t�i�o�n� �w�e�r�e� �d�e�p�o�s�i�t�e�d� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� �F�i�g�u�r�e�s� �6�.�1�1�-�6�.�1�2� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �i�l�l�u�s�t�r�a�t�e� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n� �o�n� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e�.� 
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�T�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�n�g� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �1� �(�P�P�R�H�,� �A�A�M�L�)� �d�e�s�c�r�i�b�e� �t�h�e� 

�s�e�p�a�r�a�t�i�o�n� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �B� �f�r�o�m� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�.� 

�D�i�s�c�r�i�m�i�n�a�t�i�n�g� �v�a�r�i�a�b�l�e�s� �a�l�o�n�g� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�b�l�e� �2� �(�A�P�R�D�)� �d�e�s�c�r�i�b�e� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �M�.� 

�u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �M�.� �s�p�.� �B�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� 

�u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�,� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �B� �e�x�h�i�b�i�t� �c�l�o�s�e�r� �m�o�r�p�h�o�l�o�g�i�e�s� 

�i�n� �t�h�a�t� �t�h�e�y� �a�r�e� �o�n�l�y� �s�e�p�a�r�a�t�e�d� �b�y� �o�n�e� �d�i�s�c�r�i�m�i�n�a�t�i�n�g� �v�a�r�i�a�b�l�e�,� �a�n�d� �t�h�e� �m�e�a�n�s� �i�n� �t�h�e�i�r� 

�m�o�r�p�h�o�s�p�a�c�e�s� �a�r�e� �c�l�o�s�e�r� �(�F�i�g�.� �6�.�1�2�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� 

�s�p�.� �B� �t�e�n�d� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �P�P�R�H� �a�n�d� �a� �l�o�n�g�e�r� �A�A�M�L� �t�h�a�n� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� 

�(�T�a�b�l�e� �6�.�2�a�)�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �t�e�n�d� 

�t�o� �h�a�v�e� �a� �l�o�n�g�e�r� �A�P�R�D� �t�h�a�n� �M�.� �s�p�.� �B� �(�A�p�p�e�n�d�i�x� �C�)�.� �A�l�t�h�o�u�g�h� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�n�d� �M�.� �s�p�.� �B� �d�i�f�f�e�r� �i�n� �t�h�e�i�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� 

�t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�,� �i�t� �i�s� �d�a�n�g�e�r�o�u�s� �t�o� �u�s�e� �t�h�e� �u�n�d�u�l�a�t�i�o�n�s� �a�s� �a� �g�e�n�e�t�i�c� �c�h�a�r�a�c�t�e�r� �i�n� 

�s�e�p�a�r�a�t�i�n�g� �t�h�e�s�e� �g�r�o�u�p�s� �b�e�c�a�u�s�e� �t�h�e� �p�r�o�m�i�n�e�n�c�e� �o�f� �t�h�e� �r�i�b�s� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �s�e�d�i�m�e�n�t�.�.� 

�T�h�u�s�,� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �M�Z� �s�p�.� �B� �w�a�s� �p�r�o�b�a�b�l�y� �d�e�r�i�v�e�d� �f�r�o�m� �M�.� 

�u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �w�h�i�c�h� �r�e�p�o�p�u�l�a�t�e�d� �n�o�r�t�h�w�a�r�d� �f�r�o�m� �F�l�o�r�i�d�a� �w�h�e�n� �l�o�c�a�l� �c�o�n�d�i�t�i�o�n�s� 

�c�h�a�n�g�e�d�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �M�.� �s�p�.� �B� �b�e� �a�s�s�i�g�n�e�d� �t�o� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �p�r�o�b�a�b�l�y� �b�e�c�a�m�e� �e�x�t�i�n�c�t� �a�f�t�e�r� �t�h�e� �p�o�s�t�-� �Y�o�r�k�t�o�w�n� 

�c�o�o�l�i�n�g� �e�v�e�n�t�.� �T�h�i�s� �t�e�m�p�e�r�a�t�e� �s�p�e�c�i�e�s� �d�i�d� �n�o�t� �m�i�g�r�a�t�e� �s�o�u�t�h�w�a�r�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �g�r�e�a�t�e�r� 

�s�e�a�s�o�n�a�l�i�t�y� �t�h�a�t� �e�x�i�s�t�e�d� �a�l�o�n�g� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �i�n� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e� �(�S�t�a�n�l�e�y�,� �1�9�8�7�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �p�o�s�s�e�s�s�e�d� �n�o�n�p�l�a�n�k�t�o�t�r�o�p�h�i�c� �l�a�r�v�a�e�,� �i�n� �w�h�i�c�h� �t�h�e� �p�e�l�a�g�i�c� 

�s�t�a�g�e� �i�s� �s�h�o�r�t� �o�r� �l�a�c�k�i�n�g� �a�l�t�o�g�e�t�h�e�r�.� �T�h�u�s�,� �t�h�e� �l�a�r�v�a�e� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �w�e�r�e� �n�o�t� �w�i�d�e�l�y� 
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�d�i�s�p�e�r�s�e�d� �b�y� �c�u�r�r�e�n�t�s� �(�S�t�a�n�l�e�y�,� �1�9�8�6�)�.� �T�h�o�s�e� �p�o�p�u�l�a�t�i�o�n�s� �a�b�l�e� �t�o� �o�c�c�u�p�y� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� 

�w�a�t�e�r�s� �i�n� �w�e�s�t�e�r�n� �F�l�o�r�i�d�a� �s�u�r�v�i�v�e�d�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� 

�m�e�r�i�d�i�o�n�a�l�i�s� �(�S�t�a�n�l�e�y�,� �1�9�8�4�)�.� �T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �d�i�d� �n�o�t� �e�n�d� �i�n� �t�h�i�s� �s�e�v�e�r�e� 

�e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� �b�e�c�a�u�s�e� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �s�u�r�v�i�v�e�d� �i�n� �F�l�o�r�i�d�a�.� �W�i�t�h� �t�h�e� 

�e�n�s�u�i�n�g� �t�r�a�n�s�g�r�e�s�s�i�o�n�,� �t�h�i�s� �F�l�o�r�i�d�a� �s�u�b�s�p�e�c�i�e�s� �w�a�s� �a�b�l�e� �t�o� �r�e�p�o�p�u�l�a�t�e� �n�o�r�t�h�w�a�r�d�.� �I�t� 

�s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �i�n� �o�r�d�e�r� �t�o� �g�e�t� �t�h�e� �l�a�t�e�r� �f�o�r�m�s� �o�f� �t�h�e� �l�i�n�e�a�g�e�,� �t�h�e�r�e� �m�a�y� �h�a�v�e� �b�e�e�n� �a� 

�c�h�a�n�g�e� �i�n� �r�i�b� �c�o�u�n�t�.� 

�I�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �M�.� �s�p�.� �B� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �a� �r�e�l�i�c�t� �s�o�u�t�h�e�r�n� �p�o�p�u�l�a�t�i�o�n� �o�f� �M�.� 

�u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �i�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �S�o�u�t�h� �C�a�r�o�l�i�n�a�,� �a�n�d� �G�e�o�r�g�i�a� �r�a�t�h�e�r� �t�h�a�n� �a� �n�e�w� 

�i�n�v�a�s�i�o�n� �o�f� �t�h�e� �F�l�o�r�i�d�a� �f�o�r�m�s�.� �S�h�a�p�e� �t�r�e�n�d�s� �w�i�t�h�i�n� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� 

�s�o�u�t�h�e�r�n�m�o�s�t� �l�o�c�a�l�i�t�i�e�s� �p�a�r�a�l�l�e�l� �t�h�o�s�e� �i�n� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �t�h�e� �s�u�b�t�r�o�p�i�c�a�l� 

�l�o�c�a�l�i�t�i�e�s� �o�f� �F�l�o�r�i�d�a�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �m�e�a�n� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� 

�n�e�p�i�o�n�i�c� �s�h�e�l�l� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �M�.� �s�p�.� �B�,� �w�h�e�r�e�a�s� �t�h�e� 

�m�e�a�n� �n�u�m�b�e�r� �o�f� �r�i�b�s� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �a�r�e� �d�i�s�s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �M�.� �s�p�.� �B�;� 

�h�o�w�e�v�e�r�,� �a�s� �p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�,� �t�h�e� �n�u�m�b�e�r� �o�f� �u�n�d�u�l�a�t�i�o�n�s� �r�e�q�u�i�r�e�s� �a� �m�e�a�s�u�r�e� �o�f� 

�c�a�u�t�i�o�n� �w�h�e�n� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �g�r�o�u�p�s�.� �I�n� �t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e� �t�h�e� �e�n�t�i�r�e� 

�c�o�n�t�i�n�e�n�t�a�l� �s�h�e�l�f� �w�a�s� �e�x�p�o�s�e�d�;� �t�h�e�r�e�f�o�r�e�,� �M�Z� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �w�a�s� �m�o�s�t� �l�i�k�e�l�y� 

�e�x�t�i�n�g�u�i�s�h�e�d�,� �a�s� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �w�a�s� �n�o�t� �a�d�e�q�u�a�t�e� �f�o�r� �t�h�e�i�r� �s�u�r�v�i�v�a�l�.� �H�o�w�e�v�e�r�,� �M�.� 

�u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �a� �r�e�l�i�c�t� �s�o�u�t�h�e�r�n� �p�o�p�u�l�a�t�i�o�n� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�,� �w�a�s� �a�b�l�e� 

�t�o� �s�u�r�v�i�v�e�,� �a�s� �t�h�e� �w�e�s�t�e�r�n� �p�o�r�t�i�o�n� �o�f� �F�l�o�r�i�d�a� �w�a�s� �l�e�s�s� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� �p�r�o�f�o�u�n�d� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�.� �W�e�s�t�e�r�n� �F�l�o�r�i�d�a� �h�a�d� �a� �r�a�m�p�-�l�i�k�e� �b�a�t�h�y�m�e�t�r�y� �w�i�t�h� �s�h�e�l�f�-�d�e�p�t�h� 
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�w�a�t�e�r� �w�h�e�n� �t�h�e� �A�t�l�a�n�t�i�c� �s�h�e�l�f� �w�a�s� �r�e�s�t�r�i�c�t�e�d� �o�r� �e�l�i�m�i�n�a�t�e�d� �b�y� �l�o�w� �s�e�a� �l�e�v�e�l�.� �T�h�u�s�,� �i�t� 

�a�p�p�e�a�r�s� �m�o�r�e� �l�i�k�e�l�y� �t�h�a�t� �M�.� �s�p�.� �B� �w�a�s� �d�e�r�i�v�e�d� �f�r�o�m� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �i�n� �F�l�o�r�i�d�a�.� 

�L�o�c�a�l�i�t�i�e�s� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n� �a� �r�a�n�g�e� �o�f� �s�e�d�i�m�e�n�t� 

�c�o�m�p�o�s�i�t�i�o�n�s�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �i�s� �m�o�r�e� �s�i�m�i�l�a�r� �i�n� �s�e�d�i�m�e�n�t� �t�y�p�e� 

�t�o� �t�h�e� �R�u�s�h�m�e�r�e� �a�n�d� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r�s� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �t�h�a�n� �t�o� �t�h�e� 

�J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n�,� �i�n� �t�h�a�t� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �h�a�s� �a� �g�r�e�a�t�e�r� �f�i�n�e� �s�a�n�d� �a�n�d� 

�m�e�d�i�u�m� �s�i�l�t� �t�o� �c�l�a�y� �c�o�n�t�e�n�t� �(�T�a�b�l�e� �6�.�1�3�)�.� �T�h�e� �A�N�O�V�A� �p�a�t�t�e�r�n� �a�g�a�i�n� �a�r�g�u�e�s� �a�g�a�i�n�s�t� 

�e�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n� �(�T�a�b�l�e� �6�.�1�2�)�.� �F�H� �v�a�r�i�e�s� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �t�h�e� �s�a�m�e� �t�y�p�e� �o�f� 

�s�e�d�i�m�e�n�t�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �a�n�d� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�,� �b�u�t� �d�o�e�s� 

�n�o�t� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� �t�h�e� �s�a�m�e� �t�y�p�e� �o�f� �s�e�d�i�m�e�n�t�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �t�h�e� �R�u�s�h�m�e�r�e� �M�e�m�b�e�r� 

�a�n�d� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�.� �I�t� �i�s� �a�g�a�i�n� �s�h�o�w�n� �t�h�a�t� �F�H� �d�o�e�s� �v�a�r�y� �c�o�n�s�i�s�t�e�n�t�l�y� �i�n� 

�d�i�f�f�e�r�e�n�t� �s�e�d�i�m�e�n�t� �t�y�p�e�s�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �J�a�c�k�s�o�n� �B�l�u�f�f� �F�o�r�m�a�t�i�o�n� �a�n�d� �C�h�o�w�a�n� �R�i�v�e�r� 

�F�o�r�m�a�t�i�o�n�.� �I�t� �i�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �f�o�r�m�e�r�l�y� �M�.� 

�s�p�.� �B�,� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �w�h�i�c�h� 

�r�e�p�o�p�u�l�a�t�e�d� �n�o�r�t�h�w�a�r�d� �f�r�o�m� �F�l�o�r�i�d�a�.� �T�h�e� �f�a�c�t� �t�h�a�t� �1�4� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �a� 

�p�a�r�t�i�c�u�l�a�r� �s�e�d�i�m�e�n�t� �t�y�p�e� �r�e�p�o�p�u�l�a�t�e�d� �n�o�r�t�h�w�a�r�d� �i�n� �a� �d�i�f�f�e�r�e�n�t� �s�e�d�i�m�e�n�t� �t�y�p�e�,� �b�u�t� �h�a�s� �t�h�e� 

�s�a�m�e� �f�o�r�m�,� �i�s� �a�n� �a�r�g�u�m�e�n�t� �a�g�a�i�n�s�t� �e�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �M�.� �u�n�d�u�l�a�t�u�s� 

�m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �F�l�o�r�i�d�a� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n� 

�d�i�f�f�e�r� �i�n� �t�h�e�i�r� �n�u�m�b�e�r� �o�f� �s�t�r�o�n�g�,� �c�o�n�c�e�n�t�r�i�c� �r�i�b�s� �o�n� �t�h�e� �n�e�p�i�o�n�i�c� �s�h�e�l�l�.� �T�h�e� �p�r�o�m�i�n�e�n�c�e� �o�f� 

�t�h�e� �r�i�b�s� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �s�e�d�i�m�e�n�t�,� �w�h�i�c�h� �i�s� �a�n� �a�r�g�u�m�e�n�t� �i�n� �f�a�v�o�r� �o�f� �e�c�o�p�h�e�n�o�t�y�p�i�c� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�i�s� �c�a�s�e�.� 
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�A�f�t�e�r� �t�h�e� �d�e�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�,� �a� �b�r�i�e�f� �r�e�g�r�e�s�s�i�o�n� �d�u�e� �t�o� 

�a�n�o�t�h�e�r� �s�m�a�l�l�e�r� �p�u�l�s�e� �o�f� �g�l�a�c�i�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e� �w�a�s� �f�o�l�l�o�w�e�d� �b�y� �a� 

�t�r�a�n�s�g�r�e�s�s�i�o�n� �i�n� �w�h�i�c�h� �s�e�d�i�m�e�n�t�s� �o�f� �t�h�e� �J�a�m�e�s� �C�i�t�y� �F�o�r�m�a�t�i�o�n� �w�e�r�e� �d�e�p�o�s�i�t�e�d� �i�n� �t�h�e� �e�a�r�l�y� 

�P�l�e�i�s�t�o�c�e�n�e�.� �D�u�r�i�n�g� �t�h�i�s� �t�i�m�e�,� �m�a�n�y� �s�p�e�c�i�e�s�,� �s�u�c�h� �a�s� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i�,� 

�a�t�t�a�i�n�e�d� �a� �l�a�r�g�e� �s�i�z�e�,� �s�u�g�g�e�s�t�i�n�g� �m�o�r�e� �o�p�t�i�m�a�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �g�r�o�w�t�h� �(�W�a�r�d� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �s�p�e�c�i�m�e�n�s� �a�n�d� �l�o�c�a�l�i�t�i�e�s�,� �n�o� �C�D�A� �o�r� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�i�s� �w�a�s� �r�u�n� �o�n� �M�.� �|� 

�k�a�u�f�f�m�a�n�i�.� �H�o�w�e�v�e�r�,� �P�C�A� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �t�h�e� �C�h�o�w�a�n� 

�R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �m�a�y� �b�e� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �f�o�r�m� �b�e�t�w�e�e�n� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� 

�F�l�o�r�i�d�a� �a�n�d� �M�.� �k�a�u�f�f�m�a�n�i� �(�T�a�b�l�e� �6�.�2�a�)�.� �U�n�t�i�l� �m�o�r�e� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �k�a�u�f�f�m�a�n�i� �a�r�e� 

�c�o�l�l�e�c�t�e�d� �a�n�d� �e�x�a�m�i�n�e�d�,� �n�o� �s�p�e�c�u�l�a�t�i�o�n� �o�n� �a� �n�e�w� �t�a�x�o�n�o�m�i�c� �a�s�s�i�g�n�m�e�n�t� �w�i�l�l� �b�e� �m�a�d�e�.� 

�H�o�w�e�v�e�r�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�i�s� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �o�n�e� �s�p�e�c�i�e�s�,� �v�a�r�i�a�b�l�e� �i�n� �s�h�a�p�e�,� �w�i�t�h� �s�e�v�e�r�a�l� 

�s�u�b�s�p�e�c�i�e�s� �o�v�e�r� �a� �w�i�d�e� �g�e�o�g�r�a�p�h�i�c�a�l� �r�a�n�g�e� �a�n�d� �t�h�r�o�u�g�h� �t�i�m�e�.� 

�T�h�e� �f�i�r�s�t� �b�i�g� �p�u�l�s�e� �f�r�o�m� �t�h�e� �f�i�r�s�t� �c�o�n�t�i�n�e�n�t�a�l� �i�c�e� �s�h�e�e�t� �i�n� �t�h�e� �P�l�e�i�s�t�o�c�e�n�e� �r�e�s�u�l�t�e�d� �i�n� 

�a�n� �e�x�t�r�e�m�e� �r�e�g�r�e�s�s�i�o�n�.� �T�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�i�s� �s�e�a� �l�e�v�e�l� �c�h�a�n�g�e� �w�a�s� �m�u�c�h� �g�r�e�a�t�e�r� �t�h�a�n� �i�n� 

�t�h�e� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �c�a�u�s�i�n�g� �t�h�e� �a�l�m�o�s�t� �c�o�m�p�l�e�t�e� �e�x�p�o�s�u�r�e� �o�f� �t�h�e� �d�e�e�p�e�r� �s�h�e�l�f� �o�f� �w�e�s�t�e�r�n� 

�F�l�o�r�i�d�a�.� �T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �b�e�c�a�m�e� �e�x�t�i�n�c�t� �d�u�r�i�n�g� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�.� 

�W�h�y� �d�i�d� �t�h�e� �d�u�r�a�b�l�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e�,� �w�h�i�c�h� �s�u�r�v�i�v�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s� 

�o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �s�i�x�t�e�e�n� �m�i�l�l�i�o�n� �y�e�a�r�s� �a�n�d� �e�x�h�i�b�i�t�e�d� �a� �l�a�r�g�e�,� �r�o�b�u�s�t� �s�h�e�l�l� �i�n� �t�h�e� �e�a�r�l�y� 

�P�l�e�i�s�t�o�c�e�n�e�,� �b�e�c�o�m�e� �e�x�t�i�n�c�t�?� �S�e�v�e�r�a�l� �t�e�s�t�s� �w�e�r�e� �r�u�n� �o�n� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �e�x�a�m�i�n�e� 

�w�h�e�t�h�e�r� �p�r�e�d�a�t�i�o�n� �w�a�s� �m�o�r�e� �p�r�e�v�a�l�e�n�t� �o�n� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �i�n� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e�.� 

�T�h�e�r�e� �m�a�y� �b�e� �a� �s�a�m�p�l�i�n�g� �b�i�a�s� �i�n� �t�h�e�s�e� �t�e�s�t�s� �d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �s�p�e�c�i�m�e�n�s� �o�f� �M�.� �k�a�u�f�f�m�a�n�i�.� 
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�F�e�w� �m�o�l�l�u�s�k�s� �b�o�r�e�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �t�h�e� �u�p�p�e�r� �u�p�p�e�r� �P�l�i�o�c�e�n�e� �C�h�o�w�a�n� 

�R�i�v�e�r� �F�o�r�m�a�t�i�o�n�;� �h�o�w�e�v�e�r�,� �a�n� �i�n�c�r�e�a�s�e�d� �f�r�e�q�u�e�n�c�y� �o�f� �m�o�l�l�u�s�k� �p�r�e�d�a�t�i�o�n� �i�s� �s�e�e�n� �i�n� �M�.� 

�k�a�u�f�f�m�a�n�i� �i�n� �t�h�e� �e�a�r�l�y� �P�l�e�i�s�t�o�c�e�n�e� �a�l�t�h�o�u�g�h� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �m�o�l�l�u�s�k� �b�o�r�e�r�s� �a�r�e� �s�i�m�i�l�a�r� 

�t�o� �t�h�o�s�e� �o�f� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �t�h�e� �e�a�r�l�y� �l�a�t�e� 

�P�l�i�o�c�e�n�e� �(�T�a�b�l�e� �6�.�9�b�)�.� �T�h�u�s�,� �t�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �m�a�y� �h�a�v�e� �b�e�c�o�m�e� �e�x�t�i�n�c�t� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �e�n�v�i�r�o�n�m�e�n�t� �d�u�r�i�n�g� �P�l�e�i�s�t�o�c�e�n�e� �t�i�m�e�.� 

�A�l�t�h�o�u�g�h� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �b�e�c�a�m�e� �e�x�t�i�n�c�t�,� �t�h�e� �f�a�m�i�l�y� �C�r�a�s�s�a�t�e�l�l�i�d�a�e� �s�t�i�l�l� �e�x�i�s�t�s� �t�o�d�a�y�.� 

�T�h�e�y� �i�n�h�a�b�i�t� �o�n�l�y� �s�u�b�t�r�o�p�i�c�a�l� �t�o� �t�r�o�p�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�,� �s�u�c�h� �a�s� �N�e�w� �Z�e�a�l�a�n�d�,� �A�u�s�t�r�a�l�i�a�,� 

�S�o�u�t�h�e�r�n� �C�a�l�i�f�o�r�n�i�a�,� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�,� �F�l�o�r�i�d�a�,� �a�n�d� �p�e�r�h�a�p�s� �r�a�n�g�e� �a�s� �f�a�r� �n�o�r�t�h� �a�s� �G�e�o�r�g�i�a� 

�o�n� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n� �(�W�a�r�d�,� �p�e�r�s�.� �c�o�m�m�.�)�.� 

�P�o�s�s�i�b�l�e� �s�o�u�r�c�e�s� �o�f� �e�r�r�o�r� �i�n� �t�h�i�s� �s�t�u�d�y� �i�n�c�l�u�d�e� �a�l�l�o�m�e�t�r�y�,� �s�t�r�a�t�i�g�r�a�p�h�i�c� �c�o�r�r�e�l�a�t�i�o�n�,� 

�a�n�d� �s�a�m�p�l�e� �s�i�z�e� �p�r�o�b�l�e�m�s�.� �S�p�e�c�i�m�e�n�s� �l�e�s�s� �t�h�a�n� �3�0� �m�m� �i�n� �l�e�n�g�t�h� �w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� 

�s�t�u�d�y� �t�o� �a�v�o�i�d� �p�o�t�e�n�t�i�a�l� �a�l�l�o�m�e�t�r�i�c� �e�f�f�e�c�t�s�;� �n�o�n�e�t�h�e�l�e�s�s�,� �s�p�e�c�i�m�e�n�s� �g�r�e�a�t�e�r� �t�h�a�n� �3�0� �m�m� �i�n� 

�l�e�n�g�t�h� �s�t�i�l�l� �r�e�p�r�e�s�e�n�t� �a� �v�a�r�i�e�t�y� �o�f� �a�g�e� �g�r�o�u�p�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �n�o�r�m�a�l�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �d�o�e�s� 

�n�o�t� �c�o�m�p�l�e�t�e�l�y� �c�u�t� �s�i�z�e� �o�u�t� �o�f� �t�h�e� �d�a�t�a�.� �T�h�u�s�,� �t�h�e� �v�a�r�i�a�t�i�o�n� �s�e�e�n� �i�n� �t�h�e�s�e� �c�l�a�m�s� �m�a�y� �h�a�v�e� 

�b�e�e�n� �a�f�f�e�c�t�e�d� �b�y� �a� �r�e�s�i�d�u�a�l� �a�l�l�o�m�e�t�r�i�c� �e�f�f�e�c�t�.� �A�n�o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �i�n� �t�h�i�s� �s�t�u�d�y� �i�s� 

�t�h�e� �c�u�r�r�e�n�t� �k�n�o�w�l�e�g�e� �o�f� �t�h�e� �s�t�r�a�t�i�g�r�a�p�h�i�c� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �C�o�a�s�t�a�l� �P�l�a�i�n� �d�e�p�o�s�i�t�s�.� �T�o� 

�e�x�a�m�i�n�e� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �h�i�s�t�o�r�y� �o�f� �a� �l�i�n�e�a�g�e� �i�n� �s�p�a�c�e� �a�n�d� �t�i�m�e�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �o�b�t�a�i�n� 

�r�e�l�i�a�b�l�e� �s�t�r�a�t�i�g�r�a�p�h�i�c� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �u�n�i�t�s� �i�n�v�o�l�v�e�d�.� �F�i�n�a�l�l�y�,� �a� �s�a�m�p�l�i�n�g� �b�i�a�s� �m�a�y� �b�e� 

�a� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �i�n� �s�o�m�e� �o�f� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� �t�e�s�t�s�,� �s�u�c�h� �a�s� �t�h�e� �t�e�s�t�s� �r�u�n� �o�n� �b�o�r�e�h�o�l�e� 
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�i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �l�a�c�k� �o�f� �s�p�e�c�i�m�e�n�s� �o�f� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �k�a�u�f�f�m�a�n�i� �n�e�c�e�s�s�i�t�a�t�e�s� �a� 

�m�e�a�s�u�r�e� �o�f� �c�a�u�t�i�o�n� �w�h�e�n� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �b�o�r�e�h�o�l�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�s�u�l�t�s�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �s�u�g�g�e�s�t�i�o�n�s� �f�o�r� �f�u�t�u�r�e� �s�t�u�d�i�e�s�.� �J�u�v�e�n�i�l�e�s� �(�<� �3�0� �m�m� �i�n� �l�e�n�g�t�h�)� 

�a�n�d� �s�p�e�c�i�f�i�c� �s�i�z�e� �g�r�o�u�p�s� �s�h�o�u�l�d� �b�e� �e�x�a�m�i�n�e�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �a�l�l�o�m�e�t�r�i�c� �e�f�f�e�c�t�.� �I�t� �w�o�u�l�d� 

�b�e� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �t�e�s�t� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �a�n�d� �a�g�e�.� �O�t�h�e�r� �v�a�r�i�a�b�l�e�s� 

�c�o�u�l�d� �b�e� �m�e�a�s�u�r�e�d� �o�n� �e�a�c�h� �s�p�e�c�i�m�e�n�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �t�h�i�c�k�n�e�s�s�,� �a�r�e�a�,� �b�e�a�k� �a�n�g�l�e�,� �a�n�d� �o�t�h�e�r� 

�h�i�n�g�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e�s�e� �v�a�r�i�a�b�l�e�s� �m�a�y� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �o�f� �s�p�e�c�i�e�s�,� 

�a�n�d� �h�e�n�c�e�,� �t�a�x�o�n�o�m�i�c� �r�e�v�i�s�i�o�n�.� �A� �v�i�d�e�o� �c�a�m�e�r�a� �i�n�t�e�r�f�a�c�e�d� �w�i�t�h� �a� �c�o�m�p�u�t�e�r� �c�o�u�l�d� �b�e� �u�s�e�d� 

�i�n�s�t�e�a�d� �o�f� �d�i�g�i�t�a�l� �c�a�l�i�p�e�r�s� �t�o� �c�a�p�t�u�r�e� �i�m�a�g�e�s� �o�f� �s�p�e�c�i�m�e�n�s� �a�n�d� �d�i�g�i�t�i�z�e� �t�h�e�m� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� 

�a�n�a�l�y�s�i�s�.� �I�n� �t�h�i�s� �w�a�y�,� �o�t�h�e�r�s� �w�o�u�l�d� �h�a�v�e� �a�c�c�e�s�s� �t�o� �t�h�e� �d�i�g�i�t�i�z�e�d� �i�m�a�g�e�s� �o�v�e�r� �t�h�e� �I�n�t�e�r�n�e�t� 

�f�o�r� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h�.� �D�e�t�a�i�l�e�d� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �d�e�p�o�s�i�t�i�o�n�a�l� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �e�a�c�h� �l�o�c�a�l�i�t�y� 

�s�i�t�e� �a�l�o�n�g� �w�i�t�h� �s�e�d�i�m�e�n�t� �a�n�a�l�y�s�e�s� �w�o�u�l�d� �h�e�l�p� �d�i�f�f�e�r�e�n�t�i�a�t�e� �e�c�o�p�h�e�n�o�t�y�p�i�c� �v�a�r�i�a�t�i�o�n� �v�e�r�s�u�s� 

�t�r�u�e� �g�e�n�e�t�i�c� �c�h�a�n�g�e�.� �P�C�A� �o�n� �e�a�c�h� �l�o�c�a�l�i�t�y� �w�o�u�l�d� �s�h�o�w� �h�o�w� �c�h�a�r�a�c�t�e�r�s� �v�a�r�y� �i�n� �p�a�r�t�i�c�u�l�a�r� 

�s�e�d�i�m�e�n�t� �t�y�p�e�s�.� �M�o�r�e� �q�u�a�n�t�i�t�a�t�i�v�e� �s�t�u�d�i�e�s� �o�n� �f�o�s�s�i�l� �g�r�o�u�p�s� �a�n�d� �t�h�e�i�r� �m�o�d�e�r�n� �a�n�a�l�o�g�s� 

�w�o�u�l�d� �r�e�v�e�a�l� �h�o�w� �o�r�g�a�n�i�s�m�s� �p�e�r�s�i�s�t� �t�h�r�o�u�g�h� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s� �i�n� �s�p�a�c�e� �a�n�d� �t�i�m�e�,� 

�w�h�i�c�h� �w�o�u�l�d� �b�e� �u�s�e�f�u�l� �t�o� �c�o�n�s�e�r�v�a�t�i�o�n� �b�i�o�l�o�g�i�s�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �m�o�r�e� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� 

�w�o�u�l�d� �a�i�d� �i�n� �t�h�e� �r�e�e�v�a�l�u�a�t�i�o�n� �o�f� �t�a�x�o�n�o�m�y�,� �w�h�i�c�h� �w�i�l�l� �m�a�k�e� �e�v�o�l�u�t�i�o�n�a�r�y� �s�t�u�d�i�e�s� �m�o�r�e� 

�a�c�c�u�r�a�t�e�.� 
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�C�H�A�P�T�E�R� �8�.� �C�O�N�C�L�U�S�I�O�N� 

�T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �s�u�r�v�i�v�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� 

�s�i�x�t�e�e�n� �m�i�l�l�i�o�n� �y�e�a�r�s�.� �A� �m�o�r�p�h�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �l�a�t�t�e�r� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�i�n�e�a�g�e�,� 

�c�o�n�s�i�s�t�i�n�g� �o�f� �f�i�v�e� �p�r�e�v�i�o�u�s�l�y� �r�e�c�o�g�n�i�z�e�d� �g�r�o�u�p�s� �o�f� �s�p�e�c�i�m�e�n�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �t�h�o�u�g�h�t� �t�o� 

�p�o�s�s�i�b�l�y� �r�e�p�r�e�s�e�n�t� �t�h�r�e�e� �t�o� �f�i�v�e� �s�p�e�c�i�e�s�,� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e� �o�n� �o�r�g�a�n�i�s�m�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �h�a�b�i�t�a�t� �w�a�s� �a�l�t�e�r�e�d� �b�y� �g�l�a�c�i�o�-� 

�e�u�s�t�a�t�i�c� �c�h�a�n�g�e�s� �o�f� �s�e�a� �l�e�v�e�l�.� 

�S�e�v�e�r�a�l� �m�u�l�t�i�v�a�r�i�a�t�e� �t�e�s�t�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �s�e�t�,� �s�i�n�c�e� 

�s�h�a�p�e� �v�a�r�i�a�t�i�o�n� �w�a�s� �m�a�s�k�e�d� �b�y� �s�i�z�e�.� �G�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�s� �i�n� �t�h�e� �o�l�d�e�s�t� �t�i�m�e� 

�p�l�a�n�e� �s�t�u�d�i�e�d�,� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s�,� �w�h�i�c�h� �i�n�h�a�b�i�t�e�d� 

�e�n�v�i�r�o�n�m�e�n�t�s� �f�r�o�m� �V�i�r�g�i�n�i�a� �t�o� �G�e�o�r�g�i�a�,� �e�x�h�i�b�i�t�e�d� �a� �l�o�n�g�e�r� �p�o�s�t�e�r�i�o�r� �p�e�d�a�l� �r�e�t�r�a�c�t�o�r� �h�e�i�g�h�t� 

�(�P�P�R�H�)� �a�n�d� �a� �s�h�o�r�t�e�r� �a�n�t�e�r�i�o�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �l�e�n�g�t�h� �(�A�A�M�L�)� �t�h�a�n� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s�,� 

�w�h�i�c�h� �i�n�h�a�b�i�t�e�d� �F�l�o�r�i�d�a�.� �C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �i�n�d�i�c�a�t�e�d� �t�h�e�s�e� 

�d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �n�o�t� �o�f� �s�p�e�c�i�f�i�c� �r�a�n�k�.� �T�h�u�s�,� �M� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �a�r�e� 

�s�y�n�o�n�y�m�o�u�s� �s�p�e�c�i�e�s� �b�u�t� �s�e�p�a�r�a�t�e� �s�u�b�s�p�e�c�i�e�s� �o�r� �g�e�o�g�r�a�p�h�i�c�a�l� �r�a�c�e�s�,� �i�n�d�i�c�a�t�i�n�g� 

�g�e�o�g�r�a�p�h�i�c�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �M�.� �u�n�d�u�l�a�t�u�s� �f�r�o�m� 

�V�i�r�g�i�n�i�a� �t�o� �G�e�o�r�g�i�a� �b�e� �n�a�m�e�d� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �F�l�o�r�i�d�a� 

�b�e� �n�a�m�e�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �A� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �w�h�i�c�h� �i�n�h�a�b�i�t�e�d� �F�l�o�r�i�d�a� 

�i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�,� �a�r�e� �s�y�n�o�n�y�m�o�u�s� �s�p�e�c�i�e�s�,� �a�s� �s�h�o�w�n� �b�y� �C�D�A�.� �T�h�e�y� �b�o�t�h� �e�x�h�i�b�i�t� 

�1�1�3



�a� �m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �p�o�s�t�e�r�i�o�r� �l�e�n�g�t�h�,� �a� �m�o�d�e�r�a�t�e� �t�o� �l�o�n�g� �A�A�M�L�,� �a�n�d� �a� �m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� 

�p�o�s�t�e�r�i�o�r� �p�a�l�l�i�a�l� �r�a�d�i�a�l� �d�i�s�t�a�n�c�e� �(�P�P�R�D�)�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �1�4� �s�p�.� �A� �b�e� �n�a�m�e�d� �M�.� 

�u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �s�u�r�v�i�v�e�d� �t�h�e� �f�i�r�s�t� �o�f� �a� �s�e�r�i�e�s� �o�f� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �g�e�o�l�o�g�i�c�a�l�l�y� �y�o�u�n�g�e�r� 

�l�o�w�e�r� �u�p�p�e�r� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �o�l�d�e�r� �R�u�s�h�m�e�r�e� 

�M�e�m�b�e�r� �a�r�e� �s�y�n�o�n�y�m�o�u�s� �s�p�e�c�i�e�s�,� �a�s� �s�h�o�w�n� �b�y� �C�D�A�.� �T�h�e�s�e� �s�p�e�c�i�e�s� �e�x�h�i�b�i�t� �a� �m�o�d�e�r�a�t�e� 

�t�o� �t�a�l�l� �h�e�i�g�h�t�,� �a� �m�o�d�e�r�a�t�e� �t�o� �s�h�o�r�t� �A�A�M�L�,� �a�n�d� �a� �m�o�d�e�r�a�t�e� �t�o� �l�o�n�g� �P�P�R�D�.� �T�h�u�s�,� 

�m�o�r�p�h�o�l�o�g�i�c�a�l� �s�t�a�b�i�l�i�t�y� �o�r� �s�t�a�s�i�s� �e�x�i�s�t�s� �i�n� �t�h�e� �e�a�r�l�y� �l�a�t�e� �P�l�i�o�c�e�n�e�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �M�.� 

�u�n�d�u�l�a�t�u�s� �f�r�o�m� �t�h�e� �M�o�o�r�e� �H�o�u�s�e� �M�e�m�b�e�r� �b�e� �a�s�s�i�g�n�e�d� �t�o� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s�.� 

�T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �s�u�r�v�i�v�e�d� �a� �l�a�t�e� �P�l�i�o�c�e�n�e� �r�e�g�i�o�n�a�l� �e�x�t�i�n�c�t�i�o�n� �e�v�e�n�t� 

�a�l�o�n�g� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �M�.� �s�p�.� �B� �o�f� �t�h�e� �C�h�o�w�a�n� �R�i�v�e�r� �F�o�r�m�a�t�i�o�n�.� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �f�r�o�m� �F�l�o�r�i�d�a� �e�x�h�i�b�i�t� �c�l�o�s�e�r� 

�m�o�r�p�h�o�l�o�g�i�e�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �i�n� �t�h�a�t� �t�h�e�y� �t�e�n�d� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� 

�P�P�R�H� �a�n�d� �l�o�n�g�e�r� �A�A�M�L�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �s�p�.� �B� �t�e�n�d�s� �t�o� �h�a�v�e� �a� �s�h�o�r�t�e�r� �a�n�t�e�r�i�o�r� �p�a�l�l�i�a�l� 

�r�a�d�i�a�l� �d�i�s�t�a�n�c�e� �(�A�P�R�D�)� �t�h�a�n� �M�.� �u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �a�n�d� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�.� 

�T�h�i�s� �u�n�d�e�s�c�r�i�b�e�d� �s�p�e�c�i�e�s� �w�a�s� �p�r�o�b�a�b�l�y� �d�e�r�i�v�e�d� �f�r�o�m� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s�,� �w�h�i�c�h� 

�r�e�p�o�p�u�l�a�t�e�d� �n�o�r�t�h�w�a�r�d� �f�r�o�m� �F�l�o�r�i�d�a� �w�h�e�n� �l�o�c�a�l� �c�o�n�d�i�t�i�o�n�s� �c�h�a�n�g�e�d�.� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� 

�u�n�d�u�l�a�t�u�s� �u�n�d�u�l�a�t�u�s� �p�r�o�b�a�b�l�y� �b�e�c�a�m�e� �e�x�t�i�n�c�t� �a�f�t�e�r� �t�h�e� �p�o�s�t�-� �Y�o�r�k�t�o�w�n� �c�o�o�l�i�n�g� �e�v�e�n�t�.� 

�T�h�e� �M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �s�u�r�v�i�v�e�d� �a�n�o�t�h�e�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e� �i�n� �t�h�e� �e�a�r�l�y� 

�P�l�e�i�s�t�o�c�e�n�e�,� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �M�.� �k�a�u�f�f�m�a�n�i�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �s�p�e�c�i�m�e�n�s�,� 
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�n�o� �C�D�A� �w�a�s� �r�u�n� �o�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �H�o�w�e�v�e�r�,� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� �t�h�e� �C�h�o�w�a�n� 

�R�i�v�e�r� �F�o�r�m�a�t�i�o�n� �m�a�y� �b�e� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �f�o�r�m� �b�e�t�w�e�e�n� �M�.� �u�n�d�u�l�a�t�u�s� �m�e�r�i�d�i�o�n�a�l�i�s� �o�f� 

�F�l�o�r�i�d�a� �a�n�d� �M�.� �k�a�u�f�f�m�a�n�i�.� �S�p�e�c�u�l�a�t�i�o�n� �o�n� �a� �n�e�w� �t�a�x�o�n�o�m�i�c� �a�s�s�i�g�n�m�e�n�t� �f�o�r� �M�.� �k�a�u�f�f�m�a�n�i� 

�w�i�l�l� �n�o�t� �b�e� �m�a�d�e� �u�n�t�i�l� �m�o�r�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �e�x�a�m�i�n�e�d�.� 

�A�n�o�t�h�e�r� �p�u�l�s�e� �o�f� �g�l�a�c�i�a�l� �c�o�o�l�i�n�g� �r�e�s�u�l�t�e�d� �i�n� �a�n� �e�x�t�r�e�m�e� �r�e�g�r�e�s�s�i�o�n�.� �T�h�e� 

�M�a�r�v�a�c�r�a�s�s�a�t�e�l�l�a� �l�i�n�e�a�g�e� �b�e�c�a�m�e� �e�x�t�i�n�c�t� �d�u�r�i�n�g� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e� �i�n� �t�h�e� �e�a�r�l�y� 

�P�l�e�i�s�t�o�c�e�n�e�,� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �a� �w�a�r�m�-�t�e�m�p�e�r�a�t�e� �e�n�v�i�r�o�n�m�e�n�t� �d�u�r�i�n�g� 

�P�l�e�i�s�t�o�c�e�n�e� �t�i�m�e�.� �I�n� �e�s�s�e�n�c�e�,� �t�h�i�s� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �o�n�e� �s�p�e�c�i�e�s�,� �v�a�r�i�a�b�l�e� �i�n� �s�h�a�p�e�,� �w�i�t�h� 

�s�e�v�e�r�a�l� �s�u�b�s�p�e�c�i�e�s� �o�v�e�r� �a� �w�i�d�e� �g�e�o�g�r�a�p�h�i�c�a�l� �r�a�n�g�e� �a�n�d� �t�h�r�o�u�g�h� �t�i�m�e�.� �T�h�e� �s�h�a�p�e� �v�a�r�i�a�t�i�o�n� 

�a�m�o�n�g� �t�h�e� �g�r�o�u�p�s� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �g�e�n�e�t�i�c� �c�h�a�n�g�e� �w�i�t�h� �a� �p�o�s�s�i�b�l�e� �e�c�o�l�o�g�i�c� �e�f�f�e�c�t�.� 
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�L�I�T�E�R�A�T�U�R�E� �C�I�T�E�D� 

�A�g�e�r�,� �D�.�V�.� �1�9�5�6�.� �G�e�o�g�r�a�p�h�i�c�a�l� �F�a�c�t�o�r�s� �i�n� �t�h�e� �D�e�f�i�n�i�t�i�o�n� �o�f� �F�o�s�s�i�l� �S�p�e�c�i�e�s�.� �S�y�s�t�.� �A�s�s�o�c�.� 

�P�u�b�l�.� �N�o�.� �2�:� �1�0�5�-�1�0�9�.� 

�A�k�e�r�s�,� �W�.�H�.� �1�9�7�2�.� �P�l�a�n�k�t�o�n�i�c� �F�o�r�a�m�i�n�i�f�e�r�a� �a�n�d� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �o�f� �S�o�m�e� �N�e�o�g�e�n�e� 

�F�o�r�m�a�t�i�o�n�s�,� �N�o�r�t�h�e�r�n� �F�l�o�r�i�d�a� �a�n�d� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �T�u�l�a�n�e� �S�t�u�d�i�e�s� �i�n� �G�e�o�l�o�g�y� �a�n�d� 

�P�a�l�e�o�n�t�o�l�o�g�y� �9� �(�1�-�4�)�:� �1�-�1�3�9�.� 

�A�l�l�m�o�n�,� �W�.�D�.�,� �G�.� �R�o�s�e�n�b�e�r�g�,� �R�.�W�.� �P�o�r�t�e�l�l�,� �a�n�d� �K�.� �S�c�h�i�n�d�l�e�r�.� �1�9�9�6�.� �D�i�v�e�r�s�i�t�y� �o�f� 

�P�l�i�o�c�e�n�e�-�R�e�c�e�n�t� �M�o�l�l�u�s�k�s� �i�n� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c�:� �E�x�t�i�n�c�t�i�o�n�,� �O�r�i�g�i�n�a�t�i�o�n�,� �a�n�d� 

�E�n�v�i�r�o�n�m�e�n�t�a�l� �C�h�a�n�g�e�.� �I�n�:� �J�a�c�k�s�o�n�,� �J�.�B�.�C�.�,� �A�.�F�.� �B�u�d�d�,� �a�n�d� �A�.�G�.� �C�o�a�t�e�s� �(�e�d�s�.�)�.� 

�E�v�o�l�u�t�i�o�n� �a�n�d� �E�n�v�i�r�o�n�m�e�n�t� �i�n� �T�r�o�p�i�c�a�l� �A�m�e�r�i�c�a�.� �T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� 

�C�h�i�c�a�g�o� �a�n�d� �L�o�n�d�o�n�.� �p�.� �2�7�1�-�3�0�2�.� 

�A�n�s�e�l�l�,� �A�.�D�.� �1�9�6�2�.� �O�b�s�e�r�v�a�t�i�o�n�s� �o�n� �B�u�r�r�o�w�i�n�g� �i�n� �t�h�e� �V�e�n�e�r�i�d�a�e� �(�E�u�l�a�m�e�l�l�i�b�r�a�n�c�h�i�a�)�:� 

�B�i�o�l�.� �B�u�l�l�.�,� �v�.� �1�2�3�:� �5�2�1�-�5�3�0�.� 

�B�l�a�c�k�w�e�l�d�e�r�,� �B�.�W�.� �1�9�8�0�.� �L�a�t�e� �C�e�n�o�z�o�i�c� �M�a�r�i�n�e� �D�e�p�o�s�i�t�i�o�n� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� 

�A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n� �R�e�l�a�t�e�d� �t�o� �T�e�c�t�o�n�i�s�m� �a�n�d� �G�l�o�b�a�l� �C�l�i�m�a�t�e�.� �P�a�l�a�e�o�c�e�a�n�o�g�r�a�p�h�y�,� 

�P�a�l�a�e�o�c�l�i�m�a�t�o�l�o�g�y�,� �P�a�l�a�e�o�e�c�o�l�o�g�y� �3�4�:� �8�7�-�1�1�4�.� 

�B�l�a�c�k�w�e�l�d�e�r�,� �B�.�W�.� �1�9�8�1�a�.� �S�t�r�a�t�i�g�r�a�p�h�y� �o�f� �U�p�p�e�r� �P�l�i�o�c�e�n�e� �a�n�d� �L�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� 

�M�a�r�i�n�e� �a�n�d� �E�s�t�u�a�r�i�n�e� �D�e�p�o�s�i�t�s� �o�f� �N�o�r�t�h�e�a�s�t�e�r�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �a�n�d� �S�o�u�t�h�e�a�s�t�e�r�n� 

�V�i�r�g�i�n�i�a�.� �U�S�G�S� �B�u�l�l�e�t�i�n� �1�5�0�2�-�B�.� �p�p�.� �1�6�.� 
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�B�l�a�c�k�w�e�l�d�e�r�,� �B�.�W�.� �1�9�8�1�b�.� �L�a�t�e� �C�e�n�o�z�o�i�c� �S�t�a�g�e�s� �a�n�d� �M�o�l�l�u�s�c�a�n� �Z�o�n�e�s� �o�f� �t�h�e� �U�n�i�t�e�d� 

�S�t�a�t�e�s� �M�i�d�d�l�e� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �J�o�u�r�n�a�l� �o�f� �P�a�l�e�o�n�t�o�l�o�g�y� �v�.� �5�5�,� �S�u�p�p�l�e�m�e�n�t� �t�o� �N�o�.� 

�5�,� �P�a�r�t� �I�I� �o�f� �I�I�.� �P�a�l�e�o�n�t�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y�,� �M�e�m�o�i�r� �1�2�.� �p�p�.� �3�4�.� 

�B�l�a�c�k�w�e�l�d�e�r�,� �R�.�E�.� �1�9�6�7�.� �T�a�x�o�n�o�m�y�,� �a� �T�e�x�t� �a�n�d� �R�e�f�e�r�e�n�c�e� �B�o�o�k�.� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� 

�I�n�c�.� �N�Y�.� �p�p�.� �6�9�8� 

�B�l�o�w�,� �W�.�H�.� �1�9�6�9�.� �L�a�t�e� �M�i�d�d�l�e� �E�o�c�e�n�e� �t�o� �R�e�c�e�n�t� �P�l�a�n�k�t�o�n�i�c� �F�o�r�a�m�i�n�i�f�e�r�a�l� 

�B�i�o�s�t�r�a�t�i�g�r�a�p�h�y�.� �I�n�:� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �F�i�r�s�t� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� �P�l�a�n�k�t�o�n�i�c� 

�M�i�c�r�o�f�o�s�s�i�l�s�.� �G�e�n�e�v�a�.� �p�.� �1�9�9�-�4�2�2�.� 

�C�a�r�t�e�r�,� �R�.�M�.� �1�9�6�8�.� �O�n� �t�h�e� �B�i�o�l�o�g�y� �a�n�d� �P�a�l�e�o�n�t�o�l�o�g�y� �o�f� �S�o�m�e� �P�r�e�d�a�t�o�r�s� �o�f� �B�i�v�a�l�v�e�d� 

�M�o�l�l�u�s�c�a�:� �P�a�l�a�e�o�g�e�o�g�r�a�p�h�y�,� �P�a�l�a�e�o�c�l�i�m�a�t�o�l�o�g�y�,� �P�a�l�a�e�o�e�c�o�l�o�g�y�,� �v�.� �4�:� �2�9�-�6�5�.� 

�C�o�o�k�e�,� �C�.�W�.� �1�9�3�6�.� �G�e�o�l�o�g�y� �o�f� �t�h�e� �C�o�a�s�t�a�l� �P�l�a�i�n� �o�f� �S�o�u�t�h� �C�a�r�o�l�i�n�a�:� �U�S�G�S� �B�u�l�l�e�t�i�n� 

�8�6�7�:� �1�-�1�9�6�.� 

�C�r�o�n�i�n�,� �T�.�M�.� �1�9�8�1�.� �R�a�t�e�s� �a�n�d� �P�o�s�s�i�b�l�e� �C�a�u�s�e�s� �o�f� �N�e�o�t�e�c�t�o�n�i�c� �V�e�r�t�i�c�a�l� �C�r�u�s�t�a�l� 

�M�o�v�e�m�e�n�t�s� �o�f� �t�h�e� �E�m�e�r�g�e�d� �S�o�u�t�h�e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �G�S�A� 

�B�u�l�l�e�t�i�n� �P�a�r�t� �1�,� �v�.� �9�2�:� �8�1�2�-�8�3�3�.� 

�C�u�l�v�e�r�,� �S�.�J�.�,� �M�.�B�.� �B�u�z�a�s�,� �a�n�d� �L�.�S�.� �C�o�l�l�i�n�s�.� �1�9�8�7�.� �O�n� �t�h�e� �V�a�l�u�e� �o�f� �T�a�x�o�n�o�m�i�c� 

�S�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �i�n� �E�v�o�l�u�t�i�o�n�a�r�y� �S�t�u�d�i�e�s�.� �P�a�l�e�o�b�i�o�l�o�g�y� �1�3� �(�2�)�:� �1�6�9�-�1�7�6�.� 

�D�a�l�l�,� �W�.�H�.� �a�n�d� �G�.�D�.� �H�a�r�r�i�s�.� �1�8�9�2�.� �C�o�r�r�e�l�a�t�i�o�n� �P�a�p�e�r�s�-�N�e�o�c�e�n�e�.� �U�S�G�S� �B�u�l�l�e�t�i�n� �8�4�:� 

�1�2�3�-�1�2�4�.� 
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�D�u�B�a�r�,� �J�.�R�.� �a�n�d� �J�.�R�.� �S�o�l�l�i�d�a�y�.� �1�9�6�3�.� �S�t�r�a�t�i�g�r�a�p�h�y� �o�f� �t�h�e� �N�e�o�g�e�n�e� �D�e�p�o�s�i�t�s�,� �L�o�w�e�r� 

�N�e�u�s�e� �E�s�t�u�a�r�y�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �S�o�u�t�h�e�a�s�t�e�r�n� �G�e�o�l�o�g�y� �4� �(�4�)�:� �2�1�3�-�2�3�3�.� 

�E�l�d�r�e�d�g�e�,� �N�.� �a�n�d� �S�.�J�.� �G�o�u�l�d�.� �1�9�7�2�.� �P�u�n�c�t�u�a�t�e�d� �E�q�u�i�l�i�b�r�i�a�:� �A�n� �A�l�t�e�r�n�a�t�i�v�e� �t�o� �P�h�y�l�e�t�i�c� 

�G�r�a�d�u�a�l�i�s�m�.� �I�n�:� �S�c�h�o�p�f�,� �T�.�J�.�M�.� �(�e�d�.�)�.� �M�o�d�e�l�s� �i�n� �P�a�l�e�o�b�i�o�l�o�g�y�.� �F�r�e�e�m�a�n�,� �C�o�o�p�e�r� �&� �C�o�.� 

�S�a�n� �F�r�a�n�c�i�s�c�o�.� �p�.� �8�2�-�1�1�5�.� 

�G�i�l�i�n�s�k�y�,� �N�.�L�.� �1�9�9�1�.� �E�s�t�i�m�a�t�i�n�g� �P�r�o�b�a�b�i�l�i�t�i�e�s� �o�f� �O�r�i�g�i�n�a�t�i�o�n� �a�n�d� �E�x�t�i�n�c�t�i�o�n�.� �I�n�:� 

�D�u�d�l�e�y�,� �E�.�C�.� �(�e�d�.�)�.� �T�h�e� �U�n�i�t�y� �o�f� �E�v�o�l�u�t�i�o�n�a�r�y� �B�i�o�l�o�g�y�.� �D�i�o�s�c�o�r�i�d�e�s� �P�r�e�s�s�.� �P�o�r�t�l�a�n�d�,� 

�O�R�.� �p�.� �2�3�7�-�2�5�5�.� 

�G�o�u�l�d�,� �S�.�J�.� �1�9�6�9�.� �A�n� �E�v�o�l�u�t�i�o�n�a�r�y� �M�i�c�r�o�c�o�s�m�:� �P�l�e�i�s�t�o�c�e�n�e� �a�n�d� �R�e�c�e�n�t� �H�i�s�t�o�r�y� �o�f� �t�h�e� 

�L�a�n�d� �S�n�a�i�l� �P�.� �(�P�o�e�c�i�l�o�z�o�n�i�t�e�s�)� �i�n� �B�e�r�m�u�d�a�.� �I�n�:� �B�u�l�l�e�t�i�n� �o�f� �t�h�e� �M�u�s�e�u�m� �o�f� �C�o�m�p�a�r�a�t�i�v�e� 

�Z�o�o�l�o�g�y� �1�3�8� �(�7�)�.� �H�a�r�v�a�r�d� �U�n�i�v�e�r�s�i�t�y�.� �C�a�m�b�r�i�d�g�e�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�.� �p�.� �4�0�7�-�5�3�2�.� 

�H�a�l�l�a�m�,� �A�.� �1�9�8�9�.� �T�h�e� �C�a�s�e� �f�o�r� �S�e�a� �L�e�v�e�l� �C�h�a�n�g�e� �a�s� �a� �D�o�m�i�n�a�n�t� �C�a�u�s�a�l� �F�a�c�t�o�r� �i�n� �M�a�s�s� 

�E�x�t�i�n�c�t�i�o�n�s� �o�f� �M�a�r�i�n�e� �I�n�v�e�r�t�e�b�r�a�t�e�s�.� �I�n�:� �P�h�i�l�.� �T�r�a�n�s�.� �R�.� �S�o�c�.� �L�o�n�d�o�n�.� �B�3�2�5�:� �4�3�7�-�4�5�5�.� 

�H�a�l�l�a�m�,� �A�.� �1�9�9�0�.� �M�a�s�s� �E�x�t�i�n�c�t�i�o�n�:� �P�r�o�c�e�s�s�e�s�.� �I�n�:� �B�r�i�g�g�s�,� �D�.�E�.�G�.� �a�n�d� �P�.�R�.� �C�r�o�w�t�h�e�r� 

�(�e�d�s�.�)�.� �P�a�l�e�o�b�i�o�l�o�g�y� �-� �A� �S�y�n�t�h�e�s�i�s�.� �B�l�a�c�k�w�e�l�l� �S�c�i�e�n�t�i�f�i�c� �P�u�b�l�i�c�a�t�i�o�n�.� �p�.� �1�6�0�-�2�0�9�.� 

�H�a�z�e�l�,� �J�.�E�.� �1�9�7�1�.� �O�s�t�r�a�c�o�d�e� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �F�o�r�m�a�t�i�o�n� �(�U�p�p�e�r� 

�M�i�o�c�e�n�e� �a�n�d� �L�o�w�e�r� �P�l�i�o�c�e�n�e�)� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �U�S�G�S� �P�r�o�f�.� �P�a�p�e�r� �7�0�4�.� 

�U�n�i�t�e�d� �S�t�a�t�e�s� �G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� �p�p�.� �1�3�.� 

�H�a�z�e�l�,� �J�.�E�.� �1�9�7�7�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �S�o�m�e� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c�a�l�l�y� �D�i�a�g�n�o�s�t�i�c� �O�s�t�r�a�c�o�d�e�s� �i�n� �t�h�e� 

�P�l�i�o�c�e�n�e� �a�n�d� �l�o�w�e�r� �P�l�e�i�s�t�o�c�e�n�e� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �N�o�r�t�h�e�r�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �U�S�G�S� �J�o�u�r�n�a�l� 

�o�f� �R�e�s�e�a�r�c�h�,� �v�.�5�,� �n�o�.�3�:� �3�7�3�-�3�8�8�.� 
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�H�a�z�e�l�,� �J�.�E�.� �1�9�8�3�.� �A�g�e� �a�n�d� �C�o�r�r�e�l�a�t�i�o�n� �o�f� �t�h�e� �Y�o�r�k�t�o�w�n� �(�P�l�i�o�c�e�n�e�)� �a�n�d� �C�r�o�a�t�a�n� 

�(�P�l�i�o�c�e�n�e� �a�n�d� �P�l�e�i�s�t�o�c�e�n�e�)� �F�o�r�m�a�t�i�o�n�s� �a�t� �L�e�e� �C�r�e�e�k� �M�i�n�e�.� �I�n�:� �R�a�y�,� �C�.�E�.� �(�e�d�.�)�.� �G�e�o�l�o�g�y� 

�a�n�d� �P�a�l�e�o�n�t�o�l�o�g�y� �o�f� �t�h�e� �L�e�e� �C�r�e�e�k� �M�i�n�e�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� �P�a�r�t� �I�.� �S�m�i�t�h�s�o�n�i�a�n� 

�C�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �P�a�l�e�o�b�i�o�l�o�g�y� �N�o�.� �5�3�.� �S�m�i�t�h�s�o�n�i�a�n� �I�n�s�t�i�t�u�t�i�o�n� �P�r�e�s�s�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�p�.� �8�1�-�2�0�0�.� 

�J�o�h�n�s�o�n�,� �A�.�L�.�A�.� �1�9�8�1�.� �D�e�t�e�c�t�i�o�n� �o�f� �E�c�o�p�h�e�n�o�t�y�p�i�c� �V�a�r�i�a�t�i�o�n� �i�n� �F�o�s�s�i�l�s� �a�n�d� �i�t�s� 

�A�p�p�l�i�c�a�t�i�o�n� �t�o� �a� �J�u�r�a�s�s�i�c� �S�c�a�l�l�o�p�.� �L�e�t�h�a�i�a� �1�4�:� �2�7�7�-�2�8�5�.� 

�J�o�h�n�s�o�n�,� �R�.�A�.� �1�9�8�9�.� �G�e�o�l�o�g�i�c� �D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �S�e�l�e�c�t�e�d� �E�x�p�o�s�u�r�e�s� �i�n� �F�l�o�r�i�d�a�.� �S�p�e�c�i�a�l� 

�P�u�b�l�i�c�a�t�i�o�n� �N�o�.� �3�0�.� �F�l�o�r�i�d�a� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y�.� �T�a�l�l�a�h�a�s�s�e�e�.� �p�.� �1�-�9�.� 

�J�o�n�e�s�,� �D�.�S�.� �a�n�d� �P�.�F�.� �H�a�s�s�o�n�.� �1�9�8�5�.� �H�i�s�t�o�r�y� �a�n�d� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �M�a�r�i�n�e� �I�n�v�e�r�t�e�b�r�a�t�e� 

�F�a�u�n�a�s� �S�e�p�a�r�a�t�e�d� �b�y� �t�h�e� �C�e�n�t�r�a�l� �A�m�e�r�i�c�a�n� �I�s�t�h�m�u�s�.� �I�n�:� �S�t�e�h�l�i�,� �F�.�G�.� �a�n�d� �S�.�D�.� �W�e�b�b� 

�(�e�d�s�.�)�.� �T�h�e� �G�r�e�a�t� �A�m�e�r�i�c�a�n� �B�i�o�t�i�c� �I�n�t�e�r�c�h�a�n�g�e�.� �P�l�e�n�u�m� �P�u�b�l�i�s�h�i�n�g� �C�o�r�p�.� �C�h�.�1�3�.� 

�p�.� �3�2�5�-�3�5�5�.� 

�J�o�n�e�s�,� �D�.�S�.�,� �B�.�J�.� �M�a�c�F�a�d�d�e�n�,� �S�.�D�.� �W�e�b�b�,� �P�.�A�.� �M�u�e�l�l�e�r�,� �D�.�A�.� �H�o�d�e�l�l�,� �a�n�d� �T�.�M�.� �C�r�o�n�i�n�.� 

�1�9�9�1�.� �I�n�t�e�g�r�a�t�e�d� �G�e�o�c�h�r�o�n�o�l�o�g�y� �o�f� �a� �C�l�a�s�s�i�c� �P�l�i�o�c�e�n�e� �F�o�s�s�i�l� �S�i�t�e� �i�n� �F�l�o�r�i�d�a�:� �L�i�n�k�i�n�g� 

�M�a�r�i�n�e� �a�n�d� �T�e�r�r�e�s�t�r�i�a�l� �B�i�o�c�h�r�o�n�o�l�o�g�i�e�s�.� �J�o�u�r�n�a�l� �o�f� �G�e�o�l�o�g�y� �9�9� �(�5�)�:� �6�3�7�-�6�4�8�.� 

�K�a�c�h�i�g�a�n�,� �S�.�K�.� �1�9�9�1�.� �M�u�l�t�i�v�a�r�i�a�t�e� �S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �-� �A� �C�o�n�c�e�p�t�u�a�l� �I�n�t�r�o�d�u�c�t�i�o�n� �(�2�n�d� 

�e�d�.�)�.� �R�a�d�i�u�s� �P�r�e�s�s�.� �N�e�w� �Y�o�r�k�.� �p�p�.� �3�0�3�.� 

�K�e�t�c�h�e�r�,� �K�.�M�.� �1�9�9�2�.� �S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �E�n�v�i�r�o�n�m�e�n�t� �o�f� �B�e�d� �1�1� �o�f� �t�h�e�  ��P�i�n�e�c�r�e�s�t �� �B�e�d�s� �a�t� 

�S�a�r�a�s�o�t�a�,� �F�l�o�r�i�d�a�.� �I�n�:� �S�c�o�t�t�,� �T�.�M�.� �a�n�d� �W�.�D�.� �A�l�l�m�o�n� �(�e�d�s�.�)�.� �T�h�e� �P�l�i�o�-�P�l�e�i�s�t�o�c�e�n�e� 

�1�1�9



�S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �P�a�l�e�o�n�t�o�l�o�g�y� �o�f� �S�o�u�t�h�e�r�n� �F�l�o�r�i�d�a�.� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �N�o�.� �3�6�.� �F�l�o�r�i�d�a� 

�G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y�.� �T�a�l�l�a�h�a�s�s�e�e�.� �p�.� �1�6�7�-�1�7�6�.� 

�L�y�o�n�s�,� �W�.�G�.� �1�9�9�1�.� �P�o�s�t�-�M�i�o�c�e�n�e� �S�p�e�c�i�e�s� �o�f� �L�a�t�i�r�u�s� �M�o�n�t�f�o�r�t�,� �1�8�1�0� �(�M�o�l�l�u�s�c�a�:� 

�F�a�s�c�i�o�l�a�r�i�i�d�a�e�)� �o�f� �S�o�u�t�h�e�r�n� �F�l�o�r�i�d�a�,� �w�i�t�h� �a� �R�e�v�i�e�w� �o�f� �R�e�g�i�o�n�a�l� �M�a�r�i�n�e� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y�.� 

�B�i�o�l�o�g�i�c�a�l� �S�c�i�e�n�c�e�s� �3�5� �(�3�)�:� �1�3�1�-�2�0�8�.� 

�M�a�n�s�f�i�e�l�d�,� �W�.�C�.� �1�9�3�0�.� �M�i�o�c�e�n�e� �G�a�s�t�r�o�p�o�d�s� �a�n�d� �S�c�a�p�h�o�p�o�d�s� �o�f� �t�h�e� �C�h�o�c�t�a�w�h�a�t�c�h�e�e� 

�F�o�r�m�a�t�i�o�n� �o�f� �F�l�o�r�i�d�a�.� �F�l�o�r�i�d�a� �S�t�a�t�e� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y� �B�u�l�l�.� �N�o�.� �3�.� �T�a�l�l�a�h�a�s�s�e�e�,� �F�L�.� �p�.� 

�1�-�1�8�5�.� 

�M�a�n�s�f�i�e�l�d�,� �W�.�C�.� �1�9�3�2�.� �M�i�o�c�e�n�e� �P�e�l�e�c�y�p�o�d�s� �o�f� �t�h�e� �C�h�o�c�t�a�w�h�a�t�c�h�e�e� �F�o�r�m�a�t�i�o�n� �o�f� 

�F�l�o�r�i�d�a�.� �F�l�o�r�i�d�a� �S�t�a�t�e� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y� �B�u�l�l�.� �N�o�.� �8�.� �T�a�l�l�a�h�a�s�s�e�e�,� �F�L�.� �p�.� �1�-�2�4�0�.� 

�M�a�n�s�f�i�e�l�d�,� �W�.�C�.� �1�9�4�4�.� �S�t�r�a�t�i�g�r�a�p�h�y� �o�f� �t�h�e� �M�i�o�c�e�n�e� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �t�h�e� �M�i�o�c�e�n�e� �a�n�d� 

�P�l�i�o�c�e�n�e� �o�f� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �I�n�:� �G�a�r�d�n�e�r�,� �J�.�A�.� �(�e�d�.�)�.� �M�o�l�l�u�s�c�a� �f�r�o�m� �t�h�e� �M�i�o�c�e�n�e� �a�n�d� 

�L�o�w�e�r� �P�l�i�o�c�e�n�e� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �U�S�G�S� �P�r�o�f�.� �P�a�p�e�r� �1�9�9�-�A�.� �U�n�i�t�e�d� �S�t�a�t�e�s� 

�G�o�v�e�r�n�m�e�n�t� �P�r�i�n�t�i�n�g� �O�f�f�i�c�e�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� �p�.� �1�-�1�9�.� 

�M�a�y�r�,� �E�.� �1�9�5�4�.� �C�h�a�n�g�e� �o�f� �G�e�n�e�t�i�c� �E�n�v�i�r�o�n�m�e�n�t� �a�n�d� �E�v�o�l�u�t�i�o�n�.� �I�n�:� �H�u�x�l�e�y�,� �J�.�,� �A�.�C�.� 

�H�a�r�d�y�,� �a�n�d� �E�.�B�.� �F�o�r�d� �(�e�d�s�.�)�.� �E�v�o�l�u�t�i�o�n� �a�s� �a� �P�r�o�c�e�s�s�.� �A�l�l�e�n� �a�n�d� �U�n�w�i�n�.� �L�o�n�d�o�n�.� �p�.� �1�5�7�-� 

�1�8�0�.� 

�M�i�l�l�e�r�,� �B�.�L�.� �1�9�1�2�.� �T�h�e� �T�e�r�t�i�a�r�y� �F�o�r�m�a�t�i�o�n�s�.� �I�n�:� �C�l�a�r�k�,� �W�.�B�.�,� �B�.�L�.� �M�i�l�l�e�r�,� �L�.�W�.� 

�S�t�e�p�h�e�n�s�o�n�,� �B�.�L�.� �J�o�h�n�s�o�n�,� �a�n�d� �H�.�N�.� �P�a�r�k�e�r� �(�e�d�s�.�)�.� �T�h�e� �C�o�a�s�t�a�l� �P�l�a�i�n� �o�f� �N�o�r�t�h� �C�a�r�o�l�i�n�a�:� 

�N�o�r�t�h� �C�a�r�o�l�i�n�a� �G�e�o�l�o�g�i�c� �a�n�d� �E�c�o�n�o�m�i�c� �S�u�r�v�e�y� �3�:� �1�7�1�-�2�5�8�.� 

�1�2�0



�M�o�o�r�e�,� �R�.�C�.� �(�e�d�.�)�.� �1�9�6�9�.� �T�r�e�a�t�i�s�e� �o�n� �I�n�v�e�r�t�e�b�r�a�t�e� �P�a�l�e�o�n�t�o�l�o�g�y�.� �G�S�A� �a�n�d� �U�n�i�v�e�r�s�i�t�y� �o�f� 

�K�a�n�s�a�s�.� �L�a�w�r�e�n�c�e�,� �K�S�.� �(�N�)� �M�o�l�l�u�s�c�a� �6� �(�1� �o�f� �3�)�.� �p�p�.� �N�1�-�N�4�8�9�.� 

�P�e�t�u�c�h�,� �E�.�J�.� �1�9�8�2�.� �N�o�t�e�s� �o�n� �t�h�e� �M�o�l�l�u�s�c�a�n� �P�a�l�e�o�e�c�o�l�o�g�y� �o�f� �t�h�e� �P�i�n�e�c�r�e�s�t� �B�e�d�s� �a�t� 

�S�a�r�a�s�o�t�a�,� �F�l�o�r�i�d�a� �w�i�t�h� �t�h�e� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �P�y�r�u�e�l�l�a�,� �a� �S�t�r�a�t�i�g�r�a�p�h�i�c�a�l�l�y� �I�m�p�o�r�t�a�n�t� �N�e�w� 

�G�e�n�u�s� �(�G�a�s�t�r�o�p�o�d�a�:� �M�e�l�o�n�g�e�n�i�d�a�e�)�.� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �A�c�a�d�e�m�y� �o�f� �N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s� �o�f� 

�P�h�i�l�a�d�e�l�p�h�i�a� �1�3�4�:� �1�2�-�3�0�.� 

�P�o�p�e�n�o�e�,� �P�.� �1�9�8�5�.� �C�e�n�o�z�o�i�c� �D�e�p�o�s�i�t�i�o�n�a�l� �a�n�d� �S�t�r�u�c�t�u�r�a�l� �H�i�s�t�o�r�y� �o�f� �t�h�e� �N�o�r�t�h� �C�a�r�o�l�i�n�a� 

�M�a�r�g�i�n� �f�r�o�m� �S�e�i�s�m�i�c�-�s�t�r�a�t�i�g�r�a�p�h�i�c� �A�n�a�l�y�s�e�s�.� �I�n�:� �P�o�a�g�,� �C�.�W�.� �(�e�d�.�)�.� �G�e�o�l�o�g�i�c� �E�v�o�l�u�t�i�o�n� 

�o�f� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �A�t�l�a�n�t�i�c� �M�a�r�g�i�n�.� �V�a�n� �N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d�.� �N�e�w� �Y�o�r�k�.� �p�.� �1�2�5�-�1�8�7�.� 

�P�u�r�l�,� �H�.�S�.� �a�n�d� �R�.�O�.� �V�e�r�n�o�n�.� �1�9�6�4�.� �S�u�m�m�a�r�y� �o�f� �t�h�e� �G�e�o�l�o�g�y� �o�f� �F�l�o�r�i�d�a� �a�n�d� �a� �G�u�i�d�e�b�o�o�k� 

�t�o� �t�h�e� �C�l�a�s�s�i�c� �E�x�p�o�s�u�r�e�s�.� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �N�o�.� �5� �(�r�e�v�i�s�e�d�)�.� �F�l�o�r�i�d�a� �G�e�o�l�o�g�i�c�a�l� 

�S�u�r�v�e�y�.� �T�a�l�l�a�h�a�s�s�e�e�.� �p�p�.� �3�1�2�.� 

�Q�u�a�t�t�r�o� �P�r�o�.� �1�9�9�5�.� �v�e�r�s�i�o�n� �6�.�0�2� �f�o�r� �W�i�n�d�o�w�s�.� �N�o�v�e�l�l�,� �I�n�c�.� 

�R�a�u�p�,� �D�.�M�.� �1�9�8�4�.� �D�e�a�t�h� �o�f� �S�p�e�c�i�e�s�.� �I�n�:� �N�i�t�e�c�k�i�,� �M�.�H�.� �(�e�d�.�)�.� �E�x�t�i�n�c�t�i�o�n�s�.� �U�n�i�v�e�r�s�i�t�y� 

�o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� �C�h�i�c�a�g�o�.� �p�.� �1�-�2�0�.� 

�R�a�u�p�,� �D�.�M�.� �1�9�8�9�.� �T�h�e� �C�a�s�e� �f�o�r� �E�x�t�r�a�t�e�r�r�e�s�t�r�i�a�l� �C�a�u�s�e�s� �o�f� �E�x�t�i�n�c�t�i�o�n�.� �P�h�i�l�o�s�o�p�h�i�c�a�l� 

�T�r�a�n�s�a�c�t�i�o�n�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�f� �L�o�n�d�o�n�.� �S�e�r�i�e�s� �B�3�2�5�:� �4�2�1�-�4�3�5�.� 

�R�o�c�k�,� �N�.�M�.�S�.� �1�9�8�8�.� �N�u�m�e�r�i�c�a�l� �G�e�o�l�o�g�y� �-� �A� �S�o�u�r�c�e� �G�u�i�d�e� �G�l�o�s�s�a�r�y� �a�n�d� �S�e�l�e�c�t�i�v�e� 

�B�i�b�l�i�o�g�r�a�p�h�y� �t�o� �G�e�o�l�o�g�i�c�a�l� �U�s�e�s� �o�f� �C�o�m�p�u�t�e�r�s� �a�n�d� �S�t�a�t�i�s�t�i�c�s�.� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�.� �N�e�w� 

�Y�o�r�k�.� �p�p�.� �4�2�7�.� 
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�S�A�S�.� �1�9�8�9�.� �r�e�l�e�a�s�e� �6�.�0�8� �T�S�4�0�7�.� �S�A�S� �S�y�s�t�e�m� �f�o�r� �W�i�n�d�o�w�s�.� �S�A�S� �[�r�]� �P�r�o�p�r�i�e�t�a�r�y� 

�S�o�f�t�w�a�r�e�.� �S�A�S� �I�n�s�t�i�t�u�t�e�,� �I�n�c�.� 

�S�A�S� �I�n�s�t�i�t�u�t�e�,� �I�n�c�.� �1�9�8�8�.� �S�A�S�/�S�T�A�T� �U�s�e�r ��s� �G�u�i�d�e� �(�e�d�.� �6�.�0�3�)�.� �C�h�a�p�t�e�r� �5�.� �S�A�S� �I�n�s�t�i�t�u�t�e�,� 

�I�n�c�.� �C�a�r�y�,� �N�C�.� �p�.� �3�9�-�4�5�.� 

�S�c�o�t�t�,� �T�.�M�.� �1�9�9�2�.� �C�o�a�s�t�a�l� �P�l�a�i�n�s� �S�t�r�a�t�i�g�r�a�p�h�y�:� �T�h�e� �D�i�c�h�o�t�o�m�y� �o�f� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� 

�L�i�t�h�o�s�t�r�a�t�i�g�r�a�p�h�y� �-� �A� �P�h�i�l�o�s�o�p�h�i�c�a�l� �A�p�p�r�o�a�c�h� �t�o� �a�n� �O�l�d� �P�r�o�b�l�e�m�.� �I�n�:� �S�c�o�t�t�,� �T�.�M�.� �a�n�d� 

�W�.�D�.� �A�l�l�m�o�n� �(�e�d�s�.�)�.� �T�h�e� �P�l�i�o�-�P�l�e�i�s�t�o�c�e�n�e� �S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �P�a�l�e�o�n�t�o�l�o�g�y� �o�f� �S�o�u�t�h�e�r�n� 

�F�l�o�r�i�d�a�.� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �N�o�.� �3�6�.� �F�l�o�r�i�d�a� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y�.� �T�a�l�l�a�h�a�s�s�e�e�.� �p�.� �2�1�-�2�5�.� 

�S�o�k�a�l�,� �R�.�R�.� �a�n�d� �F�.�J�.� �R�o�h�l�f�.� �1�9�9�5�.� �B�i�o�m�e�t�r�y�:� �t�h�e� �P�r�i�n�c�i�p�l�e�s� �a�n�d� �P�r�a�c�t�i�c�e� �o�f� �S�t�a�t�i�s�t�i�c�s� �i�n� 

�B�i�o�l�o�g�i�c�a�l� �R�e�s�e�a�r�c�h� �(�3� �e�d�)�.� �W�.�H�.� �F�r�e�e�m�a�n� �a�n�d� �C�o�.� �U�S�A�.� �p�p�.� �8�8�7�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�7�0�.� �R�e�l�a�t�i�o�n� �o�f� �S�h�e�l�l� �F�o�r�m� �t�o� �L�i�f�e� �H�a�b�i�t�s� �o�f� �t�h�e� �B�i�v�a�l�v�i�a� �(�M�o�l�l�u�s�c�a�)�.� 

�G�S�A� �M�e�m�o�i�r� �1�2�5�.� �p�p�.� �2�9�6�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�8�1�.� �I�n�f�a�u�n�a�l� �S�u�r�v�i�v�a�l�:� �A�l�t�e�r�n�a�t�i�v�e� �F�u�n�c�t�i�o�n�s� �o�f� �S�h�e�l�l� �O�r�n�a�m�e�n�t�a�t�i�o�n� �i�n� 

�t�h�e� �B�i�v�a�l�v�i�a� �(�M�o�l�l�u�s�c�a�)�.� �P�a�l�e�o�b�i�o�l�o�g�y� �7� �(�3�)�:� �3�8�4�-�3�9�3�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�8�4�.� �M�a�r�i�n�e� �M�a�s�s� �E�x�t�i�n�c�t�i�o�n�s�:� �A� �D�o�m�i�n�a�n�t� �R�o�l�e� �f�o�r� �T�e�m�p�e�r�a�t�u�r�e�.� �I�n�:� 

�N�i�t�e�c�k�i�,� �M�.�H�.� �E�x�t�i�n�c�t�i�o�n�s�.� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� �C�h�i�c�a�g�o� �a�n�d� �L�o�n�d�o�n�.� �p�.� �6�9�-� 

�1�1�7�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�8�6�.� �A�n�a�t�o�m�y� �o�f� �a� �R�e�g�i�o�n�a�l� �M�a�s�s� �E�x�t�i�n�c�t�i�o�n�:� �P�l�i�o�-�P�l�e�i�s�t�o�c�e�n�e� 

�D�e�c�i�m�a�t�i�o�n� �o�f� �t�h�e� �W�e�s�t�e�r�n� �A�t�l�a�n�t�i�c� �B�i�v�a�l�v�e� �F�a�u�n�a�.� �P�a�l�a�i�o�s� �1�:� �1�7�-�3�6�.� 
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�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�8�7�.� �E�x�t�i�n�c�t�i�o�n�.� �S�c�i�e�n�t�i�f�i�c� �A�m�e�r�i�c�a�n� �B�o�o�k�s�,� �I�n�c�.� �N�Y�.� �C�h�a�p�t�e�r�s� �1� �a�n�d� 

�9�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �1�9�9�0�.� �T�h�e� �G�e�n�e�r�a�l� �C�o�r�r�e�l�a�t�i�o�n� �B�e�t�w�e�e�n� �R�a�t�e� �o�f� �S�p�e�c�i�a�t�i�o�n� �a�n�d� �R�a�t�e� �o�f� 

�E�x�t�i�n�c�t�i�o�n�:� �F�o�r�t�u�i�t�o�u�s� �C�a�u�s�a�l� �L�i�n�k�a�g�e�s�.� �I�n�:� �R�o�s�s�,� �R�.�M�.� �a�n�d� �W�.�D�.� �A�l�l�m�o�n� �(�e�d�s�.�)�.� 

�C�a�u�s�e�s� �o�f� �E�v�o�l�u�t�i�o�n�:� �A� �P�a�l�e�o�n�t�o�l�o�g�i�c�a�l� �P�e�r�s�p�e�c�t�i�v�e�.� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� 

�C�h�i�c�a�g�o�.� �p�.� �1�0�3�-�1�2�7�.� 

�S�t�a�n�l�e�y�,� �S�.�M�.� �a�n�d� �X�.� �Y�a�n�g�.� �1�9�8�7�.� �A�p�p�r�o�x�i�m�a�t�e� �E�v�o�l�u�t�i�o�n�a�r�y� �S�t�a�s�i�s� �f�o�r� �B�i�v�a�l�v�e� 

�M�o�r�p�h�o�l�o�g�y� �o�v�e�r� �M�i�l�l�i�o�n�s� �o�f� �Y�e�a�r�s�:� �a� �M�u�l�t�i�v�a�r�i�a�t�e�,� �M�u�l�t�i�l�i�n�e�a�g�e� �S�t�u�d�y�.� �P�a�l�e�o�b�i�o�l�o�g�y� 

�1�3� �(�2�)�:� �1�1�3�-�1�3�9�.� 

�V�r�b�a�,� �E�.�S�.� �1�9�9�3�.� �T�u�r�n�o�v�e�r� �P�u�l�s�e�s�,� �t�h�e� �R�e�d� �Q�u�e�e�n�,� �a�n�d� �R�e�l�a�t�e�d� �T�o�p�i�c�s�.� �A�m�e�r�i�c�a�n� 

�J�o�u�r�n�a�l� �o�f� �S�c�i�e�n�c�e� �2�9�3�A�:� �4�1�8�-�4�5�2�.� 

�W�a�c�k�e�r�n�a�g�e�l�,� �H�.� �1�9�9�5�.� �M�u�l�t�i�v�a�r�i�a�t�e� �G�e�o�s�t�a�t�i�s�t�i�c�s� �-� �A�n� �I�n�t�r�o�d�u�c�t�i�o�n� �w�i�t�h� �A�p�p�l�i�c�a�t�i�o�n�s�.� 

�S�p�r�i�n�g�e�r�.� �N�Y�.� �p�p�.� �2�5�6�.� 

�W�a�r�d�,� �L�.�W�.� �1�9�8�4�.� �S�t�r�a�t�i�g�r�a�p�h�y� �o�f� �O�u�t�c�r�o�p�p�i�n�g� �T�e�r�t�i�a�r�y� �B�e�d�s� �a�l�o�n�g� �t�h�e� �P�a�m�u�n�k�e�y� �R�i�v�e�r� 

�-� �C�e�n�t�r�a�l� �V�i�r�g�i�n�i�a� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �I�n�:� �W�a�r�d�,� �L�.�W�.� �a�n�d� �K�.� �K�r�a�f�f�t� �(�e�d�s�.�)�.� �S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� 

�P�a�l�e�o�n�t�o�l�o�g�y� �o�f� �t�h�e� �O�u�t�c�r�o�p�p�i�n�g� �T�e�r�t�i�a�r�y� �B�e�d�s� �i�n� �t�h�e� �P�a�m�u�n�k�e�y� �R�i�v�e�r� �R�e�g�i�o�n�,� �C�e�n�t�r�a�l� 

�V�i�r�g�i�n�i�a� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n� �G�e�o�l�o�g�i�c�a�l� �A�s�s�o�c�i�a�t�i�o�n�.� �F�i�e�l�d� �T�r�i�p� 

�G�u�i�d�e�b�o�o�k�:� �1�1�-�7�8�.� �P�l�a�t�e�s� �1�-�1�2�,� �p�.� �2�4�0�-�2�8�0�.� 

�W�a�r�d�,� �L�.�W�.� �1�9�9�2�.� �D�i�a�g�n�o�s�t�i�c� �M�o�l�l�u�s�k�s� �f�r�o�m� �t�h�e� �A�P�A�C� �P�i�t�,� �S�a�r�a�s�o�t�a�,� �F�l�o�r�i�d�a�.� �I�n�:� 

�S�c�o�t�t�,� �T�.�M�.� �a�n�d� �W�.�D�.� �A�l�l�m�o�n� �(�e�d�s�.�)�.� �T�h�e� �P�l�i�o�-�P�l�e�i�s�t�o�c�e�n�e� �S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �P�a�l�e�o�n�t�o�l�o�g�y� 

�o�f� �S�o�u�t�h�e�r�n� �F�l�o�r�i�d�a�.� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �N�o�.� �3�6�.� �F�l�o�r�i�d�a� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y�.� 

�T�a�l�l�a�h�a�s�s�e�e�.� �p�.� �1�6�1�-�1�6�5�.� 
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