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ABSTRACT 

Dynamic Systems modeling suggests that complex coastal dinoflagellate bio- 

systems can be modeled using environmental parameters such as temperature, salinity, and 

bulk nutrient levels. The former Salisbury Embayment of northern Virginia and Maryland 

is modeled here, using STELLA I and FORTRAN models based on physical 

oceanography and temperature, salinity, and nutrient conditions of the modern Yellow Sea. 

In these models, dinoflagellate assemblages are predicted based on environmental 

conditions associated with depth. 

Cluster analyses of fossil dinoflagellate frequency data from Tertiary Pamunky 

Group (Aquia and Nanjemoy Formations) of the Salisbury Embayment produce 17 

discrete groupings. Samples within the Salisbury fossil cluster groups are statistically 

similar (via ANOVA analysis), but not the same. Therefore they represent paleocommunity 

types rather than paleocommunities. Although individual sinofiagellate species reccur in 

similar environmental settings, the paleocommunity types do not appear to repeat. 

In the past, such associations have been used as depth indicators. It is suggested 

here that they relate to estuarine, nearshore, and offshore coastal regions because of the 

temperature, salinity, and nutrient conditions of each. 

In the modern Yellow Sea, nearshore and offshore regions are separated by discrete 

lateral fronts in some areas, and by gradational regions of mixing in others. Both types of 

watermass boundaries are modeled in this study. Results suggest that evidences that 

discrete watermass boundaries might have occurred between some fossil dinoflagellate 

associations. Circulation patterns of the Salisbury Embayment may have been roughly 

similar to those of the modern Yellow Sea.
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INTRODUCTION 

General Comments 

Fossil marine dinoflagellates (microscopic phytoplankton belonging to the Division 

Pyrrhophyta) are used extensively for age dating, correlation, and paleoenvironmental 

analysis. However, they have never been studied via system dynamics analyses of their 

community structure. System dynamics are used routinely in many fields of science to 

study complex multivariate systems (Roberts, 1983: Rose, 1987). Analyses of living 

systems and their environment involve complex interactions (May, 1981; May, 1993). This 

study is the first to use system dynamics to study fossil marine dinoflagellate assemblages. 

The Virginia Tech Palynology Program produced numerous dissertations and 

theses on the taxonomy, morphology, and biostratigraphy of Cretaceous and Tertiary 

dinoflagellates from the Atlantic Coastal Plain. This current study uses data from previous 

studies of the Aquia (Paleocene) and Nanjemoy (Eocene) Formations of the Virginia 

Coastal Plain (McLean, 1969; McLean, 1972; Witmer, 1975; Goodman, 1975; and 

Witmer, 1987). The Aquia and Nanjemoy Formations were deposited in an ancient 

embayment known as the Salisbury Embayment located geographically in the region of the 

present Chesapeake Bay and Atlantic Coastal Plain in the states of Virginia, Maryland, and 

Delaware (Figure 1). The localities studied herein are from Virginia, in the central and 

southern parts of the Salisbury Embayment. 

Objectives of this Study 

The primary objective of this study is to examine fossil dinoflagellate frequency 

data from the Salisbury Embayment for paleocommunity structure and environmental 

association using system dynamics and paleocommunity analysis. A second objective of 

this study is to test the potential of using system dynamics FORTRAN modeling in 

describing coastal plankton systems. 

Methodology 

Data from the Tertiary Pamunky group was used in this project for three main 

reasons. This stratigraphic interval provides a relatively continuous record of changing 

local environmental conditions (a regression followed by a transgression). The depositional 

record for this interval is assumed to be relatively constant (as opposed to K/T boundary 

sediment below, or upper Eocene possibly meteor impact-disturbed sediment above (Ward, 

1993)). In addition, significant fossil dinoflagellate frequency data exist for this interval. 
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The frequency data used are derived from previous taxonomic studies of this interval.2 

Environmental association is explored by modeling paleoenvironmental conditions 

of the Salisbury Embayment during the Tertiary based on modern analogs of the Yellow 

Sea and the Gulf and Atlantic Seaboard. The Yellow Sea was chosen as the primary 

physical analog because of its similarity in size, extent, geographical orientation, and 

possibly similar circulation patterns to the Salisbury Embayment. The modern analogs are 

used to construct both dynamic systems STELLA II and FORTRAN computer models, 

based on biological and environmental information, by which possible dinoflagellate 

environments and interactions may be modeled. STELLA II is a model construction 

program which uses an iterative approach to exploring dynamic processes. STELLA II is 

used to design and test structural diagrams (see Richmond, et al., 1987). FORTRAN 

modelling, however is more mathematicallly rigorous. Data sets for both modeling 

approaches were manipulated using EXEL spreadsheets (See Cobb, 1985). 

Potential paleocommunity structure is tested for using Q-mode cluster analysis and 

analysis of varience techniques. Cluster analysis and comparative sorting and graphing 

techniques are used to delineate separate species groups based on similarity coefficients. 

Groups produced by cluster analysis appear preferentially associated with particular 

coastal regions and their physical conditions.



I. GEOGRAPHICAL AND GEOLOGICAL SETTING 

The Salisbury Embayment 

The Atlantic Coastal Plain is made up of several ancient embayments separated from 

one another by tectonic arches (Figure 1). The Salisbury Embayment (Figure 2) was one of 

these ancient embayments. It existed mostly during Tertiary time, covering areas of what 

are now Virginia, Maryland, and Delaware (Glaser, 1968; Gallagher, 1984; Gibson, 

1989). The modern Chesapeake Bay, centered over the old Salisbury Embayment is several 

times smaller than its ancient counterpart. 

The Salisbury Embayment was continuously connected to the open Atlantic Ocean. 

Water level in the Salisbury was a function of tectonic and eustatic sea level changes. At its 

maximum, it covered up to 20 thousand km2 at depths up to 150 meters in its eastern 

deepest part. Sediments deposited in the Salisbury Embayment indicate sediment-starved 

(glauconite-rich) nearshore marine to brackish-water conditions (Ward and Krafft, 1985). 

The Norfolk Arch provided a primary structural control for the Salisbury 

Embayment during this time by affecting the shape and orientation of the embayment 

(Figure 2). Aquia and Nanjemoy sediments contain mica flakes in sands and coarse 

material which match with Roanoake River group sediments, derived primarily from the 

Virginia Piedmont (Ward and Krafft, 1985). The Piedmont region lies immediately 

southwest of the embayment. The Norfolk Arch structure to the south diverted freshwater 

Piedmont drainage northward and into the embayment. Also Norfolk Arch controlled both 

access from the open sea and circulation within the embayment. Throughout the Paleocene 

and early Eocene, normal marine flow entered the embayment primarily as bottom waters 

but was controlled by arch and bottom topography. The wide mouth of the embayment may 

have been protected to varying degree by banks or bars, and/or the topographically high 

remains of a Jurassic aged reef complex just to the northeast of the embayment mouth 

(Poag, 1993). Topographic submarine highs may have acted as partial sediment dams, 

keeping sand and fine clay within the embayment. 

The presence of glauconite in the sediments and marine macro-fossils, particularly 

bivalves (Ward and Krafft, 1985; Edwards, 1989) indicate marine conditions. Glauconite, 

along with phosphate pellets and local carbonate, may reflect sediment starvation, and the 
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presence of fine terrestrial clays in contact with warm marine water (Mallinson and 

Lee,1986). Glauconite has been associated with local marine flooding events (Tenison, 

1989). Percentages of glauconite have been used to estimate depth and/or amount of 

marine influence within the Salisbury Embayment (Porrenga, 1967). 

Salisbury Embayment sediments represent a series of unconformity bounded cyclic 

pulses of sediment during the times of transgression (Baum, 1986; Harris, 1993). Ward 

and Krafft (1985) note that, “the Atlantic basins...were characterized by relatively thin 

deposits, principally marine, with only remnants of nearshore facies. It is clear that large 

volumes of sediment were not being transported to the Atlantic Coastal Plain during the 

Tertiary.” 

Samples for this study are from the marine Pamunkey Group (Paleocene and 

Eocene) from the central and southwestern portions of the Salisbury Embayment. 

The Pamunkey Group 

The Pamunkey Group (Figure 3) is the basal Tertiary unit of the Virginia-Maryland 

Coastal Plain. It is subdivided into the Aquia (Paleocene) and Nanjemoy (Eocene) 

Formations (Figure 3). 

The Pamunky Group was described and named as a formation by Darton (1891). 

Clark (1895) subdivided the Pamunky Group into Aquia Creek and Woodstock “Stages.” 

Clark and Martin (1901) divided the group into the Aquia and Nanjemoy Formations which 

were each subdivided into two members (Figure 3), and into several finer scale “zones” 

which were based on lithology and fossils. 

The “zones” of Clark and Martin do not correspond with the modern definition of a 

“zone” as set by the Code of Stratigraphic Nomenclature (1970). The term “unit” will be 

used in this work (after McLean, 1969). 

The Marlboro clay, a meter thick clay unit elevated to formational status by Glase1 

(1971), separates the Aquia and Nanjemoy Formations.
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The Aquia Formation 

The Aquia Formation is the basal unit of the Pamunkey Group. It rests 

unconformably upon Late Cretaceous marine sediments over most of its geographical 

extent. 

The type locality of the Aquia Formation is at the mouth of the Aquia Creek in 

Stafford County, Virginia. Its thickness ranges from about 30 meters at its type locality to a 

maximum of 76 meters at its eastern-most extent in Delaware and New Jersey. It consists 

primarily of glauconitic quartz sands. The Aquia contains fossil remains of tropical reptiles, 

mammals, and birds including pelican and albatross (Olsen, 1985; Weems, 1985). It is 

subdivided into the Piscataway (basal) and Paspotansa (overlying) members (Figure 3). 

The Piscataway Member is a glauconitic (20 to 70 percent) clay rich and silty 

quartz sand trangressive marine unit (Ward and Krafft, 1985) deposited at a water depth of 

about 100 meters (Nogan, 1964). Common macrofossils include large bivalves and 

occasional Turritella gastropods (see Ward and Krafft, 1985, for details). The Piscataway 

Member contains units 1-7 of Clark and Martin. 

The Paspotansa Member consists of glauconitic micaceous silty quartz sands 

somewhat better sorted than those of the Piscataway Member, and may represent a higher 

energy depositional environment (Ward and Krafft, 1985). A few beds contain bivalve 

macrofossils (see Ward and Krafft, 1985, for details). 

The Paspotansa also is a transgressive unit deposited under progressively shoaling 

conditions. It includes units 8 and 9 of Clark and Martin. 

The Marlboro Formation 

The Marlboro Formation is a roughly meter-thick silty clay unit that separates the 

Aquia and Nanjemoy Formations. It varies in thickness, and is missing at some localities. 

It rests unconformably upon the Aquia Formation and is in turn overlain unconformably by 

the Nanjemoy Formation. 

Interpretation of the depositional environment has been controversial. Ward and 

Krafft interpret the Marlboro as tidal flat deposition (Ward and Krafft, 1985), based 

partially on ripple marks within siltier portions of the unit. Others have evoked deposition 

in quiet waters of a protected embayment (Roger Cuffey, personal communication, 1996.) 
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The Marlboro is not included in the present study because of poor preservation, 

paucity of dinoflagellates, and reworking (Dewey McLean, personal communication, 

1996). 

The Nanjemoy Formation 

The Nanjemoy sediment is composed of fine glauconitic quartz sands which are 

often argillaceous and sometimes calcareous with some beds containing abundant gypsum 

crystals. At the type locality along Nanjemoy Creek, Charles County, Maryland it is about 

38 meters thick. The beds thicken to the east and northeast. The Nanjemoy Formation is 

divided into the Potapaco and overlying Woodstock members. 

The Potapaco Member includes units 10-15 of Clark and Martin. Lower portions of 

the Potapaco consist of black to pink clay-rich sands containing (often detrital) glauconite. 

Some layers contain gypsum crystals and concretions. Worn and broken small bivalve 

fossils, scaphopods, Calianassa burrows and other bioturbation indicate more energetic 

conditions, possibly because of shoaling. Upper portions of the member contain higher 

amounts of glauconite, along with phosphate pebbles and wood fragments. This suggests a 

transgressive pulse during which sedimentation rates were low (Ward and Krafft, 1985). 

The Woodstock Member lies unconformably upon the Potapaco Member. It 

includes units 16 and 17 of Clark and Martin. The basal Woodstock is marked by a pebble 

concentration, burrows and wood fragments. The Woodstock consists of very fine, well- 

sorted, silty glauconitic sands. Glauconite increases upward through the member whereas 

wood fragments decrease. The Woodstock contains diverse molluscan fossils (Ward and 

Krafft, 1985). It was deposited during transgression which returned the embayment from 

relatively nearshore to offshore marine shelf conditions. Woodstock sediments at Popes 

Creek, Maryland contain fossil fruits of Wetherellia marylandica. (Tiffney, 1985). These, 

and similar tropical mangrove-like fossil fruits from time-equivalent beds in Mississippi 

(Call, 1993), suggest that tropical climate existed throughout the region of the Salisbury 

Embayment.



Hl. THE DINOFLAGELLATES 

R. H. Whittaker divided life into 5 kingdoms: Animalia, Plantae, Monera, Fungi, 

and Protoctista. The dinoflagellates belong to the latter, and more specifically, to the 

Division Pyrrhophyta (Pascher, 1913) and the Class Dinophyceae (Fritch, 1935). Lee 

(1992) recognizes six orders of modern Dinophyceae: Prorocentrales, Dinophysiales, 

Peridiniales, Dinocapsales, Dinococcales, and Dinotrichales. Of these, only the Peridiniales 

(Heackel, 1894) are important to this study. 

Dinoflagellates are eukaryotes, but because of their nuclear organization, they are 

best described as mesokaryotic (between prokaryotic and eukaryotic). Most are single 

celled, but some form colonies. Thousands of species, both marine and freshwater, exist. 

Most are marine and are most abundant in warm waters. Most are heterotrophic, but some 

are phagotropic and predatory (Burkholder, 1992; 1995; Steidinger, 1996). This study 

deals with single celled marine dinoflagellates. 

Dinoflagellate Life Cycles: Theca Versus Cyst Forms 

Dinoflagellates are microscopic single celled organisms with complex life cycles 

many of which include both asexual and sexual reproduction, and both motile and resting 

stages (see figure 4 for generalized life cycle and description). What is known of fossil 

dinoflagellate life cycles is based on studies of modern dinoflagellates. It is assumed that 

many fossil forms utilized similar strategies. 

Living motile dinoflagellates range in size from 20 to over 200 micrometers. Many 

species encase the protoplasm within a cellulosic shell or theca. Unfortunately, since 

cellulose is not well-preserved in the fossil record, our knowlege of fossil dinoflagellates is 

based on the study of resting cysts. 

Cysts are composed of a complex chemically resistant carotenoid-like organic 

polymer known as sporopollenin, which is preserved in the fossil record. Dinoflagellate 

cysts often exist in sediments in which calcareous and silicious microfossils have been 

destroyed. Many cyst forms reflect faithfully the tabulation pattern of its corresponding 

thecate form. Dinoflagellate thecae are made up of numerous tiny plates, each of which has 

a unique shape and position in the theca (figure 5). These plates are arranged into series 

(See figure 5). The overall arrangement of plates is referred to as tabulation. Tabulation is 

an important criterion in dinoflagellate classification. The resulting pattern provides 

diagnostic cyst morphotypes by which we can identify modern or fossil cysts. In 
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accordance with Evitt (1976; 1985), such cyst features are referred to with the prefix para- 

attached. Thus, cyst features become paraplates, paratabulation, parasulcus, and 

paracingulum (See figure 4). 

There are two primary architectural styles of tabulation/ paratabulation in the 

peridinialean dinoflagellates. Those whose thecal plate arrangement resembles that of 

living Gonyaulax are placed in the “group” Gonyaulacaceae. Those whose plate pattern 

approximates that of modern Peridinium are referred to “group” Peridiniaceae. 

In some cysts the cyst wall is deposited within, and next to the thecal wall. These 

are known as proximate cysts. Chorate cysts are similar, but have well-developed 

ornamentation or processes caused by shrinkage of the inner cyst from the inside of the 

thecal wall. Gonyaulacoid cysts tend to be chorate. In cavate cysts, space exists between 

layers of the cyst wall, and layers are separated by often intricate perpendicular walls or 

columns. Peridinioid cysts are often cavate. 

Other criteria used for cyst classification include shape, ornamentation such as 

processes or spines, etc., cyst wall structure, and archeopyle type (opening in the cyst 

wall(s) through which the protoplasm escapes the cyst). See figure 5. 
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FIGURE 5. Dinoflagellate Morphology 
The sulcus is a longitudinal furrow located on the ventral portion of the theca. A 

smooth (acronematic) longitudinal flagellum is attached to the sulcus. It is responsible for 
both steering and forward movement of the dinoflagellate. The cingulum (or girdle) is an 
equatorial furrow which divides the theca into upper and lower hemispheres. The ends of 
the cingulum meet the sulcus, and may _ vertically offset one another. A transverse 
flagellum lies coiled helically within the cingulum. This transverse flagellum is usually 
covered with mastigonemes (small fibrillar hairs). A rhythmic beating of this flagellum 
causes both forward movement of the dinoflagellate and also a rotational movement of the 
cell through the water (Thomas, 1995). 

The archeopyle is the aperture formed by the loss of either a single paraplate or 
group of paraplates (plate field) which allows the protoplasm to escape from the cyst during 
excystment (Evitt, 1976). The archeopyle of a given species is uniform in shape, precisely 
located and oriented, and can be used in determinations of cyst morphospecies. The 
paraplate or paraplate field which is opened or detached in the formation of an archeopyle is 
called the operculum. 

Thecate dinoflagellates reproduce both sexually and asexually, depending on season 
or as environmental conditions begin to change (Lee, 1992). When sexual reproduction 
occurs, a planozygote or zygospore is formed. This is usually (though not always) in the 
form of an organic walled (sporopollenin) resting cyst. The tabulation pattern of the cyst is 
directly related to the thecal tabulation pattern, although the cyst may or may not reflect the 
original theca. After an inert period, spent either within the water column or within bottom 
sediments, the zygocyst germinates and reestablishes a motile phase. Some dinoflagellate 
cyst morphologies, such as spines and appendages, retard sinking (Parsons 1977). 
Because excystment is controlled by both water temperature and cyst age, cysts falling 
below about 200 meters rarely germinate (Lentin 1980). 
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DINOFLAGELLATES: FACTORS CONTROLLING ABUNDANCE, 

DIVERSITY AND PRESERVATION 

General Statement 

Many factors control dinoflagellate abundance in living populations and in the fossil 

record. As microscopic phytoplankton, living dinoflagellates respond to environmental 

conditions of the photic zone. Some modern species encyst during unfavorable conditions. 

Others encyst as part of a seasonal life cycle, while others, especially open marine forms, 

do not produce cysts (Dodge, 1995). When produced, cysts must often sink through great 

water depths to become preserved in the fossil record. Many factors, such as feeding, 

breakage or chemical dissolution may destroy dinoflagellate cysts before they reach the sea 

floor. 

Even after cysts reach the sea bottom, other factors such as bioturbation or 

diagenesis can still selectively destroy them. Because of both encystment patterns and 

taphonomic factors, fossil cyst assemblages may not reflect the composition of living 

assemblages. 

Physical Factors Controlling Abundance and Diversity 

Temperature 

Ambient temperatures and temperature fluctuation influence dinoflagellate 

abundance via affects on metabolism and photosynthesis (Loeblich, 1967; Parsons, 1977). 

In addition, temperature difference is often a cause of water column stratification which 

may encourage dinoflagellates. Dinoflagellates exist at wide ranges of temperatures, but 

generally prefer warm waters. Maximum reproduction rates often occur near upper 

temperature tolerance levels (Taylor, 1987). Reproductive optimum temperatures for 

nearshore species are from 15° to 25° C., and for oceanic species occur at 20° C. 

(Loeblich, 1967). 

Dinoflagellate populations are sparse in cold seasons or colder waters. Diatoms 

tend to replace dinoflagellates in cooler conditions (Guillard and Kilham, 1977). 

Salinity 

Marine surficial salinities vary with mixing, upwelling, and evaporation. In 
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nearshore environments, freshwater flows out over more saline estuarine and coastal 

waters, maintaining a less saline surficial layer in which phytoplankton congregate 

(Thurman, 1994). 

Nearshore and estuarine dinoflagellates range from obligate freshwater forms (such 

as Peridinium limbatum) to cosmopolitan euryhaline species. Terrestrial nutrients in 

estuarine environments correlate inversely with salinity (Mallin et al., 1991). Thompson 

(1987) notes many “stenohaline” associations may be dependent on, or intolerant of, run- 

off related constituents other than salt. Generally, peridiniacean dinoflagellates prefer 

near-shore environments. The presence of proximate and peridinioid cysts suggests 

marginal marine or reduced salinity conditions (Harker et al., 1990). 

Offshore waters are relatively stable salinity-wise, and contain mixed cosmopolitan 

and stenohaline (or runoff-intolerant) dinoflagellate species, including many gonyaulacoid 

types. In the fossil record, the presence of mainly spiny chorate and gonyaulacoid or 

gymnodinioid cysts reflects normal marine salinity (Harker et al., 1990). 

Eddies, Fronts and Upwelling 

Flow of deep marine water into shallow coastal areas promotes mixing or 

upwelling. Fronts, however, occur at the contact between two water masses having 

different densities, due to temperature, salinity, or other factors. In these situations, a 

relatively sharp boundary occurs between the two water masses instead of a well-mixed 

zone. Fronts are often zones of convergence, capturing foam, floating wood and detritus, 

and near-surface phytoplankton (Bowden, 1983). Eddies occur when a portion of an 

intruding watermass is “spun off” into dissimilar coastal waters. 

Eddies, fronts and upwelling are often associated with high nutrient conditions, and 

are often sites of highly productive, though sometimes patchy, phytoplankton growth 

(Tappan, 1985). Phytoplankton productivity in response to front-induced conditions may 

continue at times when frontal conditions are no longer present (Barry and Dayton, 1991). 

Where stratification or convergence occurs, dinoflagellates may have functional advantage 

over other phytoplankton, and occur in high numbers and/or diversity. Boundary regions 

too cold for dinoflagellates are occupied primarily by diatoms (Smayda, 1967; Guillard and 

Kilham, 1977). 

Fronts often separate different floras, associated with the different water masses. 

Phytoplankton populations along fronts and upwelling zones often contain higher diversity, 

16



and/or different species associations than do waters on either side of the boundary (Gray, 

1981). Bottom sediments beneath the boundary may preserve records of phytoplankton 

from one or all flora, depending on sedimentation patterns, sediment mixing, and locational 

stability (or seasonal repeatability) of the boundary. Long-standing boundary conditions 

may locally affect the gradient of change of fossil phytoplankton. Even sharp boundaries, 

however, will produce a “blurred” record due to mixing. 

Nutrients 

Dinoflagellates utilize nearshore (terrestrially-derived) nutrient sources moreso than 

upwelled oceanic nutrients (Thompson, 1987). Nitrogen and phosphorus availability are 

primary limiting factors in near-shore conditions. Iron, organic nutrients, and vitamins 

(such as B12) are important limiting factors, particularly in open oceanic conditions 

(Parsons, 1977; Bonin and Maestrini, 1981; Thompson, 1987). 

Nitrogen and phosphorus (usually at a ratio of 15N to IP) tie linearly to 

productivity (Parsons, 1983). In summer, stratified near surface waters are often deficient 

in nitrogen and phosphorus, reducing dinoflagellate productivity (Lieberman, 1994). 

During dinoflagellate blooms, sexual reproduction (and encystment) occurs when nitrogen 

levels eventually drop, suggesting that it is nitrogen which becomes a limiting factor 

(Weeks, et al., 1993). Decrease in nitrogen available might instead trigger sexual 

reproduction by changing the local carbon/nitrogen ratio (Bruce Parker 1994, personal 

communication). In this case, algal productivity may become self-terminating before 

nitrogen becomes a true limiting nutritive factor. 

Phytoplankton require iron for their respiration and photosynthesis reactions 

(Glover et al., 1978). In near-shore areas, iron is available from terrestrial runoff, though 

only some forms are chemically useful to algae (Parsons, 1977). Open ocean waters are 

generally iron deficient (Menzel, 1961; Tranter, 1963). Studies by Ryther and Kramer 

(1961) found that oceanic dinoflagellates (especially Gonyaulicoids) have lower iron 

requirements than do near-shore types (including the Peridineaceans). 

Organic nutrients and vitamins are often derived from terrestrial runoff, and are 

more available in nearshore, less saline waters (Gallegos, 1992; Carlsson and Graneli, 

1993; Lopez, 1993). 
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Light 

Light levels vary with turbidity and season. Seasonal light variation operates in 

conjunction with temperature to trigger encystment and productivity changes (Lee, 1992). 

In turbid or eutrophic environments, some dinoflagellates ingest other plankton, including 

diatoms (Marshall and Alden, 1993; Mullin, 1995). Dinoflagellates are often replaced by 

diatoms in times or areas of high turbidity (Marshall and Alden, 1993). 

Biological Responses to Physical Factors 

Succession 

Succession is an ongoing shift in community structure or makeup as it continuously 

readjusts to changing environmental conditions (Margalef, 1968; Drury, 1973). 

Phytoplankton often progresses through a seasonal succession beginning with early season 

pioneer species and progressing to later, stability-associated species such as dinoflagellates. 

Within each successional range, incumbency plays a significant role. Once a species group 

is established, it dominates resources until conditions change, and it is displaced by a 

different group (Rosenzweig, 1991). 

Study of seasonal succession suggests that dinoflagellate species occurring together 

in a fossil assemblage may not have existed together or interacted significantly with each 

other while alive. For example, a dinoflagellate species dominant when the water is first 

warmed in the summer may not interact with one dominant only in the fall. The length of 

dominant periods also changes with conditions: a dinoflagellate may flourish in tropical 

environments over 8 months of the year, while the same species will be active only through 

July and August in colder waters. 

The fossil record indicates that dinoflagellate species groups or associations also 

change with environmental conditions over longer periods of time Offshore sediments 

have different associations or assemblages of dinoflagellate cysts than do sediments 

deposited in shallow estuarine or shallow coastal settings. Fossil dinoflagellate cysts 

change stratigraphically in sedimentary layers in a way which correlates with 

transgression/regression patterns of the paleocoastline (Habib, 1989). The fossil record 

may suggest persistence of general estuarine dinoflagellate “gene pools,” sensu Buzas and 

Culver (1994) through time. 

A species (or species association) may become dominant when environmental 
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�D�i�n�o�f�l�a�g�e�l�l�a�t�e� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y� �d�r�o�p�s� �o�f�f� �f�r�o�m� �o�p�e�n� �s�h�e�l�f� �e�n�v�i�r�o�n�m�e�n�t�s� �t�o�w�a�r�d� �s�h�o�r�e�,� 

�r�o�u�g�h�l�y� �c�o�r�r�e�l�a�t�i�v�e� �w�i�t�h� �d�e�c�r�e�a�s�i�n�g� �w�a�t�e�r� �d�e�p�t�h� �(�H�u�l�b�e�r�t�,� �1�9�6�3�;� �W�a�l�l�,� �1�9�7�7�)�.� �I�n� �e�s�t�u�a�r�i�n�e� 
�e�n�v�i�r�o�n�m�e�n�t�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �m�a�y� �b�e� �s�o� �d�r�a�s�t�i�c� �t�h�a�t� �t�h�e� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�o�m�m�u�n�i�t�y� �i�s� 

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

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

�c�h�a�n�g�e�s�,� �o�r� �w�i�t�h� �t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �a�b�o�u�t� �5�°� �C� �a�t� �a� �t�i�m�e� �(�P�a�r�s�o�n�s�,� �1�9�7�7�)�.� 

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

�d�r�a�s�t�i�c�a�l�l�y� �c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �(�H�a�b�i�b�,� �1�9�8�9�;� �F�i�r�t�h�,� �1�9�9�3�;� �B�u�r�k�h�o�l�d�e�r�,� 

�1�9�9�5�)�.� �V�e�r�t�i�c�a�l� �d�i�u�r�n�a�l� �m�i�g�r�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �a�l�l�o�w� �m�o�d�e�r�n� �n�e�a�r�s�h�o�r�e� �a�n�d� �e�s�t�u�a�r�i�n�e� 

�d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �t�o� �e�x�i�s�t� �i�n� �v�a�r�i�a�b�l�e�,� �o�r� �e�u�t�r�o�p�h�i�c� �s�e�t�t�i�n�g�s� �(�S�a�n�t�o�s� �a�n�d� �C�a�r�r�e�t�o�,� �1�9�9�2�;� 
�S�a�l�o�n�e�n�,� �1�9�9�4�)�.� �S�o�m�e� �n�e�a�r�s�h�o�r�e� �a�n�d� �e�s�t�u�a�r�y� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �s�p�e�c�i�e�s� �c�a�n� �e�n�c�y�s�t� �w�i�t�h�i�n� 

�m�i�n�u�t�e�s� �w�h�e�n� �e�x�p�o�s�e�d� �t�o� �u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s�.� �S�u�c�h� �p�r�o�d�u�c�t�i�o�n� �o�f� �r�e�s�t�i�n�g� �c�y�s�t�s� �s�e�e�m�s� 
�a� �s�p�e�c�i�f�i�c� �a�d�a�p�t�a�t�i�o�n� �t�o� �u�n�s�t�a�b�l�e� �e�n�v�i�r�o�n�m�e�n�t�s� �w�i�t�h�i�n� �e�s�t�u�a�r�i�e�s� �(�B�u�r�k�h�o�l�d�e�r�,� �1�9�9�5�)�.� 

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

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

�o�r� �e�s�t�u�a�r�i�n�e� �c�o�n�d�i�t�i�o�n�s�.� 

�F�a�c�t�o�r�s� �C�o�n�t�r�o�l�l�i�n�g� �P�r�e�s�e�r�v�a�t�i�o�n� 

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

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

�r�a�p�i�d�l�y� �t�o� �t�h�e� �s�e�a� �f�l�o�o�r�.� �B�u�c�k� �a�n�d� �N�e�w�t�o�n� �(�1�9�9�5�)� �n�o�t�e� �t�h�a�t� �m�o�s�t� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�y�s�t�s� 

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

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

�r�e�l�a�t�i�v�e� �n�u�m�b�e�r�s� �o�f� �c�y�s�t�s� �p�r�e�s�e�n�t� �(�R�u�t�h�e�r�f�o�r�d�,� �1�9�9�4�)�.� 

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

�d�i�n�o�f�l�a�g�e�l�l�a�t�e� �d�a�t�a� �r�e�s�o�l�u�t�i�o�n� �t�o� �t�h�o�u�s�a�n�d�s� �o�r� �t�e�n�s� �o�f� �t�h�o�u�s�a�n�d�s� �o�f� �y�e�a�r�s� �(�F�l�e�s�s�a�,� �1�9�9�3�)�.� 

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

�d�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�y�s�t�s� �c�o�n�t�a�i�n� �s�p�o�r�o�p�o�l�l�e�n�i�n� �w�h�i�c�h� �i�s� �r�e�s�i�s�t�a�n�t� �t�o� �c�h�e�m�i�c�a�l� �b�r�e�a�k�d�o�w�n� �(�E�v�i�t�t�,� 
�1�9�8�5�;� �T�r�a�v�e�r�s�e�,� �1�9�8�8�)� �e�x�c�e�p�t� �t�o� �o�x�i�d�a�t�i�o�n�,� �s�u�c�h� �a�s� �i�n� �h�i�g�h� �p�H� �c�o�n�d�i�t�i�o�n�s�.� �I�n� �c�a�l�c�a�r�e�o�u�s� 

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

�a�n�d� �b�r�a�c�k�i�s�h� �s�e�a�w�a�y�s�,� �g�e�n�e�r�a�l� �p�a�l�i�n�o�m�o�r�p�h� �r�e�c�o�v�e�r�y� �i�s� �o�f�t�e�n� �p�o�o�r� �(�A�l�f�r�e�d� �T�r�a�v�e�r�s�e�,� 
�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �1�9�9�5�)�.� �R�e�c�o�v�e�r�y� �i�n� �o�r�g�a�n�i�c� �r�i�c�h� �s�e�d�i�m�e�n�t�s�,� �a�n�d� �i�n� �r�e�l�a�t�i�v�e�l�y� 

�a�c�i�d�i�c� �o�r� �r�e�d�u�c�i�n�g� �c�o�n�d�i�t�i�o�n�s� �i�s� �o�f�t�e�n� �h�i�g�h�.� 
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�I�V�.� �T�H�E� �Y�E�L�L�O�W� �S�E�A� �A�S� �A� �M�O�D�E�R�N� �P�H�Y�S�I�C�A�L� �A�N�A�L�O�G� �F�O�R� �T�H�E� 

�S�A�L�I�S�B�U�R�Y� �E�M�B�A�Y�M�E�N�T� 

�I�n� �d�e�v�e�l�o�p�i�n�g� �a� �m�o�d�e�l� �o�f� �t�h�e� �S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t�,� �T�h�e� �Y�e�l�l�o�w� �S�e�a� �i�s� �a�n� 

�a�p�p�r�o�p�r�i�a�t�e� �m�o�d�e�r�n� �a�n�a�l�o�g�.� �I�t� �(�a�l�o�n�g� �w�i�t�h� �i�n�n�e�r� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �E�a�s�t� �C�h�i�n�a� �S�e�a�)� �i�s� �s�i�m�i�l�a�r� 

�i�n� �e�x�t�e�n�t�,� �d�e�p�t�h� �a�n�d� �p�h�y�s�i�c�a�l� �s�t�r�u�c�t�u�r�e�,� �l�a�t�i�t�u�d�e�,� �a�n�d� �e�a�s�t�e�r�n� �c�o�n�t�e�n�e�n�t�a�l� �l�o�c�a�t�i�o�n� �t�o� �t�h�e� 
�S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t� �(�f�i�g�u�r�e� �6�)�.� �I�t� �m�i�g�h�t� �s�h�a�r�e� �s�i�m�i�l�a�r� �c�i�r�c�u�l�a�t�i�o�n� �a�n�d� �c�u�r�r�e�n�t� �s�t�r�u�c�t�u�r�e�s� 
�w�i�t�h� �t�h�e� �f�o�r�m�e�r� �S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t�.� 

�T�h�e� �Y�e�l�l�o�w� �S�e�a� �i�s� �a� �s�h�a�l�l�o�w� �e�m�b�a�y�m�e�n�t� �b�o�r�d�e�r�e�d� �b�y� �C�h�i�n�a� �t�o� �t�h�e� �W�e�s�t� �a�n�d� �N�o�r�t�h�,� 

�a�n�d� �b�y� �K�o�r�e�a� �t�o� �t�h�e� �E�a�s�t�.� �I�t� �o�p�e�n�s� �t�o� �t�h�e� �E�a�s�t� �C�h�i�n�a� �S�e�a� �t�o� �t�h�e� �s�o�u�t�h�.� �T�h�e�Y�e�l�l�o�w� �S�e�a� 

�b�o�t�t�o�m� �s�t�r�u�c�t�u�r�e� �i�n�c�l�u�d�e�s� �a� �n�o�r�t�h�-�s�o�u�t�h� �o�r�i�e�n�t�e�d� �d�e�e�p� �t�r�o�u�g�h� �(�l�o�c�a�t�e�d� �s�o�m�e�w�h�a�t� �n�e�a�r�e�r� �t�o� 
�K�o�r�e�a� �t�h�a�n� �t�o� �C�h�i�n�a�)� �t�h�a�t� �p�r�o�v�i�d�e�s� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �w�i�t�h� �a� �c�o�r�e� �o�f� �w�a�r�m�,� �s�a�l�i�n�e� �m�a�r�i�n�e� 

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

�Z�h�o�u� �(�1�9�8�9�)� �h�a�s� �d�e�s�c�r�i�b�e�d� �t�h�e� �d�y�n�a�m�i�c� �d�e�p�o�s�i�t�i�o�n� �s�y�s�t�e�m�s� �o�f� �t�h�e� �Y�e�l�l�o�w� �(�a�n�d� 

�E�a�s�t� �C�h�i�n�a�)� �S�e�a�.� �E�v�e�n� �t�h�o�u�g�h� �i�n�f�l�u�e�n�c�e�d� �b�y� �h�u�m�a�n� �a�c�t�i�v�i�t�i�e�s� �(�M�i�l�l�i�m�a�n� �e�t� �a�l�.�,� �1�9�8�7�)�,� �t�h�e� 
�d�e�p�o�s�i�t�i�o�n�a�l� �p�a�t�t�e�r�n�s� �a�n�d� �s�t�r�u�c�t�u�r�e�s� �(�W�a�n�g� �a�n�d� �Z�h�u�,� �1�9�9�0�;� �P�a�r�k� �e�t� �a�l�.� �1�9�9�2�)� �m�a�y� �b�e� 

�a�n�a�l�o�g�o�u�s� �t�o� �t�h�o�s�e� �o�f� �t�h�e� �A�q�u�i�a�,� �M�a�r�l�b�o�r�o� �a�n�d� �N�a�n�j�e�m�o�y� �F�o�r�m�a�t�i�o�n�s� �o�f� �t�h�e� �S�a�l�i�s�b�u�r�y� 
�E�m�b�a�y�m�e�n�t� �(�S�e�e� �a�l�s�o� �J�e� �e�t� �a�l�.� �1�9�8�8�)�.� �G�l�a�u�c�o�n�i�t�e� �i�s� �p�r�o�d�u�c�e�d� �i�n� �d�e�e�p�e�r�,� �o�f�f�s�h�o�r�e� �w�a�t�e�r�s� �o�f� 

�t�h�e� �Y�e�l�l�o�w� �S�e�a� �E�m�b�a�y�m�e�n�t� �a�n�d� �E�a�s�t� �C�h�i�n�a� �S�e�a� �(�L�u�-�X�i�a�o�z�h�e�n�,� �1�9�8�9�)�.� 

�C�i�r�c�u�l�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �a�p�p�e�a�r�s� �d�r�i�v�e�n� �b�y� �w�i�n�d�-�i�n�d�u�c�e�d� �(�i�.�e�.�,� �E�k�m�a�n� 
�u�p�w�e�l�l�i�n�g�)� �a�n�d� �t�i�d�a�l� �c�u�r�r�e�n�t�s� �(�f�i�g�u�r�e� �6�)�.� �T�h�e�s�e� �c�u�r�r�e�n�t�s� �w�a�x� �a�n�d� �w�a�n�e� �w�i�t�h� �s�e�a�s�o�n�a�l� 

�m�o�n�s�o�o�n� �w�i�n�d�s� �a�n�d� �f�r�e�s�h�w�a�t�e�r� �i�n�p�u�t� �(�P�a�r�k�,� �1�9�8�6�)�.� �W�a�r�m� �K�u�r�o�s�h�i�o� �w�a�t�e�r� �e�n�t�e�r�s� �t�h�e� 

�d�e�e�p�e�s�t� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �e�m�b�a�y�m�e�n�t� �v�i�a� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �W�a�r�m� �C�u�r�r�e�n�t� �(�H�w�a�n�g� �a�n�d� �C�h�o�i�,� 

�1�9�9�3�)�.� 

�I�n� �t�h�e� �n�o�r�t�h�e�r�n� �h�a�l�f� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �E�m�b�a�y�m�e�n�t�,� �s�e�a�s�o�n�a�l� �w�i�n�d�s� �c�r�e�a�t�e� �a�n� 

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

�n�o�r�t�h�w�a�r�d� �a�s� �f�a�r� �a�s� �t�h�e� �B�o�h�a�i� �G�u�l�f� �(�T�o�m�c�z�a�k� �a�n�d� �G�o�d�f�r�e�y�,� �1�9�9�4�)� �T�h�e� �m�a�r�i�n�e� �i�n�f�l�u�e�n�c�e� 

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

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

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

�w�e�s�t�e�r�n� �c�o�a�s�t�l�i�n�e� �o�f� �K�o�r�e�a�.� �T�h�e�s�e� �c�u�r�r�e�n�t�s� �a�r�e� �s�t�r�e�n�g�t�h�e�n�e�d� �s�e�a�s�o�n�a�l�l�y� �b�y� �m�o�n�s�o�o�n�a�l� 
�f�r�e�s�h�w�a�t�e�r� �i�n�f�l�u�x� �i�n�t�o� �t�h�e� �m�a�r�g�i�n�s� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �E�m�b�a�y�m�e�n�t�.� 
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�T�h�e� �n�o�r�t�h�w�a�r�d� �a�n�d� �s�o�u�t�h�w�a�r�d� �f�l�o�w�s� �a�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �l�a�t�e�r�a�l� �o�c�e�a�n�i�c� �f�r�o�n�t�s� �(�s�e�e� 

�f�i�g�u�r�e� �6�)�.� �H�e�r�e�,� �t�h�e� �w�a�r�m� �m�a�r�i�n�e� �K�u�r�o�s�h�i�o�-�i�n�f�l�u�e�n�c�e�d� �w�a�t�e�r� �m�a�s�s� �m�e�e�t�s� �w�i�t�h� �c�o�o�l�e�r� �l�e�s�s� 

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

�w�i�t�h�o�u�t� �m�i�x�i�n�g� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� 

�F�r�e�s�h�w�a�t�e�r� �d�r�a�i�n�a�g�e� �i�n�t�o� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �E�m�b�a�y�m�e�n�t� �c�r�e�a�t�e�s� �l�o�c�a�l� �e�s�t�u�a�r�i�n�e� 

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

�d�e�g�r�e�e�s� �f�r�o�m� �n�e�a�r�s�h�o�r�e� �c�o�a�s�t�a�l� �w�a�t�e�r�s�.� �T�h�e�s�e� �r�e�g�i�o�n�s� �i�n�c�l�u�d�e� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �B�o�h�a�i� 
�(�Y�e�l�l�o�w� �R�i�v�e�r�)� �G�u�l�f� �(�D�e�n�g�,� �1�9�8�8�)�,� �t�h�e� �Y�a�n�g�t�z�e� �R�i�v�e�r� �(�T�o�m�c�z�a�k� �a�n�d� �G�o�d�f�r�e�y�,� �1�9�9�4�)�,� �t�h�e� 

�K�y�o�n�g�g� �B�a�y�,� �t�h�e� �K�u�m� �R�i�v�e�r� �E�s�t�u�a�r�y�,� �a�n�d� �o�t�h�e�r� �a�r�e�a�s� �(�Y�o�o�,� �1�9�8�6�)�.� 

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

�m�a�s�s�e�s�.� �T�h�e�y� �a�r�e�:� �o�f�f�s�h�o�r�e�,� �o�n�s�h�o�r�e�,� �a�n�d� �e�s�t�u�a�r�i�n�e�.� �O�f�f�s�h�o�r�e� �(�w�a�r�m�,� �m�o�r�e� �m�a�r�i�n�e�)� 

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

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

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

�a�b�o�u�t� �3�4�.�4� �o�/�o�o� �(�K�i�m� �e�t� �a�l�.� �1�9�9�1�;� �C�h�e�o�n�g� �e�t� �a�l�.� �1�9�9�2�)�.� �Y�e�l�l�o�w� �S�e�a� �t�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�e� 
�f�r�o�m� �l�e�s�s� �t�h�a�n� �2�°� �C� �i�n� �n�e�a�r�s�h�o�r�e� �w�i�n�t�e�r� �w�a�t�e�r�s�,� �t�o� �a�b�o�u�t� �2�7� �°�C� �i�n� �o�f�f�s�h�o�r�e� �s�u�m�m�e�r� �w�a�t�e�r�s� 

�(�K�i�m� �e�t� �a�l�.� �1�9�9�1�;�T�o�m�e�c�z�a�k� �a�n�d� �G�o�d�f�r�e�y�,� �1�9�9�4�)�.� �T�e�m�p�e�r�a�t�u�r�e�s� �o�f� �t�h�e� �w�a�r�m� �K�u�r�o�s�h�i�o� 

�C�u�r�r�e�n�t� �r�a�n�g�e� �f�r�o�m� �1�6� �°�C� �i�n� �w�i�n�t�e�r� �t�o� �2�9�°�C� �i�n� �s�u�m�m�e�r�.� �I�t�s� �s�a�l�i�n�i�t�y� �r�a�n�g�e�s� �f�r�o�m� �3�3�.�7� �t�o� 

�3�4�.�9� �o�/�o�o� �(�K�i�m� �e�t� �a�l�.� �1�9�9�1�,� �S�c�h�w�e�i�t�z�e�r�,� �1�9�9�3�)�.� 

�D�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �s�e�a�s�o�n�,� �t�h�e�r�m�o�c�l�i�n�e�s� �a�n�d� �s�t�r�a�t�i�f�i�c�a�t�i�o�n� �b�e�c�o�m�e� �w�e�l�l�-�d�e�v�e�l�o�p�e�d� 
�i�n� �t�h�e� �Y�e�l�l�o�w� �S�e�a�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �f�r�o�n�t� �r�e�g�i�o�n�s� �(�M�a�t�s�u�d�a� �e�t� �a�l�.�,� �1�9�8�9�;� 

�S�e�u�n�g� �e�t� �a�l�.�,� �1�9�9�0�)�.� �D�e�e�p� �w�a�t�e�r�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�i�g�h� �s�a�l�i�n�i�t�y�.� �S�u�r�f�a�c�e� �w�a�t�e�r�s� �a�r�e� 
�o�f�t�e�n� �n�u�t�r�i�e�n�t� �p�o�o�r� �(�C�h�a�n�g� �e�t� �a�l�.�,� �1�9�9�0�;� �Y�a�n�g� �a�n�d� �K�i�m�,� �1�9�9�1�)�.� �P�r�i�m�a�r�y� �p�r�o�d�u�c�t�i�v�i�t�y� �a�l�o�n�g� 

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

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

�a�n�d� �h�i�g�h� �n�u�t�r�i�e�n�t� �l�e�v�e�l�s� �a�l�o�n�g� �t�h�e� �f�r�o�n�t�s� �(�C�h�o�i�,� �1�9�9�1�)� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �c�o�o�l� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �t�u�r�b�i�d� �c�o�n�d�i�t�i�o�n�s� �i�n� �s�h�a�l�l�o�w� 
�n�e�a�r�s�h�o�r�e� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�,� �d�i�a�t�o�m�s� �d�o�m�i�n�a�t�e� �t�h�e� �p�h�y�t�o�p�l�a�n�k�t�o�n� �(�C�h�a�n�g�,� �1�9�8�6�,� 
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�C�h�o�i� �a�n�d� �S�h�i�m�,� �1�9�8�6�,� �L�e�e� �e�t� �a�l�.�,� �1�9�8�9�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �p�o�p�u�l�a�t�i�o�n�s� �a�r�e� �s�p�a�r�s�e�,� �m�a�k�i�n�g� �u�p� 
�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �p�h�y�t�o�p�l�a�n�k�t�o�n� �p�r�i�m�a�r�i�l�y� �i�n� �l�a�t�e� �s�u�m�m�e�r�.� �T�h�e� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �o�c�c�u�r� �p�r�i�m�a�r�i�l�y� 

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

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

�p�r�e�d�o�m�i�n�a�n�t�.� 
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�V�.� �M�E�T�H�O�D�S� 

�S�o�u�r�c�e�s� �o�f� �D�a�t�a� �S�e�t�s� 

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

�S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t� �(�f�i�g�u�r�e� �7�)�.� �W�i�t�m�e�r� �c�o�l�l�e�c�t�e�d� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e� �O�a�k� �G�r�o�v�e� �c�o�r�e� 

�(�W�i�t�m�e�r�,� �1�9�8�7�)�.� �S�a�m�p�l�e�s� �w�e�r�e� �n�u�m�b�e�r�e�d� �s�t�r�a�t�i�g�r�a�p�h�i�c�a�l�l�y� �u�p�w�a�r�d�s� �a�t� �e�a�c�h� �c�o�l�l�e�c�t�i�n�g� �s�i�t�e�.� 
�S�a�m�p�l�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �v�i�a� �s�t�a�n�d�a�r�d� �p�a�l�y�n�o�l�o�g�i�c�a�l� �m�a�c�e�r�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �t�o� �r�e�c�o�v�e�r� �t�h�e� 
�o�r�g�a�n�i�c�-�w�a�l�l�e�d� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s�.� �T�h�e� �t�e�c�h�n�i�q�u�e� �d�e�s�t�r�o�y�s� �c�a�l�c�a�r�e�o�u�s� �a�n�d� �_� �s�i�l�i�c�e�o�u�s� 

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

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

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

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

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

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

�d�e�s�c�r�i�p�t�i�o�n�s� �(�S�e�e� �a�l�s�o� �B�a�r�s�s� �a�n�d� �W�i�l�l�i�a�m�s�,� �1�9�8�3�)�.� 

�C�o�r�r�e�l�a�t�i�o�n� �o�f� �S�a�m�p�l�e�s� �(�C�l�u�s�t�e�r� �a�n�a�l�y�s�i�s�)� 

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

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

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

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

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

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

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

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

�t�h�e�i�r� �i�n�d�i�v�i�d�u�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�c�o�m�e� �l�e�s�s� �d�i�s�t�i�n�c�t�.� �S�e�v�e�r�a�l� �r�e�s�u�l�t�s� �a�r�e� �p�o�s�s�i�b�l�e�.� �F�o�r� �o�n�e�,� 

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

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

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

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

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

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

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

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

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

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

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

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

�b�o�u�n�d�a�r�i�e�s� �g�r�a�d�e� �i�n�t�o�  ��t�r�a�n�s�i�t�i�o�n� �z�o�n�e�s �� �(�e�x�p�r�e�s�s�e�d� �a�s� �a� �c�h�a�n�g�e� �i�n� �g�r�a�d�i�e�n�t� �s�l�o�p�e�.�)�,� �Q�-� 

�m�o�d�e� �a�n�a�l�y�s�i�s� �i�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �t�o�o�l�.� 

�C�l�u�s�t�e�r�i�n�g� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� �w�a�s� �d�o�n�e� �v�i�a� �a� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m� �w�r�i�t�t�e�n� �b�y� �R�o�b�e�r�t� 
�P�l�a�n�t�s� �(�1�9�7�7�)� �f�o�r� �t�h�e� �I�B�M�3�7�0� �m�a�i�n�f�r�a�m�e�,� �a�n�d� �m�o�d�i�f�i�e�d� �b�y� �T�o�m� �R�o�u�n�d�s� �a�n�d� �A�r�n�i�e� �M�i�l�l�e�r� 

�(�1�9�8�1�;� �s�e�e� �a�p�p�e�n�d�i�x� �C�)�.� �T�h�i�s� �p�r�o�g�r�a�m� �p�r�o�v�i�d�e�d� �c�o�n�s�i�s�t�e�n�c�y� �w�i�t�h� �e�a�r�l�i�e�r� �c�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� 

�b�y� �V�i�r�g�i�n�i�a� �T�e�c�h� �p�a�l�y�n�o�l�o�g�y� �s�t�u�d�e�n�t�s�(� �S�e�e� �W�e�l�c�h�,� �1�9�8�6�)�.� �T�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �I�B�M� �3�0�9�0�-� 

�3�0�0� �E� �m�a�i�n�f�r�a�m�e� �c�o�m�p�u�t�e�r� �w�a�s� �u�s�e�d� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s�.� �I�n� �t�h�i�s� �p�r�o�j�e�c�t�,� �t�h�e� �C�z�e�k�a�n�o�w�s�k�i� 
�(�o�r�  ��d�i�c�e � ��)� �c�o�e�f�f�i�c�i�e�n�t� �w�a�s� �u�s�e�d� �w�i�t�h� �U�P�G�W�A� �f�o�r� �c�o�m�p�a�r�i�n�g� �a�n�d� �c�h�o�o�s�i�n�g� �s�i�m�i�l�a�r� �s�a�m�p�l�e� 

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

�t�h�e�s�e� �a�n�a�l�y�s�e�s�.� 

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

�C�o�m�m�o�n� �(�g�r�e�a�t�e�r� �t�h�a�n� �2�5�%� �o�f� �t�h�e� �s�a�m�p�l�e� �m�a�k�e�u�p�)�,� �c�o�m�m�o�n� �(�g�r�e�a�t�e�r� �t�h�a�n� �1�0�%� �o�f� �t�h�e� 
�s�a�m�p�l�e� �m�a�k�e�u�p�)�,� �i�n�t�e�r�m�e�d�i�a�t�e� �(�b�e�t�w�e�e�n� �1�0�%� �a�n�d� �1�%� �o�f� �s�a�m�p�l�e� �m�a�k�e�u�p�)� �a�n�d� �r�a�r�e� �(�l�e�s�s� 
�t�h�a�n� �1�%� �o�f� �t�h�e� �s�a�m�p�l�e� �m�a�k�e�u�p�)� �s�p�e�c�i�e�s�.� �T�h�e�s�e� �d�e�n�d�r�o�g�r�a�m�s� �p�r�o�v�i�d�e� �c�o�m�p�a�r�i�s�o�n� �o�f� 

�2�8



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

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

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

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

�b�o�u�n�d�a�r�i�e�s�,� �s�u�c�h� �a�s� �f�r�o�n�t�s� �(�S�p�r�i�n�g�e�r� �a�n�d� �B�a�m�b�a�c�h�,� �1�9�8�5�)�.� 

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

�e�t�c�.�)� �a�n�d� �z�o�o�p�l�a�n�k�t�o�n� �(�i�n�c�l�u�d�i�n�g� �c�o�p�e�p�o�d�s�,� �e�t�c�.�)�.� �I�n� �t�h�e� �l�i�v�i�n�g� �s�a�m�p�l�e�,� �t�h�e� �s�p�e�c�i�e�s� �a�n�d� 

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

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

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

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

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

�(�B�e�n�n�i�n�g�t�o�n� �a�n�d� �B�a�m�b�a�c�h�,� �1�9�9�6�)�.� 

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

�B�e�n�n�i�n�g�t�o�n� �a�n�d� �B�a�m�b�a�c�h� �(�1�9�9�6�)� �s�u�g�g�e�s�t�e�d� �u�s�i�n�g� �f�o�s�s�i�l� �r�e�c�o�r�d� �d�e�f�i�n�i�t�i�o�n�s� �c�o�m�p�a�r�a�b�l�e� �t�o� 

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

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

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

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

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

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

�B�e�n�n�i�n�g�t�o�n� �(�B�e�n�n�i�n�g�t�o�n�,� �1�9�9�5�;� �B�e�n�n�i�n�g�t�o�n� �a�n�d� �B�a�m�b�a�c�h�,� �1�9�9�6�)� �u�s�e�d� �A�N�O�V�A� 
�(�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �o�f� �m�e�a�n�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�)� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g�  ��s�a�m�e�n�e�s�s �� �b�e�t�w�e�e�n� 
�l�o�c�a�l� �p�a�l�e�o�c�o�m�m�u�n�i�t�i�e�s� �i�n� �b�e�n�t�h�i�c� �m�a�r�i�n�e� �a�s�s�e�m�b�l�a�g�e�s� �(�S�e�e� �a�l�s�o� �Z�e�n�e�t�o�s�,� �1�9�9�1�)�.� �A�N�O�V�A� 

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

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

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

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

�(�o�r� �P�-�v�a�l�u�e�)� �i�s� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� �l�i�k�l�i�h�o�o�d� �t�h�a�t� �t�h�e� �F�-�v�a�l�u�e� �w�i�l�l� �b�e� �m�o�r�e� �e�x�t�r�e�m�e� �t�h�a�n� 

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

�w�i�t�h�i�n� �t�h�e� �g�r�o�u�p� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �d�i�s�s�i�m�i�l�a�r�.� �S�e�e� �S�o�k�a�l� �a�n�d� �R�o�h�l�f� �(�1�9�6�9�;� �a�l�s�o� �Y�o�u�n�g�,� �1�9�6�2�;� 

�F�r�e�d�e�r�i�c�k�s�e�n�,� �1�9�7�4�)� �f�o�r� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �A�N�O�V�A� �p�r�o�c�e�d�u�r�e�s�.� 

�A�l�l� �A�N�O�V�A� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� �w�e�r�e� �r�u�n� �u�s�i�n�g� �t�h�e� �M�a�c�i�n�t�o�s�h� �p�r�o�g�r�a�m� 

�S�T�A�T�V�I�E�W�,� �o�n� �a� �M�a�c�i�n�t�o�s�h� �I�I�s�i� �c�o�m�p�u�t�e�r�.� �S�e�e� �A�p�p�e�n�d�i�x� �A� �f�o�r� �A�N�O�V�A� �r�e�s�u�l�t�s� �o�f� 
�i�n�d�i�v�i�d�u�a�l� �c�l�u�s�t�e�r� �g�r�o�u�p�s�.� 

�D�y�n�a�m�i�c� �S�y�s�t�e�m�s� �M�o�d�e�l�i�n�g� 

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

�u�s�e�d� �t�h�e� �d�y�n�a�m�i�c� �s�y�s�t�e�m�s� �m�o�d�e�l�i�n�g� �p�r�o�g�r�a�m� �S�T�E�L�L�A� �I�I� �f�o�r� �t�h�e� �M�a�c�i�n�t�o�s�h� �c�o�m�p�u�t�e�r�.� �F�o�r� 

�a� �d�i�s�c�u�s�s�i�o�n� �o�f� �S�T�E�L�L�A� �m�o�d�e�l�i�n�g�,� �s�e�e� �R�i�c�h�m�o�n�d� �(�1�9�8�7�)�.� 

�S�T�E�L�L�A� �I�I� �m�o�d�e�l�i�n�g� �e�x�p�l�o�r�e�d� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�y�s�t� 

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

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

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

�O�a�k� �G�r�o�v�e� �c�o�r�e� �d�a�t�a� �s�e�t� �(�W�i�t�m�e�r�,� �1�9�8�7�)� �w�e�r�e� �e�n�t�e�r�e�d� �i�n�t�o� �S�T�E�L�L�A� �I�I� �f�o�r�m�a�t� �f�o�r� �d�i�r�e�c�t� 

�c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �t�h�e� �m�o�d�e�l� �s�p�e�c�i�e�s�.� �S�i�m�i�l�a�r� �e�s�t�i�m�a�t�e�d� �d�e�p�t�h� �( ��s�h�a�l�l�o�w� �u�p ��)� �c�u�r�v�e�s� �w�e�r�e� 
�p�l�o�t�t�e�d� �f�o�r� �t�h�e� �d�a�t�a� �a�n�d� �r�u�n� �f�o�r� �t�h�e� �S�T�E�L�L�A� �I�I� �m�o�d�e�l�.� 

�M�o�r�e� �c�o�m�p�l�e�x� �m�o�d�e�l�i�n�g� �r�e�q�u�i�r�e�d� �u�s�e� �o�f� �F�O�R�T�R�A�N� �p�r�o�g�r�a�m�m�i�n�g�.� �C�o�d�e� 
�s�t�r�u�c�t�u�r�e�s� �f�o�r� �t�h�e� �F�O�R�T�R�A�N� �m�o�d�e�l� �c�o�u�l�d� �b�e� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �t�h�e� �m�o�d�e�r�n� �a�n�a�l�o�g� 
�o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�.� �F�O�R�T�R�A�N� �m�o�d�e�l�s� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� �w�e�r�e� �d�e�s�i�g�n�e�d� �a�n�d� �r�u�n� �o�n� �a�n� �I�B�M� 
�4�8�6� �p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r�,� �u�s�i�n�g� �K�E�D�I�T� �a�n�d� �a� �W�A�T�F�O�R�8�7� �c�o�m�p�i�l�e�r�.� 
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�F�O�R�T�R�A�N� �m�o�d�e�l�i�n�g� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� �b�e�g�a�n� �w�i�t�h� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �a� �s�i�m�p�l�e� �l�i�n�e�a�r�-� 

�d�o�n�o�r�-�c�o�n�t�r�o�l�l�e�d� �m�o�d�e�l�,� �i�n� �w�h�i�c�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �e�a�c�h� �m�o�d�e�l� �s�t�e�p� �a�r�e� �c�o�n�t�r�o�l�l�e�d� �o�n�l�y� �b�y� �t�h�e� 
�p�r�e�v�i�o�u�s� �s�t�e�p�.� �T�h�e� �f�l�o�w� �c�h�a�r�t� �d�i�a�g�r�a�m� �o�f� �t�h�i�s� �s�t�r�u�c�t�u�r�e� �i�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �8�.� �B�y� 

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

�m�o�d�e�l�s� �w�e�r�e� �c�r�e�a�t�e�d�.� �T�h�e� �f�i�n�a�l� �F�O�R�T�R�A�N� �m�o�d�e�l� �c�o�d�e� �i�s� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �B�.� �D�a�t�a� �f�o�r� 

�t�h�e� �f�i�n�a�l� �m�o�d�e�l�s� �w�e�r�e� �d�r�a�w�n� �f�r�o�m� �i�n�f�o�r�m�a�t�i�o�n� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �b�a�c�k�g�r�o�u�n�d� �s�e�c�t�i�o�n�s� �o�f� �t�h�i�s� 
�r�e�p�o�r�t� �(�A�l�s�o� �i�n�c�l�u�d�i�n�g� �B�a�l�e�c�h�,� �1�9�6�7�;� �A�t�k�i�n�s�o�n� �e�t� �a�l�.�,� �1�9�8�5�;� �B�e�g�o�n� �e�t� �a�l�.�,� �1�9�8�6�;� �B�r�o�c�k� �a�n�d� 

�M�a�d�i�g�a�n�,� �1�9�9�1�)�.� �T�h�e� �F�O�R�T�R�A�N� �m�o�d�e�l� �i�s� �b�r�o�k�e�n� �d�o�w�n� �i�n�t�o� �t�h�r�e�e� �s�e�p�a�r�a�t�e� �p�o�r�t�i�o�n�s�.� �T�h�e� 
�f�i�r�s�t� �i�s� �a� �m�o�d�u�l�e� �d�e�s�c�r�i�b�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �T�h�e� �s�e�c�o�n�d� 

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

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

�w�i�t�h� �t�i�m�e� �a�v�e�r�a�g�i�n�g�.� �R�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �F�O�R�T�R�A�N� �m�o�d�e�l�s� �a�r�e� �g�i�v�e�n� �i�n� �t�h�e� �R�e�s�u�l�t�s� �s�e�c�t�i�o�n�.� 

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

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

�o�t�h�e�r�,� �r�a�t�h�e�r� �t�h�a�n� �a�s� �a� �t�i�m�e� �s�e�r�i�e�s�.� �I�f� �o�n�e� �s�p�e�c�i�e�s� �i�s� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �a�f�f�e�c�t�i�n�g� �t�h�e� �o�t�h�e�r� 
�(�D�a�v�i�d�s�o�n�,� �1�9�9�5�)�,� �t�h�e�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �v�a�l�u�e�s� �o�f� �b�o�t�h� �s�p�e�c�i�e�s� �m�a�y� �s�h�o�w� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

�w�h�e�r�e� �i�t� �e�x�i�s�t�s�,� �m�a�y� �b�e� �m�o�s�t� �a�p�p�a�r�e�n�t� �d�u�r�i�n�g� �t�i�m�e�s� �o�f� �o�v�e�r�l�a�p� �a�n�d� �r�e�p�l�a�c�e�m�e�n�t� �b�e�t�w�e�e�n� 
�p�o�p�u�l�a�t�i�o�n�s�,� �o�r� �m�a�y� �a�l�l� �b�e� �b�e�l�o�w� �t�h�e� �l�e�v�e�l� �o�f� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� �s�e�t�.� 
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�V�I�.� �R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�S�t�e�l�l�a� �D�y�n�a�m�i�c� �S�y�s�t�e�m�s� �M�o�d�e�l� 
�T�h�e� �S�T�E�L�L�A� �I�I� �m�o�d�e�l� �a�s�s�u�m�e�s� �t�h�a�t� �i�n�s�t�a�b�i�l�i�t�y� �a�n�d� �v�a�r�i�a�b�i�l�i�t�y� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �s�e�a� 

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

�s�i�m�p�l�e� �g�r�o�w�t�h� �r�a�t�e� �e�q�u�a�t�i�o�n�s� �i�n� �t�h�e� �m�o�d�e�l� �c�o�d�e�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �t�i�m�e� �s�e�r�i�e�s� �(�f�i�g�u�r�e� �1�0�a�)� �i�s� 
�g�r�a�p�h�e�d� �a�g�a�i�n�s�t� �a�  ��s�h�a�l�l�o�w�-�u�p �� �r�e�l�a�t�i�v�e� �s�e�a� �l�e�v�e�l� �c�u�r�v�e� �f�r�o�m� �a� �p�o�r�t�i�o�n� �o�f� �t�h�e� �O�a�k� �G�r�o�v�e� 

�C�o�r�e� �(�W�i�t�m�e�r�,� �1�9�8�7�)�.� 

�T�h�e� �m�o�d�e�l� �o�u�t�p�u�t� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �e�q�u�i�v�a�l�e�n�t� �d�a�t�a� �p�l�o�t�s� �o�f� �A�r�e�o�l�i�g�e�r�a�,� 
�D�e�f�l�a�n�d�r�i�a�,� �a�n�d� �W�e�t�z�e�l�i�e�l�l�a� �f�r�o�m� �t�h�e� �O�a�k� �G�r�o�v�e� �c�o�r�e� �(�f�i�g�u�r�e� �1�0�b�)�.� �L�i�n�e� �1� �(�i�n�v�e�r�s�e�a�)� �i�n� �b�o�t�h� 

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

�I�n� �b�o�t�h� �t�h�e� �m�o�d�e�l� �(�t�o�p�)�,� �a�n�d� �i�n� �t�h�e� �g�r�a�p�h�e�d� �d�a�t�a� �s�e�t� �(�b�o�t�t�o�m�)�,�  ��d�e�e�p �� �v�e�r�s�u�s� 

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

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

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

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

�I�n� �g�e�n�e�r�a�l�,� �t�h�e� �S�T�E�L�L�A� �I�I� �m�o�d�e�l� �s�u�g�g�e�s�t�s� �t�h�a�t� �d�e�p�t�h� �c�o�r�e�l�l�a�t�i�o�n�s� �m�i�g�h�t� �b�e� 

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

�i�n�f�o�r�m�a�t�i�o�n� �w�e�r�e� �a�v�a�i�l�a�b�l�e�.� �S�t�i�l�l�,� �a�s�s�o�c�i�a�t�i�o�n�s� �w�i�t�h� �b�a�t�h�y�m�m�e�t�r�y� �d�o� �n�o�t� �d�i�r�e�c�t�l�y� �s�u�g�g�e�s�t� 
�c�a�u�s�a�t�i�o�n�.� 
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�R�e�s�u�l�t�s� �o�f� �t�h�e� �F�O�R�T�R�A�N� �D�y�n�a�m�i�c� �S�y�s�t�e�m�s� �M�o�d�e�l�s� 

�T�h�e� �F�O�R�T�R�A�N� �m�o�d�e�l�s� �X�,� �Y�,� �a�n�d� �Z� �p�r�e�d�i�c�t� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �p�o�p�u�l�a�t�i�o�n�s� �a�c�c�o�r�d�i�n�g� 

�t�o� �d�e�p�t�h� �r�e�l�a�t�e�d� �c�h�a�n�g�e�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �s�a�l�i�n�i�t�y�,� �a�n�d� �n�u�t�r�i�e�n�t� �b�a�s�e�d� �o�n� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� 
�Y�e�l�l�o�w� �S�e�a�.� �P�r�e�l�i�m�i�n�a�r�y� �r�u�n�s� �o�f� �t�h�e� �F�O�R�T�R�A�N� �m�o�d�e�l�s� �u�s�i�n�g� �(�c�o�o�l�)� �Y�e�l�l�o�w� �S�e�a� 

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

�t�e�m�p�e�r�a�t�u�r�e�s� �b�y� �5�°� �C� �p�r�o�d�u�c�e�d� �m�o�r�e� �e�x�t�e�n�s�i�v�e� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e� �w�a�r�m�e�r� 
�m�o�d�e�l� �v�a�r�i�a�t�i�o�n�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �h�e�r�e�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �m�o�d�e�l�i�n�g� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �S�a�l�i�s�b�u�r�y� 

�E�m�b�a�y�m�e�n�t� �m�a�y� �h�a�v�e� �b�e�e�n� �s�o�m�e�w�h�a�t� �w�a�r�m�e�r� �t�h�a�n� �t�h�e� �m�o�d�e�r�n� �Y�e�l�l�o�w� �S�e�a�.� 

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

�w�a�t�e�r�s�,� �s�u�c�h� �a�s� �o�c�c�u�r� �i�n� �t�h�e� �n�o�r�t�h�e�r�n� �r�e�g�i�o�n� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�.� �T�a�b�l�e� �B�-�1� �(�A�p�p�e�n�d�i�x� �B�)� 

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

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

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

�B�-�2� �c�o�n�t�a�i�n�s� �o�u�t�p�u�t� �f�r�o�m� �t�h�e� �s�e�c�o�n�d� �m�o�d�e�l�.� 

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

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

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

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

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

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

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

�T�a�b�l�e� �B�-�3� �c�o�n�t�a�i�n�s� �o�u�t�p�u�t� �f�r�o�m� �t�h�e� �t�h�i�r�d� �d�y�n�a�m�i�c� �s�y�s�t�e�m� �m�o�d�e�l� �v�e�r�s�i�o�n�,� 

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

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

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

�p�r�e�s�e�n�t�.� �C�y�s�t� �s�p�e�c�i�e�s� �1�1� �a�n�d� �1�2� �r�e�p�r�e�s�e�n�t� �s�e�c�o�n�d�a�r�y� �m�o�r�p�h�o�t�y�p�e�s� �o�f� �s�p�e�c�i�e�s� �3� �a�n�d� �4�.� 

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

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

�s�i�g�n�i�f�i�c�a�n�t� �e�n�o�u�g�h� �t�o� �b�e� �r�e�c�o�g�n�i�z�e�d� �a�b�o�v�e� �b�a�c�k�g�r�o�u�n�d� �g�r�a�d�i�e�n�t� �e�f�f�e�c�t�s� �(�s�e�e� �f�i�g�u�r�e� �1�2�)�.� 

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

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

�a�r�e� �c�a�r�e�f�u�l�l�y� �c�h�o�s�e�n�.� 

�D�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �F�O�R�T�R�A�N� �M�o�d�e�l�s� 

�M�o�d�e�l�s� �s�i�m�u�l�a�t�e� �a�n�d� �s�i�m�p�l�i�f�y� �r�e�a�l�i�t�y� �(�S�e�e� �C�a�s�w�e�l�l�,� �1�9�7�2�;� �D�r�e�w�,� �1�9�8�5�;� �G�o�o�d�m�a�n�,� 

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n� �i�n� �t�h�e� �m�o�d�e�l�s�.� 

�S�a�l�i�n�i�t�y� �s�e�e�m�s� �a� �m�o�r�e� �p�o�w�e�r�f�u�l� �c�o�n�t�r�o�l� �i�n� �c�o�a�s�t�a�l� �a�n�d� �n�e�a�r�-�s�h�o�r�e� �e�n�v�i�r�o�n�m�e�n�t�s�.� 
�L�o�w� �a�n�d� �v�a�r�i�a�b�l�e� �n�e�a�r�-�s�h�o�r�e� �s�a�l�i�n�i�t�y� �l�i�m�i�t�s� �d�i�n�o�f�i�a�g�e�l�l�a�t�e�s�.� �I�n� �o�t�h�e�r� �c�o�a�s�t�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� 
�d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �e�x�i�s�t� �i�n� �c�o�n�d�i�t�i�o�n�s� �n�e�a�r� �t�h�e�i�r� �u�p�p�e�r� �s�a�l�i�n�i�t�y� �l�i�m�i�t�.� �T�h�e�s�e� �u�p�p�e�r� �(�s�e�a�w�a�r�d�)� 

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

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

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

�p�o�t�e�n�t�i�a�l� �p�r�o�d�u�c�t�i�v�i�t�y� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �p�h�y�t�o�p�l�a�n�k�t�o�n� �a�r�e� �n�o�t� �s�p�e�c�i�f�i�c� �t�o� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� 
�(�R�i�c�h�a�r�d�s� �a�n�d� �M�c�G�a�v�a�n�,� �1�9�8�9�;� �K�a�n�g�,� �1�9�9�2�)�.� �P�h�o�t�o�s�y�n�t�h�e�t�i�c� �r�a�t�e�s� �a�r�e� �a�f�f�e�c�t�e�d� �b�y� 

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

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

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

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

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

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

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

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

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

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

�R�e�s�u�l�t�s� �o�f� �Q�-�m�o�d�e� �C�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� 

�T�o�t�a�l� �D�a�t�a� �s�e�t� 

�C�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �c�o�m�b�i�n�e�d� �f�o�s�s�i�l� �d�a�t�a� �s�e�t� �r�e�s�u�l�t�s� �i�n� �1�7� �c�l�u�s�t�e�r�s� �a�t� �a� �c�o�e�f�f�i�c�i�e�n�t� 

�o�f� �s�i�m�i�l�a�r�i�t�y� �o�f� �0�.�4� �(�f�i�g�u�r�e� �1�3�)�.� �T�h�e�s�e� �g�r�o�u�p�s� �r�e�f�l�e�c�t� �c�h�a�n�g�e�s� �i�n� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �a�s�s�o�c�i�a�t�i�o�n�s�,� 
�c�o�n�t�r�o�l�l�e�d� �l�a�r�g�e�l�y� �b�y� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� �C�l�u�s�t�e�r�i�n�g� �f�o�l�l�o�w�s� �t�h�e� �b�i�o�s�t�r�a�t�i�g�r�a�p�h�i�c� 

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

�s�a�m�p�l�e� �1�7�4� �t�o� �1�9�7�)�,� �t�h�r�o�u�g�h� �a� �s�h�a�l�l�o�w� �a�n�d� �v�a�r�i�a�b�l�e� �p�e�r�i�o�d� �o�f� �t�h�e� �u�p�p�e�r�m�o�s�t� �A�q�u�i�a� �a�n�d� 

�l�o�w�e�r�m�o�s�t� �N�a�n�j�e�m�o�y� �(�s�a�m�p�l�e�s� �3�0�3� �t�o� �3�1�8�)�,� �a�n�d� �t�h�e�n� �a� �d�e�e�p�e�n�i�n�g� �t�r�e�n�d� �i�n�t�o� �t�h�e� 

�W�o�o�d�s�t�o�c�k� �M�e�m�b�e�r� �o�f� �t�h�e� �N�a�n�j�e�m�o�y� �(�s�a�m�p�l�e�s� �f�r�o�m� �3�2�4� �t�o� �3�3�9� �a�n�d� �2�3�9� �t�o� �2�7�1�)�.� 

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

�3�1�7� �a�n�d� �3�2�4�,� �a�n�d� �b�e�t�w�e�e�n� �2�0�1� �a�n�d� �3�0�3�.� 

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

�S�a�m�p�l�e�s� �2�4�7� �t�o� �2�4�9� �o�f� �t�h�e� �N�a�n�j�e�m�o�y� �c�l�u�s�t�e�r� �w�i�t�h� �1�7�4� �t�h�r�o�u�g�h� �1�7�8� �o�f� �t�h�e� �l�o�w�e�r� �A�q�u�i�a�.� 
�A�l�t�h�o�u�g�h� �t�h�e� �t�w�o� �a�s�s�e�m�b�l�a�g�e�s� �a�r�e� �s�i�m�i�l�a�r�,� �t�h�e�y� �a�r�e� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �t�h�e� �s�a�m�e�.� 

�C�l�u�s�t�e�r�s� �r�e�p�r�e�s�e�n�t�i�n�g� �(�r�e�g�r�e�s�s�i�v�e�)� �A�q�u�i�a� �s�a�m�p�l�e�s� �a�r�e� �m�o�r�e� �s�i�m�i�l�a�r� �t�o� �e�a�c�h� �o�t�h�e�r� �t�h�a�n� 

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

�i�n�c�u�m�b�e�n�t� �s�p�e�c�i�e�s� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�v�e� �s�a�m�p�l�e�s�.� 
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�C�o�m�m�o�n� �S�p�e�c�i�e�s� �C�l�u�s�t�e�r� �A�s�s�o�c�i�a�t�i�o�n�s� �(�>�1�0�%�)� 
�T�h�e� �c�o�m�m�o�n� �s�p�e�c�i�e�s� �s�u�b�s�e�t� �i�n�c�l�u�d�e�s� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �c�o�m�p�o�s�i�n�g� �m�o�r�e� �t�h�a�n� �1�0�%� �o�f� 

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

 ��s�t�r�u�c�t�u�r�e �� �o�f� �t�h�e� �g�r�o�u�p�s�.� 

�T�h�e� �Q�-�m�o�d�e� �d�e�n�d�r�o�g�r�a�m� �f�o�r� �t�h�e� �c�o�m�m�o�n� �p�o�r�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� �s�e�t� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� 
�p�a�t�t�e�r�n� �o�f� �t�h�e� �t�o�t�a�l� �d�a�t�a� �s�e�t� �d�e�n�d�r�o�g�r�a�m�.� �A�g�a�i�n�,� �1�7� �g�r�o�u�p�i�n�g�s� �o�c�c�u�r� �a�t� �o�r� �a�b�o�v�e� �t�h�e� �0�.�4� 

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

�s�e�t�.� �(�S�e�e� �t�a�b�l�e� �1�)� 

�H�e�r�e�,� �s�i�n�g�l�e�,�d�i�s�s�i�m�i�l�a�r� �s�a�m�p�l�e�s� �b�e�c�o�m�e� �m�o�r�e� �a�p�p�a�r�e�n�t� �(�i�.�e�.�,� �s�a�m�p�l�e�s� �3�2�7�,� �3�1�3�)� 

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

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

�c�l�u�s�t�e�r�.� �N�a�n�j�e�m�o�y� �s�a�m�p�l�e�s� �a�p�p�e�a�r� �m�o�r�e� �e�v�e�n�l�y� �c�l�u�s�t�e�r�e�d� �b�e�t�w�e�e�n� �s�a�m�p�l�e� �s�e�t�s�.� 

�I�n�t�e�r�m�e�d�i�a�t�e� �S�p�e�c�i�e�s� �C�l�u�s�t�e�r� �A�s�s�o�c�i�a�t�i�o�n�s� �(�1�-�1�0�%�)� 
�T�h�e� �s�e�c�o�n�d� �s�u�b�s�e�t� �d�e�n�d�r�o�g�r�a�m� �i�n�c�l�u�d�e�s� �i�n�t�e�r�m�e�d�i�a�t�e� �s�p�e�c�i�e�s�,� �d�e�f�i�n�e�d� �a�s� 

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

�m�a�g�n�i�t�u�d�e� �l�e�s�s� �t�h�a�n� �t�h�e� �c�o�m�m�o�n� �s�p�e�c�i�e�s�.� 

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

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

�o�n�l�y� �c�l�u�s�t�e�r�s� �a�t� �o�r� �a�b�o�v�e� �t�h�e� �0�.�4� �s�i�m�i�l�a�r�i�t�y� �c�o�e�f�f�i�c�i�e�n�t� �a�r�e� �c�o�n�s�i�d�e�r�e�d�,� �h�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t� �i�s� 
�m�o�r�e� �r�e�c�o�g�n�i�z�a�b�l�e�.� �I�n�t�e�r�m�e�d�i�a�t�e� �f�r�e�q�u�e�n�c�y� �s�p�e�c�i�e�s� �d�o� �r�e�s�p�o�n�d� �i�n� �t�h�e� �s�a�m�e� �g�e�n�e�r�a�l� �p�a�t�t�e�r�n� 
�a�s� �t�h�e� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m�.� 

�R�a�r�e� �S�p�e�c�i�e�s� �C�l�u�s�t�e�r� �A�s�s�o�c�i�a�t�i�o�n�s� �(�<�1�%�)� 
�R�a�r�e� �s�p�e�c�i�e�s� �(�l�e�s�s� �t�h�a�n� �1�%� �o�f� �a�n�y� �g�i�v�e�n� �s�a�m�p�l�e�)� �i�n�d�i�v�i�d�u�a�l�l�y� �h�a�v�e� �v�e�r�y� �l�i�t�t�l�e� 

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

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

�d�e�n�d�r�o�g�r�a�m�,� �t�h�e� �g�e�o�g�r�a�p�h�i�c�a�l� �b�o�u�n�d�a�r�i�e�s� �b�e�t�w�e�e�n� �s�a�m�p�l�e� �s�e�t�s� �(�b�e�t�w�e�e�n� �s�a�m�p�l�e�s� �2�0�1� �a�n�d� 
�3�0�3�,� �a�n�d� �b�e�t�w�e�e�n� �3�3�9� �a�n�d� �2�3�9�)� �a�r�e� �e�v�i�d�e�n�t�.� �T�h�i�s� �d�e�n�d�r�o�g�r�a�m� �a�l�s�o� �p�r�o�d�u�c�e�s� �1�7� �g�r�o�u�p�i�n�g�s� 

�a�t� �0�.�4� �s�i�m�i�l�a�r�i�t�y� �o�r� �a�b�o�v�e�.� �W�h�e�n� �r�a�r�e� �g�r�o�u�p�i�n�g�s� �a�r�e� �t�a�b�u�l�a�t�e�d� �a�g�a�i�n�s�t� �t�h�o�s�e� �o�f� �c�o�m�m�o�n� �o�r� 
�i�n�t�e�r�m�e�d�i�a�t�e� �s�e�t�s� �(�t�a�b�l�e� �1�)�,� �t�h�e� �s�i�m�i�l�a�r�i�t�y� �i�s� �a�p�p�a�r�e�n�t�.� 
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�T�a�b�l�e� �1� �n�u�m�e�r�i�c�a�l� �c�o�m�p�a�r�i�s�o�n� �o�f� �d�e�n�d�r�o�g�r�a�m� �g�r�o�u�p�s� 

�Q�-�m�o�c�e� �G�r�o�u�p�i�n�g�s� 
�(�P�a�l�e�o�c�o�m�m�u�n�i�t�y� �t�y�p�e�s�)� 
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�A�l�l� �c�o�m�m�o�n� �I�n�t�e�r�m�e�d�i�a�t�e� �A�a�r�e� 

�1�7�4�,� �1�7�4� �1�7�4� �1�7�4� 

�1�7�5�.� �i�7�7�5� �1�7�5� �1�7�5� 
�1�7�6�:� �1�7�5�,� �1�7�6�.� �i�7�6� 

�P�T� �3�7�7�:� �1�7�7� �t�T�7� �1�7�7� 

�1�7�8�i� �1�7�8� �3�1�2�!� �1�7�8� 
�2�4�7�!� �2�4�9�1� �3�1�4�:� 
�2�4�8�!� �1�7�3�)� 

�2�4�9�)� �1�8�0�:� �1�7� �B�i� 
�2�4�7� 
�2�4�8�,� �1�6�1� 

�1�8�1� �1�7�9� 
�1�7�9�)� �1�8�2�:� �1�7�9�i� �1�8�0� 

�P�T� �1�9�0�!� �1�8�0�'� �1�8�2� 
�1�8�2�:� �1�8�1�.� �1�8�3� 

�1�8�2�)� �1�8�1� 
�1�8�3�,� 
�1�8�4�!� 

�1�8�3�1� �1�8�3�:� �3�1�6�)� �1�8�4� 

�1�8�4�!� �1�8�4�.� �1�8�5� 

�1�8�5�i� �1�8�5�:� �1�8�5�:� 
�1�8�6�i� �1�8�6�:� �1�8�6�:� �1�8�6� 
�1�8�7�!� �1�8�8�!� �1�8�7� 

�P�T� �1�8�9�1� �1�8�7�"� �1�8�7�°� �1�8�8� 
�1�9�0�i� �1�9�5� �+�8�9�:� �1�8�9� 
�1�9�1�'� �1�8�9� �1�9�0�.� �1�9�9�0� 

�1�9�4�,� �1�9�7� �1�8�4�:� �1�9�1� 

�1�9�5�)� �1�9�0�!� �1�9�6�°� �1�9�4�}� 
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�C�-�m�o�a�g�e� �G�r�o�u�p�i�n�g�s� 
 ��P�a�l�e�o�c�o�m�m�u�n�i�t�y� �t�y�p�e�s�)� 
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�F�i�g�u�r�e� �2�2� 
�Q�-�m�e�d�a�e� �G�r�o�u�v�i�n�g�s� 

�i�P�a�l�e�o�c�o�m�m�u�n�i�t�y�  ��y�p�e�s�)� 
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�D�i�s�c�u�s�s�i�o�n� �o�f� �P�a�l�e�o�c�o�m�m�u�n�i�t�y� �M�a�k�e�u�p� 
�Q�-�m�o�d�e� �c�l�u�s�t�e�r�i�n�g� �o�f� �t�h�e� �d�a�t�a� �s�e�t�s� �a�l�l� �s�h�o�w� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�7� �c�o�h�e�r�e�n�t� 

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

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

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

�e�n�v�i�r�o�n�m�e�n�t� �t�h�r�o�u�g�h� �t�i�m�e�.� �A�N�O�V�A� �a�n�a�l�y�s�i�s� �s�h�o�w�s� �t�h�a�t�,� �a�t� �t�h�e� �0�.�4� �s�i�m�i�l�a�r�i�t�y� �l�e�v�e�l�,� �a�l�l� 

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

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

�o�c�c�u�r�.� 

�T�h�e�r�e� �a�r�e� �2�5�5� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �s�p�e�c�i�e�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e�s�e� �s�p�e�c�i�e�s�,� �a�n�d� 

�t�h�e�i�r� �g�e�n�e�r�a�l� �r�e�l�a�t�i�v�e� �f�r�e�q�u�e�n�c�i�e�s� �a�r�e� �s�h�o�w�n� �i�n� �t�a�b�l�e� �2�.� �T�h�e� �f�i�r�s�t� �c�o�l�u�m�n� �c�o�n�t�a�i�n�s� �a� �s�p�e�c�i�e�s� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �n�u�m�b�e�r�.� �T�h�e� �f�i�r�s�t� �1�7�6� �n�u�m�b�e�r�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �n�u�m�b�e�r�s� 

�a�s�s�i�g�n�e�d� �b�y� �W�i�t�m�e�r� �(�1�9�8�7�)� �t�o� �s�p�e�c�i�e�s� �o�f� �t�h�e� �O�a�k� �G�r�o�v�e� �c�o�r�e�;� �s�u�c�c�e�e�d�i�n�g� �n�u�m�b�e�r�s� �a�r�e� 

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

�T�a�b�l�e� �5� �s�h�o�w�s� �t�h�a�t� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �o�n�l�y� �e�v�e�r� �o�c�c�u�r� �a�s� �r�a�r�e� �(�R�%�=�1�0�0�)�.� 

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

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

�i�t�s� �p�r�e�s�e�n�c�e� �(�R�%�=�0�,� �S�%�=�0�,� �C�%�=�0�)�.� 

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

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

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

�s�p�e�c�i�e�s� �a�s� �p�r�e�f�e�r�e�n�t�i�a�l�l�y�  ��n�e�a�r�-�s�h�o�r�e �� �t�y�p�e�s� �(�a�l�t�h�o�u�g�h� �t�h�e� �c�a�s�e� �o�f� �A�r�e�o�l�i�g�e�r�a� �a�p�p�e�a�r�s� 

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

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

�v�a�r�y�i�n�g� �p�r�o�p�o�r�t�i�o�n�s�.� 
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�T�a�b�i�e� �2�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �M�a�s�t�e�r� �L�i�s�t� �a�n�d� �C�o�u�n�t� �T�a�b�u�l�a�t�i�o�n�.� 

� � 

�C�a�u�n�t� �v�a�l�u�e�s�.� 
�t�l�e� �R�e� �S�#� 

�P�e�r�c�e�n�t�a�g�e� �v�a�i�v�e�s� 

�S�e� 
� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�A�c�m�e�i�l�a� �s�i�f�a�r�m�o�i�c�e�s� �5�.�'� �7�2�:� �1�8�.�3�5� �9� �7�2�.�4�5� �3� �M�M� 

�2� �A�c�r�a�t�o�s�o�n�a�e�r�i�c�i�u�m� �m�u�t�i�s�c�i�n�o�s�u�m� �7�9�5�:� �3�.�4�7�)� �4�2�.�2�)� �5�0�:� �2�1�.�3�;� �t�4�a�.� �3�g� �2�!� 
�2� �A�c�n�a ��e�s�o�n�a�e�n�c�i�u�m�  ��o�o�u�s�i�u�m� �7�3�.�3�3� �+� �3�3�;� �3�4� �3�:� �3�:� �3�2�.�3�3� �3�:� �3�1� 

�4� �A�l�i�s�c�e�v�s�t�a� �o�f�.� �a�.� �n�a�r�g�a�n�t�a� �2�.�6�7�!� �.� �4� �3�7�°� �2�.� �y� �3�2�.�3�1� �3� �q�i� 
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�R�e�s�u�l�t�s� �o�f� �C�h�o�s�e�n� �P�h�a�s�e� �P�l�a�n�e� �P�l�o�t�s� 
�P�h�a�s�e� �p�l�a�n�e� �p�l�o�t�s� �w�e�r�e� �p�r�o�d�u�c�e�d� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �s�p�e�c�i�e�s� �p�a�i�r�s� �f�r�o�m� �t�h�e� �d�a�t�a�.� �F�o�u�r� 

�p�h�a�s�e� �p�l�a�n�e� �p�l�o�t�s�,� �o�f� �c�o�m�m�o�n� �s�p�e�c�i�e�s�,� �h�a�v�e� �b�e�e�n� �s�e�l�e�c�t�e�d� �a�s� �r�e�p�r�e�s�e�n�t�i�t�i�v�e� �(�f�i�g�u�r�e� �1�4�)�.� 

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

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

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

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

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

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

�r�e�s�o�l�u�t�i�o�n� �o�n� �t�h�i�s� �s�c�a�l�e� �l�i�m�i�t� �i�t�s� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� 
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�V�i�l�.� �C�O�N�C�L�U�S�I�O�N�S� 

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

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

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

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

�2�.� �C�o�a�s�t�a�l� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �d�y�n�a�m�i�c�s� �c�a�n� �b�e� �a�p�p�r�o�x�i�m�a�t�e�d� �u�s�i�n�g� �p�a�r�a�m�e�t�e�r�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e�,� 

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

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

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

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

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

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

�p�a�r�a�l�l�e�l� �c�h�a�n�g�e�s� �i�n� �s�e�d�i�m�e�n�t� �(�w�a�t�e�r�m�a�s�s�)� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�5�.� �C�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�s� �1�7� �s�e�p�a�r�a�t�e� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �a�s�s�o�c�i�a�t�i�o�n�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�t�e�r�p�r�e�t�e�d� 
�i�n�d�i�v�i�d�u�a�l�l�y� �a�s� �o�c�c�u�r�r�i�n�g� �i�n� �e�s�t�u�a�r�i�n�e�,� �n�e�a�r�s�h�o�r�e�,� �o�r� �o�f�f�s�h�o�r�e� �c�o�n�d�i�t�i�o�n�s�.� �I�n�d�i�v�i�d�u�a�l� 

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

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

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

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

�P�a�m�u�n�k�y� �G�r�o�u�p� �d�a�t�a�.� 

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

�t�h�o�s�e� �o�f� �t�h�e� �m�o�d�e�r�n� �Y�e�l�l�o�w� �S�e�a�,� �w�i�t�h� �b�o�t�h� �l�a�t�e�r�a�l� �f�r�o�n�t�s�,� �a�n�d� �r�e�g�i�o�n�s� �o�f� �m�i�x�i�n�g�.� �F�o�s�s�i�l� 

�d�i�n�o�f�l�a�g�e�l�l�a�t�e� �d�a�t�a� �a�n�d� �m�o�d�e�l�i�n�g� �s�u�g�g�e�s�t� �t�h�a�t� �w�a�t�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t� 
�m�a�y� �h�a�v�e� �b�e�e�n� �w�a�r�m�e�r� �t�h�a�n� �t�h�e� �m�o�d�e�r�n� �Y�e�l�l�o�w� �S�e�a�.� 
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�B�I�B�L�I�O�G�R�A�P�H�Y� 

�A�t�k�i�n�s�o�n�,� �L�.� �P�.�,� �M�e�n�z�e�l�,� �D�.�W�.�,� �a�n�d� �B�u�s�h�,� �K�.�A�.� �(�1�9�8�5�)�.� �O�c�e�a�n�o�g�r�a�p�h�y� �o�f� �t�h�e� 
�S�o�u�t�h�e�a�s�t�e�r�n� �U�.�S�.� �C�o�n�t�e�n�e�n�t�a�l� �S�h�e�l�f� �.� �W�a�s�h�i�n�g�t�o�n�:� �A�m�e�r�i�c�a�n� �G�e�o�p�h�y�s�i�c�a�l� �U�n�i�o�n�.� �p�p�.� 
�1�5�6�.� 

�B�a�r�r�y�,� �J�.� �P�.�,� �a�n�d� �D�a�y�t�o�n�,� �P�a�u�l� �K�.� �(�1�9�9�1�)�.� �P�h�y�s�i�c�a�l� �H�e�t�e�r�o�g�e�n�e�i�t�y� �a�n�d� �t�h�e� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� 
�M�a�r�i�n�e� �C�o�m�m�u�n�i�t�i�e�s�.� �I�n� �J�.� �K�o�l�s�a� �a�n�d� �P�i�c�k�e�t�t�.� �(�E�d�.�)�,� �E�c�o�l�o�g�i�c�a�l� �H�e�t�e�r�o�g�e�n�e�i�t�y� �(�p�p�.� �3�3�2�)�.� 
�N�e�w� �Y�o�r�k�:� �S�p�r�i�n�g�e�r� �V�e�r�l�a�g�.� 

�B�a�r�s�s�,� �M�.� �S�.�,� �a�n�d� �W�i�l�l�i�a�m�s�,� �G�.�L�.� �(�1�9�8�3�)�.� �A�l�p�h�a�b�e�t�i�c�a�l� �L�i�s�t�i�n�g� �o�f� �F�o�s�s�i�l� �D�i�n�o�c�y�s�t� �S�p�e�c�i�e�s� 
�(�2�3�)�.� �A�t�l�a�n�t�i�c� �G�e�o�s�c�i�e�n�c�e� �C�e�n�t�r�e�,� �G�e�o�l�o�g�i�c� �S�u�r�v�e�y� �o�f� �C�a�n�a�d�a�.� 

�B�e�g�o�n�,� �M�.�,� �e�t� �a�l�.� �(�1�9�8�6�)�.� �E�c�o�l�o�g�y� �.� �S�u�n�d�e�r�l�a�n�d�:� �S�i�n�a�u�e�r� �A�s�s�o�c�i�a�t�e�s�,� �I�n�c�.� �p�p�.� �8�7�6�.� 

�B�e�n�n�i�n�g�t�o�n�,� �J�.� �B�.� �(�1�9�9�5�)�.� �C�o�m�m�u�n�i�t�y� �P�e�r�s�i�s�t�e�n�c�e� �a�n�d� �t�h�e� �P�a�t�t�e�r�n� �o�f� �C�o�m�m�u�n�i�t�y� 
�V�a�r�i�a�b�i�l�i�t�y� �o�v�e�r� �T�i�m�e�:� �A� �T�e�s�t� �u�s�i�n�g� �F�o�s�s�i�l� �A�s�s�e�m�b�l�a�g�e�s� �f�r�o�m� �F�o�u�r� �M�a�r�i�n�e� �T�r�a�n�s�g�r�e�s�s�i�o�n�s� 
�i�n� �t�h�e� �B�r�e�a�t�h�i�t�t� �F�o�r�m�a�t�i�o�n� �(�M�i�d�d�l�e� �P�e�n�n�s�y�l�v�a�n�i�a�n�)� �E�a�s�t�e�r�n� �K�e�n�t�u�c�k�y�.� �D�o�c�t�o�r�a�l�,� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�.� 

�B�e�n�n�i�n�g�t�o�n�,� �J�.� �B�.�,� �a�n�d� �B�a�m�b�a�c�h�,� �R�.�K�.� �(�1�9�9�6�)�.� �S�t�a�t�i�s�t�i�c�a�l� �T�e�s�t�i�n�g� �f�o�r� �P�a�l�e�o�c�o�m�m�u�n�i�t�y� 
�R�e�c�u�r�r�e�n�c�e�:� �A�r�e� �S�i�m�i�l�a�r� �F�o�s�s�i�l� �A�s�s�e�m�b�l�a�g�e�s� �E�v�e�r� �t�h�e� �S�a�m�e�?� �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�,� �i�n� �p�r�e�s�s�.� 

�B�o�n�i�n�,� �D�.� �J�.� �a�n�d� �M�a�e�s�t�r�i�n�i� �S�.�Y�.� �(�1�9�8�1�)�.� �I�m�p�o�r�t�a�n�c�e� �o�f� �o�r�g�a�n�i�c� �n�u�t�r�i�e�n�t�s� �f�o�r� �p�h�y�t�o�p�l�a�n�k�t�o�n� 
�g�r�o�w�t�h� �i�n� �n�a�t�u�r�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�:� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �a�l�g�a�l� �s�p�e�c�i�e�s� �s�u�c�c�e�s�s�i�o�n�.� �C�a�n�a�d�i�a�n� 
�b�u�l�l�e�t�i�n� �o�f� �F�i�s�h�e�r�i�e�s�,� �2�1�0�,� �2�7�9�-�2�9�1�.� 

�B�o�w�d�e�n�,� �K�.� �F�.� �(�1�9�8�3�)�.� �P�h�y�s�i�c�a�l� �O�c�e�a�n�o�g�r�a�p�h�y� �o�f� �C�o�a�s�t�a�l� �W�a�t�e�r�s� �.� �C�h�i�c�h�e�s�t�e�r�:� �E�l�l�i�s� 
�H�o�r�w�o�o�d� �L�i�m�i�t�e�d�.� �p�p�.� �3�0�2�.� 

�B�r�e�n�n�e�r�,� �R�.� �L�.�,� �a�n�d� �M�c�H�a�r�g�u�e�,� �T�i�m�o�t�h�y�.� �(�1�9�8�8�)�.� �I�n�t�e�g�r�a�t�i�v�e� �S�t�r�a�t�i�g�r�a�p�h�y� �.� �E�n�g�l�e�w�o�o�d� 
�C�l�i�f�f�s�:� �P�r�e�n�t�i�c�e� �H�a�l�l�.� �p�p�.� �4�1�9� �p�p�.� 

�B�r�o�c�k�,� �T�.�,� �a�n�d� �M�a�d�i�g�a�n�,� �M�i�c�h�a�e�l�.� �(�1�9�9�1�)�.� �B�i�o�l�o�g�y� �o�f� �M�i�c�r�o�o�r�g�a�n�i�s�m�s� �.� �E�n�g�k�e�w�o�o�d� 
�C�l�i�f�f�s�:� �P�r�e�n�t�i�c�e� �H�a�l�l�.� �p�p�.� �9�0�9�.� 

�B�u�c�k�,� �K�.� �R�.�,� �a�n�d� �N�e�w�t�o�n�,� �J�.� �(�1�9�9�5�)�.� �F�e�c�a�l� �P�e�l�l�e�t� �F�l�u�x� �d�u�r�i�n�g� �A�l�g�a�l� �B�l�o�o�m� �P�e�r�i�o�d�s�.� 
�L�i�m�n�o�l�o�g�y� �a�n�d� �O�c�e�a�n�o�g�r�a�p�h�y�,� �4�0�(�2�)�,� �3�0�6�-�3�1�5�.� 

�B�u�r�k�h�o�l�d�e�r�,� �J�.� �M�.�,� �e�t� �a�l�.� �(�1�9�9�2�)�.� �N�e�w� �"�p�h�a�n�t�o�m�"� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �i�s� �t�h�e� �c�a�u�s�a�t�i�v�e� �a�g�e�n�t� �o�f� 
�m�a�j�o�r� �e�s�t�u�a�r�i�n�e� �f�i�s�h� �k�i�l�l�s�.� �N�a�t�u�r�e� �(�L�o�n�d�o�n�)�,� �3�5�8�,� �4�0�7�-�4�1�0�.� 

�B�u�r�k�h�o�l�d�e�r�,� �J�.� �M�.�,� �G�l�a�s�g�o�w�,� �H�.�B�.� �(�1�9�9�5�)�.� �(�E�s�t�u�a�r�i�n�e� �I�n�t�e�r�a�c�t�i�o�n�s�)�.� �A�r�c�h�i�v�e� �f�u�r� 
�P�r�o�t�i�s�t�e�n�k�i�n�d�e�,� �1�4�5�(�3�-�4�)�,� �1�7�7�-�1�8�8�.� 
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�B�u�z�a�s�,� �M�.� �A�.�,� �C�u�l�v�e�r�,� �S�t�e�p�h�e�n� �J�.� �(�1�9�9�4�)�.� �S�p�e�c�i�e�s� �P�o�o�l� �a�n�d� �D�y�n�a�m�i�c�s� �o�f� �M�a�r�i�n�e� 
�P�a�l�e�o�c�o�m�m�u�n�i�t�i�e�s�.� �S�c�i�e�n�c�e�,� �2�6�4�(�3� �j�u�n�e� �1�9�9�4�)�,� �1�4�3�9�-�1�4�4�1�.� 

�C�a�i�r�n�s�,� �J�.�,� �J�r�.� �(�1�9�6�9�)�.� �T�h�e� �S�t�r�u�c�t�u�r�e� �a�n�d� �F�u�n�c�t�i�o�n� �o�f� �F�r�e�s�h�-�w�a�t�e�r� �M�i�c�r�o�b�i�a�l� �C�o�m�m�u�n�i�t�i�e�s�.� 
�B�l�a�c�k�s�b�u�r�g�:� �6�9�5�.� 

�C�a�l�l�,� �V�.�,� �B�.�,� �e�t� �a�l�.� �(�1�9�9�3�)�.� �W�e�t�h�e�r�e�l�l�i�a� �F�r�u�i�t�s�,� �a�n�d� �A�s�s�o�c�i�a�t�e�d� �F�o�s�s�i�l� �P�l�a�n�t� �R�e�m�a�i�n�s� �f�r�o�m� 
�t�h�e� �P�a�l�e�o�c�e�n�e�/�E�o�c�e�n�e� �T�u�s�c�a�h�o�m�a�-�H�a�t�c�h�e�t�i�g�b�e�e� �I�n�t�e�r�v�a�l�,� �M�e�r�i�d�i�a�n�,� �M�é�i�s�s�i�s�s�i�p�p�i�.� 
�M�i�s�s�i�s�s�i�p�p�i� �G�e�o�l�o�g�y�,� �1�4�(�1�)�,� �1�0�-�1�8�.� 

�C�a�r�l�s�s�o�n�,� �P�.�,� �a�n�d� �G�r�a�n�e�l�i�,� �E�.� �(�1�9�9�3�)�.� �A�v�a�i�l�a�b�i�l�i�t�y� �o�f� �h�u�m�i�c� �b�o�u�n�d� �n�i�t�r�o�g�e�n� �f�o�r� �c�o�a�s�t�a�l� 
�p�h�y�t�o�p�l�a�n�k�t�o�n�.� �E�s�t�u�a�r�i�n�e� �C�o�a�s�t�a�l� �a�n�d� �S�h�e�l�f� �S�c�i�e�n�c�e�,� �3�6�(�5�)�,� �4�3�3�-�4�4�7�.� 

�C�a�s�w�e�l�l�,� �H�.�,� �e�t� �a�l�.� �(�1�9�7�2�)�.� �A�n� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�y�s�t�e�m�s� �S�c�i�e�n�c�e� �f�o�r� �E�c�o�l�o�g�i�s�t�s�.� �I�n� �B�.� �C�.� 
�P�a�t�t�e�n� �(�E�d�.�)�,� �S�y�s�t�e�m�s� �A�n�a�l�y�s�i�s� �a�n�d� �S�i�m�u�l�a�t�i�o�n� �i�n� �E�c�o�l�o�g�y� �N�e�w� �Y�o�r�k�:� �A�c�a�d�e�m�i�c� �P�r�e�s�s�.� 

�C�h�a�n�g�,� �M�.�,� �a�n�d� �S�h�i�m�,� �J�.�H�.� �(�1�9�8�6�)�.� �A� �s�t�u�d�y� �o�f� �t�h�e� �p�h�y�t�o�p�l�a�n�k�t�o�n� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a� 
�(�K�o�r�e�a�)� �i�n� �s�p�r�i�n�g�,� �1�9�8�4�.� �O�c�e�a�n� �R�e�s�e�a�r�c�h� �(�S�e�o�u�l�)�,� �8�(�1�)�,� �1�-�1�2�.� 

�C�h�a�n�g�,� �M�.�,� �S�h�i�m�,� �J�.�H�.�,� �L�e�e�,� �J�.�-�H�.� �(�1�9�9�0�)�.� �A� �s�t�u�d�y� �o�n� �t�h�e� �p�h�y�t�o�p�l�a�n�k�t�o�n� �o�f� �t�h�e� �Y�e�l�l�o�w� 
�S�e�a� �i�n� �s�u�m�m�e�r�,� �1�9�8�3�.� �O�c�e�a�n� �R�e�s�e�a�r�c�h� �(�S�e�o�u�l�)�,� �1�2�(�1�)�,� �1�-�1�4�.� 

�C�h�e�o�n�g�,� �H�.� �K�.�,� �P�a�i�k�,� �K�.�H�.�,� �a�n�d� �P�a�r�k�,� �B�.�K�.� �(�1�9�9�2�)�.� �F�a�u�n�a�l� �a�n�a�l�y�s�i�s� �a�n�d� �o�c�e�a�n�i�c� 
�e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� �R�e�c�e�n�t� �b�e�n�t�h�o�n�i�c� �f�o�r�a�m�i�n�i�f�e�r�a� �f�r�o�m� �t�h�e� �W�e�s�t� �a�n�d� �S�o�u�t�h� �S�e�a� �o�f� �K�o�r�e�a�.� 
�J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�7�(�2�)�,� �1�2�3�-�1�3�6�.� 

�C�h�o�i�,� �J�.� �K�.�,� �S�h�i�m�,� �J�.�-�H�.� �(�1�9�8�6�)�.� �T�h�e� �e�c�o�l�o�g�i�c�a�l� �s�t�u�d�y� �o�f� �p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n� �K�y�e�o�n�g�g�i� �B�a�y�,� 
�Y�e�l�l�o�w� �S�e�a�:� �I�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� 
�K�o�r�e�a�,� �2�1�(�1�)�,� �5�6�-�7�1�.� 

�C�h�o�i�,� �J�.� �K�.�,� �a�n�d� �S�h�i�m�,� �J�.�H�.� �(�1�9�8�8�)�.� �T�h�e� �e�c�o�l�o�g�i�c�a�l� �s�t�u�d�y� �o�f� �p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n� �K�y�e�o�n�g�g�i� 
�B�a�y�,� �Y�e�l�l�o�w� �S�e�a�:� �I�V�.� �T�h�e� �s�u�c�c�e�s�s�i�o�n�a�l� �m�e�c�h�a�n�i�s�m� �a�n�d� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �p�h�y�t�o�p�l�a�n�k�t�o�n� 
�c�o�m�m�u�n�i�t�y�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�3�(�1�)�,� �1�-�1�2�.� 

�C�h�o�i�,� �J�.� �K�.� �(�1�9�9�1�)�.� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �t�i�d�a�l� �f�r�o�n�t� �o�n� �p�r�i�m�a�r�y� �p�r�o�d�u�c�t�i�v�i�t�y� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� 
�o�f� �p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n� �t�h�e� �m�i�d�-�e�a�s�t�e�r�n� �c�o�a�s�t� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� 
�S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�6�(�3�)�,� �2�2�3�-�2�4�1�.� 

�C�h�u�i�,� �H�.� �M�.� �C�.�,� �H�o�d�g�k�i�s�s�.�.�J�.�.� �C�h�a�n�,� �B�.�S�.�S�.� �(�1�9�9�4�)�.� �E�c�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �o�f� 
�p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n� �T�a�i� �T�a�m� �B�a�y�,� �H�o�n�g� �K�o�n�g�.� �H�y�d�r�o�b�i�o�l�o�g�i�a�,� �2�7�3�(�2�)�,� �8�1�-�9�4�.� 

�C�o�b�b�,� �D�.� �(�1�9�8�5�)�.� �E�x�c�e�l�-�-�I�n� �B�u�s�i�n�e�s�s� �.� �R�e�d�m�o�n�d�:� �M�i�c�r�o�s�o�f�t� �P�r�e�s�s�.� �p�p�.� �6�9�5�.� 

�D�a�v�i�d�s�o�n�,� �K�.� �(�1�9�9�5�)�.� �(�P�r�e�d�a�t�o�r�-�P�r�e�y� �I�n�t�e�r�a�c�t�i�o�n�s�)�.� �J�o�u�r�n�a�l� �o�f� �P�l�a�n�k�t�o�n� �R�e�s�e�a�r�c�h�,� �1�7�(�3�)�,� 
�4�6�5�-�4�9�7�2�.� 

�D�a�v�i�s�,� �R�.� �A�.� �(�1�9�7�8�)�.� �C�o�a�s�t�a�l� �S�e�d�i�m�e�n�t�a�r�y� �E�n�v�i�r�o�n�m�e�n�t�s� �.� �N�e�w� �Y�o�r�k�:� �S�p�r�i�n�g�e�r� �V�e�r�l�a�g�.� 
�p�p�.� �4�2�0�.� 
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�D�e�n�g�,� �J�.� �(�1�9�8�8�)�.� �E�c�o�l�o�g�i�c�a�l� �b�a�s�e�s� �o�f� �m�a�r�i�n�e� �r�a�n�c�h�i�n�g� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �i�n� �t�h�e� �b�o�h�a�i� �S�e�a� 
�(�C�h�i�n�a�)�.� �M�a�r�i�n�e� �F�i�s�h�e�r�i�e�s� �R�e�s�e�a�r�c�h� �(�S�h�a�n�d�o�n�g�)�,� �0�(�9�)�,� �1�-�1�0�.� 

�D�o�d�g�e�,� �J�.� �D�.� �(�1�9�9�5�)�.� �(�M�o�d�e�r�n� �C�e�r�a�t�i�u�m�)�.� �J�o�u�r�n�a�l� �o�f� �P�h�y�c�o�l�o�g�y�,� �3�0�(�6�)�,� �9�0�5�-�9�2�2�.� 
�D�r�e�w�,� �D�.� �R�.� �(�1�9�8�5�)�.� �S�y�s�t�e�m� �D�y�n�a�m�i�c�s�-�-�M�o�d�e�l�i�n�g� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s�.� �B�l�a�c�k�s�b�u�r�g�:� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�,� �C�i�v�i�l� �E�n�g�i�n�e�e�r�i�n�g� �D�e�p�a�r�t�m�e�n�t�.� 

�D�r�u�r�y�,� �a�n�d� �N�e�s�b�i�t�.� �(�1�9�7�3�)�.� �S�u�c�c�e�s�s�i�o�n�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �A�r�n�o�l�d� �A�r�b�o�r�e�t�u�m�,� �5�4�,� �3�3�1�-�3�6�8�.� 

�E�d�w�a�r�d�s�,� �L�.� �(�1�9�8�9�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �C�y�s�t�s� �f�r�o�m� �t�h�e� �L�o�w�e�r� �T�e�r�t�i�a�r�y� �F�o�r�m�a�t�i�o�n�s�,� 
�H�a�y�n�e�s�v�i�l�l�e� �C�o�r�e�s�,� �R�i�c�h�m�o�n�d� �C�o�u�n�t�y�,� �V�i�r�g�i�n�i�a�.� �I�n� �R�.� �B�.� �M�i�x�o�n� �(�E�d�.�)�,� �T�h�e� �G�e�o�l�o�g�y� �a�n�d� 
�P�a�l�y�n�o�l�o�g�y� �o�f� �t�h�e� �H�a�y�n�e�s�v�i�l�l�e� �C�o�r�e�s� �(�p�p�.� �C�1�-�C�1�2�)�.� �U�S�G�S� �P�r�o�f�e�s�s�i�o�n�a�l� �P�a�p�e�r�.� 

�E�v�i�t�t�,� �W�.� �R�.�,� �e�t� �a�l�.� �(�1�9�7�6�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�y�s�t� �t�e�r�m�i�n�o�l�o�g�y� �(�7�6�-�2�4�)�.� �C�o�m�m�i�s�s�i�o�n� 
�G�e�o�l�o�g�i�q�u�e� �d�u� �C�a�n�a�d�a�.� 

�E�v�i�t�t�,� �W�.� �R�.� �(�1�9�8�5�)�.� �S�p�o�r�o�p�o�l�l�e�n�i�n� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �C�y�s�t�s�-�-�T�h�e�i�r� �M�o�r�p�h�o�l�o�g�y� �a�n�d� 
�I�n�t�e�r�p�r�e�t�a�t�i�o�n� �.� �D�a�l�l�a�s�:� �A�m�e�r�i�c�a�n� �a�s�s�o�c�i�a�t�i�o�n� �o�f� �S�t�r�a�t�i�g�r�a�p�h�i�c� �P�a�l�y�n�o�l�o�g�i�s�t�s�.� �p�p�.� �3�3�3�.� 

�F�i�r�t�h�,� �J�.� �(�1�9�9�3�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �A�s�s�e�m�b�l�a�g�e�s� �a�n�d� �S�e�a�-�L�e�v�e�l� �F�l�u�c�t�u�a�t�i�o�n�s� �i�n� �t�h�e� 
�M�a�a�s�t�r�i�c�h�t�i�a�n� �o�f� �s�o�u�t�h�w�e�s�t� �G�e�o�r�g�i�a�.� �R�e�v�i�e�w� �o�f� �P�a�l�e�o�b�o�t�a�n�y� �a�n�d� �P�a�l�y�n�o�l�o�g�y�,� �7�9�,� �1�7�9�-�2�0�4�.� 

�F�l�e�s�s�a�,� �K�.� �W�.�,� �e�t� �a�l�.� �(�1�9�9�3�)�.� �T�i�m�e� �a�n�d� �T�a�p�h�o�n�o�m�y�:� �q�u�a�n�t�i�t�a�t�i�v�e� �e�s�t�i�m�a�t�e�s� �o�f� �t�i�m�e�-� 
�a�v�e�r�a�g�i�n�g� �a�n�d� �s�t�r�a�t�i�g�r�a�p�h�i�c� �d�i�s�o�r�d�e�r� �i�n� �a� �s�h�a�l�l�o�w� �m�a�r�i�n�e� �h�a�b�i�t�a�t�.� �1�9�,� �2�6�6�-�2�8�6�.� 

�F�r�e�d�e�r�i�k�s�e�n�,� �N�.� �O�.� �(�1�9�7�4�)�.� �S�t�a�t�i�s�t�i�c�s� �i�n� �S�t�r�a�t�i�g�r�a�p�h�i�c� �P�a�l�y�n�o�l�o�g�y�:� �a�n� �A�n�n�o�t�a�t�e�d� �a�n�d� 
�I�n�d�e�x�e�d� �B�i�b�l�i�o�g�r�a�p�h�y� �(�3�)�.� �A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �o�f� �S�t�r�a�t�i�g�r�a�p�h�i�c� �P�a�l�y�n�o�l�o�g�i�s�t�s�.� 

�G�a�l�l�a�g�h�e�r�,� �W�.� �B�.� �(�1�9�8�4�)�.� �P�a�l�e�o�e�c�o�l�o�g�y� �o�f� �t�h�e� �D�e�l�a�w�a�r�e� �V�a�l�l�e�y� �R�e�g�i�o�n�,� �P�a�r�t� �I�I�,� �C�r�e�t�a�c�e�o�u�s� 
�t�o� �Q�u�a�t�e�r�n�a�r�y�.� �T�h�e� �M�o�s�a�s�a�u�r� �(�D�e�l�a�w�a�r�e� �V�a�l�l�e�y� �P�a�l�e�o�n�t�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y�,� �2�,� �9�-�4�3�.� 

�G�a�l�l�e�g�o�s�,� �C�.� �L�.� �(�1�9�9�2�)�.� �P�h�y�t�o�p�l�a�n�k�t�o�n�,� �p�h�o�t�o�s�y�n�t�h�e�s�i�s�,� �p�r�o�d�u�c�t�i�v�i�t�y�,� �a�n�d� �s�p�e�c�i�e�s� 
�c�o�m�p�o�s�i�t�i�o�n� �i�n� �a� �e�u�t�r�o�p�h�i�c� �e�s�t�u�a�r�y�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �b�l�o�o�m� �a�n�d� �n�o�n�-�b�l�o�o�m� �a�s�s�e�m�b�l�a�g�e�s�.� 
�M�a�r�i�n�e� �E�c�o�l�o�g�y� �P�r�o�g�r�e�s�s� �S�e�r�i�e�s�,� �8�1�(�3�)�,� �2�5�7�-�2�6�7�.� 

�G�i�b�s�o�n�,� �T�.� �(�1�9�8�9�)�.� �P�a�l�e�o�c�e�n�e�/�E�o�c�e�n�e� �D�e�p�o�s�i�t�i�o�n�a�l� �S�e�q�u�e�n�c�e�s� �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�.� 
�U�S�G�S� �A�b�s�t�r�a�c�t�s�,� �2�1�(�2�)�,� �1�8�.� 

�G�l�a�s�e�r�,� �J�.� �D�.� �(�1�9�6�8�)�.� �C�o�a�s�t�a�l� �P�l�a�i�n� �G�e�o�l�o�g�y� �o�f� �S�o�u�t�h�e�r�n� �M�a�r�y�l�a�n�d� �(�1�)�.� �M�a�r�y�l�a�n�d� 
�G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y�.� 

�G�l�o�v�e�r�,� �H�.� �E�.� �(�1�9�7�8�)�.� �I�r�o�n� �i�n� �M�a�i�n�e� �c�o�a�s�t�a�l� �w�a�t�e�r�s�:� �s�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n� �a�n�d� �i�t�s� �a�p�p�a�r�e�n�t� 
�c�o�r�r�e�l�a�t�i�o�n� �w�i�t�h� �a� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �b�l�o�o�m�.� �L�i�m�n�o�l�o�g�y� �a�n�d� �O�c�e�a�n�o�g�r�a�p�h�y�,� �2�3�,� �5�3�4�-�5�3�7�.� 

�G�o�o�d�m�a�n�,� �D�.� �K�.� �(�1�9�7�5�)�.� �L�o�w�e�r� �E�o�c�e�n�e� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �A�s�s�e�m�b�l�a�g�e�s� �f�r�o�m� �t�h�e� �M�a�r�y�l�a�n�d� 
�C�o�a�s�t�a�l� �P�l�a�i�n� �S�o�u�t�h� �o�f� �W�a�s�h�i�n�g�t�o�n� �D�C�.� �M�a�s�t�e�r�s�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�.� 

�G�o�o�d�m�a�n�,� �M�.� �R�.� �(�1�9�8�8�)�.� �S�t�u�d�y� �N�o�t�e�s� �i�n� �S�y�s�t�e�m� �D�y�n�a�m�i�c�s� �.� �C�a�m�b�r�i�d�g�e�:� �M�I�T� �P�r�e�s�s�.� �p�p�.� 

�5�7



�3�8�8�.� 

�G�r�a�y�,� �J�.� �S�.� �(�1�9�8�1�)�.� �T�h�e� �E�c�o�l�o�g�y� �o�f� �M�a�r�i�n�e� �S�e�d�i�m�e�n�t�s� �.� �C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� 
�P�r�e�s�s�.� �p�p�.� �1�8�5�.� 

�G�u�i�l�l�a�r�d�,� �R�.� �R�.� �L�.�,� �a�n�d� �K�i�l�h�a�m�,� �P�.� �(�1�9�7�7�)�.� �T�h�e� �E�c�o�l�o�g�y� �o�f� �M�a�r�i�n�e� �P�l�a�n�k�t�o�n� �D�i�a�t�o�m�s�.� �I�n� 
�D�.� �W�e�r�n�e�r� �(�E�d�.�)�,� �T�h�e� �B�i�o�l�o�g�y� �o�f� �D�i�a�t�o�m�s� �O�x�f�o�r�d�:� �B�l�a�c�k�w�e�l�l� �S�c�i�e�n�t�i�f�i�c� �P�r�e�s�s�.� 

�H�a�b�i�b�,� �D�.� �(�1�9�8�9�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �S�p�e�c�i�e�s� �a�n�d� �O�r�g�a�n�i�c� �F�a�c�i�e�s� �E�v�i�d�e�n�c�e� �o�f� �M�a�r�i�n�e� 
�T�r�a�n�s�g�r�e�s�s�i�o�n� �a�n�d� �R�e�g�r�e�s�s�i�o�n� �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�.� �I�n� �D�.� �L�.� �E�i�c�h�e�r� �(�E�d�.�)�,� 
�B�i�o�l�o�g�i�c�a�l� �O�c�e�a�n�o�g�r�a�p�h�y�,� �P�l�a�n�k�t�o�n�,� �P�r�o�d�u�c�t�i�v�i�t�y�,� �a�n�d� �C�a�r�b�o�n�.� 

�H�a�r�k�e�r�,� �S�.� �D�.�,� �S�a�r�g�e�n�t�,� �W�.�A�.�S�.�,� �a�n�d� �C�a�l�d�w�e�l�l�,� �W�.�G�.�E�.� �(�1�9�9�0�)�.� �L�a�t�e� �C�r�e�t�a�c�e�o�u�s� 
�(�C�a�m�p�a�n�i�a�n�)� �o�r�g�a�n�i�c�-�w�a�l�l�e�d� �m�i�c�r�o�p�l�a�n�k�t�o�n� �f�r�o�m� �t�h�e� �i�n�t�e�r�i�o�r� �p�l�a�i�n�s� �o�f� �C�a�n�a�d�a�,� �W�y�o�m�i�n�g� 
�(�U�S�A�)� �a�n�d� �T�e�x�a�s� �(�U�S�A�)�:� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y�,� �p�a�l�e�o�n�t�o�l�o�g�y�,� �a�n�d� �P�a�l�e�o�e�n�v�i�r�o�n�m�e�n�t�a�l� 
�i�n�t�e�r�p�r�e�t�a�t�i�o�n�.� �P�a�l�a�e�o�n�t�o�g�r�a�p�h�i�c�a� �A�b�t�e�i�l�u�n�g� �B� �P�a�l�a�e�o�p�h�y�t�o�l�o�g�i�e�,� �2�1�9�(�1�-�6�)�,� �1�-�2�6�9�.� 

�H�a�r�r�i�s�,� �G�.� �P�.� �(�1�9�8�6�)�.� �P�h�y�t�o�p�l�a�n�k�t�o�n� �E�c�o�l�o�g�y� �.� �N�e�w� �Y�o�r�k�:� �C�h�a�p�m�a�n� �a�n�d� �H�a�l�l�.� �p�p�.� �3�8�4�.� 

�H�a�r�r�i�s�,� �W�.� �B�.� �(�1�9�9�3�)�.� �S�e�q�u�e�n�c�e� �S�t�r�a�t�i�g�r�a�p�h�y� �o�f� �t�h�e� �O�n�s�h�o�r�e� �P�a�l�e�o�g�e�n�e�,� �S�o�u�t�h�e�a�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�.� �I�n� �P�o�s�a�m�e�n�t�o�r� �(�E�d�.�)�,� �S�e�q�u�e�n�c�e� �S�t�r�a�t�i�g�r�a�p�h�y� �a�n�d� �F�a�c�i�e�s� 
�A�s�s�o�c�i�a�t�i�o�n�s� �(�p�p�.� �6�4�4�)�.� �O�x�f�o�r�d�:� �B�l�a�c�k�w�e�l�l� �P�r�e�s�s�.� 

�H�a�r�r�i�s�o�n�,� �S�.�,� �a�n�d� �Q�u�i�n�n�,� �J�a�m�e�s�.� �(�1�9�8�9�)�.� �C�o�r�r�e�l�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�s� �a�n�d� �t�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� 
�m�e�t�a�p�o�p�u�l�a�t�i�o�n�s�.� �5�6�,� �2�9�3�-�2�9�8�.� 

�H�e�i�s�k�a�n�e�n�,� �A�.� �S�.� �(�1�9�9�3�)�.� �M�a�s�s� �e�n�c�y�s�t�m�e�n�t� �a�n�d� �s�i�n�k�i�n�g� �o�f� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �d�u�r�i�n�g� �a� �s�p�r�i�n�g� 
�b�l�o�o�m�.� �M�a�r�i�n�e� �b�i�o�l�o�g�y� �(�B�e�r�l�i�n�)�,� �1�1�6�(�1�)�,� �1�6�1�-�1�6�7�.� 

�H�i�n�g�a�,� �K�.� �R�.� �(�1�9�9�2�)�.� �C�o�-�o�c�c�u�r�r�e�n�c�e� �o�f� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �b�l�o�o�m�s� �a�n�d� �h�i�g�h� �p�H� �i�n� �m�a�r�i�n�e� 
�e�n�c�l�o�s�u�r�e�s�.� �M�a�r�i�n�e� �E�c�o�l�o�g�y� �P�r�o�g�r�e�s�s� �S�e�r�i�e�s�,� �8�6�(�2�)�,� �1�8�1�-�1�8�7�.� 

�H�u�l�b�e�r�t�,� �E�.� �M�.� �(�1�9�6�3�)�.� �T�h�e� �D�i�v�e�r�s�i�t�y� �o�f� �P�h�y�t�o�p�l�a�n�k�t�o�n� �P�o�p�u�l�a�t�i�o�n�s� �i�n� �O�c�e�a�n�i�c�,� �C�o�a�s�t�a�l�,� 
�a�n�d� �E�s�t�u�a�r�i�n�e� �R�e�g�i�o�n�s�.� �J�o�u�r�n�a�l� �o�f� �M�a�r�i�n�e� �R�e�s�e�a�r�c�h�,� �2�1�(�#�2�)�,� �8�1�-�9�3�.� 

�H�w�a�n�g�,� �H�.� �J�.�,� �a�n�d� �C�h�o�i�,� �J�.�K�.� �(�1�9�9�3�)�.� �S�e�a�s�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �z�o�o�p�l�a�n�k�t�o�n� �c�o�m�m�u�n�i�t�y� 
�i�n� �t�h�e� �m�i�d�-�e�a�s�t�e�r�n� �p�a�r�t� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�g�r�a�p�h�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� 
�2�8�(�1�)�,� �2�4�-�3�4�.� 

�J�e�,� �J�.� �G�.�,� �Y�i�,� �S�.�K�.�,� �C�h�o�i�,� �J�.�W�.� �(�1�9�8�8�)�.� �D�i�s�t�r�i�b�u�t�i�o�n� �p�a�t�t�e�r�n� �o�f� �b�e�n�t�h�i�c� �m�o�l�l�u�s�c�s� �o�n� �t�h�e� 
�s�o�f�t� �b�o�t�t�o�m�s� �o�f� �t�h�e� �s�o�u�t�h�e�a�s�t�e�r�n� �Y�e�l�l�o�w� �S�e�a�.� �O�c�e�a�n� �R�e�s�e�a�r�c�h� �(�S�e�o�u�l�)�,� �1�0�(�2�)�,� �1�7�-�2�8�.� 

�K�a�n�g�,� �Y�.� �S�.�,� �e�t� �a�l�.� �(�1�9�9�2�)�.� �P�r�i�m�a�r�y� �p�r�o�d�u�c�t�i�v�i�t�y� �a�n�d� �a�s�s�i�m�i�l�a�t�i�o�n� �n�u�m�b�e�r� �i�n� �t�h�e� �K�y�o�n�g�g�i� 
�B�a�y� �a�n�d� �t�h�e� �m�i�d�-�e�a�s�t�e�r�n� �c�o�a�s�t� �o�f� �t�h�e� �Y�e�l�l�o�w� �S�e�a�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� 
�K�o�r�e�a�,� �2�7�(�3�)�,� �2�3�7�-�2�4�6�.� 

�K�e�a�f�e�r�,� �B�.� �A�.�,� �e�t� �a�l�.� �(�1�9�9�2�)�.� �B�u�r�i�a�l� �o�f� �l�i�v�i�n�g� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �c�y�s�t�s� �i�n� �e�s�t�u�a�r�i�n�e� �a�n�d� �n�e�a�r�s�h�o�r�e� 
�s�e�d�i�m�e�n�t�s�.� �M�a�r�i�n�e� �M�i�c�r�o�p�a�l�a�e�o�n�t�o�l�o�g�y�,� �2�0�(�1�9�9�2�)�,� �1�4�7�-�1�6�1�.� 
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�K�i�m�,� �K�.�,� �e�t� �a�l�.� �(�1�9�9�1�)�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �W�a�t�e�r� �M�a�s�s�e�s� �i�n� �t�h�e� �Y�e�l�l�o�w� �S�e�a� �a�n�d� �E�a�s�t� �C�h�i�n�a� 
�S�e�a� �b�y� �C�l�u�s�t�e�r� �A�n�a�l�y�s�i�s�.� �I�n� �K�.� �T�a�k�a�n�o� �(�E�d�.�)�,� �O�c�e�a�n�o�g�r�a�p�h�y� �o�f� �A�s�i�a�n� �M�a�r�g�i�n�a�l� �S�e�a�s� �(�p�p�.� 
�4�3�1�)�.� �N�e�w� �Y�o�r�k�:� �E�l�s�e�v�i�e�r�.� 

�K�o�l�a�s�a�,� �J�.�,� �a�n�d� �P�i�c�k�e�t�t�,� �S�.� �(�1�9�9�1�)�.� �E�c�o�l�o�g�i�c�a�l� �H�e�t�e�r�o�g�e�n�e�i�t�y� �.� �N�e�w� �Y�o�r�k�:� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�.� 
�p�p�.� �3�3�2�.� 

�L�e�e�,� �W�.� �H�.�,� �e�t� �a�l�.� �(�1�9�8�9�)�.� �P�h�y�t�o�p�l�a�n�k�t�o�n� �a�n�d� �b�a�c�t�e�r�i�o�p�l�a�n�k�t�o�n� �i�n� �t�h�e� �i�n�t�e�r�t�i�d�a�l� �a�n�d� �s�u�b�t�i�d�a�l� 
�w�a�t�e�r�s� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �K�u�n�s�a�n� �(�K�o�r�e�a�)�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� 
�2�4�(�3�)�,� �1�5�7�-�1�6�4�.� 

�L�e�e�,� �R�.� �E�.� �(�1�9�9�2�)�.� �P�h�y�c�o�l�o�g�y� �(�2� �e�d�.�)�.� �C�a�m�b�r�i�d�g�e�:� �C�a�m�b�r�i�d�g�e� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�.� �p�p�.� �4�7�8�.� 

�L�e�n�t�i�n�,� �J�.� �K�.�,� �a�n�d� �W�i�l�l�i�a�m�s�,� �G�.�L�.� �(�1�9�8�0�)�.� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� �P�r�o�v�i�n�c�i�a�l�i�s�m�.� �A�m�e�r�i�c�a�n� 
�A�s�s�o�c�i�a�t�i�o�n� �o�f� �S�t�r�a�t�i�g�r�a�p�h�i�c� �P�a�l�y�n�o�l�o�g�i�s�t�s� �C�o�n�t�r�i�b�u�t�i�o�n�s� �S�e�r�i�e�s�,� �(�#�7�)�.� 

�L�i�e�b�e�r�m�a�n�,� �O�.� �S�.�,� �e�t� �a�l�.� �(�1�9�9�4�)�.� �N�u�t�r�i�e�n�t� �R�e�t�r�i�e�v�i�a�l� �b�y� �D�i�n�o�f�l�a�g�e�l�l�a�t�e�s�.� 

�L�o�e�b�l�i�c�h�,� �A�.� �R�.�,� �I�I�I�.� �(�1�9�6�7�)�.� �A�s�p�e�c�t�s� �o�f� �t�h�e� �p�h�y�s�i�o�l�o�g�y� �a�n�d� �B�i�o�c�h�e�m�i�s�t�r�y� �o�f� �t�h�e� 
�P�y�r�r�h�o�p�h�y�t�a�.� �P�h�y�k�o�s�/�P�h�y�c�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �I�n�d�i�a�,� �5�(�1�-�2�)�,� �2�1�6�-�2�5�5�.� 

�L�o�p�e�z�,� �R�.� �V�.� �(�1�9�9�3�)�.� �B�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m�s� �o�f� �m�a�r�i�n�e� �d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �(�s�i�c�)� 
�p�r�o�l�i�f�e�r�a�t�i�o�n�-�-�g�r�o�w�t�h� �f�a�c�t�o�r�s� �a�n�d� �m�i�t�o�g�e�n�s�.� �S�c�i�e�n�t�a� �M�a�r�i�n�a�,� �5�6�(�4�)�,� �2�9�3�-�2�9�9�.� 

�L�u�d�w�i�g�,� �J�.� �A�.�,� �a�n�d� �R�e�y�n�o�l�d�s�,� �J�.�F�.� �(�1�9�8�8�)�.� �S�t�a�t�i�s�t�i�c�a�l� �E�c�o�l�o�g�y� �.� �N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �&� 
�S�o�n�s�.� �p�p�.� �3�3�7�.� 

�M�a�l�l�i�n�,� �M�.� �A�.�,� �P�a�e�r�l�,� �H�.�W�.�,� �a�n�d� �R�u�d�e�k�,� �J�.� �(�1�9�9�1�)�.� �S�e�a�s�o�n�a�l� �p�h�y�t�o�p�l�a�n�k�t�o�n� �c�o�m�p�o�s�i�t�i�o�n�,� 
�p�r�o�d�u�c�t�i�v�i�t�y�,� �a�n�d� �b�i�o�m�a�s�s� �i�n� �t�h�e� �N�e�u�s�e� �R�i�v�e�r� �E�s�t�u�a�r�y�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �(�U�S�A�)�.� �E�s�t�u�a�r�i�n�e� 
�C�o�a�s�t�a�l� �a�n�d� �S�h�e�l�f� �S�c�i�e�n�c�e�,� �3�2�(�6�)�,� �6�0�9�-�6�2�4�.� 

�M�a�l�l�i�n�s�o�n�,� �D�.�,� �a�n�d� �O�t�t�e�,� �L�e�e�.� �(�1�9�8�6�)�.� �A� �m�o�d�e�l� �f�o�r� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �g�l�a�u�c�o�n�i�t�e� �o�n� �t�h�e� 
�m�o�d�e�r�n� �a�n�d� �M�i�o�c�e�n�e� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �c�o�n�t�e�n�e�n�t�a�l� �s�h�e�l�f�/�s�l�o�p�e�.� �3�,� �p�.� �7�0�.� 

�M�a�r�g�a�l�e�f�,� �R�.� �(�1�9�6�8�)�.� �P�e�r�s�p�e�c�t�i�v�e�s� �i�n� �E�c�o�l�o�g�i�c�a�l� �T�h�e�o�r�y� �.� �C�h�i�c�a�g�o�:� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� 
�P�r�e�s�s�.� �p�p�.� �1�1�1�.� 

�M�a�r�s�h�a�l�l�,� �H�.� �G�.�,� �a�n�d� �A�l�d�e�n�,� �R�.�W�.� �(�1�9�9�3�)�.� �A� �c�o�m�p�a�r�i�s�o�n� �o�f� �p�h�y�t�o�p�l�a�n�k�t�o�n� �a�s�s�e�m�b�l�a�g�e�s� �i�n� 
�t�h�e�C�h�e�s�a�p�e�a�k�e� �a�n�d� �D�e�l�a�w�a�r�e� �E�s�t�u�a�r�i�e�s� �(�U�S�A�)�,� �w�i�t�h� �e�m�p�h�a�s�i�s� �o�n� �d�i�a�t�o�m�s�.� �H�y�d�r�o�b�i�o�l�o�g�i�a�,� 
�2�6�9�-�2�7�0�(�0�)�,� �2�5�1�-�2�6�1�.� 

�M�a�t�s�u�d�a�,� �O�.�,� �e�t� �a�l�.� �(�1�9�8�9�)�.� �O�b�s�e�r�v�a�t�i�o�n� �o�f� �t�h�e�r�m�o�h�a�l�i�n�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �p�h�y�t�o�p�l�a�n�k�t�o�n� 
�b�i�o�m�a�s�s� �i�n� �t�h�e� �s�h�e�l�f� �f�r�o�n�t� �o�f� �E�a�s�t� �C�h�i�n�a� �S�e�a� �d�u�r�i�n�g� �e�a�r�l�y� �s�u�m�m�e�r�.� �J�o�u�r�n�a�l� �o�f� �A�p�p�l�i�e�d� 
�B�i�o�l�o�g�i�c�a�l� �S�c�i�e�n�c�e� �(�H�i�r�o�s�h�i�m�a� �U�n�i�v�e�r�s�i�t�y�)�,� �2�8�(�1�-�2�)�,� �2�7�-�3�6�.� 

�M�a�y�,� �R�.� �(�1�9�8�1�)�.� �T�h�e�o�r�e�t�i�c�a�l� �E�c�o�l�o�g�y� �.� �S�u�n�d�e�r�l�a�n�d�:� �S�i�n�a�u�e�r� �A�s�s�o�c�i�a�t�e�s�.� �p�p�.� �4�8�9�.� 

�M�a�y�,� �R�.� �M�.� �(�1�9�9�3�)�.� �T�h�e� �E�f�f�e�c�t�s� �o�f� �S�p�a�t�i�a�l� �S�c�a�l�e� �o�n� �E�c�o�l�o�g�i�c�a�l� �Q�u�e�s�t�i�o�n�s� �a�n�d� �A�n�s�w�e�r�s�.� �I�n� 
�P�.� �J�.� �E�d�w�a�r�d�s� �M�a�y�,� �R�.�M�.�,� �a�n�d� �W�e�b�b�,� �N�.�R�.� �(�E�d�.�)�,� �L�a�r�g�e� �S�c�a�l�e� �E�c�o�l�o�g�y� �a�n�d� �C�o�n�s�e�r�v�a�t�i�o�n� 
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�B�i�o�l�o�g�y� �O�x�f�o�r�d�:� �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�s�.� 

�M�c�L�e�a�n�,� �D�.� �M�.� �(�1�9�6�9�)�.� �O�r�g�a�n�i�c� �W�a�l�l�e�d� �P�h�y�t�o�p�l�a�n�k�t�o�n� �f�r�o�m� �t�h�e� �L�o�w�e�r� �T�e�r�t�i�a�r�y� �P�a�m�u�n�k�e�y� 
�G�r�o�u�p� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �M�a�r�y�l�a�n�d�.� �D�o�c�t�o�r�a�l�,� �S�t�a�n�f�o�r�d�.� 

�M�c�L�e�a�n�,� �D�.� �M�.� �(�1�9�7�2�)�.� �P�o�t�e�n�t�i�a�l� �L�o�w�e�r� �T�e�r�t�i�a�r�y� �P�h�y�t�o�p�l�a�n�k�t�o�n� �E�n�v�i�r�o�n�m�e�n�t�a�l� �I�n�d�i�c�a�t�o�r�s� 
�f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a�-�M�a�r�y�l�a�n�d� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �G�S�A� �S�o�u�t�h�e�a�s�t�e�r�n� �S�e�c�t�i�o�n� �A�b�s�t�r�a�c�t�s�,� �2�1�s�t� 
�a�n�n�u�a�l� �M�e�e�t�i�n�g�.� 

�M�e�h�t�a�,� �A�.�,� �J� �(�e�d�.�)�.� �(�1�9�9�3�)�.� �N�e�a�r�s�h�o�r�e� �a�n�d� �E�s�t�u�a�r�i�n�e� �C�o�h�e�s�i�v�e� �S�e�d�i�m�e�n�t� �T�r�a�n�s�p�o�r�t�.� 
�W�a�s�h�i�n�g�t�o�n�:� �A�m�e�r�i�c�a�n� �G�e�o�p�h�y�s�i�c�a�l� �U�n�i�o�n�,� �5�8�1�.� 

�M�e�n�z�e�l�,� �D�.� �W�.�,� �a�n�d� �R�y�t�h�e�r�,� �J�.�H�.� �(�1�9�6�1�)�.� �N�u�t�r�i�e�n�t�s� �l�i�m�i�t�i�n�g� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 
�p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n� �t�h�e� �S�a�r�g�a�s�s�o� �S�e�a�,� �w�i�t�h� �s�p�e�c�i�a�l� �r�e�f�e�r�e�n�c�e� �t�o� �i�r�o�n�.� �D�e�e�p� �S�e�a� �R�e�s�e�a�r�c�h�,� �7�,� 
�2�7�6�-�2�8�1�.� 

�M�i�l�l�i�m�a�n�,� �J�.� �D�.�,� �e�t� �a�l�.� �(�1�9�8�7�)�.� �M�a�n�'�s� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �e�r�o�s�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t� �o�f� �s�e�d�i�m�e�n�t� �b�y� 
�A�s�i�a�n� �r�i�v�e�r�s�:� �t�h�e� �Y�e�l�l�o�w� �R�i�v�e�r� �(�H�u�a�n�g� �h�o�)� �e�x�a�m�p�l�e�.� �J�o�u�r�n�a�l� �o�f� �G�e�o�l�o�g�y�,� �9�5�(�6�)�,� �7�5�1�-�7�6�2�.� 

�M�u�l�l�i�n�,� �M�.� �A�.� �(�1�9�9�5�)�.� �P�h�y�t�o�p�l�a�n�k�t�o�n� �E�c�o�l�o�g�y� �o�f� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �E�s�t�u�a�r�i�e�s�.� �E�s�t�u�a�r�i�e�s�,� 
�1�7�(�3�)�,� �5�6�1�-�5�7�4�.� 

�M�u�l�l�i�n�,� �M�.� �A�.� �(�1�9�9�5�)�.� �P�l�a�n�k�t�o�n�i�c� �T�r�o�p�h�i�c� �T�r�a�n�s�f�e�r�.� �E�c�o�l�o�g�y� �(�t�e�m�p�e�)�,� �7�5�(�8�)�,� �2�1�6�8�-�2�1�8�4�.� 

�N�o�g�a�n�,� �D�.� �S�.� �(�1�9�6�4�)�.� �F�o�r�a�m�i�n�i�f�e�r�a�,� �S�t�r�a�t�i�g�r�a�p�h�y�,� �a�n�d� �P�a�l�e�o�e�c�o�l�o�g�y� �o�f� �t�h�e� �A�q�u�i�a� 
�F�o�r�m�a�t�i�o�n� �o�f� �M�a�r�y�l�a�n�d� �a�n�d� �V�i�r�g�i�n�i�a� �.� �I�t�h�a�c�a�:� �C�u�s�h�m�a�n� �F�o�u�n�d�a�t�i�o�n�.� �p�p�.� �5�0�.� 

�O�l�i�v�e�r�,� �C�.� �D�.�,� �a�n�d� �L�a�r�s�o�n�,� �B�r�u�c�e�.� �(�1�9�9�0�)�.� �F�o�r�e�s�t� �S�t�a�n�d� �D�y�n�a�m�i�c�s� �.� �N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w� 
�H�i�l�l�.� �p�p�.� �3�0�0�.� 

�O�l�s�o�n�,� �S�.� �L�.� �(�1�9�8�5�)�.� �A� �B�r�i�e�f� �S�y�n�o�p�s�i�s� �o�f� �t�h�e� �B�i�r�d� �F�o�s�s�i�l�s� �f�r�o�m� �t�h�e� �P�a�m�u�n�k�y� �R�i�v�e�r� �a�n�d� 
�o�t�h�e�r� �T�e�r�t�i�a�r�y� �M�a�r�i�n�e� �D�e�p�o�s�i�t�s� �i�n� �V�i�r�g�i�n�i�a�.� �I�n� �L�.� �W�a�r�d� �(�E�d�.�)�,� �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�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�.� 

�P�a�r�k�,� �Y�.� �H�.� �(�1�9�8�6�)�.� �A� �s�i�m�p�l�e� �t�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �t�h�e� �u�p�w�i�n�d� �f�l�o�w� �i�n� �t�h�e� �s�o�u�t�h�e�r�n� �Y�e�l�l�o�w� 
�S�e�a�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�1�(�4�)�,� �2�0�3�-�2�1�0�.� 

�P�a�r�s�o�n�s�,� �T�.� �R�.�,� �e�t� �a�l�.� �(�1�9�7�7�)�.� �B�i�o�l�o�g�i�c�a�l� �O�c�e�a�n�o�g�r�a�p�h�i�c� �P�r�o�c�e�s�s�e�s� �.� �O�x�f�o�r�d�:� �P�e�r�g�a�m�o�n� 
�P�r�e�s�s�.� �p�p�.� �3�3�2�.� 

�P�o�a�g�,� �W�.� �C�.�,� �a�n�d� �W�a�r�d�,� �W�.� �(�1�9�9�3�)�.� �A�l�l�o�s�t�r�a�t�i�g�r�a�p�h�y� �o�f� �t�h�e� �U�S� �M�i�d�d�l�e� �A�t�l�a�n�t�i�c� 
�C�o�n�t�e�n�e�n�t�a�l� �M�a�r�g�i�n� �.� �W�a�s�h�i�n�g�t�o�n� �D�C�:� �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�.� �p�p�.� �8�1�.� 

�P�o�r�r�e�n�g�a�,� �D�.� �H�.� �(�1�9�6�7�)�.� �G�l�a�u�c�o�n�i�t�e� �a�n�d� �C�h�a�m�o�s�i�t�e� �a�s� �D�e�p�t�h� �I�n�d�i�c�a�t�o�r�s� �i�n� �t�h�e� �M�a�r�i�n�e� 
�E�n�v�i�r�o�n�m�e�n�t�.� �M�a�r�i�n�e� �G�e�o�l�o�g�y�,� �5�,� �4�9�5�-�5�0�1�.� 

�P�r�a�k�a�s�h�,� �A�.� �(�1�9�6�7�)�.� �G�r�o�w�t�h� �a�n�d� �T�o�x�i�c�i�t�y� �o�f� �a� �M�a�r�i�n�e� �D�i�n�o�f�l�a�g�e�l�l�a�t�e�,� �G�o�n�y�a�u�l�a�x� 
�t�a�m�e�r�e�n�s�i�s�.� �J�o�u�r�n�a�l� �F�i�s�h�e�r�i�e�s� �R�e�s�e�a�r�c�h� �B�o�a�r�d� �o�f� �C�a�n�a�d�a�,� �2�4�(�7�)�,� �1�5�8�9�-�1�6�0�6�.� 
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�R�i�c�h�a�r�d�s�,� �W�.� �J�.�,� �a�n�d� �M�c�G�a�v�a�n�,� �M�.�F�.� �(�1�9�8�9�)�.� �B�i�o�l�o�g�i�c�a�l� �P�r�o�d�u�c�t�i�v�i�t�y� �G�.�M�.� �I�n� �K�.� 
�S�h�e�r�m�a�n� �a�n�d� �A�l�e�x�a�n�d�e�r�,� �L�.�M�.� �(�E�d�.�)�,� �B�i�o�m�a�s�s� �Y�i�e�l�d�s� �a�n�d� �G�e�o�g�r�a�p�h�y� �o�f� �L�a�r�g�e� �M�a�r�i�n�e� 
�E�c�o�s�y�s�t�e�m�s� �(�p�p�.� �2�8�7�-�3�2�5�)�.� 

�R�i�c�h�m�o�n�d�,� �B�.�,� �e�t� �a�l�.� �(�1�9�9�0�)�.� �S�t�e�l�l�a� �I�I�]� �U�s�e�r�'�s� �G�u�i�d�e� �.� �H�a�n�o�v�e�r�:� �H�i�g�h� �P�e�r�f�o�r�m�a�n�c�e� 
�S�y�s�t�e�m�s�,� �I�n�c�.� �p�p�.� �2�1�8�.� 

�R�o�b�e�r�t�s�,� �N�.�,� �e�t� �a�l�.� �(�1�9�8�3�)�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �C�o�m�p�u�t�e�r� �S�i�m�u�l�a�t�i�o�n�-�-�A� �S�y�s�t�e�m�s� �D�y�n�a�m�i�c�s� 
�M�o�d�e�l�i�n�g� �A�p�p�r�o�a�c�h� �.� �R�e�a�d�i�n�g�:� �A�d�d�i�s�o�n� �W�e�s�l�e�y� �P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�.� �p�p�.� �5�6�2�.� 

�R�o�s�e�,� �M�.� �(�1�9�8�7�)�.� �Q�u�a�n�t�i�t�a�t�i�v�e� �E�c�o�l�o�g�i�c�a�l� �T�h�e�o�r�y�;� �B�a�s�i�c� �M�o�d�e�l�s� �.� �p�p�.� �2�0�3�.� 

�R�o�s�e�n�s�w�e�i�g�,� �M�.�,� �L�.�,� �a�n�d� �M�c�C�o�r�d�,� �R�o�b�e�r�t�.� �(�1�9�9�1�)�.� �I�n�c�u�m�b�e�n�t� �R�e�p�l�a�c�e�m�e�n�t�:� �e�v�i�d�e�n�c�e� �f�o�r� 
�l�o�n�g�-�t�e�r�m� �e�v�o�l�u�t�i�o�n�a�r�y� �p�r�o�g�r�e�s�s�.� �1�7�(�3�)�,� �2�0�2�-�2�1�3�.� 

�R�u�t�h�e�r�f�o�r�d�,� �S�.� �D�.� �(�1�9�9�4�)�.� �P�h�y�t�o�p�l�a�n�k�t�o�n� �P�r�o�d�u�c�t�i�v�i�t�y� �a�n�d� �M�i�l�a�n�k�o�v�i�t�c�h� �C�y�c�l�e�s� �i�n� �t�h�e� 
�C�e�n�o�m�a�n�i�a�n�-�T�u�r�o�n�i�a�n� �B�r�i�d�g�e� �C�r�e�e�k� �M�e�m�b�e�r� �o�f� �t�h�e� �G�r�e�e�n�h�o�r�n� �F�o�r�m�a�t�i�o�n� �i�n� �S�o�u�t�h�e�a�s�t�e�r�n� 
�C�o�l�o�r�a�d�o�.� �M�a�s�t�e�r�s�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�.� 

�R�y�t�h�e�r�,� �J�.� �H�.�,� �a�n�d� �K�r�a�m�e�r�,� �D�.�D�.� �(�1�9�6�1�)�.� �R�e�l�a�t�i�v�e� �i�r�o�n� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �s�o�m�e� �c�o�a�s�t�a�l� �a�n�d� 
�o�f�f�s�h�o�r�e� �p�l�a�n�k�t�o�n� �a�l�g�a�e�.� �E�c�o�l�o�g�y�,� �4�2�,� �4�4�4�-�4�4�6�.� 

�S�a�l�o�n�e�n�,� �K�.�,� �e�t� �a�l�.� �(�1�9�8�4�)�.� �H�y�p�o�l�i�m�n�e�t�i�c� �p�h�o�s�p�h�o�r�o�u�s� �r�e�t�r�i�e�v�a�l� �b�y� �d�i�e�l� �v�e�r�t�i�c�a�l� �m�i�g�r�a�t�i�o�n�s� 
�o�f� �l�a�k�e� �p�h�y�t�o�p�l�a�n�k�t�o�n�.� �F�r�e�s�h�w�a�t�e�r� �B�i�o�l�o�g�y�,� �1�4�,� �4�3�1�-�4�3�8�.� 

�S�a�n�t�o�s�,� �B�.� �A�.�,� �a�n�d� �C�a�r�r�e�t�o�,� �J�.�I�.� �(�1�9�9�2�)�.� �(�D�i�u�r�n�a�l� �V�e�r�t�i�c�a�l� �M�i�g�r�a�t�i�o�n� �o�f� �M�a�r�i�n�e� 
�D�i�n�o�f�l�a�g�e�l�l�a�t�e� �A�l�e�x�a�n�d�r�i�u�m� �e�x�c�i�v�a�t�u�m� �(�B�r�a�a�r�u�d�)�)�.� �B�u�l�l�i�t�i�n� �d�o� �I�n�s�t�i�t�u�t�o� �O�c�e�a�n�o�g�r�a�f�i�c�o�,� 
�4�0�(�1�-�2�)�,� �1�5�-�2�5�.� 

�S�c�h�w�e�i�t�z�e�r�,� �P�.� �(�1�9�9�3�)�.� �M�o�d�e�r�n� �A�v�e�r�a�g�e� �G�l�o�b�a�l� �S�e�a� �S�u�r�f�a�c�e� �T�e�m�p�e�r�a�t�u�r�e�s� �.� �U�S�G�S� �D�i�g�i�t�a�l� 
�D�a�t�a� �S�e�r�i�e�s�.� 

�S�e�u�n�g�,� �Y�.� �H�.�,� �C�h�u�n�g�,� �J�.�H�.�,� �P�a�r�k�,� �Y�.�C�.� �(�1�9�9�0�)�.� �O�c�e�a�n�o�g�r�a�p�h�i�c� �s�t�u�d�i�e�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �t�i�d�a�l� 
�f�r�o�n�t� �i�n� �t�h�e� �m�i�d�-�Y�e�l�l�o�w� �S�e�a� �o�f�f� �(�S�o�u�t�h�)� �K�o�r�e�a�:� �P�h�y�s�i�c�a�l� �a�s�p�e�c�t�s�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� 
�O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�5�(�2�)�,� �4�0�2�-�7�5�1�.� 

�S�h�i�m�,� �J�.� �H�.�,� �S�h�i�n�,� �Y�.�K�.�,� �a�n�d� �Y�e�o�,� �H�.�G�.� �(�1�9�9�1�)�.� �A�b�i�o�t�i�c� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �p�r�i�m�a�r�y� 
�p�r�o�d�u�c�e�r� �o�f� �e�s�t�u�a�r�i�n�e� �p�e�l�a�g�i�c� �e�c�o�s�y�s�t�e�m� �i�n� �t�h�e� �l�o�w�e�r� �w�a�t�e�r� �o�f� �t�h�e� �M�a�n�k�u�n�g� �R�i�v�e�r� �a�n�d� �t�h�e� 
�D�o�n�g�j�i�n� �R�i�v�e�r� �(�S�o�u�t�h� �K�o�r�e�a�)�:� �I�.� �J�o�u�r�n�a�l� �o�f� �t�h�e� �O�c�e�a�n�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �o�f� �K�o�r�e�a�,� �2�6�(�2�)�,� 
�1�5�5�-�1�6�6�.� 

�S�i�z�e�,� �W�.� �B�.� �(�1�9�8�7�)�.� �U�s�e� �a�n�d� �A�b�u�s�e� �o�f� �S�t�a�t�i�s�t�i�c�a�l� �M�e�t�h�o�d�s� �i�n� �t�h�e� �E�a�r�t�h� �S�c�i�e�n�c�e�s� �.� �N�e�w� 
�Y�o�r�k�:� �O�x�f�o�r�d� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�.� �p�p�.� �1�6�9�.� 

�S�m�a�y�d�a�,� �T�.� �J�.� �(�1�9�6�7�)�.� �A� �Q�u�a�n�t�i�t�a�t�i�v�e� �A�n�a�l�y�s�i�s� �o�f� �t�h�e� �P�h�y�t�o�p�l�a�n�k�t�o�n� �o�f� �t�h�e� �G�u�l�f� �o�f� �P�a�n�a�m�a� 
�(�V�o�l�.� �2� �N�o�.� �5�)�.� �I�n�t�e�r�-�A�m�e�r�i�c�a�n� �T�r�o�p�i�c�a�l� �T�u�n�a� �C�o�m�m�i�s�s�i�o�n�.� 

�S�o�k�a�l�,� �R�.� �R�.�,� �a�n�d� �R�o�h�l�f�,� �F�.� �J�a�m�e�s�.� �(�1�9�6�9�)�.� �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�s� �o�f� 
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�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� �.� �S�a�n� �F�r�a�n�c�i�s�c�o�:� �W�.�H�.� �F�r�e�e�m�a�n�.� �p�p�.� �7�7�6�.� 

�S�p�r�i�n�g�e�r�,� �D�.� �A�.�,� �a�n�d� �B�a�m�b�a�c�h�,� �R�.�K�.� �(�1�9�8�5�)�.� �G�r�a�d�i�e�n�t� �v�e�r�s�u�s� �C�l�u�s�t�e�r� �A�n�a�l�y�s�i�s� �o�f� �F�o�s�s�i�l� 
�A�s�s�e�m�b�l�a�g�e�s�:� �A� �c�o�m�p�a�r�i�s�o�n� �f�r�o�m� �t�h�e� �O�r�d�o�v�i�c�i�a�n� �o�f� �s�o�u�t�h�w�e�s�t�e�r�n� �V�i�r�g�i�n�i�a�.� �L�e�t�h�a�i�a�,� �1�8�,� 
�1�8�1�-�1�9�8�.� 

�S�t�e�e�l�e�,� �J�.� �H�.� �(�1�9�7�8�)�.� �S�p�a�t�i�a�l� �P�a�t�t�e�r�n�s� �i�n� �P�l�a�n�k�t�o�n� �C�o�m�m�u�n�i�t�i�e�s� �.� �N�e�w� �Y�o�r�k�:� �P�l�e�n�u�m� 
�P�r�e�s�s�.� �p�p�.� �n�p�.� 

�S�t�e�i�d�i�n�g�e�r�,� �K�.� �A�.�,� �e�t� �a�l�.� �(�1�9�9�6�)�.� �P�f�i�e�s�t�e�r�i�a� �p�i�s�c�i�c�i�d�a� �g�e�n�.�e�t� �s�p�.� �n�o�v�.� �(�P�f�i�e�s�t�e�r�i�a�c�e�a� �f�a�m�.� 
�n�o�v�.�)�,� �A� �n�e�w� �t�o�x�i�c� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �w�i�t�h� �a� �c�o�m�p�l�e�x� �l�i�f�e� �c�y�c�l�e� �a�n�d� �b�e�h�a�v�i�o�r�.� �J�o�u�r�n�a�l� �o�f� 
�P�h�y�c�o�l�o�g�y�,� �3�2�(�1�9�9�6�)�,� �1�5�7�-�1�6�4�.� 

�T�a�y�l�o�r�,� �F�.� �J�.� �R�.� �(�1�9�8�7�)�.� �T�h�e� �B�i�o�l�o�g�y� �o�f� �D�i�n�o�f�l�a�g�e�l�l�a�t�e�s�.� �O�x�f�o�r�d�:� �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�s�,� �7�8�5�.� 

�T�h�o�m�a�s�,� �W�.� �H�.� �(�1�9�9�5�)�.� �E�f�f�e�c�t�s� �o�f� �S�m�a�l�l� �S�c�a�l�e� �T�u�r�b�u�l�a�n�c�e� �o�n� �G�o�n�y�a�u�l�a�x� �p�o�l�y�d�e�x�.� �J�o�u�r�n�a�l� 
�o�f� �P�h�y�c�o�l�o�g�y�,� �3�1�(�1�)�,� �5�0�-�5�9�.� 

�T�h�u�r�m�a�n�,� �H�.� �V�.� �(�1�9�9�4�)�.� �I�n�t�r�o�d�u�c�t�o�r�y� �O�c�e�a�n�o�g�r�a�p�h�y� �(�7� �e�d�.�)�.� �N�e�w� �Y�o�r�k�:� �M�c�M�i�l�l�a�n�.� �p�p�.� 
�5�5�0�.� 

�T�i�f�f�n�e�y�,� �B�.� �H�.� �(�1�9�8�5�)�.� �F�o�s�s�i�l� �F�r�u�i�t�s� �f�r�o�m� �t�h�e� �W�o�o�d�s�t�o�c�k� �M�e�m�b�e�r� �o�f� �t�h�e� �N�a�n�j�e�m�o�y� 
�F�o�r�m�a�t�i�o�n�,� �M�a�r�y�l�a�n�d� �a�n�d� �V�i�r�g�i�n�i�a�.� �I�n� �L�.� �W�a�r�d� �(�E�d�.�)�,� �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�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�.� 

�T�o�m�e�z�a�k�,� �M�.�,� �a�n�d� �G�o�d�f�r�e�y�,� �J�.� �S�t�u�a�r�t�.� �(�1�9�9�4�)�.� �R�e�g�i�o�n�a�l� �O�c�e�a�n�o�g�r�a�p�h�y�:� �a�n� �I�n�t�r�o�d�u�c�t�i�o�n� �.� 
�L�o�n�d�o�n�:� �P�e�r�g�a�m�o�n�.� �p�p�.� �4�2�2�.� 

�T�r�a�n�t�e�r�,� �D�.� �J�.�,� �a�n�d� �N�e�w�e�l�l�,� �B�.�S�.� �(�1�9�6�3�)�.� �E�n�r�i�c�h�m�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �i�n� �t�h�e� �I�n�d�i�a�n� �O�c�e�a�n�.� 
�D�e�e�p� �S�e�a� �R�e�s�e�a�r�c�h�,� �1�0�,� �1�-�9�.� 

�T�r�a�v�e�r�s�e�,� �A�.� �(�1�9�8�8�)�.� �P�a�l�e�o�p�a�l�y�n�o�l�o�g�y� �(�1�s�t� �e�d�.�)�.� �B�o�s�t�o�n�:� �U�n�w�i�n� �H�y�m�a�n� �P�r�e�s�s�.� �p�p�.� �6�0�0�.� 

�W�a�l�k�e�r�,� �K�.� �R�.�,� �a�n�d� �B�a�m�b�a�c�h�,� �R�.�K�.� �(�1�9�7�1�)�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �f�o�s�s�i�l� �a�s�s�e�m�b�l�a�g�e�s� �f�r�o�m� 
�f�i�n�e�-�g�r�a�i�n�e�d� �s�e�d�i�m�e�n�t�s�:� �t�i�m�e�-�v�e�r�a�g�e�d� �c�o�m�m�u�n�i�t�i�e�s�.� �3�,� �7�8�3�-�7�8�4�.� 

�W�a�l�k�e�r�,� �R�.� �G�.� �(�1�9�9�4�)�.� �F�a�c�i�e�s� �M�o�d�e�l�s� �(�(�3�)� �e�d�.�)�.� �S�t�i�t�t�s�v�i�l�l�e�:� �L�'�A�s�s�o�c�i�a�t�i�o�n� �g�e�o�l�o�g�i�q�u�e� �d�u� 
�C�a�n�a�d�a�.� �p�p�.� �4�0�9�.� 

�W�a�l�l�,� �D�.�,� �a�n�d� �D�a�l�e�.� �(�1�9�7�7�)�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �C�l�i�m�a�t�i�c� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� 
�C�y�s�t�s� �i�n� �M�o�d�e�r�n� �M�a�r�i�n�e� �S�e�d�i�m�e�n�t�s�.� �M�a�r�i�n�e� �M�i�c�r�o�p�a�l�e�o�n�t�o�l�o�g�y�,� �2�,� �1�2�1�-�2�0�0�.� 

�W�a�n�g�,� �Y�.�,� �a�n�d� �Z�h�u�,� �D�a�k�u�i�.� �(�1�9�9�0�)�.� �S�e�d�i�m�e�n�t�a�r�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �i�n�t�e�r�t�i�d�a�l� �f�l�a�t�s� �a�l�o�n�g� �t�h�e� 
�w�e�s�t� �c�o�a�s�t� �o�f� �Y�e�l�l�o�w� �S�e�a�.� �I�N�t�e�r�n�a�t�i�o�n�a�l� �S�e�d�i�m�e�n�t�o�l�o�g�i�c�a�l� �C�o�n�g�r�e�s�s�,� �1�3�,� �,� �5�8�7�.� 

�W�a�r�d�,� �L�.�,� �a�n�d� �K�r�a�f�f�t�,� �K�a�t�h�l�e�e�n�.� �(�1�9�8�5�)�.� �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�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� 
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�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�.� 

�W�a�r�d�,� �L�.� �W�.� �(�1�9�9�3�)�.� �E�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �S�a�l�i�s�b�u�r�y� �E�m�b�a�y�m�e�n�t� �d�u�r�i�n�g� �t�h�e� �L�a�t�e� �T�e�r�t�i�a�r�y�.� �1�9�9�3� 
�G�S�A� �A�b�s�t�r�a�c�t�s�,� �2�5�(�6�)�,� �3�3�4�.� 

�W�e�e�k�s�,� �A�.�,� �e�t� �a�l�.� �(�1�9�9�3�)�.� �T�h�e� �p�h�y�s�i�c�a�l� �a�n�d� �c�h�e�m�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �c�h�a�n�g�e�s� �i�n� 
�c�o�m�m�u�n�i�t�y� �s�t�r�u�c�t�u�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �b�l�o�o�m� �e�v�o�l�u�t�i�o�n�:� �T�h�e� �J�o�i�n�t� �G�l�o�b�a�l� �F�l�u�x� �S�t�u�d�y� �N�o�r�t�h� 
�A�t�l�a�n�t�i�c� �B�l�o�o�m� �E�x�p�e�r�i�m�e�n�t� �.� 

�W�e�e�m�s�,� �R�.� �E�.� �(�1�9�8�5�)�.� �V�e�r�t�e�b�r�a�t�e� �B�i�o�z�o�n�e�s� �o�f� �t�h�e� �P�a�m�u�n�k�y� �G�r�o�u�p�.� �I�n� �L�.� �W�a�r�d� �(�E�d�.�)�,� 
�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�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�.� 

�W�e�l�c�h�,� �D�.� �(�1�9�8�6�)�.� �C�l�u�s�t�e�r� �G�u�i�d�e�.� �V�i�r�g�i�n�i�a� �T�e�c�h�.� 

�W�i�t�m�e�r�,� �R�.� �J�.� �(�1�9�7�5�)�.� �T�a�x�o�n�o�m�y� �a�n�d� �B�i�o�s�t�r�a�t�i�g�r�a�p�h�y� �o�f� �L�o�w�e�r� �T�e�r�t�i�a�r�y� �D�i�n�o�f�l�a�g�e�l�l�a�t�e� 
�A�s�s�e�m�b�l�a�g�e�s� �f�r�o�m� �t�h�e� �A�t�l�a�n�t�i�c� �C�o�a�s�t�a�l� �P�l�a�i�n� �n�e�a�r� �R�i�c�h�m�o�n�d� �V�i�r�g�i�n�i�a�.� �M�a�s�t�e�r�s�,� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�.� 

�W�i�t�m�e�r�,� �R�.� �J�.� �(�1�9�8�7�)�.� �T�e�r�t�i�a�r�y� �D�i�n�o�f�l�a�g�e�l�l�a�t�e�,� �A�c�r�i�t�a�r�c�h�,� �a�n�d� �C�h�l�o�r�o�p�h�y�t�e� �A�s�s�e�m�b�l�a�g�e�s� 
�f�r�o�m� �t�h�e� �O�a�k� �G�r�o�v�e� �C�o�r�e�,� �V�i�r�g�i�n�i�a� �C�o�a�s�t�a�l� �P�l�a�i�n�.� �D�o�c�t�o�r�a�l�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e�.� 

�X�i�a�o�h�o�n�g�,� �L�.�,� �Z�e�n�g�,� �J�.�,� �Z�h�e�n�g�,� �Z�.�,� �W�u�,� �Y�.� �(�1�9�9�1�)�.� �E�f�f�e�c�t� �o�f� �d�o�m�e�s�t�i�c� �s�e�w�a�g�e� �o�n� �g�r�o�w�t�h� 
�o�f� �p�h�y�t�o�p�l�a�n�k�t�o�n�:� �M�a�t�h�e�m�a�t�i�c�a�l� �M�o�d�e�l�.� �J�o�u�r�n�a�l� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s� �(�C�h�i�n�a�)�,� �3�(�1�)�,� 
�5�9�-�7�0�.� 

�Y�a�n�g�,� �H�.� �S�.�,� �a�n�d� �K�i�m�,� �S�.�S�.� �(�1�9�9�1�)�.� �A� �s�t�u�d�y� �o�n� �s�e�a� �w�a�t�e�r� �a�n�d� �o�c�e�a�n� �c�u�r�r�e�n�t� �i�n� �t�h�e� �s�e�a� 
�a�d�j�a�c�e�n�t� �t�o� �K�o�r�e�a� �P�e�n�i�n�s�u�l�a�:� �I�I�G�e�o�g�r�a�p�h�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �c�h�e�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 
�d�i�f�f�e�r�e�n�t� �m�i�d�-�b�o�t�t�o�m� �w�a�t�e�r�s� �i�n� �t�h�e� �n�e�i�g�h�b�o�r�i�n�g� �S�e�a� �o�f� �C�h�e�j�u� �I�s�l�a�n�d� �i�n� �s�u�m�m�e�r�.� �B�u�l�l�e�t�i�n� �o�f� 
�t�h�e� �K�o�r�e�a�n� �F�i�s�h�e�r�i�e�s� �S�o�c�i�e�t�y�,� �2�4�(�3�)�,� �1�7�7�-�1�8�4�.� 

�Y�o�o�,� �H�.� �R�.� �(�1�9�8�6�)�.� �R�e�m�o�t�e�l�y� �s�e�n�s�e�d� �w�a�t�e�r� �t�u�r�b�i�d�i�t�y� �p�a�t�t�e�r�n� �o�n� �t�h�e� �K�o�r�e�a�n� �s�i�d�e� �o�f� �t�h�e� 
�Y�e�l�l�o�w� �S�e�a�.� �O�c�e�a�n� �R�e�s�e�a�r�c�h� �(�S�e�o�u�l�)�,� �8�(�1�)�,� �4�9�-�5�6�.� 

�Y�o�u�n�g�,� �H�.� �D�.� �(�1�9�6�2�)�.� �S�t�a�t�i�s�t�i�c�a�l� �T�r�e�a�t�m�e�n�t� �o�f� �E�x�p�e�r�i�m�e�n�t�a�l� �D�a�t�a� �.� �N�e�w� �Y�o�r�k�:� �M�c�G�r�a�w� 
�H�i�l�l�.� �p�p�.� �1�7�2�.� 

�Z�e�n�e�t�o�s�,� �A�.� �(�1�9�9�1�)�.� �R�e�-�e�v�a�l�u�a�t�i�o�n� �o�f� �N�u�m�e�r�i�c�a�l� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �M�e�t�h�o�d�s� �f�o�r� �D�e�l�i�n�e�a�t�i�n�g� 
�B�i�o�f�a�c�i�e�s� �a�n�d� �B�i�o�t�o�p�e�s� �i�n� �a�n� �E�s�t�u�r�a�i�n�e� �E�n�v�i�r�o�n�m�e�n�t�.� �L�e�t�h�a�i�a�,� �2�4�,� �1�4�-�2�3�+�.� 

�Z�h�o�u�,� �F�.� �(�1�9�8�9�)�.� �M�o�d�e�l� �o�f� �d�y�n�a�m�i�c� �d�e�p�o�s�i�t�i�o�n� �i�n� �t�h�e� �E�a�s�t� �C�h�i�n�a� �S�e�a�.� �C�h�i�n�e�s�e� �J�o�u�r�n�a�l� �o�f� 
�O�c�e�a�n�o�l�o�g�y� �a�n�d� �L�i�m�n�o�l�o�g�y�,� �7�(�3�)�,� �2�7�4�-�2�8�2�.� 
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�3�.�5�0�!� �4�9� �=�c�r�a�c�i�n�u�m� �a�n�n�e�s�t�o�r�n�e�n�s�e� �3�.�9�0�!� �<�9� �F�i�b�r�a�a�i�m�u�m� �a�n�n�e�x�o�r�s�e�n�s�e� �1�.�3�0�1� �+�1�7� �P�a�r�a�e�c�a�r�i�a�i�l�a� �i�n�c�e�n�t�a�t�a�  �� 
�3�.�5�0�!� �2�4�8� �M�e�m�o�r�a�n�c�s�o�n�a�e�r�a� �t�a�o�u�i�a�t�a� �3�.�7�0�1� �2�4�8�)�M� �a� �!�a�o�u�i�a�i�a� �3�.�5�0�)� �2�4�8�]� �M�e�m�o�r�a�n�o�s�p�n�a�e�r�a�  ��a�b�u�i�a�t�a� �'� 
�2�.�3�0�)� �+�9�1� �M�i�c�r�n�y�s�i�n�a�t�u�m� �s�p�p�.� �3�.�7�0�{� �+� �8�1�t�M�i�c�r�n�y�s�i�n�a�u�m� �s�o�o�.� �2�.�4�0�!� �1�8�t�i�M�i�e�m�y�s�i�n�d�i�u�m� �s�p�o�.� �3� 
�3�.�4�0�'� �3�°� �M�i�c�r�o�a�r�m�u�m� �o�m�a�t�u�m� �3�.�6�0�)� �1�5�9�1�7�T�h� �t�o�r�a� �G�a�u�c�a�t�a� �3�.�4�0�1� �*� �8�6�)� �P�t�e�r�o�s�o�a�r�m�o�o�s�i�s� �3�0�0�.� �;� 
�3�,�4�0�!� �°�S�9�,�7�h�a�l�a�s�s�o�o�n�o�r�a� �c�e�t�i�c�a�t�a� �3�.�4�0�1� �3�9� �!�m�o�l�e�t�o�s�o�n�a�e�n�d�i�u�m�  ��u�g�e�s�u�m� �3�.�4�0�!� �1�5�1�!� �S�o�t�e�u�t�e�r�t�e�s� �r�a�m�o�s�u�s� �s�u�o�s�o�.�  ��a�m�o�s�u�s� �|� 
�3�s�t� �3�9�.� �i�a�i�s�t�o�s�s�n�a�e�n�d�i�u�m� �u�g�g�s� �2�3�0�)� �2�4�7�!� �s�p�t�o�c�m�u�m� �v�w�r�o�s�m�a�n�r�u�m� �3�.�3�0�!� �2�0�:� �C�h�t�a�r�m�y�a�g�o�n�o�r�a�i�l�a� �c�t�.� �S�o�.� �u�r�r�a� �'� 
�3�.�2�9�:� �2�6�,� �C�h�i�a�m�v�e�c�o�n�o�r�a�i�d�a� �c�t�.� �C�.� �u�m�a� �2�.�3�0�1� �1�8�2�1� �C�y�m�a�n�e�s�o�n�a�e�r�a� �s�o�o�.� �2�.�3�0�1� �2�4�7�!� �L�e�q�t�o�d�i�m�u�m� �v�i�r�g�i�n�i�a�n�u�m� 
�2�.�2�0� � �*�8�2�'�C� �s�m�a�u�o�s�o�n�a�e�r�a� �s�o�0�.� �2�.�3�0�1� �2�4�6�1�D�e�l�l�a�n�a�n�a� �s�o�i�m�g�e�r�a� �0�.�3�6�:� �1�0�1�i� �M�c�r�o�g�i�n�u�m� �o�m�a�t�u�m�  �� 
�3�.�2�0�:� �2�4�6� �C�e�t�l�a�n�o�n�a� �s�o�m�i�g�e�r�a� �2�.�3�0� �1�0�1�4�/�M�i�c�r�o�a�i�n�u�m� �o�r�n�a�t�u�n�t� �3�.�2�0�:� �1� �7�8�I�C�¥�e� �l�a� �w�e�t�a� 
�2�.�2�0�:� �'�3�9�-�C�i�s�n�y�e�s�c�o�s�i�s� �S�u�c�c�m�a�t�a� �3�.�3�0�1� �1�8�6�!� �P�*�e�r�o�s�o�e�r�m�o�o�s�i�s� �s�o�o�.� �3�.�2�0�1� �2�4�2�!�D�e�t�i�a�n�a�n�a� �c�t�.� �3�.� �m�a�g�m�i�f�i�c�a� 
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