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MACROHABITAT FACTORS AFFECTING 

DISTRIBUTION PATTERNS OF FRESHWATER MUSSELS IN 

THE CLINCH RIVER (VIRGINIA, TENNESSEE) 

by 

Gregory W. Church 

(ABSTRACT) 

Studies were conducted to determine the macrohabitat factors structuring 

high quality mussel habitat in the Clinch and Little rivers. In the first 

habitat study, 4 substratum variables, 7 channel morphology variables, and 

3 stream and valley variables were compared between high and low mussel 

density aggregations from 6 study reaches. Wilcoxon rank-sum tests were 

conducted separately for all transects, unbraided (without islands) 

transects, and braided (anastomosing river channels with islands) 

transects. Stepwise discriminant analysis (SDA) was used in the first 

habitat study to identify variables which best differentiated high and low 

mussel density transect groups. Percent bedrock (PBR) (p>F=0.002), d50 

particle size (p>F=#0.03), and mean depth (MDEP) (p>F=0.11) were the most 

useful predictors (cumulative average squared canonical correlation (ASCC) 

= 0.30) when SDA was performed on all transects (n = 66). The ASCC values 

improved substantially when unbraided and braided transects were analyzed 

separate ly. PBR (p>F=0.0001), d84 particle size (p>F=0.05), MDEP 

(p>F=0.03), and direction of streamflow (DIR) {p>F=0.05) were selected by 

SDA (cumulative ASCC = 0.52) for unbraided transects (n = 43), and 

proximity to floodplain (PROX) (p>F=0.0008) and PBR (p>F=0.005) were



selected by SDA (cumulative ASCC = 0.61) for braided transects (n = 23). 

In the second habitat study, 14 habitat variables were compared between 

high and low quality mussel sites documented in a TVA survey (1986). The 

variables PBR (p>F=0.0001), d84 (p>F=0.0001), DIR (p>F=0.09), and valley 

floor width (VFW) (p>F=0.05) were selected by SDA (cumulative ASCC = 0.69) 

when all sites were included in the analysis; and PBR (p>F=0.0095), d84 

(p>F=0.004), d50 (p>F=0.15), and DIR (p>F=0.07) were selected (cumulative 

ASCC = 0.62) when only unbraided sites were included in the analysis. 

Mussels were associated with areas of smaller mean particle size with low 

exposed bedrock in the channel cross-section. Site location patterns for 

the entire TVA data set (n = 141 sites) were examined for patterns 

relative to streamflow direction. The greatest frequency of high quality 

unbraided sites occurred where the river flows in the direction of 

geologic dip. High quality braided sites occurred where the river flows 

along the line of geologic strike. The orientation of bedrock ledges 

relative to direction of streamflow seemingly determines the long-term 

stability of mussel habitat in unbraided reaches by retaining streambed 

alluvium during high discharge events. 

Key words: Unionidae, freshwater mussels, sediment particle size, 

geology, habitat, distribution, discriminant analysis, Virginia, 

Tennessee.
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CHAPTER 1. THE CLINCH RIVER MUSSEL FAUNA AND CHARACTERIZATION OF MUSSEL 

HABITAT 

Description of the study area 

The Clinch River, a well-aerated hardwater stream, originates in 

Tazewell County, Virginia and flows southwest approximately 575 stream 

kilometers to join the Tennessee River at Tennessee River Kilometer 913 

near Harriman, Tennessee. The Clinch River is situated in a long, narrow 

basin (7,542 km’) which lies along the boundary between the Valley and 

Ridge and Cumberland Plateau physiographic provinces (Figure 1.1). The 

Clinch River basin comprises about 10.8 percent of the total area of the 

Tennessee River basin (Ahlstedt 1984). Elevations in the watershed range 

from 1,429 m on Russell Beartown Mountain to approximately 260 m at the 

confluence with the Tennessee River. The Clinch becomes a 4th order 

stream with the confluence of the North Fork Clinch River near Tazewell, 

Virginia, 5th order with the confluence of Plum Creek at Clinch River 

Kilometer (CRK) 554, and 6th order with the confluence of Big Cedar Creek 

at CRK 454 (Paul Angermeier, Department of Fisheries and Wildlife 

Sciences, Virginia Tech, personal communication 1993). 

Most of the major tributaries entering the Clinch River from the north 

(Powell River, Guest River) have their origin in the Cumberland Plateau 

and exhibit a dendritic drainage pattern. Tributaries which lie south of 

the Clinch River are entirely within the Valley and Ridge province and 

exhibit a trellis drainage pattern, imposed by the long parallel mountain 

ridges. Consequently, the larger of these tributaries (Little River,
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Copper Creek) parallel the Clinch River for much of their lengths. Much 

of the streamflow within the carbonate formations of the Valley and Ridge 

portion of the basin is subterranean. The Little River, for example, 

drains from Fallen Rock Cave (one of the largest in Virginia) via Maiden 

Spring. The discharge of the Little River is much greater than its 52 km 

length and fourth order designation would suggest. The Clinch River was 

unimpounded prior to the completion of Norris Dam (CRK 128) in 1936 and 

Melton Hill Dam (CRK 37) in 1963 by the Tennessee Valley Authority. The 

conf luence of the Powell River, the largest tributary of the Clinch, lies 

beneath the impounded waters of Norris Reservoir (Figure 1.1). Presently, 

only the 330 km of the Clinch River upstream of Norris reservoir remain 

free-flowing, and that is the area addressed in this dissertation. 

The Clinch River basin is bounded to the southeast by the long ridge of 

Clinch Mountain, which is capped by the southeast-dipping Clinch sandstone 

of Silurian age. The heights of the Cumberland Plateau, which confine the 

watershed to the northwest, are capped by the nearly horizontal sandstone, 

shale, and coal strata of the Pennsylvanian-aged Lee and New River 

formations. The formations which lie between Clinch Mountain and the 

Cumber land Plateau range in age from Lower Cambrian to Mississippian, and 

are principally limestones, dolomites, shales and siltstones. The 

gradient, sinuosity, and valley morphology of the Clinch River are 

directly influenced by the geologic formations through which it flows. 

For example, reaches of the river which flow through the Rome Formation (a 

thick shale formation) are characterized by lower gradient and greater 

flood plain development than adjacent reaches that flow through limestone 
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and dolomite. 

Selected hydrologic data for the Clinch River are reported in Table 1.1 

for Kyles Ford, Tennessee and Fort Blackmore, Virginia (TVA 1986). These 

data provide an indication of the temporal variability in discharge volume 

of the Clinch River upstream of Norris Reservoir. These unimpounded 

reaches of the Clinch are subject to periodic droughts and major floods 

Spanning nearly three orders of magnitude of discharge volume. The 

greatest discharge volume recorded for the Clinch River to date was 89,000 

cfs at Speers Ferry, Virginia on April 5, 1977 (USGS 1991). This flood, 

which crested at 16.7 feet above bankfull discharge, resulted in the 

abandonment of the town of Clinchport and permanent relocation of most of 

the town’s residents. 

Table 1.1. Selected data for two Clinch River stations 

  

  

Station Drainage Mean F low 7Q10 Flow 20 Year 
Area . (cfs) (cfs) Flood 
(mi les’) (cfs) 

Kyles Ford 1268 1806 110 52,000 

(CRK 304.9) 

Ft. Blackmore 897 1267 70 38,000 
(CRK 365.9) 
  

Significance of the Clinch River mussel fauna 

Van der Schalie and van der Schalie (1950) recognized six major 

freshwater mussel (family Unionidae) faunal regions having distinct



species assemblages. These regions are: Atlantic, Pacific, Apalachicolan, 

Mississippian, Ozarkian, and  Cumberlandian. The Ozarkian = and 

Cumber landian regions can be considered as major areas of unionid endemism 

within the Mississippian Region (Dennis 1984). The Cumberlandian region 

is comprised of the Tennessee River drainage from the headwaters to Muscle 

Shoals, Alabama, and the Cumberland River drainage from the headwaters to 

Clarksville, Tennessee. The Cumberlandian Region has long been recognized 

as a major center of freshwater mussel diversity and endemism (Ortmann 

1924, 1925) and is perhaps the world’s most prolific region for species of 

the Unionidae: (AhIstedt 1984). 

The Clinch River, a Cumberlandian headwater tributary, has been 

recognized for its rich mussel fauna since the studies of Adams and 

Ortmann, which were reported by Ortmann (1918). These surveys, conducted 

at 26 sites, were the most complete pre- impoundment documentation of the 

Clinch River mussel fauna. Approximately 240 km of the Clinch River are 

now inundated beneath the impounded waters of Norris Lake and Melton Hill 

Lake. These impoundments cover some of the richest mussel-containing 

riffle and shoal habitats once found in the river (Ahlstedt 1984). While 

early investigations documented the mussel species richness of the river, 

they were not quantitative and therefore revealed very little about the 

relative abundance of mussel species. The only indication of relative 

abundance of mussel species in pre-history is from molluscan shells in 

aboriginal kitchen middens of American Indian villages. Parmalee and 

Bogan (1986) studied such a site along the Clinch River which was 

inhabited from about 800 B.C. to A.D. 1100. They concluded that molluscs 
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were readily consumed as a food source, and that middens accurately 

ref lected the composition and relative abundance of mussel species present 

at that time. 

Several unionid surveys have been conducted on the Clinch River in 

recent years. - These were probably precipitated in part by enactment of 

the Endangered Species Act: in 1973 and subsequent inclusion of a number of 

unionids on the Federal List of Endangered and Threatened Wildlife. The 

results.of major mussel surveys are summarized in Table 1.2. The most 

comprehensive survey of the Clinch River mussel fauna to date was 

conducted by Ahlstedt (1984) in which 47 species were identified from 204 

collecting sites. Ahistedt collected 43 species from 141 sites on the 

upper Clinch (upstream of Norris Reservoir), including 16 endemic 

Cumber landian species. Ortmann (1918) reported 42 mussel species from 14 

collecting sites on the upper Clinch, inciuding 10 species not found by 

Ahtstedt. Ahlstedt concluded that these species "are now believed 

extirpated from the Clinch or are considered extinct".



Table 1.2. Mussel species richness reported from surveys of the Clinch 
River. 

  

  
  

Investigator Year Sites Species/subspp. 

Ortmann & Adams 1918 26 60 

12 (LC) 53 (LC) 

| 14 (UC) 42 (UC) 

Stansbery 1973 - 53 
Bates & Dennis ~ 1978 - (UC) 38 

Neves 1980 6 (UC) 32 

Ahistedt (TVA) 1984 204 47 

63 (LC) 20 (LC) 

141 (UC) 43 (UC) 

AhlIstedt (TVA) 1988 11 (UC) 35 (UC) 

  

LC = Lower Clinch; UC = Upper Clinch above Norris Reservoir 

Anthropogenic impacts to the mussel fauna 

Most unionid species are particularly vulnerable to impoundment, 

siltation, and pollution (Sheehan et a]. 1986). Impoundment is thought to 

be the single greatest factor responsible for the decline of Cumber landian 

mussel species, and is also the most irreversible (USFWS 1983). 

Impoundment eliminates riffle-run habitats which are necessary for 

survival of riverine mussels (USFWS 1982). In addition, cold hypolimnetic 

discharges seriously impair growth and reproduction of mussels downstream 

from dams. Most unionids require specific fish hosts for the parasitic 

glochidial stage of their life cycles. Lotic host fishes may be 

eliminated by impoundment, which favors the establishment of lentic fish 
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communities (Nielson et al. 1986). Dams, in addition to altering upstream 

and downstream flow and temperature regimes, are usually physical barriers 

to fish migration. 

Siltation also has severely impacted freshwater mussels (USFWS 1983). 

Ellis (1936) demonstrated mortality in mussels, due to a 0.6 to 2.5 cm 

over lay of silt, which was attributed to suffocation and interference with 

feeding. Dennis (1984) observed that uptake of algae by mussels is 

reduced by 80 percent at silt levels over 1000 mg/1 (total suspended 

solids), which supports the conclusion of Churchill and Lewis (1924) that 

mussels exhibit little ability to sort food particles qualitatively. 

Possible sources of siltation in the Clinch River basin include storm 

water runoff from mining, logging, road construction, agriculture, 

overgrazed pastures, urbanized areas, and streambank erosion following 

removal of riparian vegetation. 

Decline of the mussel fauna 

A number of investigators (Ahlstedt 1984, Sheehan et al. 1986, 

Stansberry et al. 1986) have identified a reach of the upper Clinch River 

between CRK 411 and CRK 431 as having a depauparate mussel fauna. The 

mussel fauna was presumably eliminated from this reach by two major toxic 

spills originating from the site of a steam-electric generating plant at 

Carbo, Virginia. This reach was impacted in June 1967 by 198 million m 

of alkaline fly-ash slurry (pH 12) which washed into the Clinch River 

during a spate (Cairns et al. 1971). In June 1970, a sulfuric acid spill 

from the same facility impacted the same reach for 24 km downstream 
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(Cairns et al. 1971). Ahlstedt (1984) speculated that mussels may be 

unable to colonize this reach because of continued discharges from the 

steam plant and coal fines from Dump’s Creek and Lick Creek. Discharge of 

metals is also a problem in some reaches of the river. Jacobson et al. 

(1993) documented the toxicity of copper to sensitive early life stages of 

freshwater mussels. 

Church (1990-1993 surveys) observed a depauparate mussel fauna in the 

Clinch River in the vicinity of Richlands, Virginia, possibly extending as 

far downstream as the confluence of the Little River (CRK 482 to CRK 515). 

Probable sources of impact are coal mining and quarrying activity, 

municipal wastewater treatment plant outfalls, raw sewage, and septic tank 

discharges. 

In addition to impacts to the mussel] fauna from obvious point sources, 

several researchers have reported a decline in mussel abundance and 

species richness in reaches far removed from identified point source 

impacts (Jenkinson and Ahlstedt 1988, Dennis 1987, 1989). Dennis (1987) 

reported a drastic change in community structure at Speers Ferry, Virginia 

(CRK 339.7) and Kyles Ford, Tennessee (CRK 304.6) between 1975 and 1986. 

Epioblasma capsaeformis, a dominant species at both sites in 1975, had 

virtually disappeared from both sites by 1987. She also reported greater 

than 50 % reduction in total mussel density at Speers Ferry between 1975 

and 1986. Jenkinson and Ahlstedt (1988) reported that the mean number of 

mussels in the Clinch River declined from 12.10/m’ in 1979 to 6.01/m in 

1988, based on quantitative sampling at 10 sites from CRK 256.2 to CRK 

517.6. Statistically significant declines were observed for seven musse] 
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species over the 9 yr period, while no species increased in abundance. 

Dennis (1989) reported the mussel community age-class structure at 

Pendleton Island, Virginia (CRK 364.3) to be skewed toward older 

age-classes, indicating a general decline in recruitment of all mussel 

species at the site. Scott (1994) also observed a lack of juvenile 

recruitment for four mussel species at Slant, Virginia (CRK 359.3) since 

1979 and speculated the decline may be due to high sedimentation from the 

Cove Creek watershed. 

In studies with Clinch River sediments, Yeager (1994) demonstrated 

intermittent sediment toxicity to Daphnia magna and Chironomus riparius, 

and suggested that acute insults are related to the frequency, duration, 

and intensity of rainfall events. Yeager also observed fluctuations in 

the concentrations of metals in Clinch River sediments and observed 

mortality of juvenile mussels in in-situ assays at some sites. Jacobson 

(1990) demonstrated much greater sensitivity of isolated glochidia and 

juveniles to copper toxicity than to encysted glochidia or adult mussels. 

Toxicity of sediments to sensitive hypobenthic juveniles may be the cause 

of poor mussel recruitment at some Clinch River sites. 

Mussel distribution and habitat characterization 

Van der Schalie (1938) and Dawley (1947) classified mussel habitats into 

lotic and lentic waters, then subdivided lotic waters into size 

categories. The following review is confined to studies of mussel 

distribution and habitat in lotic systems. Many of the early North 

American mussel studies were zoogeographic, and documented distinct 
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species assemblages associated with major river drainages (Simpson 1896, 

Walker 1918, Ortmann 1924, van der Schalie and van der Schalie 1950). 

More recently, researchers have attempted to explain patterns of mussel 

distribution among streams within zoogeographic regions. Sepkoski and Rex 

(1974) used cluster analysis to compare mussel species assemblages of 49 

coastal rivers of eastern North America. They considered the rivers as 

biogeographic islands due to saltwater barriers to faunal exchange, and 

found that similarity of assemblages is strongly influenced by proximity 

to species source rivers. Sepkoski and Rex (1974) also reported that 

drainage basin area was the best predictor of mussel species richness. 

Dennis (1984), however, reported similar species richness from sites on 

the Tennessee, Clinch, and Powell Rivers, though drainage area and stream 

size were vastly different. She concluded that diversity of habitat, type 

of substratum, and shoal (glide) area are more significant in determining 

mussel abundance and species richness, than either stream length or 

drainage area. ' However, she acknowledged that there is a trend in small 

to medium sized streams toward increasing species richness with increasing 

stream size.’ The positive correlation between stream size and mussel 

species richness in smaller order streams has been well documented (Bogan 

and Starnes 1982, Ahlstedt 1984, Warren et al. 1984, Church 1991). Bogan 

and Starnes (1982) attributed the increase in mussel species in the 

downstream direction to a concomitant increase in fish species richness, 

since mussel glochidia are obligate parasites on fish and depend on them 

for distribution. 

Bogan and Starnes (1982) hypothesized that the headwater limit of mussel 
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distribution may be predicted by an examination of the stream’s 

physiographic gradient. Warren et al. (1984) observed a trend toward 

decreased mussel diversity with higher stream gradient, although there was 

no significant correlation between gradient and average numbers of species 

per stream segment. Ina study of six mussel macrohabitat descriptors by 

Strayer (1993), stream gradient had the least predictive power. Cicerello 

et al. (1991): reported that Cumberland Falls is a major barrier to musse] 

dispersal in the Cumberland River, with only 11 of the 87 mussel species 

reported from the Cumberland occurring above the falls. Jenkinson (1974) 

observed that the Fall_ Line (boundary between the Piedmont and Coastal 

Plain physiographic provinces) in Alabama appears to be a barrier for some 

mussel species and their fish hosts. 

Neves and Widlak (1987) reported two periods of particularly high 

mortality during the unionid life cycle. Mussel glochidia that fail to 

achieve encystment on an appropriate fish host do not survive. Excysting 

juveniles which drop from fish hosts into unsuitable habitats are also 

unlikely to survive. Howard (1922) speculated that the location in which 

juvenile mussels drop from their host is determined by chance, with 

increased survival of individuals reaching favorable habitats. Juvenile 

mussels possess byssal holdfasts which enable them to attach to gravels 

and maintain their position in the current (Frierson 1905, Clarke 1986). 

Very little is known of the habitat requirements of juvenile mussels, 

particularly in lotic systems (Neves and Widlak 1987). Neves and Widlak 

reported the greatest density (39.6/m) of juvenile mussels (ages 0-3 

years) from the upper stratum of finer sediments in eddies behind large 
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boulders. The mean density of juveniles in riffle habitats was somewhat 

lower (25.6/m), followed by run habitats (15.1/m) and pools (9.3/m). 

Baker (1928) reported that juveniles often burrow deeply into streambed 

sediments. Clarke (1986) observed no individuals of Potamilus capax 

(Green) smaller than 70 mm during sampling surveys conducted during June 

and August in sandy substrata of the St. Francis River, Arkansas. “During 

September, Clarke observed individuals from 30 to 60 mm in lenath, leading 

him to conclude that younger individuals of P. capax are hypobenthic 

during most of the year. Additional evidence for the hypobenthic 

existence of young individuals was the shiny, less abraded periostracum of 

individuals in the 30 to 60 mm length class. 

Adult unionids, which lack byssal threads, are obligate burrowers in 

clastic sediments. Hynes (1970) contended that composition of bottom 

sediments is the major factor controlling the the occurrence of benthic 

organisms. However, it is unclear whether there is selectivity by mussels 

for habitat type, or merely passive dispersal by fish hosts and water 

current (Kat 1982). Strayer (1981) conducted a study of microhabitats of 

22 mussel species in Michigan streams and concluded that most species 

coexisting at a site have similar mean microhabitats. Additionally 

Strayer concluded that mussel species have broad microdistributions within 

a site, resulting in a high degree of interspecific overlap. Other 

researchers have reported similar food, water quality, and substratum 

requirements for coexisting lotic mussel species (Bronmark and Malmqvist 

1982, Miller et al. 1986). Tevesz and McCall (1979) concluded that 

substratum specificity is much less developed in freshwater bivalves than 
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in marine bivalves. They attributed the apparent lack of specialization 

by freshwater bivalves to greater climatic variability, and ecological 

release from predation and competition pressure. However, Bronmark and 

Malmqvist (1982) were able to discern spatial separation of the two 

dominant mussel species in the Klingavalsan River, Sweden, and Salmon and 

Green (1982) detected a spatial pattern of microhabitat differentiation 

between some mussel species in the Middle Thames River, Ontario. 

Mussels have been reported from substrata ranging from liquid mud 

(Salmon and Green 1983) to boulders (Stern, 1983). Lewis and Riebel 

(1984) conducted burrowing studies of three mussel species in clay, mud, 

sand, and gravel. Although burrowing efficiency was greater in-sand than 

in gravel. substratum for all three species, they concluded that burrowing 

efficiency may not be strongly related to substratum selection and local 

distribution. Kat (1982) reported greater growth of E]]iptio complanata 

in sand-gravel substratum than in mud in a Maryland stream, and attributed 

the differential rates of growth to differences in the energy required to 

Maintain position, and to differences in nutriment delivered by currents. 

He concluded that high quality microhabitats are characterized by stable 

substrata, uncrowded conditions, and protection from bed scour. However, 

soft muds are not necessarily unstable for thin-shelled species, such as 

Anodonta sp., which are well documented from the soft mud substrata of 

lakes, ponds, and low gradient streams. 

A large number of researchers have reported sand, gravel, and cobble 

substrata to be the most productive mussel habitats in lotic systems 

(Sickel 1980, Strayer 1981, Stern 1983, Dennis 1984, Miller et al. 1986, 
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Sheehan et al. 1986, Stansbery 1986). Sickel (1980) reported the greatest 

abundance of most mussel species from fine to medium sand substrata in the 

Altamaha River, a coastal plain stream in Georgia. However, the substrata 

he sampled ranged from clay to very coarse sand. Miller at al. (1986) 

reported extremely high mussel densities (up to 124/m’) from a gravel bar 

in the Ohio River. The gravel bar was characterized by particles ranging 

from 1.0 cm to more than 10.0 cm, with the greatest weight fraction in the 

1.0 to 3.0 cm range. Stern (1983) observed the greatest species diversity 

and abundance of mussels in the Wisconsin River from transects 

characterized by a heterogeneous mixture of particles, ranging from sand 

to boulders. 

Depth has been reported as a determinant of mussel distribution and 

abundance (Salmon and Green 1982, Stansbery et al. 1986). Stern (1983) 

concluded that depth is a factor affecting the distribution of mussels 

primarily because it is associated with gradations in current velocity and 

substratum particle size. Salmon and Green (1982) used measurements of 

five environmental variables (water velocity, depth, substrate type, 

percent vegetative cover, and distance to shore) to discriminate between 

samples with and without mussels in the Middle Thames River, Ontario. 

They reported increased mussel] abundance in slow-moving, shallow water 

with relatively coarse substratum (substantial cobble’ fraction). 

Stansbery et al. (1986) observed that, "the riffle and run habitats of 

high-gradient streams harbor the greatest diversity and population 

densities of unionid mollusks. We have observed that the ponded parts of 

these streams, having deeper, slack water over finer sediments, typically 
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have no unionids, or have only a few individuals of a restricted number of 

species." Current speed and spatial variation in current speed were the 

most useful predictors of mussel presence or absence in a study by Strayer 

and Ralley (1993). In their study, the presence of mussels in quadrats 

was more likely in areas of intermediate and spatially uniform current 

speed. 

Vannote and Minshal] (1982) suggested that local lithology and fluvial 

processes interact to regulate density and population size-class structure 

of the two dominant mussels in the Salmon River, Idaho. They hypothesized 

that large block-boulders (30-250 cm) lend stability to small mussel] beds 

by preventing significant bed scour during major floods. This hypothesis 

is supported by higher mussel density, and greater frequency of old-aged 

individuals in boulder-sheltered areas. Strayer (1993) observed that some 

mussel species are more likely to occur in hydrologically stable streams 

than in hydrologically flashy streams. In addition to bed scour, Strayer 

(1993) suggested that hydrology may also affect mussels via the mechanisms 

of siltation, desiccation, thermal stress, and increased predation 

pressure during extremely low flows. 

Subjective methods have frequently been used to characterize mussel] 

habitat in lotic systems. Many studies have entailed the use of 

substratum designations such as muddy sand, sandy gravel, pebbles and 

cobbles, rather than quantifiable weight or volume measurements based on 

sieve fractionation. Among the studies which have utilized sieve 

fractionation, volumes and methods of sediment collection have varied. 

The pavement layer, or surface layer of particles lining the channel 
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�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �h�i�g�h� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �h�a�b�i�t�a�t� �i�n� �a� �r�i�v�e�r� �r�e�n�o�w�n�e�d� �f�o�r� 

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

�u�s�e�d�.� �I� �g�a�t�h�e�r�e�d� �t�h�e� �f�i�r�s�t� �b�e�t�w�e�e�n� �1�9�8�8� �a�n�d� �1�9�9�1�,� �b�y� �c�o�n�d�u�c�t�i�n�g� �i�n�-�s�t�r�e�a�m� 

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

�c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �a�n� �e�a�r�l�i�e�r� �s�u�r�v�e�y� �o�f� �1�4�1� �s�i�t�e�s� �o�n� �t�h�e� �u�p�p�e�r� �C�l�i�n�c�h� �b�y� �T�V�A� 

�b�i�o�l�o�g�i�s�t�s� �b�e�t�w�e�e�n� �1�9�7�9� �a�n�d� �1�9�8�3� �(�T�V�A� �1�9�8�6�)�.� �W�i�t�h�o�u�t� �t�h�e� �T�V�A� �d�a�t�a� �b�a�s�e�,� 

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

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

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

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

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

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

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

�q�u�a�l�i�t�a�t�i�v�e�.�.�d�a�t�a� �s�e�t�.� �P�h�y�s�i�c�a�l� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �(�t�h�e� �i�n�d�e�p�e�n�d�e�n�t� 

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

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

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

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

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

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

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

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

�O�b�j�e�c�t�i�v�e� �1�.� �C�o�m�p�a�r�e� �m�u�s�s�e�l� �d�e�n�s�i�t�y�,� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s�,� �a�n�d� �l�e�n�g�t�h�-�c�l�a�s�s� 

�s�t�r�u�c�t�u�r�e� �a�m�o�n�g� �s�e�v�e�n� �r�i�v�e�r� �r�e�a�c�h�e�s� �i�n� �t�h�e� �C�l�i�n�c�h� �a�n�d� �L�i�t�t�l�e� �r�i�v�e�r�s� 

�(�C�h�a�p�t�e�r� �2�)�.� �Q�u�a�d�r�a�t� �s�a�m�p�l�i�n�g� �o�f� �m�u�s�s�e�l�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �s�e�v�e�n� 

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

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

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

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

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

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

�O�b�j�e�c�t�i�v�e� �2�.� �C�o�m�p�a�r�e� �s�u�b�s�t�r�a�t�u�m�,� �c�h�a�n�n�e�l� �c�r�o�s�s�-�s�e�c�t�i�o�n�,� �a�n�d� �s�t�r�e�a�m�f�l�o�w� 

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

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

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

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

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

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

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

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

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

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

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

�m�u�s�s�e�l� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s�.� 

�O�b�j�e�c�t�i�v�e� �3�.� �C�o�m�p�a�r�e� �s�u�b�s�t�r�a�t�u�m�,� �c�h�a�n�n�e�l� �c�r�o�s�s�-�s�e�c�t�i�o�n�,� �a�n�d� �m�a�c�r�o�-�s�c�a�l�e� 

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

�T�V�A� �s�u�r�v�e�y� �(�T�V�A� �1�9�8�6�)� �o�f� �1�4�1� �u�p�p�e�r� �C�l�i�n�c�h� �R�i�v�e�r� �s�i�t�e�s� �(�C�h�a�p�t�e�r� �4�)�.� �I�n� 

�C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �1�,� �s�u�b�s�t�r�a�t�u�m�,� �c�h�a�n�n�e�l� �c�r�o�s�s�-�s�e�c�t�i�o�n� �m�o�r�p�h�o�l�o�g�y�,� �a�n�d� 

�v�a�l�l�e�y� �a�n�d� �s�t�r�e�a�m� �r�e�a�c�h� �m�o�r�p�h�o�l�o�g�y� �v�a�l�u�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �2�0� �h�i�g�h� �q�u�a�l�i�t�y� 

�a�n�d� �2�3� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s� �f�r�o�m� �t�h�e� �T�V�A� �d�a�t�a� �s�e�t� �w�e�r�e� �c�o�m�p�a�r�e�d�.� �I�n� �C�h�a�p�t�e�r� 

�4�:� �S�e�c�t�i�o�n� �2�,� �d�i�s�t�r�i�b�u�t�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �m�u�s�s�e�l� �s�i�t�e�s� �(�n�=�1�4�1� �s�i�t�e�s�)� �f�r�o�m� �t�h�e� 

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

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

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

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

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

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �v�a�l�u�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s�.� 
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�C�H�A�P�T�E�R� �2�.� �C�H�A�R�A�C�T�E�R�I�S�T�I�C�S� �O�F� �M�U�S�S�E�L� �A�S�S�E�M�B�L�A�G�E�S� �I�N� �R�E�A�C�H�E�S� �O�F� �T�H�E� �C�L�I�N�C�H� 

�R�I�V�E�R� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

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

�s�t�u�d�y� �o�n� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �(�A�p�p�e�n�d�i�x� �A�)�.� �H�a�b�i�t�a�t� �s�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �t�o� 

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �s�t�u�d�y� �r�e�a�c�h� �o�n� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r�,� �s�i�x� 

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

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

�t�h�e�s�e� �r�e�a�c�h�e�s� �(�C�h�a�p�t�e�r� �3�)�.� �I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �d�e�n�s�i�t�y�,� �d�i�v�e�r�s�i�t�y�,� �a�n�d� 

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

�r�e�a�c�h�e�s�.� 

�S�e�l�e�c�t�i�o�n� �o�f� �S�t�u�d�y� �R�e�a�c�h�e�s� 

�R�e�s�u�l�t�s� �o�f� �t�h�e� �A�h�i�s�t�e�d�t� �(�1�9�8�4�)� �a�n�d� �C�h�u�r�c�h� �(�1�9�9�1�)� �m�u�s�s�e�l� �s�u�r�v�e�y�s� �w�e�r�e� 

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

�L�i�t�t�l�e� �r�i�v�e�r�s� �(�F�i�g�u�r�e�s� �2�.�]� �a�n�d� �2�.�2�)�.� �M�u�s�s�e�l� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �g�e�n�e�r�a�l�l�y� 

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

�r�i�c�h�n�e�s�s� �w�e�r�e� �p�a�r�t�i�c�u�l�a�r�l�y� �a�p�p�a�r�e�n�t� �i�n� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r� �(�s�e�g�m�e�n�t�s� �1�2� �a�n�d� 

�1�7� �i�n� �F�i�g�u�r�e� �2�.�1�)�.� �T�h�e�s�e� �a�r�e� �r�e�a�c�h�e�s� �o�f� �d�o�c�u�m�e�n�t�e�d� �a�n�t�h�r�o�p�o�g�e�n�i�c� 

�d�i�s�t�u�r�b�a�n�c�e� �d�o�w�n�s�t�r�e�a�m� �o�f� �R�i�c�h�l�a�n�d�s� �(�C�R�K� �4�8�2�.�0�-�5�1�5�.�0�)�,� �a�n�d� �b�e�t�w�e�e�n� �C�a�r�b�o� 

�a�n�d� �S�t�.� �P�a�u�l� �(�C�R�K� �4�0�7�.�0�-�4�3�1�.�0�)�.� �T�h�e�s�e� �a�r�e�a�s� �w�e�r�e� �e�x�c�l�u�d�e�d� �f�r�o�m� 

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

�s�t�u�d�y� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�m�p�o�r�t�a�n�t� �n�a�t�u�r�a�l� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �r�i�v�e�r�i�n�e� �m�u�s�s�e�l� 
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�"�0� 
�s�e�l�g�a�d�s� 

�j�o� �s�a�q�u�i�n�y� 

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

�5�6�0�)�,� �c�o�m�p�i�l�e�d� �f�r�o�m� �A�h�I�s�t�e�d�t� �(�1�9�8�4�)� �a�n�d� �C�h�u�r�c�h� �(�1�9�9�1�)�.� 
�F�i�g�u�r�e� �2�.�1�.� �M�u�s�s�e�l� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �i�n� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r� �b�y� �1�5� �k�m� �r�i�v�e�r� 

�s�e�g�m�e�n�t�s� �(�C�R�K� �2�6�0� �-� 
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� � 
�s�a�j�o�e�d�s� 

�j�o� �s�a�q�u�i�n�n� 

�L�R�K� �3�7� �-� �L�R�K� �4�8� �L�R�K� �1�3� �-� �L�R�K� �2�4� �L�R�K� �0�-� �L�R�K� �1�2� 

�.� �M�u�s�s�e�l� �s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �i�n� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �b�y� �1�2� �k�m� �r�i�v�e�r� �F�i�g�u�r�e� �2�.�2� 
�s�e�g�m�e�n�t� �(�L�R�K� �0� �-� �L�R�K� �4�8�)�,� �c�o�m�p�i�l�e�d� �f�r�o�m� �C�h�u�r�c�h� �(�1�9�9�1�)�.� 

�2�2



�d�e�n�s�i�t�y�.� �T�h�e� �m�a�j�o�r� �i�m�p�a�c�t�s� �t�o� �t�h�e�s�e� �r�e�a�c�h�e�s� �w�e�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� 

�S�i�x� �r�e�a�c�h�e�s� �o�f� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �s�t�u�d�y� �b�e�t�w�e�e�n� �C�R�K� �3�5�9� 

�a�n�d� �C�R�K� �5�4�3� �(�F�i�g�u�r�e� �2�.�3�)�.� �T�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �r�e�a�c�h� �(�A�p�p�e�n�d�i�x� �A�)� �w�a�s� 

�i�n�c�l�u�d�e�d� �a�s� �a� �s�e�v�e�n�t�h� �s�t�u�d�y� �r�e�a�c�h�.� �T�h�e� �r�e�a�c�h�e�s� �v�a�r�i�e�d� �i�n� �s�t�r�e�a�m� �s�i�z�e� �(�4�t�h� 

�t�o� �6�t�h� �o�r�d�e�r�)� �a�n�d� �c�h�a�n�n�e�l� �m�o�r�p�h�o�l�o�g�y� �(�u�n�b�r�a�i�d�e�d� �t�o� �h�i�g�h�l�y� �b�r�a�i�d�e�d�)�.� �F�o�u�r� 

�o�f� �t�h�e� �r�e�a�c�h�e�s� �s�e�l�e�c�t�e�d� �(�C�R�2�,� �C�R�4�,� �C�R�5�,� �a�n�d� �C�R�6�)� �w�e�r�e� �s�a�m�p�l�e�d� �b�y� �T�V�A� 

�b�i�o�l�o�g�i�s�t�s� �b�e�t�w�e�e�n� �1�9�7�9� �a�n�d� �1�9�8�3� �(�T�V�A� �1�9�8�6�)�.� �T�w�o� �r�e�a�c�h�e�s� �(�L�R�1� �a�n�d� �C�R�1�)� 

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

�s�h�e�l�l�s� �i�n� �m�u�s�k�r�a�t� �f�o�r�a�g�i�n�g� �m�i�d�d�e�n�s� �(�C�h�u�r�c�h� �1�9�9�1�)�.� �O�n�e� �r�e�a�c�h� �(�C�R�3�)� �w�a�s� 

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

�o�r� �s�h�o�a�l� �h�a�b�i�t�a�t�.� �S�t�u�d�y� �r�e�a�c�h�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�4� �t�o� �0�.�7� �k�m� �i�n� �l�e�n�g�t�h�,� �w�i�t�h� 

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

�a�s� �h�i�g�h� �q�u�a�l�i�t�y� �h�a�b�i�t�a�t�.� 

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

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

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

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

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

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

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

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

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

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

�A� �s�t�r�a�t�i�f�i�e�d� �r�a�n�d�o�m� �s�a�m�p�l�i�n�g� �d�e�s�i�g�n� �w�a�s� �u�s�e�d� �i�n� �w�h�i�c�h� �3�-�m� �w�i�d�e� �t�r�a�n�s�e�c�t� 

�2�3



�"�V
�t�T�u�T�H

�A
�T�A

� 
�U�T� �S�A�S�B�A�T�I� 

�S
�T

�A
�T

�I� 
�p�u�e� �y�o�u�t�t�D

� 
�a

�y
� �u�o� �s

�e
�b

�e
�t�q

�u
�e

�s
�s

�e
� 

�'�T
�e

�s
�s

�n
�u

� 
�j�o� 

�A
�p�n�q�y�s� 

�A
�O

�J� �p
�e

�q
�o

�e
�y

�e
�s

� 
�s�e

�y�o
�e

�s�r� 
�J�o� �s

�u
�o

�t�q
�e

�s
�0

�T
� 

 � ��E�e�°�?� �s�a�n�b�t�g�q� 

� � � � � � � 
�
 
�
 

�
 
�
 

�S�s�a�y�d�e�a�u� 
�A�p�n�y�s� �=� �~�~� 
�S

�U
�M

�O
�}� 

�=� 
�0� 

�P
�R

�U
�]� 

�B�O�R� 
�9�H�9� 

�H
�L

�U
�O

�N
� 

�w
�y

� �o
�r� 

�o�d� 

�u�y� 
�6�S�E� �A�W

�D
� �-� 

�9�4�D
� 

�s�u� �o�n� 
�o

�e
� 

�e�y�o� 
�I ¬�$� �W�W�D� �-� �2�U�)� 
 ¬�v�S� �W

�u�d� �-� 
�(�y�D� 

�p� 
�W

�T
� �-� 

�T
�H

� 

�b�y�D� 
�.� 

�s�a�y�o�e�a�y� 
�J�O� �S

�u�d�L�z�e�I�0�7� 
�4

�a
�z�a

�w
�o

�|� 
�L�y� �A�B�A�L�Y� 

�2�4



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

�E�a�c�h� �t�r�a�n�s�e�c�t� �z�o�n�e� �w�a�s� �s�u�b�d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �e�q�u�a�l� �s�e�c�t�o�r�s�.� �A� �1�.�0� �m� 

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

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

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

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

�o�f� �c�h�a�n�n�e�l�s�,� �e�t�c�.�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �2�4� �o�f� �t�h�e� �6�0� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� �i�n� �t�h�e� 

�L�i�t�t�l�e� �R�i�v�e�r� �(�L�R�1�)� �w�e�r�e� �l�o�c�a�t�e�d� �i�n� �p�o�i�n�t�.� �b�a�r�s�,� �i�n� �o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �m�u�s�s�e�l� 

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

�T�h�e� �s�u�b�s�t�r�a�t�u�m� �w�i�t�h�i�n� �e�a�c�h� �q�u�a�d�r�a�t� �w�a�s� �s�e�a�r�c�h�e�d� �f�o�r� �m�u�s�s�e�l�s� �f�o�r� �1�5� 

�m�i�n�u�t�e�s� �t�o� �a� �d�e�p�t�h� �o�f� �1�2�-�1�5� �c�m�.� �I�n� �s�o�m�e�-�b�e�d�r�o�c�k�-�d�o�m�i�n�a�t�e�d� �t�r�a�n�s�e�c�t� �z�o�n�e�s�,� 

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

�c�a�s�e�s�,� �a�n� �a�r�e�a� �e�q�u�a�l� �t�o� �1� �m� �w�a�s� �e�x�c�a�v�a�t�e�d� �f�o�r� �1�5� �m�i�n� �w�i�t�h�o�u�t� �u�s�i�n�g� �t�h�e� 

�q�u�a�d�r�a�t� �f�r�a�m�e�.� �A�l�l� �m�u�s�s�e�l�s� �c�o�l�l�e�c�t�e�d� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d�,� �i�d�e�n�t�i�f�i�e�d� �t�o� 

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

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

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

�D�u�n�c�a�n ��s� �M�u�l�t�i�p�l�e� �R�a�n�g�e� �t�e�s�t� �(�S�A�S� �1�9�8�5�)� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� �q�u�a�d�r�a�t� 

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

�u�n�s�u�i�t�a�b�l�e� �m�u�s�s�e�l� �h�a�b�i�t�a�t� �i�n� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �s�t�u�d�y� �(�A�p�p�e�n�d�i�x�)�.� 

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

�a�n�a�l�y�s�e�s�.� 

�R�e�s�u�l�t�s� �o�f� �q�u�a�d�r�a�t� �s�a�m�p�l�i�n�g� 

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

�(�T�a�b�l�e� �2�.�1�)�.� �T�h�e� �T�e�n�n�e�s�s�e�e� �c�l�u�b�s�h�e�l�l�,� �P�l�e�u�r�o�b�e�m�a� �o�v�i�f�o�r�m�e�,� �w�a�s� �p�r�o�b�a�b�l�y� 
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�T�a�b�l�e� �2�.�1�.� �F�r�e�s�h�w�a�t�e�r� �m�u�s�s�e�l�s� �c�o�l�l�e�c�t�e�d� �i�n� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� �f�r�o�m� �s�t�u�d�y� �r�e�a�c�h�e�s�.� 
� � 

� � 

� � 

�_�M�u�s�s�e�l� �S�p�e�c�i�e�s� �|� �L�R�1� �C�R�I� �C�R�2� �C�R�3� �C�R�4� �C�R�S� �C�R�6� �T�O�T�A�L� 

�A�c�t�i�n�o�n�a�i�a�s� �l�i�g�a�m�e�n�t�i�n�a�.� �-� �+� �-� �4� �1�3� �2�8� �«�1�8� �6�3� 

�A�c�t�i�n�o�n�a�i�a�s� �p�e�c�t�o�r�o�s�a� �1�0� �-� �-� �3�0� �1�0�7� �3�3� �9� �1�8�9� 

�A�l�a�s�m�i�d�o�n�t�a� �m�a�r�g�i�n�a�t�a� �-� �-� �-� �-� �2� �-� �-� �2� 

�A�m�b�l�e�m�a� �p�l�i�c�a�t�a� �-� �=� �-�  ��=� �-� �1�0�°� �1�1� �2�1� 

�_�C�y�c�l�o�n�a�t�a�s� �t�u�b�e�r�c�u�l�a�t�a� �-� �-� �-� �-� �]� �6� �6� �1�3� 

�E�l�l�i�p�t�i�o� �d�i�l�a�t�a�t�a� �-� �-� �-� �1� �5�0� �1�2� �4� �6�7� 

�F�u�s�c�o�n�a�i�a� �b�a�r�n�e�s�i�a�n�a� �9�6� �7�2� �5� �2�3� �2�7� �1�3� �«�1�0� �2�4�6� 

�F�u�s�c�o�n�a�t�a� �c�u�n�e�o�l�u�s� �-� �-� �-� �-� �1�4� �5� �2� �2�1� 

�F�u�s�c�o�n�a�i�a� �c�o�r� �-� �-� �-� �-� �7� �-� �-� �7� 

�L�a�m�p�s�i�l�i�s� �f�a�s�c�i�o�l�a� �7� �1�2� �1� �2� �1�9� �2� �2� �2�8� 

�L�a�m�p�s�i�l�i�s� �o�v�a�t�a� �-� �-� �e�e�d� �1�2� 
�L�a�s�m�i�g�o�n�a� �c�o�s�t�a�t�a� �3� �-� �-� �2� �1�9� �2� �2� �2�8� 

�M�e�d�i�o�n�i�d�u�s� �c�o�n�r�a�d�i�c�u�s� �6�4� �4�]� �]� �1� �2�0� �-� �-� �1�2�7� 

�P�o�t�a�m�i�l�u�s� �a�l�a�t�u�s� �-� �-� �-� �-� �]� �-� �]� 

�P�t�y�c�h�o�b�r�a�n�c�h�u�s� �f�a�s�c�i�o�l�a�r�i�s� �4� �-� �]� �1�5� �1�0� �3� �5� �3�8� 

�P�t�y�c�h�o�b�r�a�n�c�h�u�s� �s�u�b�t�e�n�t�u�m� �6� �-� �1� �3� �7� �2� �-� �1�9� 

�Q�u�a�d�r�u�l�a� �c�y�l�i�n�d�r�i�c�a� �-� �-� �-� �6� �1� �7� 

�V�i�l�l�o�s�a� �i�r�i�s� �2�0�5� �2�1�4� �3�1� �2�8� �8� �]� �]� �4�8�8� 

�V�i�l�l�o�s�a� �v�a�n�u�x�e�m�e�n�s�i�s� �-� �-� �-� �-� �-� �1� �-� �1� 

�S�p�e�c�i�e�s� �R�i�c�h�n�e�s�s� �8� �4� �6� �1�0� �1�7� �1�5� �l�2� �2�0� 

�N�u�m�b�e�r� �o�f� �M�u�s�s�e�l�s� �3�9�5� �3�3�9� �4�0� �1�0�9� �3�2�1� �1�2�0� �7�0� �1�3�9�4� 

�N�u�m�b�e�r� �o�f� �Q�u�a�d�r�a�t�s� �6�0� �3�0� �3�0� �3�3� �3�6� �3�3� �2�7� �2�4�9� 

�M�u�s�s�e�l� �D�e�n�s�i�t�y�/�m �� �6�.�5�8� �1�1�.�3� �1�.�3� �3�.�3� �9� �3�.�6� �2�.�7� �5�.�6� 
� � 

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

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

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

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

�e�n�c�o�u�n�t�e�r�e�d� �i�n� �t�h�e� �T�V�A� �(�1�9�8�6�)� �s�u�r�v�e�y�.� 

�M�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �p�e�r� �m� �r�a�n�g�e�d� �f�r�o�m� �1�1�.�3� �a�t� �C�R�I� �t�o� �1�.�3� �a�t� �C�R�2�.� 

�S�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �r�a�n�g�e�d� �f�r�o�m� �4� �s�p�e�c�i�e�s� �a�t� �C�R�1� �t�o� �1�7� �s�p�e�c�i�e�s� �a�t� �C�R�4�.� �F�o�u�r� 

�s�p�e�c�i�e�s�,� �V�i�l�l�o�s�a� �j�r�i�s� �(�r�a�i�n�b�o�w�)�,� �F�u�s�c�o�n�a�i�a� �b�a�r�n�e�s�i�a�n�a�,� �A�c�t�i�n�o�n�a�i�a�s� 

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

�m�o�c�c�a�s�i�n�s�h�e�l�l�)�,� �a�c�c�o�u�n�t�e�d� �f�o�r� �7�5�.�3� �p�e�r�c�e�n�t� �o�f� �a�l�l� �m�u�s�s�e�l�s� �c�o�l�l�e�c�t�e�d�.� �T�h�e� 

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

�(�F�i�g�u�r�e� �2�.�4�)�.� �V�i�l�l�o�s�a� �t�r�i�s� �w�a�s� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �e�n�c�o�u�n�t�e�r�e�d� �s�p�e�c�i�e�s� 

�(�3�5� �%�)�,� �f�o�l�l�o�w�e�d� �b�y� �F�u�s�c�o�n�a�i�a� �b�a�r�n�e�s�i�a�n�a� �(�1�7�.�6� �%�)�,� �A�c�t�i�n�o�n�a�t�a�s� �p�e�c�t�o�r�o�s�a� 

�(�1�3�.�6� �%�)�,� �a�n�d� �M�e�d�i�o�n�i�d�u�s� �c�o�n�r�a�d�i�c�u�s� �(�9�.�1� �%�)�.� �A�l�a�s�m�i�d�o�n�t�a� �m�a�r�g�i�n�a�t�a� 

�(�e�l�k�t�o�e�)�,� �P�o�t�a�m�i�l�u�s� �a�l�a�t�u�s� �(�p�i�n�k� �h�e�e�l�s�p�l�i�t�t�e�r�)�,� �a�n�d� �V�i�J�l�o�s�a� �v�a�n�u�x�e�m�e�n�s�i�s� 

�(�m�o�u�n�t�a�i�n� �c�r�e�e�k�s�h�e�l�l�)� �w�e�r�e� �t�h�e� �m�o�s�t� �r�a�r�e�l�y� �e�n�c�o�u�n�t�e�r�e�d� �=� �s�p�e�c�i�e�s�.� 

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

�i�d�e�n�t�i�f�i�e�d�;� �t�h�e� �f�i�n�e�-�r�a�y�e�d� �p�i�g�t�o�e�,� �F�u�s�c�o�n�a�i�a� �c�u�n�e�o�l�u�s� �(�2�1� �i�n�d�i�v�i�d�u�a�l�s�)�,� 

�a�n�d� �t�h�e� �s�h�i�n�y� �p�i�g�t�o�e�,� �F�u�s�c�o�n�a�i�a� �c�o�r� �(�7� �i�n�d�i�v�i�d�u�a�l�s�)�.� 

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

�R�i�v�e�r� �(�A�p�p�e�n�d�i�x�)�.� �L�R�1�,� �C�R�1�,� �a�n�d� �C�R�3� �w�e�r�e� �t�h�e� �o�n�l�y� �r�e�a�c�h�e�s� �i�n� �w�h�i�c�h� �p�o�i�n�t� 

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

�m�u�s�s�e�l� �d�e�n�s�i�t�y� �a�m�o�n�g� �s�t�u�d�y� �r�e�a�c�h�e�s�,� �t�h�e� �3�9� �p�o�i�n�t� �b�a�r� �s�a�m�p�l�e�s� �w�e�r�e� �e�x�c� �l�u�d�e�d� 

�f�r�o�m� �t�h�e� �D�u�n�c�a�n ��s� �M�u�l�t�i�p�l�e� �R�a�n�g�e� �c�o�m�p�a�r�i�s�o�n�.� �M�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �p�e�r� �1� �m �� �i�n� 

�q�u�a�d�r�a�t�s� �f�r�o�m� �r�e�a�c�h�e�s� �L�R�1� �(�m�e�a�n�=�9�.�6�)� �a�n�d� �C�R�]� �(�m�e�a�n�=�1�2�.�1�)� �w�e�r�e� �n�o�t� 
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�S�t�u�d�y� �R�e�a�c�h�e�s� 

�F�i�g�u�r�e� �2�.�5�.� �M�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �(�m�e�a�n� �+� �1�]� �S�E� �i�n� �s�t�u�d� �r�e�a�c�h�e�s� �w�i� �i� �b�a�r� �s�a�m�p�l�e�s� �r�e�m�o�v�e�d� �(�n�=�2�1�0� �1� �m �� �q�u�a�d�r�a�t� �S�a�n�p�l�e�s�)�.� �J� �i�t�h� �p�o�i�n�t� 

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

�r�e�a�c�h�e�s� �L�R�1� �a�n�d� �C�R�1� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �i�n� �C�R�2� �(�m�e�a�n�=�1�.�3�)�,� �C�R�3� 

�(�m�e�a�n�=�3�.�6�)�,� �C�R�5� �(�m�e�a�n�=�3�.�6�)�,� �a�n�d� �C�R�6� �(�m�e�a�n�=�2�.�9�)�.� �M�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �a�t� �C�R�4� 

�(�m�e�a�n�=�6�.�9�)� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �a�t� �L�R�I�,� �b�u�t� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �t�h�a�n� �a�t� �C�R�I� �(�F�i�g�u�r�e� �2�.�5�)�.� 

�D�i�s�c�u�s�s�i�o�n� 

�B�a�s�e�d� �o�n� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y� �a�n�d� �l�a�n�d� �u�s�e� �w�i�t�h�i�n� �i�t�s� �b�a�s�i�n�,� �L�R�1� �w�a�s� 

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

�t�h�e� �s�t�u�d�y� �r�e�a�c�h�e�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �l�o�w�e�r� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �o�b�s�e�r�v�e�d� �a�t� �L�R�1� 

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

�T�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �m�e�a�n� �d�e�n�s�i�t�y� �o�f� �3�.�6� �o�b�s�e�r�v�e�d� �f�r�o�m� �t�h�e� �e�l�e�v�e�n� �t�r�a�n�s�e�c�t�s� 

�2�9



�a�t� �C�R�5� �(�P�e�n�d�l�e�t�o�n� �I�s�l�a�n�d�)� �w�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �s�u�r�p�r�i�s�i�n�g� �i�n� �l�i�g�h�t� �o�f� �t�h�e� 

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

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

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

�m�e�a�n� �d�e�n�s�i�t�y� �o�f� �2�.�9� �o�b�s�e�r�v�e�d� �a�t� �C�R�6� �(�S�l�a�n�t�)�,� �l�o�c�a�t�e�d� �4�.�8� �k�m� �d�o�w�n�s�t�r�e�a�m� �o�f� 

�C�R�5�,� �w�a�s� �a�l�s�o� �s�u�r�p�r�i�s�i�n�g�l�y� �l�o�w�.� �|� 

�T�h�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �a�t� �C�R�2� �(�1�.�2� �m�u�s�s�e�l�s� �p�e�r� �m ��)� �w�a�s� �t�h�e� �m�o�s�t� 

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

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

�c�o�l�l�e�c�t�e�d� �b�y� �D�r�.� �R�.� �J�.� �N�e�v�e�s� �a�n�d� �m�e� �i�n� �1�9�8�9�.� �A�b�u�n�d�a�n�t� �m�i�d�d�e�n� �s�h�e�l�l� 

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

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

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

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

�h�a�v�i�n�g� �t�h�e� �g�r�e�a�t�e�s�t� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �(�n�=�6� �i�n� �b�o�t�h� �c�a�s�e�s�)� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �t�w�o� 

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

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

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

�d�e�n�s�i�t�y� �a�t� �C�R�1�,� �w�h�i�c�h� �i�s� �1�2� �k�m� �u�p�s�t�r�e�a�m� �o�f� �C�R�2�,� �w�a�s� �a�n� �o�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� 

�g�r�e�a�t�e�r� �t�h�a�n� �a�t� �C�R�2�.� �I�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e�s�e� �e�n�i�g�m�a�t�i�c� �f�i�n�d�i�n�g�s�,� �a�d�d�i�t�i�o�n�a�l� 

�s�a�m�p�l�i�n�g� �(�t�h�r�e�e� �1� �m �� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s�)� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �a� �s�i�t�e� �3�.�0� �k�m� 

�u�p�s�t�r�e�a�m� �o�f� �C�R�2�.� �T�h�e� �m�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �a�t� �t�h�e� �a�d�d�e�d� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �w�a�s� 

�a�l�s�o� �a�n� �o�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� �g�r�e�a�t�e�r� �(�m�e�a�n� �d�e�n�s�i�t�y�=�1�2�.�7� �m�u�s�s�e�l�s� �p�e�r� �m ��)� �t�h�a�n� 

�a�t� �C�R�2�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �d�e�n�s�e� �m�a�t�s� �o�f� �w�a�t�e�r� �s�t�a�r�g�r�a�s�s�,� �H�e�t�e�r�a�n�t�h�e�r�a� �d�u�b�i�a�,� 

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

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

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

�f�r�o�m� �C�R�2� �t�o� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �c�o�n�f�l�u�e�n�c�e� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5� �k�m�)�.� �F�o�r� �t�h�e�s�e� 

�r�e�a�s�o�n�s�,� �C�R�2� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �t�h�e� �s�i�t�e� �o�f� �r�e�c�e�n�t� �a�n�t�h�r�o�p�o�g�e�n�i�c� 

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

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

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

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

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

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

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

�s�t�u�d�y� �r�e�a�c�h�e�s�.� 

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

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

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

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

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

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

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

�R�i�v�e�r� �m�u�s�s�e�l� �s�p�e�c�i�e�s� �w�e�r�e� �s�t�u�d�i�e�d� �b�y� �S�c�o�t�t� �(�1�9�9�4�)�.� �S�c�o�t�t ��s� �r�e�g�r�e�s�s�i�o�n� 

�p�l�o�t� �o�f� �A�c�t�i�n�o�n�a�i�a�s� �p�e�c�t�o�r�o�s�a� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �C�R�4� �i�s� �d�i�s�p�l�a�y�e�d� �i�n� 

�F�i�g�u�r�e� �2�.�6�.� �D�u�r�i�n�g� �q�u�a�d�r�a�t� �s�a�m�p�l�i�n�g� �i�n� �t�h�e� �s�t�u�d�y� �r�e�a�c�h�e�s�,� �a�l�l� �l�i�v�e� 

�m�u�s�s�e�l�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �1� �m�m� �a�l�o�n�g� �t�h�e�i�r� �g�r�e�a�t�e�s�t� 
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�0� �2� �4� �6� �8� �1�0� �1�2� �1�4� �1�6� 
�A�G�E� �(�Y�E�A�R�S�)� 

�F�i�g�u�r�e� �2�.�6�.� �A�g�e�-�l�e�n�g�t�h� �r�e�g�r�e�s�s�i�o�n� �p�l�o�t� �f�o�r� �s�p�e�c�i�m�e�n�s� �o�f� �t�h�e� 
�P�h�e�a�s�a�n�t�s�h�e�l�l� �(�A�c�t�i�n�o�n�a�i�a�s� �p�e�c�t�o�r�o�s�a�)� �c�o�l�l�e�c�t�e�d� �n�e�a�r� �C�R�4� �(�S�c�o�t�t� �1�9�9�4�)�.� 

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

�s�t�r�u�c�t�u�r�e� �i�s� �u�s�e�d� �i�n� �l�i�e�u� �o�f� �a�g�e�-�c�l�a�s�s� �s�t�r�u�c�t�u�r�e�.� 

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

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

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

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

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

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

�s�i�t�e�s�,� �a�n�d� �5�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �m�u�s�s�e�l�s� �f�r�o�m� �S�i�t�e� �1� �a�r�e� �f�r�o�m� �1�-�4�0� �m�m� �i�n� 

�l�e�n�g�t�h�,� �b�u�t� �o�n�l�y� �5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �m�u�s�s�e�l�s� �f�r�o�m� �S�i�t�e� �2� �a�r�e� �f�r�o�m� �1�-�4�0� �m�,� 

�o�n�e� �c�a�n� �i�n�f�e�r� �w�i�t�h� �s�o�m�e� �c�e�r�t�a�i�n�t�y� �t�h�a�t� �r�e�c�r�u�i�t�m�e�n�t� �a�t� �S�i�t�e� �2� �i�s� �l�o�w�e�r� 

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

�3�2



�m�i�n�i�m�a�l� �p�e�r�i�o�d� �g�r�o�w�i�n�g� �f�r�o�m� �1� �t�o� �4�0� �m�m� �i�n�.� �l�e�n�g�t�h�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �m�u�s�t� �b�e� 

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

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

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

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

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

�(�V�i�l�l�o�s�a� �i�r�i�s�,� �F�u�s�c�o�n�a�i�a� �b�a�r�n�e�s�i�a�n�a�,� �A�c�t�i�n�o�n�a�i�a�s� �p�e�c�t�o�r�o�s�a�,� �a�n�d� �M�e�d�i�o�n�i�d�u�s� 

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

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

�t�h�e� �r�e�a�c�h�e�s� �(�F�i�g�u�r�e� �2�.�4�)�,� �t�h�e�r�e�b�y� �p�r�e�c�l�u�d�i�n�g� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �m�a�k� �i�n�g� 

�c�o�m�p�a�r�i�s�o�n�s� �a�m�o�n�g� �a�l�l� �r�e�a�c�h�e�s� �f�o�r� �e�a�c�h� �s�p�e�c�i�e�s�.�-� �A� �s�a�m�p�l�e� �s�i�z�e� �o�f� �a�t� �l�e�a�s�t� 

�2�0� �i�n�d�i�v�i�d�u�a�l�s� �p�e�r� �s�p�e�c�i�e�s� �p�e�r� �r�e�a�c�h� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �m�i�n�i�m�u�m� �n�e�c�e�s�s�a�r�y� 

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

�r�e�a�c�h� �a�t� �L�R�l� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �h�a�v�e� �t�h�e� �b�e�s�t� �w�a�t�e�r� �q�u�a�l�i�t�y� �a�n�d� �i�s� �t�r�e�a�t�e�d� 

�h�e�r�e� �a�s� �a� �r�e�f�e�r�e�n�c�e� �s�i�t�e�.� �T�h�e� �d�e�p�a�u�p�a�r�a�t�e� �r�e�a�c�h� �(�C�R�2�)�,� �w�h�i�c�h� �w�a�s� 

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

�s�t�r�u�c�t�u�r�e� �a�n�a�l�y�s�e�s� �(�o�n�l�y� �o�n�e� �s�h�o�r�t�-�l�i�v�e�d� �s�p�e�c�i�e�s�,� �V�i�l�J�o�s�a� �f�r�i�s�,� �o�c�c�u�r�r�e�d� 

�h�e�r�e� �i�n� �a�d�e�q�u�a�t�e� �n�u�m�b�e�r�s� �t�o� �p�e�r�m�i�t� �c�o�m�p�a�r�i�s�o�n�)�.� �D�u�e� �t�o� �p�r�o�x�i�m�i�t�y� �(�5� �k�m� 

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

�l�e�n�g�t�h�-�c�l�a�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s�,� �C�R�5� �a�n�d� �C�R�6� �d�a�t�a� �w�e�r�e� �p�o�o�l�e�d� �t�o� �o�b�t�a�i�n� �t�h�e� 

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

�r�e�a�c�h�e�s� �a�r�e� �c�o�l�l�e�c�t�i�v�e�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �C�R�5�/�C�R�6� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�o�m�p�a�r�i�s�o�n�s�.� 

�T�h�e� �m�i�l�l�i�m�e�t�e�r� �v�a�l�u�e�s� �l�a�b�e�l�l�e�d� �o�n� �t�h�e� �X� �a�x�e�s� �o�f� �F�i�g�u�r�e�s� �2�.�7� �t�h�r�o�u�g�h� �2�.�1�1� 

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

�m�m� �i�n� �l�e�n�g�t�h�.� �I�n� �r�e�a�c�h�e�s� �e�x�h�i�b�i�t�i�n�g� �t�h�e� �b�e�s�t� �m�u�s�s�e�l� �r�e�c�r�u�i�t�m�e�n�t� �(�L�R�1� �a�n�d� 

�C�R�1�)�,� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �p�r�o�p�o�r�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �1�0� �a�n�d� 

�2�0� �m�m� �l�e�n�g�t�h�-�c�l�a�s�s�e�s� �a�r�e� �l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �i�n�h�e�r�e�n�t� �d�i�f�f�i�c�u�l�t�y� �o�f� 

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

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

�s�m�a�l�l�e�r� �t�h�a�n� �1�5� �m�m� �a�r�e� �e�a�s�i�l�y� �o�v�e�r�l�o�o�k�e�d� �a�m�i�d�s�t� �l�i�k�e�-�s�i�z�e�d�,� �s�i�m�i�l�a�r�l�y� 

�c�o�l�o�r�e�d� �g�r�a�v�e�l�.� 

�V�i�l�l�o�s�a� �i�r�i�s� �i�s� �a� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �C�u�m�b�e�r�l�a�n�d�i�a�n� �e�n�d�e�m�i�c� �s�p�e�c�i�e�s�.� 

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

�w�a�s� �o�n�l�y� �p�r�e�s�e�n�t� �i�n� �s�u�f�f�i�c�i�e�n�t� �n�u�m�b�e�r�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �(�n�>�2�0�)� �a�t� �L�R�I�,� �C�R�1�,� 

�a�n�d� �C�R�3� �(�F�i�g�u�r�e� �2�.�7�)�.� �T�w�e�n�t�y�-�t�h�r�e�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l�s� �a�t� �L�R�]� �(�t�h�e� 

�s�i�t�e� �p�r�e�s�u�m�e�d� �t�o� �h�a�v�e� �t�h�e� �b�e�s�t� �w�a�t�e�r� �q�u�a�l�i�t�y�)� �w�e�r�e� �3�0� �m�m� �o�r� �l�e�s�s� �i�n� 

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

�H�o�w�e�v�e�r�,� �a�t� �C�R�3� �t�h�e�r�e� �w�e�r�e� �n�o� �i�n�d�i�v�i�d�u�a�l�s� �3�0� �m�m� �o�r� �l�e�s�s� �i�n� �l�e�n�g�t�h�,� �w�h�i�c�h� 

�i�n�d�i�c�a�t�e�s� �p�o�o�r� �r�e�c�r�u�i�t�m�e�n�t� �r�e�l�a�t�i�v�e� �t�o� �L�R�]� �a�n�d� �C�R�1�.� �T�h�i�s� �i�s� �c�o�r�r�o�b�o�r�a�t�e�d� 

�b�y� �t�h�e� �l�o�w� �m�e�a�n� �d�e�n�s�i�t�y� �o�f� �3�.�6� �m�u�s�s�e�l�s� �p�e�r� �m� �a�t� �C�R�3�,� �c�o�m�p�a�r�e�d� �t�o� �d�e�n�s�i�t�i�e�s� 

�o�f� �9�.�6� �a�n�d� �1�2�.�2� �a�t� �L�R�]� �a�n�d� �C�R�1�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

�a�d�e�q�u�a�t�e� �n�u�m�b�e�r�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �o�n�l�y� �a�t� �L�R�I�1�,� �C�R�I�,� �a�n�d� �C�R�4�,� �t�h�e� �t�h�r�e�e� 

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

�i�n�d�i�v�i�d�u�a�l�s� �w�e�r�e� �3�0� �m�m� �o�r� �l�e�s�s� �i�n� �l�e�n�g�t�h� �a�t� �L�R�1�,� �c�o�m�p�a�r�e�d� �t�o� �1�7� �p�e�r�c�e�n�t� �a�t� 

�C�R�1�,� �a�n�d� �2�0� �p�e�r�c�e�n�t� �a�t� �C�R�4� �(�F�i�g�u�r�e� �2�.�8�)�.� 

�F�u�s�c�o�n�a�i�a� �b�a�r�n�e�s�i�a�n�a�,� �a� �m�i�d�-�s�i�z�e� �C�u�m�b�e�r� �l�a�n�d�i�a�n� �s�p�e�c�i�e�s�,� �h�a�d� �t�h�e� �g�r�e�a�t�e�s�t� 

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

�i�n�d�i�v�i�d�u�a�l�s� �c�o�l�l�e�c�t�e�d� �a�t� �L�R�]� �w�e�r�e� �5�0� �m�m� �o�r� �l�e�s�s�,� �c�o�m�p�a�r�e�d� �t�o� �3�3� �p�e�r�c�e�n�t� �a�t� 

�C�R�1�,� �2�0� �p�e�r�c�e�n�t� �a�t� �C�R�3�,� �a�n�d� �2�7� �p�e�r�c�e�n�t� �a�t� �C�R�4� �(�F�i�g�u�r�e� �2�.�9�)�.� �N�o� 

�i�n�d�i�v�i�d�u�a�l�s� �l�e�s�s� �t�h�a�n� �5�0� �m�m� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�t� �C�R�5�/�C�R�6�.� �I�f� �r�e�a�c�h�e�s� �a�r�e� 

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

�i�n�d�i�v�i�d�u�a�l�s� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �5�0� �m�m�,� �t�h�e� �o�r�d�e�r� �i�s� �L�R�1�,� �C�R�I�,� �C�R�4�,� �C�R�3�,� 

�a�n�d� �C�R�5�/�C�R�6�.� �I�f� �r�e�a�c�h�e�s� �a�r�e� �r�a�n�k�e�d� �b�y� �m�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y�,� �t�h�e� �o�r�d�e�r� �i�s� 

�C�R�1�,� �L�R�1�,� �C�R�4�,� �C�R�3�,� �a�n�d� �C�R�5�/�C�R�6�.� �E�x�c�e�p�t� �f�o�r� �m�e�a�n� �d�e�n�s�i�t�y� �a�t� �C�R�1� �b�e�i�n�g� 

�g�r�e�a�t�e�r� �t�h�a�n� �a�t� �L�R�1�,� �r�e�c�r�u�i�t�m�e�n�t� �d�a�t�a� �c�o�r�r�o�b�o�r�a�t�e� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �d�a�t�a�.� 

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

�s�p�e�c�i�e�s�,� �o�c�c�u�r�r�e�d� �i�n� �s�u�f�f�i�c�i�e�n�t� �n�u�m�b�e�r�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �o�n�l�y� �a�t� �C�R�3�,� �C�R�4�,� 

�a�n�d� �C�R�5�/�C�R�6�.� �F�o�r�t�y�-�t�h�r�e�e� �p�e�r�c�e�n�t� �o�f� �t�h�e�-�i�n�d�i�v�i�d�u�a�l�s� �a�t� �C�R�4� �w�e�r�e� �9�0� �m�m� �o�r� 

�l�e�s�s�,� �c�o�m�p�a�r�e�d� �t�o� �3� �p�e�r�c�e�n�t� �a�t� �C�R�3�,� �a�n�d� �4� �p�e�r�c�e�n�t�:� �a�t� �C�R�5�/�C�R�6� �(�F�i�g�u�r�e� 

�2�.�1�0�)�.� �W�h�i�l�e� �r�e�c�r�u�i�t�m�e�n�t� �a�t� �C�R�4� �i�s� �n�o�t� �p�a�r�t�i�c�u�l�a�r�l�y� �h�i�g�h�,� �i�t� �i�s� �m�u�c�h� 

�w�o�r�s�e� �a�t� �C�R�3� �a�n�d� �C�R�5�/�C�R�6�.� �M�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �(�a�l�l� �s�p�e�c�i�e�s�)� �w�a�s� �a�l�s�o� �m�u�c�h� 

�g�r�e�a�t�e�r� �a�t� �C�R�4� �(�7�.�3�/�m ��)�,� �t�h�a�n� �a�t� �C�R�3� �(�3�.�6�/�m ��)� �o�r� �C�R�5�/�C�R�6� �(�c�o�m�b�i�n�e�d� �m�e�a�n� �o�f� 

�3�.�2�/�m�)�.� 

�O�t�h�e�r� �s�p�e�c�i�e�s� �a�t� �C�R�5�/�C�R�6� 

�P�o�o�l�i�n�g� �d�a�t�a� �f�r�o�m� �C�R�5� �a�n�d� �C�R�6� �p�r�o�v�i�d�e�d� �s�a�m�p�l�e�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �p�e�r�m�i�t� 

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

�r�e�a�c�h�e�s� �(�F�i�g�u�r�e� �2�.�1�1�)�.� �T�h�e�s�e� �w�e�r�e� �t�h�e� �m�u�c�k�e�t�,� �A�c�t�i�n�o�n�a�i�a�s� �l�i�g�a�m�e�n�t�i�n�a� 

�(�n�=�4�6�)�,� �t�h�r�e�e�r�i�d�g�e�,� �A�m�b�/�e�m�a� �p�.� �p�l�i�c�a�t�a� �(�n�=�2�1�)�,� �a�n�d� �s�p�i�k�e�,� �E�l�l�i�p�t�i�o� 

�d�i�l�a�t�a�t�a� �(�n�=�1�6�)�.� �O�n�l�y� �3� �p�e�r�c�e�n�t� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �A�.� �/�l�i�g�a�m�e�n�t�i�n�a�,� �a� 

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

�3�7



�°�9�Y�9�/�G
�U

�I� 
�2�8� �(�1�6�6�T�)� 

�y�o�u�n�y�)� �A�q� �p�a�l� �d�w
�e�s� �s�a�r�s�a�d�s� 

�j�a�s�s�n�w
� 

�u�o�w
�w

�o�s� 
�A

�a�y�y�o� 
�j�o� 

�(�w
�w

�)� �a�u�n�z�o�n�a�q�y�s� 
�s�s�e

�i�d
�-�y�z�b

�u
�a

�y� 
�*�{�[�°�z� �a�u�n�b�r�y� 

�t�u
� 

�u�}� 
�Y

�I�B
�u

�e
�}� 

�o
�s

� 
�o�o�s�8� 

�o
�o

� 
�o

�u
� 

�O�4�2� 
�o

�e
� 

�o
�s

� 
�o

�v
� 

�o
�e

� 
�o

�z
� 

�o
�e

� � � 

�
 
�
 

� � � � � � � 

� � � � � � � � � � 

�7� 
�a� 

� � � � � � � 

�a� 
�F�e� 

�n�t�s� �g�e�a�e�s� �S�i�m�e� 
�P�O�P� �R�s� �B�E� 

�A�P� �e�e�e� �S�F� �t�o�s�)� 

�e�z�e�z�e� 
�(�i�p� 

�-�7� 
�i�t�s� �B�e�e�r� �n�e� �C�a�y� 

�P�i�n�e�c�r�e�s�t� �e�h� �o�e� 

�2�W
�/�7�°�¢� 

�=� �A�j�i�s�u�a�p� 
�j�o�s�s�n�w

� 
�x� 

�C�U�D� 
�y�o�w�a�y� 

�A�p�n�i�g� �=�~� 

�d�d� �e�l� �S�n�e�l� � � 
�
 
�
 

�u
�s

�e
� �o�y� 

�W
�Y

�O
�u

�e
�;� 

�O
�9

�t�+
� 

�0
�9

�8
� �O

�v
�t� �O

�F
�1

� 
�0

�2
�1

�0
�8

�1
�0

�0
�1

� 
�C

�O
� �C

�@
� �O

�4
� 

�C
�O

� 
�O

�8�2� 
�O

�F
� 

�G
�E

� 
�O

�F
� 

�a�r�t� 

� � 

�
 
�
 

� � � � � � � � � 

�t�o�w�*� �n�N� 

� � � � � � � � 

�p�d�i�s�e�b�a�t�r� 

�e�2�e�D
�1�I�d� 

 ��y� 

�L�e�t� �o�a� �e�e� �e�e� 

�2�u�/�Z�'�¢� �=� �A�y�i�s�u�a�p� 
�j�a�s�s�n�w

� 
�x� 

�G
�A

�D
� 

�y�o�r�o�y� �A�p�m
�g� 

�
 
�
 

�u
�u

� �u�y� 
�U

�I�B
�u

�e
�;� 

�o
�g

�t� �O
�v

�i� �O
�F�C

�t�L� �O
�F

�t� �O
�F

�t� �O
�O

� �C
�O

� 
�O

�8
� 

�O
�L

� 
�O

�0�8� 
�O

�F
� 

�G
�R

�Y
� 

�O
�f� 

�O
�F

� 
�O

�b
� � � 

�
 
�
 

� � � � � � 

�e�u�l�j�u�a�w
�e�b�l�y� 

 ��p�y� 

�C�U�D� 
�y�o�r�o�y� �A�p�n�i�g� 

�{�w
�/�7�'�¢� �=� �A

�y�s�u�o�p� 
�j�a�s�s�n�u� �x� �|� 

�a�l�.� � � 
�
 
�
 

�o�O�o�.� 

�a
�8

� 
�o

�z
� 

�g
�e

� 

�o
�c

� 

�s
�c

� 

�o
�y

� 

�e
�s

� 

�s
�9

� 

�o
�b

� 

�g
�e

� 

�o�f�t� 

�e
�e

� 

�o
�c

� 

�o
�r� 

�o
�n

� 

�a
�s� 

�o
�c

� 

�s
�t� 

�o
�r� 

�u�o�n�i�s�o�d�w�o�s� �¥� �n�i�s�o�d�w�o�s� �%� �u�o� �u�o�n�I�s�o�d�w�o�s� �%� 

�"�(�T�6�6�1�)� �Y�o�u�n�y�)� �X�q� �p�a�l� �d�u�e�s� 
�s�a�y�d�e�a�a� 

�A�p�N
�y�s� �a�a�u�y�}� �U�L� �e�S

�O
�4�0�}�I�a�d� 

�S
�e�L�e�U

�o�U
�.�>

�y� 
�J�O� �(�W

�w
�)� �a�u�n�q�o�n�a�y�s� 

�s�s�e�j�i�o�-�y�z�6�u�a�q� 
 ��O

�1
�2

� �a�u�n�b�l�y� 

�w
�u

�s
� �u�y� 

�Y
�I�B

�u
�U

�e
�E

�]� 
�O

�9
�6

� �O
�w

�s
� 
�O

�C
�t� �O

�2
�1

� �0
�1

�1
�0

�0
�1

� 
�C

�O
� 

�O
�f� 

�O
�L

� 
�O

�8
� 

�O
�F

� 
�O

�w
� 

�C
�E

� 
�O

�F
� 

�O
�F

� 

� � � � 

�
 
�
 

�e�d� �e�i�d� 

�e�d�e�n� 

� � � � � 

�a� �e�r�e� 

�2�w�/�7�'�¢� �=� �A�y�s�u�o�p� 
�j�a�s�s�n�u� �x� �-� � � 

� � 

�C�A�D� �y�o�r�o�y� �A�p�n�i�s� 
�"� 

�
 
�
 

�O
�9

�6
� �o

�w
�t� �O

�f�b
� �O

�F
� �O

�4
�4

� �0
�0

�4
� �O

�0�8� 
�C

�O
� 

�G
�4

� 
�O

�8�9� 
�O

�M
� 

�O
�P

�W
� �C

�E
� 

�O
�F

� 
�O

�F
� 

�o
�e

� 

�g
�b

� 

�a� �e� 

�o
�v

� 

� � �W
�/�E

�,� �=� �A�j�i�s�u�o�p� �j�o�s�s�n�w� 
�x� 

�b�u�d� �y�o�R�o�y� �A�p�m�i�g� 
�
 
�
 

�O
�9

�6
� �O

�b
� �O

�£
�1

� �O
�£

�4
� �O

�b
�s

� �0
�0

�8
� �O

�0�8� 
�C

�8
� 

�O
�4

� 
�O

�8
� 

�O
�f� 

�O
�C

�H
� 

�O
�C

�F� 
�O

�E
� 

�G
�I� 

�
 
�
 

�|� 
�-� �f� � � 

�2�w�/�9�°�¢� �=� �A�j�i�s�u�a�p� �j�a�s�s�n�u�l� �x� 
 ¬�a�Y�D� �y�o�r�o�y� �A�p�m

�g� 
� � 

� � 
�
 
�
 

�o
�e

� 

�a
�t� 

�o
�c

� 

�a
�c

� 

�o
�v

� �u�o�n�i�s�o�d�w�o�s� �%� �u�o�n�I�s�o�d�w�o�s� �%� �u�O�n�I�s�S�O�d�W�O�S� �%� 

�3�8



�p�l�i�c�a�t�a�,� �a� �l�a�r�g�e� �s�p�e�c�i�e�s�,� �w�e�r�e� �l�e�s�s� �t�h�a�n� �9�0� �m�m� �i�n� �l�e�n�g�t�h�.� �L�i�k�e�w�i�s�e�,� �n�o� 

�i�n�d�i�v�i�d�u�a�l�s� �o�f� �E�£�.� �d�i�l�a�t�a�t�a�,� �a� �m�i�d�-�s�i�z�e�d� �s�p�e�c�i�e�s�,� �w�e�r�e� �l�e�s�s� �t�h�a�n� �7�0� �m�m�.� 

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

�o�b�s�e�r�v�e�d� �a�t� �C�R�5� �a�n�d� �C�R�6�.� 

�D�i�s�c�u�s�s�i�o�n�.� �.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�b�u�n�d�a�n�t� �f�r�e�s�h�-�d�e�a�d� �m�u�s�s�e�l� �s�h�e�l�l�s� �a�t� �C�R�2� �t�h�e� �p�r�e�v�i�o�u�s� 

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

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

�u�p�s�t�r�e�a�m� �o�f� �C�R�2�,� �a�l�l� �s�u�g�g�e�s�t� �t�h�a�t� �C�R�2� �h�a�s� �b�e�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �s�e�v�e�r�e� 

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

�e�n�s�u�i�n�g� �h�a�b�i�t�a�t� �a�n�a�l�y�s�e�s�.� 

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

�y�o�u�n�g� �t�o� �m�i�d�d�l�e�-�a�g�e�d� �i�n�d�i�v�i�d�u�a�l�s� �w�e�r�e� �L�R�]� �a�n�d� �C�R�1�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� 

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

�r�e�c�r�u�i�t�m�e�n�t� �w�e�r�e� �i�n�d�i�c�a�t�e�d� �a�t� �C�R�4�.� �L�e�n�g�t�h�-�c�l�a�s�s� �d�i�s�t�r�i�b�u�t�i�o�n�s� �s�k�e�w�e�d� 

�t�o�w�a�r�d� �l�a�r�g�e� �(�o�l�d�)� �i�n�d�i�v�i�d�u�a�l�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �f�o�r� �m�o�s�t� �s�p�e�c�i�e�s� �a�t� �C�R�3�,� �C�R�5�,� 

�a�n�d� �C�R�6�,� �i�n�d�i�c�a�t�i�n�g� �l�o�w� �r�e�c�r�u�i�t�m�e�n�t� �d�u�r�i�n�g� �r�e�c�e�n�t� �y�e�a�r�s�.� �F�o�r� �e�x�a�m�p�l�e�,� 

�t�h�e�r�e� �w�e�r�e� �f�e�w� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �A�c�t�i�n�o�n�a�j�a�s� �p�e�c�t�o�r�o�s�a� �l�e�s�s� �t�h�a�n� �1�0�0� �m�m� �i�n� 

�l�e�n�g�t�h� �a�t� �C�R�3�,� �C�R�5�,� �a�n�d� �C�R�6�.� �R�e�g�r�e�s�s�i�o�n� �p�l�o�t�s� �o�f� �a�g�e� �v�e�r�s�u�s� �l�e�n�g�t�h� �f�o�r� �A�.� 

�p�e�c�t�o�r�o�s�a� �a�t� �C�R�4� �i�n�d�i�c�a�t�e� �t�h�a�t� �1�0�0� �m�m� �i�n�d�i�v�i�d�u�a�l�s� �a�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �f�i�f�t�e�e�n� 

�y�e�a�r�s� �o�f� �a�g�e� �(�F�i�g�u�r�e� �2�.�6�)�.� �T�h�e�s�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� �r�e�c�r�u�i�t�m�e�n�t� �i�n� �t�h�e�s�e� 

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

�D�e�n�n�i�s� �(�1�9�8�9�)� �o�b�s�e�r�v�e�d� �v�e�r�y� �f�e�w� �m�u�s�s�e�l�s� �i�n� �y�o�u�n�g� �a�g�e�-�c�l�a�s�s�e�s� �f�r�o�m� �q�u�a�d�r�a�t� 

�s�a�m�p�l�i�n�g� �a�t� �P�e�n�d�l�e�t�o�n� �I�s�l�a�n�d� �(�C�R�5�)�.� �S�c�o�t�t� �(�1�9�9�4�)� �o�b�s�e�r�v�e�d� �a� �l�a�c�k� �o�f� 
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�j�u�v�e�n�i�l�e� �r�e�c�r�u�i�t�m�e�n�t� �f�o�r� �f�o�u�r� �m�u�s�s�e�l� �s�p�e�c�i�e�s� �a�t� �S�l�a�n�t�,� �V�i�r�g�i�n�i�a� �(�C�R�6�)� 

�s�i�n�c�e� �1�9�7�9� �a�n�d� �s�p�e�c�u�l�a�t�e�d� �t�h�e� �d�e�c�l�i�n�e� �m�a�y� �b�e� �d�u�e� �t�o� �h�i�g�h� �s�e�d�i�m�e�n�t�a�t�i�o�n� 

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

�d�i�v�e�r�s�i�t�y� �a�n�d� �d�e�n�s�i�t�y� �s�i�n�c�e� �1�9�7�9� �w�a�s� �o�b�s�e�r�v�e�d� �b�y� �T�V�A� �(�1�9�8�8�)� �d�u�r�i�n�g� �a� 

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

�s�e�d�i�m�e�n�t�s�,� �Y�e�a�g�e�r� �(�1�9�9�4�)� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n�t�e�r�m�i�t�t�e�n�t� �s�e�d�i�m�e�n�t� �t�o�x�i�c�i�t�y� �t�o� 

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

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

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

�R�i�v�e�r� �s�e�d�i�m�e�n�t�s� �a�n�d� �o�b�s�e�r�v�e�d� �m�o�r�t�a�i�l�i�t�y� �o�f� �j�u�v�e�n�i�l�e� �m�u�s�s�e�l�s� �i�n� �i�n�-�s�i�t�u� 

�a�s�s�a�y�s� �a�t� �s�o�m�e� �s�i�t�e�s�.� �J�a�c�o�b�s�o�n� �(�1�9�9�0�)� �d�e�m�o�n�s�t�r�a�t�e�d� �m�u�c�h� �g�r�e�a�t�e�r� 

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

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

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

�C�l�i�n�c�h� �R�i�v�e�r� �s�i�t�e�s�.� 

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

�1� �i�n�d�i�v�i�d�u�a�l� �a�t� �C�R�2� �a�n�d� �1� �a�t� �C�R�3�)� �i�n� �r�e�a�c�h�e�s� �w�i�t�h� �t�h�e� �g�r�e�a�t�e�s�t� �m�e�a�n� �m�u�s�s�e�l� 

�d�e�n�s�i�t�i�e�s� �a�n�d� �b�e�s�t� �r�e�c�r�u�i�t�m�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�L�R�1�,� �C�R�1�,� �a�n�d� �C�R�4�)�.� �M�.� 

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

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

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

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

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

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

�t�h�e� �f�i�r�s�t� �s�p�e�c�i�e�s� �t�o� �d�i�s�a�p�p�e�a�r� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e�s�e� �s�t�r�e�s�s�o�r�s�.� �I�n�a� 
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�s�t�u�d�y� �o�f� �1�7� �a�q�u�a�t�i�c� �s�p�e�c�i�e�s� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r�,� �o�n�l�y� �L�a�m�p�s�i�l�i�s� 

�f�a�s�c�i�o�l�a� �w�a�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �4�.� �c�o�n�r�a�d�i�c�u�s� �i�n� �a�c�u�t�e� �t�o�x�i�c�i�t�y� �t�o� �c�o�p�p�e�r� 

�(�C�h�e�r�r�y� �e�t� �a�l�.� �1�9�9�1�)�.� �|� 
�R�e�a�c�h�e�s� �C�R�]� �a�n�d�-�+�R�}� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �n�u�m�b�e�r�s� �o�f� �m�u�s�s�e�l�s�/�m� �t�h�a�n� 

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

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

�l�e�n�g�t�h�-�c�l�a�s�s�e�s�.� �M�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �a�t� �C�R�4� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �t�h�a�n� �a�t� 

�C�R�1�,� �b�u�t� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �a�t� �C�R�2�,� �C�R�3�,� �C�R�5�,� �a�n�d� �C�R�6�.� 

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

�g�e�n�e�r�a�l�t�y� �b�e�t�t�e�r� �a�t� �C�R�4� �t�h�a�n� �a�t� �C�R�3�,� �C�R�5�,� �a�n�d� �C�R�6�.� �:� 

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

�C�R�2� �a�n�d� �C�R�3�,� �t�h�e� �d�e�g�r�a�d�e�d� �r�e�a�c�h� �a�r�o�u�n�d� �R�i�c�h�l�a�n�d�s� �i�s� �a�p�p�a�r�e�n�t�l�y� �m�o�r�e� 

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

�C�R�5� �a�n�d� �C�R�6�.� �I�t� �i�s� �a�n�t�i�c�i�p�a�t�e�d� �t�h�a�t� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �b�i�o�t�i�c� 

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

�h�a�b�i�t�a�t� �a�n�a�l�y�s�e�s�.� 
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�C�H�A�P�T�E�R� �3�.� �H�A�B�I�T�A�T� �A�N�A�L�Y�S�E�S� �A�T� �S�I�X� �S�T�U�D�Y� �R�E�A�C�H�E�S� �I�N� �T�H�E� �C�L�I�N�C�H� �R�I�V�E�R� 

�I�n�t�r�o�d�u�c�t�i�o�n� �.� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �a�s�s�o�c�i�a�t�e�d� 

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

�I�n� �C�h�a�p�t�e�r� �2�,� �m�u�s�s�e�l� �q�u�a�d�r�a�t� �s�a�m�p�l�i�n�g�'�d�a�t�a� �w�e�r�e� �s�u�n�m�a�r�i�z�e�d� �(�T�a�b�l�e� �2�.�1�)� �a�n�d� 

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

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

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

�t�o� �e�x�t�r�e�m�e�l�y� �l�o�w� �m�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �r�e�l�a�t�i�v�e� �t�o� �u�p�s�t�r�e�a�m� �r�e�a�c�h�e�s�,� �C�R�2� �(�C�e�d�a�r� 

�B�l�u�f�f�,� �C�R�K� �5�3�1�)� �w�a�s� �e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e� �f�o�l�l�o�w�i�n�g� �h�a�b�i�t�a�t� �a�n�a�l�y�s�e�s�.� �A�l�l� 

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

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

�g�r�o�u�p�s� �b�a�s�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �m�u�s�s�e�l�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �t�h�r�e�e� �1� �m �� �q�u�a�d�r�a�t� 

�s�a�m�p�l�e�s� �(�1� �p�e�r� �s�e�c�t�o�r�)� �c�o�m�p�r�i�s�i�n�g� �e�a�c�h� �t�r�a�n�s�e�c�t�.� 

�S�t�u�d�y� �r�e�a�c�h�e�s� 

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

�r�e�a�c�h� �s�e�l�e�c�t�i�o�n�"� �s�e�c�t�i�o�n� �o�f� �C�h�a�p�t�e�r� �2�.� �L�o�c�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �r�e�a�c�h�e�s� �a�r�e� 

�i�n�d�i�c�a�t�e�d� �o�n� �t�h�e� �m�a�p� �i�n� �F�i�g�u�r�e� �2�.�3� �o�f� �C�h�a�p�t�e�r� �2�.� �R�e�a�c�h�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� 

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

�t�o� �t�u�r�b�u�l�e�n�t�,� �e�r�o�s�i�o�n�a�l� �r�e�a�c�h�e�s�,� �a�n�d� �v�a�r�i�e�d� �i�n� �s�t�r�e�a�m� �s�i�z�e� �(�4�t�h� �t�o� �6�t�h� 

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

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

�4�2



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

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

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

�A�l�t�h�o�u�g�h� �7�6� �t�r�a�n�s�e�c�t�s� �w�e�r�e� �s�a�m�p�l�e�d�,� �t�h�e� �t�e�n� �t�r�a�n�s�e�c�t�s� �o�f� �R�e�a�c�h� �C�R�2� �w�e�r�e� 

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

�M�e�t�h�o�d�s� 

�M�u�s�s�e�l� �S�a�m�p�l�i�n�g� 

�A� �s�t�r�a�t�i�f�i�e�d� �r�a�n�d�o�m� �s�a�m�p�l�i�n�g� �d�e�s�i�g�n� �w�a�s� �u�s�e�d� �i�n� �w�h�i�c�h� �7�6� �3�-�m� �w�i�d�e� 

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

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

�s�e�c�t�o�r�s� �(�F�i�g�u�r�e� �3�.�2�,� �p�a�g�e� �4�6�)�.� �A� �1� �m�°� �q�u�a�d�r�a�t� �f�r�a�m�e� �w�a�s� �r�a�n�d�o�m�l�y� �t�o�s�s�e�d� 

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

�f�o�r� �m�u�s�s�e�l�s� �d�u�r�i�n�g� �a� �1�5� �m�i�n� �e�x�c�a�v�a�t�i�o�n� �p�e�r�i�o�d�.� �T�h�i�s� �s�e�a�r�c�h� �p�e�r�i�o�d� 

�r�e�s�u�l�t�e�d� �i�n� �s�e�d�i�m�e�n�t� �r�e�m�o�v�a�l� �t�o� �a� �d�e�p�t�h� �o�f� �1�2�-�1�5� �c�m�.� �I�n� �s�o�m�e� �b�e�d�r�o�c�k�-� 

�d�o�m�i�n�a�t�e�d� �t�r�a�n�s�e�c�t� �z�o�n�e�s�,� �c�l�a�s�t�i�c� �s�e�d�i�m�e�n�t�s� �l�a�y� �i�n� �l�i�n�e�a�r� �r�e�c�e�s�s�e�s� �o�f� 

�b�e�d�r�o�c�k� �s�t�r�a�t�a�.� �I�n� �t�h�e�s�e� �c�a�s�e�s�,� �a�n� �a�r�e�a� �e�q�u�a�l� �t�o� �1� �m �� �w�a�s� �e�x�c�a�v�a�t�e�d� �f�o�r� 

�1�5� �m�i�n� �w�i�t�h�o�u�t� �u�s�i�n�g� �t�h�e� �q�a�u�d�r�a�t� �f�r�a�m�e�.� �A�l�l� �m�u�s�s�e�l�s� �c�o�l�l�e�c�t�e�d� �w�e�r�e� 

�e�n�u�m�e�r�a�t�e�d� �a�n�d� �i�d�e�n�t�i�f�i�e�d� �t�o� �s�p�e�c�i�e�s� �(�T�a�b�l�e� �2�.�1�,� �p�a�g�e� �2�6�)�.� �M�u�s�s�e�l�s� �w�e�r�e� 

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

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

�F�o�u�r� �s�u�b�s�t�r�a�t�u�m� �v�a�r�i�a�b�l�e�s�,� �p�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�P�B�R�)�,� �d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e�,� �d�8�4� 

�p�a�r�t�i�c�l�e� �s�i�z�e�,� �a�n�d� �g�e�o�m�e�t�r�i�c� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �(�G�S�D�)� �o�f� �p�a�r�t�i�c�l�e� �s�i�z�e� 

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

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

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

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

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

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

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

�P�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�P�B�R�)�:� �T�h�e� �p�e�r�c�e�n�t� �s�u�r�f�a�c�e� �a�r�e�a� �w�i�t�h�i�n� �e�a�c�h� �3� �m� �w�i�d�e� 

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

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

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

�o�b�t�a�i�n� �a� �P�B�R� �v�a�l�u�e� �f�o�r� �e�a�c�h� �t�r�a�n�s�e�c�t� �(�F�i�g�u�r�e� �3�.�2�)�.� 

�d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e�:� �T�h�e� �d�5�0� �o�r� �m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e� �(�b�y� �n�u�m�b�e�r�)� �i�s� �t�h�e� 

�p�a�r�t�i�c�l�e� �d�i�a�m�e�t�e�r� �a�t� �w�h�i�c�h� �5�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �p�a�r�t�i�c�l�e�s� �i�n� �t�h�e� �s�a�m�p�l�e� �a�r�e� 

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

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

�K�e�l�l�e�r�h�a�l�s� �a�n�d� �B�r�a�y� �(�1�9�7�1�)� �a�n�d� �W�o�l�m�a�n� �(�1�9�5�4�)�,� �i�n� �w�h�i�c�h� �o�n�l�y� �t�h�e� �s�u�r�f�a�c�e� �o�r� 

�p�a�v�e�m�e�n�t� �l�a�y�e�r� �i�s� �s�a�m�p�l�e�d�.� �W�i�t�h�i�n� �e�a�c�h� �s�e�c�t�o�r�,� �3�5� �s�t�e�p�s� �w�e�r�e� �t�a�k�e�n� �i�n� 

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

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

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

�s�i�e�v�e� �s�i�z�e�s� �(�H�e�y� �a�n�d� �T�h�o�r�n�e� �1�9�8�3�)�.� �P�a�r�t�i�c�l�e� �d�i�a�m�e�t�e�r� �d�a�t�a� �f�r�o�m� �t�h�e� �t�h�r�e�e� 
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 ��z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�u�r�v�e� �f�o�r� �a� �s�t�r�e�a�m�b�e�d� �s�a�m�p� �l�e� 

�T�h�e� �d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e� �i�s� �a�l�s�o� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� 

�P�A�R�T�I�C�L�E� �D�I�A�M�E�T�E�R� �(�m�m�)� 

�s� �P�a�r�t�i�c�l�e�-� 

�f�r�o�m� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r�.� 
�m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e�.� 

�F�i�g�u�r�e� �3�.�3�.



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

�s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�u�r�v�e� �t�o� �b�e� �p�l�o�t�t�e�d� �(�F�i�g�u�r�e� �3�.�3�)� �f�o�r� �e�a�c�h� �t�r�a�n�s�e�c�t�.� 

�E�s�t�i�m�a�t�e�s� �o�f� �d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e� �(�m�m�)� �f�o�r� �e�a�c�h� �t�r�a�n�s�e�c�t� �w�e�r�e� �t�h�e�n� �d�e�t�e�r�m�i�n�e�d� 

�f�r�o�m� �t�h�e�s�e� �c�u�r�v�e�s�.� 

�d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�:� �T�h�e� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e� �i�s� �t�h�e� �d�i�a�m�e�t�e�r� �a�t� �w�h�i�c�h� �8�4� 

�p�e�r�c�e�n�t� �o�f� �t�h�e� �p�a�r�t�i�c�l�e�s� �i�n� �t�h�e� �s�a�m�p�l�e� �a�r�e� �o�f� �s�m�a�l�l�e�r� �d�i�a�m�e�t�e�r�.� �T�h�e� �d�8�4� 

�v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� �c�u�r�v�e�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �d�5�0� �v�a�l�u�e�s� 

�(�F�i�g�u�r�e� �3�.�3�)�.� �T�h�e� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e� �v�a�l�u�e� �i�s� �s�o�m�e�t�i�m�e�s� �u�s�e�d� �a�s� �a� 

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

�G�e�o�m�e�t�r�i�c� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �p�a�r�t�i�c�l�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �(�G�S�D�)�:� 

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

�r�o�o�t� �o�f� �t�h�e� �d�8�4� �v�a�l�u�e� �b�y� �t�h�e� �d�1�6� �v�a�l�u�e� �(�A�S�C�E�,� �1�9�7�5�)�.� 

�C�h�a�n�n�e�l� �m�o�r�p�h�o�l�o�g�y� �v�a�r�i�a�b�l�e�s� 

�E�x�c�e�p�t� �f�o�r� �b�a�n�k� �h�e�i�g�h�t� �(�B�H�T�)�,� �c�h�a�n�n�e�l� �m�o�r�p�h�o�l�o�g�y� �p�a�r�a�m�e�t�e�r�s� �a�r�e� 

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

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

�s�u�m�m�e�r� �o�f� �1�9�9�0�,� �a�n�d� �w�e�r�e� �a�d�j�u�s�t�e�d� �t�o� �a� �s�t�a�n�d�a�r�d�i�z�e�d� �l�e�v�e�l� �o�f� �d�i�s�c�h�a�r�g�e� �b�y� 

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

�s�t�r�e�a�m�s�i�d�e� �o�b�j�e�c�t�s� �(�i�.�e�.�,� �b�r�i�d�g�e� �s�u�p�p�o�r�t�s�,� �t�r�e�e� �t�r�u�n�k�s�)� �a�t� �e�a�c�h� �s�t�u�d�y� 

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

�o�f� �1�.�8�2� �f�e�e�t� �(�2�1�6� �c�f�s� �d�i�s�c�h�a�r�g�e�)� �a�t� �U�n�i�t�e�d� �S�t�a�t�e�s� �G�e�o�l�o�g�i�c�a�l� �S�u�r�v�e�y� 

�g�a�u�g�i�n�g� �s�t�a�t�i�o�n� �#�0�3�5�2�4�0�0�0� �a�t� �C�l�e�v�e�l�a�n�d�,� �V�i�r�g�i�n�i�a�.� �C�h�a�n�n�e�l� �m�o�r�p�h�o�l�o�g�y� 

�v�a�r�i�a�b�l�e�s� �a�n�d� �m�e�t�h�o�d�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �a�r�e� �l�i�s�t�e�d� �b�e�l�o�w�.� 
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�M�e�a�n� �d�e�p�t�h� �(�M�D�E�P�)�:� �T�h�e� �m�e�a�n� �o�f� �a�l�l� �c�r�o�s�s�-�s�e�c�t�i�o�n� �(�t�r�a�n�s�e�c�t�)� �d�e�p�t�h� 

�m�e�a�s�u�r�e�m�e�n�t�s� �(�m�)�.� �D�e�p�t�h� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �t�a�k�e�n� �e�v�e�r�y� �t�w�o� �p�a�c�e�s� �a�c�r�o�s�s� 

�t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �s�t�r�e�a�m�.� 

�S�t�r�e�a�m�b�e�d� �w�i�d�t�h� �(�B�W�I�D�)�:� �T�h�e� �d�i�s�t�a�n�c�e� �(�m�)� �a�c�r�o�s�s� �t�h�e� �w�a�t�e�r� �s�u�r�f�a�c�e� �o�f� 

�t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n� �a�t� �s�t�a�n�d�a�r�d�i�z�e�d� �l�e�v�e�l� �o�f� �d�i�s�c�h�a�r�g�e�.� 

�C�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �a�r�e�a� �(�X�S�E�C�)�:� �T�h�e� �s�t�r�e�a�m�b�e�d� �w�i�d�t�h� �(�B�W�I�D�)� �m�u�l�t�i�p�l�i�e�d� �b�y� 

�t�h�e� �m�e�a�n� �d�e�p�t�h� �(�M�D�E�P�)� �o�f� �t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n� �(�m ��)�.� 

�M�a�x�i�m�u�m� �d�e�p�t�h� �(�D�M�A�X�)�:� �T�h�e� �d�e�e�p�e�s�t� �p�o�i�n�t� �o�f� �t�h�e� �s�t�r�e�a�m� �c�r�o�s�s�-�s�e�c�t�i�o�n� �i�n� 

�m�e�t�e�r�s�.� 

�W�i�d�t�h� �t�o� �d�e�p�t�h� �r�a�t�i�o� �(�W�D�R�)�:� �T�h�e� �s�t�r�e�a�m�b�e�d� �w�i�d�t�h� �(�B�W�I�D�)� �d�i�v�i�d�e�d� �b�y� �t�h�e� 

�m�e�a�n� �d�e�p�t�h� �(�M�D�E�P�)�.� 

�D�e�p�t�h� �h�e�t�e�r�o�g�e�n�e�i�t�y� �(�D�H�)�:� �T�h�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �c�r�o�s�s�-�s�e�c�t�i�o�n� �d�e�p�t�h� 

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

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

�c�h�a�n�n�e�l�.� 

�B�a�n�k� �h�e�i�g�h�t� �(�B�H�T�)�:� �H�e�i�g�h�t� �(�m�)� �o�f� �t�h�e� �l�o�w�e�s�t� �s�t�r�e�a�m�b�a�n�k� �a�b�o�v�e� �t�h�e� �w�a�t�e�r� 

�s�u�r�f�a�c�e� �l�e�v�e�l�,� �a�t� �s�t�a�n�d�a�r�d�i�z�e�d� �d�i�s�c�h�a�r�g�e�.� �D�i�s�c�h�a�r�g�e� �l�e�v�e�l�s� �e�x�c�e�e�d�i�n�g� 

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

�S�t�r�e�a�m� �a�n�d� �v�a�l�l�e�y� �v�a�r�i�a�b�l�e�s� 

�D�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m�f�l�o�w� �1� �(�D�I�R�1�)�:� �T�h�e� �c�o�m�p�a�s�s� �d�i�r�e�c�t�i�o�n� �i�n� �w�h�i�c�h� �t�h�e� 

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

�(�N�o�r�t�h�=�0�°�,� �E�a�s�t�=�9�0�°�,� �S�o�u�t�h�=�1�8�0�°�,� �W�e�s�t�=�2�7�0�°�)�.� 

�D�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m�f�l�o�w� �2� �(�D�I�R�2�)�:� �D�u�e� �t�o� �t�h�e� �g�r�e�a�t� �n�u�m�e�r�i�c� �d�i�f�f�e�r�e�n�c�e� 

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

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

�m�e�a�s�u�r�e�d� �a�s� �3�5�9� �a�n�d� �1� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s� �a�r�e� �o�n�l�y� �t�w�o� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s� �a�p�a�r�t�,� 

�a�n�d� �w�h�e�n� �a�v�e�r�a�g�e�d� �y�i�e�l�d� �a�n� �a�z�i�m�u�t�h� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �1�8�0� �d�e�g�r�e�e�s� �o�r� �d�u�e� 

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

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

�d�i�v�i�d�e�d� �i�n�t�o� �e�i�g�h�t� �4�5�-�d�e�g�r�e�e� �a�r�c� �s�e�g�m�e�n�t�s� �n�u�m�b�e�r�e�d� �c�o�u�n�t�e�r� �c�l�o�c�k�w�i�s�e�.� �A�r�c� 

�s�e�g�m�e�n�t� �1� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �N�o�r�t�h�e�a�s�t� �(�2�3� �t�o� �6�8� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s�)�,� �s�e�g�m�e�n�t� �2� 

�t�o� �N�o�r�t�h�,� �s�e�g�m�e�n�t� �3� �t�o� �N�o�r�t�h�w�e�s�t�,� �s�e�g�m�e�n�t� �4� �t�o� �W�e�s�t�,� �s�e�g�m�e�n�t� �5� �t�o� 

�S�o�u�t�h�w�e�s�t�,� �s�e�g�m�e�n�t� �6� �t�o� �S�o�u�t�h�,� �s�e�g�m�e�n�t� �7� �t�o� �S�o�u�t�h�e�a�s�t�,� �a�n�d� �s�e�g�m�e�n�t� �8� 

�c�o�r�r�e�s�p�o�n�d�s� �t�o� �E�a�s�t�.� 

�M�e�a�n� �f�l�o�w� �v�e�l�o�c�i�t�y� �(�M�F�L�O�)�:� �T�h�e� �m�e�a�n� �f�l�o�w� �v�e�l�o�c�i�t�y� �(�v�e�l�o�c�i�t�y� �a�t� �6�0� 

�p�e�r�c�e�n�t� �o�f� �d�e�p�t�h�)� �r�e�c�o�r�d�e�d� �a�t� �a� �d�i�s�c�h�a�r�g�e� �l�e�v�e�l� �o�f� �2�0�6� �c�f�s� �(�g�a�u�g�e� �h�e�i�g�h�t� 

�o�f� �1�.�7�8� �f�e�e�t�)� �a�t� �U�S�G�S� �g�a�u�g�i�n�g� �s�t�a�t�i�o�n� �#�0�3�5�2�4�0�0�0� �a�t� �C�l�e�v�e�l�a�n�d�,� �V�i�r�g�i�n�i�a�.� 

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

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

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

�(�t�r�a�n�s�e�c�t�)�.� �T�h�e�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �t�a�k�e�n� �o�n� �N�o�v�e�m�b�e�r� �2�0� �a�n�d� �2�1�,� �1�9�9�0� 

�f�o�l�l�o�w�i�n�g� �a�n� �8� �d�a�y� �p�e�r�i�o�d� �w�i�t�h�o�u�t� �r�a�i�n�,� �s�o� �t�h�a�t� �n�o� �s�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �o�f� 

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

�P�r�o�x�i�m�i�t�y� �t�o� �f�l�o�o�d�p�l�a�i�n� �(�P�R�O�X�)�:� �A� �d�e�s�i�g�n�a�t�i�o�n� �u�s�e�d� �o�n�l�y� �i�n� �b�r�a�i�d�e�d� 

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

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

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

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

�|� �Y� �V�f� �f�l�o�o�d� �p�l�a�i�n� 
�s�t�e�e�p� �s�l�o�p�e� 

�Z�i�v� 

�F�i�g�u�r�e� �3�.�4�.� �C�h�a�n�n�e�l� �n�u�m�b�e�r�i�n�g� �s�y�s�t�e�m� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �p�r�o�x�i�m�i�t�y� �t�o� 
�f�l�o�o�d�p�l�a�i�n� �(�P�R�O�X�)� �a�t� �C�R�5� �(�P�e�n�d�l�e�t�o�n� �I�s�l�a�n�d�)�.� �C�h�a�n�n�e�l�s� �c�l�o�s�e�s�t� �t�o� �s�t�e�e�p� 
�s�l�o�p�e�s� �a�r�e� �d�e�s�i�g�n�a�t�e�d� �a�s� �1�.� �C�h�a�n�n�e�l�s� �f�a�r�t�h�e�s�t� �f�r�o�m� �s�t�e�e�p� �s�l�o�p�e�s� �(�l�y�i�n�g� 
�e�n�t�i�r�e�l�y� �w�i�t�h�i�n� �f�l�o�o�d� �p�l�a�i�n�)� �a�r�e� �d�e�s�i�g�n�a�t�e�d� �a�s� �3�.� �A�r�r�o�w�s� �i�n�d�i�c�a�t�e� 
�d�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m� �f�l�o�w�.� 

� � � � 
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� � 

�f�l�o�o�d� �p�l�a�i�n� 

�W�i�l�c�o�x�o�n� �r�a�n�k�-�s�u�m� �t�e�s�t�s� 

�W�i�l�c�o�x�o�n� �r�a�n�k�-�s�u�m� �t�e�s�t�s� �(�P�R�O�C� �N�P�A�R�I�W�A�Y�,� �S�A�S� �1�9�8�5�)� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� 

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

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

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

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

�2�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �C�R�5� �(�P�e�n�d�l�e�t�o�n� �I�s�l�a�n�d�)� �h�a�s� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �a�s� �a�n� 

�e�x�e�m�p�l�a�r�y� �m�u�s�s�e�l� �s�i�t�e� �i�n� �p�a�s�t� �s�u�r�v�e�y�s� �(�A�h�l�s�t�e�d�t�,� �1�9�8�4�)�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �2�7� 

�o�f� �t�h�e� �C�R�5� �t�r�a�n�s�e�c�t�s� �f�e�l�l� �i�n�t�o� �t�h�e� �h�i�g�h� �d�e�n�s�i�t�y� �g�r�o�u�p� �w�h�e�n� �t�h�e� �f�i�r�s�t� 

�a�n�l�a�y�s�i�s� �m�e�t�h�o�d� �w�a�s� �u�s�e�d�.� �C�o�n�v�e�r�s�e�l�y�,� �9�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�r�a�n�s�e�c�t�s� �a�t� �C�R�I� 
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�f�e�l�l� �i�n�t�o� �t�h�e� �h�i�g�h� �d�e�n�s�i�t�y� �g�r�o�u�p� �(�F�i�g�u�r�e� �3�.�5�)�.� �I�n� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� 

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

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

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

�(�F�i�g�u�r�e� �3�.�5�)�.� 
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�S�t�u�d�y� �R�e�a�c�h�e�s� �S�t�u�d�y� �R�e�a�c�h�e�s� 

�F�i�g�u�r�e� �3�.�5�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �t�r�a�n�s�e�c�t�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �h�i�g�h� �d�e�n�s�i�t�y� �a�m�o�n�g� 
�s�t�u�d�y� �r�e�a�c�h�e�s� �u�s�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s�.� �A�.� �F�i�r�s�t� �a�n�a�l�y�s�i�s� 
�m�e�t�h�o�d�.� �B�.� �S�e�c�o�n�d� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�.� 

�S�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� 

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

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

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

�c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �P�R�O�C� �S�T�E�P�D�I�S�C� �(�S�A�S� �1�9�8�5�)�.� �T�h�i�s� �p�r�o�g�r�a�m� �u�s�e�s� �f�o�r�w�a�r�d� �a�n�d� 

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

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

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

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

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

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

�T�a�b�l�e�s� �3�.�4� �t�h�r�o�u�g�h� �3�.�6�.� 

�I�n� �t�h�e� �f�i�r�s�t� �a�n�a�l�y�s�i�s�,� �W�i�l�c�o�x�o�n� �t�e�s�t�s� �o�f� �a�l�l� �r�e�a�c�h�e�s� �c�o�m�b�i�n�e�d�,� �d�5�0� �a�n�d� 

�d�8�4� �v�a�l�u�e�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�p�>�1�Z�1�=�0�.�0�5� �o�r� �l�e�s�s�)� �b�e�t�w�e�e�n� 

�m�u�s�s�e�l� �d�e�n�s�i�t�y� �g�r�o�u�p�s� �(�T�a�b�l�e� �3�.�1�)�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �u�p�o�n� 

�i�n�i�t�i�a�l� �t�r�a�n�s�e�c�t� �a�n�a�l�y�s�e�s� �i�n� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �p�i�l�o�t� �s�t�u�d�y� �(�A�p�p�e�n�d�i�x� �A�)�.� 

�H�o�w�e�v�e�r�,� �u�p�o�n� �r�e�a�n�a�l�y�s�i�s� �f�o�l�l�o�w�i�n�g� �r�e�m�o�v�a�l� �o�f� �L�i�t�t�l�e� �R�i�v�e�r� �p�o�i�n�t� �b�a�r� 

�t�r�a�n�s�e�c�t�s�,� �d�5�0� �a�n�d� �d�8�4� �v�a�l�u�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �g�r�o�u�p�s�.� 

�T�h�e�r�e�f�o�r�e�,� �d�5�0� �a�n�d� �d�8�4� �v�a�l�u�e�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �a�g�a�i�n� �w�i�t�h� �t�h�e� �f�i�v�e� �p�o�i�n�t� �b�a�r� 

�t�r�a�n�s�e�c�t�s� �r�e�m�o�v�e�d� �f�r�o�m� �a�n�a�l�y�s�e�s�.� �T�h�e� �v�a�r�i�a�b�l�e�s� �P�B�R�,� �d�5�0�a�d�j�.�,� �d�8�4�a�d�j�.�,� 

�M�D�E�P�,� �D�M�A�X�,� �W�D�R�,� �a�n�d� �D�H� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �g�r�o�u�p�s� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�i�c�h� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d� �w�a�s� �u�s�e�d�.� �C�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �a�r�e�a� �(�X�S�E�C�)� 

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

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

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

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

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�u�s�s�e�l� �r�e�c�r�u�i�t�m�e�n�t� �a�m�o�n�g� �r�e�a�c�h�e�s� �(�C�h�a�p�t�e�r� �2�)�.� �T�h�e� �s�e�c�o�n�d� 

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

�r�e�s�u�l�t�s�.� 

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

�(�T�a�b�l�e� �3�.�4�)�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s� �(�p�>�1�Z�1�=�0�.�0�5� �o�r� �l�e�s�s�)� �w�e�r�e� 
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�T�a�b�l�e� �3�.�1�.� �M�e�a�n� �v�a�l�u�e�s� �o�f� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �h�i�g�h� �a�n�d� �l�o�w� �m�u�s�s�e�l� 
�d�e�n�s�i�t�y� �g�r�o�u�p�s� �f�o�r� �a�l�]� �r�e�a�c�h�e�s� �(�n� �=� �6�6� �t�r�a�n�s�e�c�t�s�,� �f�i�r�s�t� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�)�.� 

� � 

�H�a�b�i�t�a�t� �H�i�g�h� �D�e�n�s�i�t�y� �L�o�w� �D�e�n�s�i�t�y� �W�i�l�c�o�x�o�n� 
�P�a�r�a�m�e�t�e�r� �G�r�o�u�p� �M�e�a�n� �(�S�E�)� �G�r�o�u�p� �M�e�a�n� �(�S�E�)� �S�i�g�n�.� �p�>�z� 
� � 

�s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�P�B�R� �(�%�)� �1�8�.�0�6� �(�4�.�8�6�)� �4�1�.�0�3� �(�6�.�8�4�)� �0�.�0�0�5�"� 
�d�5�0� �(�m�m�)� �7�6�.�7�5� �(�4�.�7�2�)� �9�3�.�1�7� �(�9�.�0�5�)� �0�.�1�2�7� 
�d�5�0�a�d�j�. �� �7�6�.�7�5� �(�4�.�7�2�)� �1�0�7�.�2�8� �(�8�.�1�8�)� �0�.�0�0�3�6�"� 
�d�8�4� �(�m�m�)� �1�4�5�.�3�9� �(�1�4�.�3�7�)� �1�6�0�.�4�3� �(�1�6�.�8�7�)� �0�.�2�8�5� 
�d�8�4�a�d�j�.�'� �1�4�5�.�3�9� �(�1�4�.�3�7�)� �1�8�5�.�2�4� �(�1�5�.�8�9�)� �0�.�0�1�6�5�"� 
�G�S�D� �1�.�8�5� �(�0�.�0�6�)� �1�.�7�4� �(�0�.�0�5�)� �0�.�3�0�9� 

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

�M�D�E�P� �(�m�)� �0�.�3�0�3� �(�0�.�0�1�6�)� �0�.�4�9�4� �(�0�.�0�2�6�)� �0�.�0�0�0�1�"� 
�B�W�I�D� �(�m�)� �2�5�.�2�7� �(�1�.�9�8�)� �3�0�.�5�2� �(�2�.�5�3�)� �0�.�1�5�1� 
�X�S�E�C� �(�m ��)� �7�.�9�2� �(�0�.�9�1�)� �¥� �A� �1�5�.�2�1� �(�1�.�5�6�)� �0�.�0�0�0�3�"� 

�D�M�A�X� �(�m�)� �0�.�4�4�0� �(�0�.�0�2�2�)� �x� �0�.�7�1�0� �(�0�.�0�4�0�)� �*� �0�.�0�0�0�1�°� 
�W�D�R� �8�9�.�8�1� �(�7�.�3�4�)�4� �. ��»� �6�4�.�6�5� �(�5�.�6�2�)�,� �=� �|�_�-�0�.�0�2�3�"� 
�D�H� �0�.�0�8�9� �(�0�.�0�0�6�)�  � �� �0�.�1�4�6� �(�0�.�0�1�2�)� �~ ��0�.�0�0�0�1�°� 
�B�H�T� �(�m�)� �1�.�2�8� �(�0�.�1�2�)� �1�.�2�9� �(�0�.�0�9�)� �0�.�5�9�3� 

�s�t�r�e�a�m� �v�a�l�l�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�D�I�R �� �1�7�5�.�6�4� �(�1�0�.�1�1�)� �1�8�7�.�0�0� �(�1�1�.�1�2�)� �0�.�3�8�7� 

�M�F�L�O� �(�c�m�/�s�)� �3�6�.�4�0� �(�3�.�8�7�)� �3�5�.�4�7� �(�4�.�6�0�)� �0�.�6�8�9� 

� � 

�*� �D�e�n�o�t�e�s� �d�i�f�f�e�r�e�n�c�e�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l�.� 

�'� �d�5�0�a�d�j�.� �a�n�d� �d�8�4�a�d�j�.� �v�a�l�u�e�s� �a�r�e� �f�r�o�m� �a�n�a�l�y�s�e�s� �w�i�t�h�o�u�t� �p�o�i�n�t� �b�a�r�s�.� 

�*� �D�I�R� �i�s� �m�e�a�s�u�r�e�d� �i�n� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s�.� 
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�T�a�b�l�e� �3�.�2�.� �M�e�a�n� �v�a�l�u�e�s� �o�f� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �h�i�g�h� �a�n�d� �l�o�w� �m�u�s�s�e�l� 
�d�e�n�s�i�t�y� �g�r�o�u�p�s� �f�o�r� �u�n�b�r�a�i�d�e�d� �r�e�a�c�h�e�s� �(�n� �=� �4�3� �t�r�a�n�s�e�c�t�s�,� �f�i�r�s�t� �a�n�a�l�y�s�i�s�)�.� 

� � 

� � 

�H�a�b�i�t�a�t� �H�i�g�h� �D�e�n�s�i�t�y� �L�o�w� �D�e�n�s�i�t�y� �W�i�l�c�o�x�o�n� 
�P�a�r�a�m�e�t�e�r� �G�r�o�u�p� �M�e�a�n� �(�S�E�)� �G�r�o�u�p� �M�e�a�n� �(�S�E�)� �S�i�g�n�.� �p�>�z� 

�s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�P�B�R� �(�%�)� �2�7�.�0�8� �(�6�.�5�8�)� �6�0�.�8�4� �(�7�.�3�9�)� �0�.�0�0�2�"� 

�d�5�0� �(�m�m�)� �8�6�.�2�1� �(�5�.�6�0�)� �9�4�.�9�5� �(�1�3�.�3�0�)� �0�.�5�4�1� 

�d�5�0�a�d�j�. �� �8�6�.�2�1� �(�5�.�6�0�)� �1�2�0�.�7�9� �(�1�1�.�4�1�)� �0�.�0�1�3�"� 

�d�8�4� �(�m�m�)� �1�7�1�.�2�9� �(�1�9�.�2�8�)� �1�6�6�.�6�3� �(�2�4�.�8�4�)� �0�.�9�4�2� 

�d�8�4�a�d�j�. �� �1�7�1�.�2�9� �(�1�9�.�2�8�)� �2�1�3�.�1�4� �(�2�2�.�5�1�)� �0�.�0�6�9� 

�G�S�D� �1�.�9�6� �(�0�.�0�7�)� �1�.�7�9� �(�0�.�0�7�)� �0�.�1�8�6� 

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

�M�D�E�P� �(�m�)� �0�.�2�9�5� �(�0�.�0�2�1�)� �0�.�5�3�6� �(�0�.�0�3�1�)� �0�.�0�0�0�1�"� 

�B�W�I�D� �(�m�)� �2�7�.�7�3� �(�2�.�6�4�)� �3�5�.�5�7� �(�3�.�1�1�)� �0�.�0�8�2� 

�_�X�S�E�C� �(�m ��)� �8�.�5�9� �(�1�.�2�6�)� �1�8�.�3�4� �(�1�.�8�8�)� �0�.�0�0�0�1�"� 

�D�M�A�X� �(�m�)� �0�.�4�4�5� �(�0�.�0�3�1�)� �0�.�7�9�4� �(�0�.�0�4�8�)� �0�.�0�0�0�1�"� 

�W�D�R� �1�0�1�.�1�0� �(�9�.�4�9�)� �7�1�.�3�5� �(�7�.�9�4�)� �0�.�0�4�2�"� 

�D�H� �0�.�0�9�4� �(�0�.�0�0�8�)� �0�.�1�6�6� �(�0�.�0�1�6�)� �0�.�0�0�0�2� 
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�d�8�4� �(�m�m�)� �1�0�2�.�4�5� �(�1�1�.�2�0�)� �1�3�6�.�9�2� �(�1�7�.�1�7�)� �0�.�1�2�3� 

�G�S�D� �1�.�6�5� �(�0�.�0�6�)� �1�.�6�5� �(�0�.�0�6�)� �0�.�9�9�9� 

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

�M�D�E�P� �(�m�)� �0�.�3�5�9� �(�0�.�0�3�0�)� �0�.�3�7�7� �(�0�.�0�4�0�)� �0�.�9�2�6� 

�B�W�I�D� �(�m�)� �2�3�.�6�2� �(�2�.�6�6�)� �1�8�.�6�8� �(�2�.�2�1�)� �0�.�1�8�5� 

�X�S�E�C� �(�m ��)� �8�.�9�7� �(�1�.�7�1�)� �7�.�3�3� �(�1�.�4�2�)� �0�.�2�8�2� 

�D�M�A�X� �(�m�)� �0�.�4�9�0� �(�0�.�0�4�4�)� �0�.�5�0�9� �(�0�.�0�5�0�)� �0�.�8�7�8� 

�W�D�R� �6�7�.�3�2� �(�6�.�4�7�)� �5�4�.�2�1� �(�7�.�8�7�)� �0�.�1�8�6� 

�D�H� �0�.�0�8�8� �(�0�.�0�0�9�)� �0�.�0�9�9� �(�0�.�0�1�6�)� �0�.�8�2�9� 

�B�H�T� �(�m�)� �2�.�0�0� �(�0�.�2�4�)� �1�.�2�8� �(�0�.�1�5�)� �0�.�0�2�1�°� 

�s�t�r�e�a�m� �v�a�l�l�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�D�I�R �� �4�.�3�6� �(�0�.�1�5�)� �4�.�0�0� �(�0�.�2�1�)� �0�.�2�2�3� 

�M�F�L�O� �(�c�m�/�s�)� �4�5�.�1�5� �(�7�.�4�2�)� �5�0�.�5�4� �(�8�.�5�9�)� �0�.�5�4�3� 

�P�R�O�X� �1�.�2�7� �(�0�.�1�4�)� �2�.�3�3� �(�0�.�2�2�)� �0�.�0�0�1�"� 

� � 

�*� �D�e�n�o�t�e�s� �d�i�f�f�e�r�e�n�c�e�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l�.� 

�*� �D�I�R� �i�s� �m�e�a�s�u�r�e�d� �i�n� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s�.� 
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�o�b�s�e�r�v�e�d�.� �P�B�R� �v�a�l�u�e�s� �f�o�r� �h�i�g�h� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�1�2�.�8�4�%�)� �w�e�r�e� 

�l�o�w�e�r� �t�h�a�n� �P�B�R� �v�a�l�u�e�s� �f�o�r� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�4�2�.�3�7�%�)�.� �T�h�e� �d�5�0� �v�a�l�u�e�s� 

�(�e�x�c�l�u�d�i�n�g� �p�o�i�n�t� �b�a�r�s�)� �f�o�r� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�7�4�.�3�7� �m�m�)� �w�e�r�e� 

�l�o�w�e�r� �t�h�a�n� �d�5�0� �v�a�l�u�e�s� �f�o�r� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�1�0�1�.�3�9� �m�m�)�.� �H�i�g�h� 

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t� �d�8�4� �v�a�l�u�e�s� �a�l�s�o� �w�e�r�e� �l�o�w�e�r� �(�m�e�a�n�=�1�3�0�.�7�1� �m�m�)� �t�h�a�n� �l�o�w� 

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t� �d�8�4� �v�a�l�u�e�s� �(�m�e�a�n�=�1�8�8�.�6� �m�m�)�.� �M�e�a�n� �d�e�p�t�h�s� �(�M�D�E�P�)� �o�f� �h�i�g�h� 

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�0�.�3�3�2� �m�)� �w�e�r�e� �l�e�s�s� �t�h�a�n� �m�e�a�n� �d�e�p�t�h�s� �o�f� �l�o�w� �d�e�n�s�i�t�y� 

�o�n�e�s� �(�m�e�a�n�=�0�.�4�4�1�)�.� �M�a�x�i�m�u�m� �d�e�p�t�h�s� �(�D�M�A�X�)� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� 

�(�m�e�a�n�=�0�.�4�8�0�)� �a�l�s�o� �w�e�r�e� �l�o�w�e�r� �t�h�a�n� �m�a�x�i�m�u�m� �d�e�p�t�h�s� �o�f� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� 

�(�m�e�a�n�=�0�.�6�4�0�)�.� �W�i�d�t�h� �t�o� �d�e�p�t�h� �r�a�t�i�o�s� �(�W�D�R�)� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� 

�(�m�e�a�n�=�9�4�.�8�4�)� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �W�D�R� �v�a�l�u�e�s� �f�o�r� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� 

�(�m�e�a�n�=�6�3�.�7�9�)�.� �D�e�p�t�h� �h�e�t�e�r�o�g�e�n�e�i�t�y� �(�D�H�)� �v�a�l�u�e�s� �f�o�r� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� 

�(�m�e�a�n�=�0�.�0�9�1�)� �w�e�r�e� �l�o�w�e�r� �t�h�a�n� �D�H� �v�a�l�u�e�s� �f�o�r� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�0�.�1�3�5�)�.� 

�T�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m�f�l�o�w� �(�D�I�R�)� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�4�.�8�1� 

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

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�3�.�8�9� �a�z�i�m�u�t�h� �u�n�i�t�s�)�.� 

�W�h�e�n� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �(�T�a�b�l�e� �3�.�5�)�,� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �P�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�P�B�R�)� �w�a�s� �l�o�w�e�r� �i�n� 

�h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�1�9�.�9�0�%�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� 

�(�m�e�a�n�=�6�1�.�2�2�%�)�.� �T�h�e� �d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e� �w�a�s� �s�m�a�l�l�e�r� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� 

�t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�8�1�.�0�5� �m�m�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�1�1�8�.�8�3� �m�m�)�.� �T�h�e� 

�d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e� �a�l�s�o� �w�a�s� �s�m�a�l�l�e�r� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�1�4�6�.�2�5� 

�m�m�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�2�3�1�.�6�7� �m�m�)�.� �T�h�e� �m�e�a�n� �d�e�p�t�h� �(�M�D�E�P�)� �w�a�s� 

�l�e�s�s� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�0�.�3�1�7� �m�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� 

�(�m�e�a�n�=�0�.�4�7�5� �m�)�.� �T�h�e� �m�a�x�i�m�u�m� �d�e�p�t�h� �(�D�M�A�X�)� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� 
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�(�m�e�a�n�=�0�.�4�7�4� �m�)� �w�a�s� �a�l�s�o� �l�e�s�s� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�0�.�7�0�8� �m�)�.� 

�W�i�d�t�h� �t�o� �d�e�p�t�h� �r�a�t�i�o�s� �w�e�r�e� �g�r�e�a�t�e�r� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�1�1�0�.�0�0�)� 

�t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�6�8�.�7�9�)�.� �D�e�p�t�h� �h�e�t�e�r�o�g�e�n�e�i�t�y� �(�D�H�)� �w�a�s� 

�l�o�w�e�r� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�0�.�0�9�4�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� 

�(�m�e�a�n�=�0�.�1�5�4�)�.� �S�t�r�e�a�m�f�l�o�w� �d�i�r�e�c�t�i�o�n� �(�D�I�R�)� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�5�.�0�5� 

�a�z�i�m�u�t�h� �u�n�i�t�s�)� �w�a�s� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�3�.�8�3� �a�z�i�m�u�t�h� 

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

�(�m�e�a�n�=�3�2�.�3�8� �c�m�/�s�)� �t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �o�n�e�s� �(�m�e�a�n�=�2�3�.�8�3� �c�m�/�s�)�.� 

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

�(�B�H�T�)� �a�n�d� �p�r�o�x�i�m�i�t�y� �t�o� �f�l�o�o�d�p�l�a�i�n� �(�P�R�O�X�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 

�b�e�t�w�e�e�n� �g�r�o�u�p�s� �a�t� �t�h�e� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l�.� �S�t�r�e�a�m�b�a�n�k�s� �o�f� �h�i�g�h� 

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�2�.�0�0� �m�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �b�a�n�k�s� 

�o�f� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�]�1�.�2�8� �m�)�.� �H�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �w�e�r�e� 

�f�u�r�t�h�e�r� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �f�l�o�o�d� �p�l�a�i�n� �(�m�e�a�n�=�1�.�2�8� �u�n�i�t�s�)� �t�h�a�n� �l�o�w� �d�e�n�s�i�t�y� 

�t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�2�.�3�3� �u�n�i�t�s�)�.� �P�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�p�>�1�Z�1�=�0�.�0�9�0�)� �w�a�s� �t�h�e� �m�o�s�t� 

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

�u�n�b�r�a�i�d�e�d� �r�e�a�c�h�e�s�,� �P�B�R� �w�a�s� �l�o�w�e�r� �i�n� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�0�.�0�0�%�)� 

�t�h�a�n� �i�n� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �(�m�e�a�n�=�6�.�2�5�%�)�.� 

�T�h�e� �b�e�s�t� �v�a�r�i�a�b�l�e�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �s�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�S�D�A�)�,� 

�F� �s�t�a�t�i�s�t�i�c�s�,� �a�v�e�r�a�g�e� �s�q�u�a�r�e�d� �c�a�n�o�n�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n� �v�a�l�u�e�s�,� �a�n�d� �p�>�F� �v�a�l�u�e�s� 

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

�i�n� �T�a�b�l�e� �3�.�7�.� �C�u�m�u�l�a�t�i�v�e� �A�S�C�C� �v�a�l�u�e�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �0�.�3�0�,� �t�o� �0�.�5�2� �a�n�d� 

�0�.�6�1�,� �w�h�e�n� �a�l�l� �t�r�a�n�s�e�c�t�s� �w�e�r�e� �s�p�l�i�t� �i�n�t�o� �u�n�b�r�a�i�d�e�d� �a�n�d� �b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t� 

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

�l�o�w� �d�e�n�s�i�t�y� �g�r�o�u�p�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �3�.�6� �t�h�r�o�u�g�h� �3�.�1�0�.� �T�h�e� 
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�f�o�l�l�o�w�i�n�g� �t�e�x�t� �i�s� �a� �s�u�m�m�a�r�y� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �o�n� �t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� 
�f�o�r� �e�a�c�h� �s�e�l�e�c�t�e�d� �v�a�r�i�a�b�l�e�.� 

�T�a�b�l�e� �3�.�7�.� �V�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �b�y� �s�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �t�o� 
�p�r�e�d�i�c�t� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y� �g�r�o�u�p� �f�r�o�m� �1�4� �S�t�u�d�y� �A� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s�.� �A�S�C�C� �=� 
�a�v�e�r�a�g�e� �s�q�u�a�r�e�d� �c�a�n�o�n�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n�.� 

� � 

�V�a�r�i�a�b�l�e�s� �F� �S�t�a�t�i�s�t�i�c� �|� �A�S�C�C� �p�>�F� 
� � 

�a�l�l� �t�r�a�n�s�e�c�t�s�,� �n� �=� �6�6� 

�P�B�R� �(�p�e�r�c�e�n�t� �b�e�d�r�o�c�k�)� �1�0�.�4� �0�.�1�8� �0�:�0�0�2� 

�d�5�0� �(�m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e�)� �4�.�8� �0�.�2�6� �0�.�0�3� 

�M�D�E�P� �(�m�e�a�n� �d�e�p�t�h�)� �2�.�7� �0�.�3�0� �0�.�1�1� 

�u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�,� �n� �=� �4�3� 

�P�B�R� �(�P�e�r�c�e�n�t� �B�e�d�r�o�c�k�)� �2�0�.�6� �0�.�3�3� �0�.�0�0�0�1� 

�d�8�4� �4�.�3� �0�.�4�0� �0�.�0� 

�M�D�E�P� �(�m�e�a�n� �d�e�p�t�h�)� �4�.�9� �0�.�4�7� �0�.�0�3� 

�D�I�R�2� �(�d�i�r�e�c�t�i�o�n� �o�f� �f�l�o�w�)� �3�.�0� �0�.�5�2� �0�.�0�5� 

�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�,� �n� �=� �2�3� 

�P�R�O�X� �(�p�r�o�x�i�m�i�t�y� �t�o� �1�5�.�3� �0�.�4�2� �0�.�0�0�0�8� 
�f�l�o�o�d�p�l�a�i�n�)� 

�P�B�R� �(�p�e�r�c�e�n�t� �b�e�d�r�o�c�k� �)� �1�0�.�0� �0�.�6�1� �0�.�0�0�4�9� 
� � 
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�P�e�r�c�e�n�t� �b�e�d�r�o�c�k� 

�P�e�r�c�e�n�t� �b�e�d�r�o�c�k� �w�a�s� �t�h�e� �o�n�l�y� �v�a�r�i�a�b�l�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�r� �a�l�l�,� 

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

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �0�-�1�0� �p�e�r�c�e�n�t� �b�e�d�r�o�c�k� �c�l�a�s�s� �f�o�r� �a�l�l� 

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

�t�r�a�n�s�e�c�t�s� �(�F�i�g�u�r�e� �3�.�6�.�C�)�.� �H�o�w�e�v�e�r� �o�n�l�y� �t�h�r�e�e� �b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�,� �a�l�l� �o�f� 

�w�h�i�c�h� �w�e�r�e� �l�o�w� �d�e�n�s�i�t�y�,� �o�c�c�u�r�r�e�d� �o�u�t�s�i�d�e� �t�h�e� �0�-�1�0�%� �c�l�a�s�s�.� �I�n� �t�h�e� 

�u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �(�F�i�g�u�r�e� �3�.�6�.�B�)� �t�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� 

�t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �0�-�1�0�%� �c�l�a�s�s�.� �T�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �l�o�w� 

�d�e�n�s�i�t�y� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�,� �h�o�w�e�v�e�r�,� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �9�1�-�1�0�0�%� �c�l�a�s�s�,� �w�i�t�h� 

�o�n�l�y� �o�n�e� �t�r�a�n�s�e�c�t� �i�n� �t�h�e� �0�-�1�0�%� �c�l�a�s�s�.� 
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�S�e� 
�o� �7� 
�>� �6� �B�R�A�I�D�E�D� 
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�T�h�i� �o�o�g� � � 
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�0�-�1�0� �1�1�-�2�0� �3�0� �4�0� �5�0� �6�0� �7�0� �8�0� �9�0� �1�0�0� 

�p�e�r�c�e�n�t� �b�e�d�r�o�c�k� 

�F�i�g�u�r�e� �3�.�6�.� �P�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�P�B�R�)� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �h�i�g�h� �a�n�d� 
�l�o�w� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s�.� �A�.� �A�l�l� �t�r�a�n�s�e�c�t�s�.� �B�.� �U�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�.� 
�C�.� �B�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�.� �P�o�i�n�t� �b�a�r� �t�r�a�n�s�e�c�t�s� �a�r�e� �n�o�t� �i�n�c�l�u�d�e�d�.� 
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�P�a�r�t�i�c�l�e� �s�i�z�e� 

�F�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e� �(�d�5�0�)�,� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� 

�f�o�r� �a�l�l� �t�r�a�n�s�e�c�t�s� �c�o�m�b�i�n�e�d�,� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�7�.�A�.� �T�h�e� �h�i�g�h� �d�e�n�s�i�t�y� 

�t�r�a�n�s�e�c�t� �g�r�o�u�p� �e�x�h�i�b�i�t�e�d� �a� �u�n�i�m�o�d�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�,� �w�i�t�h� �m�o�s�t� �d�5�0� �v�a�l�u�e�s� 

�o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �6�1�-�8�0� �m�m� �s�i�z�e� �c�l�a�s�s�.� �N�o� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t� �d�5�0� �v�a�l�u�e� 

�e�x�c�e�e�d�e�d� �1�2�0� �m�m�.� �T�h�e� �l�o�w� �d�e�n�s�i�t�y� �g�r�o�u�p� �e�x�h�i�b�i�t�e�d� �a� �b�i�m�o�d�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�,� 

�w�i�t�h� �f�r�e�q�u�e�n�c�y� �p�e�a�k�s�.� �o�c�c�u�r�r�i�n�g� �i�n�.� �t�h�e� �4�1�-�6�0� �m�m� �a�n�d� �1�2�1�-�1�4�0� �m�m� �s�i�z�e� 

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

�t�h�e� �h�i�g�h� �d�e�n�s�i�t�y� �g�r�o�u�p�.� �T�h�e� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e� �v�a�r�i�a�b�l�e� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� 

�S�D�A� �f�o�r� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �(�F�i�g�u�r�e� �3�.�7�.�B�)�.� �T�h�e� �f�r�e�q�u�e�n�c�y� �p�e�a�k� �o�f� �t�h�e� 

�u�n�i�m�o�d�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �h�i�g�h� �d�e�n�s�i�t�y� �g�r�o�u�p� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �1�0�1�-�1�5�0� �m�m� �s�i�z�e� 

�c�l�a�s�s�.� �T�h�e� �d�8�4� �v�a�l�u�e�s� �o�f� �t�h�e� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t� �g�r�o�u�p� �e�x�h�i�b�i�t�e�d� �a� 

�g�r�e�a�t�e�r� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �w�i�t�h� �a� �f�r�e�q�u�e�n�c�y� �p�e�a�k� �i�n� �t�h�e� �2�5�1�-�3�0�0� �m�m� �s�i�z�e� 

�c�l�a�s�s�.� �N�e�i�t�h�e�r� �p�a�r�t�i�c�l�e� �s�i�z�e� �v�a�r�i�a�b�l�e� �(�d�5�0� �o�r� �d�8�4�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� 

�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t� �a�n�a�l�y�s�e�s�.� 

�M�e�a�n� �d�e�p�t�h� 

�M�e�a�n� �d�e�p�t�h� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�r� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �a�n�d� �a�l�l� �t�r�a�n�s�e�c�t�s� 

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

�d�i�s�t�r�i�b�u�t�i�o�n� �w�i�t�h� �t�h�e� �p�e�a�k� �f�r�e�q�u�e�n�c�y� �i�n� �t�h�e� �0�.�2�1�-�0�.�3�0� �m�e�t�e�r� �d�e�p�t�h� �c�l�a�s�s� 

�(�F�i�g�u�r�e� �3�.�8�.�A� �a�n�d� �B�)�.� �T�h�e� �p�e�a�k� �f�r�e�q�u�e�n�c�y� �f�o�r� �l�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �w�a�s� 

�a�l�s�o� �i�n� �t�h�e� �0�.�2�1�-�0�.�3�0� �m�e�t�e�r� �d�e�p�t�h� �c�l�a�s�s�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �w�e�r�e� �n�o� �l�o�w� 

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

�o�c�c�u�r�r�e�d� �a�t� �m�e�a�n� �d�e�p�t�h�s� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�6�0� �m�e�t�e�r�s�.� �T�h�e�r�e� �w�a�s� �n�o� �c�l�e�a�r� �p�e�a�k� 

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

�P�r�o�x�i�m�i�t�y� �t�o� �f�l�o�o�d�p�l�a�i�n� �(�P�R�O�X�)� �w�a�s� �a� �v�a�r�i�a�b�l�e� �u�s�e�d� �o�n�l�y� �a�m�o�n�g� �b�r�a�i�d�e�d� 

�t�r�a�n�s�e�c�t�s� �a�n�d� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �a�s� �a�n� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �a�m�o�n�g� �b�r�a�i�d�e�d� 

�t�r�a�n�s�e�c�t�s� �(�r�e�f�e�r� �t�o� �F�i�g�u�r�e� �3�.�4�,� �p�a�g�e� �5�0�)�.� �H�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� 

�o�n�l�y� �i�n� �P�R�O�X� �c�l�a�s�s�e�s� �1� �a�n�d� �2�,� �w�i�t�h� �t�h�e� �g�r�e�a�t�e�s�t� �f�r�e�q�u�e�n�c�y� �i�n� �P�R�O�X� �c�l�a�s�s� �1� 

�(�F�i�g�u�r�e� �3�.�9�)�.� �L�o�w� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� �i�n� �a�l�l� �P�R�O�X� �c�l�a�s�s�e�s�,� �w�i�t�h� 

�t�h�e� �p�e�a�k� �f�r�e�q�u�e�n�c�y� �f�o�u�n�d� �i�n� �P�R�O�X� �c�l�a�s�s� �2�.� �H�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� 

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

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

�D�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m�f�l�o�w� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �o�n�l�y� �i�n� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� 

�(�F�i�g�u�r�e� �3�.�1�0�)�.� �T�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �h�i�g�h� �d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� 

�i�n� �a�z�i�m�u�t�h� �u�n�i�t� �6� �(�S�o�u�t�h� �f�l�o�w�i�n�g�)�,� �w�h�i�l�e� �t�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �l�o�w� 

�d�e�n�s�i�t�y� �t�r�a�n�s�e�c�t�s� �o�c�c�u�r�r�e�d� �i�n� �a�z�i�m�u�t�h� �u�n�i�t� �2� �(�N�o�r�t�h� �f�l�o�w�i�n�g�)�.� �H�o�w�e�v�e�r�,� 

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

�a�z�i�m�u�t�h� �u�n�i�t�s� �4� �(�W�e�s�t�)� �a�n�d� �6� �(�S�o�u�t�h�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �t�r�a�n�s�e�c�t�s� �i�n� �a�z�i�m�u�t�h� 

�u�n�i�t�s� �1� �(�N�o�r�t�h�e�a�s�t�)�,� �7� �(�S�o�u�t�h�e�a�s�t�)�,� �o�r� �8� �(�E�a�s�t�)� �a�s� �t�h�e� �r�i�v�e�r� �d�i�d� �n�o�t� �f�l�o�w� 

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

�U�n�b�r�a�i�d�e�d� �r�e�a�c�h�e�s� 

�T�h�e� �f�o�u�r� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� �u�n�b�r�a�i�d�e�d� �r�e�a�c�h�e�s� �w�e�r�e� 

�p�e�r�c�e�n�t� �b�e�d�r�o�c�k�,� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�,� �m�e�a�n� �d�e�p�t�h�,� �a�n�d� �d�i�r�e�c�t�i�o�n� �o�f� �f�l�o�w�.� 

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

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

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

�S�t�a�n�f�o�r�d� �a�n�d�.�G�a�u�f�i�n� �(�1�9�7�4�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �r�i�v�e�r�s� �w�i�t�h� �a� �d�e�e�p� �h�y�p�o�r�h�e�o�s� �o�f� 

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

�d�i�s�c�h�a�r�g�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �R�e�s�h� �e�t� �a�l�.� �(�1�9�8�8�)�,� �s�t�r�e�a�m�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�s�p�a�r�s�e� �b�e�d�l�o�a�d� �(�h�i�g�h� �P�B�R�)� �a�r�e� �d�i�s�t�u�r�b�e�d� �m�o�r�e� �b�y� �h�i�g�h� �d�i�s�c�h�a�r�g�e�.� �I� �a�m� 

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

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

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

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

�b�e�d�r�o�c�k�-�d�o�m�i�n�a�t�e�d� �s�t�r�e�a�m�s�.� 

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

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

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

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

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

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

�S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y� �(�1�9�9�3�)� �s�u�g�g�e�s�t� �t�h�a�t� �i�n� �r�o�c�k�y� �r�i�v�e�r�s�,� �m�u�s�s�e�l�s� �m�a�y� �b�e� 

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

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

�1�9�9�0�;� �S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y�,� �1�9�9�3�;� �D�i� �M�a�i�o� �a�n�d� �C�o�r�k�u�m�,� �1�9�9�5�;� �L�a�y�z�e�r� �a�n�d� 

�M�a�d�i�s�o�n�,� �1�9�9�5�)�.� �S�t�r�a�y�e�r� �e�t� �a�l�.� �(�1�9�9�4�)� �d�o�u�b�t�e�d� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� �f�o�c�u�s�i�n�g� 

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

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

�i�m�p�o�r�t�a�n�t� �r�e�s�p�e�c�t�s�.� �W�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �L�a�y�z�e�r� �a�n�d� �M�a�d�i�s�o�n� �(�1�9�9�5�)�,� 

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

�1�6� �m�m� �i�n� �d�i�a�m�e�t�e�r�,� �c�o�m�p�a�r�e�d� �t�o� �m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e�s� �o�f� �8�1� �m�m� �(�h�i�g�h� 

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

�o�f� �t�h�i�s� �s�t�u�d�y�.� �L�a�y�z�e�r� �a�n�d� �M�a�d�i�s�o�n� �(�1�9�9�5�)� �i�d�e�n�t�i�f�i�e�d� �a� �b�r�o�a�d� �r�a�n�g�e� �o�f� 

�p�a�r�t�i�c�l�e� �s�i�z�e�s� �(�s�i�l�t� �t�o� �b�o�u�l�d�e�r�s�)� �i�n� �H�o�r�s�e� �L�i�c�k� �C�r�e�e�k�,� �K�e�n�t�u�c�k�y�,� �b�u�t� �u�s�e�d� 

�a� �v�i�s�u�a�l� �t�e�c�h�n�i�q�u�e�,� �r�a�t�h�e�r� �t�h�a�n� �s�i�e�v�e� �a�n�a�l�y�s�e�s�,� �t�o� �c�l�a�s�s�i�f�y� �s�u�b�s�t�r�a�t�a�.� 

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

�s�a�m�p�l�e� �s�e�d�i�m�e�n�t� �p�a�r�t�i�c�l�e�s�.� �M�o�s�t� �r�e�s�e�a�r�c�h�e�r�s� �(�H�o�l�l�a�n�d�-�B�a�r�t�e�l�s�,� �1�9�9�0�;� 

�S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y�,� �1�9�9�3�;� �S�t�r�a�y�e�r� �e�t� �a�l�.�,� �1�9�9�4�;� �D�i� �M�a�i�o� �a�n�d� �C�o�r�k�u�m�,� �1�9�9�5�)� 

�c�o�l�l�e�c�t�e�d� �v�o�l�u�m�e�t�r�i�c� �s�a�m�p�l�e�s� �v�i�a� �c�o�r�e�s� �o�r� �P�O�N�A�R� �g�r�a�b� �s�a�m�p�l�e�s�,� �f�o�l�l�o�w�e�d� �b�y� 

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

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

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

�1�9�5�4�;� �K�e�l�l�e�r�h�a�l�s� �a�n�d� �B�r�a�y�,� �1�9�7�1�;� �H�e�y� �a�n�d� �T�h�o�r�n�e�,� �1�9�8�3�)�.� �T�h�e� �s�t�r�e�a�m�b�e�d� 

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

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

�u�n�d�e�r�l�y�i�n�g� �s�e�d�i�m�e�n�t�s� �(�W�o�l�m�a�n�,� �1�9�5�4�;� �K�e�l�l�e�r�h�a�l�s� �a�n�d� �B�r�a�y�,� �1�9�7�1�;� �P�a�r�k�e�r� �,� 

�1�9�8�0�;� �D�i�p�l�a�s� �a�n�d� �P�a�r�k�e�r�,� �1�9�8�5�;� �D�i�p�l�a�s� �a�n�d� �S�u�t�h�e�r�l�a�n�d�,� �1�9�8�8�)�.� 
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�T�r�a�n�s�e�c�t�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �l�o�w� �m�e�a�n� �a�n�d� �m�a�x�i�m�u�m� �d�e�p�t�h�,� �l�o�w� �d�e�p�t�h� 

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

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

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

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

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

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

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

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

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

�1�9�8�8�)�.� �G�i�v�e�n� �t�h�e� �e�x�t�r�e�m�e� �l�o�n�g�e�v�i�t�y� �o�f� �m�o�s�t� �m�u�s�s�e�l� �s�p�e�c�i�e�s�,� �s�u�b�s�t�r�a�t�u�m� �|� 

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

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

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

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

� � 

�t�m� �s�e� �w�e�e�s� 

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

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

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

�L�R�1� �a�n�d� �C�R�3� �a�r�e� �c�o�m�p�r�i�s�e�d� �o�f� �a� �N�o�r�t�h� �f�l�o�w�i�n�g� �r�e�a�c�h�,� �a� �t�i�g�h�t� �b�e�n�d�,� �a�n�d�a� 

�S�o�u�t�h� �f�l�o�w�i�n�g� �r�e�a�c�h� �(�F�i�g�u�r�e� �3�.�1�)�.� �T�h�e� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �i�n� �S�o�u�t�h� �f�l�o�w�i�n�g� 

�r�e�a�c�h�e�s� �i�s� �m�u�c�h� �g�r�e�a�t�e�r� �t�h�a�n� �i�n� �N�o�r�t�h� �f�l�o�w�i�n�g� �r�e�a�c�h�e�s� �i�n� �b�o�t�h� �L�R�1� �a�n�d� �C�R�3�.� 

�M�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �i�n� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� �f�l�o�w�i�n�g� �r�e�a�c�h�e�s� �a�t� �L�R�1� �i�s� �6�.�3�3� �a�n�d� 

�1�2�.�8�7� �m�u�s�s�e�l�s�/�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �m�e�a�n� �m�u�s�s�e�l� �d�e�n�s�i�t�y� �i�n� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� 

�f�l�o�w�i�n�g� �r�e�a�c�h�e�s� �a�t� �C�R�3� �i�s� �2�.�0�7� �a�n�d� �5�.�8�3� �m�u�s�s�e�l�s�/�m ��,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

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

�m�e�a�n� �o�f� �g�e�o�l�o�g�i�c� �s�t�r�i�k�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�a�s� �N�7�5�°�E�.� �D�i�p� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�°� 

�i�n� �t�h�e� �S�E� �d�i�r�e�c�t�i�o�n� �(�p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e�)�.� �T�h�e�r�e�f�o�r�e�,� 

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

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

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

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

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

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

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

�V�a�n�n�o�t�e� �a�n�d� �M�i�n�s�h�a�l�l� �(�1�9�8�2�)� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �l�a�r�g�e� �b�o�u�l�d�e�r�s� �p�r�o�t�e�c�t� �a�r�e�a�s� 

�o�f� �m�u�s�s�e�l� �h�a�b�i�t�a�t� �f�r�o�m� �b�e�d� �s�c�o�u�r� �i�n� �t�h�e� �S�n�a�k�e� �R�i�v�e�r�.� �O�r�i�e�n�t�a�t�i�o�n� �o�f� 

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

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

�i�n� �C�h�a�p�t�e�r� �4�.� 
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�B�r�a�i�d�e�d� �r�e�a�c�h�e�s� 

�M�o�s�t� �o�f� �t�h�e� �b�e�s�t� �m�u�s�s�e�l� �s�i�t�e�s� �s�a�m�p�l�e�d� �d�u�r�i�n�g� �t�h�e� �T�V�A� �s�u�r�v�e�y� �(�T�V�A� �1�9�8�6�a�)� 

�o�c�c�u�r� �i�n� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s�.� �H�o�l�l�a�n�d�-�B�a�r�t�e�l�s� �(�1�9�9�0�)� �a�l�s�o� �d�o�c�u�m�e�n�t�e�d� �h�i�g�h� 

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

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

�i�t� �i�s� �c�o�m�p�e�t�e�n�t� �t�o� �r�e�m�o�v�e� �(�L�e�o�p�o�l�d� �a�n�d� �W�o�l�m�a�n� �1�9�5�7�,� �R�e�s�h� �e�t� �a�l�.� �1�9�8�8�)�.� 

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

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

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

�I�n� �t�h�e� �b�r�a�i�d�e�d� �r�e�a�c�h�e�s�,� �a�l�l� �t�r�a�n�s�e�c�t�s� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �s�h�a�l�l�o�w� �w�i�t�h� �l�o�w� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�K�n�i�g�h�t�o�n� �(�1�9�8�4�)� �h�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�l�a�r�g�e� �b�e�d� �l�o�a�d�s� �(�a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �l�o�w� �b�e�d�r�o�c�k�)�,� �e�r�o�d�i�b�l�e� �b�a�n�k�s�,� �h�i�g�h�l�y� 

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

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

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

�f�l�o�o�d�p�l�a�i�n�.� �A�c�c�o�r�d�i�n�g� �t�o� �K�n�i�g�h�t�o�n� �(�1�9�8�4�)�,� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s� �a�r�e� �u�s�u�a�l�l�y� 

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

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

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

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

�c�h�a�n�n�e�l�s� �a�t� �C�R�4� �a�n�d� �C�R�5� �a�r�e� �m�o�r�e� �f�i�x�e�d� �i�n� �p�o�s�i�t�i�o�n�,� �d�u�e� �t�o� �t�h�e� �s�t�e�e�p� 

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

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

�d�e�n�s�i�t�i�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �c�o�n�t�a�i�n�i�n�g� �c�h�a�n�n�e�l�s� �a�t� �C�R�4� �a�n�d� �C�R�5�.� �T�h�e�s�e� 

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

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

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

�C�o�n�c�l�u�s�i�o�n�s� 

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

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

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

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

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

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

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

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

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

�a�r�e�a�s�.� 

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

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

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

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

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

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

�c�h�a�n�n�e�l�s� �c�a�r�r�y�i�n�g� �e�q�u�i�v�a�l�e�n�t� �d�i�s�c�h�a�r�g�e� �v�o�l�u�m�e�s�.� 
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�C�H�A�P�T�E�R� �4�.� �H�A�B�I�T�A�T� �A�N�A�L�Y�S�E�S� �U�S�I�N�G� �S�I�T�E�S� �F�R�O�M� �T�H�E� �1�9�8�6� �T�V�A� �M�U�S�S�E�L� �S�U�R�V�E�Y� �O�F� 

�T�H�E� �C�L�I�N�C�H� �R�I�V�E�R� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�I�n� �C�h�a�p�t�e�r� �3� �a� �n�u�m�b�e�r� �o�f� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� 

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

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

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

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

�i�n� �C�h�a�p�t�e�r� �3�.� 

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

�c�o�m�p�i�l�e�d� �b�y� �S�t�e�v�e� �A�h�l�s�t�e�d�t� �a�n�d� �o�t�h�e�r� �T�V�A� �b�i�o�l�o�g�i�s�t�s� �b�e�t�w�e�e�n� �1�9�7�9� �a�n�d� �1�9�8�4� 

�(�T�V�A� �1�9�8�6�a�)�.� �P�r�i�o�r� �t�o� �q�u�a�l�i�t�a�t�i�v�e� �s�a�m�p�l�i�n�g�,� �t�h�e� �e�n�t�i�r�e� �f�r�e�e�-�f�l�o�w�i�n�g� 

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

�e�x�p�e�r�i�e�n�c�e�d� �T�V�A� �m�u�s�s�e�l� �b�i�o�l�o�g�i�s�t�s�.� �V�i�r�t�u�a�l�l�y� �e�v�e�r�y� �s�i�t�e� �s�e�e�m�i�n�g�l�y� 

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

�U�S�G�S�,� �p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�)�.� �E�a�c�h� �s�a�m�p�l�i�n�g� �c�r�e�w� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �t�o� 

�f�i�v�e� �d�i�v�e�r�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �S�C�U�B�A� �g�e�a�r� �a�n�d�/�o�r� �s�n�o�r�k�e�l�s�.� �S�a�m�p�l�i�n�g� �t�i�m�e� �a�t� 

�e�a�c�h� �s�i�t�e� �a�v�e�r�a�g�e�d� �b�e�t�w�e�e�n� �o�n�e� �a�n�d� �t�w�o� �h�o�u�r�s� �(�T�V�A� �1�9�8�6�a�)�.� �T�h�e� �s�u�r�v�e�y� 

�i�n�c�l�u�d�e�d� �q�u�a�l�i�t�a�t�i�v�e� �s�a�m�p�l�i�n�g� �d�a�t�a� �f�r�o�m� �1�4�1� �s�i�t�e�s� �o�n� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r� 

�u�p�s�t�r�e�a�m� �o�f� �N�o�r�r�i�s� �R�e�s�e�r�v�o�i�r� �(�C�R�K� �2�4�1�.�0�)�,� �a�n�d� �i�s� �c�e�r�t�a�i�n�l�y� �t�h�e� �m�o�s�t� 

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

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

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

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �C�h�a�p�t�e�r� �3� �s�t�u�d�y�,� �i�n� �w�h�i�c�h� �e�x�c�a�v�a�t�e�d� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� 
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�w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�n�-�s�t�r�e�a�m� �m�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �(�m�u�s�s�e�l�s�/�m�)�.� �I�n� �t�h�e� 

�S�e�c�t�i�o�n� �1� �s�t�u�d�y� �o�f� �t�h�i�s� �c�h�a�p�t�e�r�,� �o�n�-�s�i�t�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�t� �2�0� �h�i�g�h� �q�u�a�l�i�t�y� 

�a�n�d� �2�3� �l�o�w� �q�u�a�l�i�t�y� �T�V�A� �s�i�t�e�s� �w�e�r�e� �c�o�m�p�a�r�e�d�.� �I�n� �t�h�e� �S�e�c�t�i�o�n� �2� �s�t�u�d�y�,� 

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

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

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

�a�n�d� �l�o�w� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �s�i�t�e�s�.� 

�S�t�u�d�y� �S�i�t�e� �S�e�l�e�c�t�i�o�n� 

�S�t�u�d�y� �s�i�t�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �f�r�e�e�-�f�l�o�w�i�n�g� �C�l�i�n�c�h� �R�i�v�e�r� �b�e�t�w�e�e�n� �C�R�K� 

�2�7�4�.�0� �n�e�a�r� �S�w�a�n� �I�s�l�a�n�d� �i�n� �H�a�n�c�o�c�k� �C�o�u�n�t�y�,� �T�e�n�n�e�s�s�e�e� �a�n�d� �C�R�K� �4�7�3�.�0� �n�e�a�r� �t�h�e� 

�c�o�n�f�l�u�e�n�c�e� �o�f� �L�e�w�i�s� �C�r�e�e�k� �i�n� �R�u�s�s�e�l�]� �C�o�u�n�t�y�,� �V�i�r�g�i�n�i�a� �(�F�i�g�u�r�e�s� �4�.�1� �a�n�d� 

�4�.�2�)�.� �T�w�e�n�t�y� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �2�1� �b�e�s�t� �(�s�i�t�e�s� 

�w�i�t�h� �t�h�e� �g�r�e�a�t�e�s�t� �n�u�m�b�e�r�s� �o�f� �m�u�s�s�e�l�s� �r�e�p�o�r�t�e�d�)� �T�V�A� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�1�)�.� �O�n�e� 

�h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�,� �f�r�o�m� �w�h�i�c�h� �9�4�4� �m�u�s�s�e�l�s� �w�e�r�e� �r�e�p�o�r�t�e�d�,� �w�a�s� �e�x�c�l�u�d�e�d� �d�u�e� 

�t�o� �a�c�c�e�s�s�i�b�i�l�i�t�y� �p�r�o�b�l�e�m�s�.� �A�t� �l�e�a�s�t� �1�3�0� �m�u�s�s�e�l�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �f�r�o�m� �e�a�c�h� 

�s�i�t�e� �i�n� �t�h�e� �h�i�g�h� �q�u�a�l�i�t�y� �g�r�o�u�p�.� 

�P�r�e�c�a�u�t�i�o�n�s� �w�e�r�e� �t�a�k�e�n� �t�o� �i�n�c�l�u�d�e� �o�n�l�y� �r�e�l�a�t�i�v�e�l�y� �u�n�d�i�s�t�u�r�b�e�d� �s�i�t�e�s� �i�n� 

�t�h�e� �l�o�w� �q�u�a�l�i�t�y� �g�r�o�u�p�.� �A�s� �i�n� �t�h�e� �p�r�e�c�e�d�i�n�g� �h�a�b�i�t�a�t� �s�t�u�d�y� �(�C�h�a�p�t�e�r� �3�)�,� 

�s�i�t�e�s� �w�i�t�h�i�n� �r�e�a�c�h�e�s� �o�f� �d�o�c�u�m�e�n�t�e�d� �a�n�t�h�r�o�p�o�g�e�n�i�c� �d�i�s�t�u�r�b�a�n�c�e� �(�C�R�K� 

�4�8�2�.�0�-�5�1�5�.�0� �a�n�d� �C�R�K� �4�0�7�.�0�-�4�3�1�.�0�)� �w�e�r�e� �e�x�c�l�u�d�e�d�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �o�n�l�y� �l�o�w� 

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

�w�e�r�e� �s�e�l�e�c�t�e�d�,� �i�n� �o�r�d�e�r� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �i�n�c�l�u�d�i�n�g� �s�i�t�e�s� 

�i�m�p�a�c�t�e�d� �b�y� �u�n�d�o�c�u�m�e�n�t�e�d� �p�o�i�n�t� �a�n�d� �n�o�n�-�p�o�i�n�t� �s�o�u�r�c�e� �p�o�l�l�u�t�i�o�n�.� �L�e�s�s� �t�h�a�n� 
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�T�a�b�l�e� �4�.�1�.� �H�i�g�h� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �s�i�t�e�s� �s�e�l�e�c�t�e�d� �f�r�o�m� �T�V�A� �s�u�r�v�e�y� �(�T�V�A� �1�9�8�6�)�.� 

� � 

� � 

�T�V�A� �S�i�t�e� �C�R�K� �M�u�s�s�e�l�s� �S�i�t�e� 
�N�u�m�b�e�r �� �L�o�c�a�t�i�o�n� �R�e�p�o�r�t�e�d� �M�o�r�p�h�o� �l�o�g�y� 

�2�3� �2�8�7�.�5� �1�3�9� �b�r�a�i�d�e�d� 

�3�9� �3�0�1�.�0� �1�3�2� �b�r�a�i�d�e�d� 

�4�3� �3�0�4�.�6�:� �1�5�0� �u�n�b�r�a� �i�d�e�d� 

�6�8� �3�5�2�.�9� �1�3�2� �-� �~� �b�r�a�i�d�e�d� 

�6�9� �3�5�9�.�3� �3�6�5� �u�n�b�r�a�i�d�e�d� 

�7�0� �3�6�0�.�6� �1�5�5� �u�n�b�r�a�i�d�e�d� 

�7�3� �3�6�4�.�1�]� �1�1�8�2� �b�r�a�i�d�e�d� 

�7�4� �3�6�4�.�3� �5�0�5� �b�r�a�i�d�e�d� 

�7�5� �3�6�4�.�6� �6�0�0� �b�r�a�i�d�e�d� 

�7�7� �3�7�4�.�3� �2�2�0� �b�r�a�i�d�e�d� 

�7�9� �3�7�6�.�5� �4�8�2� �b�r�a�i�d�e�d� 

�8�0� �3�7�7�.�3� �5�3�9� �b�r�a�i�d�e�d� 

�8�2� �3�7�8�.�0� �5�0�9� �b�r�a�i�d�e�d� 

�8�4� �3�7�8�.�4� �1�4�5� �b�r�a�i�d�e�d� 

�8�5� �3�7�8�.�9� �2�2�7� �u�n�b�r�a� �i�d�e�d� 

�1�1�8� �4�3�5�.�7� �1�3�9� �b�r�a�i�d�e�d� 

�1�2�0� �4�3�6�.�0� �2�4�9� �b�r�a�i�d�e�d� 

�1�2�5� �4�4�7�.�3� �2�0�8� �b�r�a�i�d�e�d� 

�1�3�2� �4�7�0�.�3� �1�5�4� �u�n�b�r�a� �i�d�e�d� 

�1�3�3� �4�7�1�.�4� �1�3�6� �u�n�b�r�a� �i�d�e�d� 
� � 

�*� �S�i�t�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �T�V�A� �r�e�p�o�r�t� �e�n�t�i�t�l�e�d� �"�C�u�m�b�e�r�l�a�n�d�i�a�n� 
�M�u�s�s�e�l� �D�i�s�t�r�i�b�u�t�i�o�n� �S�u�r�v�e�y�s�"� �p�r�e�p�a�r�e�d� �C�o�n�s�e�r�v�a�t�i�o�n� �P�r�o�g�r�a�m�,� �A�c�t�i�v�i�t�y� �1�:� 

�b�y� �S�t�e�v�e�n� �A� �A�h�l�s�t�e�d�t� �J�a�n�u�a�r�y�,� �1�9�8�6�.� 
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�T�a�b�l�e� �4�.�2�.� �L�o�w� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �s�i�t�e�s� �s�e�l�e�c�t�e�d� �f�r�o�m� �T�V�A� �s�u�r�v�e�y� �(�T�V�A� �1�9�8�6�)�.� 

� � 

� � 

�T�V�A� �S�i�t�e� �C�R�K� �M�u�s�s�e�l�s� �S�i�t�e� 
�N�u�m�b�e�r �� �L�o�c�a�t�i�o�n� �R�e�p�o�r�t�e�d� �-�-� �|� �M�o�r�p�h�o� �l�o�g�y� 

�1�5� �2�7�4�.�3� �4� �u�n�b�r�a�i�d�e�d� �|� 
�4�0� �3�0�1�.�4� �1�7� �b�r�a�i�d�e�d� 

�4�9� �3�1�0�.�5� �3� �u�n�b�r�a� �i�d�e�d� 

�5�9� �3�3�7�.�9� �1�4� �u�n�b�r�a� �i�d�e�d� 

�6�3� �3�4�0�.�8� �4� �u�n�b�r�a�i�d�e�d� 

�6�5� �3�4�9�.�2� �9� �u�n�b�r�a� �i�d�e�d� 

�8�7� �3�8�1�.�3� �0� �u�n�b�r�a�i�d�e�d� 

�8�8� �3�8�1�.�7� �0� �u�n�b�r�a� �i�d�e�d� 

�8�9� �3�8�2�.�5� �0� �u�n�b�r�a�i�d�e�d� 

�9�0� �3�8�3�.�4� �0� �b�r�a�i�d�e�d� 

�9�6� �3�9�5�.�0� �]� �u�n�b�r�a� �i�d�e�d� 

�9�7� �3�9�7�.�3� �1�0� �u�n�b�r�a� �i�d�e�d� 

�9�8� �3�9�8�.�2� �1�0� �u�n�b�r�a�i�d�e�d� 

�1�0�0� �4�0�1�.�6� �]� �u�n�b�r�a� �i�d�e�d� 

�1�0�]� �4�0�1�.�8� �1�4� �u�n�b�r�a�i�d�e�d� 

�1�1�5� �4�3�3�.�5� �4� �u�n�b�r�a�i�d�e�d� 

�1�1�7� �4�3�4�.�8� �2� �u�n�b�r�a� �i�d�e�d� 

�1�2�2� �4�3�7�.�6� �1�6� �b�r�a�i�d�e�d� 

�1�2�9� �4�6�7�.�1� �4� �u�n�b�r�a� �i�d�e�d� 

�1�3�0� �4�6�7�.�9� �u�n�b�r�a�i�d�e�d� 

�1�3�1� �4�6�8�.�7� �3� �u�n�b�r�a�i�d�e�d� 

�1�3�4� �4�7�3�.�0� �1�2� �u�n�b�r�a�i�d�e�d� 
� � 

�*� �S�i�t�e�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �T�V�A� �r�e�p�o�r�t� �e�n�t�i�t�l�e�d� �"�C�u�m�b�e�r�l�a�n�d�i�a�n� 
�C�o�n�s�e�r�v�a�t�i�o�n� �P�r�o�g�r�a�m�,� �A�c�t�i�v�i�t�y� �1�:� �M�u�s�s�e�l� �D�i�s�t�r�i�b�u�t�i�o�n� �S�u�r�v�e�y�s�"� �p�r�e�p�a�r�e�d� 
�b�y� �S�t�e�v�e�n� �A� �A�h�l�s�t�e�d�t� �J�a�n�u�a�r�y�,� �1�9�8�6�.� 
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�1�8� �m�u�s�s�e�l�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �(�T�V�A� �1�9�8�6�)� �f�r�o�m� �e�a�c�h� �o�f� �t�h�e� �2�2� �s�i�t�e�s� �s�e�l�e�c�t�e�d� �a�s� 

�l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�2�)�.� 

�H�a�b�i�t�a�t� �M�e�a�s�u�r�e�m�e�n�t� �M�e�t�h�o�d�s� 

�T�h�e� �m�e�t�h�o�d�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�P�B�R�,� �d�5�0�,� �d�8�4�)� 

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �m�e�a�n� �d�e�p�t�h� �(�M�D�E�P�)�,� �b�e�d� �w�i�d�t�h� �(�B�W�I�D�)�,� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �a�r�e�a� 

�(�X�S�E�C�)�,� �m�a�x�i�m�u�m� �d�e�p�t�h� �(�D�M�A�X�)�,� �w�i�d�t�h� �t�o� �d�e�p�t�h� �r�a�t�i�o� �(�W�D�R�)�,� �d�e�p�t�h� 

�h�e�t�e�r�o�g�e�n�e�i�t�y� �(�D�H�)�,� �a�n�d� �b�a�n�k� �h�e�i�g�h�t� �(�B�H�T�)� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�t� �t�h�e� �s�t�r�e�a�m� 

�c�r�o�s�s�-�s�e�c�t�i�o�n� �l�e�v�e�l� �a�s� �i�n� �C�h�a�p�t�e�r� �3�.� �O�f� �t�h�e� �2�0� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s�,� �1�4� 

�o�c�c�u�r�r�e�d� �i�n� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s�.� �O�n�l�y� �t�h�r�e�e� �o�f� �t�h�e� �2�2� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s� 

�o�c�c�u�r�r�e�d� �i�n� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s�.� �P�r�o�x�i�m�i�t�y� �t�o� �f�l�o�o�d�p�l�a�i�n� �(�P�R�O�X�)� �w�a�s� �n�o�t� 

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

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

�I�n� �a�d�d�i�t�i�o�n� �t�o� �d�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m� �f�l�o�w� �(�D�I�R�)�,� �t�h�e� �m�a�c�r�o�-�s�c�a�l�e� �v�a�l�l�e�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �v�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h� �(�V�F�W�)� �a�n�d� �f�l�o�o�d� �p�l�a�i�n� �l�o�c�a�t�i�o�n� �(�F�P�L�)� 

�w�e�r�e� �m�e�a�s�u�r�e�d� �f�o�r� �e�a�c�h� �s�i�t�e�.� �V�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h� �(�V�F�W�)� �w�a�s� �t�h�e� �d�i�s�t�a�n�c�e� �i�n� 

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

�m�e�a�s�u�r�e�d� �o�n� �U�S�G�S� �7�.�5� �m�i�n�u�t�e� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s�.� �V�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h� �a�t� �e�a�c�h� 

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

�e�n�c�o�u�n�t�e�r�e�d� �o�n� �o�p�p�o�s�i�t�e� �s�i�d�e�s� �o�f� �t�h�e� �r�i�v�e�r� �f�o�r� �U�S�G�S� �m�a�p�s� �w�i�t�h� �1�2�.�2� �m� �(�4�0� 

�f�t�.�)� �c�o�n�t�o�u�r� �i�n�t�e�r�v�a�l�s� �(�C�o�e�b�u�r�n�,� �S�t�.� �P�a�u�l�,� �C�a�r�b�o�,� �L�e�b�a�n�o�n�,� �E�l�k� �G�a�r�d�e�n�,� 

�H�o�n�a�k�e�r� �a�n�d� �R�i�c�h�l�a�n�d�s�)�.� �T�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�e�c�o�n�d� �c�o�n�t�o�u�r� �l�i�n�e� 

�e�n�c�o�u�n�t�e�r�e�d� �o�n� �o�p�p�o�s�i�t�e� �s�i�d�e�s� �o�f� �t�h�e� �r�i�v�e�r� �w�a�s� �u�s�e�d� �f�o�r� �U�S�G�S� �m�a�p�s� �w�i�t�h� �6�.�1� 

�m� �(�2�0� �f�t�.�)� �c�o�n�t�o�u�r� �i�n�t�e�r�v�a�l�s� �(�S�n�e�e�d�v�i�l�l�e�,� �K�y�l�e�s� �F�o�r�d�,� �L�o�o�n�e�y�s� �G�a�p�,� �P�l�u�m� 
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�G�r�o�v�e�,� �D�u�f�f�i�e�l�d�,� �C�l�i�n�c�h�p�o�r�t�,� �G�a�t�e� �C�i�t�y�,� �F�o�r�t� �B�l�a�c�k�m�o�r�e� �a�n�d� �D�u�n�g�a�n�n�o�n�)�.� 

�F�l�o�o�d� �p�l�a�i�n� �l�o�c�a�t�i�o�n� �(�F�P�L�)� �r�e�f�e�r�s� �t�o� �w�h�i�c�h� �s�i�d�e� �o�f� �t�h�e� �r�i�v�e�r� �t�h�e� �f�l�o�o�d� 

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

�o�c�c�u�r�r�e�d� �t�o� �t�h�e� �r�i�g�h�t� �o�f� �t�h�e� �r�i�v�e�r� �w�e�r�e� �c�o�d�e�d� �a�s� �1�,� �2� �i�f� �t�h�e� �f�l�o�o�d� �p�l�a�i�n� 

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

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

�m�e�a�s�u�r�e�d� �w�h�e�r�e�v�e�r� �p�r�a�c�t�i�c�a�l�,� �a�s� �i�n� �C�h�a�p�t�e�r� �3�,� �b�u�t� �w�e�r�e� �n�o�t� �t�r�e�a�t�e�d� �a�s� 

�v�a�r�i�a�b�l�e�s�.� 

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

�W�i�l�c�o�x�o�n� �r�a�n�k�-�s�u�m� �t�e�s�t�s� 

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

�q�u�a�l�i�t�y� �g�r�o�u�p�s� �f�o�r� �a�l�l� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�3�)� �a�n�d� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�4�)� 

�w�e�r�e� �m�a�d�e� �u�s�i�n�g� �W�i�l�c�o�x�o�n� �t�w�o�-�s�a�m�p�l�e� �t�e�s�t�s� �(�P�R�O�C� �N�P�A�R�I�W�A�Y�,� �S�A�S�,� �1�9�8�5�)�.� 

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

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

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

�0�.�0�5�)� �b�e�t�w�e�e�n� �q�u�a�l�i�t�y� �g�r�o�u�p�s� �f�o�r� �a�l�l� �s�i�t�e�s� �c�o�m�b�i�n�e�d� �(�T�a�b�l�e� �4�.�3�)�,� �a�n�d� �f�o�r� 

�u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�4�)�.� �F�o�u�r� �o�f� �t�h�e� �s�e�v�e�n� �c�h�a�n�n�e�l� �c�r�o�s�s�-�s�e�c�t�i�o�n� 

�v�a�r�i�a�b�l�e�s� �(�M�D�E�P�,� �X�S�E�C�,� �D�M�A�X�,� �a�n�d� �D�H�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� 

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

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

�T�h�e� �s�t�r�e�a�m� �v�a�l�l�e�y� �v�a�r�i�a�b�l�e�s� �B�R�D� �a�n�d� �V�F�W� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 

�b�e�t�w�e�e�n� �q�u�a�l�i�t�y� �g�r�o�u�p�s� �f�o�r� �a�l�l� �s�i�t�e�s� �c�o�m�b�i�n�e�d�.� �O�f� �t�h�e� �s�t�r�e�a�m� �v�a�l�l�e�y� 
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�T�a�b�l�e� �4�.�3�.� �M�e�a�n� �v�a�l�u�e�s� �o�f� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �h�i�g�h� �a�n�d� �l�o�w� �q�u�a�l�i�t�y� 
�s�i�t�e� �g�r�o�u�p�s� �(�a�l�l� �s�i�t�e�s�,� �n� �=� �4�2� �s�i�t�e�s�)�.� 

� � 

� � 

�H�a�b�i�t�a�t� �H�i�g�h� �Q�u�a�l�i�t�y� �L�o�w� �Q�u�a�l�i�t�y� �W�i�l�c�o�x�o�n� 
�P�a�r�a�m�e�t�e�r� �S�i�t�e�s� �M�e�a�n� �(�S�E�)� �S�i�t�e�s� �M�e�a�n� �(�S�E�)� �S�i�g�n�.� �p�>�Z� 

�s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�P�B�R� �(�%�)� �4�.�0�0� �(�2�.�0�9�)� �4�1�.�8�2� �(�6�.�1�9�)� �0�.�0�0�0�1�"� 

�d�5�0� �(�m�m�)� �7�7�.�7�5� �(�4�.�1�3�)� �1�3�3�.�9�1� �(�1�2�.�5�9�)� �0�.�0�0�1�"� 

�d�8�4� �(�m�m�)� �1�1�9�.�1�5� �(�6�.�0�6�)� �2�2�1�.�1�8� �(�2�0�.�7�5�)� �0�.�0�0�0�2�"� 

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

�M�D�E�P� �(�m�)� �0�.�3�1�7� �(�0�.�0�1�2�)� �0�.�4�0�2� �(�0�.�0�2�0�)� �0�.�0�0�1�"� 

�B�W�I�D� �(�m�)� �4�0�.�2�3� �(�3�.�4�7�)� �4�3�.�0�2� �(�2�.�9�4�)� �0�.�8�9�0� 

�X�S�E�C� �(�m ��)� �1�3�.�0�7� �(�1�.�3�8�)� �1�7�.�2�0� �(�1�.�3�5�)� �0�.�0�4�3�"� 

�D�M�A�X� �(�m�)� �0�.�4�7�8� �(�0�.�0�2�7�)� �0�.�6�8�4� �(�0�.�0�4�7�)� �0�.�0�0�0�1�"� 

�W�D�R� �1�2�7�.�4�4� �(�1�0�.�1�6�)� �1�1�2�.�0�0� �(�9�.�0�5�)� �0�.�1�6�2� 

�D�H� �0�.�0�9�2� �(�0�.�0�1�0�)� �0�.�1�5�2� �(�0�.�0�1�4�)� �0�.�0�0�0�3�"� 

�B�H�T� �(�m�)� �1�.�4�8� �(�0�.�1�7�)� �1�.�3�9� �(�0�.�1�4�)� �0�.�6�4�1� 

�s�t�r�e�a�m� �v�a�l�l�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�D�I�R�1�'� �2�2�5�.�1�0� �(�1�2�.�5�7�)� �2�2�1�.�0�0� �(�1�8�.�8�7�)� �0�.�6�1�4� 

�D�I�R�2 �� �1�5�0�.�1�0� �(�1�2�.�5�7�)� �1�7�8�.�7�3� �(�1�4�.�0�6�)� �0�.�1�4�]� 

�V�F�W� �(�m�)� �3�9�5� �(�5�8�)� �1�8�4� �(�2�6�)� �0�.�0�0�4�"� 

�F�P�L� �1�.�6�8� �(�0�.�1�5�)� �1�.�6�0� �(�0�.�1�9�)� �0�.�6�6�1� 
� � 

�*� �d�e�n�o�t�e�s� �d�i�f�f�e�r�e�n�c�e�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l� �o�r� 
�g�r�e�a�t�e�r�.� 

�1� �m�e�a�s�u�r�e�d� �i�n� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s�.� 
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�T�a�b�l�e� �4�.�4�.� �M�e�a�n� �v�a�l�u�e�s� �o�f� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �h�i�g�h� �a�n�d� �l�o�w� �q�u�a�l�i�t�y� 
�s�i�t�e� �g�r�o�u�p�s� �f�o�r� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�n� �=� �2�5� �s�i�t�e�s�)�.� 

� � 

�H�a�b�i�t�a�t� �H�i�g�h� �Q�u�a�l�i�t�y� �L�o�w� �Q�u�a�l�i�t�y� �W�i�l�c�o�x�o�n� 
�P�a�r�a�m�e�t�e�r� �S�i�t�e�s� �M�e�a�n� �(�S�E�)� �S�i�t�e�s� �M�e�a�n� �(�S�E�)� �S�i�g�n�.� �p�>�Z� 

� � 

�s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�P�B�R� �(�%�)� �1�3�.�0�0� �(�5�.�6�8�)� �4�6�.�8�4� �(�6�.�4�1�)� �0�.�0�1�7�"� 
�d�5�0� �(�m�m�)� �8�9�.�1�7� �(�7�.�8�5�)� �1�3�7�.�6�8� �(�1�2�.�9�4�)� �0�.�0�4�2�"� 
�d�8�4� �(�m�m�)� �1�3�9�.�8�3� �(�9�.�9�4�)� �2�2�6�.�4�2� �(�2�0�.�2�6�)� �0�.�0�3�3�"� 

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

�M�D�E�P� �(�m�)� �0�.�3�4�4� �(�0�.�0�2�3�)� �0�.�4�0�5� �(�0�.�0�2�2�)� �0�.�1�4�3� 

�B�W�I�D� �(�m�)� �4�9�.�0�7� �(�4�.�6�6�)� �4�4�.�2�5� �(�3�.�1�5�)� �0�.�1�1�1� 

�X�S�E�C� �(�m ��)� �1�7�.�0�7� �(�2�.�2�0�)� �1�7�.�7�8� �(�1�.�4�5�)� �0�.�8�7�4� 

�D�M�A�X� �(�m�)� �0�.�5�8�0� �(�0�.�0�6�0�)� �0�.�7�0�3� �(�0�.�0�5�3�)� �0�.�2�3�9� 

�W�D�R� �1�4�4�.�4�8� �(�1�3�.�0�2�)� �1�1�4�.�6�1� �(�9�.�7�5�)� �0�.�0�9�2� 

�D�H� �0�.�1�2�4� �(�0�.�0�2�6�)� �0�.�1�5�8� �(�0�.�0�1�5�)� �0�.�2�1�5� 

�B�H�T� �(�m�)� �1�.�1�3� �(�0�.�1�6�)� �1�.�3�6� �(�0�.�1�6�)� �0�.�5�8�7� 

�s�t�r�e�a�m� �v�a�l�l�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�D�I�R�1� �1�7�6�.�1�7� �(�4�.�4�2�)� �2�1�2�.�3�2� �(�2�0�.�6�4�)� �0�.�0�8�0� 

�D�I�R�2 �� �1�0�1�.�1�7� �(�4�.�4�2�)� �1�7�5�.�2�1� �(�1�5�.�4�1�)� �0�.�0�0�9� 

�V�F�W� �(�m�)� �2�3�3� �(�8�6�)� �1�7�2� �(�2�4�)� �0�.�8�7�3� 

�F�P�L� �1�.�8�0� �(�0�.�3�7�)� �1�.�5�8� �(�0�.�1�9�)� �0�.�6�4�3� 
� � 

�*� �d�e�n�o�t�e�s� �d�i�f�f�e�r�e�n�c�e�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l�.� 
 �� �m�e�a�s�u�r�e�d� �i�n� �a�z�i�m�u�t�h� �d�e�g�r�e�e�s�.� 
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�v�a�r�i�a�b�l�e�s�,� �o�n�l�y� �D�I�R�2� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�e�n� �h�i�g�h� �a�n�d� �l�o�w� 

�q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s�.� 

�S�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �a�n�d� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �C�h�a�p�t�e�r� �3� �r�e�s�u�l�t�s� 

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

�1�4� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �P�B�R�,� �d�8�4�,� �D�I�R�2�,� �a�n�d� �V�F�W� �f�o�r� �a�l�l� �s�i�t�e�s� �c�o�m�b�i�n�e�d�,� 

�a�n�d� �P�B�R�,� �d�8�4�,� �d�5�0�,� �a�n�d� �D�I�R�2� �f�o�r� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�5�)�.� �I�n� �o�r�d�e�r� �t�o� 

�c�o�m�p�a�r�e� �t�h�e� �S�D�A� �r�e�s�u�l�t�s� �o�f� �C�h�a�p�t�e�r� �3� �w�i�t�h� �t�h�e� �S�D�A� �r�e�s�u�l�t�s� �o�f� �C�h�a�p�t�e�r� �4�,� 

�S�D�A� �w�a�s� �r�e�p�e�a�t�e�d� �f�o�r� �t�h�e� �C�h�a�p�t�e�r� �4� �s�t�u�d�y� �u�s�i�n�g� �o�n�l�y� �t�h�e� �1�2� �h�a�b�i�t�a�t� 

�v�a�r�i�a�b�l�e�s� �c�o�m�m�o�n� �t�o� �b�o�t�h� �s�t�u�d�i�e�s� �(�P�B�R�,� �d�5�0�,� �d�8�4�,� �M�D�E�P�,� �B�W�I�D�,� �X�S�E�C�,� �D�M�A�X�,� 

�W�O�R�,� �D�H�,� �B�H�T�,� �D�I�R�1�,� �a�n�d� �D�I�R�2�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �r�e�p�o�r�t�e�d� �a�s� �C�h�a�p�t�e�r� �4 �� 

�i�n� �T�a�b�l�e�s� �4�.�6� �a�n�d� �4�.�7�.� �T�h�e� �t�w�o� �m�a�c�r�o�h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s�,� �V�F�W� �a�n�d� �F�P�L�,� �w�e�r�e� 

�n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� �n�o�t� �m�e�a�s�u�r�e�d� �i�n� �C�h�a�p�t�e�r� �3�.� 

�V�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�r�o�m� �t�h�e� �1�2� �v�a�r�i�a�b�l�e�s� �c�o�m�m�o�n� �t�o� �C�h�a�p�t�e�r�s� �3� �a�n�d� 

�4� �w�e�r�e� �P�B�R�,� �d�8�4�,� �a�n�d� �D�I�R�,� �f�o�r� �a�l�l� �s�i�t�e�s� �c�o�m�b�i�n�e�d�,� �a�n�d� �P�B�R�,� �d�8�4�,� �d�5�0�,� �a�n�d� 

�D�I�R� �f�o�r� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�T�a�b�l�e� �4�.�6�)�.� 

�T�h�e� �v�a�r�i�a�b�l�e�s� �P�B�R�,� �d�5�0�,� �a�n�d� �M�D�E�P� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �a�s� �t�h�e� �v�a�r�i�a�b�l�e�s� 

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

�t�r�a�n�s�e�c�t�s� �i�n� �C�h�a�p�t�e�r� �3� �f�o�r� �a�l�l� �t�r�a�n�s�e�c�t�s� �c�o�m�b�i�n�e�d�.� �I�n� �t�h�e� �C�h�a�p�t�e�r� �4 �� 

�a�n�a�l�y�s�i�s�,� �P�B�R�,� �d�8�4�,� �a�n�d� �D�I�R� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�r� �a�l�l� �s�i�t�e�s�.� �T�h�e�r�e� �i�s� 

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

�p�a�r�t�i�c�l�e� �s�i�z�e� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� �b�o�t�h� �C�h�a�p�t�e�r� �3� �a�n�d� �C�h�a�p�t�e�r� �4 ��.� �W�h�e�n� 

�t�h�e� �l�a�n�d�s�c�a�p�e� �v�a�r�i�a�b�l�e�s� �B�R�D�,� �V�F�W�,� �a�n�d� �F�P�L� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �s�t�e�p�w�i�s�e� 

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

�t�h�e� �v�a�r�i�a�b�l�e� �V�F�W� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� �a�d�d�i�t�i�o�n� �t�o� �P�B�R�,� �d�8�4�,� �a�n�d� �D�I�R� 
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�(�T�a�b�l�e� �4�.�7�)�.� 

�I�n� �t�h�e� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �o�f� �t�h�e� �C�h�a�p�t�e�r� �3� �s�t�u�d�y�,� �P�B�R�,� �d�8�4�,� �M�D�E�P�,� �a�n�d� 

�D�I�R� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �a�s� �t�h�e� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �y�i�e�l�d�i�n�g� �t�h�e� �g�r�e�a�t�e�s�t� 

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

�C�h�a�p�t�e�r� �4 �� �a�n�a�l�y�s�i�s�,� �M�D�E�P� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �d�5�0�.� �T�h�e� �s�a�m�e� �v�a�r�i�a�b�l�e�s� �(�P�B�R�,� 

�d�8�4�,� �d�5�0�,� �a�n�d� �D�I�R�)� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�l�l�o�w�i�n�g� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �t�w�o� 

�l�a�n�d�s�c�a�p�e� �v�a�r�i�a�b�l�e�s� �V�F�W� �a�n�d� �F�P�L� �i�n� �t�h�e� �C�h�a�p�t�e�r� �4� �a�n�a�l�y�s�i�s� �(�T�a�b�l�e� �4�.�7�)�.� 

�T�a�b�l�e� �4�.�5�.� �V�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �b�y� �s�t�e�p�w�i�s�e� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �t�o� 
�p�r�e�d�i�c�t� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y� �g�r�o�u�p� �(�f�r�o�m� �a�l�l� �1�4� �C�h�a�p�t�e�r� �4� �v�a�r�i�a�b�l�e�s�)�.� �A�S�C�C� �=� 
�a�v�e�r�a�g�e� �s�q�u�a�r�e�d� �c�a�n�o�n�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n�.� 

� � 

�V�a�r�i�a�b�l�e�s� �F� �S�t�a�t�i�s�t�i�c� �A�S�C�C� �p�>�F� 
� � 

�a�l�l� �s�i�t�e�s�,� �n� �=� �4�2� 

�P�B�R� �(�p�e�r�c�e�n�t� �b�e�d�r�o�c�k�)� �2�5�.�0� �0�.�4�0� �0�.�0�0�0�1� 

�d�8�4� �(�8�4�%� �f�i�n�e�r� �2�1�.�8� �0�.�6�3� �0�.�0�0�0�1� 
�p�a�r�t�i�c�l�e� �s�i�z�e�)� 

�D�I�R�2� �(�f�l�o�w� �d�i�r�e�c�t�i�o�n�)� �3�.�0� �0�.�6�6� �0�.�0�9� 

�V�F�W� �(�v�a�l�l�e�y� �f�l�o�o�r� �4�.�1� �0�.�6�9� �0�.�0�5� 
�w�i�d�t�h�)� 

�u�n�b�r�a�i�d�e�d� �s�i�t�e�s�,� �n�=� �2�5� 

�P�B�R� �(�P�e�r�c�e�n�t� �B�e�d�r�o�c�k�)� �8�.�1� �0�.�2�6� �0�.�0�0�9�5� 

�d�8�4� �(�8�4�%� �f�i�n�e�r� �p�a�r�t�i�c�l�e� �1�0�.�6� �0�.�5�0� �0�.�0�0�4� 
�s�i�z�e�)� 

�d�5�0� �(�m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �2�.�3� �0�.�5�5� �0�.�1�5� 
�s�i�z�e�)� 

�D�I�R�2� �(�f�l�o�w� �d�i�r�e�c�t�i�o�n�)� �3�.�6� �0�.�6�2� �0�.�0�7� 
� � 
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�T�a�b�l�e� �4�.�6�.� �C�h�a�p�t�e�r� �4 �� �S�t�u�d�y�:� �V�a�r�i�a�b�l�e�s� �s�e�l�e�c�t�e�d� �b�y� �s�t�e�p�w�i�s�e� 
�d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �t�o� �p�r�e�d�i�c�t� �h�a�b�i�t�a�t� �q�u�a�l�i�t�y� �g�r�o�u�p� �f�r�o�m� �1�2� �v�a�r�i�a�b�l�e�s� 
�c�o�m�m�o�n� �t�o� �C�h�a�p�t�e�r� �3� �a�n�d� �C�h�a�p�t�e�r� �4� �s�t�u�d�i�e�s� �(�e�x�c�l�u�d�i�n�g� �V�F�W�,� �a�n�d� �F�P�L�)�.� �A�S�C�C� 
�=� �a�v�e�r�a�g�e� �s�q�u�a�r�e�d� �c�a�n�o�n�i�c�a�l� �c�o�r�r�e�l�a�t�i�o�n�.� 

� � 

� � 

�V�a�r�i�a�b�l�e�s� �F� �S�t�a�t�i�s�t�i�c� �|� �A�S�C�C� �p�>�F� 

�a�l�l� �s�i�t�e�s�,� �n�=� �4�2� 

�P�B�R� �(�p�e�r�c�e�n�t� �b�e�d�r�o�c�k�)� �3�0�.�9� �0�.�4�4� �0�.�0�0�0�1� 

�d�8�4� �(�8�4�%� �f�i�n�e�r� �2�1�.�2� �0�.�6�3� �0�.�0�0�0�1� 
�p�a�r�t�i�c�l�e� �s�i�z�e�)� 

�D�I�R�2� �(�f�l�o�w� �d�i�r�e�c�t�i�o�n�)� �3�.�3� �0�.�6�6� �0�.�0�7�8�4� 

�u�n�b�r�a�i�d�e�d� �s�i�t�e�s�,� �n� �=� �2�5� 

�P�B�R� �(�P�e�r�c�e�n�t� �B�e�d�r�o�c�k�)� �8�.�0� �0�.�2�6� �0�.�0�0�1� 

�d�8�4� �(�8�4�%� �f�i�n�e�r� �p�a�r�t�i�c�l�e� �1�0�.�6� �0�.�5�0� �0�.�0�0�4� 
�s�i�z�e�)� 

�d�5�0� �(�m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �2�.�3� �0�.�5�5� �0�.�1�5� 
�s�i�z�e�)� 

�D�I�R�2� �(�f�l�o�w� �d�i�r�e�c�t�i�o�n�)� �3�.�6� �0�.�6�2� �0�.�0�7� 

� � 
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�T�a�b�l�e� �4�.�7�.� �V�a�r�i�a�b�l�e�s� �S�e�l�e�c�t�e�d� �b�y� �S�t�e�p�w�i�s�e� �D�i�s�c�r�i�m�i�n�a�n�t� �A�n�a�l�y�s�i�s� �f�o�r� 
�C�h�a�p�t�e�r� �3� �a�n�d� �C�h�a�p�t�e�r� �4 �� �s�t�u�d�i�e�s� �(�1�2� �v�a�r�i�a�b�l�e�s� �c�o�m�m�o�n� �t�o� �S�t�u�d�y� �A� �a�n�d� �B�)�,� 
�a�n�d� �t�h�e� �C�h�a�p�t�e�r� �4� �s�t�u�d�y� �(�1�5� �v�a�r�i�a�b�l�e�s�)�.� 

� � 

�C�h�a�p�t�e�r� �3� �C�h�a�p�t�e�r� �4 �� �C�h�a�p�t�e�r� �4� 
� � 

�a�l�l� �s�i�t�e�s�/�t�r�a�n�s�e�c�t�s� 

�P�B�R� �P�B�R� �P�B�R� 

�d�5�0� �d�8�4� �d�8�4� 

�M�D�E�P� �d�5�0� �V�F�W� 

�D�I�R� �D�I�R� 

�M�D�E�P� 

�u�n�b�r�a�i�d�e�d� �s�i�t�e�s�/�t�r�a�n�s�e�c�t�s� 

�P�B�R� �P�B�R� �P�B�R� 

�d�8�4� �d�8�4� �d�8�4� 

�M�D�E�P� �d�5�0� �d�5�0� 

�D�I�R� �D�I�R� �D�I�R� 

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

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

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

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

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

�o�n�e� �d�e�s�c�r�i�p�t�o�r� �o�f� �p�a�r�t�i�c�l�e� �s�i�z�e� �(�d�5�0� �o�r� �d�8�4�)� �w�a�s� �c�o�n�s�i�s�t�e�n�t�l�y� �s�e�l�e�c�t�e�d� �b�y� 

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

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

�s�e�l�e�c�t�e�d� �w�a�s� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�.� �H�o�w�e�v�e�r�,� �i�n� �o�n�e� �i�n�s�t�a�n�c�e� �(�C�h�a�p�t�e�r� �3�;� �a�l�l� 

�t�r�a�n�s�e�c�t�s�)� �d�5�0� �p�a�r�t�i�c�l�e� �s�i�z�e� �w�a�s� �s�e�l�e�c�t�e�d�.� �B�o�t�h� �d�5�0� �a�n�d� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e� 

�w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� �t�w�o� �i�n�s�t�a�n�c�e�s� �(�T�a�b�l�e� �4�.�7�)�.� 

�D�i�r�e�c�t�i�o�n� �o�f� �s�t�r�e�a�m�f�j�o�w� �(�D�I�R�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �i�n� �C�h�a�p�t�e�r� �3�,� �C�h�a�p�t�e�r� 

�4�,� �a�n�d� �C�h�a�p�t�e�r� �4 �� �a�n�a�l�y�s�e�s� �f�o�r� �u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s�/�s�i�t�e�s�.� �D�I�R� �w�a�s� �n�o�t� 

�s�e�l�e�c�t�e�d� �f�o�r� �a�l�l� �t�r�a�n�s�e�c�t�s� �i�n� �C�h�a�p�t�e�r� �3�,� �b�u�t� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �a�l�l� �s�i�t�e�s� �i�n� 

�C�h�a�p�t�e�r� �4� �a�n�d� �C�h�a�p�t�e�r� �4 �� �a�n�a�l�y�s�e�s�.� �H�i�g�h� �q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �t�y�p�i�c�a�l�l�y� 

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

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

�S�t�r�i�k�e�.� 

�V�a�l�l�e�y� �F�l�o�o�r� �W�i�d�t�h� �(�V�F�W�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�r� �a�l�l� �s�i�t�e�s� �i�n� �t�h�e� 

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

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

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

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

�r�e�a�c�h�e�s�.� �M�e�a�n� �D�e�p�t�h� �(�M�D�E�P�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �f�o�r� �a�l�l� �t�r�a�n�s�e�c�t�s� �a�n�d� 
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�u�n�b�r�a�i�d�e�d� �t�r�a�n�s�e�c�t�s� �i�n� �C�h�a�p�t�e�r� �3�,� �b�u�t� �n�o�t� �i�n� �C�h�a�p�t�e�r� �4� �o�r� �C�h�a�p�t�e�r� �4 �� 

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

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

�C�h�a�p�t�e�r� �4� �s�t�u�d�y� �t�h�a�n� �i�n� �C�h�a�p�t�e�r� �3�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �s�t�u�d�i�e�s� �w�a�s� 

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

�w�e�r�e� �s�u�b�j�e�c�t�i�v�e�l�y� �j�u�d�g�e�d� �b�y� �m�u�s�s�e�l� �b�i�o�l�o�g�i�s�t�s� �t�o� �b�e� �s�u�i�t�a�b�l�e� �m�u�s�s�e�l� 

�h�a�b�i�t�a�t�.� �S�h�a�l�l�o�w�n�e�s�s� �w�a�s� �l�i�k�e�l�y� �a�n� �a�t�t�r�i�b�u�t�e� �t�h�a�t� �t�h�e� �e�x�p�e�r�i�e�n�c�e�d� �T�V�A� 

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

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

�f�o�r�m�s� �i�n�c�l�u�d�i�n�g� �d�e�e�p�e�r� �c�r�o�s�s�-�s�e�c�t�i�o�n�s�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �c�r�o�s�s�-�s�e�c�t�i�o�n�s� �o�f� 

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

�c�r�o�s�s�-�s�e�c�t�i�o�n�s� �o�f� �t�h�e� �h�i�g�h� �d�e�n�s�i�t�y� �g�r�o�u�p� �i�n� �C�h�a�p�t�e�r� �3�.� 

�D�i�s�c�u�s�s�i�o�n� 

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

�p�e�r�c�e�n�t� �b�e�d�r�o�c�k� �(�P�B�R�)�,� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�,� �d�i�r�e�c�t�i�o�n� �o�f� �f�l�o�w� �(�D�I�R�)�,� �a�n�d� 

�v�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h� �(�V�F�W�)�.� 

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

�u�n�c�o�n�s�o�l�i�d�a�t�e�d� �a�l�l�u�v�i�u�m�,� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �v�e�r�y� �l�o�w� �P�B�R� �v�a�l�u�e�s�.� �S�t�a�n�f�o�r�d� 

�a�n�d� �G�a�u�f�i�n� �(�1�9�7�4�)� �a�n�d� �R�e�s�h� �e�t� �a�l�.� �(�1�9�8�8�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �s�t�r�e�a�m�s� �w�i�t�h� �s�p�a�r�s�e� 

�b�e�d�l�o�a�d� �(�h�i�g�h� �P�B�R�)� �a�r�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �g�r�e�a�t�e�r� �w�a�s�h�o�u�t� �d�u�r�i�n�g� �h�i�g�h� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�e�x�p�l�a�i�n�i�n�g� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �r�i�v�e�r�i�n�e� �u�n�i�o�n�i�d�s� �(�H�o�l�l�a�n�d�-�B�a�r�t�e�l�s�,� �1�9�9�0�;� 

�S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y�,� �1�9�9�3�;� �S�t�r�a�y�e�r� �e�t� �a�l�.�,� �1�9�9�4�;� �D�i� �M�a�i�o� �a�n�d� �C�o�r�k�u�m�,� �1�9�9�5�;� 

�L�a�y�z�e�r� �a�n�d� �M�a�d�i�s�o�n�,� �1�9�9�5�)�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �d�i�f�f�e�r� �f�r�o�m� �t�h�i�s� �o�n�e� �i�n� �t�w�o� 

�i�m�p�o�r�t�a�n�t� �r�e�s�p�e�c�t�s�.� �W�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� �L�a�y�z�e�r� �a�n�d� �M�a�d�i�s�o�n� �(�1�9�9�5�)� 

�s�t�u�d�y�,� �p�a�r�t�i�c�l�e� �s�i�z�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �r�e�f�e�r�e�n�c�e�d� �s�t�u�d�i�e�s� �w�e�r�e� �l�e�s�s� �t�h�a�n� �1�6� 

�m�m� �i�n� �d�i�a�m�e�t�e�r�,� �c�o�m�p�a�r�e�d� �t�o� �m�e�d�i�a�n� �p�a�r�t�i�c�l�e� �s�i�z�e�s� �o�f� �7�8� �m�m� �(�h�i�g�h� �q�u�a�l�i�t�y� 

�s�i�t�e�s�)� �a�n�d� �1�3�4� �m�m� �(�l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s�)� �i�n� �t�h�i�s� �s�t�u�d�y� �(�a�l�l� �s�i�t�e�s�)�.� �T�h�i�s� 

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

�s�e�d�i�m�e�n�t� �p�a�r�t�i�c�l�e�s�.� �L�a�y�z�e�r� �a�n�d� �M�a�d�i�s�o�n� �(�1�9�9�5�)� �s�a�m�p�l�e�d� �a� �b�r�o�a�d� �r�a�n�g�e� �o�f� 

�p�a�r�t�i�c�l�e� �s�i�z�e�s� �(�s�i�l�t� �t�o� �b�o�u�l�d�e�r�s�)� �i�n� �H�o�r�s�e� �L�i�c�k� �C�r�e�e�k�,� �K�e�n�t�u�c�k�y�,� �b�u�t� �u�s�e�d� 

�a� �v�i�s�u�a�l� �t�e�c�h�n�i�q�u�e� �t�o� �c�l�a�s�s�i�f�y� �s�u�b�s�t�r�a�t�a�.� �M�o�s�t� �r�e�s�e�a�r�c�h�e�r�s� �(�H�o�l� �l�a�n�d�-� 

�B�a�r�t�e�l�s�,� �1�9�9�0�;� �S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y�,� �1�9�9�3�;� �S�t�r�a�y�e�r� �e�t� �a�l�.�,� �1�9�9�4�;� �D�i� �M�a�i�o� �a�n�d� 

�C�o�r�k�u�m�,� �1�9�9�5�)� �c�o�l�l�e�c�t�e�d� �v�o�l�u�m�e�t�r�i�c� �s�a�m�p�l�e�s� �v�i�a� �c�o�r�e�s� �o�r� �P�O�N�A�R� �g�r�a�b� 

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

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

�9�3



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

�s�t�u�d�i�e�s� �(�W�o�l�m�a�n�,� �1�9�5�4�;� �K�e�l�l�e�r�h�a�l�s� �a�n�d� �B�r�a�y�,� �1�9�7�1�;� �H�e�y� �a�n�d� �T�h�o�r�n�e�,� �1�9�8�3�)�.� 

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

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

�t�h�a�n� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �s�e�d�i�m�e�n�t�s� �(�W�o�l�m�a�n�,� �1�9�5�4�;� �K�e�l�l�e�r�h�a�l�s� �a�n�d� �B�r�a�y�,� �1�9�7�1�;� 

�P�a�r�k�e�r�,� �1�9�8�0�;� �D�i�p�l�a�s� �a�n�d� �P�a�r�k�e�r�,� �1�9�8�5�;� �D�i�p�l�a�s� �a�n�d� �S�u�t�h�e�r�l�a�n�d�,� �1�9�8�8�)�.� 

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

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

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

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

�d�i�s�c�h�a�r�g�e�s�.� �A�s� �i�n� �t�h�e� �C�h�a�p�t�e�r� �3� �s�t�u�d�y�,� �m�o�s�t� �h�i�g�h� �q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� 

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

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

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

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

�d�i�r�e�c�t�i�o�n� �o�f� �d�i�p�.� �V�a�n�n�o�t�e� �a�n�d� �M�i�n�s�h�a�l�l� �(�1�9�8�2�)� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �l�a�r�g�e� 

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

�R�i�v�e�r�.� �O�r�i�e�n�t�a�t�i�o�n� �o�f� �b�e�d�r�o�c�k� �s�t�r�a�t�a�,� �r�e�l�a�t�i�v�e� �t�o� �s�t�r�e�a�m� �f�l�o�w�,� �m�a�y� 

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

�p�e�r�i�o�d�s�.� �D�i�s�t�r�i�b�u�t�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �1�4�1� �m�u�s�s�e�l� �s�i�t�e�s� �a�r�e� �e�x�a�m�i�n�e�d� �i�n� 

�S�e�c�t�i�o�n� �2� �o�f� �t�h�i�s� �c�h�a�p�t�e�r�.� 

�V�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h� �(�V�F�W�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�y� �S�D�A� �w�h�e�n� �a�l�l� �s�i�t�e�s� �w�e�r�e� 

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

�M�a�n�y� �o�f� �t�h�e� �b�e�s�t� �m�u�s�s�e�l� �s�i�t�e�s� �i�n� �t�h�e� �T�V�A� �(�1�9�8�6�a�)� �s�u�r�v�e�y� �o�c�c�u�r� �i�n� �b�r�a�i�d�e�d� 

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

�c�o�m�p�e�t�e�n�t� �t�o� �r�e�m�o�v�e� �(�L�e�o�p�o�l�d� �a�n�d� �W�o�l�m�a�n�,� �1�9�5�7�;� �K�n�i�g�h�t�o�n�,� �1�9�8�4�;� �R�e�s�h� �e�t� 

�a�l�.�,� �1�9�8�8�)�.� �B�a�s�e�d� �o�n� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �C�h�a�p�t�e�r� �3�,� �t�h�e� �q�u�a�l�i�t�y� �o�f� �m�u�s�s�e�l� 

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

�A�c�c�o�r�d�i�n�g� �t�o� �K�n�i�g�h�t�o�n� �(�1�9�8�4�)�,� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s� �a�r�e� �u�s�u�a�l�l�y� �c�o�n�s�i�s�t� �o�f� �a� 

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

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

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

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

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

�r�e�a�c�h�e�s� �i�n� �C�h�a�p�t�e�r� �3�,� �m�a�y� �c�o�n�t�a�i�n� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �h�a�b�i�t�a�t�.� �P�a�t�t�e�r�n�s� 

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

�a�r�e� �b�r�i�e�f�l�y� �e�x�a�m�i�n�e�d� �i�n� �S�e�c�t�i�o�n� �2� �o�f� �t�h�i�s� �c�h�a�p�t�e�r�.� 

�S�e�c�t�i�o�n� �2�.� �S�i�t�e� �l�o�c�a�t�i�o�n� �p�a�t�t�e�r�n�s�:� �R�e�l�a�t�i�o�n�s�h�i�p� �t�o� �s�t�r�e�a�m�f�l�o�w� �d�i�r�e�c�t�i�o�n� 

�a�n�d� �g�e�o�l�o�g�y� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

�h�i�g�h� �a�n�d� �l�o�w� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �h�a�b�i�t�a�t� �i�n� �C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �1�.� �T�h�e� 

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

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

�A�n� �a�d�d�i�t�i�o�n�a�l� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �t�h�e� �e�n�t�i�r�e� �T�V�A� �u�p�p�e�r� �C�l�i�n�c�h� �d�a�t�a� 

�s�e�t� �(�n�=�1�4�1� �s�i�t�e�s�)�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �t�o� �e�x�a�m�i�n�e� �s�p�a�t�i�a�l� 
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�p�a�t�t�e�r�n�s� �o�f� �m�u�s�s�e�l� �s�i�t�e� �o�c�c�u�r�r�e�n�c�e� �r�e�l�a�t�i�v�e� �t�o� �t�h�e�s�e� �t�w�o� �v�a�r�i�a�b�l�e�s�.� 

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

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

�(�n�=�5�0�)� �a�n�d� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s� �(�n�=�5�0�)�.� 

�M�e�t�h�o�d�s� 

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

�a�n�d� �s�t�r�i�k�e� �a�l�o�n�g� �t�h�e� �e�n�t�i�r�e� �r�i�v�e�r�,� �1�0�1� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �s�t�r�i�k�e� �o�r�i�e�n�t�a�t�i�o�n� 

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

�M�i�n�e�s�,� �M�i�n�e�r�a�l�s�,� �a�n�d� �E�n�e�r�g�y� �i�n� �A�b�i�n�g�d�o�n�,� �V�i�r�g�i�n�i�a�.� �T�h�e� �a�n�g�l�e� �a�n�d� 

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

�m�e�a�n� �d�i�r�e�c�t�i�o�n� �o�f� �s�t�r�i�k�e� �w�a�s� �N�o�r�t�h�,� �7�2�.�6� �d�e�g�r�e�e�s� �E�a�s�t� �(�s�t�a�n�d�a�r�d� �e�r�r�o�r� �=� 

�1�.�1� �d�e�g�r�e�e�s�)�.� �T�h�i�s� �w�a�s� �v�e�r�y� �c�l�o�s�e� �t�o� �t�h�e� �m�e�a�n� �d�i�r�e�c�t�i�o�n� �o�f� �s�t�r�i�k�e� �o�f� 

�N�o�r�t�h�,� �7�5� �d�e�g�r�e�e�s� �E�a�s�t� �m�e�a�s�u�r�e�d� �i�n�-�s�t�r�e�a�m� �i�n� �C�h�a�p�t�e�r� �3�.� �T�h�e� �m�e�a�n� 

�d�e�c�l�i�n�a�t�i�o�n� �o�f� �d�i�p� �w�a�s� �3�6�.�2� �d�e�g�r�e�e�s� �S�o�u�t�h�e�a�s�t� �(�s�t�a�n�d�a�r�d� �e�r�r�o�r� �=� �1�.�3� 

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

�f�r�o�m� �g�e�o�l�o�g�i�c� �m�a�p�s� �f�o�r� �m�o�s�t� �o�f� �t�h�e� �u�p�p�e�r� �C�l�i�n�c�h� �(�C�R�K� �2�7�7� �t�o� �5�2�1�)�.� 

�S�i�t�e�s� �w�e�r�e� �l�o�c�a�t�e�d� �o�n� �U�S�G�S� �7�.�5� �m�i�n�u�t�e� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s� �u�s�i�n�g� �r�i�v�e�r� �m�i�l�e� 

�l�o�c�a�t�i�o�n�s� �r�e�f�e�r�e�n�c�e�d� �i�n� �t�h�e� �T�V�A� �s�u�r�v�e�y� �(�1�9�8�6�)�.� �T�h�e� �p�l�a�n�i�m�e�t�r�i�c� �f�o�r�m� 

�(�b�r�a�i�d�e�d� �o�r� �u�n�b�r�a�i�d�e�d�)� �o�f� �s�i�t�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �l�a�r�g�e� �f�o�r�m�a�t� �i�n�f�r�a�r�e�d� 

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

�o�f� �T�V�A� �i�n� �C�h�a�t�t�a�n�o�o�g�a�,� �T�e�n�n�e�s�s�e�e�.� �O�f� �t�h�e� �1�4�1� �s�i�t�e�s�,� �9�3� �w�e�r�e� �u�n�b�r�a�i�d�e�d� �a�n�d� 

�4�8� �w�e�r�e� �b�r�a�i�d�e�d�.� 

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

�t�h�e� �1�2�9� �s�i�t�e�s� �r�e�m�a�i�n�i�n�g� �a�f�t�e�r� �e�x�c�l�u�s�i�o�n� �o�f� �i�m�p�a�c�t�e�d� �s�i�t�e�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� 
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�m�u�s�s�e�l�s� �r�e�p�o�r�t�e�d� �f�r�o�m� �t�h�e� �s�i�t�e�s� �w�a�s� �t�h�e� �c�r�i�t�e�r�i�o�n� �u�s�e�d� �t�o� �a�s�s�i�g�n� �s�i�t�e�s� �t�o� 

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

�o�f� �t�h�e� �5�0� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s�,� �w�h�i�l�e� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s� �h�a�d� �f�e�w�e�r� �t�h�a�n� �2�2�.� 

�O�f� �t�h�e� �5�0� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s�,� �2�6� �o�c�c�u�r�r�e�d� �i�n� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s�,� �w�h�e�r�e�a�s� �o�f� 

�t�h�e� �5�0� �l�o�w� �q�u�a�l�i�t�y� �s�i�t�e�s�,� �o�n�l�y� �8� �o�c�c�u�r�r�e�d� �i�n� �b�r�a�i�d�e�d� �c�h�a�n�n�e�l�s�.� 

�B�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �C�h�a�p�t�e�r�s� �3� �a�n�d� �4�,� �t�h�e� �g�r�e�a�t�e�s�t� �f�r�e�q�u�e�n�c�y� 

�(�s�i�t�e�s�/�k�m�)� �o�f� �h�i�g�h� �q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �w�a�s� �e�x�p�e�c�t�e�d� �i�n� �r�e�a�c�h�e�s� �f�l�o�w�i�n�g� 

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

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

�f�l�o�w�s� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e�.� 

�I�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �s�i�t�e� �f�r�e�q�u�e�n�c�i�e�s�,� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �n�u�m�b�e�r� �o�f� �r�i�v�e�r� �k�i�l�o�m�e�t�e�r�s� �f�l�o�w�i�n�g� �i�n� �v�a�r�i�o�u�s� �d�i�r�e�c�t�i�o�n�s� �f�r�o�m� �C�R�K� �2�4�1� 

�t�o� �C�R�K� �4�8�2�.� �T�h�i�s� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �u�s�i�n�g� �a� �t�r�a�n�s�p�a�r�e�n�t� �p�l�e�x�i�g�l�a�s�s� �p�l�a�t�e� �o�n� 

�w�h�i�c�h� �t�h�e� �c�o�m�p�a�s�s� �a�z�i�m�u�t�h� �w�a�s� �d�i�v�i�d�e�d� �i�n�t�o� �e�i�g�h�t�e�e�n� �2�0� �d�e�g�r�e�e� �a�r�c� 

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

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

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

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

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

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

�d�i�s�t�a�n�c�e�s� �t�o� �k�i�l�o�m�e�t�e�r�s�.� �T�h�e� �h�i�g�h� �q�u�a�l�i�t�y� �(�n�=�5�0�)�,� �l�o�w� �q�u�a�l�i�t�y� �(�n�-�5�0�)�,� �a�n�d� 

�t�o�t�a�l� �s�i�t�e�s� �(�n�=�1�4�1�)� �o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �e�a�c�h� �a�r�c� �s�e�g�m�e�n�t� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d�.� 

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

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

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

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

�q�u�a�l�i�t�y�,� �a�n�d� �t�o�t�a�l� �s�i�t�e� �f�r�e�q�u�e�n�c�y� �(�s�i�t�e�s�/�k�m�)� �r�e�l�a�t�i�v�e� �t�o� �s�t�r�e�a�m� �f�l�o�w� 

�d�i�r�e�c�t�i�o�n�.� �F�i�g�u�r�e� �4�.�3�.�A� �i�s� �a� �r�a�d�a�r� �p�l�o�t� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �r�i�v�e�r� �k�i�l�o�m�e�t�e�r�s� 

�f�l�o�w�i�n�g� �w�i�t�h�i�n� �e�a�c�h� �t�w�e�n�t�y� �d�e�g�r�e�e� �a�r�c� �s�e�g�m�e�n�t� �(�A�S�)�.� �I�t� �i�s� �r�e�a�d�i�l�y� 

�a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� �r�i�v�e�r� �m�o�s�t� �o�f�t�e�n� �f�l�o�w�s� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �A�S�1�3� �a�n�d� �1�4� 

�(�5�1�.�8� �a�n�d� �3�3�.�5� �k�m� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �m�e�a�n� �l�i�n�e� �o�f� �s�t�r�i�k�e�:� �l�i�e�s� 

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

�i�n� �t�h�e� �o�p�p�o�s�i�t�e� �d�i�r�e�c�t�i�o�n� �o�f� �A�S�3� �t�h�r�o�u�g�h� �6� �(�c�u�m�u�l�a�t�i�v�e� �1�.�3� �k�m�)�.� �°� �T�h�e� 

�c�u�m�u�l�a�t�i�v�e� �l�e�n�g�t�h� �o�f� �r�e�a�c�h�e�s� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� �r�e�m�a�i�n�i�n�g� �1�0� �a�r�c� �s�e�g�m�e�n�t�s� 

�r�a�n�g�e�d� �f�r�o�m� �1�.�5� �t�o� �2�3�.�3� �k�m�.� 

�T�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �T�V�A� �m�u�s�s�e�l� �s�i�t�e�s� �(�n�=�1�4�1�)� �o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �e�a�c�h� �a�r�c� 

�s�e�g�m�e�n�t� �i�s� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �4�.�3�.�B�.� �a�s� �s�i�t�e�s� �p�e�r� �k�i�l�o�m�e�t�e�r�.� �T�h�e� �g�r�e�a�t�e�s�t� 

�s�i�t�e� �f�r�e�q�u�e�n�c�i�e�s� �o�c�c�u�r� �a�r�o�u�n�d� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �g�e�o�l�o�g�i�c� �d�i�p� �i�n� �A�S�7� �t�h�r�o�u�g�h� 

�1�1� �w�i�t�h� �a� �m�a�x�i�m�u�m� �o�f� �1�.�5�3� �s�i�t�e�s�/�k�m� �i�n� �A�S�7�.� �T�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�i�p� �i�s� �i�n� �t�h�e� 

�a�p�p�r�o�x�i�m�a�t�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �A�S�9� �a�x�i�s�.� �A� �h�i�g�h� �f�r�e�q�u�e�n�c�y� �o�f� �s�i�t�e�s� �a�l�s�o� 

�o�c�c�u�r�s� �i�n� �A�S�1�,� �w�h�i�c�h� �i�s� �r�o�u�g�h�l�y� �o�p�p�o�s�i�t�e� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�i�p�.� �L�o�w�e�r� �s�i�t�e� 

�f�r�e�q�u�e�n�c�i�e�s� �o�c�c�u�r� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e� �i�n� �A�S�1�2� �t�h�r�o�u�g�h� �1�8�.� �N�o� �s�i�t�e�s� 

�o�c�c�u�r� �i�n� �A�S�3� �t�h�r�o�u�g�h� �6�.� 

�F�r�e�q�u�e�n�c�i�e�s� �o�f� �u�n�b�r�a�i�d�e�d� �m�u�s�s�e�l� �s�i�t�e�s� �(�n�=�9�3�)� �a�r�e� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� 

�4�.�4�.�A�.� �A�s� �i�n� �t�h�e� �p�l�o�t� �o�f� �a�l�l� �s�i�t�e�s� �(�F�i�g�u�r�e� �4�.�3�.�B�)�,� �t�h�e� �g�r�e�a�t�e�s�t� �s�i�t�e� 

�f�r�e�q�u�e�n�c�i�e�s� �o�c�c�u�r� �a�r�o�u�n�d� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�i�p�,� �i�n� �A�S�7� �t�h�r�o�u�g�h� �1�1�,� �a�n�d� 

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

�t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e� �i�n� �A�S�1�2� �t�h�r�o�u�g�h� �1�8� �w�e�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �l�o�w�e�r� �t�h�a�n� �t�o�t�a�l� 
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�s�i�t�e� �f�r�e�q�u�e�n�c�i�e�s� �w�e�r�e� �i�n� �t�h�e�s�e� �a�r�c� �s�e�g�m�e�n�t�s�,� �i�n�d�i�c�a�t�i�n�g� �a� �g�r�e�a�t�e�r� 

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

�F�r�e�q�u�e�n�c�y� �p�a�t�t�e�r�n�s� �o�f� �b�r�a�i�d�e�d� �s�i�t�e�s� �(�F�i�g�u�r�e� �4�.�4�.�B�)� �a�r�e� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �u�n�b�r�a�i�d�e�d� �s�i�t�e� �f�r�e�q�u�e�n�c�i�e�s� �(�F�i�g�u�r�e� �4�.�4�.�A�)�.� �S�i�t�e� �f�r�e�q�u�e�n�c�i�e�s� �w�e�r�e� 

�l�o�w�e�r�.� �a�r�o�u�n�d� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�i�p� �(�A�S�9� �t�h�r�o�u�g�h� �1�1�)� �t�h�a�n� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� 

�s�t�r�i�k�e� �(�A�S�1�3� �t�h�r�o�u�g�h� �1�6�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �b�r�a�i�d�e�d� �s�i�t�e�s� �i�n� �A�S�1� �t�h�r�o�u�g�h� �8�,� 

�o�r� �i�n� �A�S�1�8�.� �|� 

�F�r�e�q�u�e�n�c�i�e�s� �o�f� �g�o�o�d� �(�>�6�0� �m�u�s�s�e�l�s�)� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �w�e�r�e� �g�r�e�a�t�e�s�t� �i�n� �t�h�e� 

�d�i�r�e�c�t�i�o�n� �o�f� �d�i�p� �(�A�S�8�,� �9�,� �1�0�)� �a�n�d� �i�n�t�e�r�m�e�d�i�a�t�e� �o�p�p�o�s�i�t�e� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� 

�d�i�p� �(�A�S�1�8�)�,� �a�n�d� �i�n� �A�S�1�1� �(�F�i�g�u�r�e� �4�.�5�.�A�)�.� �T�h�e�r�e� �w�e�r�e� �v�e�r�y� �f�e�w� �g�o�o�d� 

�u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �o�b�s�e�r�v�e�d� �i�n� �a�r�c� �s�e�g�m�e�n�t�s� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e� �(�A�S�1�2� 

�t�h�r�o�u�g�h� �1�6�)�.� 

�F�r�e�q�u�e�n�c�y� �p�a�t�t�e�r�n�s� �o�f� �g�o�o�d� �b�r�a�i�d�e�d� �s�i�t�e�s� �(�F�i�g�u�r�e� �4�.�5�.�B�)� �a�r�e� �q�u�i�t�e� 

�d�i�f�f�e�r�e�n�t� �t�h�a�n� �t�h�e� �f�r�e�q�u�e�n�c�y� �p�a�t�t�e�r�n� �o�f� �g�o�o�d� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �(�F�i�g�u�r�e� 

�4�.�5�.�A�)�.� �F�r�e�q�u�e�n�c�i�e�s� �o�f� �g�o�o�d� �b�r�a�i�d�e�d� �s�i�t�e�s� �w�e�r�e� �g�r�e�a�t�e�s�t� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� 

�s�t�r�i�k�e� �i�n� �A�S�1�3� �a�n�d� �1�4�.� �S�i�t�e� �f�r�e�q�u�e�n�c�i�e�s� �w�e�r�e� �l�o�w� �i�n� �A�S� �1� �t�h�r�o�u�g�h� �1�2�,� �a�n�d� 

�i�n� �A�S�1�6� �a�n�d� �1�8�.� �I�n�t�e�r�m�e�d�i�a�t�e� �f�r�e�q�u�e�n�c�i�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �A�S�1�5� �a�n�d� �1�7�.� 
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�D�i�s�c�u�s�s�i�o�n� 

�I�m�p�o�r�t�a�n�t� �m�u�s�s�e�l� �h�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �C�h�a�p�t�e�r� �4�:� 

�S�e�c�t�i�o�n� �1�,� �a�n�d� �i�n�c�l�u�d�e�d� �p�e�r�c�e�n�t� �b�e�d�r�o�c�k�,� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�,� �d�i�r�e�c�t�i�o�n� �o�f� 

�f�l�o�w�,� �a�n�d� �v�a�l�l�e�y� �f�l�o�o�r� �w�i�d�t�h�.� �T�h�e� �C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �2� �s�t�u�d�y� �w�a�s� 

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

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

�h�a�b�i�t�a�t� �s�t�u�d�i�e�s� �i�n� �C�h�a�p�t�e�r� �3� �a�n�d� �C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �1�,� �t�h�e� �g�r�e�a�t�e�s�t� 

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

�d�i�p� �(�a�r�c� �s�e�g�m�e�n�t�s� �9� �a�n�d� �1�0�)�,� �w�h�i�l�e� �t�h�e� �g�r�e�a�t�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �g�o�o�d� �b�r�a�i�d�e�d� 

�s�i�t�e�s� �o�c�c�u�r�r�e�d� �a�l�o�n�g� �t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e� �i�n� �a�r�c� �s�e�g�m�e�n�t�s� �1�3� �a�n�d� �1�4�.� 

�T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �A�i�g�h� �q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s� �i�n� �t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �d�i�p� 
�~� �p�a�t�e� �n�e�e� �t�e� �T�A�R� �R�O� �E�R�E� 

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

� � �A� �a� �n�e� �m�e�r� �N�T�R� �a�n�g�e� �e�T� 

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

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

�i�s� �c�e�r�t�a�i�n�l�y� �e�a�s�y� �t�o� �v�i�s�u�a�l�i�z�e� �(�F�i�g�u�r�e� �3�.�1�1�)�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �l�e�s�s� �c�l�e�a�r� 

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

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

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

�g�o�o�d� �b�r�a�i�d�e�d� �s�i�t�e�s�.� 

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

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

�m�o�r�e� �e�r�o�d�a�b�l�e� �s�h�a�l�e�-�s�i�l�t�s�t�o�n�e� �f�o�r�m�a�t�i�o�n�s� �(�7�.�5� �m�i�n�u�t�e� �g�e�o�l�o�g�i�c� �q�u�a�d�r�a�n�g�l�e�s�,� 

�s�c�a�l�e� �1�:�2�4�,�0�0�0�,� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �M�i�n�e�s�,� �M�i�n�e�r�a�l�s�,� �a�n�d� �E�n�e�r�g�y�)�.� �O�f� 

�t�h�e� �2�4� �h�i�g�h� �q�u�a�l�i�t�y� �u�n�b�r�a�i�d�e�d� �s�i�t�e�s�,� �1�6� �o�c�c�u�r� �o�n� �J�l�i�m�e�s�t�o�n�e�-�d�o�l�o�m�i�t�e� 

�f�o�r�m�a�t�i�o�n�s�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �8� �s�i�t�e�s� �o�c�c�u�r� �o�n� �s�h�a�l�e� �f�o�r�m�a�t�i�o�n�s�.� �O�f� �t�h�e� �2�6� 

�1�0�3



�h�i�g�h� �q�u�a�l�i�t�y� �b�r�a�i�d�e�d� �s�i�t�e�s�,� �2�4� �o�c�c�u�r� �o�n� �s�h�a�l�e� �f�o�r�m�a�t�i�o�n�s�,� �w�h�i�l�e� �o�n�l�y� �2� 

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

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

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

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

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

�c�o�m�p�a�r�e�d� �t�o� �l�i�m�e�s�t�o�n�e�-�d�o�l�o�m�i�t�e� �f�o�r�m�a�t�i�o�n�s�.� �D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �t�h�i�c�k�n�e�s�s� 

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

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

�r�o�c�k� �f�o�r�m�a�t�i�o�n�s�.� 

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

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

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

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

�l�i�m�e�s�t�o�n�e�-�d�o�l�o�m�i�t�e� �r�e�a�c�h�e�s� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �s�h�a�l�e� �r�e�a�c�h�e�s� �(�F�i�g�u�r�e� 

�4�.�6�)�.� 
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�s�h�a�l�e� �|� �L�s�/�D�o� 

�3�0�0� �L�t� �|� �s�t� �p�e� �l�k� 

�3�0�0�  ��3�5�0� �-�  �� �4�0�0� �4�5�0� �m�e� �5�0�0� �5�5�0� �6�0�0� 

�C�l�i�n�c�h� �R�i�v�e�r� �K�i�l�o�m�e�t�e�r� 

�F�i�g�u�r�e� �4�.�6�.� �P�l�o�t� �o�f� �C�l�i�n�c�h� �R�i�v�e�r� �k�i�l�o�m�e�t�e�r�s� �a�g�a�i�n�s�t� �e�l�e�v�a�t�i�o�n�.� �N�o�t�e� 
�t�h�a�t� �l�i�m�e�s�t�o�n�e�/�d�o�l�o�m�i�t�e� �(�L�s�/�D�o�)� �r�e�a�c�h�e�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�i�g�h�e�r� 
�g�r�a�d�i�e�n�t� �t�h�a�n� �s�h�a�l�e� �r�e�a�c�h�e�s�.� 

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

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

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

�F�o�r�m�a�t�i�o�n� �(�s�h�a�l�e�)� �b�e�t�w�e�e�n� �C�R�K� �3�4�3� �a�n�d� �C�R�K� �3�8�1�.� �F�o�u�r�t�e�e�n� �o�f� �t�h�e� �2�3� �s�i�t�e�s� 

�i�n� �t�h�i�s� �r�e�a�c�h� �a�r�e� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s� �(�>�6�0� �m�u�s�s�e�l�s� �r�e�p�o�r�t�e�d�)� �o�c�c�u�r�r�i�n�g� �i�n� 

�b�r�a�i�d�e�d� �r�e�a�c�h�e�s�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �N�o�l�i�c�h�u�c�k�y� �S�h�a�l�e� �j�u�s�t� �d�o�w�n�s�t�r�e�a�m� �b�e�t�w�e�e�n� 

�C�R�K�_�3�1�0� �a�n�d� �3�3�9�,� �o�n�l�y� �t�w�o� �o�u�t� �o�f� �1�2� �s�i�t�e�s� �a�r�e� �h�i�g�h� �q�u�a�l�i�t�y� �s�i�t�e�s� �o�c�c�u�r�r�i�n�g� 

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

�t�h�e� �l�i�n�e� �o�f� �s�t�r�i�k�e� �i�n� �b�o�t�h� �t�h�e� �R�o�m�e� �F�o�r�m�a�t�i�o�n� �a�n�d� �i�n� �t�h�e� �N�o�l�i�c�h�u�c�k�y� �S�h�a�l�e�.� 

�T�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e�s�e� �f�o�r�m�a�t�i�o�n�s�,� �h�o�w�e�v�e�r�,� �i�s� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t�.� �T�h�e� �R�o�m�e� 
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�F�o�r�m�a�t�i�o�n� �r�a�n�g�e�s� �f�r�o�m� �3�6�6� �t�o� �4�5�7� �m� �i�n� �t�h�i�c�k�n�e�s�s�,� �w�h�i�l�e� �t�h�e� �N�o�l�i�c�h�u�c�k�y� 

�F�o�r�m�a�t�i�o�n� �i�s� �o�n�l�y� �1�5�6� �m� �t�h�i�c�k� �(�a�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �C�l�i�n�c�h�p�o�r�t� �7�.�5� �m�i�n�u�t�e� 

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

�i�d�e�n�t�i�f�i�e�d� �a�s� �a�n� �i�m�p�o�r�t�a�n�t� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e� �i�n� �C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �1�,� �i�s� 

�a�l�s�o� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �f�o�r�m�a�t�i�o�n�s�.� �T�h�e� �m�e�a�n� �V�F�W� �o�f� �s�i�t�e�s� �o�v�e�r� �t�h�e� 

�R�o�m�e� �F�o�r�m�a�t�i�o�n� �i�s� �4�7�7� �m� �(�S�E�=�4�8� �m�)�,� �w�h�i�l�e� �t�h�e� �m�e�a�n� �V�F�W� �o�f� �s�i�t�e�s� �o�v�e�r� �t�h�e� 

�N�o�l�i�c�h�u�c�k�y� �S�h�a�l�e� �i�s� �o�n�l�y� �1�6�7� �m� �(�S�E�=�1�0� �m�)�.� 

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

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

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

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

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

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

�b�r�a�i�d�e�d� �r�e�a�c�h�e�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�s�t�r�e�a�m� �g�r�a�d�i�e�n�t�.� �I�n� �t�h�e� �C�l�i�n�c�h� �R�i�v�e�r�,� �h�i�g�h� �q�u�a�l�i�t�y� �m�u�s�s�e�l� �s�i�t�e�s� �w�e�r�e� 

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

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

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

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

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

�(�1�9�5�7�)� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �a� �l�o�c�a�l� �r�e�d�u�c�t�i�o�n� �i�n� �s�t�r�e�a�m� �c�o�m�p�e�t�e�n�c�e�,� �r�e�l�a�t�i�v�e� 

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

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

�A�n� �o�b�s�e�r�v�a�t�i�o�n� �m�a�d�e� �d�u�r�i�n�g� �t�h�e� �C�h�a�p�t�e�r� �4�:� �S�e�c�t�i�o�n� �1� �s�t�u�d�y� �l�e�n�d�s� 

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

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

�h�a�b�i�t�a�t�.� �D�u�r�i�n�g� �v�i�s�i�t�s� �t�o� �s�o�m�e� �o�f� �t�h�e� �2�2� �s�i�t�e�s� �d�e�s�i�g�n�a�t�e�d� �a�s� �l�o�w� �q�u�a�l�i�t�y� 

�s�i�t�e�s�,� �I� �f�o�u�n�d� �m�o�d�e�r�a�t�e� �m�u�s�s�e�l� �d�e�n�s�i�t�i�e�s� �i�n�-�s�t�r�e�a�m�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� 

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

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

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

�o�c�c�u�r�r�e�d� �t�o� �m�e� �t�h�a�t� �t�h�e� �T�V�A� �s�u�r�v�e�y� �b�e�g�a�n� �i�n� �1�9�7�9�,� �o�n�l�y� �t�w�o� �y�e�a�r�s� �a�f�t�e�r� �t�h�e� 

�f�l�o�o�d� �o�f� �1�9�7�7�,� �w�h�i�c�h� �w�a�s� �t�h�e� �h�i�g�h�e�s�t� �d�i�s�c�h�a�r�g�e� �r�e�c�o�r�d�e�d� �i�n� �U�S�G�S� �r�e�c�o�r�d�s� �o�f� 

�t�h�e� �C�l�i�n�c�h� �R�i�v�e�r�.� �I�n� �a�l�l� �l�i�k�e�l�i�h�o�o�d�,� �t�h�e� �b�e�d� �l�o�a�d� �a�t� �t�h�o�s�e� �s�i�t�e�s�,� �a�l�o�n�g� 

�w�i�t�h� �t�h�e�i�r� �m�u�s�s�e�l� �a�s�s�e�m�b�l�a�g�e�s�,� �w�a�s� �c�o�m�p�l�e�t�e�l�y� �s�c�o�u�r�e�d� �b�y� �t�h�e� �f�l�o�o�d�.� �A�n�y� 
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�m�u�s�s�e�l�s� �p�r�e�s�e�n�t� �a�t� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �1�9�7�9� �T�V�A� �s�u�r�v�e�y� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �t�o�o� 

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

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

�g�r�e�a�t�e�r� �t�h�a�n� �1�4� �y�e�a�r�s� �o�f� �a�g�e� �(�t�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �i�n� �1�9�9�1�)�.� 

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

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

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

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

�1�9�9�1�.� 

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

�(�1�9�8�2�)�;� �n�a�m�e�l�y�,� �t�h�a�t� �h�i�g�h� �q�u�a�l�i�t�y� �m�u�s�s�e�l�]� �m�i�c�r�o�h�a�b�i�t�a�t�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� 

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

�l�e�n�d�s� �s�u�p�p�o�r�t� �t�o� �t�h�e� �s�u�g�g�e�s�t�i�o�n� �b�y� �V�a�n�n�o�t�e� �a�n�d� �M�i�n�s�h�a�l�l� �(�1�9�8�2�)� �t�h�a�t� �l�o�c�a�l� 

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

�s�i�z�e�-�c�l�a�s�s� �s�t�r�u�c�t�u�r�e� �o�f� �m�u�s�s�e�l� �p�o�p�u�l�a�t�i�o�n�s�.� �S�t�r�a�y�e�r� �a�n�d� �R�a�l�l�e�y� �(�1�9�9�3�)� 

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

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

�R�a�l�l�e�y� �(�1�9�9�3�)� �f�u�r�t�h�e�r� �s�u�g�g�e�s�t� �t�h�a�t� �m�o�d�e�l�s� �u�s�i�n�g� �l�a�r�g�e�r� �s�p�a�t�i�a�l� �s�c�a�l�e�s� �m�a�y� 

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

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

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

�o�f� �s�t�r�e�a�m� �f�l�o�w� �r�e�l�a�t�i�v�e� �t�o� �r�o�c�k� �s�t�r�a�t�a�)� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�r�a�d�i�t�i�o�n�a�l� �a�q�u�a�t�i�c� 

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

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

�l�o�n�g�-�l�i�v�e�d� �s�e�d�e�n�t�a�r�y� �b�e�n�t�h�i�c� �o�r�g�a�n�i�s�m�s�.� 
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�A�P�P�E�N�D�I�X� �A�:� �S�U�B�S�T�R�A�T�U�M� �C�H�A�R�A�C�T�E�R�I�Z�A�T�I�O�N� �A�N�D� �M�U�S�S�E�L� �A�B�U�N�D�A�N�C�E� �I�N� �T�H�E� �L�I�T�T�L�E� 

�R�I�V�E�R� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�F�r�e�s�h�w�a�t�e�r� �m�u�s�s�e�l�s� �a�r�e� �b�u�r�r�o�w�i�n�g� �o�r�g�a�n�i�s�m�s� �t�h�a�t� �r�e�q�u�i�r�e� �c�l�a�s�t�i�c� 

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

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

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

�m�e�t�h�o�d�s� �o�f� �s�u�b�s�t�r�a�t�u�m� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �w�a�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� �T�h�e� 

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

�s�u�b�s�t�r�a�t�u�m� �u�s�i�n�g� �o�b�j�e�c�t�i�v�e�,� �q�u�a�n�t�i�t�a�t�i�v�e� �m�e�t�h�o�d�s�.� �A� �1�.�4� �k�m� �r�e�a�c�h� �o�f� �t�h�e� 

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

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

�p�a�r�t�i�c�l�e� �s�i�z�e�,� �a�n�d� �d�8�4� �p�a�r�t�i�c�l�e� �s�i�z�e�)� �t�o� �p�r�e�d�i�c�t� �d�e�n�s�i�t�i�e�s� �o�f� �u�n�i�o�n�i�d�s� �w�a�s� 

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

�a�n�a�l�y�z�e�d�.� 

�T�h�e� �s�t�u�d�y� �a�r�e�a� 

�T�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �i�s� �a� �s�h�o�r�t� �(�5�2� �k�m�)�,� �f�o�u�r�t�h�-�o�r�d�e�r� �t�r�i�b�u�t�a�r�y� �o�f� �t�h�e� �u�p�p�e�r� 

�C�l�i�n�c�h� �R�i�v�e�r� �t�h�a�t� �e�n�t�e�r�s� �a�t� �C�R�K� �4�8�2�.�2�.� �M�o�s�t� �o�f� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r ��s� �a�n�n�u�a�l� 

�d�i�s�c�h�a�r�g�e� �i�s� �p�r�o�v�i�d�e�d� �b�y� �M�a�i�d�e�n� �S�p�r�i�n�g�,� �w�h�i�c�h� �f�l�o�w�s� �f�r�o�m� �a� �c�a�v�e�r�n� �1�.�5� �k�m� 

�b�e�l�o�w� �t�h�e� �c�o�n�f�l�u�e�n�c�e� �o�f� �L�i�b�e�r�t�y� �C�r�e�e�k� �a�n�d� �M�a�i�d�e�n� �S�p�r�i�n�g� �C�r�e�e�k� �i�n� �T�a�z�e�w�e�l�l�]� 

�C�o�u�n�t�y�,� �V�i�r�g�i�n�i�a�.� �A� �m�i�l�l� �d�a�m� �i�m�p�o�u�n�d�s� �t�h�e� �f�i�r�s�t� �1� �k�m� �o�f� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� 
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