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(ABSTRACT) 

The relationships between watershed characteristics and 

stream use by spawning alewife (Alosa pseudoharengus) and 

blueback herring (Alosa aestivalis) in the Rappahannock River 

drainage were identified. Trends in fish use of 72 

tributaries were determined by consulting eighty-eight people 

from the Rappahannock River area through a questionnaire. 

These streams were each given an overall rank based on answers 

to the questionnaire. The watershed characteristics of these 

streams were determined from topographic maps, land use data, 

and digital line graphs. Trends in fish use of streams were 

associated with stream size, and proportions of forest, 

agriculture, and wetlands. No negative relationships between 

urbanization or presence of point-source pollution and fish 

use of streams were found. Forest was positively associated 

with stream rank, and agriculture was negatively associated 

with stream rank. Results indicate that, of the watershed 

characteristics in the Rappahannock River drainage, forest and 

agriculture have the strongest associations with stream use by 

spawning river herring.



Three sites in a tributary of the Rappahannock River were 

studied to characterize the spawning habitat of river herring. 

The sites were sampled and their habitat variables were 

measured throughout the 1992 river herring spawning season. 

Densities of river herring adults, eggs, and yolk-sac larvae 

were highest at the upstream site. Densities of post-yolk sac 

larvae did not differ significantly among the sites. The 

upstream site differed from the downstream sites in size, 

vegetation, hydrology, photic zone depth, pH, and vegetation. 

At times, pH levels in the upstream site were within the range 

of lethality reported for blueback herring larvae. 

Relationships between habitat variables and occurrence of 

river herring life stages in the upstream site were 

identified. Effects of tidal condition, time of day, light 

intensity, and temperature on peaks in densities of river 

herring life stages in the upstream site were determined by 

plotting these variables with life stage densities. Trends in 

water temperature were positively related to peaks in 

densities of river herring life stages. Logistic regression 

was used to determine if temperature, light intensity, 

dissolved oxygen, velocity, depth, and secchi disc 

transparency predicted occurrence of river herring life stages 

in the upstream site. Occurrence of alewife early egg stages 

was positively related to dissolved oxygen and velocity. 

Occurrences of blueback herring adults and early eggs were 

positively related to water temperature.
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Introduction 

The alewife, Alosa pseudoharengus, and the blueback 

herring, Alosa aestivalis, are harvested commercially and 

recreationally in every Atlantic Coast state except Georgia 

(Street 1970) and in maritime provinces of Canada (Loesch 

1987, Scott and Scott 1988). These fish supported relatively 

important commercial fisheries in Chesapeake Bay until the 

early 1970's when stocks began to decline dramatically (Klauda 

et al. 1991). Of all the anadromous fish species harvested 

in the Chesapeake Bay, they have experienced the most dramatic 

decline in commercial landings (Speir 1987). For example, 

fifty years ago in Maryland, 8 million lbs of these fish were 

caught commercially compared to only 200,000 lbs in 1985, a 

97.5% decline. In the past, these fish migrated further 

upstream than they presently do. Now, for example, they only 

migrate to river kilometer 250 on the Rappahannock River, 

compared to river kilometer 326 historically (Mudre et al. 

1984). The fisheries have declined for several reasons, one 

of which is loss of spawning and nursery habitat. Reasons for



habitat loss include pollution and migratory impediments such 

as dams and highway crossings. 

River herring, a collective term for both alewives and 

blueback herring, are a valuable resource in terms of 

commercial and recreational fishing, and serve as predators, 

prey, and competitors for various organisms in their 

communities. Both species are mainly planktivores (Mullen et 

al. 1986), and as juveniles they partition food items between 

themselves and other alosids such as the American shad (Crecco 

and Blake 1983). All stages of both species are important 

forage items for freshwater and marine fishes, birds, 

amphibians, reptiles, and mammals (Loesch 1987). They have 

been important sources of roe, bait, fish meal as a protein 

supplement in animal feed, fish oil, and are also important 

for human consumption (Mullen et al. 1986). Considering that 

these fish rely heavily on freshwater habitats for both 

spawning and juvenile stages and that these areas are 

threatened by land use changes, there is a definite need for 

knowledge of the life history of these fish, especially their 

early life stages. 

The young of these anadromous species spend the first 

year of life in freshwater and by the end of that first year, 

Migrate seaward (Burbidge 1974, Kissil 1974, Richkus 1975, 

O’Neill 1980, Loesch 1987), although some juvenile alewife 

remain in deep estuarine waters through the winter (Hildebrand 

and Schroeder 1928). They spend the next few years in the 
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ocean, and when old enough, migrate to natal streams to spawn. 

Late March to late April is the spawning season for the 

alewife (Jenkins 1992), whose geographical range extends from 

Newfoundland (Winters et al. 1973) to South Carolina (Berry 

1964). Late April to early May is the spawning season for 

blueback herring (Jenkins 1992), whose geographical range is 

from Nova Scotia to the St. Johns River, Florida (Hildebrand 

1963). Spawning time is triggered mainly by temperature 

(Cooper 1961) and light (Lund et al. 1970, Saila et al. 

1972), and emigration of the adults to the ocean after 

Spawning is triggered by water flow (Huber 1978). After the 

Spawning season the juveniles remain behind, moving upstream 

in summer (Warinner et al. 1970, Burbidge 1974) and 

downstream in autumn to areas of higher salinity, and finally, 

to the ocean (Hildebrand 1963). Juveniles move in response to 

Salinity (Burbidge 1974, Warinner et al. 1970), temperature 

(Richkus 1975b, Richkus 1975a, O’Leary and Kynard 1986, Davis 

and Cheek 1966), heavy rainfall (Cooper 1961, Richkus 1975a), 

stream flow (Kissil 1974, Richkus 1975a, Davis and Cheek 

1966) and current (Joseph and Davis 1965, Richkus 1975b). 

Some information is available on early life history of 

these fish in regards to the type of habitat they use for 

spawning. However, little is known of: 1) effects of 

watershed characteristics on spawning habitat suitability; 2) 

interactions between environmental factors that trigger 

spawning; 3) types of habitats used for spawning in Virginia 
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streams; and 4) early life history in small tributaries. 

Understanding relationships between watershed characteristics 

use and spawning success in streams, and habitat parameters 

that influence spawning, larval abundance, and larval 

distribution is likely to be essential for development of 

effective management strategies for anadromous species. 

The Rappahannock River drainage in Virginia contains 

Significant alosid spawning and nursery habitat area. The 

types of habitat available in this drainage and their use by 

river herring for various early life stages must be known so 

that these areas can be protected. In this part of their 

range little is known about river herring spawning habitat. 

Thus, it is possible that areas contributing significant 

Spawning habitat for these species could be unknowingly 

altered by various practices such as construction of dams and 

watershed characteristics such as agriculture or urbanization. 

Also, since these practices can alter environmental factors 

that are important triggers for spawning events, it is 

important to understand how factors interact with one another, 

and which factors have greater influence on spawning success. 

Human-made impediments to spawning runs, such as dams and 

culverts, have been suggested as factors which may have 

contributed to the decline of river herring populations in 

Maryland and Virginia (Atran et al. 1983, Speir 1987). There 

is relatively little information that would directly implicate 

effects of agriculture as factors contributing to the general 
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decline of river herring in Virginia (Klauda et al. 1991). 

However, in the Hudson River drainage, urbanization has been 

found to be associated with a decline in river herring 

recruitment. Management strategies such as mitigating the 

negative effects of land uses on spawning and nursery habitat 

and increasing access to areas used for spawning and nursery 

habitats may be needed to reverse the declines in these 

fisheries. 

This thesis is divided into two chapters. The first 

chapter addresses the relationships between watershed 

characteristics and river herring runs in the Rappahannock 

River drainage. Watershed characteristics in this drainage 

and its possible effects on spawning habitat of river herring 

are discussed. Objectives of this chapter are to identify 

relationships between watershed characteristics and occurrence 

of spawning runs, consistency of spawning runs, trends in 

spawning runs, and stream rank that is based upon use by 

Spawning river herring. 

The second chapter addresses the spatio-temporal 

dynamics of spawning and larval river herring. Knowledge of 

spatial and temporal patterns for spawning and larval river 

herring from previous studies are discussed. The objectives of 

this chapter are to characterize the habitat where river 

herring spawn, the distribution of yolk-sac and post-yolk sac 

larvae in a tributary of the Rappahannock River, and to 

determine the relationships between habitat factors and



occurrence of river herring life stages in spawning areas.



Study Area 

The Rappahannock River drainage in Virginia is part of 

the Chesapeake Bay basin, and its mainstem and tributaries 

support spawning runs of the alewife and blueback herring. 

This river system, which encompasses 7,000 sq. km in 

northeastern Virginia, has the third largest area of suitable 

alosid spawning and nursery habitat (6,500 ha) in Virginia 

(Davis et al. 1970). Alewife and blueback herring use fresh 

tidal sections of the Rappahannock River drainage during 

Spawning and as juveniles. Embry Dam at Fredericksburg, 

located 250 river km upstream from the mouth of the 

Rappahannock River, is an effective barrier to passage of 

these and other anadromous fish. The tidal portion of the 

Rappahannock River extends from the fall line at 

Fredericksburg 250 river km to the Chesapeake Bay, with salt 

water intruding upstream 118 river km from the Bay. The 

average annual discharge at Fredericksburg is 1600 cfs and has 

ranged from 140000 to 5 cfs. Alewives and blueback herring 

Spawn in tidal freshwater sections of the river (6,500 ha).



Tidal freshwater tributaries also serve as nurseries (Davis et 

al. 1970). There are at least 125 tributaries that 

potentially provide spawning and nursery habitat for alosids 

in this system (nautical mile 31 to Embry Dam at 

Fredericksburg). Drainages of these tributaries range in size 

from 11 to 18977 ha.



Chapter One 

Watershed characteristics in the 

Rappahannock River drainage and their 

importance to river herring 

Land uses such as urbanization and agriculture may have 

negative effects on river herring spawning runs in the 

Rappahannock River drainage. There is no information 

suggesting that watershed characteristics affect spawning runs 

in this system. However, this may be due to lack of knowledge 

of location of spawning areas in this drainage and, 

subsequently, effects of watershed characteristics in these 

areas. There are a variety of land covers in the Rappahannock 

River drainage. The distribution of land covers in the 

Rappahannock River drainage and their relationships to 

spawning runs of both species is important because of this 

river system’s regional importance in providing habitat for 

river herring. In the Rappahannock River the population of



alewife is at a stable, low level of abundance, while that of 

the blueback herring is stable and moderately abundant (Klauda 

et al. 1991). Populations in other Chesapeake Bay systems 

are remnant and/or declining (Klauda et al. 1991). However, 

knowledge of how watershed characteristics affect the 

occurrence of spawning runs in the Rappahannock River system 

may suggest how to remedy the declining trends in the river 

herring fisheries in other areas. 

Agriculture is the primary land cover along the 

Rappahannock River, whereas farther from the river, 

agriculture and forest are the main land covers (Davis et al. 

1970). Agriculture has many effects on streams, including 

soil compaction, decreased infiltration, increased runoff and 

erosion, vegetation changes, riparian canopy loss, bank 

destabilization, nutrient enrichment, elevated bacterial 

density, modified hydrology, modified channel morphology, and 

modified temperature regime from grazing (Platts 1991). 

Increased rates of wind and water erosion, inhibition of 

photosynthesis, suffocation of fish eggs and larvae from 

sedimentation, and diversion of water for irrigation result 

from row crop agriculture (Ritter 1988). 

Both grazing and row crop agriculture are found in the 

Rappahannock River drainage. Sedimentation, which results 

from erosion of intensively farmed areas especially during 

flooding events, can alter dissolved oxygen levels by 

increasing the oxygen demand required for breakdown of organic 
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matter (Ritter 1988). It can also increase infection rates 

(from naturally occurring fungi) of alewife and blueback 

herring eggs (Schubel and Wang 1973) and result in high 

mortality of blueback herring larvae (Greening et al. 1989). 

Temperature can be modified by grazing in riparian zones 

(Platts 1991). There is no evidence that would directly 

implicate effects of agriculture as factors contributing to 

the general decline of river herring populations in the 

Chesapeake Bay or preventing stock recovery (Klauda et al. 

1991). Again, this could be due to lack of studies of 

effects of agriculture on spawning areas in this part of their 

range. Turbid water conditions and high flows associated with 

severe flooding cause by hurricane Agnes in June 1972 probably 

contributed to the decimation of the 1972 year class of 

alewife in Maryland and altered substrate and depth in many 

Spawning areas (Richkus and DiNardo 1984). Thus, 

agricultural effects, such as erosion during an intensive 

flood, could greatly affect stocks of river herring. 

Therefore, areas of the Rappahannock River that are 

characterized by agriculture may be poor habitats for river 

herring life stages. 

The Rappahannock River basin also includes scattered 

patches of wetlands and urban areas (USGS Land Use Land Cover 

Map). There is no evidence that river herring require 

wetlands in their spawning habitat. However, submerged 

aquatic vegetation, of which some wetlands are composed, 
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performs valuable roles within the Chesapeake Bay. These 

include nutrient absorption and oxygenation of the water 

column (Boynton and Heck 1982), reduction of resuspension of 

bottom sediments and shoreline erosion, and promotion of the 

settlement of suspended sediments (Ward et al. 1984). Thus, 

if wetlands characterize river herring spawning habitat, this 

land cover may provide a stable environment for early life 

stages of fish. Urbanization can affect streams and fish by 

adding contaminants such as lead, zinc, nutrients, sediments, 

oil, pesticides, and salt to streams. Also, impervious areas 

found in urban areas such as streets, Sidewalks, parking lots, 

and roofs will increase frequency and severity of floods, 

accelerate channel erosion, inhibit groundwater regeneration, 

alter temperature regimes, and pulse delivery of pollutants 

(Klein 1979). In the Hudson River basin, dissolved oxygen is 

more variable near cities, and there is a marked decline in 

anadromous fish recruitment where urbanization is greater than 

10% (Limburg and Schmidt 1990). 

Nitrogen and phosphorus are the major enrichments in the 

Rappahannock River due to industrial effluent from the 

Fredericksburg area, the major urban area in this drainage. 

Nitrogen levels decline in concentration downstream of 

Fredericksburg. Total soluble and total particulate 

phosphorus concentrations also decline from river kilometer 

250 to the mouth of the river (Davis et al. 1970). In 1970 

oxygen content of the river was low for approximately 52 river 
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km downstream from Fredericksburg (Davis et al. 1970). The 

lowest value detected was 10% of saturation in the bottom 

water. More recent data indicate similar trends in total 

phosphorus concentrations, with levels declining in 

concentration downstream of Fredericksburg. Also, one 

tributary in the Fredericksburg area experienced a significant 

increase in total phosphorus over an 11-year period. However, 

dissolved oxygen was within State Water Quality Standard range 

(>4-5 mg/L) in areas of the Rappahannock River drainage that 

included Fredericksburg and downstream (Virginia State Water 

Control Board 1984, VSWCB, pers. comm.). Since habitats of 

river herring early life stages can be affected negatively by 

urbanization, spawning streams in an urban area such as 

Fredericksburg may experience lower spawning success than 

others. Rulifson et al. (1982) found that low dissolved 

oxygen, sewage outfalls, and poor water quality as 

nutrient-related factors that were "possibly important or very 

important in contributing to the decline of certain 

populations of alewife in North Carolina. The Rappahannock 

River is not as urbanized as rivers such as the Potomac, which 

receives the industrial and domestic effluents of Washington, 

D.C. area, or the James River, which is polluted by wastes 

from Richmond. However, relationships between urbanization 

and declining trends in spawning runs or numbers of river 

herring in runs in the Rappahannock River system may indicate 

the significance of urbanization’s contribution to trends in 
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these fish stocks. 

Although the Rappahannock River drainage is not heavily 

urbanized, there are many road crossings on various 

tributaries of this system. Also, new bridge projects are 

still underway on various tributaries that contribute spawning 

habitat for river herring (pers. observ.). Road construction 

and maintenance have many effects on aquatic systems. These 

include: accelerated erosion rates, mass soil movements, 

surface erosion, alterations in channel morphology, changes in 

rainfall-runoff relationships, hillslope drainage, potential 

for chemical contamination, the amount and type of organic 

debris in stream channels, and human access to streams and 

fish populations. Also, road crossing structures can be 

barriers to migration, usually because of outfall barriers, 

excesSive water velocity, insufficient water depths in 

culverts, disorienting turbulent flow patterns, lack of 

resting pools below culverts, or a combination of these 

conditions (Furniss et al. 1991). If road construction or 

maintenance occurs on a stream during spawning season, the 

effects of erosion on turbidity and dissolved oxygen on 

Spawning success can be drastic. Also, access to spawning 

areas may be decreased if a highway crossing type is not 

negotiable by anadromous fish. For example, in the James 

River there are some highway crossing structures that would 

impede river herring migrations if they could negotiate the 

stream below these crossings (Odom et al. 1986). Thus, 

14



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

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

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

�I� �e�x�p�e�c�t� �a�r�e�a�s� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �b�a�s�i�n� 

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

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

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

�C�h�a�p�t�e�r� �O�n�e� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�1�)� �t�o� �i�d�e�n�t�i�f�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �w�a�t�e�r�s�h�e�d� 

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

�h�e�r�r�i�n�g� �i�n� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r�,� �2�)� �t�o� 

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

�c�o�n�s�i�s�t�e�n�c�y� �(�p�r�e�s�e�n�c�e� �e�v�e�r�y� �y�e�a�r�)� �o�f� �s�p�a�w�n�i�n�g� �r�u�n�s� �o�f� �r�i�v�e�r� 

�h�e�r�r�i�n�g� �i�n� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r�,� �3�)� �t�o� 

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

�t�r�e�n�d�s� �i�n� �s�p�a�w�n�i�n�g� �r�u�n�s� �(�s�i�z�e� �a�n�d� �n�u�m�b�e�r�s� �o�f� �r�u�n�s�)� �i�n� 

�t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r�,� �a�n�d� �4�)� �t�o� �i�d�e�n�t�i�f�y� 

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

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

�S�p�a�w�n�i�n�g� �r�i�v�e�r� �h�e�r�r�i�n�g�)� �a�n�d� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�7�2� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �t�h�a�t� �a�r�e� 

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

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

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

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

�a�)� �h�e�a�v�i�l�y�,� �b�)� �m�o�d�e�r�a�t�e�l�y� �a�n�d�/�o�r� �c�o�n�s�i�s�t�e�n�t�l�y�,� �o�r� �o�c�)� 

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

�F�i�s�h� �u�s�e� �c�a�t�e�g�o�r�i�e�s� 

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

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

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

�d�e�t�e�r�m�i�n�e�d� �b�y� �c�o�n�s�u�l�t�i�n�g� �k�n�o�w�l�e�d�g�e�a�b�l�e� �p�e�r�s�o�n�s� �(�8�8� �t�o�t�a�l�)� 

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

�a�n�g�l�e�r�s�,� �b�a�i�t� �s�h�o�p� �o�w�n�e�r�s�,� �a�n�d� �l�a�n�d�o�w�n�e�r�s� �d�u�r�i�n�g� �t�h�e� �1�9�9�2� 

�S�p�a�w�n�i�n�g� �s�e�a�s�o�n� �(�F�e�b�.�-�M�a�y�)�.� �T�h�r�o�u�g�h� �s�e�v�e�n� �q�u�e�s�t�i�o�n�s� �I� 

�d�e�t�e�r�m�i�n�e�d�:� �1�)� �t�h�e� �s�o�u�r�c�e� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t ��s� �f�a�m�i�l�i�a�r�i�t�y� 

�w�i�t�h� �t�h�e� �f�i�s�h�e�r�y�;� �2�)� �t�h�e� �s�t�r�e�a�m�s� �w�i�t�h� �w�h�i�c�h� �t�h�e� �r�e�s�p�o�n�d�e�n�t� 

�w�a�s� �f�a�m�i�l�i�a�r�;� �3�)� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g� �i�n� �t�h�e�s�e� 

�s�t�r�e�a�m�s�;� �4�)� �t�h�e� �c�o�n�s�i�s�t�e�n�c�y� �o�f� �u�s�e� �o�f� �t�h�e�s�e� �s�t�r�e�a�m�s�;� �5�)� �t�h�e� 

�d�e�g�r�e�e� �t�o� �w�h�i�c�h� �s�t�r�e�a�m�s� �a�r�e� �u�s�e�d�;� �6�)� �t�h�e� �t�r�e�n�d�s� �i�n� �u�s�e� �o�f� 

�s�t�r�e�a�m�s� �b�y� �f�i�s�h�;� �a�n�d� �7�)� �t�h�e� �f�u�r�t�h�e�s�t� �u�p�s�t�r�e�a�m� �e�x�t�e�n�t� �o�f� 

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

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

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

�f�i�s�h�e�r�y�,� �w�h�i�c�h� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �i�n�t�e�r�v�i�e�w�e�e� �(�T�a�b�l�e� �1�.�1�)�.� �T�h�e� 
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�T�a�b�l�e� �!�.�1�.� �S�u�r�v�e�y� �u�s�e�d� �t�o� �c�a�t�e�g�o�r�i�z�e� �7�1� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �b�y� �r�i�v�e�r� �h�e�r�r�i�n�g� 
�u�s�e�.� �A� �t�o�t�a�l� �o�f� �8�8� �p�e�o�p�l�e� �w�e�r�e� �s�u�r�v�e�y�e�d� �d�u�r�i�n�g� �t�h�e� �1�9�9�2� �r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g� �s�e�a�s�o�n� 
�(�F�e�b�.�-�M�a�y�)�.� �T�h�e�s�e� �i�n�c�l�u�d�e�d� �g�a�m�e� �w�a�r�d�e�n�s�,� �a�n�g�l�e�r�s�,� �b�a�i�t� �s�h�o�p� �o�w�n�e�r�s�,� �a�n�d� �l�a�n�d�o�w�n�e�r�s� �o�f� �t�h�e� 
�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �d�r�a�i�n�a�g�e�.� 

�Q�U�E�S�T�I�O�N�S� 

�1�.� �H�O�W� �W�O�U�L�D� �Y�O�U� �B�E�S�T� �D�E�S�C�R�I�B�E� �Y�O�U�R� �S�O�U�R�C�E� �O�F� �F�A�M�I�L�I�A�R�I�T�Y� 
�W�I�T�H� �R�I�V�E�R� �H�E�R�R�I�N�G� �A�N�D� �S�T�R�E�A�M�S� �I�N� �T�H�I�S� �A�R�E�A� �(�O�N�E�S� �T�H�A�T� 
�F�L�O�W� �I�N�T�O� �T�H�E� �T�H�E� �R�A�P�P�A�H�A�N�N�O�C�K� �R�.�)�?� 

�1� �L�A�W� �E�N�F�O�R�C�E�M�E�N�T� 
�2� �R�E�C�R�E�A�T�I�O�N�A�L� �F�I�S�H�I�N�G� 
�3� �L�A�N�D� �O�W�N�E�R�S�H�I�P� 
�4� �B�A�I�T� �S�H�O�P� �O�W�N�E�R�S�H�I�P� 
�S� �O�T�H�E�R� �(�P�L�E�A�S�E� �S�P�E�C�I�F�Y�)� 

�2�.� �H�E�R�E� �A�R�E� �C�O�U�N�T�Y� �M�A�P�S� �O�F� �T�H�I�S� �A�R�E�A�.� �C�O�U�L�D� �Y�O�U� �I�D�E�N�T�I�F�Y� 
�T�R�I�B�U�T�A�R�I�E�S� �O�F� �T�H�E� �R�A�P�P�A�H�A�N�N�O�C�K� �R�I�V�E�R� �W�I�T�H� �W�H�I�C�H� �Y�O�U� 
�A�R�E� �F�A�M�I�L�I�A�R�?� �T�H�E�S�E� �S�T�R�E�A�M�S� �D�O� �N�O�T� �N�E�C�E�S�S�A�R�I�L�Y� �H�A�V�E� 
�T�O� �S�U�P�P�O�R�T� �S�P�A�W�N�I�N�G� �R�U�N�S� �O�F� �R�I�V�E�R� �H�E�R�R�I�N�G�.� 

�T�H�E� �N�E�X�T� �Q�U�E�S�T�I�O�N� �W�I�L�L� �B�E� �A�S�K�E�D� �F�O�R� �E�A�C�H� �O�F� �T�H�E�S�E� �S�T�R�E�A�M�S� �T�H�A�T� �Y�O�U� �I�D�E�N�T�I�F�I�E�D�.� 

�3�.� �H�O�W� �W�O�U�L�D� �Y�O�U� �D�E�S�C�R�I�B�E� �T�H�I�S� �S�T�R�E�A�M� �I�N� �R�E�G�A�R�D�S� �T�O� �R�I�V�E�R� 
�H�E�R�R�I�N�G� �P�R�E�S�E�N�C�E� �D�U�R�I�N�G� �T�H�E� �S�P�A�W�N�I�N�G� �S�E�A�S�O�N� �(�N�O�T� 
�N�E�C�E�S�S�A�R�I�L�Y� �E�V�E�R�Y� �Y�E�A�R�)�?� 

�1� �F�I�S�H� �A�R�E� �P�R�E�S�E�N�T� 
�2� �F�I�S�H� �A�R�E� �P�R�O�B�A�B�L�Y� �P�R�E�S�E�N�T� 
�3� �1 ��M� �N�O�T� �S�U�R�E� �I�F� �F�I�S�H� �A�R�E� �P�R�E�S�E�N�T� 
�4� �F�I�S�H� �A�R�E� �P�R�O�B�A�B�L�Y� �N�O�T� �P�R�E�S�E�N�T� 

�T�H�E� �N�E�X�T� �F�O�U�R� �Q�U�E�S�T�I�O�N�S� �W�I�L�L� �R�E�F�E�R� �T�O� �T�H�E� �S�T�R�E�A�M�S� �Y�O�U� �S�T�A�T�E�D� �H�A�D� �F�I�S�H� �P�R�E�S�-� 
�E�N�T� �D�U�R�I�N�G� �T�H�E� �S�P�A�W�N�I�N�G� �S�E�A�S�O�N�.� 

�4�.� �H�O�W� �W�O�U�L�D� �Y�O�U� �D�E�S�C�R�I�B�E� �C�O�N�S�I�S�T�E�N�C�Y� �I�N� �P�R�E�S�E�N�C�E� �O�F� �R�I�V�E�R� 
�H�E�R�R�I�N�G� �I�N� �T�H�I�S� �S�T�R�E�A�M�?� 
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�1� �F�I�S�H� �A�R�E� �P�R�E�S�E�N�T� �E�V�E�R�Y� �Y�E�A�R� 
�2� �F�I�S�H� �A�R�E� �N�O�T� �P�R�E�S�E�N�T� �E�V�E�R�Y� �Y�E�A�R� 

�5�.� �H�O�W� �W�O�U�L�D� �Y�O�U� �B�E�S�T� �D�E�S�C�R�I�B�E� �T�H�E� �S�I�Z�E� �O�F� �T�H�E� �R�U�N�S� �O�F� 
�R�I�V�E�R� �H�E�R�R�I�N�G� �I�N� �T�H�I�S� �S�T�R�E�A�M�?� 

�1� �H�I�G�H� �N�U�M�B�E�R�S� �O�F� �F�I�S�H� 
�2� �F�A�I�R� �T�O� �G�O�O�D� �N�U�M�B�E�R�S� �O�F� �F�I�S�H� 
�3� �L�O�W� �N�U�M�B�E�R�S� �O�F� �F�I�S�H� 

�6�.�A�.�H�O�W� �W�O�U�L�D� �Y�O�U� �D�E�S�C�R�I�B�E� �T�R�E�N�D�S� �I�N� �F�I�S�H� �S�P�A�W�N�I�N�G� �R�U�N�S� 
�I�N� �R�E�G�A�R�D�S� �T�O� �N�U�M�B�E�R�S� �O�F� �R�U�N�S� �I�N� �T�H�I�S� �S�T�R�E�A�M�?� 

�1� �I�N�C�R�E�A�S�I�N�G� 
�2� �S�T�A�B�L�E� 
�3� �D�E�C�R�E�A�S�I�N�G� 

�6�.�B�.�H�O�W� �W�O�U�L�D� �Y�O�U� �D�E�S�C�R�I�B�E� �T�R�E�N�D�S� �I�N� �F�I�S�H� �S�P�A�W�N�I�N�G� �R�U�N�S� 
�I�N� �R�E�G�A�R�D�S� �T�O� �N�U�M�B�E�R�S� �O�F� �F�I�S�H� �I�N� �T�H�E� �R�U�N�S� �I�N� 
�T�H�I�S� �S�T�R�E�A�M�?� 

�1� �I�N�C�R�E�A�S�I�N�G� 
�2� �S�T�A�B�L�E� 
�3� �D�E�C�R�E�A�S�I�N�G� 

�7�.� �W�H�A�T� �I�S� �T�H�E� �F�U�R�T�H�E�S�T� �E�X�T�E�N�T� �O�F� �S�P�A�W�N�I�N�G� �I�N� �T�H�I�S� �S�T�R�E�A�M�?� 
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�s�e�c�o�n�d� �q�u�e�s�t�i�o�n� �a�s�k�e�d� �t�h�e� �r�e�s�p�o�n�d�e�n�t� �t�o� �l�i�s�t� �f�a�m�i�l�i�a�r� �s�t�r�e�a�m�s� 

�(�a�f�t�e�r� �s�h�o�w�i�n�g� �h�i�m�/�h�e�r� �c�o�u�n�t�y� �m�a�p�s�)�.� �B�y� �u�s�i�n�g� �L�i�k�e�r�t� �s�c�a�l�e�s� 

�t�h�e� �t�h�i�r�d�,� �f�o�u�r�t�h�,� �f�i�f�t�h�,� �a�n�d� �s�i�x�t�h� �q�u�e�s�t�i�o�n�s� �a�s�k�e�d� �t�h�e� 

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

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

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

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

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

�R�e�m�a�i�n�i�n�g� �s�t�r�e�a�m�s� �w�e�r�e� �c�a�t�e�g�o�r�i�z�e�d� �a�s� �"�i�m�p�r�o�b�a�b�l�e�"� �o�r� 

�"�u�n�c�e�r�t�a�i�n�"�.� �C�o�n�f�i�r�m�e�d� �s�t�r�e�a�m�s� �w�e�r�e� �c�a�t�e�g�o�r�i�z�e�d� �a�s� 

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

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

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

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

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

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

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �s�i�x�t�h� �q�u�e�s�t�i�o�n� �a�s�k�e�d� �t�h�e� �r�e�s�p�o�n�d�e�n�t� �t�o� 

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

�s�t�a�b�l�e� �t�r�e�n�d�s� �i�n� �u�s�e� �b�y� �f�i�s�h�.� �T�h�e� �s�e�v�e�n�t�h� �q�u�e�s�t�i�o�n� �a�s�k�e�d� �t�h�e� 

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

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

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

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

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

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

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

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

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

�w�h�o� �h�a�v�e� �b�e�e�n� �w�i�t�n�e�s�s�i�n�g� �t�h�e� �r�u�n�s�.� 

�S�o�u�r�c�e�s� �o�f� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�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� �(�U�S�G�S�)� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s� 

�(�1�:�2�4�0�0�0�;� �1�9�6�9�-�1�9�8�6�)�,� �V�i�r�g�i�n�i�a� �G�e�o�g�r�a�p�h�i�c� �I�n�f�o�r�m�a�t�i�o�n� �S�y�s�t�e�m�s� 

�(�V�I�R�G�I�S�)� �l�a�n�d� �u�s�e� �d�a�t�a� �(�1�:�2�4�0�0�0�,� �1�/�9� �h�a� �r�e�s�o�l�u�t�i�o�n�;� 

�1�9�8�6�-�1�9�8�7�)�,� �a�n�d� �U�S�G�S� �D�i�g�i�t�a�l� �L�i�n�e� �G�r�a�p�h�s� �(�D�L�G�)� �d�a�t�a� �(�1�:�1�0�0�0�0�0�;� 

�1�9�6�9�-�1�9�8�6�)� �w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�y�p�e� �o�f� �l�a�n�d� �c�o�v�e�r� �i�n� 

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

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

�w�e�t�l�a�n�d�s�,� �a�g�r�i�c�u�l�t�u�r�e�,� �u�r�b�a�n�,� �f�o�r�e�s�t�,� �a�n�d� �r�o�a�d�s�.� �D�L�G� �d�a�t�a� 

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

�U�r�b�a�n� �a�r�e�a�s� �w�e�r�e� �d�i�g�i�t�i�z�e�d� �f�r�o�m� �U�S�G�S� �(�1�:�2�4�0�0�0�)� �m�a�p�s�.� �V�I�R�G�I�S� 

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

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

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

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

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

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

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

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

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

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

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

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

�a�r�e�a� �f�o�r� �t�h�a�t� �t�r�i�b�u�t�a�r�y� �w�a�s� �k�n�o�w�n�.� �V�i�r�g�i�n�i�a� �S�t�a�t�e� �W�a�t�e�r� 

�C�o�n�t�r�o�l� �B�o�a�r�d� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �t�r�i�b�u�t�a�r�i�e�s� 

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

�s�t�r�e�a�m�s� �f�o�r� �w�h�i�c�h� �p�e�o�p�l�e� �h�a�v�e� �V�P�D�E�S� �p�e�r�m�i�t�s� �(�S�W�C�B�,� �p�e�r�s�.� 

�c�o�m�m�.�)� �.� 

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

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

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

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

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

�T�h�e�r�e�f�o�r�e�,� �a�l�t�h�o�u�g�h� �I� �m�a�y� �h�a�v�e� �b�e�e�n� �a�b�l�e� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� 

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

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

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

�A�n�a�l�y�s�e�s� 

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

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

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

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

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

�I�n� �a� �V�i�r�g�i�n�i�a� �I�n�s�t�i�t�u�t�e� �o�f� �M�a�r�i�n�e� �S�c�i�e�n�c�e� �(�V�I�M�S�)� �s�t�u�d�y� �(�D�a�v�i�s� 

�e�t� �a�l�.� �1�9�7�0�)�,� �2�0� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �w�e�r�e� 

�c�l�a�s�s�i�f�i�e�d� �a�s� �c�o�n�f�i�r�m�e�d� �a�n�d� �3�6� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �p�r�o�b�a�b�l�e� 

�a�r�e�a�s� �o�f� �a�l�o�s�i�d� �s�p�a�w�n�i�n�g� �f�r�o�m� �s�a�m�p�l�i�n�g� �d�a�t�a�.� �G�i�l�l� �n�e�t�s�,� 

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

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

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

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

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

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

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

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

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

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

�o�f� �s�p�a�w�n�i�n�g� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �V�I�M�S� �s�t�u�d�y�.� �M�y� �s�t�r�e�a�m� �r�a�n�k�s� �w�e�r�e� 

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

�K�r�u�s�k�a�l�-�W�a�l�l�i�s� �T�e�s�t�.� �I�f� �t�h�i�s� �t�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�,� �W�i�l�c�o�x�o�n� 

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

�o�t�h�e�r�s�.� 

�S�i�n�c�e� �I� �e�x�p�e�c�t�e�d� �s�o�m�e� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�o� �b�e� 

�h�i�g�h�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�,� �I� �a�n�a�l�y�z�e�d� �f�o�r� �c�o�r�r�e�l�a�t�i�o�n� 

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

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

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

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

�a�n�s�w�e�r�s� �t�o� �Q�u�e�s�t�i�o�n� �7� �o�f� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e�)�,� �w�a�t�e�r�s�h�e�d� �a�r�e�a� 

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

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

�h�e�r�r�i�n�g�.� �I�f� �u�p�s�t�r�e�a�m� �e�x�t�e�n�t� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�u�n�s� �w�a�s� �n�o�t� 

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

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

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

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

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

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

�S�p�a�w�n�i�n�g� �a�r�e�a�.� �A�n�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �a� �w�a�t�e�r�s�h�e�d� 

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

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

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

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

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

�S�t�r�e�a�m� �u�s�e� �b�y� �s�p�a�w�n�i�n�g� �r�i�v�e�r� �h�e�r�r�i�n�g� �i�n� �a� �t�r�i�b�u�t�a�r�y� �w�a�s� 

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

�o�c�c�u�r�r�e�n�c�e�,� �n�u�m�b�e�r�s�,� �a�n�d� �t�r�e�n�d�s� �i�n� �r�u�n�s� �(�s�i�z�e� �a�n�d� �n�u�m�b�e�r�s� �o�f� 

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

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

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

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

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

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

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

�w�e�r�e� �m�a�d�e� �u�s�i�n�g� �t�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� 

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

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

�i�d�e�n�t�i�f�i�e�d�.� �C�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �s�t�r�e�a�m� �r�a�n�k� �a�n�d� �l�a�n�d� �c�o�v�e�r� 

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

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

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

�c�a�t�e�g�o�r�i�z�e�d� �a�s� �c�o�n�f�i�r�m�e�d� �(�A�n�s�w�e�r� �1� �t�o� �Q�u�e�s�t�i�o�n� �3�)� �a�n�d� 

�c�o�n�s�i�s�t�e�n�t� �a�r�e�a�s� �o�f� �s�p�a�w�n�i�n�g� �(�A�n�s�w�e�r� �1� �t�o� �Q�u�e�s�t�i�o�n� �4�)�)� �w�e�r�e� 

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

�g�r�o�u�p�s�:� �1�)� �s�t�r�e�a�m�s� �t�h�a�t� �h�a�d� �t�h�e� �a�v�e�r�a�g�e� �a�n�s�w�e�r� �o�f� �1� �t�o� 

�Q�u�e�s�t�i�o�n� �3�,� �2�)� �s�t�r�e�a�m�s� �t�h�a�t� �h�a�d� �a�v�e�r�a�g�e� �a�n�s�w�e�r�s� �o�f� �1�-�2� �f�o�r� 

�Q�u�e�s�t�i�o�n� �3�,� �3�)� �s�t�r�e�a�m�s� �t�h�a�t� �h�a�d� �a�v�e�r�a�g�e� �a�n�s�w�e�r�s� �o�f� �2�-�3� �f�o�r� 

�Q�u�e�s�t�i�o�n� �3�,� �a�n�d� �4�)� �s�t�r�e�a�m�s� �t�h�a�t� �h�a�d� �a�v�e�r�a�g�e� �a�n�s�w�e�r�s� �o�f� �3�-�4� �f�o�r� 

�Q�u�e�s�t�i�o�n� �3�.� �S�t�r�e�a�m�s� �t�h�a�t� �h�a�d� �l�o�w�e�r� �a�n�s�w�e�r�s� �t�o� �t�h�i�s� �q�u�e�s�t�i�o�n� 

�w�e�r�e� �b�e�t�t�e�r� �r�a�n�k�e�d� �t�h�a�n� �t�h�o�s�e� �w�i�t�h� �h�i�g�h�e�r� �a�n�s�w�e�r�s�.� �T�h�e�n�,� 

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

�l�o�w�e�r� �a�n�s�w�e�r�s� �t�o� �Q�u�e�s�t�i�o�n� �4� �h�a�d� �b�e�t�t�e�r� �r�a�n�k�s� �t�h�a�n� �t�h�o�s�e� �w�i�t�h� 

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

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

�q�u�e�s�t�i�o�n�s� �(�5�-�6�b�)� �f�o�r� �e�a�c�h� �s�t�r�e�a�m� �w�e�r�e� �a�v�e�r�a�g�e�d�.� �S�t�r�e�a�m�s� �w�i�t�h� 

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

�t�h�o�s�e� �w�i�t�h� �h�i�g�h�e�r� �v�a�l�u�e�s�.� 

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

�s�t�r�e�a�m� �r�a�n�k� �a�n�d� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�)�.� �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� �o�f� �w�a�t�e�r�s�h�e�d� �s�i�z�e� �a�n�d� �l�a�n�d� �c�o�v�e�r� �w�e�r�e� �d�i�v�i�d�e�d� 

�i�n�t�o� �7� �t�o� �9� �i�n�t�e�r�v�a�l�s�.� �T�h�e� �i�n�t�e�r�v�a�l�s� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� 

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

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

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

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

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

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

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

�0�-�7�.�9�%� �u�r�b�a�n�i�z�a�t�i�o�n�,� �t�w�o� �s�t�r�e�a�m�s� �h�a�d� �8�-�2�3�.�9�%� �u�r�b�a�n�i�z�a�t�i�o�n�,� 

�t�h�r�e�e� �s�t�r�e�a�m�s� �h�a�d� �2�4�-�3�1�.�9�%� �u�r�b�a�n�i�z�a�t�i�o�n�,� �a�n�d� �t�w�o� �s�t�r�e�a�m�s� �h�a�d� 

�3�2�-�3�9�.�9�%� �u�r�b�a�n�i�z�a�t�i�o�n�,� �t�h�e�n� �t�h�e� �n�i�n�e�t�y�-�f�i�v�e� �s�t�r�e�a�m�s� �w�i�t�h� 

�0�-�7�.�9�%� �u�r�b�a�n�i�z�a�t�i�o�n� �w�o�u�l�d� �b�e� �d�i�s�r�e�g�a�r�d�e�d� �a�n�d� �t�h�e� �r�a�n�k�s� �o�f� 

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

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

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

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

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

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

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

�t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �u�s�e� �o�r�,� �i�f� �t�h�e�r�e� �w�e�r�e� �n�o� �o�b�v�i�o�u�s� �b�r�e�a�k�s�,� 

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

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

�r�a�n�k�s� �o�f� �s�t�r�e�a�m�s� �w�i�t�h� �p�o�i�n�t�-�s�o�u�r�c�e� �p�o�l�l�u�t�i�o�n� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� 
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�t�h�o�s�e� �w�i�t�h� �n�o�n�e� �u�s�i�n�g� �t�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� �I�f� �r�a�n�k�s� �f�o�r� 

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

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

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

�w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �g�r�o�u�p�s� �u�s�i�n�g� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� �F�o�r� 

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

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�g�r�i�c�u�l�t�u�r�e� �(�G�r�o�u�p� �A�-�s�t�r�e�a�m�s� �h�a�v�i�n�g� �<�2�8�.�3�%� 

�a�g�r�i�c�u�l�t�u�r�e�,� �G�r�o�u�p� �B�-�s�t�r�e�a�m�s� �h�a�v�i�n�g� �>�2�8�.�3�%� �a�n�d� �<�5�6�.�6�%�,� �a�n�d� 

�G�r�o�u�p� �C�-�s�t�r�e�a�m�s� �h�a�v�i�n�g� �>�5�6�.�6�%� �a�g�r�i�c�u�l�t�u�r�e�)� �d�i�f�f�e�r�e�d� �i�n� �s�t�r�e�a�m� 

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

�G�r�o�u�p� �A� �s�t�r�e�a�m�s� �(�s�t�r�e�a�m�s� �h�a�v�i�n�g� �<�2�8�.�3�%� �a�g�r�i�c�u�l�t�u�r�e�)� �w�e�r�e� 

�i�n�c�l�u�d�e�d� �i�n� �f�u�r�t�h�e�r� �a�n�a�l�y�s�e�s�.� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�s� �w�e�r�e� �u�s�e�d� 

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

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

�R�e�s�u�l�t�s� 

�E�i�g�h�t�y�-�e�i�g�h�t� �p�e�o�p�l�e� �w�e�r�e� �i�n�t�e�r�v�i�e�w�e�d� �a�b�o�u�t� �7�2� �t�r�i�b�u�t�a�r�i�e�s� 

�i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �d�r�a�i�n�a�g�e�.� �O�f� �t�h�e�s�e� �t�r�i�b�u�t�a�r�i�e�s�,� �1�4� 

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

�(�e�v�e�r�y� �y�e�a�r�)� �a�n�d� �1� �w�a�s� �a� �c�o�n�f�i�r�m�e�d� �s�t�r�e�a�m� �w�h�e�r�e� �r�i�v�e�r� �h�e�r�r�i�n�g� 

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

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

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

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

�o�f� �f�i�s�h� �i�n� �r�u�n�s�.� 

�S�t�r�e�a�m� �w�a�t�e�r�s�h�e�d�s� �r�a�n�g�e�d� �i�n� �s�i�z�e� �f�r�o�m� �1�4� �t�o� �1�2�8�7�3� �h�a�.� 

�S�t�r�e�a�m�s� �c�o�n�t�a�i�n�e�d� �0� �t�o� �5�9�%� �u�r�b�a�n�i�z�a�t�i�o�n�,� �2� �t�o� �2�6�%� �w�e�t�l�a�n�d�s�,� �0� 

�t�o� �4�.�0�8� �r�o�a�d� �c�r�o�s�s�i�n�g�s� �p�e�r� �h�a�,� �5� �t�o� �9�6�%� �f�o�r�e�s�t�,� �a�n�d� �5� �t�o� �8�5�%� 

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

�V�a�r�i�a�b�i�l�i�t�y� �i�n� �d�a�t�a� �a�n�d� �v�a�l�i�d�i�t�y� �o�f� �r�e�s�u�l�t�s� 

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

�a�n�s�w�e�r�s� �t�o� �t�h�e� �q�u�e�s�t�i�o�n�s� �a�b�o�u�t� �t�r�i�b�u�t�a�r�i�e�s� �t�o� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� 

�R�i�v�e�r� �r�e�g�a�r�d�i�n�g� �t�h�e�i�r� �u�s�e� �b�y� �s�p�a�w�n�i�n�g� �r�i�v�e�r� �h�e�r�r�i�n�g� �(�A�p�p�e�n�d�i�x� 

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

�r�a�n�k�s� �a�m�o�n�g� �t�h�e� �s�t�r�e�a�m� �g�r�o�u�p�s� �c�a�t�e�g�o�r�i�z�e�d� �f�r�o�m� �t�h�e� �V�I�M�S� �s�t�u�d�y� 

�(�p�=�0�.�0�0�0�1�)�.� �C�o�n�f�i�r�m�e�d� �s�p�a�w�n�i�n�g� �s�t�r�e�a�m�s� �h�a�d� �a� �b�e�t�t�e�r� �a�v�e�r�a�g�e� 

�S�t�r�e�a�m� �r�a�n�k� �(�2�3�.�8�4�)� �t�h�a�n� �t�h�a�t� �o�f� �p�r�o�b�a�b�l�e� �s�p�a�w�n�i�n�g� �s�t�r�e�a�m�s�,� 

�2�9�.�7�,� �w�h�i�c�h� �i�n� �t�u�r�n�,� �w�a�s� �b�e�t�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �u�n�c�e�r�t�a�i�n� 

�S�p�a�w�n�i�n�g� �s�t�r�e�a�m�s�,� �4�8�.�3�4�.� 

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

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

�(�p�=�0�.�0�0�5�4�,� �r�=�-�0�.�2�4�5�6�,� �N�=�7�2�)�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �u�r�b�a�n�i�z�a�t�i�o�n� 

�(�p�=�0�.�0�0�7�2�,� �r�=�-�0�.�2�3�7�5�,� �N�=�7�2�)�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�o�r�e�s�t� 

�(�p�=�0�.�0�0�0�1�,� �r�=�-�0�.�8�5�4�8�,� �N�=�7�2�)�.� �F�o�r�e�s�t� �w�a�s� �n�e�g�a�t�i�v�e�l�y� �a�s�s�o�c�i�a�t�e�d� 
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�w�i�t�h� �d�e�n�s�i�t�y� �o�f� �h�i�g�h�w�a�y� �c�r�o�s�s�i�n�g�s� �(�p�=�0�.�0�1�4�6�,� �r�=�-�0�.�2�4�3�5�,� �N�=�7�2�)� 

�a�n�d� �w�e�t�l�a�n�d�s� �(�p�=�0�.�0�0�3�0�,� �r�=�-�0�.�2�6�1�5�,� �N�=�7�2�)� �a�n�d� �p�o�s�i�t�i�v�e�l�y� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �w�a�t�e�r�s�h�e�d� �a�r�e�a� �(�p�=�0�.�0�0�3�1�,� �r�=�0�.�2�6�0�6�,� �N�=�7�2�)�.� 

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

�(�p�=�0�.�0�0�0�1�,� �r�=�0�.�5�4�6�9�,� �N�=�7�8�)�.� �S�t�r�e�a�m�s� �w�i�t�h� �p�o�i�n�t�-�s�o�u�r�c�e� 

�p�o�l�l�u�t�i�o�n� �h�a�d� �l�a�r�g�e�r� �w�a�t�e�r�s�h�e�d�s� �(�p�=�0�.�0�1�2�0�,� �N�=�1�0�5�)� �a�n�d� �h�i�g�h�e�r� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �w�e�t�l�a�n�d�s� �(�p�=�0�.�0�1�2�7�,� �N�=�7�8�)� �t�h�a�n� �t�h�o�s�e� �w�i�t�h� �n�o�n�e�.� 

�A�l�t�h�o�u�g�h� �a�n�a�l�y�s�e�s� �w�e�r�e� �n�o�t� �d�o�n�e�,� �t�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �n�o� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �b�e�t�w�e�e�n� �a�r�e�a�s� 

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

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

�i�m�p�e�d�i�m�e�n�t�s�.� 

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

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

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

�s�t�r�e�a�m� �w�a�S� �p�o�s�i�t�i�v�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�i�z�e� �o�f� �w�a�t�e�r�s�h�e�d� 

�(�p�=�0�.�0�0�0�1�,� �r�=�0�.�4�9�2�5�,� �N�=�8�2�)�,� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�o�r�e�s�t� �(�p�=�0�.�0�0�5�1�,� 

�r�=�0�.�3�1�0�2�,� �N�=�8�0�)�,� �a�n�d� �n�e�g�a�t�i�v�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�a�g�r�i�c�u�l�t�u�r�e� �(�p�=�0�.�0�0�5�0�,� �r�=�-�0�.�3�0�9�4�,� �N�=�8�1�)� �u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d�.� 

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

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

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

�(�p�=�0�.�0�2�7�2�,� �r�=�0�.�4�9�2�8�,� �N�=�2�0�)�.� �P�e�r�c�e�i�v�e�d� �t�r�e�n�d�s� �i�n� �n�u�m�b�e�r�s� �o�f� 
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�s�p�a�w�n�i�n�g� �r�u�n�s� �w�e�r�e� �p�o�s�i�t�i�v�e�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�u�r�b�a�n�i�z�a�t�i�o�n� �(�p�=�0�.�0�2�3�6�,� �r�=�0�.�5�1�6�4�,� �N�=�1�9�)� �u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d�.� 

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

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

�"�M�o�d�i�f�i�e�d� �w�a�t�e�r�s�h�e�d�s�"� �w�i�l�l� �m�e�a�n� �w�a�t�e�r�s�h�e�d� �a�r�e�a�s� �b�e�l�o�w� 

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

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

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

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

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

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

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

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

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

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

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

�u�s�e�d� �t�h�a�t� �w�e�r�e� �n�o�t� �s�e�e�n� �w�h�e�n� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d� �w�a�s� �u�s�e�d�.� �T�h�e�r�e� 

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

�p�r�e�s�e�n�t� �a�n�d� �w�e�t�l�a�n�d�s� �(�p�=�0�.�0�2�7�7�,� �r�=�0�.�3�5�6�2�,� �N�=�2�0�)� �a�n�d� �b�e�t�w�e�e�n� 

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

�m�o�d�i�f�i�e�d� �w�a�t�e�r�s�h�e�d�s� �w�e�r�e� �u�s�e�d� �(�p�=�0�.�0�1�8�2�,� �r�=�0�.�5�3�5�1�,� �N�=�1�9�)�.� 

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

�n�u�m�b�e�r�s� �o�f� �s�p�a�w�n�i�n�g� �r�u�n�s� �a�n�d� �a�g�r�i�c�u�l�t�u�r�e� �(�p�=�0�.�0�3�9�2�,� �r�=�-�0�.�4�6�4�3�,� 

�N�=�2�0�)�.� 

�O�n�l�y� �t�h�e� �t�e�n�d�e�n�c�y� �f�o�r� �r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g� �r�u�n�s� �t�o� 
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�e�a�c�h� �h�i�s�t�o�g�r�a�m� �r�e�p�r�e�s�e�n�t�s�.� �M�a�x�i�m�u�m� �v�a�l�u�e� �f�o�r� �t�h�a�t� �r�a�n�g�e� �i�s� �s�h�o�w�n� �u�n�d�e�r� �h�i�s�t�o�g�r�a�m� �t�o� �t�h�e� 
�r�i�g�h�t�.� �H�i�s�t�o�g�r�a�m�s� �w�i�t�h� �h�o�r�i�z�o�n�t�a�l� �l�i�n�e�s� �i�n�d�i�c�a�t�e� �s�t�r�e�a�m�s� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �l�a�n�d� 
�u�s�e�.� �T�h�e�s�e� �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� �t�h�a�t� �t�e�s�t�e�d� �c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �s�t�r�e�a�m� �r�a�n�k� �a�n�d� 
�l�a�n�d� �u�s�e�.� �N�o�t�e� �t�h�a�t� �s�t�r�e�a�m�s� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �f�o�r�e�s�t� �w�e�r�e� �n�o�t� 
�e�x�c�l�u�d�e�d� �f�r�o�m� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.� �L�e�t�t�e�r�s� �i�n�d�i�c�a�t�e� �g�r�o�u�p�s� �o�f� �s�t�r�e�a�m�s� �f�o�r� �e�a�c�h� �l�a�n�d� �u�s�e� �w�h�o�s�e� 
�r�a�n�k�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�s�.� �O�n�l�y� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�t�r�e�a�m� �r�a�n�k� �a�m�o�n�g� 
�t�h�e� �t�h�r�e�e� �a�g�r�i�c�u�l�t�u�r�a�l� �g�r�o�u�p�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� �G�r�o�u�p� �A� �s�t�r�e�a�m�s� �(�f�o�r� �a�g�r�i�c�u�l�t�u�r�e�)� �w�e�r�e� �b�e�t�t�e�r� 
�r�a�n�k�e�d� �t�h�a�n� �G�r�o�u�p� �B� �s�t�r�e�a�m�s�,� �w�h�i�c�h� �w�e�r�e� �b�e�t�t�e�r� �r�a�n�k�e�d� �t�h�a�n� �G�r�o�u�p� �C� �s�t�r�e�a�m�s�.� 
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�(�p�=�0�.�0�0�1�8�,� �r�=�0�.�3�6�1�2�,� �N�=�7�2�)�.� �P�e�r�c�e�n�t�a�g�e� �a�g�r�i�c�u�l�t�u�r�e� �w�a�s� 

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

�(�p�=�0�.�0�0�3�2�,� �r�=�-�0�.�3�4�0�1�,� �N�=�7�3�)� �u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d�.� �T�h�e� �s�a�m�e� 

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

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

�a�g�a�i�n�s�t� �s�t�r�e�a�m� �r�a�n�k� �u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d�.� �W�h�e�n� �t�o�t�a�l� 

�w�a�t�e�r�s�h�e�d� �w�a�s� �u�s�e�d�,� �t�h�e�r�e� �w�a�s� �a� �2�0�-�3�0�%� �t�h�r�e�s�h�o�l�d� �l�e�v�e�l� �f�o�r� 

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

�n�o�t�i�c�e�a�b�l�y�.� �I�n� �F�i�g�u�r�e� �1�I�1�.�2�B�,� �a�s�t�e�r�i�s�k�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �h�a�l�f� �o�f� 

�t�h�e� �s�t�r�e�a�m�s� �t�h�a�t� �h�a�v�e� �t�h�e� �g�r�e�a�t�e�s�t� �w�a�t�e�r�s�h�e�d� �a�r�e�a�s� �(�>�5�1�7� �h�a�)�,� 

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

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

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

�l�a�r�g�e�r� �s�t�r�e�a�m�s� �(�p�=�0�.�0�0�4�2�,� �r�=�-�0�.�4�6�4�8�)� �t�h�a�n� �f�o�r� �s�m�a�l�l�e�r� �s�t�r�e�a�m�s� 

�(�p�=�0�.�3�4�6�7�,� �r�=�0�.�1�5�9�1�)�.� �S�t�r�e�a�m�s� �h�a�v�i�n�g� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�-�3�0�%� 

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

�s�t�r�e�a�m�s� �h�a�d� �l�e�s�s� �t�h�a�n� �2�0�-�3�0�%� �f�o�r�e�s�t�,� �t�h�e�y� �h�a�d� �o�n�l�y� �p�o�o�r� �r�a�n�k�s�.� 

�S�t�r�e�a�m�s� �h�a�v�i�n�g� �l�e�s�s� �t�h�a�n� �2�0�-�3�0�%� �a�g�r�i�c�u�l�t�u�r�e� �w�e�r�e� �e�i�t�h�e�r� �p�o�o�r�l�y� 

�r�a�n�k�e�d� �o�r� �h�i�g�h�l�y� �r�a�n�k�e�d�.� �I�f� �s�t�r�e�a�m�s� �h�a�d� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�-�3�0�%� 

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

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

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

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

�2�0�-�3�0�%� �o�f� �t�h�e� �l�a�n�d� �c�o�v�e�r� �i�n� �a� �w�a�t�e�r�s�h�e�d�.� 

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

�e�a�c�h� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �d�i�s�t�r�i�b�u�t�i�o�n� �(�t�h�a�t� �w�e�r�e� �b�a�s�e�d� �o�n� 
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�o�e� �a�e� �=� �a� �a� �#�8� �s� �a� �a� �e� �s� 

�8�6�0� �m�e�m� �m�m�m� �m�m�m� �m�m�m� �w�e� 

�B�G�O�:� �-� �e�e� �e�e� �e�e� �e�e�e� �e�e� �e�e� 
�«� �2� �e�w�e�s� �=� �a� �e�e� �e� �o� 

�¢� �e�s� 

�w�e� �4�0� �w�e� �e�e� �e�e� �e�e� �e�e� �P�L� �e�e� �l�e� 

�5� �e� �a� �e�e� �a�e� �e� �o�e� �o�m� �n�e� 

�B� �B�O� �-� �-�-� �e�e� �e�e� 
�w� �s� �s� 

�o�O�o� �P�F� �a� �-� �-� �-� �-� �.�*�.� �-�_ �� �=� �=� �=� �e�s� �e�o� �»� �2� �4� 

�s�o�)� �c�e� �w�e�s� �S�o�t� �g� �c�a�e� �t� �-�7� �O�L�A� 
�o� �o�e� 

�1�0� �2�0� �3�0� �4�0� �6�0� �6�0� �7�o�O� �8�0� �9�0� �1�0�0� 

�P�e�r�c�e�n�t�a�g�e� �o�f� �F�o�r�e�s�t� 

�7�9�0� 
�M�E� �U�e� �a� �a�m� �i�E� �°� �s�e�a� �m�E� �=� �s� �m�e� 

�6�O� �P�o�e� �e�e� �e�e� �e�e� �e�e� �e�w� �e�e� �e�e� �e�e� �4� 

�n�e� �e�s� 

�6�0� �p�T� �=� �°� �y�e� �.�_� �O�O� �s� �.� �.� �"� �o�x� �.� �.�_�-� �:� �"�e�e� �°� �:� 

�o�t� �m�K� 
�=� 
�a� �a�o�}� �-�-�-�-�-�-�-� �B�L� �e�e� �e�e� �e�e� 

�E� �a�K� �o�m�e� �K�E� �N�O�K� �N�O�K� �8� �-� �«� 

�B�S�O�f� �e�e� 
�w�m� �M�e� �e� 

�m�e� �2� 
�2�0� �a� �e�e� �"�3�°� �-� �«�=� �s�e� �m�K� �=� �©� �=� �©� �©� �©� �©� �B�e� �e�e� �e�l�f� 

�m�e� �m�K� �*� 
�p�e� �U�e� �a�e� 

�T�O�F� �e�r� �t�t�n� �a� �B� 
�*� �m�e� �a�K� 

�O�o� �_� 
�o�O� �1�0� �2�0� �3�0� �4�0� �6�O� �6�0� �F�O� �s�o� �9�0� 

�P�e�r�c�e�n�t�a�g�e� �o�f� �A�g�r�i�c�u�l�t�u�r�e� 

�F�i�g�u�r�e� �I�.�2�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �f�o�r�e�s�t� �a�n�d� �a�g�r�i�c�u�l�t�u�r�a�l� �u�s�e� �i�n� 
�t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �v�e�r�s�u�s� �t�h�e�i�r� �s�t�r�e�a�m� �r�a�n�k� 
�u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d�.� �R�a�n�k� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �i�n�t�e�r�v�i�e�w�s� 
�a�b�o�u�t� �s�t�r�e�a�m�s� �r�e�g�a�r�d�i�n�g� �t�h�e�i�r� �u�s�e� �b�y� �s�p�a�w�n�i�n�g� �r�i�v�e�r� �h�e�r�r�i�n�g�.� 
�A�)� �p�=�0�.�0�0�1�8�,� �r�=�0�.�3�6�1�2�;� �B�)� �p�=�0�.�0�0�3�2�,� �r�=�-�0�.�3�4�0�1�.� �F�o�r� �G�r�a�p�h� �B�,� 
�a�s�t�e�r�i�s�k�s� �r�e�p�r�e�s�e�n�t� �s�t�r�e�a�m�s� �w�i�t�h� �l�a�r�g�e� �w�a�t�e�r�s�h�e�d�s� �(�>� �8�6�2� �h�a�;� 
�p�=�0�.�0�0�4�2�,� �r�=�-�0�.�4�6�4�8�)�,� �a�n�d� �s�q�u�a�r�e�s� �r�e�p�r�e�s�e�n�t� �s�t�r�e�a�m�s� �w�i�t�h� �s�m�a�l�l� 
�w�a�t�e�r�s�h�e�d�s� �(�<� �8�6�2� �h�a�;� �p�=�0�.�3�4�6�7�,� �r�=�0�.�1�5�9�1�)�.� 
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�e�i�t�h�e�r� �b�r�e�a�k�s� �i�n� �d�i�s�t�r�i�b�u�t�i�o�n� �o�r� �d�i�v�i�d�i�n�g� �t�h�e� �w�a�t�e�r�s�h�e�d� 

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

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

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

�g�r�o�u�p�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�p�=�0�.�0�4�5�4�)�,� �u�s�i�n�g� �t�o�t�a�l� �w�a�t�e�r�s�h�e�d� 

�a�r�e�a�.� �G�r�o�u�p� �A� �(�s�t�r�e�a�m�s� �h�a�v�i�n�g� �«�2�8�.�3�%� �a�g�r�i�c�u�l�t�u�r�e�)� �h�a�d� �a� 

�h�i�g�h�e�r� �a�v�e�r�a�g�e� �r�a�n�k�i�n�g� �(�l�o�w�e�r� �r�a�n�k� �n�u�m�b�e�r�)�,� �3�2�.�2�8�,� �t�h�a�n� �t�h�e� 

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

�B� �(�s�t�r�e�a�m�s� �h�a�v�i�n�g� �>�2�8�.�3�%� �a�n�d� �<�5�6�.�6�%� �a�g�r�i�c�u�l�t�u�r�e�)� �w�i�t�h� �a�n� 

�a�v�e�r�a�g�e� �r�a�n�k� �o�f� �4�0�.�9�,� �a�n�d� �C� �(�s�t�r�e�a�m�s� �h�a�v�i�n�g� �>�5�6�.�6�%� 

�a�g�r�i�c�u�l�t�u�r�e�)� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �r�a�n�k� �o�f� �5�2�.�3�3�.� �N�o� �c�o�m�p�a�r�i�s�o�n�s� �o�f� 

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

�s�i�g�n�i�f�i�c�a�n�t�.� �W�h�e�n� �G�r�o�u�p� �A� �s�t�r�e�a�m�s� �(�f�o�r� �a�g�r�i�c�u�l�t�u�r�e�)� �w�e�r�e� 

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

�w�e�r�e� �n�o� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�t�r�e�a�m� �r�a�n�k� �a�m�o�n�g� �a�n�y� 

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

�b�e�t�t�e�r� �r�a�n�k�s� �t�h�a�n� �t�h�o�s�e� �w�i�t�h� �n�o�n�e� �(�p�=�0�.�0�1�7�1�)�.� 

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

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

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

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

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

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

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

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

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

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

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

�D�i�s�c�u�s�s�i�o�n� 

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

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

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

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

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

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

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

�V�a�r�i�a�b�i�l�i�t�y� �i�n� �d�a�t�a� �a�n�d� �v�a�l�i�d�i�t�y� �o�f� �r�e�s�u�l�t�s� 

�T�h�e�r�e� �w�a�s� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �r�e�s�p�o�n�s�e�s� �t�o� �q�u�e�s�t�i�o�n�s� �a�b�o�u�t� 

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

�w�e�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e�s�e� �d�a�t�a�.� �S�t�r�e�a�m�s� �t�h�a�t� �I� �i�d�e�n�t�i�f�i�e�d� �a�s� 

�"�g�o�o�d�"� �h�e�r�r�i�n�g� �s�t�r�e�a�m�s� �w�e�r�e� �t�h�o�s�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �"�g�o�o�d�"� �h�e�r�r�i�n�g� 

�s�t�r�e�a�m�s� �b�y� �t�h�e� �V�I�M�S� �s�t�u�d�y�.� �L�i�k�e�w�i�s�e�,� �s�t�r�e�a�m�s� �t�h�a�t� �I� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �"�p�o�o�r�"� �h�e�r�r�i�n�g� �s�t�r�e�a�m�s� �w�e�r�e� �t�h�o�s�e� �n�o�t� �i�d�e�n�t�i�f�i�e�d� 

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

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

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

�a�p�p�e�a�r� �a�c�c�u�r�a�t�e�.� 

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

�o�c�c�u�r�r�e�n�c�e� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�u�n�s� 

�T�h�e� �a�s�s�o�c�i�a�t�i�o�n�s� �b�e�t�w�e�e�n� �s�i�z�e� �o�f� �w�a�t�e�r�s�h�e�d�,� �p�r�o�p�o�r�t�i�o�n� 

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

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

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

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

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

�(�C�o�o�p�e�r� �1�9�6�1�,� �L�o�e�s�c�h� �1�9�8�7�,� �O ��N�e�i�l�l� �1�9�8�0�,� �a�n�d� �K�i�s�s�i�l� �1�9�7�4�)�,� �a�n�d� 

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

�(�F�r�a�n�k�e�n�s�t�e�e�n� �1�9�7�6�,� �L�o�e�s�c�h� �1�9�8�7�,� �a�n�d� �P�a�r�d�u�e� �1�9�8�3�)�,� �m�y� �r�e�s�u�l�t�s� 

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

�r�i�v�e�r� �h�e�r�r�i�n�g� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �d�r�a�i�n�a�g�e�.� �M�o�w�r�e�r� 

�(�1�9�8�4�)� �f�o�u�n�d� �t�h�a�t� �c�r�o�w�d�i�n�g� �c�a�u�s�e�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �a�d�u�l�t�s� �t�o� 

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

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

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

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

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

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

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

�3�7



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

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

�u�s�e� �u�p�s�t�r�e�a�m� �a�r�e�a�s� �o�f� �t�r�i�b�u�t�a�r�i�e�s� �a�t� �o�t�h�e�r� �t�i�m�e�s�.� �R�i�v�e�r� 

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

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

�f�r�o�m� �t�h�e�s�e� �o�t�h�e�r� �f�i�s�h�.� �F�o�r� �e�x�a�m�p�l�e�,� �w�h�i�t�e� �p�e�r�c�h� �(�M�o�r�o�n�e� 

�a�m�e�r�i�c�a�n�a�)� �p�r�e�y� �u�p�o�n� �a�l�e�w�i�f�e� �e�g�g�s� �(�E�d�s�a�l�l� �1�9�6�4�,� �K�i�s�s�i�l� �1�9�6�9�)�.� 

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

�r�i�v�e�r� �h�e�r�r�i�n�g� �w�e�r�e� �s�p�a�w�n�i�n�g� �i�n� �a� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �t�r�i�b�u�t�a�r�y� 

�i�n� �1�9�9�2� �(�p�e�r�s�.� �o�b�s�.�)�,� �m�a�y� �a�l�s�o� �u�s�e� �m�a�i�n�s�t�e�m�s� �o�f� �r�i�v�e�r�s� �f�o�r� 

�S�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� �(�L�i�p�p�s�o�n� �a�n�d� �M�o�r�a�n� �1�9�7�4�)�.� �T�h�u�s�,� �l�a�r�g�e�r� 

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

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

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

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

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

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

�S�p�a�w�n�i�n�g� �o�f� �b�o�t�h� �s�p�e�c�i�e�s� �(�P�a�r�d�u�e� �1�9�8�3�)�,� �a�n�d� �t�h�e�s�e� �m�a�y� �b�e� 

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

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

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

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

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

�i�n� �s�t�r�e�a�m�s�,� �a�n�d� �l�i�g�h�t� �l�e�v�e�l�s� �(�H�i�c�k�s� �e�t� �a�l�.� �1�9�9�1�)�.� �C�o�n�s�i�d�e�r�i�n�g� 

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

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

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

�(�S�c�h�u�b�e�l� �a�n�d� �W�a�n�g� �1�9�7�3�)�,� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �s�t�r�e�a�m�s�i�d�e� �v�e�g�e�t�a�t�i�o�n� 

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

�s�t�r�e�a�m�s� �b�y� �t�h�e�s�e� �f�i�s�h�.� 

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

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

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

�n�u�t�r�i�e�n�t� �l�o�a�d�i�n�g�,� �e�r�o�s�i�o�n�,� �b�a�n�k� �d�e�s�t�a�b�i�l�i�z�a�t�i�o�n�,� �a�l�t�e�r�a�t�i�o�n� �o�f� 

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

�o�n� �S�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� �a�r�e� �o�f� �i�m�p�o�r�t�a�n�c�e� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� 

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

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

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

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

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

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

�h�a�b�i�t�a�t� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g�.� 

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

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

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

�(�1�9�9�0�)� �f�o�u�n�d� �a� �m�a�r�k�e�d� �d�e�c�l�i�n�e� �i�n� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�e�c�r�u�i�t�m�e�n�t� 

�w�h�e�r�e� �u�r�b�a�n�i�z�a�t�i�o�n� �w�a�s� �1�0�%� �o�r� �g�r�e�a�t�e�r� �i�n� �t�h�e� �H�u�d�s�o�n� �R�i�v�e�r� 

�b�a�s�i�n�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�a�s� �a� �h�i�g�h� �o�f� �5�9�%� �u�r�b�a�n�i�z�a�t�i�o�n� �i�n� �o�n�e� 

�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �w�a�t�e�r�s�h�e�d�,� �o�n�l�y� �8� �o�f� �t�h�e� �t�o�t�a�l� �8�1� 

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

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

�u�r�b�a�n�i�z�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �B�r�e�h�m�e�r� �(�1�9�7�0�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �n�i�t�r�o�g�e�n� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r�,� �w�h�i�c�h� �r�e�c�e�i�v�e�s� 

�n�u�t�r�i�e�n�t� �e�n�r�i�c�h�m�e�n�t� �f�r�o�m� �t�h�e� �R�i�c�h�m�o�n�d�,� �H�o�p�e�w�e�l�l�,� �a�n�d� �H�a�m�p�t�o�n� 

�R�o�a�d�s� �a�r�e�a�s�,� �w�a�s�S� �2� �t�o� �3� �t�i�m�e�s� �t�h�a�t� �f�o�u�n�d� �i�n� �o�t�h�e�r� �C�h�e�s�a�p�e�a�k�e� 

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

�t�h�a�t� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �m�a�y� �b�e� �n�o�t� �b�e� �a�s� �u�r�b�a�n�i�z�e�d� �a�s� 

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

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

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

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

�a�s� �t�h�a�t� �o�f� �o�t�h�e�r� �a�c�t�i�v�i�t�i�e�s� �t�h�a�t� �a�f�f�e�c�t� �r�i�v�e�r� �h�e�r�r�i�n�g� 

�r�e�c�r�u�i�t�m�e�n�t� �(�e�.�g�.�,� �o�v�e�r�f�i�s�h�i�n�g�)� �o�r� �o�t�h�e�r� �f�a�c�t�o�r�s� �t�h�a�t� �a�f�f�e�c�t� 

�r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g� �s�u�c�c�e�s�s� �(�e�.�g�.�,� �b�e�a�v�e�r� �d�a�m�s�)�.� 

�T�h�e�r�e� �a�r�e� �n�o� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �r�i�v�e�r� �h�e�r�r�i�n�g� �u�s�e� 

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

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

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

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

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

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

�w�a�t�e�r�s�h�e�d�s� �t�h�a�t� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �w�e�t�l�a�n�d�s� �w�h�e�n� �t�h�i�s� �l�a�n�d� 

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

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

�a�r�e�a�s� �a�b�o�v�e� �W�a�l�k�e�r�s� �D�a�m� �o�n� �t�h�e� �C�h�i�c�k�a�h�o�m�i�n�y� �R�i�v�e�r� �(�p�e�r�s�.� 
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�c�o�m�m�.�)� �.� �A�l�s�o�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �m�y� �s�t�u�d�y� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g� 

�s�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� �i�n� �a� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �t�r�i�b�u�t�a�r�y� �(�C�h�a�p�t�e�r� 

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

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

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

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

�o�f� �s�h�o�r�e�l�i�n�e� �e�r�o�s�i�o�n� �(�W�a�r�d� �e�t� �a�l�.� �1�9�8�4�)�.� �I�t� �i�s� �n�o�t� �c�l�e�a�r� �w�h�a�t� 

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

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

�w�e�t�l�a�n�d�s� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �0�.�0�5� �l�e�v�e�l� �(�p�=�0�.�0�2�7�7�)�,� �b�u�t� 

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

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

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

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

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

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

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

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

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

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

�a�f�f�e�c�t�i�n�g� �u�s�e� �o�f� �s�t�r�e�a�m�s� �b�y� �f�i�s�h�.� �O�d�o�m� �e�t� �a�l�.� �(�1�9�8�6�)� �f�o�u�n�d� 

�t�h�a�t� �o�n�l�y� �7� �h�i�g�h�w�a�y� �c�r�o�s�s�i�n�g�s� �s�t�r�u�c�t�u�r�e�s� �o�n� �5�4� �s�t�r�e�a�m�s� �k�n�o�w�n� 

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

�r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g� �m�i�g�r�a�t�i�o�n�s� �i�n� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�.� 

�U�z�e�e� �a�n�d� �A�n�g�e�r�m�e�i�e�r� �(�1�9�9�3�)� �f�o�u�n�d� �t�h�a�t� �d�a�m�s� �a�n�d� �s�t�r�e�a�m� 

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

�C�h�i�c�k�a�h�o�m�i�n�y� �R�i�v�e�r�s�.� �T�h�e�r�e�f�o�r�e�,� �f�a�c�t�o�r�s� �o�t�h�e�r� �t�h�a�n� �r�o�a�d� 

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

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

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

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

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

�p�o�l�l�u�t�i�o�n�.� �O�f� �t�h�e� �1�5� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� 

�d�r�a�i�n�a�g�e� �t�h�a�t� �h�a�d� �t�h�e� �l�a�r�g�e�s�t� �w�a�t�e�r�s�h�e�d� �a�r�e�a�s�,� �7� �h�a�d� 

�p�o�i�n�t�-�s�o�u�r�c�e� �p�o�l�l�u�t�i�o�n� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �8� �h�a�d� �n�o�n�e�.� �N�e�i�t�h�e�r� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�t�r�e�n�d�s� �i�n� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�u�n�s� 

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

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

�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�s�e� �w�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �h�a�v�e� �e�f�f�e�c�t�s� �o�n� 

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

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

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

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

�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �a�r�e� �n�o�t� �t�h�a�t� �g�r�e�a�t�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� 

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

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

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

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

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

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

�e�x�p�e�r�i�e�n�c�e�d� �d�r�a�m�a�t�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �l�a�s�t� �y�e�a�r�s� �(�V�D�G�I�F� �g�a�m�e� 

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

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

�c�o�n�t�r�i�b�u�t�e� �t�o� �r�e�c�e�n�t� �t�r�e�n�d�s� �i�n� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�u�n�s�.� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�e�y� �c�a�n� �b�e� �m�i�n�i�m�i�z�e�d�.� 

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

�s�t�r�e�a�m� �r�a�n�k� 

�W�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�4�4



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

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

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

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

�t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �t�h�e� �m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �a�f�f�e�c�t�i�n�g� 

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

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

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

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

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

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

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

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

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

�s�t�r�e�a�m� �s�i�z�e�.� �S�t�r�e�a�m�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �2� �g�r�o�u�p�s� �(�t�h�e� �h�a�l�f� 

�h�a�v�i�n�g� �l�a�r�g�e�s�t� �w�a�t�e�r�s�h�e�d� �a�r�e�a�s� �a�n�d� �t�h�e� �h�a�l�f� �h�a�v�i�n�g� �t�h�e� 

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

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

�s�t�r�e�a�m�s� �w�i�t�h� �l�a�r�g�e� �w�a�t�e�r�s�h�e�d�s� �(�2�5�1�7� �h�a�)� �w�e�r�e� �u�s�e�d� �i�n� �a�n�a�l�y�s�e�s�.� 

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

�s�t�r�e�a�m� �u�s�e� �b�y� �f�i�s�h� �(�p�=�0�.�0�0�4�2�,� �r�=�-�0�.�4�6�4�8�,� �N�=�3�6�)� �w�h�e�n� �o�n�l�y� �l�a�r�g�e� 

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

�n�o�t� �r�e�l�a�t�e�d� �t�o� �s�t�r�e�a�m� �u�s�e� �b�y� �f�i�s�h� �(�p�=�0�.�3�4�6�7�,� �N�=�3�5�)� �w�h�e�n� �o�n�l�y� 

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

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

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

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

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

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

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

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

�a�g�r�i�c�u�l�t�u�r�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�-�3�0�%� �i�n� �a� �w�a�t�e�r�s�h�e�d�,� �s�m�a�l�l� 

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

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

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

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

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

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

�s�t�o�c�k�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�(�S�e�e� �C�h�a�p�t�e�r� �T�w�o�-�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n�-�H�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� 

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

�a�r�e�a�)�.� �H�o�w�e�v�e�r�,� �r�i�v�e�r� �h�e�r�r�i�n�g� �c�a�n� �s�p�a�w�n� �i�n� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� 

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

�t�h�e� �t�o�p�o�g�r�a�p�h�y� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �d�r�a�i�n�a�g�e� �b�e�l�o�w� 

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

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

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

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

�r�i�v�e�r� �h�e�r�r�i�n�g�.� 

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

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

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

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

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

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

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

�r�i�v�e�r� �h�e�r�r�i�n�g� �r�e�c�r�u�i�t�m�e�n�t� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �d�r�a�i�n�a�g�e� 

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

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

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

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

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

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

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

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

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

�m�i�n�i�m�i�z�e�d� �b�y� �1�)� �m�a�i�n�t�a�i�n�i�n�g� �b�u�f�f�e�r� �a�n�d� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �a�l�o�n�g� 

�s�t�r�e�a�m�s� �i�n� �u�r�b�a�n�i�z�e�d� �a�r�e�a�s�,� �a�n�d� �2�)� �m�o�n�i�t�o�r�i�n�g� �e�f�f�e�c�t�s� �o�f� 

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

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

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

�t�h�i�s� �t�i�m�e�,� �t�h�e� �C�h�e�s�a�p�e�a�k�e� �B�a�y� �A�c�t� �r�e�q�u�i�r�e�s� �a� �1�0�0� �f�t� �r�i�p�a�r�i�a�n� 

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

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

�i�s� �n�o�t� �k�n�o�w�n� �i�f� �t�h�i�s� �r�e�q�u�i�r�e�d� �z�o�n�e� �i�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �b�u�f�f�e�r� 

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

�b�e� �s�t�u�d�i�e�d�.� 

�W�a�t�e�r�s�h�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�t�h�e�r� �t�h�a�n� �u�r�b�a�n�i�z�a�t�i�o�n� �a�n�d� 

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

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

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

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

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

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

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

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

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

�S�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� �f�o�r� �r�i�v�e�r� �h�e�r�r�i�n�g�.� 

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

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

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

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

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

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

�a�p�p�r�o�p�r�i�a�t�e� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �a�n�d� �b�u�f�f�e�r� �z�o�n�e�s� �b�e�t�w�e�e�n� 

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

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

�l�e�v�e�l�s� �(�2�0�-�3�0�%�)� �f�o�r� �b�o�t�h� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �f�o�r�e�s�t� �m�a�y� �c�a�u�s�e� 

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

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

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

�M�a�n�a�g�i�n�g� �f�o�r� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�-�3�0�%� �f�o�r�e�s�t� �a�n�d� �m�i�n�i�m�i�z�i�n�g� �t�h�e� 

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

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

�i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�A�t�r�a�n�,� �S�.�M�.�,� �J�.�G�.� �L�o�e�s�c�h� �a�n�d� �W�.�H�.� �K�r�i�e�t�e�,� �J�r�.� �1�9�8�3�.� �A�n� 
�o�v�e�r�v�i�e�w� �o�f� �t�h�e� �s�t�a�t�u�s� �o�f� �A�l�o�s�a� �s�t�o�c�k�s� �i�n� �V�i�r�g�i�n�i�a�.� 
�V�i�r�g�i�n�i�a� �I�n�s�t�i�t�u�t�e� �o�f� �M�a�r�i�n�e� �S�c�i�e�n�c�e�,� �M�a�r�i�n�e� �R�e�s�o�u�r�c�e�s� 
�R�p�t�.� �N�o�.� �8�2�-�1�0�,� �G�l�o�u�c�e�s�t�e�r� �P�o�i�n�t�.� 

�B�e�r�r�y�,� �F�.�H�.� �1�9�6�4�.� �R�e�v�i�e�w� �a�n�d� �e�m�e�n�d�a�t�i�o�n� �o�f� �f�a�m�i�l�y� �C�l�u�p�e�i�d�a�e�.� 
�C�o�p�e�i�a� �1�9�6�4�:� �7�2�0�-�7�3�0�.� 

�B�o�y�n�t�o�n�,� �W�.�R�.� �a�n�d� �K�.�L�.� �H�e�c�k�.� �1�9�8�2�.� �E�c�o�l�o�g�i�c�a�l� �r�o�l�e� �a�n�d� �v�a�l�u�e� 
�o�f� �s�u�b�m�e�r�g�e�d� �m�a�c�r�o�p�h�y�t�e� �c�o�m�m�u�n�i�t�i�e�s�.� �I�n�:� �U�.�S�.� 
�E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �C�h�e�s�a�p�e�a�k�e� �B�a�y� �P�r�o�g�r�a�m� 
�T�e�c�h�n�i�c�a�l� �S�t�u�d�i�e�s�:� �A� �S�y�n�t�h�e�s�i�s�.� �U�.�S�.� �G�o�v�e�r�n�m�e�n�t� 
�P�r�i�n�t�i�n�g� �O�f�f�i�c�e�,� �N�o�.� �5�0�9�-�6�6�0�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �p�.� 
�4�2�8�-�5�0�2�.� 

�B�r�e�h�m�e�r�,� �M�.�L�.� �1�9�7�0�.� �B�i�o�l�o�g�i�c�a�l� �a�n�d� �c�h�e�m�i�c�a�l� �s�t�u�d�y� �o�f� 
�V�i�r�g�i�n�i�a ��s� �e�s�t�u�a�r�i�e�s�.� �O�W�R�R� �p�r�o�j�e�c�t� �c�o�m�p�l�e�t�i�o�n� �r�e�p�o�r�t�.� 
�P�r�o�j�e�c�t� �N�o�.� �B� �0�0�3� �V�i�r�g�i�n�i�a�.� 

�B�u�r�b�i�d�g�e�,� �R�.�G�.� �1�9�7�4�.� �D�i�s�t�r�i�b�u�t�i�o�n�,� �g�r�o�w�t�h�,� �s�e�l�e�c�t�i�v�e� �f�e�e�d�i�n�g� 
�a�n�d� �e�n�e�r�g�y� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �o�f� �y�o�u�n�g�-�o�f�-�t�h�e�-�y�e�a�r� �b�l�u�e�b�a�c�k� 
�h�e�r�r�i�n�g� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a�.� �T�r�a�n�s�.� �A�m�.� �F�i�s�h�.� 
�S�o�c�.� �1�0�3�:� �2�9�7�-�3�1�1�.� 

�C�o�o�p�e�r�,� �R�.�A�.� �1�9�6�1�.� �E�a�r�l�y� �l�i�f�e� �h�i�s�t�o�r�y� �a�n�d� �s�p�a�w�n�i�n�g� �m�i�g�r�a�t�i�o�n� 
�o�f� �t�h�e� �a�l�e�w�i�f�e�.� �M�.�S�.� �T�h�e�s�i�s�.� �U�n�i�v�e�r�s�i�t�y� �o�f� �R�h�o�d�e� 
�I�s�l�a�n�d�,� �K�i�n�g�s�t�o�n�.� �5�8�p�p�.� 

�C�r�e�c�c�o�,� �V�.�A�.� �a�n�d� �M�.�M�.� �B�l�a�k�e�.� �1�9�8�3�.� �F�e�e�d�i�n�g� �e�c�o�l�o�g�y� �o�f� 
�c�o�e�x�i�s�t�i�n�g� �l�a�r�v�a�e� �o�f� �A�m�e�r�i�c�a�n� �s�h�a�d� �a�n�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� 
�i�n� �t�h�e� �C�o�n�n�e�c�t�i�c�u�t� �R�i�v�e�r�.� �T�r�a�n�s�.� �A�m�e�r�.� �F�i�s�h�.� �S�o�c�.� �1�1�2�:� 
�4�9�8�-�5�0�7�.� 

�D�a�v�i�s�,� �J�.�,� �J�.�P�.� �M�i�l�l�e�r�,� �a�n�d� �W�.�L�.� �W�i�l�s�o�n�.� �1�9�7�0�.� �B�i�o�l�o�g�y� �a�n�d� 
�u�t�i�l�i�z�a�t�i�o�n� �o�f� �a�n�a�d�r�o�m�o�u�s� �a�l�o�s�i�d�s�.� �C�o�m�p�l�e�t�i�o�n� �R�e�p�o�r�t�.� 
�A�n�a�d�r�o�m�o�u�s� �F�i�s�h� �P�r�o�j�e�c�t� �V�i�r�g�i�n�i�a� �A�F�C�-�1�.� 

�D�a�v�i�s�,� �J�.�R�.� �a�n�d� �R�.�P�.� �C�h�e�e�k�.� �1�9�6�6�.� �D�i�s�t�r�i�b�u�t�i�o�n�,� �f�o�o�d� �h�a�b�i�t�s� 
�a�n�d� �g�r�o�w�t�h� �o�f� �y�o�u�n�g� �c�l�u�p�e�i�d�s�,� �C�a�p�e� �F�e�a�r� �R�i�v�e�r� �s�y�s�t�e�m�,� 
�N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �P�a�p�e�r� �p�r�e�s�e�n�t�e�d� �a�t� �A�n�n�u�.� �M�e�e�t�.� �S�o�u�t�h�.� 
�D�i�v�.� �A�m�.� �F�i�s�h�.� �S�o�c�.�,� �A�s�h�e�v�i�l�l�e�,� �N�.�C�.�,� �1�9�6�6�.� �2�0� �p�p�.� 

�E�d�s�a�l�l�,� �T�.�A�.� �1�9�6�4�.� �F�e�e�d�i�n�g� �b�y� �t�h�r�e�e� �s�p�e�c�i�e�s� �o�f� �f�i�s�h�e�s� �o�n� �t�h�e� 
�e�g�g�s� �o�f� �s�p�a�w�n�i�n�g� �a�l�e�w�i�v�e�s�.� �C�o�p�e�i�a� �1�9�6�4�:� �2�2�6�-�2�2�7�.� 

�F�r�a�n�k�e�n�s�t�e�e�n�,� �E�.�D�.� �1�9�7�6�.� �G�e�n�u�s� �A�l�o�s�a� �i�n� �a� �c�h�a�n�n�e�l�i�z�e�d� �a�n�d� 
�u�n�c�h�a�n�n�e�l�i�z�e�d� �c�r�e�e�k� �i�n� �t�h�e� �T�a�r� �R�i�v�e�r� �B�a�s�i�n�,� �N�o�r�t�h� 
�C�a�r�o�l�i�n�a�.� �M�.�A�.� �t�h�e�s�i�s�,� �E�a�s�t� �C�a�r�o�l�i�n�a� �U�n�i�v�.�,� �G�r�e�e�n�v�i�l�l�e�,� 
�N�o�r�t�h� �C�a�r�o�l�i�n�a�.� 
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�F�u�r�n�i�s�s�,� �M�.�J�.�,� �T�.�D�.� �R�o�e�l�o�f�s�,� �a�n�d� �C�.�S�.� �Y�e�e�.� �1�9�9�1�.� �R�o�a�d� 
�c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e�.� �A�m�e�r�i�c�a�n� �F�i�s�h�e�r�i�e�s� �S�o�c�i�e�t�y� 
�S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �1�9�:� �2�9�7�-�3�2�3�.� 

�G�r�e�e�n�i�n�g�,� �H�.�S�.�,� �A�.�J�.� �J�a�n�i�c�k�i�,� �R�.�J�.� �K�l�a�u�d�a�,� �D�.�M�.� �B�a�u�d�l�e�r�,� �D�.�M�.� 
�L�e�v�i�n� �a�n�d� �E�.�S�.� �P�e�r�r�y�.� �1�9�8�9�.� �A�n� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�t�r�e�a�m� 
�l�i�m�i�n�g� �e�f�f�e�c�t�s� �o�n� �w�a�t�e�r� �q�u�a�l�i�t�y� �a�n�d� �a�n�a�d�r�o�m�o�u�s� �f�i�s�h� 
�S�p�a�w�n�i�n�g� �i�n� �M�a�r�y�l�a�n�d� �c�o�a�s�t�a�l� �p�l�a�i�n� �s�t�r�e�a�m�s�:� �1�9�8�8� 
�r�e�s�u�l�t�s�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�,� �S�t�e�r�l�i�n�g�,� 
�V�i�r�g�i�n�i�a�,� �a�n�d� �J�o�h�n�s� �H�o�p�k�i�n�s� �U�n�i�v�e�r�s�i�t�y�,� �A�p�p�l�i�e�d� �P�h�y�s�i�c�s� 
�L�a�b�o�r�a�t�o�r�y�,� �S�h�a�d�y� �S�i�d�e�,� �M�a�r�y�l�a�n�d�.� 

�H�i�c�k�s�,� �B�.�J�.�,� �J�.�D�.� �H�a�l�l�,� �P�.�A�.� �B�i�s�s�o�n�,� �a�n�d� �J�.�R�.� �S�e�d�e�l�l�.� �1�9�9�1�.� 
�R�e�s�p�o�n�s�e�s� �o�f� �s�a�l�m�o�n�i�d�s� �t�o� �h�a�b�i�t�a�t� �c�h�a�n�g�e�s�.� �A�m�e�r�i�c�a�n� 
�F�i�s�h�e�r�i�e�s� �S�o�c�i�e�t�y� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �1�9�:� �4�8�3�-�5�1�8�.� 

�H�i�l�d�e�b�r�a�n�d�,� �S�.�F�.� �1�9�6�3�.� �F�a�m�i�l�y� �C�l�u�p�e�i�d�a�e� �I�n�:� �F�i�s�h�e�s� �o�f� �N�o�r�t�h� 
�A�t�l�a�n�t�i�c�.� �S�e�a�r�s� �F�o�u�n�d�.� �M�a�r�.� �R�e�s�.�,� �M�e�m�.� �p�.� �2�5�7�-�3�8�5�;� 
�3�9�7�-�4�4�2�.� 

�H�i�l�d�e�b�r�a�n�d�,� �S�.�F�.� �a�n�d� �W�.�C�.� �S�c�h�r�o�e�d�e�r�.� �1�9�2�8�.� �F�i�s�h�e�s� �o�f� �t�h�e� 
�C�h�e�s�a�p�e�a�k�e� �B�a�y� �B�u�l�l�.� �U�.�S�.� �B�u�r�.� �F�i�s�h�.� �4�3�:� �1�-�3�6�6�.� 

�H�u�b�e�r�,� �M�.�E�.� �1�9�7�8�.� �A�d�u�l�t� �s�p�a�w�n�i�n�g� �s�u�c�c�e�s�s� �a�n�d� �e�m�i�g�r�a�t�i�o�n� �o�f� 
�j�u�v�e�n�i�l�e� �a�l�e�w�i�v�e�s� �(�A�l�o�s�a� �p�s�e�u�d�o�h�a�r�e�n�g�u�s�)� �f�r�o�m� �t�h�e� �P�a�r�k�e�r� 
�R�i�v�e�r�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�.� �M�.�S�.� �T�h�e�s�i�s�.� �U�n�i�v�.� �M�a�s�s�a�c�h�u�s�e�t�t�s�,� 
�A�m�h�e�r�s�t�.� �7�5�p�p�.� 

�J�e�n�k�i�n�s�,� �R�.�E�.� �a�n�d� �N�.�M�.� �B�u�r�k�h�e�a�d�.� �1�9�9�3�.� �T�h�e� �f�r�e�s�h�w�a�t�e�r� �f�i�s�h�e�s� 
�o�f� �V�A�.� �A�m�e�r�i�c�a�n� �F�i�s�h�e�r�i�e�s� �S�o�c�i�e�t�y�.� �B�e�t�h�e�s�d�a�,� �M�D�.� 

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

�K�i�s�s�i�l�,� �G�.�W�.� �1�9�6�9�.� �C�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �t�h�e� �l�i�f�e� �h�i�s�t�o�r�y� �o�f� �t�h�e� 
�a�l�e�w�i�f�e�,� �A�l�o�s�a� �p�s�e�u�d�o�h�a�r�e�n�g�u�s�,� �i�n� �B�r�i�d�e� �L�a�k�e�,� 
�C�o�n�n�e�c�t�i�c�u�t�.� �T�r�a�n�s�.� �A�m�.� �F�i�s�h�.� �S�o�c�.� �1�1�6�:� �5�6�1�-�5�6�9�.� 

�K�i�s�s�i�l�,� �G�.�W�.� �1�9�7�4�.� �S�p�a�w�n�i�n�g� �o�f� �t�h�e� �a�n�a�d�r�o�m�o�u�s� �a�l�e�w�i�f�e� �i�n� 
�B�r�i�d�e� �L�a�k�e�,� �C�o�n�n�e�c�t�i�c�u�t�.� �T�r�a�n�s�.� �A�m�.� �F�i�s�h�.� �S�o�c�.� �1�0�3�:� 
�3�1�2�-�3�1�7�.� 

�K�l�a�u�d�a�,� �R�.�J�.�,� �S�.�A�.� �F�i�s�c�h�e�r�,� �L�.�W�.� �H�a�l�l�,� �J�r�.�,� �a�n�d� �J�.�A�.� �S�u�l�l�i�v�a�n�.� 
�1�9�9�1�.� �A�l�e�w�i�f�e� �a�n�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �A�l�o�s�a� �p�s�e�u�d�o�h�a�r�e�n�g�u�s� 
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�a�n�d� �A�l�o�s�a� �a�e�s�t�i�v�a�l�i�s�,� �i�n� �H�a�b�i�t�a�t� �R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� 
�C�h�e�s�a�p�e�a�k�e� �B�a�y� �L�i�v�i�n�g� �R�e�s�o�u�r�c�e�s�,� �(�S�.�L�.� �F�u�n�d�e�r�b�u�r�k� �e�t� 
�a�l�.�,� �e�d�s�.�)�.� �C�h�e�s�a�p�e�a�k�e� �R�e�s�e�a�r�c�h� �C�o�n�s�o�r�t�i�u�m�,� �I�n�c�.�:� 
�S�o�l�o�m�o�n�s�,� �M�d�.� �p�p�.� �1�0�.�1�-�1�0�.�2�9�.� 
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�K�l�e�i�n�,� �R�.�D�.� �1�9�7�9�.� �U�r�b�a�n�i�z�a�t�i�o�n� �a�n�d� �s�t�r�e�a�m� �q�u�a�l�i�t�y� 
�i�m�p�a�i�r�m�e�n�t�.� �W�a�t�e�r� �R�e�s�.� �B�u�l�l�.� �1�5�:� �2�4�7�-�2�6�7�.� 

�L�i�m�b�u�r�g�,� �K�.�E�.�,� �a�n�d� �R�.�E�.� �S�c�h�m�i�d�t�.� �1�9�9�0�.� �P�a�t�t�e�r�n�s� �o�f� �f�i�s�h� 
�S�p�a�w�n�i�n�g� �i�n� �H�u�d�s�o�n� �R�i�v�e�r� �t�r�i�b�u�t�a�r�i�e�s�:� �r�e�s�p�o�n�s�e� �t�o� �a�n� 
�u�r�b�a�n� �g�r�a�d�i�e�n�t�?� �E�c�o�l�o�g�y� �7�1�:� �1�2�3�8�-�1�2�4�5�.� 

�L�i�p�p�s�o�n�,� �A�.�J�.� �a�n�d� �R�.�L�.� �M�o�r�a�n�.� �1�9�7�4�.� �M�a�n�u�a�l� �f�o�r� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �e�a�r�l�y� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e�s� �o�f� �f�i�s�h�e�s� �o�f� 
�t�h�e� �P�o�t�o�m�a�c� �R�i�v�e�r� �e�s�t�u�a�r�y�.� �M�a�r�y�l�a�n�d� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s�.� �2�8�2� �p�p�.� 

�L�o�e�s�c�h�,� �J�.�G�.� �1�9�8�7�.� �O�v�e�r�v�i�e�w� �o�f� �l�i�f�e� �h�i�s�t�o�r�y� �a�s�p�e�c�t�s� �o�f� 
�a�n�a�d�r�o�m�o�u�s� �a�l�e�w�i�f�e� �a�n�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �i�n� �f�r�e�s�h�w�a�t�e�r� 
�h�a�b�i�t�a�t�s�.� �A�m�e�r�i�c�a�n� �F�i�s�h�e�r�i�e�s� �S�o�c�i�e�t�y� �S�y�m�p�o�s�i�u�m� �1�:� 
�8�9�-�1�0�3�.� 

�L�u�n�d�,� �W�.�A�.�,� �J�.� �L�o�e�s�c�h�,� �a�n�d� �G�.�W�.� �K�i�s�s�i�l�.� �1�9�7�0�.� �F�i�n�a�l� �R�e�p�o�r�t� 
�A�F�C�-�3�-�2�.� �A�n�a�d�r�o�m�o�u�s� �F�i�s�h� �P�r�o�g�r�a�m� �8�9�-�3�0�4�.� �U�n�p�u�b�l�i�s�h�e�d� 
�m�a�n�u�s�c�r�i�p�t�.� 

�M�e�e�h�a�n�,� �W�.�R�.�,� �F�.�J�.� �S�w�a�n�s�o�n�,� �a�n�d� �J�.�R�.� �S�e�d�e�l�l�.� �1�9�7�7�.� �I�n�f�l�u�e�n�c�e�s� 
�o�f� �r�i�p�a�r�i�a�n� �v�e�g�e�t�a�t�i�o�n� �o�n� �a�q�u�a�t�i�c� �e�c�o�s�y�s�t�e�m�s� �w�i�t�h� 
�p�a�r�t�i�c�u�l�a�r� �r�e�f�e�r�e�n�c�e� �t�o� �s�a�l�m�o�n�i�d� �f�i�s�h�e�s� �a�n�d� �t�h�e�i�r� �f�o�o�d� 
�s�u�p�p�l�y�.� �U�.�S�.� �F�o�r�e�s�t� �S�e�r�v�i�c�e� �G�e�n�e�r�a�l� �T�e�c�h�n�i�c�a�l� �R�e�p�o�r�t� 
�R�M�-�4�3�:� �1�3�7�-�1�4�5�.� 

�M�o�w�r�e�r�,� �J�.�,� �W�.� �C�a�r�t�e�r�,� �a�n�d� �H�.� �S�p�e�i�r�.� �1�9�8�4�.� �O�v�e�r�v�i�e�w� �o�f� 
�M�a�r�y�l�a�n�d� �r�i�v�e�r� �h�e�r�r�i�n�g� �s�t�o�c�k�s�.� �M�a�r�y�l�a�n�d� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s�,� �A�n�n�a�p�o�l�i�s�.� 

�M�u�d�r�e�,� �J�.�M�.�,� �J�.�J�.� �N�e�y�,� �a�n�d� �R�.�J�d�.� �N�e�v�e�s�.� �1�9�8�4�.� �H�i�s�t�o�r�i�c� �a�n�d� 
�p�r�e�s�e�n�t� �r�a�n�g�e�s� �o�f� �V�i�r�g�i�n�i�a ��s� �a�n�a�d�r�o�m�o�u�s� �f�i�s�h�e�s�.� �P�r�o�g�r�e�s�s� 
�R�e�p�o�r�t�.� �P�r�e�p�a�r�e�d� �f�o�r�:� �V�i�r�g�i�n�i�a� �H�i�g�h�w�a�y� �R�e�s�e�a�r�c�h� 
�C�o�u�n�c�i�l�,� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �H�i�g�h�w�a�y�s� �a�n�d� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �V�A�.� �1�2�p�.� 

�M�u�l�l�e�n�,� �D�.�M�.�,� �C�.�W�.� �F�a�y�,� �a�n�d� �J�.�R�.� �M�o�r�i�n�g�.� �1�9�8�6�.� �S�p�e�c�i�e�s� 
�P�r�o�f�i�l�e�s�:� �l�i�f�e� �h�i�s�t�o�r�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� 
�c�o�a�s�t�a�l� �f�i�s�h�e�s� �a�n�d� �i�n�v�e�r�t�e�b�r�a�t�e�s� �(�N�o�r�t�h� 
�A�t�l�a�n�t�i�c�)� �-�-�a�l�e�w�i�f�e�/�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g�.� �U�.�S�.� �F�i�s�h� �a�n�d� �W�i�l�d�l�.� 
�S�e�r�v�.� �B�i�o�l�.� �R�e�p�.� �8�2�(�1�1�)�.� �U�.�S�.� �A�r�m�y� �C�o�r�p�s� �o�f� �E�n�g�i�n�e�e�r�s�,� 
�T�R� �E�L�-�8�2�-�4�.� �2�1� �p�p�.� 

�O�d�o�m�,� �M�.�C�.�,� �R�.�J�.� �N�e�v�e�s�,� �J�.�J�.� �N�e�y�,� �a�n�d� �J�.�M�.� �M�u�d�r�e�.� �1�9�8�6�.� �U�s�e� 
�o�f� �t�r�i�b�u�t�a�r�i�e�s� �o�f� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �b�y� �a�n�a�d�r�o�m�o�u�s� 
�f�i�s�h�e�s�.� �F�i�n�a�l� �R�e�p�o�r�t�.� �V�i�r�g�i�n�i�a� �H�i�g�h�w�a�y� �R�e�s�e�a�r�c�h� 
�C�o�u�n�c�i�l�,� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �H�i�g�h�w�a�y�s� �a�n�d� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �C�h�a�r�l�o�t�t�e�s�v�i�l�l�e�,� �V�A�.� �1�8�1� �p�.� 

�O�'�L�e�a�r�y�,� �J�.�A�.� �a�n�d� �B�.� �K�y�n�a�r�d�.� �1�9�8�6�.� �B�e�h�a�v�i�o�r�,� �l�e�n�g�t�h�,� �a�n�d� �s�e�x� 

�5�3



�r�a�t�i�o� �o�f� �s�e�a�w�a�r�d�-�m�i�g�r�a�t�i�n�g� �j�u�v�e�n�i�l�e� �A�m�e�r�i�c�a�n� �s�h�a�d� �a�n�d� 
�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �i�n� �t�h�e� �C�o�n�n�e�c�t�i�c�u�t� �R�i�v�e�r�.� �T�r�a�n�s�.� �A�m�.� 
�F�i�s�h�.� �S�o�c�.� �1�1�5�:� �5�2�9�-�5�3�6�.� 

�O�'�N�e�i�l�l�,� �J�.�T�.� �1�9�8�0�.� �A�s�p�e�c�t�s� �o�f� �t�h�e� �l�i�f�e� �h�i�s�t�o�r�i�e�s� �o�f� 
�a�n�a�d�r�o�m�o�u�s� �a�l�e�w�i�f�e� �a�n�d� �t�h�e� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g�.� �M�a�r�g�a�r�e�e� 
�R�i�v�e�r� �a�n�d� �L�a�k�e� �A�i�n�s�l�e�,� �N�o�v�a� �S�c�o�t�i�a�,� �1�9�7�8�-�1�9�7�9�.� �M�.�S�.� 
�t�h�e�s�i�s�,� �A�c�a�d�i�a� �U�n�i�v�.�,� �W�o�l�f�v�i�l�l�e�,� �N�o�v�a� �S�c�o�t�i�a�.� 

�P�a�r�d�u�e�,� �G�.�B�.� �1�9�8�3�.� �H�a�b�i�t�a�t� �s�u�i�t�a�b�i�l�i�t�y� �i�n�d�e�x� �f�o�r� �a�l�e�w�i�f�e� �a�n�d� 
�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g�.� �U�.�S�.� �F�i�s�h� �a�n�d� �W�i�l�d�l�i�f�e� �S�e�r�v�i�c�e�.� 
�F�W�S�/�O�B�S�-�8�2�/�1�0�.�5�8�.� 

�P�l�a�t�t�s�,� �W�.�S�.� �1�9�9�1�.� �L�i�v�e�s�t�o�c�k� �g�r�a�z�i�n�g�.� �A�m�e�r�i�c�a�n� �F�i�s�h�e�r�i�e�s� 
�S�o�c�i�e�t�y� �S�p�e�c�i�a�l� �P�u�b�l�i�c�a�t�i�o�n� �1�9�:� �3�8�9�-�4�2�3�.� 

�R�i�c�h�k�u�s�,� �W�.�A�.� �1�9�7�5�a�.� �M�i�g�r�a�t�o�r�y� �b�e�h�a�v�i�o�r� �a�n�d� �g�r�o�w�t�h� �o�f� 
�j�u�v�e�n�i�l�e� �a�n�a�d�r�o�m�o�u�s� �a�l�e�w�i�v�e�s� �i�n� �a� �R�h�o�d�e� �I�s�l�a�n�d� �d�r�a�i�n�a�g�e�.� 
�T�r�a�n�s�.� �A�m�.� �F�i�s�h�.� �S�o�c�.� �1�0�4�:� �4�8�3�-�4�9�3�.� 

�R�i�c�h�k�u�s�,� �W�.�A�.� �1�9�7�5�b�.� �T�h�e� �r�e�s�p�o�n�s�e� �o�f� �j�u�v�e�n�i�l�e� �a�l�e�w�i�v�e�s� �t�o� 
�w�a�t�e�r� �c�u�r�r�e�n�t�s� �i�n� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �c�h�a�m�b�e�r�.� �T�r�a�n�s�.� �A�m�.� 
�F�i�s�h�.� �S�o�c�.� �1�0�4�:� �4�9�4�-�4�9�8�.� 

�R�i�c�h�k�u�s�,� �W�.�A�.� �a�n�d� �G�.� �D�i�N�a�r�d�o�.� �1�9�8�4�.� �C�u�r�r�e�n�t� �s�t�a�t�u�s� �a�n�d� 
�b�i�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �a�n�a�d�r�o�m�o�u�s ��)� �a�l�o�s�i�d� 
�s�t�o�c�k�s� �o�f� �t�h�e� �e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�:� �A�m�e�r�i�c�a�n� �s�h�a�d�,� 
�h�i�c�k�o�r�y� �s�h�a�d�,� �a�l�e�w�i�f�e�,� �a�n�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g�.� �I�n�t�e�r�s�t�a�t�e� 
�F�i�s�h�e�r�i�e�s� �M�a�n�a�g�e�m�e�n�t� �P�r�o�g�r�a�m�,� �A�t�l�a�n�t�i�c� �S�t�a�t�e�s� �M�a�r�i�n�e� 
�F�i�s�h�e�r�i�e�s� �C�o�m�m�i�s�s�i�o�n�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�R�i�t�t�e�r�,� �W�.�F�.� �1�9�8�8�.� �R�e�d�u�c�i�n�g� �i�m�p�a�c�t�s� �o�f� �n�o�n�p�o�i�n�t� �s�o�u�r�c�e� 
�p�o�l�l�u�t�i�o�n� �f�r�o�m� �a�g�r�i�c�u�l�t�u�r�e�:� �a� �r�e�v�i�e�w�.� �J�.� �E�n�v�i�r�o�n�.� �S�c�i�.� 
�H�e�a�l�t�h� �A�2�3�:� �6�4�5�-�6�6�7�.� 

�R�u�l�i�f�s�o�n�,� �R�.�A�.�,� �M�.�T�.� �H�u�i�s�h� �a�n�d� �R�.�W�.� �T�h�o�e�s�e�n�.� �1�9�8�2�.� 
�A�n�a�d�r�o�m�o�u�s� �f�i�s�h� �i�n� �t�h�e� �s�o�u�t�h�e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� 
�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�a�n�a�g�e�m�e�n�t� �p�l�a�n�.� 
�U�.�S�.� �F�i�s�h� �a�n�d� �W�i�l�d�l�i�f�e� �S�e�r�v�i�c�e�,� �A�t�l�a�n�t�a�.� 

�S�a�i�l�a�,� �S�.�B�.�,� �T�.�T�.� �P�o�l�g�a�r�,� �D�.�J�.� �S�h�e�e�h�y�,� �a�n�d� �J�.�M�.� �F�l�o�w�e�r�s�.� �1�9�7�2�.� 
�C�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �a�l�e�w�i�f�e� �a�c�t�i�v�i�t�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�v�a�r�i�a�b�l�e�s� �a�t� �a� �f�i�s�h�w�a�y�.� �T�r�a�n�s�.� �A�m�.� �F�i�s�h�.� �S�o�c�.� �1�0�1�:� 
�5�8�3�-�5�9�4�.� 

�S�c�h�u�b�e�l�,� �J�.�R�.� �a�n�d� �J�.�C�.�S�.� �W�a�n�g�.� �1�9�7�3�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� 
�s�u�s�p�e�n�d�e�d� �s�e�d�i�m�e�n�t�s� �o�n� �t�h�e� �h�a�t�c�h�i�n�g� �s�u�c�c�e�s�s� �o�f� �y�e�l�l�o�w� 
�p�e�r�c�h�,� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �a�l�e�w�i�f�e� �e�g�g�s�.� �I�c�h�t�h�y�.� �A�s�s�o�c�.� 
�S�p�e�c�.� �R�e�p�t�.� �N�o�.� �3�0�,� �R�e�f�.� �7�3�-�3�.� 

�S�c�o�t�t�,� �W�.�B�.� �a�n�d� �M�.�G�.� �S�c�o�t�t�.� �1�9�8�8�.� �A�t�l�a�n�t�i�c� �f�i�s�h�e�s� �o�f� �C�a�n�a�d�a�.� 
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�C�a�n�.� �B�u�l�l�.� �F�i�s�h�.� �A�q�u�a�t�.� �S�c�i�.� �2�1�9�,� �7�3�1� �p�.� 

�S�p�e�i�r�,� �H�.�J�.� �1�9�8�7�.� �S�t�a�t�u�s� �o�f� �s�o�m�e� �f�i�n�f�i�s�h� �s�t�o�c�k�s� �i�n� �t�h�e� 
�C�h�e�s�a�p�e�a�k�e� �B�a�y�.� �W�a�t�e�r�,� �A�i�r�,� �S�o�i�l� �P�o�l�l�u�t�.� �3�5�:� �4�9�-�6�2�.� 

�S�t�r�e�e�t�,� �M�.�W�.� �1�9�7�0�.� �S�o�m�e� �a�s�p�e�c�t�s� �o�f� �t�h�e� �l�i�f�e� �h�i�s�t�o�r�i�e�s� �o�f� 
�h�i�c�k�o�r�y� �s�h�a�d�.� �A�l�o�s�a� �m�e�d�i�o�c�r�i�s� �(�M�i�t�c�h�i�l�l�)�,� �a�n�d� �b�l�u�e�b�a�c�k� 
�h�e�r�r�i�n�g�,� �A�l�o�s�a� �a�e�s�t�i�v�a�l�i�s� �(�M�i�t�c�h�i�l�l�)�,� �i�n� �t�h�e� �A�l�t�a�m�a�h�a� 
�R�i�v�e�r�,� �G�e�o�r�g�i�a�.� �M�.�S�.� �t�h�e�s�i�s�,� �U�n�i�v�.� �G�e�o�r�g�i�a�,� �A�t�h�e�n�s�.� 

�L�a�n�d� �U�s�e� �L�a�n�d� �C�o�v�e�r� �M�a�p�.� �1�9�7�3�.� �U�.�S�.� �G�e�o�l�o�g�.� �S�u�r�v�e�y�.� 

�U�z�e�e�,� �A�.�M�.� �a�n�d� �P�.�L�.� �A�n�g�e�r�m�e�i�e�r�.� �1�9�9�3�.� �A�n�a�l�y�s�i�s� �o�f� 
�i�m�p�e�d�i�m�e�n�t�s� �t�o� �s�p�a�w�n�i�n�g� �m�i�g�r�a�t�i�o�n�s� �o�f� �a�n�a�d�r�o�m�o�u�s� �f�i�s�h�e�s� 
�i�n� �R�a�p�p�a�h�a�n�n�o�c�k� �a�n�d� �C�h�i�c�k�a�h�o�m�i�n�y� �R�i�v�e�r� �d�r�a�i�n�a�g�e�s�,� 
�V�i�r�g�i�n�i�a�.� �F�i�n�a�l� �r�e�p�o�r�t�.� �V�i�r�g�i�n�i�a� �H�i�g�h�w�a�y� �R�e�s�e�a�r�c�h� 
�C�o�u�n�c�i�l�,� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �H�i�g�h�w�a�y�s� �a�n�d� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �C�h�a�r�l�o�t�t�e�s�v�i�l�l�e�,� �V�A�.� 

�V�i�r�g�i�n�i�a� �S�t�a�t�e� �W�a�t�e�r� �C�o�n�t�r�o�l� �B�o�a�r�d�.� �1�9�8�4�.� �W�a�t�e�r� �q�u�a�l�i�t�y� 
�i�n�v�e�n�t�o�r�y� �3�0�5� �(�b�)� �R�e�p�o�r�t�,� �V�i�r�g�i�n�i�a�.� �1�9�8�4� �r�e�p�o�r�t� �t�o� �E�P�A� 
�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�n�d� �c�o�n�g�r�e�s�s� �f�o�r� �t�h�e� �p�e�r�i�o�d� �J�u�l�y� �1�,� �1�9�8�1� 
�t�o� �J�u�n�e� �3�0�,� �1�9�8�3�.� �V�o�l�u�m�e� �2� �o�f� �2�.� �2�1�3� �p�.� 

�W�a�r�d�,� �L�.�G�.�,� �W�.�M�.� �K�e�m�p�,� �a�n�d� �W�.�R�.� �B�o�y�n�t�o�n�.� �1�9�8�4�.� �T�h�e� �i�n�f�l�u�e�n�c�e� 
�o�f� �w�a�v�e�s� �a�n�d� �s�e�a�g�r�a�s�s� �c�o�m�m�u�n�i�t�i�e�s� �o�n� �s�u�s�p�e�n�d�e�d� 
�p�a�r�t�i�c�u�l�a�t�e�s� �i�n� �a�n� �e�s�t�u�a�r�i�n�e� �e�m�b�a�y�m�e�n�t�.� �M�a�r�i�n�e� �G�e�o�l�o�g�y� 
�5�9�:� �8�5�-�1�0�3�.� 

�W�a�r�i�n�n�e�r�,� �J�.�E�.�,� �J�.�P�.� �M�i�l�l�e�r�,� �a�n�d� �J�.� �D�a�v�i�s�.� �1�9�7�0�.� �D�i�s�t�r�i�b�u�t�i�o�n� 
�o�f� �j�u�v�e�n�i�l�e� �r�i�v�e�r� �h�e�r�r�i�n�g� �i�n� �t�h�e� �P�o�t�o�m�a�c� �R�i�v�e�r�.� �P�r�o�c�.� 
�A�n�n�u�.� �C�o�n�f�.� �S�o�u�t�h�e�a�s�t�.� �A�s�s�o�c�.� �G�a�m�e� �F�i�s�h� �C�o�m�m�.� �2�3�:� 
�3�8�4�-�3�8�8�.� 

�W�i�n�t�e�r�s�,� �G�.�H�.�,� �J�.�A�.� �M�o�o�r�e�s�,� �a�n�d� �R�.� �C�h�a�u�l�k�.� �1�9�7�3�.� �N�o�r�t�h�e�r�n� 
�r�a�n�g�e� �e�x�t�e�n�s�i�o�n� �a�n�d� �p�r�o�b�a�b�l�e� �s�p�a�w�n�i�n�g� �o�f� �g�a�s�p�e�r�e�a�u� �i�n� �t�h�e� 
�N�e�w�f�o�u�n�d�l�a�n�d� �a�r�e�a�.� �J�.� �F�i�s�h�.� �R�e�s�.� �B�o�a�r�d� �C�a�n�.� �3�0�:� 
�8�6�0�-�8�6�1�.� 
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�C�h�a�p�t�e�r� �T�w�o� 

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

�l�a�r�v�a�l� �r�i�v�e�r� �h�e�r�r�i�n�g� 

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

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

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

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

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

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

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

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

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s�.� �I�n� �t�h�e� �C�h�e�s�a�p�e�a�k�e� �B�a�y�,� �t�h�e�r�e� �i�s� �a� �l�a�c�k� 

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

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

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

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

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

�s�t�u�d�i�e�d�.� 

�5�7



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

�h�e�r�r�i�n�g� 

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

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

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

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

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

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

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

�l�e�s�s� �t�h�a�n� �1�.�2� �m�/�s�,� �w�h�e�r�e� �s�t�r�e�a�m�s� �a�r�e� �4�.�6� �m� �o�r� �g�r�e�a�t�e�r� �i�n� �w�i�d�t�h� 

�(�M�o�w�r�e�r� �1�9�8�4�)�.� �I�n� �a� �P�r�i�n�c�e� �E�d�w�a�r�d� �I�s�l�a�n�d� �s�t�r�e�a�m�,� �b�l�u�e�b�a�c�k� 

�h�e�r�r�i�n�g� �e�g�g�s� �a�n�d� �l�a�r�v�a�e� �a�r�e� �f�o�u�n�d� �w�h�e�r�e� �w�a�t�e�r� �d�e�p�t�h� �i�s� �1� �t�o� �2� 

�m�,� �a�n�d� �s�t�r�e�a�m� �w�i�d�t�h� �i�s� �1�5� �t�o� �2�0� �m� �(�J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� 

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

�w�a�t�e�r� �w�i�t�h� �h�a�r�d� �s�u�b�s�t�r�a�t�u�m� �(�L�o�e�s�c�h� �a�n�d� �L�u�n�d� �1�9�7�7�)�,� �a�l�t�h�o�u�g�h� 

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

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

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

�o�x�b�o�w�s� �(�F�r�a�n�k�e�n�s�t�e�e�n� �1�9�7�6�;� �L�o�e�s�c�h� �1�9�8�7�;� �P�a�r�d�u�e� �1�9�8�3�)�.� �P�a�r�d�u�e� 

�(�1�9�8�3�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �s�u�b�s�t�r�a�t�a� �w�i�t�h� �7�5�%� �s�i�l�t� �o�r� �o�t�h�e�r� �s�o�f�t� 

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

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

�r�i�v�e�r� �h�e�r�r�i�n�g� �a�n�d� �t�h�e�i�r� �e�g�g�s� �a�n�d� �l�a�r�v�a�e�.� �F�r�e�s�h�l�y� �f�e�r�t�i�l�i�z�e�d� 
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�e�g�g�s� �a�d�h�e�r�e� �t�o� �s�u�b�s�t�r�a�t�e� �u�n�t�i�l� �w�a�t�e�r� �h�a�r�d�e�n�i�n�g� �(�t�h�e� �u�p�t�a�k�e� �o�f� 

�w�a�t�e�r� �b�y� �e�g�g�s�;� �2�4� �h� �a�f�t�e�r� �f�e�r�t�i�l�i�z�a�t�i�o�n�)� �o�c�c�u�r�s�.� �A�f�t�e�r� �w�a�t�e�r� 

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

�d�e�m�e�r�s�a�l� �i�n� �s�t�i�l�l� �w�a�t�e�r� �(�L�o�e�s�c�h� �a�n�d� �L�u�n�d� �1�9�7�7�)�.� �A�l�e�w�i�v�e�s� �h�a�v�e� 

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

�w�a�t�e�r� �t�o� �c�o�v�e�r� �t�h�e�i�r� �b�o�d�i�e�s� �(�C�o�o�p�e�r� �1�9�6�1�)�.� �T�h�e�y� �s�p�a�w�n� �i�n�a� 

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

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

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

�w�a�t�e�r� �f�l�o�w�s� �a�n�d� �d�e�p�t�h�s� �r�a�n�g�i�n�g� �f�r�o�m� �a�b�o�u�t� �0�.�2� �t�o� �3� �m� �(�C�o�o�p�e�r� 

�1�9�6�1�;� �L�o�e�s�c�h� �1�9�8�7�;� �O ��N�e�i�l�l� �1�9�8�0�;� �K�i�s�s�i�l� �1�9�7�4�)�.� �T�h�e�y� �a�l�s�o� 

�S�p�a�w�n� �i�n� �b�i�g� �l�a�k�e�s� �a�n�d� �r�e�s�e�r�v�o�i�r�s� �(�J�o�n�e�s� �e�t� �a�l�.� �1�9�7�8�,� �N�i�g�r�o� 

�a�n�d� �N�e�y� �1�9�8�2�)�.� 

�R�e�s�e�a�r�c�h� �h�a�s� �s�h�o�w�n� �t�h�a�t� �w�h�e�r�e� �t�h�e� �t�w�o� �s�p�e�c�i�e�s �� �r�a�n�g�e�s� 

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

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

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

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

�t�h�i�s� �s�p�e�c�i�e�s� �u�s�e�s� �l�o�t�i�c� �o�r� �l�e�n�t�i�c� �s�i�t�e�s�.� �L�o�e�s�c�h� �(�1�9�8�7�)� 

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

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

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

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

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

�h�y�p�o�t�h�e�s�i�s� �(�K�l�a�u�d�a� �e�t� �a�l�.� �1�9�9�1�)�.� �I�n� �t�h�e� �C�h�e�s�a�p�e�a�k�e� �B�a�y� �a�r�e�a� 

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

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

�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �m�a�y� �h�e�l�p� �e�x�p�l�a�i�n� �h�o�w� �t�h�e�y� �p�a�r�t�i�t�i�o�n� 

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

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

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

�a�b�o�v�e� �t�h�e� �z�o�n�e� �b�e�t�w�e�e�n� �f�r�e�s�h� �a�n�d� �s�a�l�t� �i�n� �t�i�d�a�l� �f�r�e�s�h�w�a�t�e�r� 

�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �m�a�i�n�s�t�e�m� �o�f� �a� �r�i�v�e�r�.� �R�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n� �i�n� 

�f�r�e�s�h�w�a�t�e�r� �(�s�a�l�i�n�i�t�y� �<� �1� �p�p�t�)�.� �B�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �i�n� �M�a�r�y�l�a�n�d� 

�S�p�a�w�n� �n�o� �m�o�r�e� �t�h�a�n� �3�-�5� �k�m� �u�p�s�t�r�e�a�m� �o�f� �t�i�d�e�s� �(�M�o�w�r�e�r� �1�9�8�4�)�.� 

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

�B�a�y� �w�h�e�r�e� �s�a�l�i�n�i�t�i�e�s� �r�a�n�g�e�d� �f�r�o�m� �0� �t�o� �2� �p�p�t�:� �9�9�%� �o�f� �t�h�e� �e�g�g�s� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �s�t�r�i�c�t�l�y� �f�r�e�s�h�w�a�t�e�r� �(�D�o�v�e�l� �1�9�7�1�)�.� �L�a�r�v�a�e� 

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

�p�p�t�;� �9�8�%� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �a�r�e�a�s� �t�h�a�t� �r�a�n�g�e�d� �f�r�o�m� �0� �t�o� �3� �p�p�t� 

�a�n�d� �8�2�%� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �f�r�e�s�h� �w�a�t�e�r�.� �P�a�r�d�u�e� �(�1�9�8�3�)� 

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

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

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

�s�u�r�v�i�v�e� �i�n� �e�s�t�u�a�r�i�e�s� �o�f� �a� �P�r�i�n�c�e� �E�d�w�a�r�d� �I�s�l�a�n�d� �c�o�a�s�t�a�l� �s�t�r�e�a�m� 

�o�f� �1�8�-�2�2� �p�p�t� �s�a�l�i�n�i�t�y� �(�J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �1�9�8�8�)�.� �T�h�u�s�,� �t�h�e� 

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

�c�o�n�d�i�t�i�o�n�s� �t�o� �w�h�i�c�h� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�s� �s�u�b�j�e�c�t�e�d�.� 

�D�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �p�H� �c�o�n�d�i�t�i�o�n�s� �a�l�s�o� 

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

�d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �5�.�0� �m�g�/�L� �f�o�r� �a�l�e�w�i�f�e� �e�g�g�s� 
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�a�n�d� �l�a�r�v�a�e� �a�n�d� �3�.�6� �m�g�/�L� �f�o�r� �a�d�u�l�t�s� �(�J�o�n�e�s� �e�t� �a�l�.� �1�9�8�8�)�.� �T�h�e�r�e� 

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

�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �e�g�g�s� �(�K�l�a�u�d�a� �e�t� �a�l�.� �1�9�9�1�)�,� �b�u�t� �l�a�r�v�a�e� �a�n�d� 

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

�5�.�0� �m�g�/�L� �(�J�o�n�e�s� �e�t� �a�l�.� �1�9�7�8�)�.� �F�o�r� �a�l�e�w�i�f�e� �e�g�g�s� �a�n�d� �y�o�l�k�-�s�a�c� 

�l�a�r�v�a�e�,� �p�H� �5�.�0�-�8�.�0� �a�n�d� �5�.�5�-�8�.�5� �i�s� �c�o�n�s�i�d�e�r�e�d� �s�u�i�t�a�b�l�e�.� �F�o�r� 

�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �e�g�g�s�,� �p�H� �5�.�7�-�8�.�5� �i�s� �c�o�n�s�i�d�e�r�e�d� �s�u�i�t�a�b�l�e� �a�n�d� 

�P�H� �6�.�0�-�8�.�0� �i�s� �o�p�t�i�m�a�l�.� �F�o�r� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �y�o�l�k�-�s�a�c� �l�a�r�v�a�e�,� 

�p�H� �6�.�2�-�8�.�5� �i�s� �c�o�n�s�i�d�e�r�e�d� �s�u�i�t�a�b�l�e� �a�n�d� �p�H� �6�.�5�-�8�.�0� �i�s� �o�p�t�i�m�a�l� 

�(�K�l�a�u�d�a� �e�t� �a�l�.� �1�9�9�1�)�.� �T�h�u�s�,� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �r�e�q�u�i�r�e� �h�i�g�h�e�r� 

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

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

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

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

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

�r�i�v�e�r� �h�e�r�r�i�n�g�.� 

�T�e�m�p�e�r�a�t�u�r�e� �i�s� �a�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �h�a�b�i�t�a�t� �p�a�r�a�m�e�t�e�r� �i�n� 

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

�e�g�g�s� �f�r�o�m� �L�a�k�e� �M�i�c�h�i�g�a�n� �h�a�t�c�h� �b�e�t�w�e�e�n� �7� �a�n�d� �2�9�°�C�,� �w�i�t�h� �a�n� 

�o�p�t�i�m�u�m� �h�a�t�c�h�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�6�°�C� �(�E�d�s�a�l�l� �1�9�7�0�)�.� �S�u�r�v�i�v�a�l� 

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

�f�r�o�m� �3�.�8� �d�a�y�s� �a�t� �1�0�.�5�°�C� �t�o� �7�.�6� �d�a�y�s� �a�t� �1�4�.�5�-�1�5�°�C�,� �t�h�e�n� 

�d�e�c�r�e�a�s�e�s� �t�o� �2�.�4� �d�a�y�s� �a�t� �2�6�.�5�-�2�8�°�C� �(�E�d�s�a�l�l� �1�9�7�0�)�.� �D�e�f�o�r�m�i�t�y� 

�r�a�t�e�s� �o�f� �1�0�0�%� �o�f� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�a�r�v�a�e� �f�r�o�m� �C�a�n�a�a�n� �R�i�v�e�r�,� 

�N�e�w� �B�r�u�n�s�w�i�c�k�,� �C�a�n�a�d�a� �w�e�r�e� �s�e�e�n� �i�n� �l�a�b�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �w�h�e�n� 

�t�e�m�p�e�r�a�t�u�r�e� �r�e�a�c�h�e�d� �3�4�°�C� �(�K�o�o� �a�n�d� �J�o�h�n�s�t�o�n� �1�9�7�8�)�.� �T�h�u�s�,� 
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�t�e�m�p�e�r�a�t�u�r�e� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �t�i�m�i�n�g� �o�f� �h�a�t�c�h�i�n�g� �a�n�d� 

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

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

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

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

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

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

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

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

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

�s�a�l�t�w�a�t�e�r� �w�e�d�g�e� �(�J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �1�9�8�8�)�.� �I�n� �t�h�e� 

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

�a�r�e�a�s� �o�f� �s�w�i�f�t� �c�u�r�r�e�n�t� �(�L�o�e�s�c�h� �a�n�d� �L�u�n�d� �1�9�7�7�)�.� �I�n� 

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

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

�z�o�n�e� �(�C�h�r�i�s�t�i�e� �e�t� �a�l�.� �1�9�8�1�,� �L�o�e�s�c�h� �1�9�8�7�,� �M�e�a�d�o�r� �e�t� �a�l�.� �1�9�8�4�,� 

�R�u�l�i�f�s�o�n� �e�t� �a�l�.� �1�9�8�2�)�.� �I�n� �t�h�e� �C�o�n�n�e�c�t�i�c�u�t� �R�i�v�e�r�,� �w�h�e�r�e� �r�i�v�e�r� 

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

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

�o�f� �t�h�e� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �(�L�o�e�s�c�h� �a�n�d� �L�u�n�d� �1�9�7�7�)�.� �I�n� 

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

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

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

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

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

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

�p�a�r�t� �o�f� �t�h�e�i�r� �r�a�n�g�e�.� 

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

�h�e�r�r�i�n�g� 

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

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

�C�r�o�w�d�i�n�g� �c�a�u�s�e�s� �f�i�s�h� �t�o� �m�o�v�e� �f�u�r�t�h�e�r� �u�p�s�t�r�e�a�m� �(�M�o�w�r�e�r� �1�9�8�4�)�.� 

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

�S�u�i�t�a�b�l�e� �s�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� �(�M�o�w�r�e�r� �1�9�8�4�)� �o�r� �r�e�s�u�l�t� �i�n� �l�o�w�e�r� 

�a�b�u�n�d�a�n�c�e�s� �o�f� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�a�r�v�a�e� �(�M�e�a�d�o�r� �e�t� �a�l�.� �1�9�8�4�)�,� 

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

�1�9�8�4�)�.� �A�f�t�e�r� �s�p�a�w�n�i�n�g�,� �a�d�u�l�t� �a�l�e�w�i�v�e�s� �a�n�d� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� 

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

�b�a�c�k� �t�o� �t�h�e� �s�e�a� �(�H�u�b�e�r� �1�9�7�8�)�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�i�d�e� �o�n� �s�p�a�w�n�i�n�g� 

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

�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �a�r�e�a� �r�e�p�o�r�t� �t�h�a�t� �f�i�s�h� �e�n�t�e�r� �s�p�a�w�n�i�n�g� �a�r�e�a�s� 

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

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

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

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

�l�i�f�e� �s�t�a�g�e�s� �i�n� �s�p�a�w�n�i�n�g� �a�r�e�a�s�.� 

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

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

�t�i�m�e� �o�f� �t�h�e� �a�l�e�w�i�v�e�s� �b�e�g�i�n�s� �3� �t�o� �4� �w�e�e�k�s� �b�e�f�o�r�e� �t�h�a�t� �o�f� 

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

�s�p�e�c�i�e�s� �a�r�e� �u�s�u�a�l�l�y� �2� �t�o� �3� �w�e�e�k�s� �a�p�a�r�t� �(�J�o�n�e�s� �e�t� �a�l�.� �1�9�7�8�)�.� 

�M�i�n�i�m�u�m� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �s�p�a�w�n�i�n�g� �b�e�g�i�n�s� �i�s� �1�0�.�5�°�C� 

�f�o�r� �a�l�e�w�i�f�e� �(�C�i�a�n�c�i� �1�9�6�9�)� �a�n�d� �1�4�°�C� �f�o�r� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� 

�(�L�o�e�s�c�h� �a�n�d� �L�u�n�d� �1�9�7�7�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �t�e�m�p�o�r�a�l� �d�i�f�f�e�r�e�n�c�e� �i�n� 

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

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

�s�p�a�w�n�i�n�g� �s�i�t�e�s� �t�h�a�t� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�p�e�c�i�e�s�.� �H�a�t�c�h�i�n�g� 

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

�o�c�c�u�r�s� �a�f�t�e�r� �3� �t�o� �2�0� �d�a�y�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� 

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

�t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e�s� �(�J�o�h�n�s�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �1�9�8�8�)�.� �T�h�e� �1�9�9�1� 

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

�R�a�p�p�a�h�a�n�n�o�c�k� �o�c�c�u�r�r�e�d� �f�r�o�m� �m�i�d�-�A�p�r�i�l� �t�o� �m�i�d�-�M�a�y� �(�p�e�r�s�.� �o�b�s�.�;� 

�K�n�o�x� �T�u�r�n�b�u�l�l�,� �V�D�G�I�F�,� �p�e�r�s�.� �c�o�m�m�.�)�.� �A�n�g�l�e�r�s� �a�n�d� �g�a�m�e� �w�a�r�d�e�n�s� 

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

�1�-�2� �d�a�y�s� �o�f� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�u�s�,� �t�e�m�p�e�r�a�t�u�r�e� �p�l�a�y�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �a�f�f�e�c�t�i�n�g� �t�i�m�i�n�g� �o�f� �o�c�c�u�r�r�e�n�c�e� �o�f� �l�i�f�e� 

�s�t�a�g�e�s� �i�n� �s�p�a�w�n�i�n�g� �a�r�e�a�s�.� 

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

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

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

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

�(�S�a�i�l�a� �e�t� �a�l�.� �1�9�7�2�)�.� �L�i�g�h�t� �i�n�t�e�n�s�i�t�y� �a�l�s�o� �i�n�f�l�u�e�n�c�e�s� �e�n�t�r�y� 
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�o�f� �a�d�u�l�t�s� �i�n�t�o� �f�r�e�s�h�w�a�t�e�r� �(�L�u�n�d� �e�t� �a�l�.� �1�9�7�0�;� �C�o�o�p�e�r� �1�9�6�1�)� 

�a�n�d� �m�o�v�e�m�e�n�t� �u�p�s�t�r�e�a�m� �d�u�r�i�n�g� �a� �2�4�-�h�r� �p�e�r�i�o�d� �(�L�u�n�d� �e�t� �a�l�.� 

�1�9�7�0�)�.� �H�o�w�e�v�e�r�,� �s�t�r�e�a�m� �t�e�m�p�e�r�a�t�u�r�e� �a�l�s�o� �d�e�t�e�r�m�i�n�e�s� �d�a�t�e� �o�f� 

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

�(�C�o�o�p�e�r� �1�9�6�1�)�.� �A�l�e�w�i�v�e�s� �a�v�o�i�d� �l�i�g�h�t� �d�u�r�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �s�t�a�g�e�s� 

�o�f� �s�p�a�w�n�i�n�g� �(�C�o�o�p�e�r� �1�9�6�1�;� �R�o�t�h�s�c�h�i�l�d� �1�9�6�6�)�,� �b�u�t� �t�h�e�y� 

�e�v�e�n�t�u�a�l�l�y� �o�v�e�r�c�o�m�e� �t�h�e�i�r� �a�v�e�r�s�i�o�n� �t�o� �l�i�g�h�t� �(�C�o�o�p�e�r� �1�9�6�1�)�.� �A�n� 

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

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

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

�w�i�l�l� �o�c�c�u�r� �i�n� �a� �h�a�b�i�t�a�t�.� 

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

�d�i�e�l� �p�a�t�t�e�r�n�s�.� �J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �(�1�9�8�8�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� 

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

�1�2� �a�n�d� �1� �a�.�m�.� �i�n� �a� �P�r�i�n�c�e� �E�d�w�a�r�d� �I�s�l�a�n�d� �s�t�r�e�a�m�,� �a�n�d� �d�r�i�f�t� �o�f� 

�e�g�g�s� �a�n�d�/�o�r� �l�a�r�v�a�e� �i�n�c�r�e�a�s�e�s� �a�t� �n�i�g�h�t� �t�o� �d�a�w�n� �(�J�o�h�n�s�t�o�n� �a�n�d� 

�C�h�e�v�e�r�i�e� �1�9�8�8�;� �M�e�a�d�o�r� �e�t� �a�l�.� �1�9�8�4�;� �J�e�s�s�o�p� �1�9�9�0�)�.� �H�o�w�e�v�e�r�,� 

�s�p�a�w�n�i�n�g� �a�c�t�i�v�i�t�y� �a�n�d� �p�e�a�k� �p�e�r�i�o�d�s� �o�f� �d�r�i�f�t� �o�f� �e�g�g�s� �a�n�d�/�o�r� 

�l�a�r�v�a�e� �a�r�e� �a�s�y�n�c�h�r�o�n�o�u�s� �(�J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �1�9�8�8�;� �M�e�a�d�o�r� 

�e�t� �a�l�.� �1�9�8�4�)�.� �T�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �l�a�r�v�a�e� �a�t� 

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

�h�a�v�e� �l�i�m�i�t�e�d� �s�w�i�m�m�i�n�g� �a�b�i�l�i�t�y� �(�J�o�h�n�s�t�o�n� �a�n�d� �C�h�e�v�e�r�i�e� �1�9�8�8�)�.� 

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

�a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s� �o�f� �t�h�e� �d�a�y� �(�T�y�u�s� �1�9�7�4�)�,� �a�s� �c�a�n� �t�h�e�i�r� �e�n�t�r�y� 

�i�n�t�o� �s�t�r�e�a�m�s� �(�C�o�o�p�e�r� �1�9�6�1�)�.� �D�i�e�l� �p�e�r�i�o�d�i�c�i�t�y� �i�n� �s�p�a�w�n�i�n�g� 

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

�t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �r�i�v�e�r� �h�e�r�r�i�n�g� �r�u�n�s� �d�u�r�i�n�g� �t�h�e� �1�9�9�1� 

�s�e�a�s�o�n� �l�a�s�t�e�d� �2�-�3� �d�a�y�s�,� �a�n�d� �i�n� �o�n�e� �t�r�i�b�u�t�a�r�y�,� �o�n�l�y� �t�w�o� 

�r�e�l�a�t�i�v�e�l�y� �s�t�r�o�n�g� �r�u�n�s� �o�c�c�u�r�r�e�d� �(�K�n�o�x� �T�u�r�n�b�u�l�l�,� �V�D�G�I�F�,� �p�e�r�s�.� 

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

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

�S�p�a�w�n�i�n�g� �a�r�e�a�s�.� 

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

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

�o�f� �h�o�w� �t�h�e�s�e� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�e� �s�p�a�w�n�i�n�g� �i�n� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� 

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

�i�n� �t�h�i�s� �p�o�r�t�i�o�n� �o�f� �t�h�e�i�r� �r�a�n�g�e�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�T�h�e� �s�p�e�c�i�f�i�c� �o�b�j�e�c�t�i�v�e�s� �o�f� �C�h�a�p�t�e�r� �T�w�o� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�1�)� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �h�a�b�i�t�a�t� �w�h�e�r�e� �r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n� 

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

�o�f� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� 

�2�)� �t�o� �d�e�t�e�r�m�i�n�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �i�n� 

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

�3�)� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �h�a�b�i�t�a�t� �w�h�e�r�e� �p�o�s�t�-�y�o�l�k� �s�a�c� 

�l�a�r�v�a�e� �a�r�e� �f�o�u�n�d�.� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

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

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

�d�u�r�i�n�g� �t�h�e� �1�9�9�2� �s�p�a�w�n�i�n�g� �s�e�a�s�o�n� �(�F�e�b�.�1�8� �t�o� �M�a�y� �1�3�)� �i�n� 

�O�c�c�u�p�a�c�i�a� �C�r�e�e�k�,� �a� �s�t�r�e�a�m� �i�n� �E�s�s�e�x� �C�o�.�,� �V�A�,� �w�h�e�r�e� �r�i�v�e�r� 

�h�e�r�r�i�n�g� �s�p�a�w�n� �e�v�e�r�y� �y�e�a�r� �(�s�e�e� �C�h�a�p�t�e�r� �1�-�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

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

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

�R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r�,� �h�a�s� �a� �w�a�t�e�r�s�h�e�d� �a�r�e�a� �o�f� �7�0�7�5� �h�a� �t�h�a�t� �i�s� 

�2�5�%� �a�g�r�i�c�u�l�t�u�r�e� �a�n�d� �7�2�%� �f�o�r�e�s�t�.� �T�h�r�e�e� �s�i�t�e�s� �(�e�a�c�h� �5�0� �m� �l�o�n�g�)� 

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

�d�e�e�p�e�r� �d�o�w�n�s�t�r�e�a�m� �s�e�c�t�i�o�n�s� �o�f� �t�h�i�s� �t�r�i�b�u�t�a�r�y� �(�F�i�g�u�r�e� �I�I�.�1�)�.� 
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�T�h�e� �u�p�s�t�r�e�a�m� �s�i�t�e�,� �S�i�t�e� �1�,� �w�a�s� �1�6� �k�m� �f�r�o�m� �t�h�e� �m�o�u�t�h� �o�f� 

�O�c�c�u�p�a�c�i�a� �C�r�e�e�k�.� �S�i�t�e�s� �2� �a�n�d� �3�,� �t�h�e� �t�w�o� �d�o�w�n�s�t�r�e�a�m� �s�i�t�e�s�,� 

�w�e�r�e� �9� �a�n�d� �5� �k�m� �f�r�o�m� �t�h�e� �m�o�u�t�h� �o�f� �t�h�i�s� �s�t�r�e�a�m�.� �S�i�t�e�s� �w�e�r�e� 

�s�a�m�p�l�e�d� �o�n� �a� �5�-�d�a�y�,� �4�-�t�i�m�e� �i�n�t�e�r�v�a�l� �r�o�t�a�t�i�o�n�:� �o�n� �D�a�y� �1� �t�h�e� 

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

�t�h�e� �d�o�w�n�s�t�r�e�a�m� �s�i�t�e� �a�t� �d�u�s�k�,� �a�n�d� �t�h�e� �n�e�x�t� �t�w�o� �t�i�m�e� �i�n�t�e�r�v�a�l�s� 

�(�m�i�d�n�i�g�h�t� �a�n�d� �d�a�w�n�)� �w�e�r�e� �s�k�i�p�p�e�d�.� �O�n� �D�a�y� �2�,� �t�h�e� �u�p�s�t�r�e�a�m� �s�i�t�e� 

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

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

�w�e�r�e� �s�k�i�p�p�e�d�.� �T�h�e� �s�a�m�p�l�i�n�g� �s�c�h�e�d�u�l�e� �f�o�r� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �5�-�d�a�y� 

�r�o�t�a�t�i�o�n� �f�o�l�l�o�w�e�d� �a� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n� �(�s�e�e� �A�p�p�e�n�d�i�x� �B�)�.� �T�h�u�s�,� 

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

�f�o�u�r� �t�i�m�e� �i�n�t�e�r�v�a�l�s�.� 

�T�h�r�e�e� �3�6�3�-�m�i�c�r�o�n�-�m�e�s�h� �(�3�5�x�4�7�c�m� �m�o�u�t�h�)� �d�r�i�f�t� �n�e�t�s� �w�e�r�e� �s�e�t� 

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

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

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

�d�o�w�n�s�t�r�e�a�m� �s�i�t�e�s�,� �i�n� �a�r�e�a�s� �o�f� �s�w�i�f�t�e�s�t� �c�u�r�r�e�n�t� �(�F�i�g�u�r�e� �I�I�.�2�)�.� 

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

�t�w�o� �d�o�w�n�s�t�r�e�a�m� �s�i�t�e�s�,� �d�r�i�f�t� �n�e�t�s� �w�e�r�e� �t�o�w�e�d� �2� �t�i�m�e�s� �b�y� �b�o�a�t� 

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

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

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

�t�r�i�b�u�t�a�r�y� �u�n�t�i�l� �t�h�e� �c�e�s�s�a�t�i�o�n� �o�f� �r�u�n�s�.� �S�i�t�e�s� �1�,� �2�,� �a�n�d� �3� �w�e�r�e� 

�s�a�m�p�l�e�d� �6�3�,� �4�8�,� �a�n�d� �3�7� �t�i�m�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�i�v�e�r� �h�e�r�r�i�n�g� 

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

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

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

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

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

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

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

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

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

�b�o�r�a�x�-�b�u�f�f�e�r�e�d� �1�0�%� �f�o�r�m�a�l�i�n� �s�o�l�u�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �s�t�a�g�e� �(�a�g�e�)� 

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

�d�i�s�t�i�n�g�u�i�s�h�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�p�e�c�i�e�s� �b�e�f�o�r�e� �t�h�e�y� �a�r�e� �1�5� �m�m� 

�p�o�s�t�-�y�o�l�k� �s�a�c� �l�a�r�v�a�e� �(�E�d� �S�i�s�m�o�u�r�,� �V�I�M�S�,� �p�e�r�s�.� �c�o�m�m�.�)�,� 

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

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

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

�s�t�a�g�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�.� �E�g�g�s� �w�e�r�e� �s�t�a�g�e�d� �a�s� �"�b�"� �e�g�g�s� �i�f� 

�t�h�e�y� �w�e�r�e� �u�n�f�e�r�t�i�l�i�z�e�d� �a�n�d� �"�c�"� �e�g�g�s� �i�f� �t�h�e�y� �w�e�r�e� �l�e�s�s� �t�h�a�n� �a�n� 

�h�o�u�r� �o�l�d� �(�M�a�n�s�u�e�t�i� �a�n�d� �H�a�r�d�y� �1�9�6�7�)�.� �D�e�n�s�i�t�i�e�s� �o�f� �l�a�t�e�r� �e�g�g� 

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

�t�o� �d�e�t�e�r�m�i�n�e� �t�o�t�a�l� �e�g�g� �d�e�n�s�i�t�i�e�s�.� �Y�o�l�k�-�s�a�c� �l�a�r�v�a�e� �w�e�r�e� �s�t�a�g�e�d� 

�a�s� �"�a�"� �i�f� �t�h�e�y� �w�e�r�e� �n�o� �g�r�e�a�t�e�r� �t�h�a�n� �3�.�5� �m�m� �a�n�d� �"�c�"� �i�f� �t�h�e�y� 

�w�e�r�e� �o�v�e�r� �3�.�5� �m�m� �(�M�a�n�s�u�e�t�i� �a�n�d� �H�a�r�d�y� �1�9�6�7�)�.� 

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

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

�1� �m� �d�i�a�m�e�t�e�r� �d�i�p� �n�e�t� �o�f� �1�-�i�n�c�h� �c�h�i�c�k�e�n�-�w�i�r�e� �m�e�s�h�.� �S�i�n�c�e� 
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�g�i�z�z�a�r�d� �s�h�a�d� �l�a�r�v�a�e� �w�e�r�e� �s�a�m�p�l�e�d� �a�l�o�n�g� �w�i�t�h� �e�g�g�s� �a�n�d� �l�a�r�v�a�e� �o�f� 

�r�i�v�e�r� �h�e�r�r�i�n�g� �d�u�r�i�n�g� �t�h�e� �1�9�9�1� �s�p�a�w�n�i�n�g� �s�e�a�s�o�n� �a�n�d� �t�h�e�r�e� �a�r�e� 

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

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

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

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

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

�s�h�a�p�e�,� �a�n�d� �p�e�r�i�t�o�n�e�u�m� �c�o�l�o�r� �(�O ��N�e�i�l�l� �1�9�8�0�)�.� �S�p�a�w�n�i�n�g� 

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

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

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

�p�o�s�t�-�y�o�l�k� �s�a�c� �l�a�r�v�a�e� �w�e�r�e� �s�a�m�p�l�e�d� �b�y� �t�o�w�i�n�g� �a� �5�0�0�-�m�i�c�r�o�n�-�m�e�s�h� 

�m�o�d�i�f�i�e�d� �p�l�a�n�k�t�o�n� �s�a�m�p�l�e�r� �(�5�3� �c�m� �d�i�a�m�)� �b�y� �f�o�o�t� �i�n� �t�h�e� �u�p�s�t�r�e�a�m� 

�s�i�t�e� �(�a�p�p�r�o�x�i�m�a�t�e� �s�p�e�e�d�=�3�.�6� �k�m�/�h�r�)� �b�y� �b�o�a�t� �i�n� �t�h�e� �d�o�w�n�s�t�r�e�a�m� 

�s�i�t�e�s� �(�a�p�p�r�o�x�i�m�a�t�e� �s�p�e�e�d�=�3�.�0� �k�m�/�h�r�)�.� �T�h�e� �s�a�m�p�l�e�r� �w�a�s� �t�o�w�e�d� �a�t� 

�t�h�e� �s�u�r�f�a�c�e� �a�l�o�n�g� �t�h�e� �b�a�n�k�s� �a�n�d� �m�i�d�-�c�h�a�n�n�e�l� �f�o�r� �a� �t�o�t�a�l� �o�f� �3� 

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

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

�t�h�e� �n�e�t�.� �W�a�t�e�r� �v�o�l�u�m�e� �(�c�m�?�)� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �n�e�t� �w�a�s� 

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

�D�e�n�s�i�t�i�e�s� �o�f� �p�o�s�t�-�y�o�l�k� �s�a�c� �l�a�r�v�a�e� �(�p�e�r� �v�o�l�u�m�e� �o�f� �w�a�t�e�r�)� �w�e�r�e� 

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

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

�l�a�t�e�r� �s�t�a�g�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �(�M�a�n�s�u�e�t�i� �a�n�d� �H�a�r�d�y� �1�9�7�6�)�.� 

�P�o�s�t� �y�o�l�k�-�s�a�c� �l�a�r�v�a�e� �w�e�r�e� �d�e�s�i�g�n�a�t�e�d� �a�s� �"�a�"� �i�f� �t�h�e� �c�a�u�d�a�l� 

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

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

�T�h�r�e�e� �t�r�a�n�s�e�c�t�s� �b�a�n�d�s� �(�e�a�c�h� �1�0� �m� �x� �s�t�r�e�a�m� �w�i�d�t�h�)� �w�e�r�e� 

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

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

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

�t�r�a�n�s�e�c�t�,� �t�h�r�e�e� �p�o�i�n�t�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �a�t� �2�5�%�,� �5�0�%�,� �a�n�d� �7�5�%� 

�o�f� �t�h�e� �s�t�r�e�a�m� �w�i�d�t�h� �(�F�i�g�u�r�e� �I�I�.�2�)�.� �A�f�t�e�r� �e�a�c�h� �2�0� �m�i�n�u�t�e� 

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

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

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

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

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

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

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

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

�a� �l�i�g�h�t� �m�e�t�e�r� �(�M�o�d�e�l� �2�1�4�,� �G�e�n�e�r�a�l� �E�l�e�c�t�r�i�c�)�.� �A� �s�e�c�c�h�i� �d�i�s�k� 

�m�e�a�s�u�r�e�d� �p�h�o�t�i�c� �z�o�n�e� �d�e�p�t�h� �(�c�m�)� �a�n�d� �s�e�c�c�h�i� �d�i�s�c� �t�r�a�n�s�p�a�r�e�n�c�y� 

�(�c�m�)� �i�n� �t�h�e� �w�a�t�e�r�.� �S�i�n�c�e� �t�h�e� �p�h�o�t�i�c� �z�o�n�e� �i�s� �t�h�e� �s�u�b�s�u�r�f�a�c�e� 

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

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

�T�e�m�p�e�r�a�t�u�r�e� �(�°�C�)� �a�n�d� �s�a�l�i�n�i�t�y� �(�p�p�t�)� �w�e�r�e� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �Y�S�I� 

�S�-�C�-�T� �m�e�t�e�r�.� �V�e�l�o�c�i�t�y� �(�c�m�/�s�)� �w�a�S� �m�e�a�s�u�r�e�d� �u�s�i�n�g� 

�M�a�r�s�h�-�M�c�B�i�r�n�e�y� �a�n�a�l�o�g� �a�n�d� �d�i�g�i�t�a�l� �f�l�o�w� �m�e�t�e�r�s�.� �W�a�t�e�r� �d�e�p�t�h� 
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�(�c�m�)� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �m�e�t�e�r� �s�t�i�c�k�.� �S�u�b�s�t�r�a�t�u�m� �w�a�s� 

�v�i�s�u�a�l�l�y� �d�e�s�c�r�i�b�e�d� �u�s�i�n�g� �t�h�e� �W�e�n�t�w�o�r�t�h� �s�c�a�l�e�.� �D�O� �(�m�g�/�L�)� �w�a�s� 

�m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �Y�S�I� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �m�e�t�e�r�.� �A�c�i�d�i�t�y� �(�p�H�)� �w�a�s� 

�m�e�a�s�u�r�e�d� �u�S�i�n�g� �a� �M�a�r�k�s�o�n� �D�i�p�-�N�-�R�e�a�d� �p�H� �m�e�t�e�r�.� �T�h�e� 

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

�t�h�e� �t�r�a�n�s�e�c�t�s� �a�s� �w�e�l�l� �a�s� �a�l�o�n�g� �t�h�e� �b�a�n�k�s� �o�f� �t�h�e� �s�t�r�e�a�m�.� 

�S�t�r�e�a�m� �w�i�d�t�h� �w�a�s� �m�e�a�s�u�r�e�d� �a�c�r�o�s�s� �e�a�c�h� �t�r�a�n�s�e�c�t� �u�s�i�n�g� �a� �5�0� 

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

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

�p�e�r�i�o�d�.� 

�A�n�a�l�y�s�e�s� 

�S�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� 

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

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

�a�v�e�r�a�g�e� �n�u�m�b�e�r� �o�f� �e�g�g�s�/�1�0�0�m�*�,� �y�o�l�k�-�s�a�c� �l�a�r�v�a�e�/�1�0�0�m�*�,� �a�n�d� 

�p�o�s�t�-�y�o�l�k� �s�a�c� �l�a�r�v�a�e�/�1�0�0�m�?� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �e�a�c�h� �s�a�m�p�l�i�n�g� 

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

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

�d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

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

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

�I� �d�i�v�i�d�e�d� �t�h�e� �h�a�b�i�t�a�t� �a�n�d� �l�i�f�e� �s�t�a�g�e� �d�a�t�a� �i�n�t�o� �f�o�u�r� �s�e�a�s�o�n�s�:� 

�1�)� �b�e�f�o�r�e� �a�l�e�w�i�f�e� �s�p�a�w�n�i�n�g�,� �2�)� �d�u�r�i�n�g� �a�l�e�w�i�f�e� �s�p�a�w�n�i�n�g�,� �3�)� 
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�w�h�e�n� �b�o�t�h� �s�p�e�c�i�e�s� �w�e�r�e� �s�p�a�w�n�i�n�g�,� �a�n�d� �4�)� �d�u�r�i�n�g� �b�l�u�e�b�a�c�k� 

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

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

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

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

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

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

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

�o�v�e�r� �t�h�e� �s�i�t�e�s� �f�o�r� �t�h�a�t� �v�a�r�i�a�b�l�e�.� �V�a�l�u�e�s� �f�o�r� �h�a�b�i�t�a�t� 

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

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

�K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� �I�f� �t�h�i�s� �t�e�s�t� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �(�p�<�0�.�0�5�)�,� 

�p�a�i�r�w�i�s�e� �s�i�t�e� �c�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �u�s�i�n�g� �W�i�l�c�o�x�o�n� �2�-�s�a�m�p�l�e� 

�t�e�s�t�.� �L�i�k�e�w�i�s�e�,� �v�a�l�u�e�s� �f�o�r� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�i�t�h�o�u�t� �s�e�a�s�o�n� 

�x� �S�i�t�e� �i�n�t�e�r�a�c�t�i�o�n� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�e�a�s�o�n�s� �o�v�e�r� �t�h�e� �s�i�t�e�s� 

�w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� �I�f� �t�h�i�s� �t�e�s�t� �w�a�s� 

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

�W�i�l�c�o�x�o�n� �2�-�s�a�m�p�l�e� �t�e�s�t�.� �I�f� �a�n�y� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

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

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

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

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

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

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

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

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

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

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

�o�c�c�u�r�r�e�n�c�e�s� �o�f� �e�g�g�s� �a�n�d� �a�d�u�l�t�s� �a�n�d� �y�o�l�k�-�s�a�c� �l�a�r�v�a�l� �s�t�a�g�e�s�,� �a�s� 

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

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

�b�y� �t�h�e� �g�e�n�e�r�a�l� �l�i�n�e�a�r� �m�o�d�e�l�.� 

�D�e�n�s�i�t�i�e�s� �o�f� �b�o�t�h� �s�t�a�g�e�s� �o�f� �e�g�g�s� �f�o�r� �b�o�t�h� �s�p�e�c�i�e�s� �w�e�r�e� 

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

�o�v�e�r� �t�h�e� �t�i�m�e� �t�h�a�t� �t�h�e�y� �w�e�r�e� �i�n� �S�i�t�e� �1�.� �I�f� �p�r�o�p�o�r�t�i�o�n�s� 

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

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

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

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

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

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

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

�a�n�d� �e�g�g� �s�t�a�g�e�s� �f�o�r� �b�o�t�h� �s�p�e�c�i�e�s� �a�t� �e�a�c�h� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n� �[�(�1�)� 

�h�i�g�h� �t�i�d�e� �(�2�)� �l�o�w� �t�i�d�e� �(�3�)� �o�u�t�g�o�i�n�g� �t�i�d�e�,� �a�n�d� �(�4�)� �i�n�c�o�m�i�n�g� 

�t�i�d�e�]� �i�n� �t�h�e�s�e� �a�r�e�a�(�s�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� 

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

�l�i�f�e� �s�t�a�g�e�s� �a�t� �e�a�c�h� �t�i�m�e� �o�f� �d�a�y� �[�(�1�)� �d�a�w�n� �(�2�)� �n�o�o�n� �(�3�)� �d�u�s�k� 

�a�n�d� �(�4�)� �m�i�d�n�i�g�h�t�]�.� �A�l�s�o�,� �l�i�f�e� �s�t�a�g�e� �d�e�n�s�i�t�i�e�s� �o�f� �b�o�t�h� �s�p�e�c�i�e�s� 
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�w�e�r�e� �p�l�o�t�t�e�d� �w�i�t�h� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n�,� �t�i�m�e� �o�f� �d�a�y�,� �a�n�d� �l�i�g�h�t� 

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

�d�a�y�)� �t�o� �s�e�a�r�c�h� �f�o�r� �t�r�e�n�d�s�.� 

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

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

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

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

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

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

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

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

�a�m�o�n�g� �t�h�e� �f�o�u�r� �s�e�a�s�o�n�s� �a�n�d� �a�m�o�n�g� �5�-�d�a�y� �c�y�c�l�e�s� �u�s�i�n�g� �a� 

�K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� �C�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� 

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

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

�w�e�r�e� �a�l�s�o� �t�e�s�t�e�d�.� �L�i�k�e�w�i�s�e�,� �c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �d�e�n�s�i�t�i�e�s� �o�f� 

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

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

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

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

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

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

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

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

�1�9�8�5�)�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �g�e�n�e�r�a�t�e�d� �a� �m�o�d�e�l� �t�h�a�t� �p�r�e�d�i�c�t�e�d� 
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�o�c�c�u�r�r�e�n�c�e� �o�f� �a� �r�i�v�e�r� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e� �i�n� �t�h�e� �s�p�a�w�n�i�n�g� �a�r�e�a� 

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

�S�t�a�g�e� �i�s� �a� �b�i�n�a�r�y� �v�a�r�i�a�b�l�e� �(�l�=�p�r�e�s�e�n�c�e� �a�n�d� �2�=�a�b�s�e�n�c�e�)�,� �a�n�d� 

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

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

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

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

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

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

�e�a�c�h� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e� �(�H�a�r�r�e�l�l� �1�9�8�5�)�.� 

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

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

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

�c�o�v�a�r�i�a�t�e�s� �<�0�.�0�5�.� �T�h�e� �p�-�v�a�l�u�e�s� �f�o�r� �W�a�l�d� �c�h�i�-�s�q�u�a�r�e�s� �f�o�r� �e�a�c�h� 

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

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

�1�9�8�5�)�.� 

�F�i�n�a�l�l�y�,� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �e�n�t�e�r�e�d� �a�n�d� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� 

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

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

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

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

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

�s�t�a�g�e�s� �f�r�o�m� �v�a�r�i�a�b�l�e� �v�a�l�u�e�s�.� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �t�a�b�l�e�s� �a�t� �0�.�5�0�0� 

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

�t�h�e� �0�.�5�0�0� �p�r�o�b�a�b�i�l�i�t�y� �a�s� �a� �"�c�u�t�o�f�f�"� �l�e�v�e�l� �f�o�r� �t�h�e�s�e� �m�o�d�e�l�s�.� 
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�A� �m�o�d�e�l� �p�r�e�d�i�c�t�e�d� �p�r�e�s�e�n�c�e� �(�p�=�1�,� �p�r�e�s�e�n�c�e�)� �o�f� �a� �l�i�f�e� �s�t�a�g�e� �i�f� 

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

�T�h�e� �m�o�d�e�l� �p�r�e�d�i�c�t�e�d� �a�b�s�e�n�c�e� �(�p�=�0�,� �a�b�s�e�n�c�e�)� �o�f� �a� �l�i�f�e� �s�t�a�g�e� �i�f� 

�p�r�o�b�a�b�i�l�i�t�y� �i�s� �b�e�l�o�w� �0�.�5�0�0�.� �T�h�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �t�a�b�l�e� �i�s� �a� 

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

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

�I�t� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�i�v�e� �v�a�l�u�e�s�:� �1�)� �p�e�r�c�e�n�t�a�g�e� 

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

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

�(�u�s�i�n�g� �t�h�e� �0�.�5�0�0� �"�c�u�t�o�f�f�"� �l�e�v�e�l�)�;� �2�)� �s�e�n�s�i�t�i�v�i�t�y�,� �t�h�e� 

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

�p�r�e�d�i�c�t�e�d� �t�o� �b�e� �o�c�c�u�r�r�e�n�c�e�s�;� �3�)� �s�p�e�c�i�f�i�c�i�t�y�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� 

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

�n�o�n�-�o�c�c�u�r�r�e�n�c�e�s�;� �4�)� �f�a�l�s�e� �p�o�s�i�t�i�v�e� �r�a�t�e�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� 

�p�r�e�d�i�c�t�e�d� �o�c�c�u�r�r�e�n�c�e�s� �t�h�a�t� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�s� �n�o�n�-�o�c�c�u�r�r�e�n�c�e�s�;� 

�a�n�d� �5�)� �t�h�e� �f�a�l�s�e� �n�e�g�a�t�i�v�e� �r�a�t�e�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �p�r�e�d�i�c�t�e�d� 

�n�o�n�-�o�c�c�u�r�r�e�n�c�e�s� �t�h�a�t� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �b�e� �o�c�c�u�r�r�e�n�c�e�s�.� �T�h�e� 

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

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

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

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

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

�v�a�r�i�a�b�l�e�s� �a�t� �t�h�e� �0�.�5�0�0� �l�e�v�e�l� �o�f� �p�r�o�b�a�b�i�l�i�t�y�.� 
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�P�o�s�t�-�y�o�l�k� �s�a�c� �l�a�r�v�a�e� �h�a�b�i�t�a�t� 

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

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

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

�R�e�s�u�l�t�s� 

�S�p�a�w�n�i�n�g� �h�a�b�i�t�a�t� 

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

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

�v�e�l�o�c�i�t�y�,� �p�H�,� �s�e�c�c�h�i� �d�i�s�c� �t�r�a�n�s�p�a�r�e�n�c�y�,� �s�a�l�i�n�i�t�y�,� �%�*� �m�a�r�s�h� �t�h�a�t� 

�i�s� �w�i�t�h�i�n� �t�h�e� �s�i�t�e� �(�W�S�)�,� �%� �t�r�e�e� �(�W�S�)�,� �%�*� �l�o�g� �(�W�S�)�,� �%� �b�r�u�s�h� 

�(�W�S�)�,� �%� �c�l�a�y�,� �%�*� �m�u�d�,� �%�*� �s�a�n�d�,� �w�i�d�t�h�,� �%� �m�a�r�s�h� �t�h�a�t� �i�s� 

�s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �s�i�t�e� �(�S�S�)�,� �%� �t�r�e�e� �(�S�S�)�,� �%� �l�o�g� �(�S�S�)�,� �%�*� �n�o�n�-�w�o�o�d� 

�(�S�S�)�,� �a�n�d� �%� �b�r�u�s�h� �(�S�S�)� �(�T�a�b�l�e� �I�I�.�1�)�.� �L�i�g�h�t� �i�n�t�e�n�s�i�t�y�,� 

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

�(�W�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� �a�m�o�n�g� �s�i�t�e�s�.� �T�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

�S�a�l�i�n�i�t�y�.� �R�e�s�u�l�t�s� �o�f� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�s� �o�r� �g�e�n�e�r�a�l� �l�i�n�e�a�r� 

�m�o�d�e�l� �A�N�O�V�A�' ��s� �(�f�o�r� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �a�n�d� �s�a�l�i�n�i�t�y�)� �c�o�m�p�a�r�i�n�g� 

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

�T�a�b�l�e� �I�I�.�1�.� 

�O�n�l�y� �v�e�l�o�c�i�t�y�,� �p�H�,� �s�a�l�i�n�i�t�y�,� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n�,� �a�n�d� 

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

�I�I�.�2�)�.� �V�e�l�o�c�i�t�y�,� �p�H�,� �a�n�d� �s�a�l�i�n�i�t�y� �f�l�u�c�t�u�a�t�e�d� �a�n�d� �d�i�s�s�o�l�v�e�d� 

�o�x�y�g�e�n� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �d�e�c�r�e�a�s�e�d� �a�n�d� �i�n�c�r�e�a�s�e�d�,� �a�s� �e�x�p�e�c�t�e�d�,� 

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

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

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

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

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

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

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

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

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

�s�e�a�s�o�n� �(�T�a�b�l�e� �I�I�.�3�)�.� �T�h�u�s�,� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �c�h�a�n�g�e�d� �o�v�e�r� 

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

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

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

�w�e�r�e� �a�t� �t�h�e�s�e� �s�i�t�e�s� �w�e�r�e� �w�i�t�h�i�n� �r�a�n�g�e�s� �w�h�e�r�e� �t�h�e�s�e� �s�t�a�g�e�s� �h�a�v�e� 

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

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

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

�s�t�a�g�e� �w�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m�.� �A�l�s�o�,� �p�H� �i�n� �t�h�e� �u�p�s�t�r�e�a�m� 

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

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

�i�n� �t�h�i�s� �a�r�e�a�.� 

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

�2�4� �t�o� �A�p�r�i�l� �1�5�,� �w�h�i�l�e� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �s�p�a�w�n�e�d� �f�r�o�m� �A�p�r�i�l� �1�3� 

�t�o� �M�a�y� �1�3�.� �D�e�n�s�i�t�i�e�s� �o�f� �b�o�t�h� �s�t�a�g�e�s� �o�f� �a�l�e�w�i�f�e� �e�g�g�s�,� �a�l�l� �e�g�g� 

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

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

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

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

�W�h�e�n� �d�e�n�s�i�t�i�e�s� �o�f� �l�i�f�e� �s�t�a�g�e�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t�,� �S�i�t�e� �1� �g�e�n�e�r�a�l�l�y� 

�h�a�d� �h�i�g�h�e�r� �d�e�n�s�i�t�i�e�s� �t�h�a�n� �S�i�t�e�s� �2� �a�n�d� �3�,� �w�h�e�r�e� �d�e�n�s�i�t�i�e�s� �w�e�r�e� 

�S�i�m�i�l�a�r�.� �A�v�e�r�a�g�e� �v�a�l�u�e�s� �f�o�r� �d�e�n�s�i�t�i�e�s� �a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� 

�I�I�.�4�.� �S�i�t�e� �1� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �d�e�n�s�i�t�i�e�s� �t�h�a�n� �t�h�e� 

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

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

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

�W�h�e�n� �t�h�e� �t�w�o� �e�g�g� �s�t�a�g�e�s� �w�e�r�e� �p�l�o�t�t�e�d� �t�o�g�e�t�h�e�r� �f�o�r� �S�i�t�e� �1�,� 

�t�h�e� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �f�e�r�t�i�l�i�z�e�d� �t�o� �u�n�f�e�r�t�i�l�i�z�e�d� �e�g�g�s� �w�e�r�e� �n�o�t� 

�a�l�w�a�y�s� �t�h�e� �s�a�m�e� �f�o�r� �e�i�t�h�e�r� �s�p�e�c�i�e�s� �(�F�i�g�u�r�e� �I�I�.�3�)�.� �W�h�e�n� 

�u�n�f�e�r�t�i�l�i�z�e�d� �a�l�e�w�i�f�e� �e�g�g�s� �w�e�r�e� �p�r�e�s�e�n�t� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �p�a�r�t� 

�o�f� �t�h�e� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n�,� �d�e�n�s�i�t�i�e�s� �o�f� �t�h�i�s� �s�t�a�g�e� �w�e�r�e� �h�i�g�h�e�r� 

�t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �f�e�r�t�i�l�i�z�e�d� �s�t�a�g�e�.� �H�o�w�e�v�e�r�,� �d�e�n�s�i�t�i�e�s� �o�f� �t�h�e� 

�u�n�f�e�r�t�i�l�i�z�e�d� �e�g�g� �s�t�a�g�e� �w�e�r�e� �l�o�w�e�r� �t�h�a�n� �t�h�a�t� �o�f� �t�h�e� �f�e�r�t�i�l�i�z�e�d� 

�s�t�a�g�e� �t�o�w�a�r�d� �t�h�e� �e�n�d� �o�f� �t�h�e� �a�l�e�w�i�f�e� �s�p�a�w�n�i�n�g� �p�e�r�i�o�d�.� �D�u�r�i�n�g� 

�t�h�e� �o�n�e� �p�e�a�k� �p�e�r�i�o�d� �o�f� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g�,� �d�e�n�s�i�t�i�e�s� �o�f� 

�t�h�e� �u�n�f�e�r�t�i�l�i�z�e�d� �e�g�g� �s�t�a�g�e� �w�e�r�e� �h�i�g�h�e�r� �a�n�d� �t�h�e�n� �l�o�w�e�r� �t�h�a�n� 

�t�h�a�t� �o�f� �t�h�e� �f�e�r�t�i�l�i�z�e�d� �s�t�a�g�e�.� �H�o�w�e�v�e�r�,� �i�n� �m�o�s�t� �c�a�s�e�s� �w�h�e�n� 

�t�h�e� �u�n�f�e�r�t�i�l�i�z�e�d� �e�g�g� �s�t�a�g�e� �w�a�s� �p�r�e�s�e�n�t�,� �t�h�e� �f�e�r�t�i�l�i�z�e�d� �e�g�g� 

�S�t�a�g�e� �w�a�s� �a�l�s�o� �p�r�e�s�e�n�t�,� �f�o�r� �b�o�t�h� �s�p�e�c�i�e�s�.� �T�h�u�s�,� �t�h�e� �a�n�a�l�y�s�i�s� 

�o�f� �b�o�t�h� �s�t�a�g�e�s� �o�f� �e�g�g�s� �s�e�p�a�r�a�t�e�l�y� �w�a�s� �w�a�r�r�a�n�t�e�d�,� �b�e�c�a�u�s�e� 

�p�r�e�s�e�n�c�e� �o�f� �u�n�f�e�r�t�i�l�i�z�e�d� �e�g�g�s� �m�a�y� �r�e�p�r�e�s�e�n�t� �e�a�r�l�y� �o�r� 

�u�n�s�u�c�c�e�s�s�f�u�l� �s�p�a�w�n�i�n�g�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�i�s�,� �d�e�n�s�i�t�i�e�s� �o�f� 

�u�n�f�e�r�t�i�l�i�z�e�d� �a�n�d� �f�e�r�t�i�l�i�z�e�d� �e�g�g�s� �w�e�r�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �u�p�s�t�r�e�a�m� 

�s�i�t�e�.� 

�T�h�e�r�e� �w�e�r�e� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �O�c�c�u�p�a�c�i�a� �C�r�e�e�k� 

�s�i�t�e�s� �i�n� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �a�n�d� �d�e�n�s�i�t�i�e�s� �o�f� �r�i�v�e�r� �h�e�r�r�i�n�g� �l�i�f�e� 

�s�t�a�g�e�s�.� �T�h�e� �u�p�s�t�r�e�a�m� �s�i�t�e� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �d�e�n�s�i�t�i�e�s� 

�o�f� �a�l�l� �r�i�v�e�r� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e�s� �a�n�d� �w�a�s� �t�h�e� �m�o�s�t� �d�i�s�t�i�n�c�t� 

�w�i�t�h� �r�e�s�p�e�c�t� �t�o� �h�a�b�i�t�a�t� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� 
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�A� 
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�B� 
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�F�i�g�u�r�e� �|�I�.�3�.� �P�l�o�t�s� �o�f� �d�e�n�s�i�t�i�e�s� �o�f� �t�w�o� �e�g�g� �s�t�a�g�e�s� �o�f� �A�)� �a�l�e�w�i�f�e� �a�n�d� �B�)� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �v�e�r�s�u�s� 
�J�u�l�i�a�n� �d�a�y�.� �E�g�g�s� �w�e�r�e� �s�a�m�p�l�e�d� �i�n� �t�h�e� �u�p�s�t�r�e�a�m� �s�i�t�e� �o�f� �O�c�c�u�p�a�c�i�a� �C�r�e�e�k�,� �E�s�s�e�x� �C�o�.�,� �V�i�r�g�i�n�i�a� 
�d�u�r�i�n�g� �t�h�e� �1�9�9�2� �r�i�v�e�r� �h�e�r�r�i�n�g� �s�p�a�w�n�i�n�g� �s�e�a�s�o�n�.� 
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�T�e�m�p�o�r�a�l� �d�y�n�a�m�i�c�s� �o�f� �s�p�a�w�n�i�n�g� 

�H�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �a�f�f�e�c�t�i�n�g� �t�r�e�n�d�s� �i�n� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �l�i�f�e� �s�t�a�g�e�s� �i�n� �s�p�a�w�n�i�n�g� 

�a�r�e�a�s� 

�O�n�l�y� �d�e�n�s�i�t�i�e�s� �o�f� �a�l�e�w�i�f�e� �"�c�"� �e�g�g�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�m�o�n�g� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n�s� �i�n� �S�i�t�e� �1�;� �d�e�n�s�i�t�i�e�s� �a�t� �h�i�g�h� 

�a�n�d� �o�u�t�g�o�i�n�g� �t�i�d�e�s� �w�e�r�e� �l�o�w�e�r� �t�h�a�n� �d�e�n�s�i�t�i�e�s� �a�t� �l�o�w� �a�n�d� 

�i�n�c�o�m�i�n�g� �t�i�d�e�s� �(�T�a�b�l�e� �I�I�.�5�)�.� �F�o�r� �t�h�e� �a�l�e�w�i�f�e� �a�d�u�l�t� �s�t�a�g�e�,� 

�p�e�a�k�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�c�c�u�r�r�e�d� �a�t� �h�i�g�h� �a�n�d� �l�o�w� �t�i�d�e�.� �D�e�n�s�i�t�i�e�s� 

�o�f� �b�o�t�h� �e�g�g� �s�t�a�g�e�s� �h�a�d� �p�e�a�k�s� �a�t� �a�l�l� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n�s� �(�F�i�g�u�r�e� 

�T�I�.�4�)�.� �D�e�n�s�i�t�i�e�s� �o�f� �a�l�l� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e�s� �h�a�d� 

�p�e�a�k�s� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n�s� �(�F�i�g�u�r�e� �I�I�.�5�)�.� �T�h�u�s�,� 

�o�c�c�u�r�r�e�n�c�e� �o�f� �a�d�u�l�t�s� �a�n�d� �e�a�r�l�y� �e�g�g� �s�t�a�g�e�s� �o�f� �b�o�t�h� �s�p�e�c�i�e�s� �w�a�s� 

�n�o�t� �r�e�l�a�t�e�d� �t�o� �t�i�d�e�.� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �a�l�l� �r�i�v�e�r� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e�s� 

�a�m�o�n�g� �a�l�l� �t�i�m�e�s� �o�f� �t�h�e� �d�a�y� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �(�T�a�b�l�e� �I�I�.�6�)�.� 

�T�h�e�r�e� �w�e�r�e� �t�r�e�n�d�s� �i�n� �o�n�l�y� �a�l�e�w�i�f�e� �a�d�u�l�t� �d�e�n�s�i�t�i�e�s� �w�i�t�h� �t�i�m�e� �o�f� 

�d�a�y�,� �w�i�t�h� �p�e�a�k�s� �o�c�c�u�r�r�i�n�g� �e�v�e�r�y� �9�0� �h�r� �(�F�i�g�u�r�e� �I�I�.�6�)�.� �A�l�t�h�o�u�g�h� 

�n�o� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d�,� �p�e�a�k�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �a�l�l� �a�l�e�w�i�f�e� 

�l�i�f�e� �s�t�a�g�e�s� �d�i�d� �n�o�t� �c�o�r�r�e�s�p�o�n�d� �t�o� �p�e�a�k�s� �i�n� �l�i�g�h�t� �i�n�t�e�n�s�i�t�y� 

�(�F�i�g�u�r�e� �I�I�.�8�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �t�r�e�n�d�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �a�n�y� 

�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e� �w�i�t�h� �t�i�m�e� �o�f� �d�a�y� �(�F�i�g�u�r�e� �I�I�.�7�)�.� 

�A�l�t�h�o�u�g�h� �n�o� �a�n�a�l�y�s�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d�,� �p�e�a�k�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �a�l�l� 

�b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e�s� �d�i�d� �n�o�t� �c�o�r�r�e�s�p�o�n�d� �t�o� �p�e�a�k�s� �i�n� 

�l�i�g�h�t� �i�n�t�e�n�s�i�t�y� �(�F�i�g�u�r�e� �I�I�.�9�)�.� �A�l�t�h�o�u�g�h� �n�o� �a�n�a�l�y�s�e�s� �w�e�r�e� 
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�p�e�r�f�o�r�m�e�d�,� �t�h�e� �t�w�o� �h�i�g�h�e�s�t� �p�e�a�k�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �a�l�e�w�i�f�e� 

�a�d�u�l�t�s� �w�e�r�e� �a�t� �g�r�e�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�n� �t�h�e� �l�o�w�e�r� �p�e�a�k�.� 

�A�l�s�o�,� �p�e�a�k�s� �i�n� �t�h�e� �d�e�n�s�i�t�i�e�s� �o�f� �t�h�e� �t�w�o� �s�t�a�g�e�s� �o�f� �a�l�e�w�i�f�e� �e�g�g�s� 

�c�o�r�r�e�s�p�o�n�d�e�d� �s�o�m�e�w�h�a�t� �t�o� �p�e�a�k�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�u�r�e� �I�I�.�1�0�)�.� 

�O�f� �t�h�e� �b�l�u�e�b�a�c�k� �h�e�r�r�i�n�g� �l�i�f�e� �s�t�a�g�e�s�,� �o�n�l�y� �t�h�e� �p�e�a�k�s� �i�n� 

�d�e�n�s�i�t�i�e�s� �o�f� �a�d�u�l�t� �c�o�r�r�e�s�p�o�n�d�e�d� �s�o�m�e�w�h�a�t� �t�o� �p�e�a�k�s� �i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�u�r�e� �I�I�.�1�1�)�.� �T�h�e� �t�r�e�n�d�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� �b�o�t�h� 

�e�g�g� �s�t�a�g�e�s� �(�f�o�r� �b�o�t�h� �s�p�e�c�i�e�s�)� �w�e�r�e� �s�i�m�i�l�a�r� �a�c�r�o�s�s� �a�l�l� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �g�r�a�p�h�s� �o�f� �d�e�n�s�i�t�i�e�s� �o�f� �e�g�g� �"�b�"� 

�s�t�a�g�e�s� �r�e�p�r�e�s�e�n�t� �t�r�e�n�d�s� �f�o�r� �b�o�t�h� �e�g�g� �s�t�a�g�e�s�.� �T�a�b�l�e� �I�1�I�.�7� 

�s�u�m�m�a�r�i�z�e�s� �t�h�e�s�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �d�e�n�s�i�t�i�e�s� �o�f� �l�i�f�e� �s�t�a�g�e�s� �a�m�o�n�g� 

�t�i�d�a�l� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�i�m�e�s� �o�f� �d�a�y� �a�n�d� �t�r�e�n�d�s� �i�n� �d�e�n�s�i�t�i�e�s� �o�f� 

�l�i�f�e� �s�t�a�g�e�s� �w�i�t�h� �t�i�d�a�l� �c�o�n�d�i�t�i�o�n�,� �t�i�m�e� �o�f� �d�a�y�,� �l�i�g�h�t� 

�i�n�t�e�n�s�i�t�y�,� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�.� �O�v�e�r�a�l�l�,� �t�e�m�p�e�r�a�t�u�r�e� �a�p�p�e�a�r�e�d� �t�o� 
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