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ABSTRACT 

Smith Mountain Lake, Virginia supports a successful 

put-grow-take striped bass fishery. Empiric analysis of 

Striped bass stocking has shown an inverse relationship 

between number of fingerling striped bass stocked and 

survival to age 1. Potential causes for this inverse 

relationship include largemouth bass predation on fingerling 

striped bass and mortality resulting from stocking stress. 

Cage studies performed in 1994 and 1995 quantified 

percentage of fingerlings lost due to hauling/handling 

stress. Mean mortalities ranged from 1.78% for Phase I 

fingerlings in 1994 to 99.5% for Phase II fingerlings 

(reared in a recirculating aquaculture system for increased 

size at stocking) in 1994. Mortality rates varied greatly 

and were probably directly related to length of transport 

and inadequate thermal tempering prior to stocking. Highest 

mortality occurred at transport times in excess of six hours 

and when receiving water was 5° C warmer than transport 

water. A trial in which Phase I fingerlings were caged 

without transport or temperature change resulted in no



mortality. 

Predation mortality by largemouth bass was also 

considered as a source of poor first year survival of 

striped bass in Penhook and Waterwheel stocking coves at 

Smith Mountain Lake. It was necessary to estimate 

largemouth bass population size, diet composition, and daily 

consumption (bioenergetic modelling) to determine the total 

number of striped bass lost to predation. Diet analysis 

revealed that age-0 striped bass made up a maximum of 2.5% 

of largemouth bass diets in the month following stocking; 

adult alewives constituted more than 60% by weight. The 

estimated number of striped bass lost was only 360 (0.1%) in 

1994 and 3062 (1.2%) in 1995. Bioenergetic simulations 

demonstrated that predation could become significant in the 

unlikely event that the contribution of striped bass to 

largemouth diets increased to 10% or more. Based on results 

from diet analysis and a prey preference laboratory study, 

alewives appear to buffer predation of age-0 striped bass 

during the month after stocking. In 1994 and 1995, neither 

stocking stress associated with the typical Phase I 

fingerling stocking procedure nor largemouth bass predation 

resulted in substantial mortality of stocked fingerling 

striped bass.
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INTRODUCTION 

Supplemental stocking of sportfishes is a standard 

fisheries management tool, used to maintain fishable 

populations of non-reproducing species in reservoirs 

(Pritchard et al. 1978; Wydoski and Bennett 1981). 

Hatchery-reared fish are usually stocked as fingerlings, 

then managed on a put-grow-take basis (National Task Force 

1974). Historically, salmonids have been the species which 

receive the majority of the stocking attention and effort. 

However, in the past two decades the striped bass Morone 

saxatilis has become a very popular species to stock in 

large, warmwater U.S. reservoirs. Striped bass are 

increasingly favored because they are large, aggressive 

predators which can take advantage of the reservoir's 

pelagic prey supply (National Task Force 1974). As of 1981, 

30 state fisheries agencies had stocked striped bass or 

Striped bass hybrids. Striped bass were introduced into 122 

lakes and 15 rivers in 1981 alone (Axon and Whitehurst 

1985). 

With this increase in the fishery, some research has 

been performed to determine the best stocking strategies to 

maximize success of striped bass. Bailey (1975) found that 

stocking of fingerling striped bass instead of fry led to 

increased survival; fingerling stocking became the norm in 

most states by the early 1970's. In the late 1970's,



Pritchard et al. (1978) reported that fingerling striped 

bass stocking densities in several U.S. reservoirs ranged 

from 0.2 fish/facre (0.5 fish/ha) to 42.1 fish/acre (104 

fish/ha). The mean stocking density was 5.96 fish/acre 

(14.7 fish/ha). Pritchard et al. (1978) give good historic 

values of stocking densities but do not address first- year 

survival of fingerlings stocked at these various densities. 

Despite the rapid increase in number of put-grow-take 

Striped bass fisheries in the United States, factors 

affecting their poststocking survival have received little 

attention. Van Den Avyle and Higginbotham (1979) found that 

Survival and average size attained by age-1 and age-2 

Striped bass stocked in Watts Bar Reservoir, Tennessee, were 

inversely related to stocking density and directly related 

to stocking size. 

Smith Mountain Lake, Virginia, maintains a successful 

put-grow-take striped bass fishery. Due to a lack of 

natural reproduction in this 8,337 ha hydroelectric 

impoundment, it is necessary to maintain the population 

through annual stockings. Smith Mountain Lake stocking 

densities lie within the range reported by Pritchard et al. 

(1978) and are now approximately 15 fish/acre (37 fish/ha). 

The highest total survival of fingerling striped bass 

stocked into reservoirs may occur at a density lower than 

the maximum hatchery production potential. Empiric analysis 

of striped bass stocking records for Smith Mountain Lake has



shown an inverse relationship between number of fingerling 

Striped bass stocked and survival to age-1, a trend seen in 

other U.S. reservoirs (Moore 1988; Ney et al. 1990). Overa 

20-year period, first-year survival of stocked striped bass 

in Smith Mountain Lake ranged from 3.9% to 54.3%, averaging 

20.8% (Moore et al. 1991). Van Den Avyle and Higginbotham 

(1979) observed a similar inverse relationship for striped 

bass in Watts Barr Reservoir, Tennessee but were unable to 

explain it. Based on these discoveries and marginal yield 

analysis, it has been estimated that 250,000-300,000 (30 to 

36 fish/ha) stocked fingerlings is optimal in Smith Mountain 

Lake. Apparently because of density-dependent forces, 

stocking more than 300,000 would be counterproductive as 

fewer adult striped bass would be produced (Moore et al. 

1991). Possible causes for this inverse relationship in 

Smith Mountain Lake include competition for limited 

resources, predation on fingerling striped bass, and 

mortality resulting directly from the stocking event. This 

study is an investigation of predation impacts and stocking 

mortality as potential sources of the inverse relationship. 

Predation on fingerlings may prove to be severe 

immediately after stocking, when fingerling striped bass are 

congregated and naive. In addition, predators may be 

attracted to the newly introduced source of available prey. 

In Smith Mountain Lake, striped bass fingerlings are stocked 

in approximately equal numbers (125,000-150,000) at only two



Sites. Stocking mortality may also be a partial cause for 

the inverse relationship. High densities of fingerlings are 

transported in tanker trucks and then transferred into the 

lake. Stress from loading into the truck, traveling to the 

Stocking site, and the actual release could cause 

considerable mortality. Wallin et al. (1995) discovered 

that travel in tanker trucks and handling of young-of-~the- 

year striped bass to be stocked into the Savannah River, 

Georgia increased stress and resulted in low survival (6- 

48%) in the first 48 hours poststocking. Additionally, 48- 

hour survival of stocked striped bass was consistently 

higher for fish stocked in brackish water than for those 

stocked in fresh water. This was probably due to factors 

affecting ion balance in this anadromous species. 

Piscivorous predators can also inflict high mortality 

on stocked species. Keith and Barkley (1971) discovered 

that 15-25 cm stocked rainbow trout Oncorhynchus mykiss in 

Lake Ouchita, Arkansas, were preyed upon extensively by 

largemouth bass Micropterus salmoides and chain pickerel 

Esox niger. All 48 cm and larger chain pickerel sampled had 

consumed trout, and 91% of 46 cm or larger bass had preyed 

upon trout. 

Carline et al. (1986) found that 168-216 mm stocked 

tiger muskellunge Esox masquinongy x E. lucius stocked in an 

experimental pond in Ohio were also highly susceptible to 

predation, especially by largemouth bass. One possible



reason for the high predation rate was the aggregation of 

bass and esocids near shore because of an anoxic hypolimnion 

that limited habitat and increased esocid-bass contacts. 

Also, alternative prey were either unavailable or not as 

vulnerable as the recently stocked esocids. In Smith 

Mountain Lake, striped bass may school or aggregate near 

shore before dispersal and thus be more susceptible to 

predation by littoral piscivores, such as largemouth bass. 

Van Den Avyle and Higginbotham (1979) found that striped 

bass in Watts Bar Reservoir tended to disperse from the 

stocking site rapidly but did remain in the same general 

area into which they were stocked. Also, newly stocked 

striped bass may be "naive" and lack the necessary predator 

avoidance behaviors that wild fish exhibit (Stein et al. 

1981; Santucci and Wahl 1993). 

One of the major tools that fisheries managers have to 

combat predation on stocked fish is size at stocking. 

Largemouth bass have been shown to only ingest prey with 

body depths less than their external mouth width (Hambright 

1991). Santucci and Wahl (1993) found that mean survival 

rate between three size classes of walleye Stizostedion 

vitreum in Ridge Lake, Illinois (a centrarchid-dominated 

lake) was highest for the largest class (186-216 mm). By 

stocking walleye at 200 mm, most of the largemouth bass 

predators were unable to utilize stocked walleye for prey. 

Shireman et al. (1978) determined that grass carp



Ctenopharyngodon ideila would have to be greater than 450 mm 

total length to be completely excluded from predation by 

largemouth bass. Though stocking larger-sized fish is an 

effective method to prevent predation, the added cost to 

raise hatchery fish to larger sizes is often a limiting 

factor. 

Stocking success may also depend on the numerical and 

functional responses of predators to prey number, as well as 

on the rate at which stocked striped bass disperse. A 

numerical response is an increase in number of predators due 

to an attraction to prey (Readshaw 1973). It is also 

possible that a functional response is operating in this 

system. A functional predator response is a function 

(N=£(D)) that relates the number of prey eaten per predator 

per unit time (N) to the density of the prey (D) (Murdoch 

1973). Two types of functional response, Type II and Type 

III, are common in natural systems. In the Type II 

response, the rate of increase in consumption by a predator 

(e.g. number eaten per day) declines with increasing prey 

density due to limits of handling time and satiation 

(Holling 1965). A Type III response differs in that rate of 

consumption first increases with prey density before 

decelerating. A predator that displays a Type III 

functional response differs from a Type II predator because 

Type III predators undergo a learning period when prey 

densities are low (Peterman and Gatto 1978).



In Smith Mountain Lake, if striped bass predators 

display a Type III (learning curve) response, then stocking 

at a higher density may not be beneficial if it only serves 

to accelerate learning without satiation. Conversely, 

stocking at high densities might be beneficial to striped 

bass survival if predators exhibit a Type II response and if 

the fingerlings disperse rapidly. High striped bass 

densities will then satiate resident predators without 

attracting new predators, whereas lower densities might 

simply be consumed by the local predator population. The 

functional and numerical response modes of predators can be 

examined indirectly through analysis of the patterns of 

Striped bass consumption (number eaten/predator, number of 

predators) versus striped bass density (CPUE, based on 

sampling catch) over time or space. Lowered stocking 

densities at a site should reduce predation on fingerling 

Striped bass if the system shows an aggregation of predators 

or they display a Type III functional response. If 

predators are not attracted to stocking sites (i.e. not 

aggregating) and display a Type II functional response, then 

lowering stocking densities may be detrimental. The major 

factor that will influence the severity of predation 

mortality on juvenile striped bass is dispersion rate. If 

stocked fingerlings disperse rapidly from the stocking 

areas, then predation immediately poststocking should not be 

a density-dependent source of mortality.



JUSTIFICATION 

Although annual stocking of juvenile striped bass in 

Smith Mountain Lake maintains a successful put-grow-take 

fishery, there has been the usual pressure by local anglers 

to increase the number stocked. However, the optimal 

stocking density under the present stocking regime is near 

250,000 because of the inverse relationship between number 

of fingerling striped bass stocked and survival to age-1. 

Because growth rate of striped bass in the reservoir remains 

good, the reservoir may have the forage- fish resources to 

Support a larger population of harvestable striped bass. To 

accomplish this, it is necessary to determine the source(s) 

of the recruitment bottleneck. 

Possible sources of this striped bass bottleneck are 

intra- and interspecific competition for prey and predation 

mortality from various piscivores. Reservoir hydrology and 

water quality are relatively stable in Smith Mountain Lake, 

so these abiotic factors are not likely to lead toa 

Significant recruitment bottleneck (Ney et al. 1990). The 

influence of competition on striped bass recruitment has 

been examined in a companion project. Predation by a number 

of species, especially largemouth and smallmouth bass 

Micropterus dolomieu, might also be a major factor 

restricting striped bass recruitment to the fishery. 

Predation on stocked fingerlings is probably most severe 

soon after stocking when the juveniles are near shore and



have yet to disperse (Stein et al. 1981; Santucci and Wahl 

1993). Increasing the number of stocking sites or size at 

stocking could help to alleviate predation and/or stocking 

stress impacts if they prove to be significant, and simply 

understanding the extent and nature of the stocking stress 

and predation problems may prove helpful in enhancing 

striped bass recruitment to the fishery. 

OBJECTIVES 

The goal of this research is to quantify the impact of 

predation and early death due to stocking stress on young- 

of-the-year striped bass survival in Smith Mountain Lake. 

Specific objectives of this project were to: 

1. Quantify the effects of stocking stress on immediate 

poststocking survival. 

2. Estimate percentage predation mortality until dispersal 

of stocked fingerling striped bass. 

3. Describe patterns of consumption of striped bass by 

predators as functions of time since stocking and 

striped bass density.



STUDY AREA 

Smith Mountain Lake is an 8,337 ha (20,600 acre) 

reservoir located in south-central Virginia. The reservoir 

consists of two long, narrow tributary arms, the Roanoke 

River (40 km) and the Blackwater River (20 km) segments , 

and a broad and deep (>40 m) lower lake extending 10 km 

above the dam (Figure 1). Smith Mountain Lake is a 

pumpback, hydroelectric reservoir with a maximum pool 

elevation of 241.7 m, a mean depth of 16.8 m, and a highly 

dendritic (805 km) shoreline (Moore 1988). It was impounded 

in 1963. The lower lake is mesotrophic with littoral areas 

containing only sparse fish cover. The upper tributary arms 

are more riverine, eutrophic, and contain larger vegetated 

littoral areas (Ney et al. 1990). 

Smith Mountain Lake has a diverse fish fauna consisting 

of at least 44 game and non-game species (Hart 1978). 

Largemouth and smallmouth bass became the primary game 

species shortly after impoundment. In the early 1970s, 

stocking of striped bass and walleye began to add to sport 

fishing possibilities. Striped bass fingerlings are still 

stocked by the Virginia Department of Game and Inland 

Fishery (VDGIF), but walleye are now being stocked 

infrequently (Moore 1988). Forage fish consist primarily of 

clupeids: native gizzard shad Dorosoma cepedianum and the 

introduced alewife Alosa pseudoharengus. A third clupeid, 

10
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threadfin shad D. petenense, has recently become established 

in Smith Mountain Lake. Other forage species consists of 

various minnows Pimephales spp., shiners (Notemigonus 

crysoleucas and Notropis spp.), crayfish Orconectes spp., 

and young-of-the-year sportfish (primarily Lepomis spp.) 

(Moore 1988). 

Between 180,000 and 800,000 striped bass fingerlings 

have been stocked annually since 1973 (Moore et al. 1991). 

The figure has fluctuated between 197,534 and 384,047 in the 

years of 1984-1995. Fingerling striped bass are obtained 

from the Brookneal, Virginia hatchery and stocked at 30-50 

mm total length in late June. Fingerlings are stocked in 

two approximately equal batches (125,000-150,000 each) into 

a cove near Hales Ford bridge on the Roanoke arm and a 

second cove near Penhook on the Blackwater arm. The 

stocking cove located near the Hales Ford bridge will be 

referred to as Waterwheel and the Blackwater stocking cove 

as Penhook (Figure 2). The Penhook cove is approximately 15 

km down-lake from the Waterwheel cove. The portion of the 

Penhook cove which was sampled is much larger than the 

Waterwheel cove in terms of total surface area (61 ha vs. 37 

ha), but shoreline sampled was roughly equal for both coves 

(5152 m at Waterwheel and 5957 m at Penhook). The Penhook 

cove is less dendritic and has a wider channel than the 

Waterwheel cove. Much of the shorelines of both coves are 

developed with houses and boat docks, but the Waterwheel 

12
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cove is more densely developed than the Penhook cove. Each 

cove contains a great deal of habitat for largemouth bass 

and juvenile striped bass. The Waterwheel cove is more 

densely populated by largemouth bass, than the Penhook cove, 

possibly because it is a tournament release site for bass 

caught lake-wide rather than better habitat. 

14



METHODS 

HANDLING MORTALITY 

To determine the extent of mortality due to transport 

and handling stress, an in situ cage study was performed. 

The experiment was conducted during the summers of 1994 and 

1995 using different cage types in each year. 

Stocked fingerling striped bass are subjected to a 

great deal of handling prior to transport to receiving 

waters. Striped bass are raised in rearing ponds at the 

Brookneal Virginia Hatchery, approximately 70 km southeast 

of Smith Mountain Lake. When fingerlings are to be stocked 

in early summer, the rearing ponds are drained and the 

striped bass are removed using seines. The fish are then 

placed into a 550 gallon (2100L) tanker truck for transport 

but must be held overnight due to time constraints involved 

with removal from the rearing ponds. To reduce stress, 

transport water is drawn from the Roanoke River which is the 

Same source that is used to fill the rearing ponds. In 

addition, salt is added to transport water in a 0.5-1.0% 

solution to reduce ion loss related to stress. Fingerlings 

were transported in two truck hauls in 1994. Roughly half of 

the 300,000 fish were transported in one trip to Waterwheel 

and the other half in another trip to Penhook. In 1995, 

fish were transported from North Carolina hatcheries due to 

15



loss of fish through flooding at the Brookneal hatchery. 

These fish were transported in a series of trips with many 

fewer fish per haul, and thus densities in these hauls were 

about one third those in 1994 but the transport time was 

much longer (8 hours versus 1.5 hours). 

The experiment was performed on fish raised in 

different facilities and stocked at different times. 

Fingerlings raised at VDGIF's Brookneal Hatchery and at 

McKinney Hatchery, Rockingham, North Carolina are referred 

to as Phase I fish based on size at stocking (mean TL 30 

mm). An experimental group of fish raised at Virginia 

Tech's aquacuture facility from fry spawned at the 

Brookneal Hatchery are referred to as Phase II fish. These 

experimental fish were fed ad libitum to achieve the largest 

Size possible (45 to 105 mm) by early July. 

1994 Cage Trials 

In 1994, the experiment was performed a total of three 

times (three trials) on Phase I and Phase II fingerlings. 

The first trial was performed on 22 June on Phase I fish 

raised at the Brookneal Hatchery. The two subsequent trials 

were performed on 6 July and 13 July on Phase II fish. 

These fish were netted and placed into a tanker truck and 

delivered the same day. Transport from Blacksburg to the 

Waterwheel cove was approximately 2 hours. Upon arrival at 

the stocking site, fish were acclimated to the lake water by 
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�r�e�p�l�a�c�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t� �w�a�t�e�r� �i�n� �t�h�e� �t�a�n�k�e�r� �t�r�u�c�k� �w�i�t�h� �l�a�k�e� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �h�o�u�r� �i�n� �T�r�i�a�l�s� �1� �a�n�d� �3� �b�u�t� �f�o�r� �o�n�l�y� �1�5�-�2�0� 

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

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

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

�W�a�t�e�r�w�h�e�e�l� �b�o�a�t� �d�o�c�k� �l�o�c�a�t�e�d� �n�e�a�r� �t�h�e� �H�a�l�e�s� �F�o�r�d� �s�t�o�c�k�i�n�g� 

�S�i�t�e�.� �A�n� �a�v�e�r�a�g�e� �o�f� �7�0� �s�t�r�i�p�e�d� �b�a�s�s� �w�a�s� �h�e�l�d� �i�n� �e�a�c�h� �o�f� �t�h�e� 

�f�o�u�r� �1�2�5� �L� �c�a�g�e�s� �f�o�r� �4�8� �h�o�u�r�s� �(�a�c�t�u�a�l� �w�a�t�e�r� �v�o�l�u�m�e� �=� �1�0�0� �L� 

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

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

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

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

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

�4�8� �h�o�u�r�s� �w�a�s� �u�s�e�d� �t�o� �q�u�a�n�t�i�f�y� �h�a�u�l�i�n�g� �a�n�d� �h�a�n�d�l�i�n�g� �s�t�r�e�s�s�.� 

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

�V�a�n� �D�e�n� �A�v�y�l�e�,� �U�n�i�v�e�r�s�i�t�y� �o�f� �G�e�o�r�g�i�a�,� �(�u�n�p�u�b�l�i�s�h�e�d�)� �t�o� �h�o�l�d� 

�s�t�o�c�k�e�d� �s�t�r�i�p�e�d� �b�a�s�s�.� �F�o�u�r� �3�3�-�g�a�l�l�o�n� �(�1�2�5� �L�)� �p�l�a�s�t�i�c� 

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

�T�o� �a�l�l�o�w� �l�a�k�e� �w�a�t�e�r� �t�o� �f�l�o�w� �t�h�r�o�u�g�h� �t�h�e� �c�a�g�e�,� �f�o�u�r� �2�0� �x� �4�0� 

�c�m� �h�o�l�e�s� �w�e�r�e� �c�u�t� �i�n� �t�h�e� �s�i�d�e� �a�n�d� �c�o�v�e�r�e�d� �w�i�t�h� �3�/�1�6�"� �(�5� �m�m�)� 

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

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

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

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

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

�1�7



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

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

�c�a�g�e�s� �w�e�r�e� �h�e�l�d� �i�n� �e�a�c�h� �o�f� �t�w�o� �1�/�4�"� �x� �2�'� �x� �4�'� �p�l�y�w�o�o�d� �f�r�a�m�e�s� 

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

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

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

�t�r�a�f�f�i�c�.� 

�A�f�t�e�r� �2�4� �h�o�u�r�s�,� �d�e�a�d� �f�i�s�h� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� �r�e�m�o�v�e�d�.� 

�A�f�t�e�r� �4�8� �h�o�u�r�s�,� �n�u�m�b�e�r� �o�f� �a�d�d�i�t�i�o�n�a�l� �d�e�a�d� �f�i�s�h� �a�n�d� �r�e�m�a�i�n�i�n�g� 

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

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

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

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

�d�a�t�e�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �w�a�s� �r�e�p�e�a�t�e�d� �i�n� �1�9�9�5� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

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

�1�9�9�4� �c�a�g�e�s�.� 

�1�9�9�5� �C�a�g�e� �T�r�i�a�l�s� 

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

�e�x�p�e�r�i�e�n�c�e�d� �i�n� �1�9�9�4� �t�r�i�a�l�s�,� �t�h�r�e�e� �n�e�w� �c�a�g�e�s� �w�e�r�e� �d�e�s�i�g�n�e�d� 

�f�o�r� �1�9�9�5� �b�y� �M�.�C�.� �D�u�v�a�l�,� �V�D�G�I�F�.� �T�h�e� �s�a�m�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�p�r�o�c�e�d�u�r�e� �w�a�s� �f�o�l�l�o�w�e�d� �a�s� �i�n� �1�9�9�4� �e�x�c�e�p�t� �f�o�r� �u�s�e� �o�f� �t�h�r�e�e� 

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

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

�c�a�g�e�s�.� �A�s� �i�n� �1�9�9�4�,� �t�h�r�e�e� �t�r�i�a�l�s� �w�e�r�e� �r�u�n� �o�n� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� 

�b�a�t�c�h�e�s� �o�f� �s�t�r�i�p�e�d� �b�a�s�s�.� �T�h�e� �1�9�9�5� �t�r�i�a�l�s� �c�o�n�s�i�s�t�e�d� �o�f� �t�w�o� 
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�b�a�t�c�h�e�s� �o�f� �P�h�a�s�e� �I� �f�i�s�h� �a�n�d� �o�n�l�y� �o�n�e� �b�a�t�c�h� �o�f� �P�h�a�s�e� �I�I� 

�f�i�n�g�e�r�l�i�n�g�s�.� �E�a�c�h� �1�9�9�5� �c�a�g�e� �c�o�n�s�i�s�t�e�d� �o�f� �a� �1�m� �f�r�a�m�e� �a�t� 

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

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

�w�e�r�e� �t�h�r�e�e� �m�e�t�e�r�s� �d�e�e�p� �w�i�t�h� �a� �v�o�l�u�m�e� �o�f� �3�0�0�0� �L�.� �E�a�c�h� 

�s�u�r�f�a�c�e� �P�V�C� �f�r�a�m�e� �w�a�s� �t�h�e�n� �s�e�t� �w�i�t�h�i�n� �a�n� �a�l�u�m�i�n�u�m� �f�r�a�m�e� �a�n�d� 

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

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

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

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

�s�e�c�u�r�e�d� �a�n�d� �f�l�o�a�t�e�d� �u�n�d�e�r�n�e�a�t�h� �t�h�e� �W�a�t�e�r�w�h�e�e�l� �d�o�c�k� �f�o�r� �4�8� 

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

�T�w�o� �d�i�f�f�e�r�e�n�t� �t�r�i�a�l�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �3�0� �J�u�n�e� �a�n�d� �1�2� 

�J�u�l�y� �o�n� �P�h�a�s�e� �I� �f�i�s�h� �w�h�i�c�h� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �f�r�o�m� �M�c�K�i�n�n�e�y� 

�H�a�t�c�h�e�r�y�.� �T�h�e� �t�r�i�p� �f�r�o�m� �t�h�e� �M�c�K�i�n�n�e�y� �H�a�t�c�h�e�r�y� �t�o� �S�m�i�t�h� 

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

�t�i�m�e�s� �a�s� �l�o�n�g� �a�s� �t�h�e� �t�r�a�n�s�p�o�r�t� �f�r�o�m� �B�r�o�o�k�n�e�a�l� �t�o� �S�m�i�t�h� 

�M�o�u�n�t�a�i�n� �L�a�k�e�.� �O�n�e� �P�h�a�s�e� �I�I� �t�r�i�a�l� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �1�0� �J�u�l�y� 

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

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

�F�i�n�g�e�r�l�i�n�g�s�,� �f�i�s�h� �w�e�r�e� �n�o�t� �c�h�e�c�k�e�d� �a�f�t�e�r� �2�4� �h�o�u�r�s� �a�s� �i�n� 

�1�9�9�4�,� 

�I�n� �1�9�9�5�,� �c�a�g�e� �c�o�n�t�r�o�l�s� �w�e�r�e� �r�u�n� �a�t� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� 

�a�q�u�a�c�u�l�t�u�r�e� �f�a�c�i�l�i�t�y� �o�n� �c�a�g�e�s� �u�s�e�d� �i�n� �1�9�9�4� �t�o� �t�e�s�t� �f�o�r� �c�a�g�e� 

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

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

�1�9



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

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

�(�1�0�0� �L�)� �a�s� �w�h�e�n� �u�s�e�d� �i�n� �t�h�e� �f�i�e�l�d�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �5�0� �s�t�r�i�p�e�d� 

�b�a�s�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �e�a�c�h� �c�a�g�e� �a�n�d� �h�e�l�d� �f�o�r� �4�8� �h�o�u�r�s�.� �T�h�e� 

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

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

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

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

�h�a�n�d�l�i�n�g� �i�n� �n�e�t�s�.� 

�P�R�E�D�A�T�I�O�N� �M�O�R�T�A�L�I�T�Y� 

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

�t�h�e� �P�e�n�h�o�o�k� �a�n�d� �W�a�t�e�r�w�h�e�e�l� �c�o�v�e�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� 

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

�a�g�e�-�0� �s�t�r�i�p�e�d� �b�a�s�s� �b�y� �p�r�e�d�a�t�o�r�s�.� �I�t� �w�a�s� �f�i�r�s�t� �n�e�c�e�s�s�a�r�y� �t�o� 

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

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

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

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

�J�o�l�l�y�-�S�e�b�e�r� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �t�e�c�h�n�i�q�u�e�.� �T�h�e� �f�i�n�a�l� �c�o�m�p�o�n�e�n�t� 

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

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

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

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

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

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

�2�.�)� �W� �r�i�p�e�r� �=� �#� �e�a�t�e�n�/�d�a�y�/�p�r�e�d�a�t�o�r� 
�(�M�e�a�n� �l�i�v�e� �w�t�.� 

�s�t�r�i�p�e�r�s� �o�n� �t�h�a�t� �d�a�y�)� 

�3�.�)� �T�o�t�a�l� �s�t�r�i�p�e�d� �b�a�s�s� �e�a�t�e�n� �=� 
�(�#� �e�a�t�e�n�/�d�a�y�/�p�r�e�d�a�t�o�r�)� �X� �(�#� �s�a�m�p�l�i�n�g� �d�a�y�s�)� �X� 

�(�#� �p�r�e�d�a�t�o�r�s�)� 

�4�.�)� �t�o�t�a�l� �#� �e�a�t�e�n� �=� �%� �P�r�e�d�a�t�i�o�n� �m�o�r�t�a�l�i�t�y�.� 
�t�o�t�a�l� �#� �s�t�o�c�k�e�d� 

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

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

�F�i�s�h� �C�o�l�l�e�c�t�i�o�n� 

�I�n� �t�h�e� �s�u�m�m�e�r�s� �o�f� �1�9�9�4� �a�n�d� �1�9�9�5�,� �p�o�t�e�n�t�i�a�l� �s�t�r�i�p�e�d� �b�a�s�s� 

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

�e�l�e�c�t�r�o�f�i�s�h�i�n�g�.� �A� �S�m�i�t�h�-�R�o�o�t� �G�a�s� �P�o�w�e�r�e�d� �P�u�l�s�a�t�o�r� �(�G�P�P�)� 

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

�o�f� �p�u�l�s�e�d� �d�i�r�e�c�t� �c�u�r�r�e�n�t� �a�t� �a� �f�r�e�q�u�e�n�c�y� �o�f� �6�0� �p�u�l�s�e�s� �p�e�r� 

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

�w�e�e�k� �o�f� �t�h�e� �1�9�9�4� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�,� �a�l�l� �p�o�t�e�n�t�i�a�l� �p�r�e�d�a�t�o�r�s� 

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

�S�a�m�p�l�e� �o�f� �1�0�-�1�5� �b�l�u�e�g�i�l�l� �L�e�p�o�m�i�s� �m�a�c�r�o�c�h�i�r�u�s� �c�a�p�t�u�r�e�d� �f�r�o�m� 

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

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

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

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

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

�2�1



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

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

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

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

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

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

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

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

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

�1�9�9�4�.� �-� �W�e�e�k�l�y� �s�a�m�p�l�i�n�g� �b�e�g�a�n� �o�n� �1�5� �J�u�n�e� �w�h�e�n� �s�t�r�i�p�e�d� 

�b�a�s�s� �w�e�r�e� �s�t�o�c�k�e�d� �a�t� �t�h�e� �P�e�n�h�o�o�k� �c�o�v�e�.� �S�a�m�p�l�i�n�g� �b�e�g�a�n� �o�n� �2�2� 

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

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

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

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

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

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

�d�i�s�t�a�n�c�e� �s�h�o�c�k�e�d� �w�a�s� �5�1�5�2� �m� �a�t� �W�a�t�e�r�w�h�e�e�l� �a�n�d� �5�9�5�7� �m� �a�t� 

�P�e�n�h�o�o�k� �(�F�i�g�u�r�e� �2�,� �p�a�g�e� �1�3�)�.� �T�h�e� �t�r�a�n�s�e�c�t�s� �v�a�r�i�e�d� �i�n� �l�e�n�g�t�h� 

�f�r�o�m� �3�2�1� �m� �t�o� �8�0�5� �m� �a�t� �P�e�n�h�o�o�k� �a�n�d� �f�r�o�m� �1�6�0� �m� �t�o� �8�0�0� �m� �a�t� 

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

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

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

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

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

�t�h�u�s� �l�e�s�s� �s�t�r�e�s�s� �o�n� �t�h�e�m�.� 
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�L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�g�e� �1�+� �a�n�d� �o�l�d�e�r� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�l�o�n�g� 

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

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

�n�e�t�t�e�d�,� �t�h�e�n� �p�l�a�c�e�d� �i�n�a� �2�4� �g�a�l�l�o�n� �(�1�0�9� �L�)� �c�o�o�l�e�r� �t�o� �r�e�c�o�v�e�r� 

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

�a�n�e�s�t�h�e�t�i�c�,� �M�S�-�2�2�2�,� �w�a�s� �o�n�l�y� �u�s�e�d� �w�h�e�n� �b�a�s�s� �w�e�r�e� �u�n�u�s�u�a�l�l�y� 

�a�c�t�i�v�e� �b�e�c�a�u�s�e� �i�t� �s�l�o�w�e�d� �t�h�e� �p�r�o�c�e�d�u�r�e�.� �E�a�c�h� �b�l�a�c�k� �b�a�s�s� �w�a�s� 

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

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

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

�(�W�y�d�o�s�k�i� �a�n�d� �E�m�e�r�y� �1�9�8�3�)�.� �T�h�e� �s�t�o�m�a�c�h� �w�a�s� �t�h�e�n� �e�v�a�c�u�a�t�e�d� 

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

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

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

�A�v�y�l�e� �a�n�d� �R�o�u�s�s�e�l� �1�9�8�0�)�.� �A� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �w�a�t�e�r� �w�a�s� �p�o�u�r�e�d� 

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

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

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

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

�s�t�o�m�a�c�h� �(�D�i�m�o�n�d� �1�9�8�5�)�.� �U�p�o�n� �r�e�m�o�v�a�l�,� �c�o�n�t�e�n�t�s� �w�e�r�e� 

�p�r�e�s�e�r�v�e�d� �i�n� �a� �s�o�l�u�t�i�o�n� �o�f� �1�0�%� �b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n�.� �E�a�c�h� �f�i�s�h� 

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

�r�e�c�a�p�t�u�r�e�.� 

�1�9�9�5�.� �-� �S�a�m�p�l�i�n�g� �b�e�g�a�n� �l�a�t�e�r� �i�n� �1�9�9�5�,� �1�0� �J�u�l�y�,� �d�u�e� �t�o� 

�f�l�o�o�d�i�n�g� �o�f� �t�h�e� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� �p�r�i�o�r� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� 

�r�e�m�o�v�a�l�.� �T�h�e� �s�a�m�e� �s�a�m�p�l�i�n�g� �p�r�o�c�e�d�u�r�e� �w�a�s� �f�o�l�l�o�w�e�d� �i�n� �1�9�9�5� 
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�a�s� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�u�m�m�e�r� �w�i�t�h� �t�w�o� �m�o�d�i�f�i�c�a�t�i�o�n�s�.� �F�i�r�s�t�,� 

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

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

�t�o� �f�o�u�r� �n�i�g�h�t�s� �p�e�r� �w�e�e�k� �f�o�r� �t�h�e� �f�i�r�s�t� �t�h�r�e�e� �w�e�e�k�s� �o�f� �t�h�e� 

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

�m�a�d�e� �b�e�c�a�u�s�e� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �1�9�9�4� �t�h�a�t� �p�r�e�d�a�t�i�o�n� 

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

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

�o�n�c�e� �a�f�t�e�r� �s�t�o�c�k�i�n�g�.� �T�h�e� �c�h�o�i�c�e� �t�o� �c�o�n�c�e�n�t�r�a�t�e� �o�n� 

�W�a�t�e�r�w�h�e�e�l� �r�a�t�h�e�r� �t�h�a�n� �P�e�n�h�o�o�k� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �h�i�g�h�e�r� 

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

�i�n� �1�9�9�4�.� �T�h�o�s�e� �s�i�t�e�s� �i�n� �t�h�e� �P�e�n�h�o�o�k� �c�o�v�e� �w�h�e�r�e� �s�t�r�i�p�e�d� �b�a�s�s� 

�w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �c�a�p�t�u�r�e�d� �i�n� �1�9�9�4� �a�n�d� �1�9�9�5� �w�e�r�e� �s�a�m�p�l�e�d� 

�w�e�e�k�l�y� �f�o�r� �p�r�e�d�a�t�o�r�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�%� �o�f� �t�h�e� �s�h�o�r�e�l�i�n�e� 

�s�a�m�p�l�e�d� �i�n� �1�9�9�4�)�.� �T�h�e� �s�e�c�o�n�d� �m�o�d�i�f�i�c�a�t�i�o�n� �i�n� �1�9�9�5� �w�a�s� �t�o� 

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

�w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �h�e�a�v�i�l�y� �p�r�e�y�e�d� �u�p�o�n� �b�y� �b�l�a�c�k� �b�a�s�s� �i�n� �1�9�9�4�,� 

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

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

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

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

�P�o�p�u�l�a�t�i�o�n� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

�T�h�e� �f�o�r�m�u�l�a� �i�s�:� 

�A� 
�N�;� �=� �B�i�{�C�;�+�1�)�;� �w�h�e�r�e�,� 

�m�.�+�1� 

�N�,�=�#� �o�f� �p�r�e�d�a�t�o�r�s� 
�B�,�=�#� �m�a�r�k�e�d� �f�i�s�h� �r�e�m�a�i�n�i�n�g� �p�r�i�o�r� �t�o� �s�a�m�p�l�e� �i� 
�C�i�:�=�#� �c�a�u�g�h�t� �a�n�d� �e�x�a�m�i�n�e�d� �f�o�r� �m�a�r�k�s� �i�n� �s�a�m�p�l�e� �i� 
�m�,�=�#� �r�e�c�a�p�t�u�r�e�d� �i�n� �s�a�m�p�l�e� �i� �(�S�e�b�e�r� �1�9�7�3�)�.� 

�T�h�e� �c�o�m�p�u�t�e�r� �p�a�c�k�a�g�e�,� �J�O�L�L�Y�,� �w�a�s� �u�s�e�d� �t�o� �p�e�r�f�o�r�m� �t�h�e� �a�c�t�u�a�l� 

�c�a�l�c�u�l�a�t�i�o�n�s�.� �T�h�e� �J�o�l�l�y�-�S�e�b�e�r� �t�e�c�h�n�i�q�u�e� �w�a�s� �a�p�p�r�o�p�r�i�a�t�e� 

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

�c�o�n�s�i�s�t�e�d� �o�f� �o�p�e�n� �p�o�p�u�l�a�t�i�o�n�s� �(�J�o�l�l�y� �1�9�6�5�;� �S�e�b�e�r� �1�9�6�5�)�.� 

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

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

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

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

�t�h�e� �f�i�s�h� �(�W�y�d�o�s�k�i� �a�n�d� �E�m�e�r�y� �1�9�8�3�)�.� �B�e�c�a�u�s�e� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� 

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

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

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

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

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

�f�o�r� �t�a�g�g�i�n�g� �(�<� �1�5�0� �m�m�)� �w�e�r�e� �g�i�v�e�n� �u�p�p�e�r� �c�a�u�d�a�l� �c�l�i�p�s�.� 

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

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

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

�p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e� �f�o�r� �e�a�c�h� �s�a�m�p�l�i�n�g� �r�u�n�.� �I�n� �1�9�9�4�,� �f�o�u�r� 

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

�P�e�n�h�o�o�k�.� �I�n� �1�9�9�5�,� �e�l�e�v�e�n� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�o�r� 

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

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

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

�e�s�t�i�m�a�t�e� �f�o�r� �e�a�c�h� �c�o�v�e�.� �T�h�e� �1�9�9�4� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n� 

�e�s�t�i�m�a�t�e� �f�o�r� �P�e�n�h�o�o�k� �w�a�s� �u�s�e�d� �a�g�a�i�n� �i�n� �1�9�9�5� �b�e�c�a�u�s�e� �t�o�o� �f�e�w� 

�f�i�s�h� �w�e�r�e� �s�a�m�p�l�e�d� �i�n� �1�9�9�5� �t�o� �u�s�e� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �e�s�t�i�m�a�t�e�.� 

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

�h�i�s�t�o�r�i�c�a�l� �c�o�v�e� �r�o�t�e�n�o�n�e� �d�a�t�a� �(�1�9�9�0�-�1�9�9�5�)� �o�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�a�b�u�n�d�a�n�c�e� �w�a�s� �e�x�a�m�i�n�e�d� �(�V�D�G�I�F�,� �M�a�n�a�g�e�m�e�n�t� �r�e�p�o�r�t�s�,� 

�u�n�p�u�b�l�i�s�h�e�d�)�.� �T�h�e� �V�D�G�I�F� �p�e�r�f�o�r�m�s� �u�p�l�a�k�e� �a�n�d� �d�o�w�n�l�a�k�e� 

�r�o�t�e�n�o�n�e� �s�a�m�p�l�i�n�g� �a�t� �f�o�u�r� �c�o�v�e�s� �(�m�e�a�n� �s�i�z�e� �=� �0�.�7�2�5� �h�a�)� �e�a�c�h� 

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

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

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

�S�t�r�i�p�e�d� �b�a�s�s� �s�t�u�d�y�,� �s�u�r�f�a�c�e� �a�r�e�a�s� �o�f� �t�h�e� �P�e�n�h�o�o�k� �a�n�d� 

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

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

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

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

�c�o�u�l�d� �b�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �e�s�t�i�m�a�t�e�s�.� �T�h�i�s� 

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

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

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

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

�e�x�p�e�c�t�e�d� �i�n� �t�h�e� �l�a�r�g�e�r� �P�e�n�h�o�o�k� �(�6�0�.�7� �h�a�)� �a�n�d� �W�a�t�e�r�w�h�e�e�l� 

�(�3�6�.�9� �h�a�)� �c�o�v�e�s�.� �T�h�e� �c�o�r�r�e�c�t�i�o�n� �f�o�r� �o�p�e�n�-�w�a�t�e�r� �a�r�e�a�s� �w�a�s� 

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

�(�1�9�8�0�)� �a�n�d� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�i�z�e� �c�l�a�s�s�e�s� �o�f� 

�p�r�e�d�a�t�o�r�s�.� �T�h�e� �m�u�l�t�i�p�l�i�e�r�s� �u�s�e�d� �w�e�r�e� �0�.�5�3� �f�o�r� �1�2�7�-�2�2�9� �m�m� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�n�d� �0�.�7�9� �m�m� �f�o�r� �2�5�4�-�7�1�1� �m�m� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�.� 

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

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

�d�e�e�p�e�r� �s�t�o�c�k�i�n�g� �c�o�v�e�s�.� 

�D�i�e�t� �C�o�m�p�o�s�i�t�i�o�n� 

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

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

�M�i�n�n�o�w�s�.� �I�n�v�e�r�t�e�b�r�a�t�e� �f�o�o�d� �i�t�e�m�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �o�n�l�y� �b�y� 

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

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �c�o�u�l�d� �n�o�t� �b�e� �m�a�d�e� �w�e�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �P�D�U�F� 

�(�P�a�r�t�i�a�l�l�y� �D�i�g�e�s�t�e�d� �U�n�i�d�e�n�t�i�f�i�a�b�l�e� �F�i�s�h�)�.� �M�o�s�t� �o�f� �t�h�e�s�e� 

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

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

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

�P�D�U�F� �e�x�a�m�i�n�e�d� �m�a�t�c�h�e�d� �t�h�e� �s�h�a�p�e� �o�r� �s�i�z�e� �o�f� �f�i�n�g�e�r�l�i�n�g� 

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

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

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

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

�n�e�a�r�e�s�t� �0�.�0�1� �g�r�a�m�.� �C�a�r�a�p�a�c�e� �l�e�n�g�t�h� �w�a�s� �m�e�a�s�u�r�e�d� �t�o� �t�h�e� 

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

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

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

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

�o�n�l�y� �m�e�a�s�u�r�e�m�e�n�t� �t�a�k�e�n�.� 

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

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

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

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

�b�a�s�s� �(�m�e�a�n� �w�e�i�g�h�t� �=� �0�.�5�0� �g� �i�n� �1�9�9�4� �a�n�d� �0�.�7�2� �g� �i�n� �1�9�9�5�)� �f�o�u�n�d� 

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

�a�d�u�l�t� �a�l�e�w�i�v�e�s� �(�m�e�a�n� �w�e�i�g�h�t� �=� �5�.�5� �g� �i�n� �1�9�9�4� �a�n�d� �7�.�0� �g� �i�n� 

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

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

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

�w�h�i�c�h� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �R�o�g�e�r�s� �a�n�d� �B�u�r�l�e�y� �(�1�9�9�1�)�.� �T�h�e� �m�o�d�e�l� 

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

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

�w�e�i�g�h�t� �(�i�.�e�.� �E�,� �c�a�l�c�u�l�a�t�e�d� �b�y� �a�g�e� �c�l�a�s�s�)�.� �T�h�e� �s�i�g�m�o�i�d� 

�m�o�d�e�l� �u�s�e�d� �w�a�s� �(�R�o�g�e�r�s� �a�n�d� �B�u�r�l�e�y� �1�9�9�1�)�:� 
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�-�0�.�0�0�5�t�S�*�0�.�2�9�e�%�0�.�  ��0�.�2�3� �-�9�5� 

�E�=�g�r�a�m�s� �e�v�a�c�u�a�t�e�d� 
�t�=�t�i�m�e� �(�h�o�u�r�s�)� 
�S�=�m�e�a�l� �w�e�i�g�h�t� �(�g�q�)� 
�T�=�w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �(�°� �C�)� 
�W�=�p�r�e�d�a�t�o�r� �w�e�i�g�h�t�.� 

�G�i�v�e�n� �t�h�i�s� �f�o�r�m�u�l�a�,� �t�i�m�e� �t�o� �9�0�%� �e�v�a�c�u�a�t�i�o�n� �(�E�.�,�.�)� �o�f� �f�o�o�d� 

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

�t�h�i�s� �l�e�v�e�l� �o�f� �e�v�a�c�u�a�t�i�o�n� �(�R�o�g�e�r�s� �a�n�d� �B�u�r�l�e�y� �1�9�9�1�)�.� �I�n� 

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

�G�i�g�e�s�t� �9�0�%� �o�f� �a�n� �a�d�u�l�t� �a�l�e�w�i�f�e� �t�h�a�n� �i�t� �d�i�d� �t�o� �d�i�g�e�s�t� �9�0�%� �o�f� 

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

�c�o�m�p�o�s�i�t�i�o�n� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� �f�o�r� �a�g�e�-�0� �s�t�r�i�p�e�d� �b�a�s�s� �a�r�e� �2�.�0� 

�f�o�r� �1�9�9�4� �a�n�d� �1�.�9�3� �f�o�r� �1�9�9�5�.� 

�B�i�o�e�n�e�r�g�e�t�i�c�s� �M�o�d�e�l�l�i�n�g� 

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

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

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

�u�s�i�n�g� �t�h�e� �W�i�s�c�o�n�s�i�n� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l� �(�H�e�w�e�t�t� �a�n�d� �J�o�h�n�s�o�n� 

�1�9�9�2�)�.� �T�h�e� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l� �i�s� �a� �m�a�s�s�-�b�a�l�a�n�c�e� �e�q�u�a�t�i�o�n� 

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

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

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

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

�c�o�n�s�u�m�p�t�i�o�n� �(�C�)� �c�a�n� �b�e� �p�a�r�t�i�t�i�o�n�e�d� �i�n�t�o� �s�i�x� �d�i�f�f�e�r�e�n�t� �f�a�t�e�s� 

�(�W�a�r�r�e�n� �1�9�7�1�)�:� 
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�C�=�G�+�R�.�>�5�+�R�a�t�+�R�p�+�F�+�U�;� 

�w�h�e�r�e�,� 

�G�=�S�o�m�a�t�i�c� �a�n�d� �g�o�n�a�d�a�l� �g�r�o�w�t�h�,� 

�R�,�;�=�S�t�a�n�d�a�r�d� �m�e�t�a�b�o�l�i�s�m�,� 

�R�,�z�=�A�c�t�i�v�i�t�y� �m�e�t�a�b�o�l�i�s�m�,� 

�R�p�»�=�A�p�p�a�r�e�n�t� �s�p�e�c�i�f�i�c� �d�y�n�a�m�i�c� �a�c�t�i�o�n� �(�d�i�g�e�s�t�i�o�n� 
�e�n�e�r�g�y�)�,� 

�F�=�E�g�e�s�t�i�o�n� �o�f� �f�e�c�e�s�,� �a�n�d� 

�U�=�E�x�c�r�e�t�i�o�n� �o�f� �a�m�m�o�n�i�a� �a�n�d� �u�r�e�a�.� 

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

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

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

�i�n�c�l�u�d�e�:� 

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

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

�a�n�d� �p�h�y�s�i�o�l�o�g�y�;� 

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

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

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

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

�p�r�e�y� �(�e�s�p�e�c�i�a�l�l�y� �s�t�r�i�p�e�d� �b�a�s�s�)� �;� 

�(�4�)� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �b�y� �p�r�e�y� �t�y�p�e� �(�p�e�r�c�e�n�t�a�g�e� �w�e�t� �w�e�i�g�h�t�)� �;� 

�(�5�)� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s�.� 

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

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

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

�b�a�l�a�n�c�e� �e�q�u�a�t�i�o�n� �w�a�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �m�o�d�e�l�.� �P�a�r�a�m�e�t�e�r�s� �u�s�e�d� 
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�i�n� �t�h�e� �m�o�d�e�l�'�s� �m�a�s�s� �b�a�l�a�n�c�e� �e�q�u�a�t�i�o�n� �w�e�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �(�H�e�w�e�t�t� �a�n�d� �J�o�h�n�s�o�n� �1�9�9�2�)�.� 

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

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

�W�a�t�t�s� �B�a�r�r� �R�e�s�e�r�v�o�i�r�,� �T�e�n�n�e�s�s�e�e� �(�A�d�a�m�s� �e�t� �a�l�.� �1�9�8�2�)�.� �E�n�e�r�g�y� 

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

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

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

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �(�M�o�o�r�e� �1�9�8�8�)�.� �T�h�e� �s�u�n�f�i�s�h� �e�n�e�r�g�y� 

�d�e�n�s�i�t�y� �e�s�t�i�m�a�t�e� �t�h�a�t� �I� �u�s�e�d� �w�a�s� �a�n� �e�s�t�i�m�a�t�e� �f�o�u�n�d� �i�n� �t�h�e� 

�F�i�s�h� �B�i�o�e�n�e�r�g�e�t�i�c�s� �M�o�d�e�l� �2� �u�s�e�r�s� �m�a�n�u�a�l� �(�H�e�w�e�t�t� �a�n�d� �J�o�h�n�s�o�n� 

�1�9�9�2�)�.� �G�r�o�w�t�h� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�r�a�c�k�i�n�g� �c�h�a�n�g�e� �i�n� �w�e�i�g�h�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�M�o�d�e�l� �2� �d�e�v�e�l�o�p�e�d� �a�t� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �W�i�s�c�o�n�s�i�n�-�M�a�d�i�s�o�n� �f�o�r� 
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�T�a�b�l�e� �1�.� �P�a�r�a�m�e�t�e�r� �v�a�l�u�e�s� �u�s�e�d� �i�n� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l� �t�o� 
�e�s�t�i�m�a�t�e� �c�o�n�s�u�m�p�t�i�o�n� �b�y� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 
�L�a�k�e�,� �V�i�r�g�i�n�i�a�.� �V�a�l�u�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �F�i�s�h� �B�i�o�e�n�e�r�g�e�t�i�c�s� 
�M�o�d�e�l� �2� �a�n�d� �w�e�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�v�e�l�o�p�e�d� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 
�(�H�e�w�e�t�t� �a�n�d� �J�o�h�n�s�o�n� �1�9�9�2�;� �N�e�y� �1�9�9�3�)�.� 

� � 

� � 
�S�y�m�b�o�l� �P�a�r�a�m�e�t�e�r� �D�e�s�c�r�i�p�t�i�o�n� �V�a�l�u�e� 

�C�o�n�s�u�m�p�t�i�o�n� �(�C�,�.�.�)� 

�a�;� �C�o�e�f�f�i�c�i�e�n�t� �f�o�r� �w�e�i�g�h�t� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �C�,�,�,� �0�.�3�3� 

�b�i� �E�x�p�o�n�e�n�t� �f�o�r� �w�e�i�g�h�t� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �C�,�,�.�.� �-�0�.�3�2�5� 

�Q�.� �S�l�o�p�e� �f�o�r� �t�e�m�p�e�r�a�t�u�r�e� �d�e�p�e�n�d�e�n�c�e� �o�f� �C�,�:�,� �2�.�6�5� 

�T�.�.� �O�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �c�o�n�s�u�m�p�t�i�o�n� �2�7�.�5� 

�T�r�:� �M�a�x�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �c�o�n�s�u�m�p�t�i�o�n� �3�7� 

�S�t�a�n�d�a�r�d� �m�e�t�a�b�o�l�i�s�m� �(�R�,�)� 

�a�.� �C�o�e�f�f�i�c�i�e�n�t� �f�o�r� �w�e�i�g�h�t� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �R�,� �0�.�0�0�2�7�9� 

�b�-� �E�x�p�o�n�e�n�t� �f�o�r� �w�e�i�g�h�t� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �R�,�;� �-�0�.�3�5�5� 

�Q�-� �S�l�o�p�e� �f�o�r� �t�e�m�p�e�r�a�t�u�r�e� �d�e�p�e�n�d�e�n�c�e� �o�f� �R�;� �0�.�0�8�1�1� 

�T�.�-� �O�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �R�;� �3�0� 

�T�a�r� �M�a�x�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �R�,�;� �3�7� 

�A�c�t�i�v�i�t�y� �m�e�t�a�b�o�l�i�s�m� �(�R�,�)� 

�A� �A�c�t�i�v�e� �m�e�t�a�b�o�l�i�s�m� �m�u�l�t�i�p�l�i�e�r� �o�f� �R�,� �1� 

�D�i�g�e�s�t�i�o�n� �m�e�t�a�b�o�l�i�s�m� �(�R�,�)� 

�S� �C�o�e�f�f�i�c�i�e�n�t� �f�o�r� �a�p�p�a�r�e�n�t� �S�D�A� �0�.�1�6�3� 

�E�g�e�s�t�i�o�n�/�E�x�c�r�e�t�i�o�n� �(�F�/�U�)� 

�£� �P�r�o�p�o�r�t�i�o�n� �o�f� �c�o�n�s�u�m�e�d� �f�o�o�d� �e�g�e�s�t�e�d� �0�.�1�0�4� 

�u� �P�r�o�p�o�r�t�i�o�n� �o�f� �c�o�n�s�u�m�e�d� �f�o�o�d� �e�x�c�r�e�t�e�d� �0�.�0�6�8� 

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

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

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

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

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

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

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

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

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

�p�r�e�d�a�t�i�o�n� �m�o�r�t�a�l�i�t�y� �a�t� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� �P�e�r�c�e�n�t� �d�i�e�t� 

�c�o�m�p�o�s�i�t�i�o�n� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �w�a�s� �s�e�t� �a�t� �1�0�%� �a�n�d� �2�5�%� �i�n� �t�h�e�s�e� 

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

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

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

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

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

�e�q�u�a�t�i�o�n�s�.� 

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

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

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

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

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

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

�p�e�r� �u�n�i�t� �e�f�f�o�r�t� �(�C�P�U�E�)�,� �f�i�s�h� �c�a�p�t�u�r�e�d� �p�e�r� �m�i�n�u�t�e�,� �o�f� �s�t�r�i�p�e�d� 

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

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

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

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

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

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

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

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

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

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

�d�a�t�a� �f�o�r� �a�l�l� �d�a�t�e�s� �a�n�d� �t�r�a�n�s�e�c�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �s�e�p�a�r�a�t�e� 

�r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� �r�u�n� �o�n� �C�P�U�E� �d�a�t�a� �f�r�o�m� �t�h�e� �f�i�r�s�t� �t�w�o� �n�i�g�h�t�s� 

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

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

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

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

�w�a�s� �o�c�c�u�r�r�i�n�g�.� 

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

�a�t�t�r�a�c�t�i�o�n� �w�a�s� �t�o� �p�l�o�t� �t�h�e� �r�a�t�i�o� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �t�o� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �o�v�e�r� �t�i�m�e�.� �I�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� 

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

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

�S�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �w�a�s� �a�l�s�o� �p�l�o�t�t�e�d� �i�n� 

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

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

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

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

�s�p�e�c�i�f�i�c� �s�t�o�c�k�i�n�g� �s�i�t�e�s�.� �I� �p�l�o�t�t�e�d� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �o�v�e�r� 

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

�s�e�s�s�i�o�n�s�)� �t�o� �e�x�a�m�i�n�e� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �p�a�t�t�e�r�n�s� �a�t� �b�o�t�h� 

�s�t�o�c�k�i�n�g� �s�i�t�e�s� �i�n� �e�a�c�h� �y�e�a�r�.� 

�P�R�E�Y� �P�R�E�F�E�R�E�N�C�E� �E�X�P�E�R�I�M�E�N�T� 

�I�n� �t�h�e� �s�u�m�m�e�r� �o�f� �1�9�9�4�,� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �c�o�n�s�u�m�e�d� 

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

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

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

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

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

�1�9�9�5� �o�v�e�r� �a� �3�3�-�d�a�y� �p�e�r�i�o�d�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �i�n�i�t�i�a�l�l�y� 

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

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

�e�f�f�i�c�i�e�n�c�y� �(�#� �o�f� �c�a�p�t�u�r�e�s�/�#� �o�f� �s�t�r�i�k�e�s�)�.� �H�o�w�e�v�e�r�,� �b�a�s�s� 

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

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

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

�o�b�s�e�r�v�a�t�i�o�n�.� 

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

�a�l�e�w�i�v�e�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �C�l�a�y�t�o�r� �L�a�k�e�,� �V�i�r�g�i�n�i�a� �o�n� �2�0� �a�n�d� �2�1� 

�J�u�n�e� �1�9�9�5�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �r�a�n�g�e�d� �i�n� 

�S�i�z�e� �f�r�o�m� �3�0�8� �m�m� �(�1�7�0� �g�)� �t�o� �4�4�5� �m�m� �(�1�1�3�9� �g�)�.� �F�i�s�h� �w�e�r�e� 
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�c�o�l�l�e�c�t�e�d� �b�y� �n�i�g�h�t� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �n�e�a�r� �s�h�o�r�e�,� �m�o�s�t�l�y� �i�n� 

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

�c�o�o�l�e�r�s�.� �A�f�t�e�r� �1�6� �l�a�r�g�e�m�o�u�t�h� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�5� �a�l�e�w�i�v�e�s� 

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

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

�t�a�n�k�s�.� �B�a�s�s� �w�e�r�e� �k�e�p�t� �i�n� �o�n�e� �s�i�x� �f�o�o�t� �(�1�.�8�3� �m�)� �d�i�a�m�e�t�e�r�,� �4� 

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

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

�f�o�u�r� �f�o�o�t� �(�1�.�2�2� �m�)� �d�i�a�m�e�t�e�r�,� �f�o�u�r� �f�o�o�t� �t�a�l�l� �(�1�.�2�2� �m�)� 

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

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

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

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

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

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

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

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

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

�P�h�a�s�e� �I�I� �s�t�o�c�k�i�n�g� �i�n�t�o� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �a�n�d� �w�e�r�e� �t�h�u�s� 

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

�t�h�e� �t�e�s�t� �t�a�n�k� �r�a�n�g�e�d� �f�r�o�m� �2�3� �t�o� �2�6�°�C�.� 

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

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

�a�l�e�w�i�v�e�s� �(�m�e�a�n� �T�L�=�1�0�9� �m�m�,� �m�e�a�n� �W�t�.�=�1�0�.�0� �g�)� �a�n�d� �f�i�v�e� �s�t�r�i�p�e�d� 

�b�a�s�s� �(�m�e�a�n� �T�L�=�6�6� �m�m�,� �m�e�a�n� �W�t�.�=�4�.�0� �g�)� �f�i�n�g�e�r�l�i�n�g�s�.� �T�h�e� 

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �a� �s�e�p�a�r�a�t�e� �s�i�x� �f�o�o�t� �(�1�.�8�3� �m�)� 
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�d�i�a�m�e�t�e�r� �t�a�n�k� �f�i�l�l�e�d� �t�o� �a�b�o�u�t� �0�.�5� �m� �d�e�p�t�h�.� �T�h�e� �o�n�l�y� 

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

�p�l�a�t�f�o�r�m� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�3�3� �m�e�t�e�r�s� �s�q�u�a�r�e� �a�n�d� �0�.�3�3� �m� �o�f�f� �o�f� 

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

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

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

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

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

�i�n�t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�a�n�k�.� �P�r�e�y� �w�e�r�e� �t�h�e�n� �i�m�m�e�d�i�a�t�e�l�y� 

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

�i�n� �t�h�e� �t�a�n�k� �f�o�r� �4�8� �h�o�u�r�s�.� �F�i�s�h� �w�e�r�e� �o�b�s�e�r�v�e�d� �e�v�e�r�y� �1�2� �h�o�u�r�s� 

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

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

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

�d�o�n�e� �t�o� �m�i�m�i�c� �t�h�e� �n�a�t�u�r�a�l� �c�o�n�d�i�t�i�o�n�s� �a�t� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� 

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

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

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

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

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

�e�x�c�e�p�t� �s�t�r�i�p�e�d� �b�a�s�s�.� 
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�S�T�A�T�I�S�T�I�C�A�L� �A�N�A�L�Y�S�E�S� 

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

�L�a�k�e� �d�a�t�a� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �T�e�s�t�s� �t�o� �d�e�t�e�c�t� 

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

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

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

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

�a�n�d� �I�I� �f�i�n�g�e�r�l�i�n�g�s� �(�Z�a�r� �1�9�8�4�)�.� �I�f� �t�h�e� �d�a�t�a� �d�i�d� �n�o�t� �p�a�s�s� �a� 

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

�R�a�n�k� �S�u�m� �T�e�s�t� �w�a�s� �u�s�e�d�.� �J�o�l�l�y�-�S�e�b�e�r� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� 

�w�e�r�e� �b�o�u�n�d� �b�y� �9�5�%� �c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t�s�.� �U�p�p�e�r� �c�o�n�f�i�d�e�n�c�e� 

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

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

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

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

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

�d�i�f�f�e�r�e�n�t� �f�r�o�m� �z�e�r�o�.� �S�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �w�a�s� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E�.� �A� �p�o�s�i�t�i�v�e� �c�o�r�r�e�l�a�t�i�o�n� �s�h�o�u�l�d� 

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

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

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

�W�h�i�n�t�e�y� �R�a�n�k� �S�u�m� �T�e�s�t� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�r�e� �w�a�s� �a� 

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

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

�c�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �m�a�d�e� �w�i�t�h� �a�n� �a�c�c�e�p�t�a�b�l�e� �T�y�p�e� �I� �e�r�r�o�r� �r�a�t�e� 
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�T�a�b�l�e� �2�.� �S�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �a�p�p�l�i�e�d� �t�o� �a�n�a�l�y�z�e� �v�a�r�i�o�u�s� 
�d�a�t�a� �s�e�t�s�,� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�,� �V�i�r�g�i�n�i�a�,� �1�9�9�4�-�1�9�9�5�.� 

�i�s�t�i�c�a�l� �P�r� �r� 

�D�a�t�a� �S�e�t� �S�t�a�t�i�s�t�i�c�a�l� �P�r�o�c�e�d�u�r�e� 
�T�e�s�t� �f�o�r� �n�o�r�m�a�l�i�t�y� �S�h�a�p�i�r�o�-�W�i�l�k�s� 

�P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y� �v�s�.� �t�-�t�e�s�t� 
�P�h�a�s�e� �I�I� �m�o�r�t�a�l�i�t�y� 

�P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y� �v�s�.� �M�a�n�n�-�W�h�i�t�n�e�y� �R�a�n�k� �S�u�m� �T�e�s�t� 
�P�h�a�s�e� �I�I� �m�o�r�t�a�l�i�t�y� �i�f� �u�n�e�q�u�a�l� 
�v�a�r�i�a�n�c�e� 

�P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�4� �v�s�.� �t�-�t�e�s�t� 
�P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�5� 

�P�h�a�s�e� �I�I� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�4� �v�s�.� �t�-�t�e�s�t� 
�P�h�a�s�e� �I�I� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�5� 

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

�M�e�a�n� �n�u�m�b�e�r� �s�t�r�i�p�e�d� �b�a�s�s� �M�a�n�n�-�W�h�i�t�n�e�y� �R�a�n�k� �S�u�m� �T�e�s�t� 
�c�o�n�s�u�m�e�d� �v�s�.� �m�e�a�n� �n�u�m�b�e�r� 
�a�l�e�w�i�v�e�s� �c�o�n�s�u�m�e�d� 

�J�o�l�l�y�-�S�e�b�e�r� �p�o�p�u�l�a�t�i�o�n� �B�o�u�n�d� �b�y� �9�5�%� �c�o�n�f�i�d�e�n�c�e� 
�e�s�t�i�m�a�t�e�s� �l�i�m�i�t� 

� � 
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�o�f� �«� �=� �0�.�0�5� �a�n�d� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �P�<�0�.�0�5�.



�R�E�S�U�L�T�S� 

�H�A�N�D�L�I�N�G� �M�O�R�T�A�L�I�T�Y� 

�H�a�n�d�l�i�n�g� �s�t�r�e�s�s� �h�a�s� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �r�e�s�u�l�t� �i�n� 

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

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

�a�s� �w�e�l�l� �a�s� �b�e�t�w�e�e�n� �P�h�a�s�e� �I� �a�n�d� �P�h�a�s�e� �I�I� �f�i�s�h� �v�a�r�i�e�d� 

�c�o�n�s�i�d�e�r�a�b�l�y�.� 

�1�9�9�4� �C�a�g�e� �T�r�i�a�l�s� 

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

�t�r�i�a�l�s� �i�n� �1�9�9�4�.� �T�r�i�a�l� �1� �f�i�s�h� �w�e�r�e� �P�h�a�s�e� �I� �f�i�n�g�e�r�l�i�n�g�s� �f�r�o�m� 

�t�h�e� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� �w�h�i�l�e� �P�h�a�s�e� �I�I� �f�i�s�h� �r�e�a�r�e�d� �a�t� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �w�e�r�e� �c�a�g�e�d� �i�n� �T�r�i�a�l�s� �2� �a�n�d� �3� �(�T�a�b�l�e� �3�a�)�.� 

�F�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �s�t�o�c�k�e�d� �i�n�t�o� �c�a�g�e�s� �i�n� �d�e�n�s�i�t�i�e�s� �r�a�n�g�i�n�g� 

�f�r�o�m� �6�2� �t�o� �1�4�6� �(�0�.�2� �t�o� �6�.�7� �g�/�L�)�.� �T�r�i�a�l� �1� �f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� 

�s�t�o�c�k�e�d� �a�t� �t�h�e� �l�o�w�e�s�t� �d�e�n�s�i�t�i�e�s� �(�m�e�a�n� �=� �7�5� �f�i�s�h� �a�t� �0�.�2� �g�/�L�)� 

�a�n�d� �T�r�i�a�l� �3� �f�i�n�g�e�r�l�i�n�g�s� �a�t� �t�h�e� �h�i�g�h�e�s�t� �d�e�n�s�i�t�i�e�s� �(�m�e�a�n� �=� �1�2�9� 

�f�i�s�h� �a�t� �5�.�9� �g�/�L�)� �(�T�a�b�l�e� �3�b�)�.� �O�r�i�g�i�n�a�l�l�y�,� �I� �p�l�a�n�n�e�d� �t�o� �p�l�a�c�e� 

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

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

�P�a�r�k�e�r� �e�t� �a�l�.� �(�1�9�9�2�)� �r�e�p�o�r�t� �t�h�a�t� �s�t�r�i�p�e�d� �b�a�s�s� �f�i�n�g�e�r�l�i�n�g�s� 

�c�a�n� �b�e� �h�a�u�l�e�d� �a�t� �d�e�n�s�i�t�i�e�s� �a�s� �h�i�g�h� �a�s� �6�0� �g�/�L� �f�o�r� �1�5� �h�o�u�r�s�,� 

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

�e�x�p�e�r�i�m�e�n�t� �p�r�o�b�a�b�l�y� �d�i�d� �n�o�t� �l�e�a�d� �t�o� �i�n�c�r�e�a�s�e�d� �m�o�r�t�a�l�i�t�y�.� 
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�H�a�t�c�h�e�r�y� �t�r�u�c�k�s� �f�r�o�m� �B�r�o�o�k�n�e�a�l� �t�r�a�n�s�p�o�r�t� �f�i�s�h� �a�t� �a�b�o�u�t� �4�0� 

�g�/�L�,� �a�n�d� �t�h�e�s�e� �f�i�s�h� �a�r�e� �h�e�l�d� �i�n� �t�h�e� �t�r�u�c�k�s� �f�o�r� �a�t� �l�e�a�s�t� �1�6� 

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

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

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

�l�e�v�e�l�s� �r�e�m�a�i�n� �h�i�g�h� �i�n� �t�h�e� �s�u�m�m�e�r� �(�a�t� �l�e�a�s�t� �8� �m�g�/�L�)�,� �a�n�d� �t�h�e� 

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

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

�(�1�9�9�3�)� �p�e�r�f�o�r�m�e�d� �s�e�v�e�r�a�l� �s�t�o�c�k�i�n�g� �m�o�r�t�a�l�i�t�y� �c�a�g�e� �s�t�u�d�i�e�s� �o�n� 

�s�t�r�i�p�e�d� �b�a�s�s� �s�t�o�c�k�e�d� �i�n�t�o� �s�e�v�e�r�a�l� �T�e�x�a�s� �r�e�s�e�r�v�o�i�r�s�.� �C�a�g�i�n�g� 

�d�e�n�s�i�t�i�e�s� �u�s�e�d� �i�n� �t�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �o�v�e�r� �2�2� �g�/�L� �a�n�d� 

�m�e�a�n� �m�o�r�t�a�l�i�t�i�e�s� �i�n� �t�h�e�s�e� �s�t�u�d�i�e�s� �w�e�r�e� �a�s� �l�o�w� �a�s� �8�%�.� 

�M�o�r�t�a�l�i�t�y� �r�a�t�e�s� �i�n� �1�9�9�4� �w�e�r�e� �l�o�w�,� �r�a�n�g�i�n�g� �f�r�o�m� �0� �t�o� 

�3�.�1�9�%� �(�m�e�a�n� �o�f� �1�.�7�8�%�)�,� �i�n� �t�h�e� �P�h�a�s�e� �I� �B�r�o�o�k�n�e�a�l� �r�a�i�s�e�d� 

�S�t�r�i�p�e�d� �b�a�s�s� �(�T�a�b�l�e� �3�b�)�.� �T�h�e�s�e� �f�i�s�h� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �f�r�o�m� 

�w�a�t�e�r� �t�h�a�t� �w�a�s� �w�i�t�h�i�n� �1�-�2�°� �C� �o�f� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �w�a�t�e�r� 

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

�f�i�s�h� �w�e�r�e� �t�e�m�p�e�r�e�d� �g�r�a�d�u�a�l�l�y� �b�y� �a�d�d�i�n�g� �l�a�k�e� �w�a�t�e�r� �(�2�6�°� �C�,� 

�T�a�b�l�e� �3�a�)� �t�o� �t�h�e� �t�a�n�k�s� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� 

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

�P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g�s� �u�s�e�d� �i�n� �T�r�i�a�l�s� �2� �a�n�d� �3� �w�e�r�e� �r�a�i�s�e�d� �a�t� 

�t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �a�q�u�a�c�u�l�t�u�r�e� �f�a�c�i�l�i�t�y�,� �a�n�d� �w�a�t�e�r� 

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �5�°�C� �c�o�o�l�e�r� �t�h�a�n� �l�a�k�e� �t�e�m�p�e�r�a�t�u�r�e� �(�2�2�°� �C� �v�s�.� 

�2�7�°�C�)�.� �T�r�i�a�l� �2� �s�t�r�i�p�e�d� �b�a�s�s� �m�o�r�t�a�l�i�t�y� �w�a�s� �n�e�a�r�l�y� �c�o�m�p�l�e�t�e� 

�(�m�e�a�n� �=� �9�9�.�5�%�)�.� �F�i�n�g�e�r�l�i�n�g�s� �i�n� �t�h�i�s� �t�r�i�a�l� �w�e�r�e� �t�e�m�p�e�r�e�d� �i�n� 

�1�5�-�2�0� �m�i�n�u�t�e�s� �a�n�d� �w�e�r�e� �t�h�u�s� �s�u�b�j�e�c�t�e�d� �t�o� �p�o�t�e�n�t�i�a�l�l�y� 

�4�3



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

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

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

�o�c�c�u�r�r�e�d� �f�o�r� �P�h�a�s�e� �I� �f�i�s�h� �i�n� �T�r�i�a�l� �1�,� �o�n�e� �f�i�n�a�l� �t�r�i�a�l� �w�a�s� 

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

�T�r�a�n�s�p�o�r�t� �a�n�d� �l�a�k�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n� �T�r�i�a�l� �3� �w�e�r�e� 

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

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

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

�m�o�r�t�a�l�i�t�y� �=� �5�1�%�)� �i�n� �t�h�i�s� �t�r�i�a�l� �(�T�a�b�l�e� �3�b�)�.� �D�e�n�s�i�t�y� �o�f� �P�h�a�s�e� 

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

�P�h�a�s�e� �I� �d�e�n�s�i�t�i�e�s�,� �b�u�t� �e�v�e�n� �t�h�e�s�e� �d�e�n�s�i�t�i�e�s� �s�h�o�u�l�d� �n�o�t� �h�a�v�e� 

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

�t�r�i�a�l�s� �(�T�r�i�a�l�s� �2� �&� �3�)� �e�x�h�i�b�i�t�e�d� �m�e�a�n� �m�o�r�t�a�l�i�t�i�e�s� �w�h�i�c�h� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �P�h�a�s�e� �I� �m�e�a�n� �m�o�r�t�a�l�i�t�y� �t�r�i�a�l� 

�(�T�r�i�a�l� �1�)� �(�P�<�0�.�0�1� �a�n�d� �P�=�0�.�0�2�8�6� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

�W�a�t�e�r� �c�h�e�m�i�s�t�r�y� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �V�i�r�g�i�n�i�a� �T�e�c�h� 

�a�q�u�a�c�u�l�t�u�r�e� �w�a�t�e�r� �a�n�d� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �w�a�t�e�r� �d�i�d� �n�o�t� 

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

�(�T�a�b�l�e� �4�)�.� �C�h�a�n�g�e�s� �i�n� �p�H� �a�n�d� �a�l�k�a�l�i�n�i�t�y� �w�e�r�e� �m�i�n�o�r� �(�a� 

�d�i�f�f�e�r�e�n�c�e� �o�f� �o�n�l�y� �0�.�6� �a�n�d� �2�8� �m�g�/�L� �C�a�C�O�.� �r�e�s�p�e�c�t�i�v�e�l�y�)�,� �a�n�d� 

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

�a�q�u�a�c�u�l�t�u�r�e� �w�a�t�e�r�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� �s�t�r�e�s�s� �w�a�s� �a� 

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

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

�I�n� �1�9�9�4�,� �n�o� �c�o�n�t�r�o�l� �w�a�s� �r�u�n� �t�o� �t�e�s�t� �f�o�r� �c�a�g�e� �e�f�f�e�c�t� 

�4�4



�T�a�b�l�e� �4�.� �W�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� 
�v�e�r�s�u�s� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �a�q�u�a�c�u�l�t�u�r�e� �f�a�c�i�l�i�t�y� �i�n� �1�9�9�4�.� 
�A�l�k�a�l�i�n�i�t�y� �i�s� �m�e�a�s�u�r�e�d� �i�n� �m�g�/�L� �C�a�C�O�;� �a�n�d� �n�i�t�r�o�g�e�n� �a�n�d� 
�d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �i�n� �m�g�/�L�.� 

� � 

�P�a�r� �x�r� �m�i�t�h� �i�n� �L�a�k� �V�A� �T�e�c�h� �A� �l�t�u�r� 
�p�H� �8�.�1� �7�.�5� 

�A�l�k�a�l�i�n�i�t�y� �9�7� �1�2�5� 

�N�O�,� �0�.�1� �0�.�3� 

�N�O�,� �0�.�3�7� �6�0� 

�N�H�,� �0�.�0�4� �1�.�5� 

�D�O�,� �1�0�.�4� �5�.�0� 
� � 

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

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

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

�1�9�9�5� �C�a�g�e� �T�r�i�a�l�s� 

�I�n� �1�9�9�5�,� �a� �c�o�n�t�r�o�l� �w�a�s� �r�u�n� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �1�9�9�4� �c�a�g�e� 

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

�c�a�g�e�s� �w�e�r�e� �s�t�o�c�k�e�d� �w�i�t�h� �a�q�u�a�c�u�l�t�u�r�e�-�r�e�a�r�e�d� �s�t�r�i�p�e�d� �b�a�s�s� �a�t� 

�d�e�n�s�i�t�i�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �4�6� �t�o� �5�4� �f�i�n�g�e�r�l�i�n�g�s� �(�0�.�3�6� �g�/�L� �t�o� 

�0�.�4�2� �g�/�L�)�.� �F�e�w�e�r� �f�i�s�h� �w�e�r�e� �p�l�a�c�e�d� �i�n� �c�a�g�e�s� �t�h�a�n� �i�n� �t�h�e� �1�9�9�4� 

�P�h�a�s�e� �I� �t�r�i�a�l�,� �b�u�t� �d�e�n�s�i�t�i�e�s� �(�g�/�L�)� �w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� �i�n� �1�9�9�4� 

�(�0�.�1�7� �g�/�L� �t�o� �0�.�2�5� �g�/�L�)� �d�u�e� �t�o� �t�h�e� �l�a�r�g�e�r� �s�i�z�e� �o�f� �1�9�9�5� 

�S�t�r�i�p�e�d� �b�a�s�s� �(�T�a�b�l�e� �5�a�)�.� �T�h�e� �c�o�n�t�r�o�l� �d�e�n�s�i�t�i�e�s� �w�e�r�e� �m�u�c�h� 

�l�o�w�e�r� �t�h�a�n� �1�9�9�4� �P�h�a�s�e� �I�I� �d�e�n�s�i�t�i�e�s�,� �b�u�t� �s�h�o�u�l�d� �d�i�s�p�e�l� 

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

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

�f�o�u�r� �c�a�g�e�s� �a�f�t�e�r� �f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �h�e�l�d� �f�o�r� �4�8� �h�o�u�r�s� �a�t� �t�h�e� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �a�q�u�a�c�u�l�t�u�r�e� �f�a�c�i�l�i�t�y� �(�T�a�b�l�e� �5�b�)�.� �T�h�e� �c�o�n�t�r�o�l� 

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

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

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

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

�t�e�m�p�e�r�i�n�g� �a�s� �r�e�m�a�i�n�i�n�g� �s�o�u�r�c�e�s� �o�f� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�4� �c�a�g�e�s�.� 

�I�n� �1�9�9�5�,� �t�h�r�e�e� �f�i�e�l�d� �t�r�i�a�l�s� �w�e�r�e� �a�l�s�o� �r�u�n�.� �T�w�o� �P�h�a�s�e� �I� 

�t�r�i�a�l�s� �(�T�r�i�a�l�s� �1� �a�n�d� �3�)� �w�e�r�e� �r�u�n� �b�e�c�a�u�s�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �w�a�s� 

�e�x�p�e�r�i�e�n�c�e�d� �i�n� �t�h�e� �f�i�r�s�t� �t�r�i�a�l�.� �O�n�l�y� �o�n�e� �P�h�a�s�e� �I�I� �t�r�i�a�l� 
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�T�a�b�l�e� �5�a�.� �E�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �1�9�9�5� �P�h�a�s�e� �I� �a�n�d� �P�h�a�s�e� 
�I�I� �f�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s� �h�a�n�d�l�i�n�g� �m�o�r�t�a�l�i�t�y�.� �M�e�a�n� 
�w�e�i�g�h�t�s�,� �m�e�a�n� �t�o�t�a�l� �l�e�n�g�t�h�s�,� �a�n�d� �s�u�r�f�a�c�e� �t�e�m�p�e�r�a�t�u�r�e� �a�r�e� �i�n� 
�m�m�,� �g�r�a�m�s�,� �a�n�d� �©� �C� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
� � 

� � 

�F�i� �r�l�i� �W�e�i�g�h� �T�L� �k�e� �T� 

�C�o�n�t�r�o�l� �6�/�3�0� �I� �0�.�7�8� �3�9�.�2� �2�6� 

�1� �6�/�3�0� �I� �0�.�4�5� �3�6�.�5� �2�7� 

�2� �7�/�1�0� �I�I� �3�.�1�9� �6�4�.�3� �2�8� 

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

� � 

�T�a�b�l�e� �5�b�.� �F�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s� �p�e�r�c�e�n�t�a�g�e� �h�a�n�d�l�i�n�g� 
�m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�5�.� �N�u�m�b�e�r� �a�n�d� �d�e�n�s�i�t�y� �o�f� �s�t�o�c�k�e�d� 
�f�i�n�g�e�r�l�i�n�g�s� �a�r�e� �i�n� �p�a�r�e�n�t�h�e�s�e�s� �(�t�o�t�a�l� �n�u�m�b�e�r�,� �g�/�L�)�.� 
� � 

� � 

� � 

�T�r�i�a�l� �#� �C�a�g�e� �1� �C�a�g�e� �2� �C�a�g�e� �3� 

�1� �2�9�.�3� �(�1�8�1�,�0�.�0�2�7�)� �6�3�.�0� �(�1�2�7�,�0�.�0�1�9�)� �4�9�.�1� �(�1�7�3�,�0�.�0�2�6�)� 

�2� �0� �(�5�5�,�0�.�0�5�8�)� �1�0�.�9� �(�6�4�,�0�.�0�6�8�)� �5�.�6�6� �(�5�3�,�0�.�0�5�6�)� 

�3� �1�3�.�1� �(�1�6�0�,�0�.�0�5�1�)� �2�9�.�7� �(�1�5�8�,�0�.�0�5�1�)� �2�8�.�9� �(�1�2�8�,�0�.�0�4�1�)� 

� � 

� � 
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�(�T�r�i�a�l� �2�)� �w�a�s� �r�u�n� �i�n� �1�9�9�5�.� �F�i�n�g�e�r�l�i�n�g�s� �u�s�e�d� �i�n� �e�a�c�h� �t�r�i�a�l� 

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

�w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �(�T�a�b�l�e� �5�a�)�.� �F�r�o�m� �5�5� �(�P�h�a�s�e� �I�I�)� �t�o� �1�8�1� 

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

�i�n� �a� �1�0� �t�o� �1�0�0�-�f�o�l�d� �d�e�c�r�e�a�s�e� �i�n� �d�e�n�s�i�t�i�e�s� �v�e�r�s�u�s� �t�h�e� �1�9�9�4� 

�t�r�i�a�l�s� �(�0�.�0�1�9� �g�/�L� �t�o� �0�.�0�6�8� �g�/�L�)� �(�T�a�b�l�e� �5�b�)�.� �D�e�n�s�i�t�y� �s�h�o�u�l�d� 

�n�o�t� �h�a�v�e� �b�e�e�n� �a� �f�a�c�t�o�r� �i�n� �t�h�e� �1�9�9�5� �f�i�e�l�d� �t�r�i�a�l�s� �g�i�v�e�n� �t�h�e� 

�h�i�g�h� �v�o�l�u�m�e�,� �3�0�0�0� �L�,� �o�f� �w�a�t�e�r� �i�n� �e�a�c�h� �c�a�g�e�.� �T�h�e�s�e� �c�a�g�e�s� 

�h�e�l�d� �3�0� �t�i�m�e�s� �m�o�r�e� �w�a�t�e�r� �t�h�a�n� �t�h�e� �1�9�9�4� �c�a�g�e�s�,� �s�o� �c�r�o�w�d�i�n�g� 

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

�T�h�e� �n�e�w� �c�a�g�e�s� �w�e�r�e� �a�l�s�o� �u�s�e�d� �i�n� �1�9�9�5� �f�i�e�l�d� �t�r�i�a�l�s� �t�o� 

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

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

�t�e�m�p�e�r�a�t�u�r�e�s� �d�i�d� �n�o�t� �c�h�a�n�g�e� �m�o�r�e� �t�h�a�n� �2�°� �C� �i�n� �t�h�e� �t�h�r�e�e� 

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

�d�i�r�e�c�t� �s�u�n�l�i�g�h�t� �t�h�a�n� �i�n� �t�h�e� �1�9�9�4� �t�r�i�a�l�s�.� �F�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� 

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

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

�d�i�r�e�c�t�l�y� �e�q�u�i�v�a�l�e�n�t� �t�o� �1�9�9�4� �t�e�s�t�s� �b�e�c�a�u�s�e� �P�h�a�s�e� �I� 

�f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �b�y� �t�a�n�k�e�r� �t�r�u�c�k� �f�o�r� �6�-�8� �h�o�u�r�s� 

�(�f�r�o�m� �N�o�r�t�h� �C�a�r�o�l�i�n�a�)� �v�e�r�s�u�s� �1�.�5� �h�o�u�r�s� �(�f�r�o�m� �B�r�o�o�k�n�e�a�l�)�.� 

�R�e�s�u�l�t�s� �i�n� �1�9�9�5� �w�e�r�e� �a�l�m�o�s�t� �o�p�p�o�s�i�t�e� �t�h�o�s�e� �i�n� �1�9�9�4�.� 

�P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g�s� �(�T�r�i�a�l� �2�)� �s�u�f�f�e�r�e�d� �l�o�w� �m�o�r�t�a�l�i�t�y� �(�m�e�a�n� 

�=� �5�.�5�2�%�)� �w�h�e�r�e�a�s� �P�h�a�s�e� �I� �f�i�s�h� �(�T�r�i�a�l�s� �1� �&� �3�)� �s�u�f�f�e�r�e�d� �m�u�c�h� 

�h�i�g�h�e�r� �m�o�r�t�a�l�i�t�y� �(�m�e�a�n�s� �o�f� �4�7�.�1�%� �a�n�d� �2�3�.�9�%� �r�e�s�p�e�c�t�i�v�e�l�y�)� 

�t�h�a�n� �i�n� �1�9�9�4� �(�T�a�b�l�e� �5�b�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�e�a�n� �m�o�r�t�a�l�i�t�y� 
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�b�e�t�w�e�e�n� �t�h�e� �t�w�o� �P�h�a�s�e� �I� �f�i�n�g�e�r�l�i�n�g� �t�r�i�a�l�s� �(�T�r�i�a�l� �1� �&� �3�)� �a�n�d� 

�t�h�e� �P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g� �t�r�i�a�l� �(�T�r�i�a�l�s� �2�)� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�S�i�g�n�i�f�i�c�a�n�t� �(�P�=�0�.�0�1�5�5� �a�n�d� �P�=�0�.�0�4�2�4� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �I�n� 

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

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

�m�a�r�k�e�d� �t�h�a�n� �i�n� �1�9�9�4�.� �T�r�a�n�s�p�o�r�t� �w�a�t�e�r� �w�a�s� �2�1�°� �C� �u�p�o�n� �a�r�r�i�v�a�l� 

�b�e�c�a�u�s�e� �M�c�K�i�n�n�e�y� �H�a�t�c�h�e�r�y�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �f�i�s�h� �w�e�r�e� 

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

�d�a�y�s� �o�f� �P�h�a�s�e� �I� �s�t�o�c�k�i�n�g� �w�e�r�e� �2�7�°� �C� �a�n�d� �2�8�°� �C�.� 

�M�o�r�t�a�l�i�t�y� �o�f� �P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g�s� �w�a�s� �a�l�s�o� �m�u�c�h� 

�d�i�f�f�e�r�e�n�t� �t�h�a�n� �i�n� �1�9�9�4�.� �P�h�a�s�e� �I�I� �f�i�s�h� �s�h�o�w�e�d� �m�u�c�h� �r�e�d�u�c�e�d� 

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

�m�o�r�t�a�l�i�t�y�)� �c�o�m�p�a�r�e�d� �t�o� �1�9�9�4�,� �p�o�s�s�i�b�l�y� �b�e�c�a�u�s�e� �o�f� �e�x�t�e�n�d�e�d� 

�t�i�m�e� �s�p�e�n�t� �t�e�m�p�e�r�i�n�g� �p�r�i�o�r� �t�o� �s�t�o�c�k�i�n�g� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�5� 

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

�a�n�d� �l�a�k�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �(�3�°� �C� �v�s�.� �5�°� �C� �i�n� �1�9�9�4�)�.� 

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

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

�m�o�r�t�a�l�i�t�i�e�s� �i�n� �1�9�9�5� �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� �i�n� �t�h�e� 

�P�h�a�s�e� �I� �t�r�i�a�l� �c�o�n�d�u�c�t�e�d� �i�n� �1�9�9�4� �(�P�<�0�.�0�1�)�.� �H�o�w�e�v�e�r�,� �P�h�a�s�e� �I�I� 

�m�o�r�t�a�l�i�t�i�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�o�w�e�r� �i�n� �t�h�e� �1�9�9�5� �t�r�i�a�l� �t�h�a�n� 

�i�n� �e�i�t�h�e�r� �o�f� �t�h�e� �t�r�i�a�l�s� �i�n� �1�9�9�4� �(�P�<�0�.�0�1�)�.� 
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�P�R�E�D�A�T�I�O�N� �M�O�R�T�A�L�I�T�Y� 

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

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

�P�e�n�h�o�o�k� �c�o�v�e�s� �i�n� �1�9�9�4� �a�n�d� �1�9�9�5�.� �P�o�t�e�n�t�i�a�l� �"�w�o�r�s�t�-�c�a�s�e�"� 

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

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

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

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

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

�S�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n�.� 

�P�o�p�u�l�a�t�i�o�n� �E�s�t�i�m�a�t�i�o�n� 

�A�g�e� �1�+� �a�n�d� �o�l�d�e�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �n�u�m�b�e�r�s� �i�n� �e�a�c�h� �c�o�v�e� 

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

�r�e�c�a�p�t�u�r�e� �u�s�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �J�O�L�L�Y�.� �E�s�t�i�m�a�t�e�s� �o�f� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�b�u�n�d�a�n�c�e� �b�a�s�e�d� �o�n� �V�D�G�I�F� �r�o�t�e�n�o�n�e� �d�a�t�a� 

�(�1�9�9�0�-�1�9�9�5�)� �a�t� �f�o�u�r� �c�o�v�e�s� �l�o�c�a�t�e�d� �u�p�l�a�k�e� �a�n�d� �d�o�w�n�l�a�k�e� �a�r�e� 

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

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

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

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

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

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

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

�c�a�l�c�u�l�a�t�e�d� �i�n� �1�9�9�5� �b�e�c�a�u�s�e� �o�f� �a� �l�a�c�k� �o�f� �r�e�c�a�p�t�u�r�e�d� 

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

�1�9�9�5� �P�e�n�h�o�o�k� �p�r�e�d�a�t�i�o�n� �c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �t�h�e� �s�a�m�e� �a�s� �f�o�r� 

�1�9�9�4�.� 

�1�9�9�4�.� �-� �B�e�c�a�u�s�e� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �e�s�t�i�m�a�t�o�r� �i�s� �a� �m�u�l�t�i�p�l�e� 

�c�e�n�s�u�s� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �t�e�c�h�n�i�q�u�e�,� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� 

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

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

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

�W�a�t�e�r�w�h�e�e�l�.� �E�s�t�i�m�a�t�e�s� �a�t� �P�e�n�h�o�o�k� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �l�o�w�e�r� 

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

�b�a�s�s� �n�u�m�b�e�r�s� �w�a�s� �1�3�2� �f�i�s�h� �g�r�e�a�t�e�r� �a�t� �W�a�t�e�r�w�h�e�e�l�.� �P�e�n�h�o�o�k� 

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

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

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

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

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

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

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

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

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

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

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

�B�:�;� �(�n�u�m�b�e�r� �o�f� �m�a�r�k�e�d� �f�i�s�h� �r�e�m�a�i�n�i�n�g� �p�r�i�o�r� �t�o� �s�a�m�p�l�e� �i�f�,� 

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

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

�h�i�g�h� �B�;� �w�h�i�c�h� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �f�i�n�a�l� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �N�,�.� �T�h�e� 
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�T�a�b�l�e� �6�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �J�o�l�l�y�-�S�e�b�e�r� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� 
�f�o�r� �P�e�n�h�o�o�k� �(�t�o�p�)� �a�n�d� �W�a�t�e�r�w�h�e�e�l� �(�b�o�t�t�o�m�)� �i�n� �1�9�9�4�.� �C�o�v�e� 
�r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�s� �a�r�e� �a�l�s�o� �i�n�c�l�u�d�e�d�.� �S�e�e� �p�a�g�e� �2�3� �f�o�r� 
�s�y�m�b�o�l� �d�e�f�i�n�i�t�i�o�n�s�.� �*� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �m�e�a�n� �e�s�t�i�m�a�t�e�.� 

� � 

� � 

�J�o�l�l�y�-�S�e�b�e�r� 

� � 

�S�t�a�t�i�s�t�i�c�s�  �� 
�S�a�m�p�l�e� �#� �D�a�t�e� �B�.� �C�i� �m�,� �?�P� �l�a�t�i�o�n� �i� �%� �C�I� 

�1� �6�/�1�5� �-� �9�7� �~� �-� 
�2� �6�/�1�9� �4�0� �4�0� �3� �4�0�9� �(�4�0� �t�o� �9�3�0�)� 
�3� �6�/�2�8� �7�9� �6�4� �7� �6�3�8� �(�6�4� �t�o� �1�2�7�7�)� 
�4� �7�/�5� �1�0�7� �3�5� �6� �5�4�9� �(�3�5� �t�o� �1�2�2�1�)� 
�5� �7�/�1�1� �8�6� �3�8� �8� �3�7�2� �(�3�8� �t�o� �8�1�0�)� 
�6�*� �7�/�1�9� �1�5�7� �2�7� �3� �1�0�9�9� �(�2�7� �t�o� �3�6�1�3�)� 

�T�o�t�a�l� �m�e�a�n� �e�s�t�i�m�a�t�e�:� �4�9�2� �(�4�4� �t�o� �1�1�6�0�)� 
�C�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �2�6�7�1� 
�A�d�j�u�s�t�e�d� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �1�7�0�0� 

�B�y� �a�g�e� �c�l�a�s�s�:� 
�A�g�e� �1�+� �-� �9�2� 
�A�g�e� �2�+� �-� �2�0�8� 
�A�g�e� �3�+� �-� �1�2�0� 

� � 

�A�g�e� �4�+� �-� �7�2� 

�J�o�l�l�y�-�S�e�b�e�r� 
�S�t�a�t�i�s�t�i�c�s� 

�S�a�m�p�l�e� �#� �D�a�t�e� �B�,� �C�;� �m�i� �P�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e� �(�9�5�%� �C�T�I�)� 

�1� �6�/�2�2� �-� �8�0� �-� �-� 
�2� �6�/�2�6� �8�8� �1�1�0� �1�2� �7�5�1� �(�1�1�0� �t�o� �1�3�1�5�)� 
�3� �7�/�6� �1�4�9� �6�7� �1�3� �7�2�4� �(�6�7� �t�o� �1�3�4�5�)� 

�4� �7�/�1�3� �1�0�8� �5�4� �1�4� �3�9�7� �(�5�4� �t�o� �7�6�3�)� 
�5�*� �7�/�1�8� �1�6�5� �5�2� �6� �1�2�4�9� �(�5�2� �t�o� �3�0�2�1�)� 

�T�o�t�a�l� �m�e�a�n� �e�s�t�i�m�a�t�e�:� �6�2�4� �(�7�7� �t�o� �1�1�4�1�)� 
�C�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �1�6�2�4� 
�A�d�j�u�s�t�e�d� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �1�0�3�3� 

�B�y� �a�g�e� �c�l�a�s�s�:� 
�A�g�e� �1�+� �-� �1�4�5� 
�A�g�e� �2�+� �-� �1�0�7� 
�A�g�e� �3�+� �-� �2�9�6� 
�A�g�e� �4�+� �-� �7�6� 

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

�e�s�t�i�m�a�t�e�s� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �n�u�m�b�e�r�s� �(�T�a�b�l�e� �6� �a�s�t�e�r�i�s�k�e�d� 

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

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

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

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

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

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

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

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

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

�f�i�v�e� �t�i�m�e�s� �g�r�e�a�t�e�r� �a�t� �P�e�n�h�o�o�k� �a�n�d� �2�.�5� �t�i�m�e�s� �g�r�e�a�t�e�r� �a�t� 

�W�a�t�e�r�w�h�e�e�l� �t�h�a�n� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �e�s�t�i�m�a�t�e� �p�r�i�o�r� �t�o� �t�h�e� 

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

�f�o�r� �t�h�e� �l�a�r�g�e�r� �s�t�o�c�k�i�n�g� �c�o�v�e�s�,� �v�a�l�u�e�s� �w�e�r�e� �s�t�i�l�l� �2�-�3� �t�i�m�e�s� 

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

�1�9�9�5�.� �-� �T�h�e� �1�9�9�5� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �W�a�t�e�r�w�h�e�e�l� 

�c�o�v�e� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �h�i�g�h�e�r� �t�h�a�n� �i�n� �1�9�9�4� �b�u�t� �b�e�g�a�n� �t�o� �d�e�c�l�i�n�e� 

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

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

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

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

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

�(�T�a�b�l�e� �7�)�.� �I�n� �1�9�9�4�,� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�s�a�m�p�l�e�d� �b�e�g�a�n� �t�o� �d�e�c�l�i�n�e� �a�b�o�u�t� �t�h�e� �s�a�m�e� �d�a�t�e� �t�h�a�t� �t�h�e� �1�9�9�5� 

�s�e�a�s�o�n� �b�e�g�a�n�.� �U�n�l�i�k�e� �1�9�9�4�,� �1�9�9�5� �r�e�c�a�p�t�u�r�e� �n�u�m�b�e�r�s� �w�e�r�e� �v�e�r�y� 
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�T�a�b�l�e� �7�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �J�o�l�l�y�-�S�e�b�e�r� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� 
�f�o�r� �W�a�t�e�r�w�h�e�e�l� �i�n� �1�9�9�5�.� �C�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�s� �a�r�e� �a�l�s�o� 
�i�n�c�l�u�d�e�d�.� �*� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �m�e�a�n� �e�s�t�i�m�a�t�e�.� �T�h�e� �P�e�n�h�o�o�k� 
�e�s�t�i�m�a�t�e� �i�s� �t�h�e� �s�a�m�e� �a�s� �i�n� �1�9�9�4�.� 
� � 

� � 

�J�o�l�l�y�-�S�e�b�e�r� 
�S�t�a�t�i�s�t�i�c�s� �|� 

�m� �D� �B�;� �i� �m�i� �P�p� �i�o�n� �i�m� �%� �C�I� 

�1� �7�/�9� �-� �4�1� �-� �-� 
�2� �7�/�1�0� �3�6� �6�9� �1� �1�2�6�0� �(�6�9� �t�o� �3�8�8�1�)� 
�3� �7�/�1�1� �5�4� �4�2� �1� �1�1�5�9� �(�4�2� �t�o� �3�4�5�4�)� 
�4� �7�/�1�2� �1�4�8� �4�6� �7� �8�7�0� �(�4�6� �t�o� �1�7�8�0�)� 
�5� �7�/�1�3� �4�3�7� �4�2� �7� �2�3�4�9� �(�4�2� �t�o� �7�2�8�5�)� 
�6� �7�/�1�7� �1�3�8� �2�7� �7� �4�8�2� �(�2�7� �t�o� �1�2�1�2�)� 
�7� �7�/�1�9� �1�4�8� �2�3� �4� �7�1�0� �(�2�3� �t�o� �2�2�5�8�)� 
�8� �7�/�2�4� �1�4�5� �3�9� �6� �8�3�4� �(�3�9� �t�o� �2�6�7�7�)� 
�Q�*� �7�/�2�6� �5�7� �1�5� �1� �4�5�6� �(�1�5� �t�o� �1�7�1�0�)� 

�1�0�*� �7�/�3�1� �3�3� �1�8� �5� �1�0�6� �(�1�8� �t�o� �3�3�4�)� 
�1�1�*� �8�/�8� �3�1� �2�8� �2� �3�0�0� �(�2�8� �t�o� �1�1�3�3�)� 
�1�2�*� �8�/�1�4� �2�6� �1�1� �3� �7�8� �(�1�1� �t�o� �3�0�0�)� 

�T�o�t�a�l� �a�v�e�r�a�g�e�d� �e�s�t�i�m�a�t�e�:� �1�0�9�4� �(�4�1� �t�o� �3�2�2�1�)� 
�C�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �1�6�2�4� 
�A�d�j�u�s�t�e�d� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�:� �1�0�3�3� 

�B�y� �a�g�e� �c�l�a�s�s�:� 
�A�g�e� �1�+� �-� �6�2� 
�A�g�e� �2�+� �-� �3�2�3� 
�A�g�e� �3�+� �-� �5�2�0� 
�A�g�e� �4�+� �-� �1�8�9� 
� � 

� 



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

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

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

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

�o�n�e�-�h�a�l�f� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�c�a�p�t�u�r�e�s� �i�n� �1�9�9�4�.� �L�o�w� �n�u�m�b�e�r� �o�f� 

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

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �t�h�a�t� �w�a�s� �1�.�7�5� �t�i�m�e�s� �h�i�g�h�e�r� �t�h�a�n� �i�n� �1�9�9�4� 

�(�T�a�b�l�e� �7�)�.� �A�s� �w�i�t�h� �t�h�e� �1�9�9�4� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�,� �e�s�t�i�m�a�t�i�o�n� 

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

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

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

�2�6� �J�u�l�y�)� �w�e�r�e� �d�i�s�c�a�r�d�e�d� �d�u�e� �t�o� �t�h�e� �l�o�w� �n�u�m�b�e�r� �o�f� �l�a�r�g�e�m�o�u�t�h� 

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

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �1�9�9�5� �o�c�c�u�r�r�e�d� �w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� �w�e�e�k� 

�p�o�s�t�s�t�o�c�k�i�n�g�,� �a�s� �i�t� �d�i�d� �i�n� �1�9�9�4�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �p�o�p�u�l�a�t�i�o�n� 

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

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

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

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

�c�a�l�c�u�l�a�t�e�d�.� �T�h�e� �e�s�t�i�m�a�t�e�d� �n�u�m�b�e�r� �o�f� �p�r�e�d�a�t�o�r�s� �u�s�e�d� �f�o�r� �1�9�9�5� 

�S�i�m�u�l�a�t�i�o�n�s� �w�a�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �e�s�t�i�m�a�t�e� �u�s�e�d� �f�o�r� �1�9�9�4�.� �A�s� 

�i�n� �1�9�9�4�,� �t�h�e� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e� �w�a�s� �i�n�c�l�u�d�e�d� �a�s� �a� 

�c�o�m�p�a�r�i�s�o�n� �f�o�r� �t�h�e� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �e�s�t�i�m�a�t�e� �(�T�a�b�l�e� �7�)�.� �I�n� 

�1�9�9�5�,� �t�h�e� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e� �w�i�t�h�o�u�t� �t�h�e� �a�d�j�u�s�t�m�e�n�t� 

�m�u�l�t�i�p�l�i�e�r� �w�a�s� �s�t�i�l�l� �1�.�6� �t�i�m�e�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� 

�e�s�t�i�m�a�t�e� �b�u�t� �t�h�e� �d�i�s�p�a�r�i�t�y� �w�a�s� �n�o�t� �a�s� �g�r�e�a�t� �a�s� �i�n� �1�9�9�4� �(�2�.�5� 
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�t�i�m�e�s� �h�i�g�h�e�r� �i�n� �1�9�9�4�)�.� �A�f�t�e�r� �a�d�j�u�s�t�i�n�g� �t�h�e� �e�s�t�i�m�a�t�e�,� �t�h�e� 

�r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e� �w�a�s� �o�n�l�y� �6�1� �f�i�s�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �J�o�l�l�y�-� 

�S�e�b�e�r� �e�s�t�i�m�a�t�e�.� 

�N�o�t�e� �t�h�a�t� �n�o� �a�g�e�-�5� �a�n�d� �o�l�d�e�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s�.� �F�e�w�e�r� �t�h�a�n� �t�e�n� �a�g�e�-�5� 

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

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

�l�a�r�g�e� �s�i�z�e� �(�p�r�o�b�a�b�l�y� �w�o�u�l�d� �n�o�t� �t�a�r�g�e�t� �a� �3�0�-�5�0� �m�m� �s�t�r�i�p�e�d� 

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

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

�p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s�.� �N�o� �a�g�e�-�6�+� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� 

�c�a�p�t�u�r�e�d� �e�i�t�h�e�r� �s�u�m�m�e�r�.� 

�D�i�e�t� �C�o�m�p�o�s�i�t�i�o�n� 

�1�9�9�4�.� �-� �O�f� �t�h�e� �7�7�4� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �s�t�o�m�a�c�h�s� �c�h�e�c�k�e�d� �i�n� 

�b�o�t�h� �t�h�e� �P�e�n�h�o�o�k� �a�n�d� �W�a�t�e�r�w�h�e�e�l� �c�o�v�e�s� �c�o�m�b�i�n�e�d�,� �2�8�%� 

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

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

�S�t�r�i�p�e�d� �b�a�s�s� �a�c�c�o�u�n�t�e�d� �f�o�r� �o�n�l�y� �0�.�0�7�%� �a�n�d� �0�.�0�5�%� �b�y� �w�e�i�g�h�t� �o�f� 

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

�r�e�s�p�e�c�t�i�v�e�l�y�.� �I�n� �1�9�9�4�,� �o�n�l�y� �a� �t�o�t�a�l� �o�f� �t�h�r�e�e� �s�t�r�i�p�e�d� �b�a�s�s� 

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

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

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

�o�n�e� �f�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s� �f�o�u�r� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g� �(�1�9� �J�u�n�e�)� 

�a�n�d� �a�t� �W�a�t�e�r�w�h�e�e�l�,� �t�w�o� �f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �c�o�n�s�u�m�e�d� �b�y� �o�n�e� �a�g�e�-� 
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� � � � 
�F�i�g�u�r�e� �3�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�e�r�c�e�n�t�a�g�e� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �b�y� 
�w�e�i�g�h�t� �i�n� �1�9�9�4� �a�t� �W�a�t�e�r�w�h�e�e�l� �(�t�o�p�)� �a�n�d� �P�e�n�h�o�o�k� �(�b�o�t�t�o�m�)� 
�c�o�v�e�s�.� 
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�1� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �o�n� �t�h�e� �n�i�g�h�t� �o�f� �s�t�o�c�k�i�n�g� �(�2�2� �J�u�n�e�)�.� �N�o� 

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

�1�9�9�4� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n�.� 

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

�a�p�p�e�a�r�e�d� �t�o� �b�e� �a�d�u�l�t� �a�l�e�w�i�v�e�s� �(�m�e�a�n� �T�L� �=� �1�0�0� �m�m�,� �m�e�a�n� 

�m�a�x�i�m�u�m� �b�o�d�y� �d�e�p�t�h� �=� �2�3� �m�m�)�.� �A�l�e�w�i�v�e�s� �w�e�r�e� �t�h�e� �p�r�i�n�c�i�p�a�l� 

�p�r�e�y� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�,� �m�a�k�i�n�g� �u�p� �o�v�e�r� �6�2�%� �o�f� �l�a�r�g�e�m�o�u�t�h� 

�b�a�s�s� �d�i�e�t�s�.� �C�r�a�y�f�i�s�h� �(�m�e�a�n� �c�a�r�a�p�a�c�e� �l�e�n�g�t�h� �=� �3�5� �m�m�)� �w�e�r�e� 

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

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

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

�(�m�i�d�-�J�u�l�y�)�,� �p�o�s�s�i�b�l�y� �w�h�e�n� �t�h�e� �a�l�e�w�i�f�e� �s�p�a�w�n� �h�a�d� �b�e�g�u�n� �t�o� 

�d�e�c�l�i�n�e� �(�T�i�s�a� �a�n�d� �N�e�y� �1�9�9�1�)�.� �T�h�i�s� �s�h�i�f�t� �s�e�e�m�e�d� �t�o� �c�o�i�n�c�i�d�e� 

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

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

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

�s�a�m�p�l�i�n�g� �h�a�d� �c�o�n�t�i�n�u�e�d� �i�n�t�o� �A�u�g�u�s�t� �a�s� �i�t� �d�i�d� �i�n� �1�9�9�5� �(�F�i�g�u�r�e� 

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

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

�(�F�i�g�u�r�e� �3�)�.� �N�o� �g�i�z�z�a�r�d� �s�h�a�d� �o�r� �t�h�r�e�a�d�f�i�n� �s�h�a�d� �w�e�r�e� 

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

�t�o� �b�e� �a�v�a�i�l�a�b�l�e� �a�s� �p�r�e�y�.� 
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�1�9�9�5�.� �-� �O�f� �t�h�e� �3�7�3� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �s�t�o�m�a�c�h�s� �c�h�e�c�k�e�d� �i�n� �t�h�e� 

�W�a�t�e�r�w�h�e�e�l� �c�o�v�e� �i�n� �1�9�9�5�,� �2�8�%� �c�o�n�t�a�i�n�e�d� �f�o�o�d� �i�t�e�m�s�.� �B�e�c�a�u�s�e� 

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

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

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

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

�o�n�l�y� �a� �s�m�a�l�l� �p�r�o�p�o�r�t�i�o�n� �(�1�.�2�9�%�)� �o�f� �p�r�e�d�a�t�o�r� �d�i�e�t�s� �(�F�i�g�u�r�e� 

�5�)�.� �T�h�i�s� �w�a�s� �a� �m�a�r�k�e�d� �i�n�c�r�e�a�s�e� �f�r�o�m� �1�9�9�4�,� �b�u�t� �s�t�i�l�l� �a� 

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

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �(�t�h�r�e�e� �a�g�e�-�2� �a�n�d� �o�n�e� �a�g�e�-�1� �f�i�s�h�)� �c�o�n�t�a�i�n�e�d� �a� 

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

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

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

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

�m�a�d�e� �u�p� �o�v�e�r� �6�1�%� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s�.� �D�u�r�i�n�g� �t�h�e� �m�i�d�-� 

�J�u�n�e� �t�o� �e�a�r�l�y� �A�u�g�u�s�t� �p�e�r�i�o�d�,� �a�l�e�w�i�v�e�s� �w�e�r�e� �e�x�t�r�e�m�e�l�y� 

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

�(�T�i�s�a� �1�9�8�8�)�,� �a�n�d� �w�e�r�e� �t�h�u�s� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �t�o� �n�e�a�r�-�s�h�o�r�e� 

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

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

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

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

�c�o�n�s�u�m�e�.� �I�n� �g�e�n�e�r�a�l�,� �1�9�9�5� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�r�e�d�a�t�i�o�n� 

�p�a�t�t�e�r�n�s� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �1�9�9�4� �p�a�t�t�e�r�n�s� �(�F�i�g�u�r�e� �5�)�.� �A�l�e�w�i�v�e�s� 

�(�m�e�a�n� �T�L� �=� �9�7� �m�m�,� �m�e�a�n� �m�a�x�i�m�u�m� �b�o�d�y� �d�e�p�t�h� �2�1� �m�m�)� �w�e�r�e� �a�g�a�i�n� 

�t�h�e� �p�r�i�n�c�i�p�a�l� �p�r�e�y� �i�t�e�m� �f�o�l�l�o�w�e�d� �b�y� �c�r�a�y�f�i�s�h� �(�m�e�a�n� �c�a�r�a�p�a�c�e� 
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�F�i�g�u�r�e� �5�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�e�r�c�e�n�t�a�g�e� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �b�y� 
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�l�e�n�g�t�h� �3�1� �m�m�)�.� �A�s� �i�n� �1�9�9�4�,� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �b�e�g�a�n� �s�h�i�f�t�i�n�g� 

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

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

�d�i�e�t� �m�a�y� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �a�t� �W�a�t�e�r�w�h�e�e�l� �i�n� �1�9�9�4� �i�f� 

�s�a�m�p�l�i�n�g� �h�a�d� �c�o�n�t�i�n�u�e�d� �i�n�t�o� �A�u�g�u�s�t� �a�s� �i�t� �d�i�d� �i�n� �1�9�9�5�.� 

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

�e�l�e�c�t�r�o�f�i�s�h�i�n�g� �c�o�u�n�t�s�,� �d�e�c�l�i�n�e�d� �s�h�a�r�p�l�y� �b�y� �m�i�d�-�J�u�l�y� �i�n� �1�9�9�5�,� 

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

�s�t�r�i�p�e�d� �b�a�s�s� �c�o�u�l�d� �b�e� �d�e�s�c�r�i�b�e�d� �b�e�c�a�u�s�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� 

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

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

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

�e�x�p�e�r�i�m�e�n�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �i�n� �1�9�9�5�.� 

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

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

�p�e�r�c�e�n�t� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�n�s�u�m�e�d� �i�n� �1�9�9�4� �a�n�d� �1�9�9�5�.� �T�h�i�s� 

�m�u�l�t�i�p�l�i�e�r� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�o� �b�e� �2�.�0�0� �i�n� �1�9�9�4� �a�n�d� �1�.�9�3� �i�n� 

�1�9�9�5� �(�i�.�e�.� �2�.�0�0� �X� �%� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s�)�.� 

�T�h�e� �m�u�l�t�i�p�l�i�e�r� �w�a�s� �h�i�g�h�e�r� �i�n� �1�9�9�4� �b�e�c�a�u�s�e� �s�t�o�c�k�e�d� �s�t�r�i�p�e�d� 

�b�a�s�s� �i�n� �1�9�9�5� �w�e�r�e� �l�a�r�g�e�r� �t�h�a�n� �i�n� �1�9�9�4�.� �T�h�e� �c�o�r�r�e�c�t�i�o�n�s� 

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

�b�a�s�s� �d�i�e�t�s� �t�o� �0�.�1�%� �a�t� �W�a�t�e�r�w�h�e�e�l� �a�n�d� �t�o� �0�.�1�4�%� �a�t� �P�e�n�h�o�o�k� �i�n� 

�1�9�9�4�,� �a�n�d� �t�o� �2�.�4�9�%� �a�t� �b�o�t�h� �c�o�v�e�s� �i�n� �1�9�9�5�.� �T�h�e�s�e� �v�a�l�u�e�s� �f�o�r� 

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

�t�h�e� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l�.� 
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�B�i�o�e�n�e�r�g�e�t�i�c� �M�o�d�e�l�l�i�n�g� 

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

�o�f� �e�a�c�h� �c�o�h�o�r�t� �(�a�g�e�-�1� �t�o� �a�g�e�-�4�)� �w�a�s� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� 

�b�i�o�e�n�e�r�g�e�t�i�c� �m�o�d�e�l�l�i�n�g�.� �P�e�n�h�o�o�k� �a�n�d� �W�a�t�e�r�w�h�e�e�l� �d�i�e�t� 

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

�p�e�r�c�e�n�t� �d�i�e�t�s� �w�e�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �f�o�r� �b�o�t�h� �c�o�v�e�s� �i�n� �1�9�9�4�.� �F�o�r� 

�1�9�9�5�,� �o�n�l�y� �W�a�t�e�r�w�h�e�e�l� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �w�a�s� �u�s�e�d� �b�e�c�a�u�s�e� �s�o� 

�f�e�w� �s�t�o�m�a�c�h�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �a�t� �P�e�n�h�o�o�k� �i�n� �1�9�9�5�.� �D�i�e�t� 

�c�o�m�p�o�s�t�i�o�n� �d�a�t�a� �w�e�r�e� �b�a�s�e�d� �o�n� �s�a�m�p�l�e�s� �t�a�k�e�n� �o�v�e�r� �a� �4�5�-�d�a�y� 

�p�e�r�i�o�d� �t�h�e� �s�u�m�m�e�r� �o�f� �1�9�9�4� �a�n�d� �a� �4�2�-�d�a�y� �p�e�r�i�o�d� �d�u�r�i�n�g� �t�h�e� 

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

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

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

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

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

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

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

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

�d�a�i�l�y� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �(�T�a�b�l�e� �8�a� �&� �8�b�)�.� �O�n� �a�n� 

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

�p�r�e�d�a�t�o�r�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �a�g�e� �o�f� �t�h�e� �p�r�e�d�a�t�o�r� �i�n� �b�o�t�h� �1�9�9�4� 

�a�n�d� �1�9�9�5�.� �W�h�e�n� �p�r�e�d�a�t�o�r� �w�e�i�g�h�t�s� �w�e�r�e� �f�a�c�t�o�r�e�d� �i�n�t�o� �d�a�i�l�y� 

�c�o�n�s�u�m�p�t�i�o�n� �(�w�e�i�g�h�t�-�s�p�e�c�i�f�i�c� �c�o�n�s�u�m�p�t�i�o�n�)�,� �a�g�e�-�1� �o�n�e� 

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

�b�y� �w�e�i�g�h�t� �t�h�a�n� �a�n�y� �o�t�h�e�r� �c�o�h�o�r�t� �(�T�a�b�l�e� �8�a�)�.� �N�o�t�e� �t�h�a�t� �t�o�t�a�l� 

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

�a�n�d� �w�e�i�g�h�t�-�s�p�e�c�i�f�i�c� 
�C�p� �v�a�l�u�e� 

� � 

� � 

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

�T�o�t�a�l� �S�t�r�i�p�e�d� �b�a�s�s� 
�M�e�a�n� �L�M�B� �W�t�-�S�p�e�c�i�f�i�c� �W�t�-�S�p�e�c�i�f�i�c� 

�Y�e�a�r� �h�o�r� �w� �n� 

�1�9�9�4� 
�I� �5�8� �1�3�8�4� �2�3�.�8�6� �0�.�0�1�1�9�3� 

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

�I�V� �7�8�5� �8�2�5�4� �1�0�.�5�1� �0�.�0�0�5�2�6� 
�1�9�9�5� 

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

�I�I�I� �5�1�5� �6�1�8�2� �1�2�.�0�0� �0�.�1�5�4�9� 
�I�V� �7�8�5� �_� �8�2�5�4� �1�0�.�5�1� �0�.�1�3�5�7� 
� � 

� � 

�T�a�b�l�e� �8�.� �Q�u�a�n�t�i�t�y� �o�f� �C�p� 
�i�n� �t�h�e� �m�o�d�e�l�.� 

�(�m�g�)� �m�a�d�e� �u�p� �b�y� �e�a�c�h� �p�r�e�y� �i�t�e�m� �u�s�e�d� 

� � 

� � 

�A�l�e�w�i�f� �i� 

�1�9�9�4� 

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

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

�1�9�9�5� 

�I� �1�7�.�8�6� �9�6�9� �2�7�2�.�8� �1�2�4�.�6� �1�3�8�4� 
�I�I� �4�8�.�2�7� �2�6�1�9� �7�3�7�.�5� �3�3�6�.�8� �3�7�4�1� 

�I�I�I� �7�9�.�7�6� �4�3�2�8� �1�2�1�9� �5�5�6�.�4� �6�1�8�2� 
�l�V� �1�0�6�.�5� �5�7�7�9� �1�6�2�7� �7�4�3�.�0� �8�2�5�4� 
� � 

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

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

�g�r�o�w�t�h� �d�a�t�a� �w�a�s� �c�o�l�l�e�c�t�e�d� �i�n� �1�9�9�5� �q�u�e� �t�o� �a� �l�a�c�k� �o�f� 

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

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

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

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

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

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

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

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

�a�b�o�u�t� �t�w�o� �t�i�m�e�s� �a�n�y� �o�t�h�e�r� �c�o�h�o�r�t� �(�T�a�b�l�e� �8�a�)�.� �D�a�i�l�y� 

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

�e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �p�r�e�d�a�t�o�r� �c�o�h�o�r�t�s� �w�e�r�e� �v�e�r�y� �l�o�w�.� �A�t� �t�h�e� 

�m�a�x�i�m�u�m�,� �s�t�r�i�p�e�d� �b�a�s�s� �o�n�l�y� �m�a�d�e� �u�p� �1�0�6�.�5� �m�g� �o�f� �d�a�i�l�y� 

�r�a�t�i�o�n� �o�f� �a�g�e�-�4� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�r�e�d�a�t�o�r�s� �i�n� �t�h�e� �m�o�d�e�l� 

�(�T�a�b�l�e� �8�b�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �a�l�e�w�i�v�e�s� �m�a�d�e� �u�p� �o�v�e�r� �7�0�0�0� �m�g� �o�f� 

�t�h�e� �d�a�i�l�y� �r�a�t�i�o�n� �o�f� �a�g�e�-�4� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �1�9�9�4�.� 

�E�s�t�i�m�a�t�e�d� �d�a�i�l�y� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �w�a�s� �a�b�o�u�t� �3�0� 

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

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

�a�n�d� �c�o�n�s�u�m�e�d� �w�e�r�e� �l�a�r�g�e�r� �t�h�a�n� �i�n� �1�9�9�4� �(�m�e�a�n� �w�e�i�g�h�t� �1�9�9�4� �=� 

�0�.�4� �g�;� �1�9�9�5� �=� �1�.�0� �9�g�)�.� �A�g�e�-�1� �p�r�e�d�a�t�o�r�s� �d�i�s�p�l�a�y�e�d� �t�h�e� �h�i�g�h�e�s�t� 

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

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

�s�t�r�i�p�e�d� �b�a�s�s� �c�o�n�s�u�m�e�d�/�m�e�a�n� �w�e�i�g�h�t� �o�f� �p�r�e�d�a�t�o�r�)�.� �I�n� �1�9�9�4�,� 
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�a�g�e�-�1� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �t�o� �c�o�n�s�u�m�e� �0�.�0�1�1�9�3� �m�g�/�g� 

�o�f� �s�t�r�i�p�e�d� �b�a�s�s� �v�e�r�s�u�s� �0�.�3�0�8�4� �m�g�/�g� �i�n� �1�9�9�5� �(�T�a�b�l�e� �8�a�)�.� �T�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�o�n�s�u�m�e�d� �p�e�r� �d�a�y� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �f�i�e�l�d� �s�e�a�s�o�n� �d�a�y�s� �(�4�5� �i�n� 

�1�9�9�4�,� �4�2� �i�n� �1�9�9�5�)� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� 

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

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

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

�b�a�s�s� �p�r�e�d�a�t�o�r�s� �o�f� �t�h�e� �f�o�u�r� �a�g�e�-�g�r�o�u�p�s� �r�a�n�g�e�d� �f�r�o�m� �2�2� �t�o� 

�1�1�7�0�.� �I�n� �b�o�t�h� �1�9�9�4� �a�n�d� �1�9�9�5�,� �a�g�e�-�3� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �c�o�n�s�u�m�e�d� 

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

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

�p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s�.� �E�v�e�n� �t�h�o�u�g�h� �a�g�e�-�1� �p�r�e�d�a�t�o�r�s� �w�e�r�e� 

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

� � 

�N�u�m�b�e�r� �o�f� �T�o�t�a�l� �D�a�y�s� �o�f� �N�u�m�b�e�r� �S�t�r�i�p�e�d� 
�Y�e�a�r� �h�o�r� �m� �L�M�B� �i�m�u�l�a�t�i�o�n� �B� �n� 

�1�9�9�4� 

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

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

�1�9�9�5� 

�I� �1�7�.�8�6� �1�5�4� �4�2� �7�9� 
�I�I� �4�8�.�2�7� �5�3�1� �4�2� �7�3�2� 

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

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

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

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

�c�o�n�s�u�m�e�d� �w�a�s� �3�6�0� �i�n� �1�9�9�4� �a�n�d� �3�0�6�2� �i�n� �1�9�9�5� �(�T�a�b�l�e� �1�0�)�.� �T�h�i�s� 

�r�e�p�r�e�s�e�n�t�s� �0�.�1�%� �o�f� �t�h�e� �s�t�r�i�p�e�d� �b�a�s�s� �s�t�o�c�k�e�d� �i�n� �1�9�9�4� �a�n�d� 

�1�.�2�%� �o�f� �f�i�n�g�e�r�l�i�n�g�s� �s�t�o�c�k�e�d� �i�n� �1�9�9�5�.� 

�7�0



�T�a�b�l�e� �1�0�.� �E�s�t�i�m�a�t�e�d� �n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �f�i�n�g�e�r�l�i�n�g�s� 
�c�o�n�s�u�m�e�d� �i�n� �t�h�e� �P�e�n�h�o�o�k� �a�n�d� �W�a�t�e�r�w�h�e�e�l� �c�o�v�e�s� �i�n� �1�9�9�4� �a�n�d� 
�1�9�9�5� �(�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�e�r�v�a�l� �b�a�s�e�d� �o�n� �p�o�p�u�l�a�t�i�o�n�s� 

� � 

� � 

� � 

�e�s�t�i�m�a�t�e�s�)�.� 

�L�a�r�g�e�m�o�u�t�h� �B�a�s�s� �_�_�_�_� �N�u�m�b�e�r� �C�o�n�s�u�m�e�d� �_�_� 
�A�g�e� �G�r�o�u�p� �1�9�9�4�.� �1�9�9�5� 

�A�g�e� �1�+� �2�2� �(�3�-�4�6�)� �7�9� �(�2�-�1�7�9�)� 
�A�g�e� �2�+� �8�0� �(�8�-�1�7�9�)� �7�3�2� �(�3�3�-�2�6�2�9�)� 
�A�g�e� �3�+� �1�7�6� �(�2�0�-�3�3�8�)� �1�4�5�8� �(�9�1�-�6�9�8�8�)� 
�A�g�e� �4�+� �8�2� �(�9�-�1�7�5�)� �7�9�3� �(�4�3�-�3�3�6�8�)� 

�T�o�t�a�l� �3�6�0� �(�4�0�-�7�3�8�)� �3�0�6�2� �(�1�6�9�-�1�3�,�1�6�4�)� 
� � 

� � 
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�i�m�u�l� �r� �L�o�n� �o�n� �r�i� �.� �-� �T�o� �a�c�c�o�u�n�t� �f�o�r� 

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

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

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

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

�b�a�s�s� �i�n� �p�r�e�d�a�t�o�r� �d�i�e�t�s� �w�a�s� �i�n�c�r�e�a�s�e�d� �t�o� �e�i�t�h�e�r� �1�0�%� �o�r� �2�5�%�.� 

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

�o�f� �p�r�e�d�a�t�o�r� �e�x�i�s�t� �a�s� �i�n� �T�a�b�l�e� �1�0�,� �b�u�t� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 

�f�i�n�g�e�r�l�i�n�g�s� �c�o�n�s�u�m�e�d� �i�n�c�r�e�a�s�e�d� �b�y� �a�t� �l�e�a�s�t� �2�0�0� �t�i�m�e�s� �i�n� �1�9�9�4� 

�a�n�d� �a�t� �l�e�a�s�t� �e�i�g�h�t� �t�i�m�e�s� �i�n� �1�9�9�5�.� �I�n� �1�9�9�4�,� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 

�s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �a�t� �t�h�e� �s�i�m�u�l�a�t�e�d� �1�0�%� �a�n�d� �2�5�%� �v�a�l�u�e�s� �w�a�s� 

�2�0�0� �a�n�d� �5�0�0� �t�i�m�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �a�c�t�u�a�l� �e�s�t�i�m�a�t�e�s� �(�T�a�b�l�e� �1�1�)�.� 

�A�t� �2�5�%� �o�f� �l�a�r�g�e�m�o�u�t�h� �d�i�e�t�,� �h�a�l�f� �o�f� �t�h�e� �s�t�o�c�k�e�d� �f�i�n�g�e�r�l�i�n�g�s� 

�w�o�u�l�d� �h�a�v�e� �b�e�e�n� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n�,� �i�n� �1�9�9�4�.� �W�h�e�n� �t�h�e� �9�5�%� 

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

�u�s�e�d� �i�n� �t�h�e� �1�0�%� �a�n�d� �2�5�%� �s�i�m�u�l�a�t�i�o�n�s�,� �n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� 

�c�o�n�s�u�m�e�d� �i�n�c�r�e�a�s�e�d� �t�o� �h�a�l�f� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �l�o�s�t� �a�t� �t�h�e� �1�0�%� 

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

�a�t� �t�h�e� �2�5�%� �c�o�n�s�u�m�p�t�i�o�n� �r�a�t�e�.� �W�h�e�n� �t�h�e� �9�5�%� �c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t� 

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

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

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

�c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �a�c�t�u�a�l� �1�9�9�4� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�.� �T�o�t�a�l� 

�s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �u�n�d�e�r� �t�h�e�s�e� �s�i�m�u�l�a�t�i�o�n�s� �i�n� �1�9�9�5� �w�a�s� �n�o�t� �a�s� 

�h�i�g�h� �a�s� �i�n� �1�9�9�4� �b�e�c�a�u�s�e� �t�h�e� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�n�s�u�m�e�d� �w�e�r�e� �2�.�5� �t�i�m�e�s� 

�h�e�a�v�i�e�r� �t�h�a�n� �i�n� �1�9�9�4�,� �a�n�d� �t�h�u�s� �f�e�w�e�r� �s�t�r�i�p�e�d� �b�a�s�s� �h�a�d� 
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�t�o� �b�e� �c�o�n�s�u�m�e�d� �t�o� �m�a�k�e� �u�p� �1�0�%� �a�n�d� �2�5�%� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�d�i�e�t�s�.� �I�n� �1�9�9�5�,� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �a�t� �t�h�e� 

�S�i�m�u�l�a�t�e�d� �1�0�%� �a�n�d� �2�5�%� �v�a�l�u�e�s� �w�a�s� �e�i�g�h�t� �t�i�m�e�s� �a�n�d� �2�0� �t�i�m�e�s� 

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

�c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �1�0�%� �a�n�d� �2�5�%� �s�i�m�u�l�a�t�i�o�n�s�,� 

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

�t�o� �4�0�%� �(�o�n�l�y� �2�5�0�,�0�0�0� �s�t�o�c�k�e�d� �i�n� �1�9�9�5�)�.� �W�h�e�n� �t�h�e� �9�5�%� 

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

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

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

�e�s�t�i�m�a�t�e� �(�T�a�b�l�e� �1�1�)�.� �F�r�o�m� �t�h�e�s�e� �s�i�m�u�l�a�t�i�o�n�s�,� �i�t� �a�p�p�e�a�r�s� 

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

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

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �i�n� �t�h�e� �u�n�l�i�k�e�l�y� �e�v�e�n�t� �t�h�a�t� �p�e�r�c�e�n�t� �o�f� 

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

�p�o�t�e�n�t�i�a�l� �w�a�s� �l�a�r�g�e�l�y� �u�n�r�e�a�l�i�z�e�d� �i�n� �1�9�9�4� �a�n�d� �1�9�9�5� �b�e�c�a�u�s�e� 

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

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

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

�I� �f�o�u�n�d� �n�o� �e�v�i�d�e�n�c�e� �o�f� �p�r�e�d�a�t�o�r� �a�t�t�r�a�c�t�i�o�n� �t�o� 

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

�s�t�r�i�p�e�d� �b�a�s�s� �v�e�r�s�u�s� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �o�v�e�r� �t�i�m�e� �i�n� 

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

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

�(�F�i�g�u�r�e�s� �8� �&� �9�)�.� �B�o�t�h� �W�a�t�e�r�w�h�e�e�l� �a�n�d� �P�e�n�h�o�o�k� �r�e�g�r�e�s�s�i�o�n�s� 

�7�4



� � 

�@� 
�u�w� �2�7� 

�n�t� 
�>� �@� 

�s� �e� �e� 
�a�e�d� 

� � � 

� � � � 

� � � � � � 
� � 

� � � � � � 

� � 

�S�e�e�.�.�s� �@� �®� �@� �@� 
�)� �¢� �°�F� �e� �}� �|� 

�0� �1� �2� �3� �4� �5� 

�S�.�B�.� �C�P�U�E� 

�3� 

�L�u� �2�-� 
�>� 
�O�G� �0� �e� 

�=� 
�1� �_�|� 
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�S�.�B�.� �C�P�U�E� 

�F�i�g�u�r�e� �8�.� �R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�n�d� �s�t�r�i�p�e�d� 
�b�a�s�s� �c�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t� �(�C�P�U�E�)� �i�n� �W�a�t�e�r�w�h�e�e�l� �(�t�o�p�)� �a�n�d� 
�P�e�n�h�o�o�k� �(�b�o�t�t�o�m�)� �c�o�v�e�s� �f�r�o�m� �1�5� �J�u�n�e� �t�o� �2�5� �J�u�l�y� �1�9�9�4�.� 
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�F�i�g�u�r�e� �9�.� �R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �c�a�t�c�h� �p�e�r� 
�u�n�i�t� �e�f�f�o�r�t� �(�C�P�U�E�)� �a�n�d� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �a�t� �W�a�t�e�r�w�h�e�e�l� �f�r�o�m� 
�1�0� �J�u�l�y� �t�o� �2�0� �A�u�g�u�s�t� �1�9�9�5�.� 
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�i�n� �1�9�9�4� �e�x�h�i�b�i�t�e�d� �s�l�i�g�h�t�l�y� �n�e�g�a�t�i�v�e� �s�l�o�p�e�s� �o�f� �-�0�.�1�7�7� �a�n�d� 

�-�0�.�2�0�7�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �(�P�<�0�.�0�1� �&� �P�=�0�.�2�3�)� �b�u�t� �t�h�e�r�e� �w�a�s� �a� 

�s�l�i�g�h�t�l�y� �p�o�s�i�t�i�v�e� �s�l�o�p�e� �o�f� �0�.�0�2�8�9� �f�o�r� �t�h�e� �W�a�t�e�r�w�h�e�e�l� 

�r�e�g�r�e�s�s�i�o�n� �i�n� �1�9�9�5� �(�P�=�0�.�2�0�)�.� �T�h�e� �W�a�t�e�r�w�h�e�e�l� �r�e�g�r�e�s�s�i�o�n� 

�S�l�o�p�e� �i�n� �1�9�9�4� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �z�e�r�o� 

�(�P�<�0�.�0�1�)�,� �b�u�t� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e� �w�a�s� �n�e�g�a�t�i�v�e� 

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

�s�t�r�i�p�e�d� �b�a�s�s�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �v�a�l�u�e�s� �s�e�e�m�e�d� �t�o� �d�e�p�e�n�d� 

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

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

�b�a�s�s� �a�g�g�r�e�g�a�t�e�d�.� �I�n� �1�9�9�5�,� �t�w�o� �a�d�d�i�t�i�o�n�a�l� �r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� 

�r�u�n� �f�o�r� �C�P�U�E� �d�a�t�a� �a�t� �t�h�e� �W�a�t�e�r�w�h�e�e�l� �c�o�v�e� �f�o�r� �t�h�e� �f�i�r�s�t� �t�w�o� 

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

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

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

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �f�i�r�s�t� �d�a�y� �(�P�<�0�.�0�1�)�,� �b�u�t� 

�n�e�i�t�h�e�r� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �f�i�r�s�t� �d�a�y� �(�P�=�0�.�9�5�)� �n�o�r� �t�h�e� �s�e�c�o�n�d� 

�d�a�y� �(�P�=�0�.�4�5�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �z�e�r�o�.� �T�h�e�s�e� 

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

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

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

�s�t�r�i�p�e�d� �b�a�s�s� �a�g�g�r�e�g�a�t�e�s� �b�y� �e�x�a�m�i�n�i�n�g� �C�P�U�E� �r�a�t�i�o�s� �o�v�e�r� �t�i�m�e�.� 

�I� �p�l�o�t�t�e�d� �t�h�e� �r�a�t�i�o� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �o�v�e�r� �l�a�r�g�e�m�o�u�t�h� 

�b�a�s�s� �C�P�U�E� �o�v�e�r� �b�o�t�h� �s�a�m�p�l�i�n�g� �s�u�m�m�e�r�s� �(�F�i�g�u�r�e� �1�0�)�.� �T�h�e� �r�a�t�i�o� 

�s�h�o�u�l�d� �d�e�c�l�i�n�e� �i�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�r�e� �a�t�t�r�a�c�t�e�d� �t�o� �s�t�r�i�p�e�d� 
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�F�i�g�u�r�e� �1�0�.� �R�a�t�i�o� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �t�o� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� 
�o�v�e�r� �t�i�m�e� �a�t� �W�a�t�e�r�w�h�e�e�l� �i�n� �1�9�9�5�.� 
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�b�a�s�s� �(�i�.�e�.� �l�a�r�g�e�m�o�u�t�h� �C�P�U�E� �i�n�c�r�e�a�s�e�s�,� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �r�a�t�i�o�)�.� 

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

�d�e�c�l�i�n�e�s� �i�n� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �t�h�a�n� �i�n�c�r�e�a�s�e�s� �i�n� �l�a�r�g�e�m�o�u�t�h� 

�b�a�s�s� �C�P�U�E�.� �L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �w�a�s� �c�o�n�s�i�s�t�e�n�t�l�y� �a�r�o�u�n�d� �0�.�5� 

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

�A�n�o�t�h�e�r� �c�o�m�p�o�n�e�n�t� �t�h�a�t� �c�o�u�l�d� �h�a�v�e� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �e�x�t�e�n�t� 

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

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

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

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

�C�P�U�E� �w�a�s� �t�h�e� �o�n�l�y� �w�a�y� �t�o� �d�e�s�c�r�i�b�e� �d�i�s�p�e�r�s�a�l� �o�f� �s�t�r�i�p�e�d� �b�a�s�s�.� 

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

�t�h�e� �s�t�o�c�k�i�n�g� �t�r�a�n�s�e�c�t�,� �i�n� �b�o�t�h� �c�o�v�e�s� �(�a�r�o�u�n�d� �0� �m�)�.� �T�o� 

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

�s�t�o�c�k�i�n�g� �s�i�t�e� �w�a�s� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �v�a�l�u�e�s� 

�o�n� �f�o�u�r� �s�a�m�p�l�i�n�g� �n�i�g�h�t�s� �(�F�i�g�u�r�e�s� �1�1� �a�n�d� �1�2�)�.� �I�n� �1�9�9�4�,� �C�P�U�E� 

�v�a�l�u�e�s� �w�e�r�e� �p�l�o�t�t�e�d� �5�,� �1�5�,� �2�2�,� �a�n�d� �3�8� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g� �a�t� 

�W�a�t�e�r�w�h�e�e�l� �a�n�d� �1�4�,� �2�1�,� �2�7�,� �a�n�d� �3�5� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g� �a�t� 

�P�e�n�h�o�o�k�.� �D�i�s�p�e�r�s�a�l� �v�a�r�i�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �b�y� �c�o�v�e� �a�n�d� �y�e�a�r�.� 

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

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

�S�u�i�t�a�b�l�e� �h�a�b�i�t�a�t�,� �(�s�a�n�d�y� �s�u�b�s�t�r�a�t�e�)�.� �I�n� �1�9�9�4�,� �s�t�r�i�p�e�d� �b�a�s�s� 

�n�u�m�b�e�r�s� �w�e�r�e� �n�o�t� �a�c�c�u�r�a�t�e�l�y� �t�r�a�c�k�e�d� �u�n�t�i�l� �2�8� �J�u�n�e� �a�t� �P�e�n�h�o�o�k� 

�(�1�4� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g�)� �a�n�d� �2�6� �J�u�n�e� �(�f�i�v�e� �d�a�y�s� �p�o�s�t�o�c�k�i�n�g�)� �a�t� 

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

�f�i�n�g�e�r�l�i�n�g�s�.� �S�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �i�n� �1�9�9�5� �g�i�v�e�s� �a� �b�e�t�t�e�r� 
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�D�i�s�t�a�n�c�e� �(�m�)� 

�F�i�g�u�r�e� �1�1�.� �S�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �b�y� �d�i�s�t�a�n�c�e� �f�r�o�m� �s�t�o�c�k�i�n�g� �s�i�t�e� 
�a�t� �W�a�t�e�r�w�h�e�e�l� �(�t�o�p�)� �a�n�d� �P�e�n�h�o�o�k� �(�b�o�t�t�o�m�)� �i�n� �1�9�9�4�.� �L�e�g�e�n�d� �i�s� 
�n�u�m�b�e�r� �o�f� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g�.� 
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�0� �5�0�0� �1�0�0�0� �1�5�0�0� �2�0�0�0� �2�9�0�0� �3�0�0�0� 

�D�i�s�t�a�n�c�e� �(�m�)� 

�F�i�g�u�r�e� �1�2�.� �S�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �b�y� �d�i�s�t�a�n�c�e� �a�t� �t�h�e� �W�a�t�e�r�w�h�e�e�l� 
�c�o�v�e� �i�n� �1�9�9�5�.� �L�e�g�e�n�d� �i�s� �n�u�m�b�e�r� �o�f� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g�.� 
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�i�n�d�i�c�a�t�i�o�n� �o�f� �f�i�r�s�t� �w�e�e�k� �d�i�s�p�e�r�s�a�l� �p�o�s�t�s�t�o�c�k�i�n�g� �b�e�c�a�u�s�e� 

�S�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �t�r�a�c�k�e�d� �f�r�o�m� �t�h�e� �n�i�g�h�t� �o�f� �s�t�o�c�k�i�n�g�.� �C�P�U�E� 

�v�a�l�u�e�s� �w�e�r�e� �p�l�o�t�t�e�d� �1�,� �3�,� �8�,� �a�n�d� �2�9� �d�a�y�s� �p�o�s�t�s�t�o�c�k�i�n�g� 

�(�F�i�g�u�r�e� �1�2�)�.� �M�a�n�y� �s�t�r�i�p�e�d� �b�a�s�s� �s�t�a�y�e�d� �w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� 

�t�r�a�n�s�e�c�t�s� �(�w�i�t�h�i�n� �3�0�0� �m�)� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �s�t�o�c�k�i�n�g� �s�i�t�e� �o�n� 

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

�7�5�0� �m� �o�n� �t�h�e� �t�h�i�r�d� �n�i�g�h�t� �a�n�d� �u�p� �t�o� �3�0�0�0� �m� �b�y� �8� �A�u�g�u�s�t� �(�2�9� 

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

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

�r�e�m�a�i�n�e�d� �w�i�t�h�i�n� �1�0�0�0� �m� �o�f� �t�h�e� �s�t�o�c�k�i�n�g� �s�i�t�e� �f�o�r� �t�h�e� �f�i�r�s�t� 

�w�e�e�k� �b�e�f�o�r�e� �r�e�a�c�h�i�n�g� �t�h�e� �m�a�i�n� �c�h�a�n�n�e�l� �o�f� �t�h�e� �l�a�k�e� �(�a�b�o�u�t� �8�0�0� 

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

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

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

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

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

�s�e�v�e�r�a�l� �d�a�y�s�.� 

�P�R�E�Y� �P�R�E�F�E�R�E�N�C�E� �E�X�P�E�R�I�M�E�N�T� 

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

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

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

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

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

�w�e�r�e� �p�r�e�s�e�n�t�e�d� �w�i�t�h� �t�h�e�i�r� �c�h�o�i�c�e� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �o�r� �a�l�e�w�i�v�e�s� 
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�f�o�r� �4�8� �h�o�u�r�s�,� �s�t�o�c�k�e�d� �a�t� �e�q�u�a�l� �d�e�n�s�i�t�i�e�s� �o�f� �f�i�v�e� �p�e�r� �t�a�n�k�.� 

�A� �m�e�a�n� �o�f� �0�.�6�2�5� �s�t�r�i�p�e�d� �b�a�s�s� �(�m�e�a�n� �s�p�e�c�i�f�i�c� �w�e�i�g�h�t�=�1�0�.�8� 

�m�g�/�g�)� �a�n�d� �2�.�8�8� �a�l�e�w�i�v�e�s� �(�m�e�a�n� �s�p�e�c�i�f�i�c� �w�e�i�g�h�t�=�5�1�.�8� �m�g�/�g�)� 

�w�e�r�e� �c�o�n�s�u�m�e�d� �(�T�a�b�l�e� �1�2�a�)�.� �B�o�t�h� �t�h�e� �m�e�a�n� �n�u�m�b�e�r� �(�2�.�8�8�)� �a�n�d� 

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

�g�r�e�a�t�e�r� �t�h�a�n� �f�o�r� �s�t�r�i�p�e�d� �b�a�s�s� �(�P�<�0�.�0�1�,� �b�o�t�h� �t�e�s�t�s�)�.� �A�t� 

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

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

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

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

�w�e�r�e� �p�r�e�s�e�n�t�e�d� �t�o� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�,� �a�n�d� �a�n� �a�v�e�r�a�g�e� �o�f� �2�.�5�0� 

�s�t�r�i�p�e�d� �b�a�s�s� �(�m�e�a�n� �w�e�i�g�h�t� �s�p�e�c�i�f�i�c� �w�e�i�g�h�t�=�2�8�.�6� �m�g�/�g�)� �w�a�s� 

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

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

�a�l�e�w�i�v�e�s� �w�e�r�e� �a�b�s�e�n�t� �(�P�=�0�.�1�2� �a�n�d� �0�.�0�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

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

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

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

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

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

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

�8�3



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

� � 

� � 

� � 

�T�r�i�a�l� �N�u�m�b�e�r� �N�u�m�b�e�r� �S�p�e�c�i�f�i�c� �W�t� �S�p�e�c�i�f�i�c� �W�t� 
�_�#� �D�a�t�e� �S�t�.� �B�a�s�s� �A�l�e�w�i�v�e�s� � �_�£�|�_�S�t�.� �B�a�s�s� �A�l�e�w�i�v�e�s� 

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

�M�e�a�n�=�0�.�6�2�5� �2�.�8�8� �7�.�1�9� �5�1�.�8�0� 
� � 

� � 

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

� � 

� � 

� � 

�N�u�m�b�e�r� �S�p�e�c�i�f�i�c� �W�e�i�g�h�t� 
�T�r�i�a�l� �D� �r�i� �S�t�r�i�p�e�d� �B�a�s�s� 

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

�_� �8� �7�/�2�8�/�7�/�2�9� �5� �2�6�.�5� 

�M�e�a�n�=�2�.�5�0� �2�8�.�6� 
� � 

� � 
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�D�I�S�C�U�S�S�I�O�N� 

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

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

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

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

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �u�n�d�e�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �e�x�i�s�t�e�d� �i�n� 

�1�9�9�4� �a�n�d� �1�9�9�5�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�t�u�d�y� �n�e�c�e�s�s�a�r�i�l�y� �i�n�c�l�u�d�e�d� 

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

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

�p�r�e�d�a�t�i�o�n�.� 

�H�A�N�D�L�I�N�G� �M�O�R�T�A�L�I�T�Y� 

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

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

�a�n�d� �V�a�n� �D�e�n� �A�v�y�l�e� �1�9�9�5�)�,� �a�n�d� �t�h�e� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �s�t�r�i�p�e�d� 

�b�a�s�s� �s�t�o�c�k�i�n�g� �p�r�o�g�r�a�m� �w�a�s� �n�o� �e�x�c�e�p�t�i�o�n�.� �H�a�n�d�l�i�n�g� �a�n�d� 

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

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

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

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

�w�a�t�e�r� �(�M�a�z�e�a�u�d� �e�t� �a�l�.� �1�9�7�7�)�.� �P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �(�1�9�9�3�)� 

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

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

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

�h�a�u�l� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �(�C�a�r�m�i�c�h�a�e�l� �e�t� �a�l�.� �1�9�8�4�;� �D�o�l�m�a�n� 

�1�9�8�5�)�.� �T�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �s�t�r�e�s�s� �b�y� �f�i�s�h� �h�a�v�e� 

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

�(�1�9�7�7�)� �d�e�f�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�t�r�e�s�s� �o�n� �c�o�h�o� �O�n�c�h�o�r�h�y�n�c�h�u�s� 

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

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

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

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

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

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

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

�a�n�d� �s�t�o�c�k�i�n�g� �s�t�r�e�s�s� �m�o�r�t�a�l�i�t�y� �o�c�c�u�r�s� �w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� �2�4� 

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

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

�i�n� �d�u�r�a�t�i�o�n� �(�B�a�r�t�o�n� �e�t� �a�l�.� �1�9�8�0�;� �H�a�m�m�e�r�s�c�h�m�i�d�t� �a�n�d� �S�a�u�l� 

�1�9�8�4�,� �c�i�t�e�d� �i�n� �P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �1�9�9�3�;� �D�o�l�m�a�n� �1�9�8�5�;� 

�H�a�m�m�e�r�s�c�h�m�i�d�t� �1�9�8�6�,� �c�i�t�e�d� �i�n� �P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �1�9�9�3�)�.� 

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

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

�r�e�q�u�i�r�e� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �e�f�f�o�r�t� �a�n�d� �p�r�o�v�i�d�e� �p�o�t�e�n�t�i�a�l�l�y� 

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

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

�v�a�r�y� �b�e�t�w�e�e�n� �0� �a�n�d� �1�0�0�%� �(�P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �1�9�9�3�;� �W�a�l�l�i�n� 

�a�n�d� �V�a�n� �D�e�n� �A�v�y�l�e� �1�9�9�5�)�.� �M�o�r�t�a�l�i�t�y� �i�n� �4�8� �h�o�u�r�s� �i�n� �t�h�e� �S�m�i�t�h� 

�M�o�u�n�t�a�i�n� �L�a�k�e� �t�r�i�a�l�s� �r�e�f�l�e�c�t�e�d� �t�h�i�s� �v�a�r�i�a�b�i�l�i�t�y�,� �r�a�n�g�i�n�g� 
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�f�r�o�m� �a� �m�e�a�n� �m�o�r�t�a�l�i�t�y� �o�f� �1�.�7�8�%� �f�o�r� �1�9�9�4� �P�h�a�s�e� �I� �f�i�s�h� �t�o� 

�9�9�.�5�%� �f�o�r� �1�9�9�4� �P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g�s�.� �H�o�w�e�v�e�r�,� 

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

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

�e�f�f�e�c�t�s�)�,� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s�.� �I�n� �t�h�e� �S�m�i�t�h� 

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

�c�a�g�i�n�g� �a�p�p�e�a�r�e�d� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �4�8�-�h�o�u�r� 

�m�o�r�t�a�l�i�t�y� �o�v�e�r� �t�h�e� �s�e�v�e�n� �t�r�i�a�l�s�.� 

�1�9�9�4� �C�a�g�e� �T�r�i�a�l�s� 

�I�n� �1�9�9�4�,� �P�h�a�s�e� �I� �f�i�n�g�e�r�l�i�n�g� �m�o�r�t�a�l�i�t�y� �i�n� �c�a�g�e�s� �w�a�s� 

�n�e�a�r�l�y� �n�o�n�e�x�i�s�t�e�n�t� �(�m�e�a�n� �m�o�r�t�a�l�i�t�y� �=� �1�.�7�8�%�)�.� �R�e�l�a�t�i�v�e�l�y� �l�o�w� 

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

�T�h�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �w�h�e�n� �t�h�e�s�e� �f�i�s�h� �w�e�r�e� �s�t�o�c�k�e�d� �w�a�s� �2�6�°� 

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

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

�a�n�d� �P�a�r�k�e�r� �(�1�9�9�0�)� �f�o�u�n�d� �t�h�a�t� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �(�n�e�a�r� �3�0�°� �C�)� 

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

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

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

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

�(�2�0�-�2�5�°� �C�)�.� �I�n� �t�h�e� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �s�i�t�u�a�t�i�o�n�,� �i�t� �w�a�s� 

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

�(�2�4�°� �C�;� �C�o�x� �a�n�d� �C�o�u�t�a�n�t� �1�9�8�1�)� �d�u�e� �t�o� �t�h�e� �t�i�m�e� �o�f� �y�e�a�r� �t�h�a�t� 

�s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �s�t�o�c�k�e�d�.� �P�h�a�s�e� �I� �f�i�s�h� �p�r�o�b�a�b�l�y� �s�h�o�w�e�d� 

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

�o�f� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �a�n�d� �t�h�e�i�r� �o�p�t�i�m�a�l� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e�y� 

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

�a�c�c�l�i�m�a�t�e� �t�o� �t�h�e� �1�°� �C� �t�e�m�p�e�r�a�t�u�r�e� �d�i�f�f�e�r�e�n�t�i�a�l�.� �I�t� �i�s� 

�s�t�a�n�d�a�r�d� �p�r�o�c�e�d�u�r�e� �t�o� �t�e�m�p�e�r� �a�t� �1�°� �C� �p�e�r� �h�o�u�r� �p�r�i�o�r� �t�o� 

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

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

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

�e�a�c�h� �o�f� �t�w�o� �t�r�i�a�l�s� �(�9�9�.�5�%� �a�n�d� �5�1�.�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�i�s� 

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

�g�r�a�d�i�e�n�t�s� �b�e�t�w�e�e�n� �V�i�r�g�i�n�i�a� �T�e�c�h� �A�q�u�a�c�u�l�t�u�r�e� �w�a�t�e�r� �a�n�d� �l�a�k�e� 

�w�a�t�e�r�.� �R�e�s�e�r�v�o�i�r� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �h�a�d� �i�n�c�r�e�a�s�e�d� �t�o� �2�7�°� �C� 

�w�h�e�n� �t�h�e�s�e� �f�i�s�h� �w�e�r�e� �s�t�o�c�k�e�d�,� �a�n�d� �t�h�e� �P�h�a�s�e� �I�I� �f�i�s�h� �w�e�r�e� 

�r�e�a�r�e�d� �a�t� �2�2�°� �C�.� �T�h�e� �g�r�e�a�t�e�r� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �d�i�f�f�e�r�e�n�c�e� 

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

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

�m�o�r�t�a�l�i�t�y�.� �B�o�t�h� �P�h�a�s�e� �I�I� �t�r�i�a�l�s� �(�T�r�i�a�l� �2� �&� �3�)� �r�e�q�u�i�r�e�d� �a�t� 

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

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �h�o�u�r� �a�n�d� �T�r�i�a�l� �2� �f�i�s�h� �f�o�r� �o�n�l�y� �1�5�-�2�0� 

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

�e�x�t�r�e�m�e� �m�o�r�t�a�l�i�t�y� �i�n� �t�r�i�a�l� �2� �a�n�d� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �i�n� �T�r�i�a�l� 

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

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

�d�e�e�p� �(�1�0�0� �L� �o�f� �w�a�t�e�r�)�,� �f�l�o�a�t�i�n�g� �c�a�g�e�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d� �o�f� 

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

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

�d�e�e�p�e�r�,� �a�d�j�a�c�e�n�t� �l�a�k�e� �w�a�t�e�r�.� �H�o�w�e�v�e�r�,� �c�a�g�e� �w�a�t�e�r� 

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

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

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

�r�e�s�p�o�n�s�e� �i�n� �s�t�o�c�k�e�d� �f�i�s�h� �(�P�a�r�k�e�r� �e�t� �a�l�.� �1�9�9�2�)�.� �H�o�w�e�v�e�r�,� �t�h�e� 

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

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

�(�P�a�r�k�e�r� �e�t� �a�l�.� �1�9�9�2�;� �P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �1�9�9�3�)�.� 

�1�9�9�5� �C�a�g�e� �T�r�i�a�l�s� 

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

�1�9�9�5� �w�i�t�h� �a� �f�e�w� �c�h�a�n�g�e�s�.� �T�h�e� �f�i�r�s�t� �c�h�a�n�g�e� �w�a�s� �t�h�e� �a�d�d�i�t�i�o�n� 

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

�r�e�g�a�r�d�i�n�g� �c�a�g�e� �i�n�d�u�c�e�d� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�4�.� �N�o� �m�o�r�t�a�l�i�t�y� �w�a�s� 

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

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

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

�f�F�i�n�g�e�r�l�i�n�g� �m�o�r�t�a�l�i�t�y�.� 

�B�e�c�a�u�s�e� �t�e�m�p�e�r�a�t�u�r�e� �s�t�r�e�s�s� �i�n�s�i�d�e� �1�9�9�4� �c�a�g�e�s� �w�a�s� 

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

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

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

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

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

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

�1�9�9�5� �c�a�g�e� �c�o�n�s�t�r�u�c�t�i�o�n� �s�h�o�u�l�d� �h�a�v�e� �a�l�l�e�v�i�a�t�e�d� �p�o�t�e�n�t�i�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �e�x�t�r�e�m�e�s� �l�e�a�d�i�n�g� �t�o� �m�o�r�t�a�l�i�t�y� �i�n� �t�h�e� �4�8� �h�o�u�r� 

�t�e�s�t� �p�e�r�i�o�d�.� 

�T�h�e� �t�h�i�r�d� �d�i�f�f�e�r�e�n�c�e� �i�n� �1�9�9�5� �w�a�s� �t�h�e� �s�o�u�r�c�e� �o�f� �P�h�a�s�e� �I� 

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

�C�a�r�o�l�i�n�a� �(�8� �h�o�u�r�s�)� �r�a�t�h�e�r� �t�h�a�n� �f�r�o�m� �B�r�o�o�k�n�e�a�l� �o�r� �t�h�e� 

�V�i�r�g�i�n�i�a� �T�e�c�h� �A�q�u�a�c�u�l�t�u�r�e� �f�a�c�i�l�i�t�y� �(�1�.�5�-�2� �h�o�u�r�s�)�.� �P�i�t�m�a�n� 

�a�n�d� �G�u�t�r�e�u�t�e�r� �(�1�9�9�3�)� �f�o�u�n�d� �a�n� �i�n�v�e�r�s�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

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

�s�u�r�v�i�v�a�l�.� 

�M�o�r�t�a�l�i�t�i�e�s� �i�n� �t�h�e� �t�h�r�e�e� �t�r�i�a�l�s� �i�n� �1�9�9�5� �w�e�r�e� �n�e�a�r�l�y� 

�o�p�p�o�s�i�t�e� �1�9�9�4� �m�o�r�t�a�l�i�t�i�e�s�.� �P�h�a�s�e� �I� �(�T�r�i�a�l�s� �1� �&� �3�)� �m�e�a�n� 

�m�o�r�t�a�l�i�t�i�e�s� �(�4�7�.�1�%� �a�n�d� �2�3�.�9�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�e�r�e� �a�t� �l�e�a�s�t� �1�3� 

�t�i�m�e�s� �h�i�g�h�e�r� �t�h�a�n� �i�n� �1�9�9�4�.� �C�o�n�v�e�r�s�e�l�y�,� �P�h�a�s�e� �I�I� �m�e�a�n� 

�m�o�r�t�a�l�i�t�y� �i�n� �T�r�i�a�l� �2� �w�a�s� �o�n�l�y� �5�.�5�2�%�,� �a�t� �l�e�a�s�t� �n�i�n�e� �t�i�m�e�s� 

�l�e�s�s� �t�h�a�n� �P�h�a�s�e� �I�I� �m�o�r�t�a�l�i�t�y� �i�n� �1�9�9�4�.� �T�h�e� �m�u�c�h� �l�o�n�g�e�r� 

�h�a�u�l�i�n�g� �t�i�m�e� �i�n� �1�9�9�5� �m�a�y� �h�a�v�e� �b�e�e�n� �o�n�e� �o�f� �t�h�e� �f�a�c�t�o�r�s� �w�h�i�c�h� 

�l�e�d� �t�o� �i�n�c�r�e�a�s�e�d� �P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y� �w�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �1�9�9�4� 

�P�h�a�s�e� �I� �f�i�s�h�.� �A�l�s�o�,� �f�i�s�h� �t�r�a�n�s�p�o�r�t�e�d� �f�r�o�m� �N�o�r�t�h� �C�a�r�o�l�i�n�a� 

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

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

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

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

�w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �1�9�9�4� �f�i�n�g�e�r�l�i�n�g�s�.� �A�s� �i�n� �1�9�9�4�,� �t�h�e� �m�o�s�t� 

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

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

�w�a�t�e�r�.� �F�i�n�g�e�r�l�i�n�g�s� �f�r�o�m� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �i�n� 

�2�1�°� �C� �w�e�l�l� �w�a�t�e�r� �a�n�d� �s�t�o�c�k�e�d� �i�n�t�o� �w�a�t�e�r� �t�h�a�t� �w�a�s� �2�7�°� �C� �f�o�r� 

�T�r�i�a�l� �1� �a�n�d� �2�8�°� �C� �f�o�r� �T�r�i�a�l� �3�.� �T�h�e�s�e� �f�i�s�h� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� 

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

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

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

�h�i�g�h�e�r� �1�9�9�5� �P�h�a�s�e� �I� �m�o�r�t�a�l�i�t�y�.� 

�P�h�a�s�e� �I�I� �h�a�n�d�l�i�n�g� �m�o�r�t�a�l�i�t�y� �r�a�t�e�s� �i�n� �1�9�9�5� �w�e�r�e� �a�l�s�o� 

�m�u�c�h� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �1�9�9�4� �r�a�t�e�s�.� �U�n�l�i�k�e� �t�h�e� �n�e�a�r�l�y� �c�o�m�p�l�e�t�e� 

�m�o�r�t�a�l�i�t�y� �i�n� �T�r�i�a�l� �2� �o�f� �1�9�9�4�,� �P�h�a�s�e� �I�I� �f�i�s�h� �s�h�o�w�e�d� �m�o�r�t�a�l�i�t�y� 

�r�a�t�e�s� �a�t� �l�e�a�s�t� �n�i�n�e� �t�i�m�e�s� �l�o�w�e�r� �i�n� �1�9�9�5�.� �T�h�e�r�e� �w�e�r�e� �t�w�o� 

�p�o�s�s�i�b�l�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �d�e�c�r�e�a�s�e�d� �m�o�r�t�a�l�i�t�y� �o�f� �1�9�9�5� �P�h�a�s�e� 

�I�I� �f�i�n�g�e�r�l�i�n�g�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �1�9�9�4�.� �F�i�r�s�t�,� �t�h�e� �c�h�a�n�g�e� �i�n� 

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

�c�a�g�e�s� �h�a�d� �a� �m�u�c�h� �h�i�g�h�e�r� �v�o�l�u�m�e� �t�h�a�n� �1�9�9�4� �c�a�g�e�s�,� �f�i�s�h� 

�d�e�n�s�i�t�i�e�s� �w�e�r�e� �m�u�c�h� �l�o�w�e�r� �(�0�.�6� �g�/�L� �i�n� �1�9�9�5� �v�e�r�s�u�s� �3�.�0�3� �g�/�L� 

�i�n� �1�9�9�4�)� �a�n�d� �t�h�u�s� �f�i�n�g�e�r�l�i�n�g�s� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� �s�u�b�j�e�c�t�e�d� �t�o� 

�l�e�s�s� �s�t�r�e�s�s�.� �B�a�r�t�o�n� �e�t� �a�l�.� �(�1�9�8�0�)� �f�o�u�n�d� �t�h�a�t� �a�t� �d�e�n�s�i�t�i�e�s� 

�o�f� �2�5�5� �g�/�L� �(�"�s�e�v�e�r�e� �c�o�n�f�i�n�e�m�e�n�t�"�)� �o�f� �f�i�n�g�e�r�l�i�n�g� �r�a�i�n�b�o�w� 

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

�m�o�r�t�a�l�i�t�y� �w�a�s� �n�e�a�r�l�y� �1�0�0�%�.� �B�a�s�e�d� �o�n� �t�h�e� �s�t�r�i�p�e�d� �b�a�s�s� 

�d�e�n�s�i�t�i�e�s� �r�e�c�o�m�m�e�n�d�e�d� �f�o�r� �t�r�a�n�s�p�o�r�t� �b�y� �P�a�r�k�e�r� �e�t� �a�l�.� �(�1�9�9�2�)� 
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�a�n�d� �c�a�g�i�n�g� �b�y� �P�i�t�m�a�n� �a�n�d� �G�u�t�r�e�u�t�e�r� �(�1�9�9�3�)�,� �d�e�n�s�i�t�y�-�r�e�l�a�t�e�d� 

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

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

�t�h�e� �n�e�t�s� �(�3� �m� �d�e�e�p�)�,� �f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �a�b�l�e� �t�o� �m�i�g�r�a�t�e� 

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

�h�a�v�e� �i�n� �1�9�9�4� �c�a�g�e�s�.� �T�h�e� �s�e�c�o�n�d� �a�n�d� �p�r�o�b�a�b�l�y� �m�o�r�e� �i�m�p�o�r�t�a�n�t� 

�f�a�c�t�o�r� �i�n�f�l�u�e�n�c�i�n�g� �i�n�c�r�e�a�s�e�d� �P�h�a�s�e� �I�I� �s�u�r�v�i�v�a�l� �i�n� �1�9�9�5� �w�a�s� 

�a�g�a�i�n� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �t�e�m�p�e�r�i�n�g� �t�i�m�e�.� �I�n� �1�9�9�5�,� �P�h�a�s�e� 

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

�t�o� �1�5�-�2�0� �m�i�n�u�t�e�s� �a�s� �i�n� �t�h�e� �s�e�c�o�n�d� �t�r�i�a�l� �o�f� �1�9�9�4�.� �T�h�i�s� 

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

�t�e�m�p�e�r�a�t�u�r�e�.� �I�n� �1�9�9�5�,� �V�i�r�g�i�n�i�a� �T�e�c�h� �A�q�u�a�c�u�l�t�u�r�e� �w�a�t�e�r� �w�a�s� 

�2�5�°� �C� �a�s� �o�p�p�o�s�e�d� �t�o� �2�2�°�C� �i�n� �1�9�9�4�.� �T�h�i�s� �r�e�d�u�c�e�d� �t�h�e� �g�r�a�d�i�e�n�t� 

�b�e�t�w�e�e�n� �t�r�a�n�s�p�o�r�t� �a�n�d� �r�e�c�e�i�v�i�n�g� �w�a�t�e�r� �(�5�°�C� �c�h�a�n�g�e� �i�n� �1�9�9�4�,� 

�3�°� �C� �c�h�a�n�g�e� �i�n� �1�9�9�5�)� �a�n�d� �t�h�u�s� �r�e�d�u�c�e�d� �t�h�e� �s�t�r�e�s�s� �o�n� 

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

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

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

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

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

�m�o�r�t�a�l�i�t�y�.� 

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

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

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

�o�f� �B�r�o�o�k�n�e�a�l� �f�i�n�g�e�r�l�i�n�g�s� �w�a�s� �i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �1�9�9�4�,� �p�r�o�b�a�b�l�y� 

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

�B�r�o�o�k�n�e�a�l� �a�n�d� �t�r�a�n�s�p�o�r�t�i�n�g� �t�o� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �s�e�e�m�s� �t�o� 

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

�f�r�o�m� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� �I�f� �a�t� �a�l�l� �p�o�s�s�i�b�l�e�,� �t�h�e� �t�r�a�n�s�p�o�r�t� 

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

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

�b�e�e�n� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �i�n� �1�9�9�4� �(�i�.�e�.� �f�i�n�g�e�r�l�i�n�g�s� �f�r�o�m� 

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

�y�e�a�r�s�.� �S�t�o�c�k�i�n�g� �o�f� �P�h�a�s�e� �I�I� �f�i�n�g�e�r�l�i�n�g�s� �s�t�i�l�l� �s�e�e�m�s� �a� 

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

�1�9�9�4�.� �I�n� �1�9�9�5�,� �t�h�i�s� �m�e�a�n� �m�o�r�t�a�l�i�t�y� �w�a�s� �r�e�d�u�c�e�d� �t�o� �5�.�5�2�%�,� 

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

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

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

�t�h�o�s�e� �o�b�s�e�r�v�e�d� �i�n� �1�9�9�5�.� 

�P�R�E�D�A�T�I�O�N� �M�O�R�T�A�L�I�T�Y� 

�P�r�e�d�a�t�i�o�n� �o�n� �s�t�o�c�k�e�d� �f�i�s�h� �s�p�e�c�i�e�s� �h�a�s� �b�e�e�n� �r�e�g�a�r�d�e�d� �a�s� 

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

�p�o�p�u�l�a�t�i�o�n� �i�n� �m�a�n�y� �U�.�S�.� �w�a�t�e�r�s�.� �T�h�i�s� �a�p�p�e�a�r�s� �t�o� �b�e� �m�o�s�t� 

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

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

�f�F�i�n�g�e�r�l�i�n�g�s� �(�K�e�i�t�h� �a�n�d� �B�a�r�k�l�e�y� �1�9�7�1�)�.� �T�h�e� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 

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

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

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

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �f�o�u�n�d� �t�o� �c�o�n�s�u�m�e� �a�s� �m�u�c�h� �a�s� �4�5�%� �o�f� �t�h�e� 

�1�7�5� �m�m� �t�i�g�e�r� �m�u�s�k�e�l�l�u�n�g�e� �s�t�o�c�k�e�d� �i�n� �O�h�i�o� �r�e�s�e�r�v�o�i�r�s� �(�S�t�e�i�n� 

�e�t� �a�l�.� �1�9�8�1�;� �C�a�r�l�i�n�e� �e�t� �a�l�.� �1�9�8�6�)�.� �K�e�i�t�h� �a�n�d� �B�a�r�k�l�e�y� �(�1�9�7�1�)� 

�f�o�u�n�d� �t�h�a�t� �s�t�o�c�k�e�d� �r�a�i�n�b�o�w� �t�r�o�u�t� �(�m�e�a�n� �t�o�t�a�l� �l�e�n�g�t�h� �2�3�0� �m�m�)� 

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

�p�i�s�c�i�v�o�r�e� �s�p�e�c�i�e�s�.� �I�n� �t�h�a�t� �s�t�u�d�y�,� �9�1�%� �o�f� �1�8� �i�n�c�h� �o�r� �l�a�r�g�e�r� 

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

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

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

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

�W�a�h�l� �(�1�9�9�3�)� �d�i�s�c�o�v�e�r�e�d� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �s�t�o�c�k�e�d� �w�a�l�l�e�y�e� �(�4�8�-� 

�2�1�6� �m�m� �t�o�t�a�l� �l�e�n�g�t�h�)� �b�y� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�r�e�d�a�t�o�r�s� �r�e�a�c�h�e�d� 

�m�e�a�n� �l�e�v�e�l�s� �a�s� �h�i�g�h� �a�s� �1�7�%� �i�n� �R�i�d�g�e� �L�a�k�e�,� �I�l�l�i�n�o�i�s�.� �I�n�a� 

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

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

�3�1�%� �(�W�a�h�l� �a�n�d� �S�t�e�i�n� �1�9�8�9�)�.� �I�n� �t�h�e� �C�o�l�u�m�b�i�a� �R�i�v�e�r�,� �j�u�v�e�n�i�l�e� 

�s�a�l�m�o�n�i�d�s� �w�e�r�e� �f�o�u�n�d� �t�o� �m�a�k�e� �u�p� �5�9�%� �o�f� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �d�i�e�t� 

�b�y� �w�e�i�g�h�t�.� �T�h�i�s� �e�q�u�a�l�l�e�d� �1�.�0�-�1�.�4� �s�a�l�m�o�n�i�d�s� �p�e�r� �p�r�e�d�a�t�o�r� �p�e�r� 

�d�a�y� �i�n� �M�a�y� �a�n�d� �J�u�n�e� �(�T�a�b�o�r� �e�t� �a�l�.� �1�9�9�3�)�.� �S�i�m�i�l�a�r� �r�a�t�e�s� �o�f� 

�c�o�n�s�u�m�p�t�i�o�n� �(�0�.�7� �p�r�e�y�/�p�r�e�d�a�t�o�r�/�d�a�y�)� �o�f� �j�u�v�e�n�i�l�e� �s�a�l�m�o�n�i�d�s� �b�y� 

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

�J�o�h�n� �D�a�y� �R�e�s�e�r�v�o�i�r�,� �C�o�l�u�m�b�i�a� �R�i�v�e�r� �(�V�i�g�g� �e�t� �a�l�.� �1�9�9�1�)�.� 

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

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

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

�i�n�s�i�g�n�i�f�i�c�a�n�t� �(�0�.�1�%� �i�n� �1�9�9�4� �a�n�d� �1�.�2�%� �i�n� �1�9�9�5�)�.� �I� �a�m� �m�o�r�e� 

�c�o�n�f�i�d�e�n�t� �i�n� �t�h�e� �1�9�9�5� �e�s�t�i�m�a�t�e� �o�f� �1�.�2�%� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

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

�p�o�s�t�s�t�o�c�k�i�n�g� �a�t� �W�a�t�e�r�w�h�e�e�l� �i�n� �1�9�9�5�.� �T�h�i�s� �l�e�v�e�l� �o�f� �e�f�f�o�r�t� 

�w�a�s�S� �i�m�p�o�s�s�i�b�l�e� �i�n� �1�9�9�4� �b�e�c�a�u�s�e� �I� �s�a�m�p�l�e�d� �b�o�t�h� �c�o�v�e�s� 

�c�o�m�p�l�e�t�e�l�y� �i�n� �1�9�9�4� �a�n�d� �s�a�m�p�l�i�n�g� �o�f� �e�a�c�h� �c�o�v�e� �c�o�u�l�d� �n�o�t� �b�e� 

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

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

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

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

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

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

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

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

�P�o�t�e�n�t�i�a�l� �S�o�u�r�c�e�s� �o�f� �E�r�r�o�r� 

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

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

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

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

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

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

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

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

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

�e�s�t�i�m�a�t�e�.� 

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

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

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

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

�M�o�u�n�t�a�i�n� �L�a�k�e�,� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �m�u�l�t�i�p�l�e� �c�e�n�s�u�s� �p�o�p�u�l�a�t�i�o�n� 

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

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

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

�t�h�i�s� �e�s�t�i�m�a�t�o�r� �(�J�o�l�l�y� �1�9�6�5�;� �B�e�g�o�n� �1�9�8�3�)�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �t�h�a�t�:� 

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

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

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

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

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

�s�h�o�c�k�i�n�g� �c�r�e�w�'�s� �a�b�i�l�i�t�y� �a�s� �e�v�e�r�y� �e�f�f�o�r�t� �w�a�s� �m�a�d�e� �t�o� �n�e�t� �a�l�l� 

�m�a�r�k�e�d� �a�n�d� �u�n�m�a�r�k�e�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �a�g�e�-�0� 

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

�c�o�m�p�a�n�i�o�n� �p�r�o�j�e�c�t� �a�n�d� �t�h�u�s� �s�m�a�l�l�e�r� �(�a�g�e�-�1� �a�n�d� �-�2�)� �l�a�r�g�e�m�o�u�t�h� 

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

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

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

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

�t�h�e� �s�t�u�d�y� �(�1�0�%� �t�o� �3�3�%� �o�f� �t�o�t�a�l� �c�a�p�t�u�r�e�s� �p�e�r� �n�i�g�h�t�)�.� �O�f�t�e�n� 

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

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

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

�C�r�o�s�s� �a�n�d� �S�t�o�t�t� �(�1�9�7�5�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �r�e�p�e�a�t�e�d� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� 

�d�e�c�r�e�a�s�e�d� �t�h�e� �c�a�t�c�h�a�b�i�l�i�t�y� �o�f� �v�a�r�i�o�u�s� �f�i�s�h� �s�p�e�c�i�e�s� �f�o�r� �3�-�2�4� 

�h�o�u�r�s�.� �N�o� �t�r�a�n�s�e�c�t�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �w�e�r�e� �s�a�m�p�l�e�d� 

�m�o�r�e� �t�h�a�n� �o�n�c�e� �i�n� �a� �2�4� �h�o�u�r� �p�e�r�i�o�d�.� �I�t� �a�p�p�e�a�r�e�d� �t�h�a�t� �m�a�r�k�e�d� 

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

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

�t�h�r�e�e�,� �t�a�g� �r�e�t�e�n�t�i�o�n�,� �w�a�s� �a� �c�o�n�c�e�r�n� �w�h�e�n� �t�h�e� �p�r�o�j�e�c�t� �b�e�g�a�n� 

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

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

�i�n�t�e�r�l�o�c�k� �w�i�t�h� �s�k�e�l�e�t�o�n�)� �(�W�y�d�o�s�k�i� �a�n�d� �E�m�e�r�y� �1�9�8�3�)�.� �A�n�c�h�o�r� 

�t�a�g�s� �w�e�r�e� �l�o�s�t� �(�l�e�s�s� �t�h�a�n� �3�%� �o�f� �m�a�r�k�e�d� �f�i�s�h� �o�n� �e�a�c�h� �s�a�m�p�l�i�n�g� 

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

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

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

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

�w�a�s� �o�n�l�y� �s�i�x� �w�e�e�k�s� �l�o�n�g�.� �W�i�l�b�u�r� �a�n�d� �D�u�c�h�r�o�w� �(�1�9�7�2�)� 

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

�s�t�u�d�y� �b�e�c�a�m�e� �d�i�s�l�o�d�g�e�d� �i�n� �1�2�%� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �t�a�g�g�e�d� 

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

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

�9�7



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

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

�r�e�p�o�r�t�e�d� �t�o� �V�D�G�I�F�.� �T�r�a�n�q�u�i�l�l�i� �a�n�d� �C�h�i�l�d�e�r�s� �(�1�9�8�2�)� �f�o�u�n�d� 

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

�r�e�d�u�c�e�d� �g�r�o�w�t�h� �o�r� �c�o�n�d�i�t�i�o�n�.� 

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

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

�c�a�n� �a�f�f�e�c�t� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �(�R�e�y�n�o�l�d�s� �1�9�8�3�)�.� 

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

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

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

�c�a�n� �i�n�f�l�u�e�n�c�e� �s�a�m�p�l�i�n�g� �e�f�f�i�c�i�e�n�c�y� �i�n�c�l�u�d�e� �m�a�i�n�l�y� �s�i�z�e� �a�n�d� 

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

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

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

�b�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �c�o�l�l�e�c�t�i�o�n� �(�R�e�y�n�o�l�d�s� �1�9�8�3�)�.� �B�e�c�a�u�s�e� 

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

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

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

�a�g�e�-�2� �t�o� �a�g�e�-�4� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�a�s� �l�o�w�e�r� �t�h�a�n� �t�h�a�t� 

�c�a�l�c�u�l�a�t�e�d� �b�y� �M�o�o�r�e� �(�1�9�8�8�)�.� �A�g�e�s�-�2� �a�n�d� �-�3� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

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

�b�o�t�h� �y�e�a�r�s�.� �M�o�r�e� �a�g�e�-�3� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �c�a�p�t�u�r�e�d� �t�h�a�n� 

�a�g�e�-�2� �l�a�r�g�e�m�o�u�t�h� �i�n� �t�h�e� �W�a�t�e�r�w�h�e�e�l� �c�o�v�e� �(�b�o�t�h� �y�e�a�r�s�)� 

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

�i�n�t�o� �t�h�e� �c�o�v�e�.� �A�g�e�-�1� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �n�u�m�b�e�r�s� �m�a�y� �h�a�v�e� �b�e�e�n� 
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�l�o�w�e�r� �t�h�a�n� �a�g�e�-�2� �a�n�d� �a�g�e�-�3� �e�s�t�i�m�a�t�e�d� �n�u�m�b�e�r�s� �i�f� �t�h�e�y� �a�v�o�i�d�e�d� 

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

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

�s�e�l�e�c�t�i�v�e� �s�a�m�p�l�i�n�g�,� �R�e�y�n�o�l�d�s� �(�1�9�8�3�)� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �l�i�t�t�o�r�a�l� 

�s�p�e�c�i�e�s� �s�u�c�h� �a�s� �c�e�n�t�r�a�r�c�h�i�d�s� �a�r�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �s�a�m�p�l�e�d� 

�t�h�a�n� �p�e�l�a�g�i�c� �s�p�e�c�i�e�s�.� 

�H�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�a�n� �a�l�s�o� �a�f�f�e�c�t� �t�h�e� �e�f�f�i�c�i�e�n�c�y� 

�o�f� �e�l�e�c�t�r�o�f�i�s�h�i�n�g�.� �V�a�r�i�a�b�l�e�s� �s�u�c�h� �a�s� �t�e�m�p�e�r�a�t�u�r�e�,� �w�a�t�e�r� 

�t�r�a�n�s�p�a�r�e�n�c�y�,� �a�n�d� �s�u�b�s�t�r�a�t�e� �d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �m�a�j�o�r� 

�p�r�o�b�l�e�m�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �a�s� �t�h�e�y� �d�i�d� �n�o�t� �v�a�r�y� 

�m�a�r�k�e�d�l�y� �o�v�e�r� �t�h�e� �4�-�6� �w�e�e�k� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�.� �O�p�e�r�a�t�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �s�u�c�h� �a�s� �w�e�a�t�h�e�r�,� �t�i�m�e� �o�f� �s�a�m�p�l�i�n�g� �(�i�.�e�.� �t�i�m�e� �o�f� 

�d�a�y�)�,� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �e�q�u�i�p�m�e�n�t� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� 

�O�f�t�e�n� �s�t�o�r�m� �f�r�o�n�t�s� �w�i�l�l� �i�n�f�l�u�e�n�c�e� �C�P�U�E� �b�u�t� �t�h�i�s� �c�a�n�n�o�t� �b�e� 

�c�o�n�t�r�o�l�l�e�d�.� �D�i�f�f�e�r�e�n�t� �C�P�U�E� �d�u�e� �t�o� �w�e�a�t�h�e�r� �w�a�s� �d�e�a�l�t� �w�i�t�h� �b�y� 

�S�i�m�p�l�y� �s�a�m�p�l�i�n�g� �i�n�t�e�n�s�i�v�e�l�y� �i�n� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �s�a�f�e�l�y� 

�a�l�l�o�w�e�d�.� �N�i�g�h�t� �s�a�m�p�l�i�n�g� �w�a�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�m�o�v�e� �i�n�s�h�o�r�e� �t�o� �f�e�e�d� �w�h�e�n� �a�l�l� �f�i�s�h� �s�e�e�m� �l�e�s�s� �a�b�l�e� �t�o� �a�v�o�i�d� 

�c�a�p�t�u�r�e� �(�R�e�y�n�o�l�d�s� �1�9�8�3�)�.� �T�h�e� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �u�n�i�t� �w�a�s� �a�l�w�a�y�s� 

�r�e�l�i�a�b�l�e� �a�n�d� �t�h�e� �s�a�m�e� �p�e�r�s�o�n�n�e�l� �a�l�w�a�y�s� �d�i�d� �t�h�e� �s�a�m�p�l�i�n�g�.� �I�n� 

�g�e�n�e�r�a�l�,� �b�i�a�s�e�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �w�e�r�e� 

�r�e�c�o�g�n�i�z�e�d� �a�n�d� �a�v�o�i�d�e�d� �t�o� �p�r�e�v�e�n�t� �b�i�a�s� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� 

�e�s�t�i�m�a�t�e�.� 

�C�a�l�c�u�l�a�t�e�d� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �c�o�v�e�s� 

�a�n�d� �b�e�t�w�e�e�n� �y�e�a�r�s�.� �T�h�e� �v�a�l�u�e�s� �t�h�a�t� �I� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �m�e�a�n� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n� �s�i�z�e� �d�i�d� �n�o�t� �i�n�c�l�u�d�e� �e�s�t�i�m�a�t�e�s� 
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�a�f�t�e�r� �t�h�e� �s�e�c�o�n�d� �w�e�e�k� �o�f� �J�u�l�y� �i�n� �1�9�9�4� �o�r� �a�f�t�e�r� �2�6� �J�u�l�y� �i�n� 

�1�9�9�5� �w�h�e�n� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �n�o�t� �f�o�u�n�d� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�s�t�o�m�a�c�h�s�.� �T�h�e�s�e� �l�a�t�e� �s�u�m�m�e�r� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �a�l�s�o� �e�x�c�l�u�d�e�d� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�d�u�c�e�d� �n�u�m�b�e�r� �o�f� �r�e�c�a�p�t�u�r�e�d� �p�r�e�d�a�t�o�r�s� �a�f�t�e�r� 

�t�h�i�s� �t�i�m�e�.� �R�e�c�a�p�t�u�r�e�s� �p�r�o�b�a�b�l�y� �d�e�c�l�i�n�e�d� �b�e�c�a�u�s�e� �o�f� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �m�i�g�r�a�t�i�o�n� �f�r�o�m� �s�h�o�r�e� �w�h�e�n� �a�l�e�w�i�v�e�s� �b�e�g�a�n� �t�o� 

�m�o�v�e� �o�u�t� �o�f� �t�h�e� �l�i�t�t�o�r�a�l� �a�r�e�a� �a�n�d� �e�p�i�l�i�m�n�e�t�i�c� �w�a�t�e�r� 

�t�e�m�p�e�r�a�t�u�r�e�s� �i�n�c�r�e�a�s�e�d� �t�o� �t�h�e�i�r� �a�n�n�u�a�l� �m�a�x�i�m�u�m� �o�f� �3�0�°� �C�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �W�a�t�e�r�w�h�e�e�l� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e� �b�e�t�w�e�e�n� 

�y�e�a�r�s� �a�p�p�e�a�r�s� �t�o� �b�e� �d�u�e� �t�o� �t�h�e� �l�a�t�e�r� �s�t�a�r�t� �d�a�t�e� �o�f� �s�a�m�p�l�i�n�g� 

�i�n� �1�9�9�5�.� �T�r�e�n�d�s� �i�n� �1�9�9�4� �s�h�o�w�e�d� �t�h�a�t� �f�e�w�e�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�w�e�r�e� �c�a�p�t�u�r�e�d� �a�s� �t�h�e� �s�u�m�m�e�r� �p�r�o�g�r�e�s�s�e�d�.� �T�h�e� �1�9�9�5� �s�a�m�p�l�i�n�g� 

�s�e�a�s�o�n� �b�e�g�a�n� �l�a�t�e�r� �i�n� �t�h�e� �s�u�m�m�e�r�,� �a�n�d� �f�e�w�e�r� �t�o�t�a�l� �p�r�e�d�a�t�o�r�s� 

�w�e�r�e� �c�a�p�t�u�r�e�d� �o�n� �e�a�c�h� �s�a�m�p�l�i�n�g� �n�i�g�h�t�,� �l�e�a�d�i�n�g� �t�o� �a� �l�o�w�e�r� 

�n�u�m�b�e�r� �o�f� �r�e�c�a�p�t�u�r�e�s� �t�h�a�n� �t�h�e� �p�r�e�v�i�o�u�s� �y�e�a�r�.� �T�h�i�s� �l�o�w� 

�n�u�m�b�e�r� �i�n� �t�h�e� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �e�q�u�a�t�i�o�n� �r�e�s�u�l�t�e�d� �i�n�a� 

�l�a�r�g�e�r� �e�s�t�i�m�a�t�e�d� �p�r�e�d�a�t�o�r� �p�o�p�u�l�a�t�i�o�n� �s�i�z�e� �i�n� �1�9�9�5�.� 

�E�v�e�n� �t�h�o�u�g�h� �m�o�s�t� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s� �w�e�r�e� �d�e�a�l�t� 

�w�i�t�h�,� �p�o�s�s�i�b�l�e� �v�i�o�l�a�t�i�o�n� �o�f� �J�o�l�l�y�-�S�e�b�e�r� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� 

�a�s�s�o�c�i�a�t�e�d� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �c�o�u�l�d� �s�t�i�l�l� �r�e�s�u�l�t� 

�i�n� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e� �e�r�r�o�r�s�.� �T�o� �e�x�a�m�i�n�e� �t�h�e�s�e� �p�o�t�e�n�t�i�a�l� 

�e�r�r�o�r�s� �a�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �e�s�t�i�m�a�t�e�s� �b�e�t�w�e�e�n� �y�e�a�r�s�,� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� 

�h�i�s�t�o�r�i�c�a�l� �c�o�v�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�s� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�d�e�n�s�i�t�y� �o�v�e�r� �t�h�e� �p�a�s�t� �s�i�x� �y�e�a�r�s� �(�V�D�G�I�F� �M�a�n�a�g�e�m�e�n�t� �r�e�p�o�r�t�s�,� 

�u�n�p�u�b�l�i�s�h�e�d�)�.� �F�o�u�r� �c�o�v�e�s� �(�m�e�a�n� �a�r�e�a� �=� �0�.�7�2�5� �h�)� �a�r�e� �p�o�i�s�o�n�e�d� 
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�e�a�c�h� �A�u�g�u�s�t� �i�n� �u�p�l�a�k�e� �a�n�d� �d�o�w�n�l�a�k�e� �r�e�a�c�h�e�s� �o�f� �t�h�e� �r�e�s�e�r�v�o�i�r�.� 

�B�e�c�a�u�s�e� �t�h�e�s�e� �c�o�v�e�s� �a�r�e� �s�o� �m�u�c�h� �s�m�a�l�l�e�r� �t�h�a�n� �W�a�t�e�r�w�h�e�e�l� 

�(�3�6�.�9� �h�a�)� �a�n�d� �P�e�n�h�o�o�k� �(�6�0�.�7� �h�a�)�,� �a� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r� �w�a�s� 

�u�s�e�d� �t�o� �a�d�j�u�s�t� �t�h�e�s�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �o�p�e�n� �w�a�t�e�r� �a�r�e�a� �(�A�g�g�u�s� �e�t� 

�a�l�.� �1�9�8�0�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �r�o�t�e�n�o�n�e�-�s�a�m�p�l�e�d� �c�o�v�e�s� �h�a�v�e� �l�e�s�s� 

�d�e�e�p�,� �p�e�l�a�g�i�c� �w�a�t�e�r� �a�n�d� �l�a�r�g�e�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �l�i�t�t�o�r�a�l� �z�o�n�e�s� 

�w�h�e�r�e� �f�i�s�h� �d�e�n�s�i�t�i�e�s� �w�i�l�l� �b�e� �h�i�g�h�e�r�.� �T�h�e� �e�s�t�i�m�a�t�e�d� �n�u�m�b�e�r� 

�o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�f�t�e�r� �t�h�e� �c�o�r�r�e�c�t�i�o�n�s� �w�a�s� �1�0�3�3� �a�t� 

�W�a�t�e�r�w�h�e�e�l� �a�n�d� �1�7�0�0� �a�t� �P�e�n�h�o�o�k�.� �T�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �s�t�i�l�l� 

�a�b�o�u�t� �t�w�o� �t�i�m�e�s� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �e�s�t�i�m�a�t�e�s� �f�o�r� 

�1�9�9�4�,� �b�u�t� �t�h�e� �e�s�t�i�m�a�t�e� �f�o�r� �W�a�t�e�r�w�h�e�e�l� �i�n� �1�9�9�5� �i�s� �v�e�r�y� 

�S�i�m�i�l�a�r� �(�J�o�l�l�y�-�S�e�b�e�r� �=� �1�0�9�4� �v�s�.� �r�o�t�e�n�o�n�e� �=� �1�0�3�3�)�.� �T�h�e� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�h�i�c�h� �w�e�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �t�h�i�s� �e�s�t�i�m�a�t�e� �w�e�r�e� 

�t�h�o�s�e� �w�h�i�c�h� �o�c�c�u�p�i�e�d� �t�h�e� �s�a�m�e� �l�i�t�t�o�r�a�l� �r�e�g�i�o�n� �w�h�e�r�e� �s�t�r�i�p�e�d� 

�b�a�s�s� �a�g�g�r�e�g�a�t�e�d�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �a�n�d� �p�r�o�b�a�b�l�y� �u�n�n�e�c�e�s�s�a�r�y� 

�t�o� �c�o�m�p�a�r�e� �r�o�t�e�n�o�n�e� �e�s�t�i�m�a�t�e�s� �w�i�t�h� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �e�s�t�i�m�a�t�e�s� 

�o�t�h�e�r� �t�h�a�n� �t�o� �v�e�r�i�f�y� �t�h�a�t� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �e�s�t�i�m�a�t�e� �w�a�s� 

�r�e�a�s�o�n�a�b�l�e�.� �M�y� �e�s�t�i�m�a�t�e�s� �s�e�e�m�e�d� �t�o� �m�e�e�t� �a�l�l� �o�f� �t�h�e� 

�a�s�s�u�m�p�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l�,� �a�n�d� �w�e�e�k�l�y� �e�s�t�i�m�a�t�e�s� �w�e�r�e� 

�c�o�n�s�i�s�t�e�n�t� �w�h�e�n� �s�t�r�i�p�e�d� �b�a�s�s� �s�e�e�m�e�d� �t�o� �b�e� �m�o�s�t� �s�u�s�c�e�p�t�i�b�l�e� 

�t�o� �p�r�e�d�a�t�i�o�n�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e� �J�o�l�l�y�-�S�e�b�e�r� �m�o�d�e�l� �g�a�v�e� 

�e�s�t�i�m�a�t�e�s� �r�e�l�i�a�b�l�e� �e�n�o�u�g�h� �t�o� �b�e� �u�s�e�d� �t�o� �m�o�d�e�l� �p�r�e�d�a�t�i�o�n� 

�m�o�r�t�a�l�i�t�y�.� 

�i� �n�a�l�y�s�i�s�.� �-� �T�h�e�r�e� �w�e�r�e� �t�w�o� �p�o�t�e�n�t�i�a�l� �s�o�u�r�c�e�s� �o�f� �e�r�r�o�r� 

�i�n� �a�n�a�l�y�s�i�s� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s� �a�t� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� 

�T�h�e� �f�i�r�s�t� �p�o�t�e�n�t�i�a�l� �e�r�r�o�r� �w�a�s� �t�h�e� �u�n�d�e�r�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� 
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�s�t�r�i�p�e�d� �b�a�s�s� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �s�t�o�m�a�c�h�s� �d�u�e� �t�o� �f�a�s�t� 

�e�v�a�c�u�a�t�i�o�n� �t�i�m�e�s� �o�f� �t�h�e� �s�m�a�l�l� �f�i�n�g�e�r�l�i�n�g�s�.� �B�a�s�e�d� �o�n� �t�h�e� 

�S�i�g�m�o�i�d� �m�o�d�e�l� �o�f� �e�v�a�c�u�a�t�i�o�n� �r�a�t�e� �d�e�v�e�l�o�p�e�d� �b�y� �R�o�g�e�r�s� �a�n�d� 

�B�u�r�l�e�y� �(�1�9�9�1�)�,� �f�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s� �a�r�e� �9�0�%� �d�i�g�e�s�t�e�d� �i�n� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�.�5� �h�o�u�r�s� �v�e�r�s�u�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�.�5� �h�o�u�r�s� �f�o�r� 

�a�d�u�l�t� �a�l�e�w�i�v�e�s�.� �B�e�c�a�u�s�e� �s�t�r�i�p�e�d� �b�a�s�s� �a�r�e� �d�i�g�e�s�t�e�d� �m�o�r�e� 

�r�a�p�i�d�l�y� �t�h�a�n� �a�l�e�w�i�v�e�s�,� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t� �p�r�e�y� �o�f� �l�a�r�g�e�m�o�u�t�h� 

�b�a�s�s�,� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �a�d�j�u�s�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�t�r�i�p�e�d� 

�b�a�s�s� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s�.� �T�h�e� �c�a�l�c�u�l�a�t�e�d� �c�o�r�r�e�c�t�i�o�n� 

�f�a�c�t�o�r� �r�o�u�g�h�l�y� �d�o�u�b�l�e�d� �t�h�e� �p�e�r�c�e�n�t� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� 

�p�r�e�d�a�t�o�r� �d�i�e�t�s� �t�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �f�a�s�t� �e�v�a�c�u�a�t�i�o�n� �r�a�t�e�s� �a�n�d� 

�t�h�u�s� �u�n�d�e�r�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �f�i�n�g�e�r�l�i�n�g�s� �i�n� �p�r�e�d�a�t�o�r� 

�s�t�o�m�a�c�h�s�.� �A�n�o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �s�o�u�r�c�e� �o�f� �b�i�a�s� �i�n� �d�e�t�e�r�m�i�n�i�n�g� 

�d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�a�s� �m�i�s�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

�s�t�r�i�p�e�d� �b�a�s�s� �i�n� �s�t�o�m�a�c�h�s�.� �B�e�c�a�u�s�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �s�o� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �i�n� �s�h�a�p�e� �a�n�d� �v�e�r�y� �f�e�w� �o�t�h�e�r� �p�o�t�e�n�t�i�a�l� �p�r�e�y� 

�i�t�e�m�s� �s�h�a�r�e� �t�h�i�s� �s�h�a�p�e�,� �I� �a�m� �c�o�n�f�i�d�e�n�t� �t�h�a�t� �I� �i�d�e�n�t�i�f�i�e�d� �a�l�l� 

�s�t�r�i�p�e�d� �b�a�s�s� �i�n� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �s�t�o�m�a�c�h�s�.� 

�B�i�o�e�n�e�r� �i�c� �m� �l�l�i�n�g�.� �-� �T�h�e� �f�i�n�a�l� �c�o�m�p�o�n�e�n�t� �i�n� 

�q�u�a�n�t�i�f�y�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n� �w�a�s� �t�h�e� 

�b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l�.� �T�h�e� �m�o�d�e�l� �r�e�q�u�i�r�e�s� �s�i�t�e�-�s�p�e�c�i�f�i�c� 

�i�n�p�u�t�s� �(�e�x�t�e�r�n�a�l� �v�a�r�i�a�b�l�e�s�)� �a�n�d� �s�p�e�c�i�e�s�-�s�p�e�c�i�f�i�c� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �p�a�r�a�m�e�t�e�r�s�.� �B�i�o�e�n�e�r�g�e�t�i�c�s� �i�s� �a� �u�s�e�f�u�l� 

�s�i�m�u�l�a�t�i�o�n� �t�o�o�l� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �p�r�e�d�a�t�o�r� 

�c�o�n�s�u�m�p�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �s�p�e�c�i�e�s� �(�N�e�y� �1�9�9�3�)�.� �P�r�e�d�a�t�o�r� 

�c�o�n�s�u�m�p�t�i�o�n� �i�s� �c�a�l�c�u�l�a�t�e�d� �i�n� �t�e�r�m�s� �o�f� �d�a�i�l�y� �c�o�n�s�u�m�p�t�i�o�n�,� �a�n�d� 
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�t�h�i�s� �d�a�i�l�y� �c�o�n�s�u�m�p�t�i�o�n� �c�a�n� �t�h�e�n� �b�e� �e�x�p�a�n�d�e�d� �t�o� �e�s�t�i�m�a�t�e� 

�t�o�t�a�l� �p�r�e�y� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n�.� 

�L�i�k�e� �a�l�l� �f�i�s�h�e�r�i�e�s� �m�o�d�e�l�s�,� �b�i�o�e�n�e�r�g�e�t�i�c�s� �i�s� �n�o�t� �w�i�t�h�o�u�t� 

�l�i�m�i�t�a�t�i�o�n�s� �a�n�d�/�o�r� �d�e�f�i�c�i�e�n�c�i�e�s� �(�N�e�y� �1�9�9�3�)�.� �T�h�e�s�e� �i�n�c�l�u�d�e� 

�u�n�k�n�o�w�n� �a�c�t�i�v�i�t�y� �c�o�s�t�s�,� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �a�l�l�o�m�e�t�r�i�c� 

�f�u�n�c�t�i�o�n�s�,� �u�n�j�u�s�t�i�f�i�e�d� �s�p�e�c�i�e�s� �b�o�r�r�o�w�i�n�g�,� �a�n�d� �i�n�a�d�e�q�u�a�t�e� 

�e�s�t�i�m�a�t�i�o�n� �o�f� �e�x�t�e�r�n�a�l� �v�a�r�i�a�b�l�e�s�.� �H�i�s�t�o�r�i�c�a�l�l�y� �a�c�t�i�v�i�t�y� 

�m�e�t�a�b�o�l�i�s�m� �(�R�,�)� �h�a�s� �b�e�e�n� �d�e�a�l�t� �w�i�t�h� �i�n� �t�h�e� �m�o�d�e�l� �a�s� �a� 

�m�u�l�t�i�p�l�i�e�r� �o�f� �s�t�a�n�d�a�r�d� �m�e�t�a�b�o�l�i�s�m�,� �w�h�i�c�h� �i�s� �i�m�p�r�e�c�i�s�e� �a�n�d� 

�p�r�o�b�a�b�l�y� �i�n�a�c�c�u�r�a�t�e�.� �T�h�i�s� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �b�i�o�e�n�e�r�g�e�t�i�c�s� 

�m�o�d�e�l� �u�s�e�s� �v�a�l�u�e�s� �f�o�r� �s�t�a�n�d�a�r�d� �r�e�s�p�i�r�a�t�i�o�n� �(�R�;�)� �w�h�i�c�h� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �c�a�l�c�u�l�a�t�i�n�g� �r�e�s�t�i�n�g� �m�e�t�a�b�o�l�i�s�m� �a�s� �a�n� 

�a�l�l�o�m�e�t�r�i�c� �f�u�n�c�t�i�o�n� �o�f� �w�e�i�g�h�t�,� �t�h�e�n� �i�n�c�o�r�p�o�r�a�t�i�n�g� �f�a�c�t�o�r�s� 

�r�e�p�r�e�s�e�n�t�i�n�g� �a�c�t�i�v�i�t�y� �(�S�t�e�w�a�r�t� �e�t� �a�l�.� �1�9�8�3�)�.� �A�c�t�i�v�i�t�y� 

�r�e�s�p�i�r�a�t�i�o�n� �i�s� �g�i�v�e�n� �a�s� �a� �m�u�l�t�i�p�l�i�e�r� �o�f� �o�n�e� �o�f� �R�;� �i�n� �T�a�b�l�e� �1� 

�b�e�c�a�u�s�e� �a�c�t�i�v�i�t�y� �i�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �R�,�;�.� �A�l�l�o�m�e�t�r�i�c� 

�f�u�n�c�t�i�o�n�s�,� �w�h�i�c�h� �a�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�s�c�r�i�b�e� �c�h�a�n�g�e�s� �i�n� 

�m�a�x�i�m�u�m� �c�o�n�s�u�m�p�t�i�o�n� �a�n�d� �s�t�a�n�d�a�r�d� �m�e�t�a�b�o�l�i�s�m� �w�i�t�h� �w�e�i�g�h�t� �o�f� 

�t�h�e� �p�r�e�d�a�t�o�r�,� �a�r�e� �o�f�t�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �j�u�v�e�n�i�l�e�s� �a�n�d� �t�h�e�n� 

�a�p�p�l�i�e�d� �t�o� �a�d�u�l�t� �f�i�s�h�.� �T�h�i�s� �c�a�n� �l�e�a�d� �t�o� �s�u�b�s�t�a�n�t�i�a�l� �e�r�r�o�r� 

�(�P�o�s�t� �1�9�9�0�;� �M�a�d�o�n� �a�n�d� �C�u�l�v�e�r� �1�9�9�3�)�.� �B�o�r�r�o�w�i�n�g� �b�i�o�e�n�e�r�g�e�t�i�c� 

�p�a�r�a�m�e�t�e�r�s� �f�r�o�m� �o�t�h�e�r� �s�p�e�c�i�e�s� �i�s� �r�o�u�t�i�n�e�l�y� �d�o�n�e� �b�e�c�a�u�s�e� �o�f� 

�t�h�e� �e�x�p�e�n�s�e� �a�n�d� �e�f�f�o�r�t� �o�f� �s�p�e�c�i�e�s�-�s�p�e�c�i�f�i�c� �d�e�t�e�r�m�i�n�a�t�i�o�n�s�.� 

�P�a�r�a�m�e�t�e�r�s� �u�s�e�d� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �m�o�d�e�l�l�i�n�g� �w�e�r�e� �d�e�v�e�l�o�p�e�d� 

�s�p�e�c�i�f�i�c�a�l�l�y� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �(�i�.�e�.� �n�o� �s�p�e�c�i�e�s� 

�b�o�r�r�o�w�i�n�g�)�.� �T�h�e� �m�o�d�e�l� �w�a�s� �a�l�s�o� �e�v�a�l�u�a�t�e�d� �b�y� �R�i�c�e� �a�n�d� 
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�C�o�c�h�r�a�n� �(�1�9�8�4�)� �a�n�d� �w�a�s� �f�o�u�n�d� �t�o� �p�r�e�d�i�c�t� �f�o�o�d� �c�o�n�s�u�m�p�t�i�o�n� �t�o� 

�w�i�t�h�i�n� �8�.�5�%� �o�f� �f�o�o�d� �c�o�n�s�u�m�p�t�i�o�n� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �d�i�r�e�c�t� 

�m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �f�i�e�l�d� �d�a�t�a�.� 

�F�i�n�a�l�l�y�,� �e�x�t�e�r�n�a�l� �v�a�r�i�a�b�l�e�s� �s�u�c�h� �a�s� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n�,� 

�p�r�e�d�a�t�o�r� �a�n�d� �p�r�e�y� �e�n�e�r�g�y� �d�e�n�s�i�t�i�e�s�,� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �g�r�o�w�t�h� �m�u�s�t� �b�e� �o�b�t�a�i�n�e�d� �t�h�r�o�u�g�h� �f�i�e�l�d� 

�s�a�m�p�l�i�n�g� �(�N�e�y� �1�9�9�3�)�.� �D�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� 

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �d�u�r�i�n�g� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �f�i�e�l�d� �s�e�a�s�o�n�s�.� 

�L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �e�n�e�r�g�y� �d�e�n�s�i�t�i�e�s� �b�y� �a�g�e� �c�l�a�s�s� �w�e�r�e� �b�o�r�r�o�w�e�d� 

�f�r�o�m� �a� �s�t�u�d�y� �p�e�r�f�o�r�m�e�d� �o�n� �W�a�t�t�s� �B�a�r� �R�e�s�e�r�v�o�i�r�,� �T�e�n�n�e�s�s�e�e� 

�(�A�d�a�m�s� �e�t� �a�l�.� �1�9�8�2�)�.� �T�h�i�s� �r�e�s�e�r�v�o�i�r� �i�s� �s�i�m�i�l�a�r� �i�n� �s�i�z�e� �a�n�d� 

�f�o�r�a�g�e� �c�o�m�p�o�s�i�t�i�o�n� �t�o� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�,� �s�o� �v�a�l�u�e�s� �d�e�r�i�v�e�d� 

�f�o�r� �p�r�e�d�a�t�o�r�s� �a�n�d� �p�r�e�y� �i�n� �t�h�i�s� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �a�d�e�q�u�a�t�e� �f�o�r� 

�u�s�e� �i�n� �t�h�e� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l�.� �P�r�e�y� �e�n�e�r�g�y� �d�e�n�s�i�t�i�e�s� 

�(�a�l�e�w�i�v�e�s�,� �s�t�r�i�p�e�d� �b�a�s�s�,� �a�n�d� �c�r�a�y�f�i�s�h�)� �w�e�r�e� �d�e�r�i�v�e�d� �f�o�r� 

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �b�y� �M�o�o�r�e� �(�1�9�8�8�)�,� �a�n�d� �s�u�n�f�i�s�h� �e�n�e�r�g�y� 

�d�e�n�s�i�t�y� �w�a�s� �b�o�r�r�o�w�e�d� �f�r�o�m� �t�h�e� �F�i�s�h� �B�i�o�e�n�e�r�g�e�t�i�c�s� �M�o�d�e�l� �2� 

�(�H�e�w�e�t�t� �a�n�d� �J�o�h�n�s�o�n� �1�9�9�2�)�.� 

�G�r�o�w�t�h� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�r�a�c�k�i�n�g� 

�c�h�a�n�g�e�s� �i�n� �l�e�n�g�t�h�s� �o�f� �r�e�c�a�p�t�u�r�e�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �S�m�i�t�h� 

�M�o�u�n�t�a�i�n� �L�a�k�e�.� �T�h�e� �b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l� �r�e�q�u�i�r�e�s� �i�n�p�u�t�s� �f�o�r� 

�g�r�o�w�t�h� �i�n� �t�e�r�m�s� �o�f� �w�e�i�g�h�t� �s�o�,� �g�r�o�w�t�h� �i�n� �l�e�n�g�t�h� �w�a�s� �c�o�n�v�e�r�t�e�d� 

�t�o� �g�r�o�w�t�h� �i�n� �w�e�i�g�h�t� �u�s�i�n�g� �a� �l�o�g�a�r�i�t�h�m�i�c� �f�o�r�m�u�l�a�.� �I�n� �o�r�d�e�r� 

�t�o� �c�o�m�p�a�r�e� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �g�r�o�w�t�h� �o�b�s�e�r�v�e�d� �a�t� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 

�L�a�k�e� �t�o� �s�i�m�i�l�a�r� �r�e�s�e�a�r�c�h�,� �g�r�o�w�t�h� �w�a�s� �c�o�n�v�e�r�t�e�d� �t�o� �t�h�e� 

�S�t�a�n�d�a�r�d� �c�a�l�o�r�i�e�s� �p�e�r� �g�r�a�m� �p�e�r� �d�a�y� �m�e�a�s�u�r�e�.� �M�e�a�n� �g�r�o�w�t�h� �o�f� 
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�a�l�l� �f�o�u�r� �a�g�e� �g�r�o�u�p�s� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 

�L�a�k�e� �w�a�s� �3�.�8�5� �c�a�l�/�g�/�d�a�y�.� �T�h�i�s� �w�a�s� �l�e�s�s� �t�h�a�n� �t�h�e� �g�r�o�w�t�h� 

�c�a�l�c�u�l�a�t�e�d� �f�o�r� �J�u�n�e� �t�h�r�o�u�g�h� �A�u�g�u�s�t� �a�t� �W�a�t�t�s� �B�a�r� �R�e�s�e�r�v�o�i�r� �b�y� 

�A�d�a�m�s� �e�t� �a�l�.� �(�1�9�8�2�)� �b�y� �1�.�1� �c�a�l�/�g�/�d�a�y� �(�m�e�a�n� �g�r�o�w�t�h�=�4�.�9�5� 

�c�a�l�/�g�/�d�a�y�)�.� �T�h�e�r�e� �a�r�e� �t�w�o� �p�o�t�e�n�t�i�a�l� �r�e�a�s�o�n�s� �w�h�y� �m�y� �g�r�o�w�t�h� 

�r�a�t�e�s� �a�r�e� �l�o�w�e�r� �t�h�a�n� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �a�t� �W�a�t�t�s� �B�a�r� �R�e�s�e�r�v�o�i�r�.� 

�T�h�e� �f�i�r�s�t� �i�s� �t�h�e� �l�a�c�k� �o�f� �o�b�s�e�r�v�e�d� �g�r�o�w�t�h� �o�f� �m�o�s�t� �a�g�e�-�1� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �l�o�w�e�r� 

�m�e�a�n� �g�r�o�w�t�h� �t�h�a�n� �a�t� �W�a�t�t�s� �B�a�r� �R�e�s�e�r�v�o�i�r�.� �T�h�e� �o�t�h�e�r� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�g�e� �g�r�o�u�p�s� �s�h�o�w�e�d� �g�r�o�w�t�h� �r�a�t�e�s� �s�i�m�i�l�a�r� �t�o� 

�t�h�e� �m�e�a�n� �s�u�m�m�e�r� �g�r�o�w�t�h� �r�a�t�e� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �a�t� �W�a�t�t�s� �B�a�r� 

�R�e�s�e�r�v�o�i�r�.� �T�h�e� �s�e�c�o�n�d� �p�o�t�e�n�t�i�a�l� �r�e�a�s�o�n� �g�r�o�w�t�h� �w�a�s� �l�o�w�e�r� �a�t� 

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �w�a�s� �t�h�e� �u�s�e� �o�f� �a�n�c�h�o�r� �t�a�g�s� �o�n� �c�a�p�t�u�r�e�d� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s�.� �T�h�e�s�e� �t�a�g�s� �m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �i�n� �s�t�r�e�s�s� �o�r� 

�a�l�t�e�r�e�d� �f�e�e�d�i�n�g� �b�e�h�a�v�i�o�r�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�e�r�c�e�n�t� �o�f� 

�r�e�c�a�p�t�u�r�e�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�i�t�h� �p�r�e�y� �i�t�e�m�s� �(�3�1�%�)� �w�a�s� �s�i�m�i�l�a�r� 

�t�o� �t�h�e� �t�h�e� �o�v�e�r�a�l�l� �e�s�t�i�m�a�t�e� �o�f� �p�e�r�c�e�n�t� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� 

�w�i�t�h� �p�r�e�y� �i�t�e�m�s� �(�2�8�%�)�.� �B�e�c�a�u�s�e� �g�r�o�w�t�h� �r�a�t�e�s� �u�s�e�d� �i�n� �t�h�e� 

�b�i�o�e�n�e�r�g�e�t�i�c�s� �m�o�d�e�l� �m�a�y� �h�a�v�e� �b�e�e�n� �c�o�n�s�e�r�v�a�t�i�v�e�,� �t�h�e� �t�o�t�a�l� 

�n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n� �m�a�y� �h�a�v�e� �b�e�e�n� 

�u�n�d�e�r�e�s�t�i�m�a�t�e�d�.� �B�e�c�a�u�s�e� �p�r�e�d�a�t�i�o�n� �o�n� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �S�m�i�t�h� 

�M�o�u�n�t�a�i�n� �L�a�k�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �m�i�n�u�t�e�,� �t�h�e�s�e� �g�r�o�w�t�h� �r�a�t�e�s� 

�s�h�o�u�l�d� �n�o�t� �h�a�v�e� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �t�h�e� �e�s�t�i�m�a�t�e�s� �o�f� �t�o�t�a�l� 

�n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �l�o�s�t� �t�o� �p�r�e�d�a�t�i�o�n�.� 
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�L�a�r�g�e�m�o�u�t�h� �B�a�s�s� �P�r�e�y� �C�o�n�s�u�m�p�t�i�o�n� 

�F�i�e�l�d� �c�o�n�s�u�m�p�t�i�o�n� �p�a�t�t�e�r�n�s�.� �-� �I�n� �1�9�9�4�,� �s�t�r�i�p�e�d� �b�a�s�s� �m�a�d�e� 

�u�p� �0�.�1�%� �o�f� �W�a�t�e�r�w�h�e�e�l� �p�r�e�d�a�t�o�r� �d�i�e�t�s� �a�n�d� �0�.�1�4�%� �o�f� �p�r�e�d�a�t�o�r� 

�d�i�e�t�s� �a�t� �P�e�n�h�o�o�k�.� �I�n� �1�9�9�5�,� �t�h�e� �p�e�r�c�e�n�t� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s� �i�n�c�r�e�a�s�e�d� �t�o� �2�.�4�9�%�.� �T�o� �e�x�p�l�a�i�n� �w�h�y� 

�s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �s�u�c�h� �a� �s�m�a�l�l� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� �p�r�e�d�a�t�o�r� 

�d�i�e�t�s�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �e�x�a�m�i�n�e� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t� 

�c�o�m�p�o�s�i�t�i�o�n�.� 

�L�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �w�a�s� �v�e�r�y� �s�i�m�i�l�a�r� �i�n� 

�1�9�9�4� �a�n�d� �1�9�9�5�.� �I�n� �b�o�t�h� �y�e�a�r�s�,� �a�l�e�w�i�v�e�s� �m�a�d�e� �u�p� �t�h�e� �l�a�r�g�e�s�t� 

�p�e�r�c�e�n�t� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s�,� �a�n�d� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �a� 

�m�i�n�i�m�a�l� �p�o�r�t�i�o�n� �o�f� �t�o�t�a�l� �p�r�e�y� �c�o�n�s�u�m�e�d�.� �T�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� 

�a�l�e�w�i�v�e�s� �t�o� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�e�t�s� �d�i�d� �d�e�c�l�i�n�e� �b�y� �1�2�%� �a�t� 

�W�a�t�e�r�w�h�e�e�l� �a�n�d� �1�9�%� �a�t� �P�e�n�h�o�o�k� �i�n� �1�9�9�5�.� �T�h�i�s� �p�h�e�n�o�m�e�n�o�n� �i�s� 

�p�r�o�b�a�b�l�y� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �l�a�t�e�r� �s�t�a�r�t�i�n�g� �d�a�t�e� �o�f� �t�h�e� �1�9�9�5� 

�f�i�e�l�d� �s�e�a�s�o�n�.� �T�h�e� �1�9�9�4� �f�i�e�l�d� �s�e�a�s�o�n� �b�e�g�a�n� �o�n� �1�5� �J�u�n�e� �a�n�d� 

�t�h�e� �1�9�9�5� �s�e�a�s�o�n� �o�n� �1�0� �J�u�l�y�.� �T�h�i�s� �d�e�l�a�y� �o�f� �o�v�e�r� �t�h�r�e�e� �w�e�e�k�s� 

�p�r�o�b�a�b�l�y� �c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �a� �d�e�c�l�i�n�e� �i�n� �t�h�e� �a�l�e�w�i�f�e� �s�p�a�w�n�,� 

�a�n�d� �a�l�e�w�i�v�e�s� �w�e�r�e� �l�i�k�e�l�y� �a�l�r�e�a�d�y� �m�o�v�i�n�g� �o�f�f�-�s�h�o�r�e� �w�h�e�n� 

�s�a�m�p�l�i�n�g� �b�e�g�a�n� �i�n� �1�9�9�5�.� �T�i�s�a� �a�n�d� �N�e�y� �(�1�9�9�1�)� �d�i�s�c�o�v�e�r�e�d� �t�h�a�t� 

�t�h�e� �a�l�e�w�i�f�e� �s�p�a�w�n� �b�e�g�i�n�s� �i�n� �m�i�d�-�M�a�y� �w�i�t�h� �p�e�a�k�s� �i�n� �l�a�t�e� �J�u�n�e� 

�a�n�d� �e�a�r�l�y� �J�u�l�y�,� �a�l�t�h�o�u�g�h� �s�o�m�e� �s�p�a�w�n�i�n�g� �a�c�t�i�v�i�t�y� �c�o�n�t�i�n�u�e�s� 

�u�n�t�i�l� �e�a�r�l�y� �A�u�g�u�s�t�.� 

�A�l�e�w�i�v�e�s� �w�e�r�e� �c�l�e�a�r�l�y� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t� �p�r�e�y� �f�o�r� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �b�o�t�h� �c�o�v�e�s� �a�n�d� �b�o�t�h� �y�e�a�r�s�.� �A�l�e�w�i�v�e�s� 

�a�p�p�e�a�r�e�d� �t�o� �a�c�t� �a�s� �a� �b�u�f�f�e�r� �a�g�a�i�n�s�t� �s�t�r�i�p�e�d� �b�a�s�s� �p�r�e�d�a�t�i�o�n�.� 
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�A�l�e�w�i�v�e�s� �h�a�v�e� �s�e�v�e�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �w�o�u�l�d� �s�e�e�m� �t�o� 

�m�a�k�e� �t�h�e�m� �p�r�e�f�e�r�r�e�d� �p�r�e�y� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�.� �T�h�e�s�e� �i�n�c�l�u�d�e� 

�n�e�a�r�s�h�o�r�e� �a�b�u�n�d�a�n�c�e�,� �p�h�y�s�i�c�a�l� �a�p�p�e�a�r�a�n�c�e�,� �a�n�d� �b�e�h�a�v�i�o�r�.� �T�h�e� 

�f�i�r�s�t� �a�d�v�a�n�t�a�g�e� �w�a�s� �t�h�e� �s�h�e�a�r� �a�b�u�n�d�a�n�c�e� �o�f� �a�l�e�w�i�v�e�s� �n�e�a�r� 

�s�h�o�r�e� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �s�t�o�c�k�i�n�g�.� �A�l�e�w�i�v�e�s� �w�e�r�e� 

�e�x�t�r�e�m�e�l�y� �n�u�m�e�r�o�u�s� �n�e�a�r�-�s�h�o�r�e� �i�n� �b�o�t�h� �c�o�v�e�s� �a�n�d� �a�l�s�o� 

�p�r�o�b�a�b�l�y� �m�o�r�e� �e�a�s�i�l�y� �d�e�t�e�c�t�e�d� �b�y� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �b�e�c�a�u�s�e� 

�a�l�e�w�i�v�e�s� �o�c�c�u�r� �i�n� �t�h�e� �w�a�t�e�r� �c�o�l�u�m�n� �a�s� �o�p�p�o�s�e�d� �t�o� �o�c�c�u�p�y�i�n�g� 

�t�h�e� �b�e�n�t�h�i�c� �r�e�g�i�o�n� �a�s� �d�o� �f�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�s�.� �A�l�e�w�i�f�e� 

�e�l�e�c�t�r�o�s�h�o�c�k�i�n�g� �c�o�u�n�t�s� �e�x�c�e�e�d�e�d� �7�0�0� �f�i�s�h� �p�e�r� �n�i�g�h�t� �o�n� �1�0� 

�J�u�l�y� �1�9�9�5� �a�n�d� �r�e�m�a�i�n�e�d� �c�o�n�s�i�s�t�e�n�t� �f�o�r� �a�b�o�u�t� �o�n�e� �w�e�e�k� 

�p�o�s�t�s�t�o�c�k�i�n�g�,� �t�h�e� �p�e�r�i�o�d� �w�h�e�n� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �m�o�s�t� 

�v�u�l�n�e�r�a�b�l�e� �t�o� �p�r�e�d�a�t�i�o�n�.� �A�b�u�n�d�a�n�c�e� �o�f� �a�l�e�w�i�v�e�s� �w�a�s� �n�o�t� 

�q�u�a�n�t�i�f�i�e�d� �i�n� �1�9�9�4�,� �b�u�t� �w�a�s� �a�l�s�o� �e�x�t�r�e�m�e�l�y� �n�u�m�e�r�o�u�s� 

�n�e�a�r�s�h�o�r�e� �t�h�a�t� �s�u�m�m�e�r�.� �P�h�y�s�i�c�a�l� �a�p�p�e�a�r�a�n�c�e� �(�s�i�z�e� �a�n�d� 

�c�o�l�o�r�a�t�i�o�n�)� �o�f� �a�l�e�w�i�v�e�s� �w�o�u�l�d� �a�l�s�o� �s�e�e�m� �t�o� �m�a�k�e� �t�h�e�m� 

�p�r�e�f�e�r�r�e�d� �p�r�e�y� �f�o�r� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�.� �A�l�e�w�i�v�e�s� �h�a�v�e� �s�h�i�n�y�,� 

�r�e�f�l�e�c�t�i�v�e� �s�c�a�l�e�s� �w�h�i�c�h� �w�o�u�l�d� �m�a�k�e� �d�e�t�e�c�t�i�o�n� �b�y� �t�h�e� �s�i�g�h�t�-� 

�o�r�i�e�n�t�e�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �m�o�r�e� �l�i�k�e�l�y� �t�h�a�n� �f�o�r� �t�h�e� �s�m�a�l�l�e�r�,� 

�d�a�r�k�e�r� �s�t�r�i�p�e�d� �b�a�s�s� �f�i�n�g�e�r�l�i�n�g�s�.� �S�i�z�e� �i�s� �a�n�o�t�h�e�r� �a�d�v�a�n�t�a�g�e� 

�w�h�i�c�h� �a�l�e�w�i�v�e�s� �p�o�s�s�e�s�s� �a�s� �p�o�t�e�n�t�i�a�l� �p�r�e�y� �o�v�e�r� �s�t�r�i�p�e�d� �b�a�s�s�.� 

�O�v�e�r� �t�h�e� �p�a�s�t� �s�e�v�e�r�a�l� �y�e�a�r�s�,� �s�t�r�i�p�e�d� �b�a�s�s� �h�a�v�e� �a�v�e�r�a�g�e�d� 

�a�r�o�u�n�d� �3�0�-�6�0� �m�m� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�7� �g�)� �w�h�e�n� �s�t�o�c�k�e�d�.� �W�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�v�e�r�a�g�e� �s�i�z�e� �o�f� �a�l�e�w�i�v�e�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �9�0� 

�m�m� �a�n�d� �8�.�0� �g�)� �i�n� �t�h�e� �l�a�k�e� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �i�t� �i�s� �c�l�e�a�r� �t�h�a�t� 

�a�l�e�w�i�v�e�s� �p�r�e�s�e�n�t� �a� �p�o�t�e�n�t�i�a�l� �e�n�e�r�g�e�t�i�c� �a�d�v�a�n�t�a�g�e� �o�v�e�r� �t�h�e� 
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�s�m�a�l�l�e�r� �s�t�r�i�p�e�d� �b�a�s�s�.� �F�i�n�a�l�l�y�,� �b�e�h�a�v�i�o�r� �o�f� �a�l�e�w�i�v�e�s� �d�u�r�i�n�g� 

�S�p�a�w�n�i�n�g� �m�a�y� �i�n�c�r�e�a�s�e� �t�h�e�i�r� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �p�r�e�d�a�t�i�o�n�,� 

�m�a�k�i�n�g� �t�h�e�m� �a� �m�o�r�e� �o�b�v�i�o�u�s� �p�r�e�y� �i�t�e�m� �t�h�a�n� �s�t�r�i�p�e�d� �b�a�s�s�.� 

�A�l�e�w�i�v�e�s� �m�o�v�e� �i�n�s�h�o�r�e� �a�t� �n�i�g�h�t� �t�o� �s�p�a�w�n� �i�n� �g�r�o�u�p�s� �o�f� �t�h�r�e�e� 

�o�r� �i�n� �p�a�i�r�s�.� �T�h�e� �m�o�v�e�m�e�n�t�s� �o�f� �a�l�e�w�i�f�e� �s�c�h�o�o�l�s� �i�n�s�h�o�r�e� �h�a�v�e� 

�b�e�e�n� �d�e�s�c�r�i�b�e�d� �a�s� �a� �"�r�o�l�l�e�r�-�c�o�a�s�t�e�r�"� �a�n�d� �m�i�l�l�i�n�g� �t�y�p�e� �o�f� 

�m�o�t�i�o�n� �w�h�i�c�h� �m�a�y� �r�e�s�u�l�t� �i�n� �p�r�e�d�a�t�o�r� �a�t�t�r�a�c�t�i�o�n� �(�S�c�o�t�t� �a�n�d� 

�C�r�o�s�s�m�a�n� �1�9�7�3�)�.� �T�h�e� �a�l�e�w�i�f�e� �i�s� �a� �p�e�l�a�g�i�c�-�o�r�i�e�n�t�e�d� �f�i�s�h� 

�s�p�e�c�i�e�s� �w�h�i�c�h� �s�p�a�w�n�s� �n�e�a�r� �s�h�o�r�e� �a�n�d� �m�i�g�r�a�t�e�s� �t�o� �t�h�e� �p�e�l�a�g�i�c� 

�z�o�n�e� �o�f� �t�h�e� �l�a�k�e� �w�h�e�n� �t�h�e� �s�p�a�w�n� �i�s� �c�o�m�p�l�e�t�e� �(�T�i�s�a� �a�n�d� �N�e�y� 

�1�9�9�1�)�.� �T�h�i�s� �l�e�a�d�s� �t�o� �a� �p�o�t�e�n�t�i�a�l� �i�n�c�r�e�a�s�e� �i�n� �s�t�r�i�p�e�d� �b�a�s�s� 

�v�u�l�n�e�r�a�b�i�l�i�t�y� �t�o� �p�r�e�d�a�t�i�o�n� �d�u�e� �t�o� �t�h�e� �l�o�s�s� �o�f� �t�h�e� �a�l�e�w�i�f�e� 

�b�u�f�f�e�r� �l�a�t�e�r� �i�n� �t�h�e� �s�u�m�m�e�r�.� �I�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�,� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �d�i�d� �n�o�t� �s�w�i�t�c�h� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �a�f�t�e�r� 

�a�l�e�w�i�v�e�s� �m�o�v�e�d� �a�w�a�y� �f�r�o�m� �s�h�o�r�e�,� �b�u�t� �i�n�s�t�e�a�d� �c�o�n�s�u�m�e�d� �a� 

�g�r�e�a�t�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �p�r�e�y� �s�p�e�c�i�e�s� �s�u�c�h� �a�s� �c�r�a�y�f�i�s�h�.� 

�A�l�e�w�i�v�e�s� �s�t�a�y�e�d� �o�n� �s�h�o�r�e� �l�o�n�g� �e�n�o�u�g�h� �f�o�r� �s�t�r�i�p�e�d� �b�a�s�s� �t�o� 

�g�r�o�w� �a�n�d� �d�i�s�p�e�r�s�e�.� 

�F�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �t�h�a�t� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 

�L�a�k�e� �d�i�d� �n�o�t� �t�a�r�g�e�t� �s�t�r�i�p�e�d� �b�a�s�s� �a�s� �p�r�e�y� �i�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� 

�l�a�c�k� �o�f� �a�t�t�r�a�c�t�i�o�n� �o�f� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �t�o� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 

�s�t�r�i�p�e�d� �b�a�s�s�.� �R�e�g�r�e�s�s�i�o�n�s� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �v�e�r�s�u�s� 

�l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �C�P�U�E� �d�i�d� �n�o�t� �r�e�v�e�a�l� �a�n�y� �g�e�n�e�r�a�l� �p�a�t�t�e�r�n�s� �o�f� 

�a�t�t�r�a�c�t�i�o�n� �o�f� �p�r�e�d�a�t�o�r�s� �t�o� �s�t�o�c�k�e�d� �f�i�n�g�e�r�l�i�n�g�s�.� �B�a�s�e�d� �o�n� 

�t�h�e�s�e� �a�n�a�l�y�s�e�s� �a�n�d� �t�h�e� �e�x�t�r�e�m�e�l�y� �l�o�w� �n�u�m�b�e�r� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� 

�c�o�n�s�u�m�e�d� �b�y� �p�r�e�d�a�t�o�r�s�,� �I� �c�o�n�c�l�u�d�e� �t�h�a�t� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �w�e�r�e� 
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