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(ABSTRACT) 

The early life history dynamics of stocked, fingerling striped bass (Vorone 

saxatilis) were evaluated in Smith Mountain Lake, Virginia, from 1994-96 and 

incorporated into an individual-based model to assess various stocking strategies 

in terms of their largest percent increases in first-year growth, overwinter 

survival, and recruitment to age 1. Age-O striped bass exhibited dissimilar 

patterns of dispersion and size-dependent spatial distribution as a result of 

differences in habitat availability between stocking sites and water temperature 

preferences. Although size increased over the growing season, a bimodal length 

distribution developed by fall during both 1994 and 1995; this distribution 

consisted of large-mode juveniles (> 180 mm TL) that weighed several times 

more than small-mode fish (<140 mm TL). Differential growth was attributed 

primarily to size-dependent differences in food habits and diet quality: small- 

mode striped bass maintained a mixed, low quality diet of invertebrates and 

small, age-O cyprinids, while large-mode juveniles consumed only larger, 

energetically more profitable age-O alewives. This disparity in food habits, 

largely due to the inability of small-mode striped bass to consume 

distributionally- and morphologically-invulnerable age-O alewives, resulted in 

size-dependent differences in physiological well-being as large-mode juveniles



had amassed greater absolute energy stores than small-mode fish by the end of 

the growing season. Spring sampling revealed that the bimodal length 

distribution had become unimodal and was comprised almost entirely of large- 

mode juveniles. Because the few surviving small-mode striped bass collected 

during spring were extremely emaciated, it appears that this size group 

exhausted their energy stores and, consequently, starved over the winter. 

Individual-based model simulation results indicated that stocking juvenile 

striped bass at a median total length of 52 mm on O8 June, while maintaining 

the current stocking density at 300,000 fingerlings, would result in the largest 

percent increases in first-year growth, survival, and number of age-1 recruits. 

This strategy was also less sensitive to perturbations in alewife population 

parameters and water temperature regime, and was more robust to these 

variations than the existing stocking scheme (300,000 fingerling striped bass 

with a median total length = 42 mm introduced on 15 June).
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INTRODUCTION 

The discovery in the mid-195Qs that the striped bass (Morone saxatilis) 

could successfully complete its life cycle in freshwater (Scruggs 1957) resulted 

in the development of a nationally-recognized sport fishery in Santee-Cooper 

Reservoir, South Carolina (Stevens 1958). The popularity of this fishery led 

other state fisheries management agencies to examine the possible utility of this 

anadromous sportfish for stocking in the large multipurpose impoundments that 

had been created throughout the southern United States. Because most of 

these systems contained resident populations of gizzard shad (Dorosoma 

cepedianum) and threadfin shad (D. petense), ostensibly underutilized by 

indigenous shore-oriented predator species such as largemouth bass 

(Micropterus salmoides), fisheries managers were hopeful that striped bass 

would not only control overabundant populations of these forage fishes, but 

also fill the vacant ecological niche (i.e. the pelagic zone) created during the 

formation of these impoundments (Radonski and Martin 1986). 

Although introductions of newly-hatched striped bass fry were initiated 

by a number of state agencies throughout the South, several years of evaluation 

demonstrated that stocking this life stage was almost completely ineffective. 

As a result, more efficient artificial propagation and rearing techniques were 

developed in the 1960s that permitted rearing of fry to fingerling size prior to 

stocking (Stevens 1967a; Bailey 1975). The dramatic increase over the past 

several decades in the number of striped bass sport fisheries created in 

freshwater impoundments throughout the southern United States can be viewed 

as a testament to this change in stocking strategy (Axon and Whitehurst 1985). 

However, because striped bass require long stretches of free-flowing river for



successful reproduction (Scott and Crossman 1973; Crance 1984), a 

characteristic lacking from most inland impoundments,  self-maintaining 

populations have rarely been established. Consequently, most landlocked 

striped bass fisheries have been maintained strictly on a put-grow-take basis 

through annual stockings of fingerlings. These stockings have been largely a 

trial-and-error process with regards to stocking densities and the size and time 

at stocking; large numbers of small (<50 mm total length) fingerlings are 

stocked during summer months to offset the low (< 20%) survival rates often 

observed for this species (Bailey 1975). Although striped bass fisheries have 

been established successfully in many of these systems, a paucity of 

information exists on the mechanisms influencing recruitment of stocked 

juveniles to the adult population. More knowledge concerning the early life 

history dynamics of striped bass stocked into freshwater impoundments should 

not only make stocking efforts more efficient, but management of this species 

less uncertain. 

Smith Mountain Lake, an 8,343-ha hydroelectric impoundment in 

southcentral Virginia, is in many respects typical of other freshwater systems 

in which striped bass populations have been supported on a put-grow-take 

basis. Since 1964, the stocking of striped bass (between 180,000 and 

800,000 fingerlings annually) has led to the development and maintenance of 

a successful sport fishery. Initial stockings of striped bass throughout the 

1970s established an exceptional trophy fishery, with growth and harvest rates 

among the highest reported for freshwater systems throughout the United 

States (Hart 1978). Despite the success of this fishery, fingerling stocking 

density and survival to age 1 varied inversely from 1973-83 (Figure I.1; Moore 

1988). Based on marginal yield analysis, it was determined that an annual
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Figure |.1. First-year survival versus fingerling stocking density for striped bass in Smith 

Mountain Lake, 1973-96.



stocking density between 250,000 and 300,000 fingerlings would optimize the 

number of year-class recruits in this system (Figure I.2; Moore et al. 1991). In 

response, the number of striped bass stocked annually in Smith Mountain Lake 

by the Virginia Department of Game and Inland Fisheries (VDGIF) has fluctuated 

between 200,000 and 400,000 fingerlings since 1984. However, the inverse 

pattern continues to the present; first-year survival estimates have ranged from 

12% to 40% at these stocking densities (Table |.1). 

Despite a significant decline in harvest rates for striped bass in Smith 

Mountain Lake since the late 1970s (LaRoche 1981), growth rates for adults 

continue to remain above the national average (Duval 1996). It is thus quite 

possible that this system can support more harvestable fish than are now 

produced under the current stocking regime. However, production of more 

adult fish can only occur if the recruitment bottleneck observed at higher 

stocking densities for juvenile striped bass is identified and overcome. 

Van Den Avyle and Higginbotham (1979) reported a similar inverse 

relationship between density of stocked fingerling striped bass and first-year 

survival in Watts Bar Reservoir, Tennessee. Although the authors could not 

determine the cause(s) of this empiric relationship, they believed that size at 

stocking, rather than density-dependent mechanisms, was primarily responsible 

for the observed relationship. White (1989) reported that natural recruitment 

of juvenile striped bass in the Santee-Cooper system had declined substantially 

since 1980. Bulak et al. (1997) demonstrated that spring flow rates from 

upstream dams in this system played a significant role in influencing recruitment 

variability. By managing water releases relative to the timing of striped bass 

spawning events, these authors believe that increased recruitment could be 

achieved through optimizing temperature and flow regimes so that striped bass



  60 

90 

aA
 

©
 

  

Ma
rg
in
al
 

Yi
el
d 

(%
) 

        -10 
0 200 400 600 800 1000 

Number of Stocked Fingerlings 
(Thousands) 

Figure I[.2. Relationship between the number of stocked, fingerling striped bass and 

their marginal yield. Marginal yield is the number of age-1 recruits produced per 

additional stocking of fingerling striped bass (from Moore et al. 1991).



Table I.1. Numbers of juvenile striped bass stocked, actual and corrected catch-per-unit-effort 

(CPUE) for fish the following year, estimated first-year survival, and estimated number 

of age-1 striped bass in Smith Mountain Lake, 1973-1996. For methodology used to 

calculate estimates, see Moore et al. 1991. 

  

  

Year Number Actual Corrected First-Year Number 

Interval Stocked CPUE CPUE Survival (%) Age-1 Recruits 

1973-74 293,925 0.296 0.296 54.3 159,601 

1974-75 306,884 0.111 0.309 19.5 59,850 

1975-76 455,241 0.120 0.458 14.2 64,703 

1976-77 618,020 0.150 0.622 13.1 80,879 

1977-78 416,732 0.160 0.420 20.7 86,271 

1978-79 546,354 0.040 0.550 3.9 21,568 

1979-80 809,246 0.153 0.815 10.2 82,497 

1980-81 593,978 0.128 0.598 11.6 69,017 

1981-82 412,790 0.169 0.416 22.1 91,124 

1982-83 267,153 0.151 0.269 30.5 81,418 

1983-84 205,654 0.111 0.207 29.1 59,850 

1984-85 214,860 0.154 0.216 38.6 83,036 

1985-86 308,501 0.069 0.311 12.1 37,204 

1986-87 384,047 0.215 0.387 30.2 115,927 

1987-88 355,936 0.128 0.358 19.4 69,017 

1988-89 302,992 0.132 0.305 23.5 71,174 

1989-90 197,534 0.146 0.199 39.9 78,722 

1990-91 300,131 0.097 0.302 17.4 52,302 

1991-92 301,346 0.099 0.303 17.7 53,380 

1992-93 282,281 0.184 0.271 38.9 108,736 

1993-94 287,054 0.174 0.253 37.3 93,820 

1994-95 339,337 0.162 0.303 29.1 87,349 

1995-96 236,100 0.118 0.231 27.7 63,625 
 



eggs hatch in more suitable regions of the impoundment. Although density- 

independent processes, strongly influenced by the environment, have been 

shown to regulate recruitment of larval striped bass in both freshwater (Bulak 

et al. 1997) and tidal ecosystems (Ulanowicz and Polgar 1980; Uphoff 1989; 

Rutherford and Houde 1995), these mechanisms most likely have little influence 

on recruitment of striped bass in Smith Mountain Lake because: (1) no natural 

reproduction occurs; (2) fish are stocked as larger, less vulnerable juveniles; and 

(3) reservoir hydrology and water quality are relatively stable (Ney et al. 1988, 

1990). Consequently, the cause(s) of this compensatory phenomenon appear 

to be trophic in nature. 

Identifying the mechanisms resulting in the recruitment bottleneck of age- 

O striped bass in Smith Mountain Lake is further constrained because fish are 

not monitored until fifteen months post-stocking when the VDGIF conducts its 

annual fall gillnet survey; it is during this time that the bottleneck manifests 

itself. To determine the cause(s) of the inverse pattern between stocking 

density and first-year survival, it is necessary to increase the understanding of 

the ecology and life history dynamics of striped bass during the first year of life 

so that scientifically sound stocking and management strategies can be 

identified and applied in Smith Mountain Lake. 

Variability in recruitment has been identified as a central problem in 

fisheries research (Sissenwine et al. 1988). Although it has long been 

understood that year-class strength of most fish populations is set early in life, 

knowledge of the mechanisms affecting recruitment of age-O fishes is generally 

poor. Whereas fish recruitment can be affected by many different biotic and 

abiotic factors, size-dependent mechanisms such as growth, cannibalism, 

predation, and starvation-induced overwinter mortality have been hypothesized



to explain survival and recruitment variability of age-O fish populations 

(Sissenwine 1984; Gutreuter and Anderson 1985; Miller et al. 1988; Cushing 

1995). Because recruitment is affected by such a large suite of factors, their 

impacts may vary on a system-by-system, as well as temporal basis, for many 

species. 

For juvenile piscivores in lakes and reservoirs, the principal factor limiting 

growth is the availability of forage-fish prey throughout the first year of life 

(Jenkins 1979; Noble 1981). The problem of forage-fish availability is 

immediate and acute for fingerlings that become piscivorous at or soon after 

stocking but are limited in their consumption to very small forage fish, usually 

of the same year class (Ney and Orth 1986). For these fingerlings, a lack of 

small, ingestible fish prey, resulting in poor or negligible growth, can have a 

tremendous impact on the size distribution of juveniles by the end of their first 

growing season (Shelton et al. 1979; Timmons et al. 1980; Keast and Eadie 

1985) because many of them are relegated to feeding on prey types, such as 

invertebrates, that have a lower caloric content per unit body mass than fish 

prey (Cummins and Wuycheck 1971; Prus 1975; Penczak et al. 1984; Moore 

1988). Aggus and Elliott (1975) reported that in Bulls Shoal Lake, Missouri- 

Arkansas, age-O largemouth bass were able to grow twice as large in length by 

the end of the first growing season by feeding on gizzard shad, threadfin shad, 

and brook silversides (Labidesthes siccu/us) than did their cohorts which 

consumed predominantly invertebrates. Forney (1976) reported that in Oneida 

Lake, New York, when age-O yellow perch (Perca flavescens) were too large to 

be preyed upon by juvenile walleyes (Stizostedion vitreum), first-year growth 

was relatively slow because walleyes could consume only invertebrates. 

Conversely, when yellow perch were small enough to be vulnerable to walleye



predation, age-O walleye growth was rapid. 

For piscivorous fishes in temperate climates, rapid growth during the first 

months of life is particularly critical for survival. Age-O fishes that grow at less 

than the maximal rate are vulnerable to predation for longer periods of time and, 

as a result, subsequent recruitment is typically poorer than that exhibited by 

populations of faster-growing individuals (Ricker and Foerster 1948). This 

premise has been observed for walleyes in both Oneida Lake, New York, and 

Lake Mendota, Wisconsin, in which cannibalism by older fish on slow-growing 

juveniles was one of the most important factors governing recruitment 

(Chevalier 1973; Forney 1976, 1980; Madenjian et al. 1991). Additionally, 

size-dependent predation has been shown to have a significant influence on 

recruitment variability in populations of largemouth bass (Minton and McLean 

1982) and yellow perch (Nielsen 1980; Craig 1982; Post and Prankevicius 

1987). 

Size-dependent predation may be particularly acute in systems that rely 

on stocked fingerlings, not only because these fish may be “naive”, lacking the 

necessary predator avoidance behaviors that wild fish exhibit (Stein et al. 1981; 

Santucci and Wahl 1993), but because they may remain concentrated at high 

densities in nearshore regions, further exacerbating the problem by attracting 

predators. Carline et al. (1986) found that 168-184 mm total length (TL) tiger 

muskellunge (Esox /ucius x E. masquinongy) stocked in sixteen small ponds and 

impoundments in Ohio suffered losses as high as 100% within 50 days post- 

stocking from predation by largemouth bass. The authors hypothesized that 

these mortality events were largely a result of two factors: (1) tiger muskellunge 

<250 mm TL were within the ingestibility limits of most adult largemouth bass; 

and (2) thermal stratification in these systems, coupled with an anoxic



hypolimnion, forced largemouth bass and tiger muskellunge to concentrate in 

nearshore areas. Comparable results on post-stocking predation by nearshore 

piscivores (primarily largemouth bass) have also been reported for other stocked 

juvenile esocids (Stein et al. 1981; Wahl and Stein 1989; Szendrey and Wahl 

1996), percids (Johnson et al. 1988), ictalurids (Krummrich and Heidinger 

1973), and salmonids (Keith and Barkley 1971) in similar systems. However, 

in sharp contrast, Michaelson (1996) demonstrated through both field-collected 

data and bioenergetics modeling that predation on juvenile striped bass by 

largemouth bass in Smith Mountain Lake immediately post-stocking until 

dispersal from nearshore regions by the end of the first summer of life was 

negligible (0.1% in 1994 and 1.2% in 1995). Although size-dependent 

predation on juvenile fishes, particularly smaller, slower-growing individuals, 

may be a significant factor regulating first-year recruitment in some freshwater 

systems, this mechanism does not appear to contribute to the recruitment 

bottleneck for fingerling striped bass stocked in Smith Mountain Lake. 

Alternatively, size-dependent survival may be a result of differential 

starvation. Body size of age-O fishes at the end of the first growing season has 

been identified as a critical factor in influencing overwinter survival (Forney 

1976; Oliver et al. 1979; Shuter et al. 1980; Toneys and Coble 1980; Adams 

et al. 1982; Carline et al. 1986; Adams and DeAngelis 1987; Henderson et al. 

1988; Post and Evans 1989; Post and Shuter 1990; Thompson et al. 1991; 

Miranda and Hubbard 1994; Johnson and Evans 1996). Smaller individuals 

within a cohort have higher maintenance requirements per unit body mass than 

larger ones (Paloheimo and Dickie 1966). During winter at temperate latitudes 

when activity is slowed by cold temperatures and food density is low (Keast 

1968), smaller individuals have been shown to exhaust stored energy earlier to 
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meet basal metabolic requirements (Shuter et al. 1980; Henderson et al. 1988; 

Post and Evans 1989). As a consequence, smaller individuals are more 

vulnerable to overwinter mortality due to starvation than larger fish of the same 

cohort. These results have been demonstrated in a number of studies on 

juvenile fishes. Larger age-O black basses (Micropterus spp.) tend to 

accumulate more stored lipid reserves (Adams et al. 1982) and utilize these 

energy stores at a slower rate (Oliver et al. 1979; Shuter et al. 1980; Miranda 

and Hubbard 1994) than smaller fish of the same cohort. Larger bass also are 

more likely to encounter ingestible-sized prey in early spring (Adams et al. 1982; 

Adams and DeAngelis 1987), a critical period for young piscivores because 

appropriate-sized prey and energy reserves are often limiting (Adams and 

DeAngelis 1987; Tisa 1988). Adams et al. (1982) reported disproportionately 

greater overwinter survival for age-O largemouth bass that were >160-mm TL 

at the end of the growing season than bass smaller than this size. A similar 

result was also reported for walleyes >175 mm TL (Forney 1976) and tiger 

muskellunge >200-mm TL (Carline et al. 1986). Because size-dependent, 

overwinter survival has not been examined for populations of juvenile striped 

bass, it may be possible that this mechanism is the primary factor driving the 

recruitment bottleneck for this stocked piscivore in Smith Mountain Lake. 

One approach to aid the analysis of first-year recruitment variability of 

piscivorous fishes is the use of an individual-based model (IBM; Huston et al. 

1988). An IBM provides the framework to realistically conceptualize a complex 

system by synthesizing empirical data in order to simulate biotic and abiotic 

mechanisms. By incorporating dynamic processes such as feeding success, 

bioenergetic constraints on growth and consumption, and size-dependent 

mortality, this approach tracks the growth and survival of individual fish through 
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an iterative, time-step basis and aggregates them to provide an opportunity to 

test hypotheses, examine the consequences of and generate insights into 

population-level variation in life-history strategies, and evaluate existing data. 

Through the process of parameter alteration, IBMs are able to identify essential 

mechanisms that drive biotic ecosystems (Van Winkle et al. 1993). The 

expectation is that these more realistic, detailed models will improve the 

identification of factors ultimately responsible for population variability. 

Individual-based models have been shown to accurately simulate growth of age- 

O largemouth bass in a Tennessee reservoir (Adams and DeAngelis 1987), 

growth and recruitment of age-O walleye in the Great Lakes drainage basin 

(Madenjian 1991; Madenjian and Carpenter 1991; Madenjian et al. 1996), size- 

dependent predation on age-O smallmouth bass in boreal North American lakes 

(DeAngelis et al. 1991, 1993), predator-prey interactions between alewife 

(Alosa pseudoharengus) and larval/juvenile bloater (Coregonus hoy/) in Lake 

Michigan (Rice et al. 1993), and competitive interactions between rainbow trout 

(Oncorhynchus mykiss) and brook trout (Sa/velinus fontinalis) in southern 

Appalachian streams (Clark and Rose 1997a, 1997b, 1997c). 

An IBM has also been developed for striped bass in the Potomac River, 

Maryland (Rose and Cowan 1993). In its present state, the IBM is highly 

precise for both the egg and larval stages but is considerably more speculative 

regarding dynamics of the juvenile life stage. Simulations using the model, in 

combination with site-specific data, can help to identify those factors having the 

most influence on growth, survival, and recruitment when they operate. Cowan 

et al. (1993) used the above-mentioned IBM to determine which factors had the 

greatest impact on recruitment of age-O striped bass. Analysis and predictive 

assessment of the factors affecting striped bass recruitment also will provide 
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an opportunity to simulate the consequences of changes in size distribution, day 

of introduction, and density at stocking, both singly and in combination. 

Madenjian et al. (1991) used an IBM to simulate and assess various stocking 

strategies for fingerling walleyes in Lake Mendota, Wisconsin. The IBM 

approach thus provides a framework within which to conceptualize life-history 

dynamics, combine empirical studies and modeling in a synergistic fashion, and 

provide quantitative justification for making scientifically sound management 

decisions. 

Quantitative assessments are generally lacking regarding the biotic 

mechanisms influencing recruitment variability of age-O fishes in freshwater 

systems, in particular stocked juvenile piscivores in reservoirs. The goal of this 

study was to quantitatively assess the relationship between recruitment to age 

1 and first-year growth and survival of stocked juvenile striped bass in Smith 

Mountain Lake, Virginia. Additionally, an individual-based model was utilized to 

assess various stocking strategies in terms of their utility for maximizing first- 

year growth, survival, and recruitment to age 1. Ancillary information required 

for this individual-based model includes spatial dispersion from stocking sites, 

growth patterns, overwinter survival, food habits, and predator-prey size 

relationships. This dissertation incorporates these data in two chapters. 

Chapter | details the early life history dynamics of juvenile striped bass 

stocked into Smith Mountain Lake, Virginia, during 1994-95 and 1995-96. 

Specifically | evaluated, through an extensive field-collected data set, the 

following: (1) temporal patterns of spatial dispersion and distribution of striped 

bass juveniles from the time of stocking through the first overwintering period; 

(2) temporal patterns and trends in size distribution and growth of juvenile 

striped bass during the first year of life; (3) food habits of age-O striped bass 
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�l�i�f�e� �s�t�a�g�e�s� �(�H�a�y�e�s� �e�t� �a�l�.� �1�9�9�3�)�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �a�f�f�e�c�t�i�n�g� �e�a�r�l�y� 

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

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

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

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

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

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

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

�d�e�n�s�i�t�y� �a�t� �s�t�o�c�k�i�n�g� �(�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�;� �H�u�m�e� �a�n�d� �P�a�r�k�i�n�s�o�n� 

�1�9�8�7�;� �M�a�d�e�n�j�i�a�n� �e�t� �a�l�.� �1�9�9�1�;� �F�i�e�l�d�e�r� �1�9�9�2�a�,� �1�9�9�2�b�;� �S�a�n�t�u�c�c�i� �a�n�d� �W�a�h�l� �1�9�9�3�;� 

�S�t�a�h�l� �a�n�d� �S�t�e�i�n� �1�9�9�4�;� �S�z�e�n�d�r�e�y� �a�n�d� �W�a�h�l� �1�9�9�6�)�.� �T�h�e�r�e�f�o�r�e�,� �a�n� �i�n�c�r�e�a�s�e�d� 

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

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

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

�u�n�c�e�r�t�a�i�n�.� 

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

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

�a�s�s�o�c�i�a�t�e�d� �t�r�i�b�u�t�a�r�i�e�s� �(�M�e�r�r�i�m�a�n� �1�9�4�1�;� �R�a�t�h�j�e�n� �a�n�d� �M�i�l�l�e�r� �1�9�5�7�;� �M�a�n�s�u�e�t�i� 
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�1�9�6�1�;� �T�r�e�n�t� �1�9�6�2�;� �H�e�u�b�a�c�h� �e�t� �a�l�.� �1�9�6�3�;� �C�h�a�d�w�i�c�k� �1�9�6�6�;� �M�a�r�k�l�e� �a�n�d� �G�r�a�n�t� 

�1�9�7�0�;� �S�c�h�a�e�f�e�r� �1�9�7�0�;� �B�a�s�o�n� �1�9�7�1�;� �T�u�r�n�e�r� �a�n�d� �C�h�a�d�w�i�c�k� �1�9�7�2�;� �K�o�o� �a�n�d� 

�R�i�t�c�h�i�e� �1�9�7�3�;� �M�a�n�o�o�c�h� �1�9�7�3�;� �W�i�g�f�a�l�l� �a�n�d� �B�a�r�k�u�l�o�o� �1�9�7�5�;� �U�l�a�n�o�w�i�c�z� �a�n�d� �P�o�l�g�a�r� 

�1�9�8�0�;� �B�o�y�n�t�o�n� �e�t� �a�l�.� �1�9�8�1�;� �D�e�y� �1�9�8�1�;� �K�e�r�n�e�h�a�n� �e�t� �a�l�.� �1�9�8�1�;� �S�e�t�z�l�e�r�-�H�a�m�i�l�t�o�n� 

�e�t� �a�l�.� �1�9�8�1�;� �P�o�l�g�a�r� �1�9�8�2�;� �M�a�r�t�i�n� �e�t� �a�l�.� �1�9�8�5�;� �S�e�t�z�l�e�r�-�H�a�m�i�l�t�o�n� �e�t� �a�l�.� �1�9�8�7�;� 

�B�o�r�e�m�a�n� �a�n�d� �K�l�a�u�d�a� �1�9�8�8�;� �M�c�G�o�v�e�r�n� �a�n�d� �O�l�n�e�y� �1�9�8�8�;� �U�p�h�o�f�f� �1�9�8�9�;� �R�u�l�i�f�s�o�n� 

�a�n�d� �M�a�n�o�o�c�h� �1�9�9�0�;� �D�o�r�a�z�i�o� �e�t� �a�l�.� �1�9�9�1�;� �W�e�l�l�s� �e�t� �a�l�.� �1�9�9�1�;� �C�h�e�s�n�e�y� �1�9�9�3�;� 

�P�a�c�e� �e�t� �a�l�.� �1�9�9�3�;� �W�a�l�l�i�n� �e�t� �a�l�.� �1�9�9�3�;� �R�u�t�h�e�r�f�o�r�d� �a�n�d� �H�o�u�d�e� �1�9�9�5�;� �S�e�c�o�r� �a�n�d� 

�H�o�u�d�e� �1�9�9�5�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �h�a�t�c�h�e�r�y� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �i�d�e�n�t�i�f�y� 

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

�c�u�l�t�u�r�e� �e�n�v�i�r�o�n�m�e�n�t�s� �(�S�a�n�d�o�z� �a�n�d� �J�o�h�n�s�t�o�n� �1�9�6�5�;� �L�o�g�a�n� �1�9�6�7�;� �H�a�r�p�e�r� �e�t� �a�l�.� 

�1�9�6�8�;� �H�a�r�p�e�r� �a�n�d� �J�a�r�m�a�n� �1�9�7�1�;� �H�u�m�p�h�r�i�e�s� �a�n�d� �C�u�m�m�i�n�g� �1�9�7�1�,� �1�9�7�3�)�.� 

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

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

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

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

�1�9�6�7�b�;� �G�o�m�e�z� �1�9�7�0�;� �M�e�n�s�i�n�g�e�r� �1�9�7�0�;� �W�a�r�e� �1�9�7�0�;� �E�r�i�c�k�s�o�n� �e�t� �a�l�.� �1�9�7�0�;� 

�W�e�a�v�e�r� �1�9�7�5�;� �A�x�o�n� �1�9�7�9�;� �V�a�n� �D�e�n� �A�v�y�l�e� �a�n�d� �H�i�g�g�i�n�b�o�t�h�a�m� �1�9�7�9�;� �S�a�u�l� �1�9�8�1�;� 

�S�a�u�l� �a�n�d� �W�i�l�s�o�n� �1�9�8�1�;� �N�i�f�o�n�g� �1�9�8�2�;� �R�i�c�h�a�r�d�s�o�n� �1�9�8�2�;� �H�u�m�p�h�r�e�y�s� �1�9�8�3�;� �V�a�n� 

�D�e�n� �A�v�y�l�e� �e�t� �a�l�.� �1�9�8�3�;� �M�a�t�t�h�e�w�s� �e�t� �a�l�.� �1�9�9�2�)�,� �w�i�t�h� �l�i�t�t�l�e� �a�t�t�e�m�p�t� �t�o� �l�i�n�k� �t�h�e�s�e� 

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

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

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

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

�f�i�r�s�t�-�y�e�a�r� �g�r�o�w�t�h�,� �o�v�e�r�w�i�n�t�e�r� �s�u�r�v�i�v�a�l�,� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t� �t�o� �a�g�e� �1� �f�o�r� �s�t�o�c�k�e�d� 

�j�u�v�e�n�i�l�e� �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�,� �V�i�r�g�i�n�i�a�.� �S�p�e�c�i�f�i�c� �o�b�j�e�c�t�i�v�e�s� �w�e�r�e� 

�1�6



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

�j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �p�o�s�t�-�s�t�o�c�k�i�n�g� �d�u�r�i�n�g� �t�h�e�i�r� �f�i�r�s�t� �y�e�a�r� �o�f� �l�i�f�e�;� �(�2�)� �c�h�a�r�a�c�t�e�r�i�z�e� 

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

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

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

�i�n�d�i�c�e�s� �o�f� �h�e�a�l�t�h�,� �a�n�d� �o�v�e�r�w�i�n�t�e�r� �s�u�r�v�i�v�a�l� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �y�e�a�r� �o�f� �l�i�f�e�;� �a�n�d� �(�4�)� 

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

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

�b�a�s�s�e�s�)�.� 
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�S�T�U�D�Y� �A�R�E�A� 

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �i�s� �a�n� �8�,�3�4�3�-�h�a� �(�2�0�,�6�0�0�-�a�c�r�e�)� �i�m�p�o�u�n�d�m�e�n�t� �i�n� 

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

�R�o�a�n�o�k�e� �R�i�v�e�r� �(�6�5� �k�m�)� �a�n�d� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �(�3�2� �k�m�)� �s�e�g�m�e�n�t�s�,� �a�n�d� �a� �b�r�o�a�d� 

�a�n�d� �d�e�e�p� �l�o�w�e�r� �l�a�k�e� �e�x�t�e�n�d�i�n�g� �1�0�.�5� �k�m� �a�b�o�v�e� �t�h�e� �d�a�m� �(�F�i�g�u�r�e� �1�.�1�)�.� �T�h�i�s� �d�e�e�p� 

�s�t�o�r�a�g�e� �r�e�s�e�r�v�o�i�r� �(�3�.�2�-�y�r� �r�e�t�e�n�t�i�o�n� �t�i�m�e�)� �w�a�s� �c�r�e�a�t�e�d� �i�n� �1�9�6�5� �a�n�d� �i�s� �o�p�e�r�a�t�e�d� 

�b�y� �A�m�e�r�i�c�a�n� �E�l�e�c�t�r�i�c� �P�o�w�e�r� �(�f�o�r�m�e�r�l�y� �A�p�p�a�l�a�c�h�i�a�n� �P�o�w�e�r� �C�o�m�p�a�n�y�)� �a�s� �a� �r�u�n�-�o�f�-� 

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

�L�e�e�s�v�i�l�l�e� �R�e�s�e�r�v�o�i�r�.� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �h�a�s� �a� �m�a�x�i�m�u�m� �p�o�o�l� �e�l�e�v�a�t�i�o�n� �o�f� 

�2�4�2�.�4� �m�,� �a� �m�a�x�i�m�u�m� �d�e�p�t�h� �o�f� �6�3�.�7� �m�,� �a� �m�e�a�n� �d�e�p�t�h� �o�f� �1�6�.�8� �m�,� �a�n�d� �a�n� �8�0�5�-� 

�k�m� �(�5�0�0�-�m�i�)� �s�h�o�r�e�l�i�n�e� �t�h�a�t� �i�s� �h�i�g�h�l�y� �d�e�n�d�r�i�t�i�c� �(�S�i�m�m�o�n�s� �a�n�d� �N�e�f�f� �1�9�6�9�;� �D�u�v�a�l� 

�1�9�9�6�)�.� �T�h�e� �a�v�e�r�a�g�e� �a�n�n�u�a�l� �v�e�r�t�i�c�a�l� �w�a�t�e�r� �f�l�u�c�t�u�a�t�i�o�n� �d�u�e� �t�o� �h�y�d�r�o�e�l�e�c�t�r�i�c� 

�o�p�e�r�a�t�i�o�n� �i�s� �0�.�5�6� �m� �(�L�a�R�o�c�h�e� �1�9�8�1�;� �D�u�v�a�l� �1�9�9�6�)�.� 

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

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

�H�e�n�d�r�i�c�k�s� �1�9�7�5�;� �O�b�e�n�s�h�a�i�n� �a�n�d� �M�c�L�e�o�d� �1�9�8�1�)�.� �L�i�t�t�o�r�a�l� �a�r�e�a�s� �(�<�5� �m� �i�n� �d�e�p�t�h�)� 

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

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

�t�h�i�s� �r�e�g�i�o�n� �o�f� �t�h�e� �l�a�k�e� �a�r�e� �r�e�d�u�c�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�-�4� �m�g� �-� �L�'� �d�u�r�i�n�g� �t�h�e� 

�s�u�m�m�e�r� �m�o�n�t�h�s� �(�N�e�y� �e�t� �a�l�.� �1�9�8�8�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �l�a�k�e� �i�s� �r�i�v�e�r�i�n�e� �i�n� �t�h�e� �u�p�p�e�r� 

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

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

�w�a�t�e�r�s� �m�a�y� �b�e� �d�e�v�o�i�d� �o�f� �o�x�y�g�e�n� �5� �m� �b�e�l�o�w� �t�h�e� �s�u�r�f�a�c�e� �(�N�e�y� �e�t� �a�l�.� �1�9�8�8�)�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e�s�e� �h�a�b�i�t�a�t� �d�i�f�f�e�r�e�n�c�e�s�,� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� 

�d�i�s�t�i�n�c�t� �r�e�g�i�o�n�s� �w�i�t�h� �a�r�b�i�t�r�a�r�y� �b�o�u�n�d�a�r�i�e�s�:� �(�1�)� �t�h�e� �u�p�p�e�r� �r�e�s�e�r�v�o�i�r�,� �w�h�i�c�h� 
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�c�o�n�s�i�s�t�s� �o�f� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�b�o�v�e� �t�h�e� �u�p�p�e�r� �s�-�c�u�r�v�e� �a�r�e�a� �(�U�S�C�)� �a�n�d� �t�h�e� 

�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�b�o�v�e� �t�h�e� �G�i�l�l�s� �C�r�e�e�k� �c�o�n�f�l�u�e�n�c�e� �(�G�C�C�)�;� �a�n�d� �(�2�)� �t�h�e� �l�o�w�e�r� 

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

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

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

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

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

�T�h�e� �l�a�k�e ��s� �f�i�s�h� �a�s�s�e�m�b�l�a�g�e� �i�s� �d�i�v�e�r�s�e�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �4�5� �s�p�e�c�i�e�s� �o�f� 

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

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

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

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

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

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

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

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

�N�o�t�e�m�i�g�o�n�u�s�,� �a�n�d� �N�o�t�r�o�p�i�s� �s�p�p�.�)�,� �p�e�r�c�i�d�s� �(�E�t�h�e�o�s�t�o�m�a� �s�p�p�.�)�,� �a�n�d� �c�r�a�y�f�i�s�h� 

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

�c�e�p�e�d�i�a�n�u�m�)� �a�n�d� �t�h�e� �i�n�t�r�o�d�u�c�e�d� �a�l�e�w�i�f�e� �(�A�/�o�s�a� �p�s�e�u�d�o�h�a�r�e�n�g�u�s�;� �T�i�s�a� �1�9�8�8�)�.� 

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

�M�o�u�n�t�a�i�n� �L�a�k�e�,� �w�e�r�e� �f�i�r�s�t� �d�e�t�e�c�t�e�d� �i�n� �1�9�9�3� �a�n�d� �p�r�o�b�a�b�l�y� �m�a�d�e� �t�h�e�i�r� �w�a�y� �i�n�t�o� 

�t�h�e� �l�a�k�e� �a�s� �a�n� �a�n�g�l�e�r� �i�n�t�r�o�d�u�c�t�i�o�n� �i�n� �1�9�9�1� �o�r� �1�9�9�2� �(�M�.�C�.� �D�u�v�a�l�,� �V�D�G�I�F�,� 

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

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

�m�u�s�k�e�l�l�u�n�g�e� �(�E�s�o�x� �m�a�s�q�u�i�n�o�n�g�y�)�,� �a�n�d� �t�i�g�e�r� �m�u�s�k�e�l�l�u�n�g�e� �(�£�.� �/�u�c�i�u�s� �x� �E�.� 

�m�a�s�q�u�i�n�o�n�g�y�)�,� �b�e�g�a�n� �i�n� �1�9�6�5� �t�o� �u�t�i�l�i�z�e� �t�h�e� �o�p�e�n�-�w�a�t�e�r� �h�a�b�i�t�a�t� �a�n�d� �t�o� �b�o�t�h� 
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�d�i�v�e�r�s�i�f�y� �a�n�d� �a�u�g�m�e�n�t� �t�h�e� �s�p�o�r�t�f�i�s�h� �h�a�r�v�e�s�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� 

�o�f� �G�a�m�e� �a�n�d� �I�n�l�a�n�d� �F�i�s�h�e�r�i�e�s� �(�V�D�G�I�F�)� �s�t�i�l�l� �s�t�o�c�k�s� �f�i�n�g�e�r�l�i�n�g� �m�u�s�k�e�l�l�u�n�g�e� �a�n�d� 

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

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

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

�d�e�n�s�i�t�i�e�s� �i�n� �t�w�o� �l�o�c�a�t�i�o�n�s�:� �t�h�e� �P�e�n�h�o�o�k� �s�t�a�t�e� �b�o�a�t� �r�a�m�p� �(�P�S�B�)� �o�n� �t�h�e� �B�l�a�c�k�w�a�t�e�r� 

�R�i�v�e�r� �a�r�m� �a�n�d� �H�a�l�e�s� �F�o�r�d� �s�t�a�t�e� �b�o�a�t� �r�a�m�p� �(�H�F�S�B�)� �o�n� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m� 

�(�F�i�g�u�r�e� �1�.�1�)�.� 
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�S�T�R�I�P�E�D� �B�A�S�S� �S�T�O�C�K�I�N�G�S�,� �1�9�9�4� �&� �1�9�9�5� 

�1�9�9�4�.� �-� �R�u�n�n�i�n�g�-�r�i�p�e� �s�t�r�i�p�e�d� �b�a�s�s� �f�r�o�m� �K�e�r�r� �R�e�s�e�r�v�o�i�r� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� 

�1�0�0�-�k�m� �d�o�w�n�r�i�v�e�r� �f�r�o�m� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �R�o�a�n�o�k�e� 

�R�i�v�e�r� �b�y� �V�D�G�I�F� �p�e�r�s�o�n�n�e�l� �f�r�o�m� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� �(�B�r�o�o�k�n�e�a�l�,� �V�i�r�g�i�n�i�a�)� �i�n� �e�a�r�l�y� 

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

�A�f�t�e�r� �h�a�t�c�h�i�n�g�,� �5�-�6� �d�a�y� �o�l�d� �f�r�y� �w�e�r�e� �t�r�a�n�s�p�o�r�t�e�d� �t�o� �r�e�a�r�i�n�g� �p�o�n�d�s� �a�t� �t�h�e� 

�h�a�t�c�h�e�r�y� �a�n�d� �a�l�l�o�w�e�d� �t�o� �g�r�o�w� �t�o� �s�t�o�c�k�i�n�g� �s�i�z�e� �(�3�0�-�5�0� �m�m� �T�L�)�.� �A�f�t�e�r� �g�r�o�w�-�o�u�t� 

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�2� �d�)�,� �t�h�e�s�e� �P�h�a�s�e� �|� �f�i�n�g�e�r�l�i�n�g�s� �w�e�r�e� �s�e�i�n�e�d� �f�r�o�m� �t�h�e� �r�e�a�r�i�n�g� 

�p�o�n�d�s�,� �l�o�a�d�e�d� �i�n�t�o� �a�n� �a�e�r�a�t�e�d� �2�5�0�0�-�L� �t�a�n�k�,� �a�n�d� �t�r�a�n�s�p�o�r�t�e�d� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �a� �2�-� 

�h� �t�r�i�p�)� �t�o� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� �U�p�o�n� �a�r�r�i�v�a�l�,� �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� 

�u�s�i�n�g� �l�a�k�e� �w�a�t�e�r� �o�v�e�r� �a� �4�5�-�6�0� �m�i�n� �p�e�r�i�o�d� �w�i�t�h�i�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �t�a�n�k� �a�n�d� �s�t�o�c�k�e�d� 

�i�n� �t�h�e� �e�a�r�l�y� �a�f�t�e�r�n�o�o�n�.� 

�A� �t�o�t�a�l� �o�f� �3�0�0�,�4�4�7� �P�h�a�s�e� �|� �s�t�r�i�p�e�d� �b�a�s�s� �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� 

�P�e�n�h�o�o�k� �(�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�;� �1�4�0�,�3�4�2�)� �a�n�d� �H�a�l�e�s� �F�o�r�d� �(�R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m�;� 

�1�6�0�,�1�0�5�)� �s�t�a�t�e� �b�o�a�t� �r�a�m�p�s� �i�n� �m�i�d�-� �t�o� �l�a�t�e� �J�u�n�e� �(�T�a�b�l�e� �1�.�1�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�a�c�c�e�l�e�r�a�t�e�d�-�g�r�o�w�t�h� �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� �(�3�8�,�8�9�0� �t�o�t�a�l�)�,� �r�e�a�r�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� �(�B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�)�,� �w�e�r�e� �s�t�o�c�k�e�d� �a�t� �t�h�e� 

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

�J�u�l�y� �(�T�a�b�l�e� �1�.�1�)�.� �T�h�e�s�e� �f�i�s�h� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� �a�s� �3�5�-� 

�d�a�y�-�o�l�d� �f�r�y� �o�n� �2�7� �M�a�y� �a�n�d� �r�e�a�r�e�d� �i�n�d�o�o�r�s� �o�n� �a�n� �a�r�t�i�f�i�c�i�a�l� �d�i�e�t� �i�n� �c�i�r�c�u�l�a�r�,� �2�,�2�0�0�-� 

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

�P�h�a�s�e� �|� �a�n�d� �P�h�a�s�e� �I�l� �j�u�v�e�n�i�l�e�s�,� �P�h�a�s�e� �I�l� �f�i�s�h� �w�e�r�e� �b�a�t�c�h� �m�a�r�k�e�d� �a�s� �4�-�d�a�y�-�o�l�d� �f�r�y� 

�i�n� �a� �s�o�l�u�t�i�o�n� �o�f� �o�x�y�t�e�t�r�a�c�y�c�l�i�n�e� �h�y�d�r�o�c�h�l�o�r�i�d�e� �(�O�T�C�)� �b�y� �V�D�G�I�F� �h�a�t�c�h�e�r�y� 

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

�(�1�9�9�1�b�)�.� 
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�7�9�9�5�.� �-� �P�h�a�s�e� �|� �f�i�n�g�e�r�l�i�n�g� �s�t�r�i�p�e�d� �b�a�s�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�e�r�e� 

�n�o�t� �s�t�o�c�k�e�d� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �i�n� �1�9�9�5� �b�e�c�a�u�s�e� �h�e�a�v�y� �r�a�i�n�f�a�l�l� �a�n�d� �s�e�v�e�r�e� 

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

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

�b�o�t�h� �t�h�e� �M�c�K�i�n�n�e�y� �(�R�o�c�k�i�n�g�h�a�m�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a�)� �a�n�d� �W�a�t�h�a� �(�C�a�p�e� �F�e�a�r�,� �N�o�r�t�h� 

�C�a�r�o�l�i�n�a�)� �H�a�t�c�h�e�r�i�e�s�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �f�i�s�h� �w�e�r�e� �b�r�o�u�g�h�t� �f�r�o�m� �N�o�r�t�h� �C�a�r�o�l�i�n�a�,� 

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

�i�n� �a� �s�i�m�i�l�a�r� �f�a�s�h�i�o�n� �a�s� �P�h�a�s�e� �|� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �V�i�r�g�i�n�i�a� �(�S�.� �A�r�t�h�u�r�,� �V�D�G�I�F� 

�B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y�,� �p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�)�.� 

�A� �t�o�t�a�l� �o�f� �2�2�8�,�8�0�0� �P�h�a�s�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� �s�t�o�c�k�e�d� �a�t� �t�h�e� 

�P�e�n�h�o�o�k� �(�1�2�5�,�8�0�0�)� �a�n�d� �H�a�l�e�s� �F�o�r�d� �(�1�0�3�,�0�0�0�)� �s�t�a�t�e� �b�o�a�t� �r�a�m�p�s� �d�u�r�i�n�g� �m�i�d�-�J�u�l�y� 

�(�T�a�b�l�e� �1�.�1�)�.� �A�n� �a�d�d�i�t�i�o�n�a�l� �7�,�3�0�0� �a�c�c�e�l�e�r�a�t�e�d�-�g�r�o�w�t�h� �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� �f�r�o�m� �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� �C�e�n�t�e�r� �w�e�r�e� �s�t�o�c�k�e�d� �a�t� �t�h�e� �H�a�l�e�s� �F�o�r�d� 

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

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� �a�s� �3�0�-�d�a�y�-�o�l�d� �f�r�y� �o�n� �2�5� �M�a�y�.� �H�o�w�e�v�e�r�,� 

�a�c�c�e�l�e�r�a�t�e�d�-�g�r�o�w�t�h� �P�h�a�s�e� �I�I� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �n�o�t� �b�a�t�c�h�-�m�a�r�k�e�d� �w�i�t�h� �O�T�C� �i�n� 

�1�9�9�5�.� �I�n�s�t�e�a�d�,� �P�h�a�s�e� �|� �f�i�s�h� �t�h�a�t� �w�e�r�e� �w�a�s�h�e�d� �o�u�t� �o�f� �t�h�e� �B�r�o�o�k�n�e�a�l� �H�a�t�c�h�e�r�y� 

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

�I�l� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�u�l�d� �n�o�t� �b�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�a�m�p�l�i�n�g� �y�e�a�r�.� 
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�M�E�T�H�O�D�S� 

�T�h�i�s� �s�t�u�d�y� �i�n�v�o�l�v�e�d� �t�w�o� �y�e�a�r�s� �(�1�9�9�4�-�9�5� �a�n�d� �1�9�9�5�-�9�6�)� �o�f� �f�i�e�l�d� �c�o�l�l�e�c�t�i�o�n� 

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

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

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

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

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

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

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

�F�i�e�l�d� �C�o�l�l�e�c�t�i�o�n�s� 

�A�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s�e�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�)� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �H�a�l�e�s� �F�o�r�d� �a�n�d� �P�e�n�h�o�o�k� �c�o�v�e� �s�t�o�c�k�i�n�g� �s�i�t�e�s� �o�f� �S�m�i�t�h� 

�M�o�u�n�t�a�i�n� �L�a�k�e� �u�s�i�n�g� �a� �s�u�i�t�e� �o�f� �g�e�a�r� �t�y�p�e�s�.� �S�h�o�r�e�l�i�n�e� �s�e�i�n�i�n�g� �(�s�i�x� �t�o� �t�e�n� �h�a�u�l�s� 

�p�e�r� �n�i�g�h�t� �u�s�i�n�g� �a� �1�0�-�m� �l�o�n�g� �a�n�d� �1�-�m� �d�e�e�p� �b�e�a�c�h� �s�e�i�n�e� �w�i�t�h� �a� �3�.�1�8�-�m�m� �b�a�r� 

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

�J�u�n�e� �t�h�r�o�u�g�h� �A�u�g�u�s�t� �1�9�9�4� �a�n�d� �m�i�d�-�J�u�l�y� �t�h�r�o�u�g�h� �A�u�g�u�s�t� �1�9�9�5� �b�e�c�a�u�s�e� �s�o�m�e� 

�j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s�e�s� �<�5�0� �m�m� �T�L� �i�n�h�a�b�i�t�e�d� �s�h�a�l�l�o�w� �(�<�1� �m�)�,� 

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

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

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

�j�u�v�e�n�i�l�e�s� �i�n� �d�e�e�p�e�r�,� �l�i�t�t�o�r�a�l� �a�r�e�a�s� �(�1�-�2� �m�)� �u�s�i�n�g� �a� �4�.�3�-�m� �a�l�u�m�i�n�u�m�-�h�u�l�l�e�d� �b�o�a�t� 

�w�i�t�h� �a� �b�o�o�m�-�t�y�p�e� �S�m�i�t�h�-�R�o�o�t� �M�o�d�e�l� �3�.�5� �G�a�s�-�P�o�w�e�r�e�d� �P�u�l�s�a�t�o�r�,� �A�C�-�D�C� 

�e�l�e�c�t�r�o�f�i�s�h�i�n�g� �u�n�i�t� �(�3�-�6� �A� �p�u�l�s�e�d� �D�C� �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�)� 

�p�o�w�e�r�e�d� �b�y� �a� �2�0�0�-�W� �g�e�n�e�r�a�t�o�r�.� �F�o�r� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �e�a�c�h� �s�a�m�p�l�i�n�g� �y�e�a�r� �(�a�t� 

�2�5



�l�e�a�s�t� �o�n�e� �n�i�g�h�t� �e�a�c�h� �w�e�e�k� �f�r�o�m� �A�u�g�u�s�t� �t�h�r�o�u�g�h� �m�i�d�-�D�e�c�e�m�b�e�r� �1�9�9�4� �a�n�d� 

�A�u�g�u�s�t� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �1�9�9�5�;� �a�t� �l�e�a�s�t� �t�w�o� �n�i�g�h�t�s� �e�a�c�h� �w�e�e�k� �d�u�r�i�n�g� �M�a�r�c�h� 

�1�9�9�5� �a�n�d� �M�a�r�c�h� �t�h�r�o�u�g�h� �m�i�d�-�A�p�r�i�l� �1�9�9�6�)�,� �b�o�a�t� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �w�a�s� �t�h�e� �p�r�i�m�a�r�y� 

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

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

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

�t�h�r�o�u�g�h� �m�i�d�-�D�e�c�e�m�b�e�r� �1�9�9�4� �a�n�d� �A�u�g�u�s�t� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �1�9�9�5�,� �a�n�d� �a�t� �l�e�a�s�t� 

�f�o�u�r� �n�i�g�h�t�s� �e�a�c�h� �w�e�e�k� �d�u�r�i�n�g� �M�a�r�c�h� �1�9�9�5� �a�n�d� �M�a�r�c�h� �t�h�r�o�u�g�h� �m�i�d�-�A�p�r�i�l� �1�9�9�6� 

�t�o� �c�o�l�l�e�c�t� �l�a�r�g�e�r� �a�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �(�>�9�0� �m�m� �T�L�)� �t�h�a�t� �h�a�d� �d�i�s�p�e�r�s�e�d� �f�r�o�m� �t�h�e� 

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

�M�o�u�n�t�a�i�n� �L�a�k�e�.� �B�e�c�a�u�s�e� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �r�a�r�e�l�y� �f�r�e�q�u�e�n�t�e�d� �t�h�e� �u�p�p�e�r� 

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

�w�e�r�e� �c�o�n�d�u�c�t�e�d� �f�r�o�m� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m� �b�e�l�o�w� �H�a�l�e�s� �F�o�r�d� �B�r�i�d�g�e� �(�H�F�B�)� �a�n�d� 

�t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m� �b�e�l�o�w� �t�h�e� �G�i�l�l�s� �C�r�e�e�k� �c�o�n�f�l�u�e�n�c�e� �(�G�C�C�)� �t�o� �t�h�e� �u�p�p�e�r� 

�l�o�w�e�r� �l�a�k�e� �(�U�L�L�)� �r�e�g�i�o�n� �(�F�i�g�u�r�e� �1�.�1�)�.� �F�i�f�t�e�e�n� �b�i�-�p�a�n�e�l� �m�o�n�o�f�i�l�a�m�e�n�t� �g�i�l�l�n�e�t�s� �(�5�0�-� 

�m� �l�o�n�g� �a�n�d� �2�-�m� �d�e�e�p� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�w�o� �2�5�-�m� �l�o�n�g� �p�a�n�e�l�s� �w�i�t�h� �b�a�r� �m�e�s�h� �s�i�z�e�s� 

�o�f� �1�2�.�7� �m�m� �a�n�d� �1�9�.�0�5� �m�m�,� �1�2�.�7� �m�m� �a�n�d� �2�5�.�4� �m�m�,� �o�r� �1�9�.�0�5� �m�m� �a�n�d� �2�5�.�4� 

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

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

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

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

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

�b�y� �t�h�e� �V�D�G�I�F� �a�s� �p�a�r�t� �o�f� �t�h�e�i�r� �a�n�n�u�a�l� �f�a�l�l� �g�i�l�l�n�e�t� �s�u�r�v�e�y� �(�t�w�o� �n�i�g�h�t�s� �p�e�r� �m�o�n�t�h� �i�n� 

�O�c�t�o�b�e�r�,� �N�o�v�e�m�b�e�r�,� �a�n�d� �D�e�c�e�m�b�e�r� �1�9�9�4� �a�n�d� �1�9�9�5�)� �w�e�r�e� �u�s�e�d� �t�o� �s�u�p�p�l�e�m�e�n�t� 

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

�b�a�s�s� �w�e�r�e� �r�e�m�o�v�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�a�w�n�.� 
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�|� �s�o�u�g�h�t� �t�o� �c�o�l�l�e�c�t� �a�t� �l�e�a�s�t� �6�0� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �3�0� �b�l�a�c�k� �b�a�s�s�e�s� 

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

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

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

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

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

�t�o� �t�h�e� �n�e�a�r�e�s�t� �0�.�0�1� �g� �(�f�r�e�s�h� �w�e�t� �w�e�i�g�h�t�)�,� �a�n�d� �f�r�o�z�e�n� �p�e�n�d�i�n�g� �f�u�r�t�h�e�r� �l�a�b�o�r�a�t�o�r�y� 

�a�n�a�l�y�s�i�s�.� 

�C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �P�h�a�s�e� �I�I� �F�i�n�g�e�r�l�i�n�g�s� 

�B�e�c�a�u�s�e� �o�f� �e�q�u�i�p�m�e�n�t� �a�n�d� �t�i�m�e� �c�o�n�s�t�r�a�i�n�t�s�,� �a� �r�a�n�d�o�m� �s�a�m�p�l�e� �(�N�=� �1�0�0�)� 

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

�M�o�u�n�t�a�i�n� �L�a�k�e� �d�u�r�i�n�g� �t�h�e� �1�9�9�4�-�9�5� �s�a�m�p�l�i�n�g� �y�e�a�r� �w�a�s� �e�x�a�m�i�n�e�d� �f�o�r� �O�T�C� �m�a�r�k�s�.� 

�J�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �c�a�p�t�u�r�e�d� �f�r�o�m� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m� �d�u�r�i�n�g� �1�9�9�4�-�9�5� 

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

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

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

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

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

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

�b�a�s�s� �s�t�o�c�k�e�d� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �d�u�r�i�n�g� �1�9�9�5� �w�e�r�e� �m�a�r�k�e�d� �w�i�t�h� �O�T�C�,� 

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

�t�h�i�s� �s�a�m�p�l�i�n�g� �y�e�a�r�.� 

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

�D�i�s�p�e�r�s�a�l� �a�n�d� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�i�t�h�i�n� �a�n�d� �o�u�t� 
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�o�f� �t�h�e� �H�a�l�e�s� �F�o�r�d� �(�R�o�a�n�o�k�e� �R�i�v�e�r�)� �a�n�d� �P�e�n�h�o�o�k� �(�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r�)� �s�t�o�c�k�i�n�g� 

�c�o�v�e�s� �d�u�r�i�n�g� �b�o�t�h� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �b�y� 

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

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

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

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

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

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

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

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

�i�n�t�e�r�m�e�d�i�a�t�e� �(�I�N�T�)�,� �a�n�d� �o�u�t�e�r� �(�O�U�T�)� �r�e�g�i�o�n�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�h�o�r�e�l�i�n�e� �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� �(�0� �t�o� �1�0�0� �m�,� �1�0�0� �t�o� �4�0�0� �m�,� �a�n�d� �>�4�0�0� �m�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�,� 

�a�n�d� �r�i�g�h�t� �(�R�)� �o�r� �l�e�f�t� �(�L�)� �o�f� �t�h�e� �s�t�o�c�k�i�n�g� �s�i�t�e� �(�F�i�g�u�r�e�s� �1�.�2� �a�n�d� �1�.�3�)�.� �S�p�a�t�i�a�l� 

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

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

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

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

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

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

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

�F�i�r�s�t�-�Y�e�a�r� �S�t�r�i�p�e�d� �B�a�s�s� �G�r�o�w�t�h� 

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

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

�p�l�o�t�t�e�d� �o�v�e�r� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �(�m�i�d�-�J�u�n�e� �t�h�r�o�u�g�h� �m�i�d�-�D�e�c�e�m�b�e�r� �1�9�9�4�;� �m�i�d�-� 

�J�u�l�y� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �1�9�9�5�)� �t�o� �d�e�s�c�r�i�b�e� �t�e�m�p�o�r�a�l� �p�a�t�t�e�r�n�s� �i�n� �g�r�o�w�t�h�.� 
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�A�d�d�i�t�i�o�n�a�l�l�y�,� �m�o�n�t�h�l�y� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �h�i�s�t�o�g�r�a�m�s� �f�o�r� �1�9�9�4�-�9�5� �a�n�d� �1�9�9�5�-�9�6� 

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

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

�d�i�s�t�r�i�b�u�t�i�o�n�.� 

�O�v�e�r�w�i�n�t�e�r� �S�u�r�v�i�v�a�l� 

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

�w�i�n�t�e�r� �w�e�r�e� �c�o�m�p�a�r�e�d� �(�N�o�v�e�m�b�e�r�-�D�e�c�e�m�b�e�r� �1�9�9�4� �v�e�r�s�u�s� �M�a�r�c�h� �1�9�9�5�;� 

�N�o�v�e�m�b�e�r� �1�9�9�5� �v�e�r�s�u�s� �M�a�r�c�h�-�A�p�r�i�l� �1�9�9�6�;� �R�o�a�n�o�k�e� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m� 

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

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

�o�v�e�r�w�i�n�t�e�r� �m�o�r�t�a�l�i�t�y� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� �B�e�c�a�u�s�e� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� 

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

�1�9�9�4� �(�x�*�=�3�.�1�6�,� �d�f�=�1�5�,� �P�=�0�.�6�8�)� �o�r� �M�a�r�c�h� �a�n�d� �A�p�r�i�l� �1�9�9�6� �(�x�?�=�3�.�1�5�,� �d�f�=�8�,� 

�P�=�0�.�9�9�)�,� �t�h�e�s�e� �m�o�n�t�h�s� �w�e�r�e� �p�o�o�l�e�d� �t�o� �i�n�c�r�e�a�s�e� �s�a�m�p�l�e� �s�i�z�e�s� �i�n� �o�r�d�e�r� �t�o� 

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

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

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

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

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

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

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

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

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

�a�f�t�e�r� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �h�a�v�e� �d�e�c�l�i�n�e�d� �b�e�l�o�w� �1�0�°�C� �(�S�c�o�f�i�e�l�d� �1�9�3�1�;� �V�i�a�d�y�k�o�v� 

�a�n�d� �W�a�l�l�a�c�e� �1�9�5�2�;� �K�o�o� �a�n�d� �R�i�t�c�h�i�e� �1�9�7�3�)�.� �B�e�c�a�u�s�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n� 
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�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �w�e�r�e� �b�e�l�o�w� �1�0�°�C� �f�r�o�m� �t�h�e� �e�n�d� �o�f� �N�o�v�e�m�b�e�r� �t�h�r�o�u�g�h� �m�i�d�-� 

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

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

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

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

�F�o�o�d� �H�a�b�i�t�s� 

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

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

�b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s�e�s�,� �a�n�d� �p�r�e�s�e�r�v�e�d� �i�n� �1�0�%� �b�u�f�f�e�r�e�d� �f�o�r�m�a�l�i�n� �f�o�r� �s�u�b�s�e�q�u�e�n�t� 

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

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

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

�0�.�0�1� �g�.� �D�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �f�o�r� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s�e�s� �w�a�s� �e�x�p�r�e�s�s�e�d� �a�s� 

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

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

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

�%�W�T�P�,� �=� �(�S�W�T�P�/�Z�W�T�)�/�N�,� 

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

�2�W�T�P�,� �i�s� �t�h�e� �s�u�m�m�e�d� �w�e�i�g�h�t� �o�f� �p�r�e�y� �i� �c�o�n�s�u�m�e�d� �b�y� �e�a�c�h� �p�r�e�d�a�t�o�r�,� �2�W�T�,� �i�s� �t�h�e� 

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

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

�1�9�8�0�)�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�a�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �i�t� �a�l�l�o�w�s� �f�o�o�d� �t�y�p�e�s� �t�o� �b�e� �q�u�a�n�t�i�f�i�e�d� 

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

�(�B�o�w�e�n� �1�9�9�6�)�.� 

�D�i�e�t� �O�v�e�r�l�a�p� 

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

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

�1�0�-�m�m� �s�i�z�e� �c�l�a�s�s� �i�n�t�e�r�v�a�l� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �b�o�t�h� �t�h�e� �R�o�a�n�o�k�e� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� 

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

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

�C�,�,� �=� �1�.�0�-�0�.�5� �5� �I�P�x�i�-� �P�y�i�l�,� 
�i�=�1� 

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

�s�p�e�c�i�e�s� �x� �(�s�t�r�i�p�e�d� �b�a�s�s�)�,� �p�,�;� �i�s� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �f�o�o�d� �t�y�p�e� �i� �u�s�e�d� �b�y� �s�p�e�c�i�e�s� �y� 

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

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

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

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

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

�s�u�b�s�t�a�n�t�i�a�l� �o�v�e�r�l�a�p� �a�n�d� �p�o�t�e�n�t�i�a�l� �r�e�s�o�u�r�c�e� �c�o�m�p�e�t�i�t�i�o�n� �(�Z�a�r�e�t� �a�n�d� �R�a�n�d� �1�9�7�1�)�.� 

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

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

�P�e�a�r�c�y� �1�9�8�4�)�,� �w�e�r�e� �u�s�e�d� �i�n� �d�i�e�t� �c�o�m�p�a�r�i�s�o�n�s� �b�e�c�a�u�s�e� �s�m�a�l�l� �s�a�m�p�l�e� �s�i�z�e�s� �o�f�t�e�n� 

�l�e�a�d� �t�o� �s�p�u�r�i�o�u�s� �r�e�s�u�l�t�s� �(�S�m�i�t�h� �1�9�8�5�)�.� �C�u�m�u�l�a�t�i�v�e� �p�r�e�y� �s�p�e�c�i�e�s� �c�u�r�v�e�s� �f�o�r� �b�o�t�h� 

�s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s�e�s� �(�b�y� �m�o�n�t�h� �a�n�d� �1�0�-�m�m� �s�i�z�e� �c�l�a�s�s� �i�n�t�e�r�v�a�l� �f�o�r� �t�h�e� 

�R�o�a�n�o�k�e� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�s� �s�e�p�a�r�a�t�e�l�y� �d�u�r�i�n�g� �b�o�t�h� �1�9�9�4� �a�n�d� �1�9�9�5�)� 
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�w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �p�l�o�t�t�i�n�g� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �n�u�m�b�e�r� �o�f� �p�r�e�y� �t�a�x�a� �f�o�u�n�d� �i�n� �a� 

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

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

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

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

�P�r�e�d�a�t�o�r�-�P�r�e�y� �S�i�z�e� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

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

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

�(�S�L�)� �a�n�d� �b�a�c�k�b�o�n�e� �l�e�n�g�t�h�s� �(�B�L�.�)� �o�f� �c�o�n�s�u�m�e�d� �a�g�e�-�O� �a�l�e�w�i�v�e�s� �a�n�d� �s�p�o�t�t�a�i�l� 

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

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

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

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� 

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

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

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

�r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �f�o�r� �a�l�e�w�i�f�e� �w�e�r�e�:� 

�T�L� �=� �-�1�.�9�9� �+� �1�.�2�6�(�S�L�)�,� �N�=�4�0�0�,� �r�?�=�0�.�9�9� 

�T�L� �=� �-�2�.�9�9� �+� �1�.�6�2�(�B�L�.�)�,� �N�=�4�0�0�,� �r�?�=�0�.�9�8� 

�B�D� �=� �-�0�.�7�2� �+� �0�.�2�2�(�T�L�)�,� �N�=�4�0�0�,� �r�?�=�0�.�9�7�.� 
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�S�i�m�i�l�a�r� �e�q�u�a�t�i�o�n�s� �f�o�r� �c�y�p�r�i�n�i�d�s� �w�e�r�e�:� 

�T�L� �=� �1�.�9�0� �+� �1�.�1�6�(�S�L�)�,� �N�=�4�5�0�,� �r�?�=�0�.�9�8� 

�T�L� �=� �8�.�8�5� �+� �1�.�1�5�(�B�L�.�)�,� �N�=�4�5�0�,� �r�?�=�0�.�9�7� 

�B�D� �=� �-�0�.�9�5� �+� �0�.�1�6�(�T�L�)�,� �N�=�4�5�0�,� �r�?�=�0�.�9�7�.� 

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

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

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

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

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

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

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

�w�e�r�e� �d�e�v�e�l�o�p�e�d� �t�o� �c�o�m�p�a�r�e�:� �(�1�)� �T�L� �o�f� �c�y�p�r�i�n�i�d�s� �a�n�d� �a�l�e�w�i�v�e�s� �c�o�n�s�u�m�e�d� �v�e�r�s�u�s� 

�s�t�r�i�p�e�d� �b�a�s�s� �T�L�;� �(�2�)� �t�h�e� �r�a�t�i�o� �o�f� �c�o�n�s�u�m�e�d� �f�i�s�h� �p�r�e�y� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �v�e�r�s�u�s� 

�s�t�r�i�p�e�d� �b�a�s�s� �T�L�;� �(�3�)� �b�o�d�y� �w�e�i�g�h�t� �o�f� �c�y�p�r�i�n�i�d�s� �a�n�d� �a�l�e�w�i�v�e�s� �c�o�n�s�u�m�e�d� �v�e�r�s�u�s� 

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

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

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

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

�f�a�c�t�o�r� �l�i�m�i�t�i�n�g� �i�n�g�e�s�t�i�b�i�l�i�t�y� �(�L�a�w�r�e�n�c�e� �1�9�5�8�;� �K�e�r�b�y� �1�9�7�9�;� �D�e�n�n�e�r�l�i�n�e� �1�9�9�0�;� 

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

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

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

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

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

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

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

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

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

�d�i�f�f�e�r�e�n�t� �s�i�z�e�s� �o�f� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s�.� 

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

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �m�o�n�t�h�l�y� �f�r�o�m� �J�u�n�e� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �1�9�9�5� �b�y� �s�h�o�r�e�l�i�n�e� �s�e�i�n�e� 

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

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

�s�e�i�n�e� �w�i�t�h� �a� �3�.�1�8�-�m�m� �b�a�r� �m�e�s�h� �b�a�g� �a�n�d� �w�i�n�g�s�.� �A�t� �l�e�a�s�t� �2�0�0� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� 

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

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

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

�s�e�a�s�o�n� �w�e�r�e� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �i�n� �1�9�9�4�,� �1�9�9�5� �d�a�t�a� �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� �a�g�e�-�0�O� �c�y�p�r�i�n�i�d� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�r�o�m� �c�o�v�e� �r�o�t�e�n�o�n�e� �s�a�m�p�l�i�n�g� �i�n� �A�u�g�u�s�t� 

�o�f� �b�o�t�h� �1�9�9�4� �a�n�d� �1�9�9�5� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�x�*�=�5�.�4�5�,� �d�f�=�7�,� 

�P�=�0�.�6�8�)�.� 

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

�S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �a�l�r�e�a�d�y� �e�x�i�s�t� �(�T�i�s�a� �1�9�8�8�)�,� �t�h�i�s� �s�p�e�c�i�e�s� �w�a�s� �o�n�l�y� �c�o�l�l�e�c�t�e�d� 

�d�u�r�i�n�g� �t�h�e� �a�n�n�u�a�l� �V�D�G�I�F� �c�o�v�e� �r�o�t�e�n�o�n�e� �s�u�r�v�e�y� �i�n� �A�u�g�u�s�t� �1�9�9�4� �a�n�d� �1�9�9�5� �t�o� 

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

�c�o�n�d�u�c�t�e�d� �f�r�o�m� �1�9�8�2�-�1�9�8�4�.� �B�e�c�a�u�s�e� �a�g�e�-�O� �a�l�e�w�i�f�e� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� 

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

�t�h�e�s�e� �t�w�o� �s�t�u�d�i�e�s� �(�x�?�=� �1�0�.�5�1�,� �d�f�=�1�0�,� �P�=�0�.�3�5�)�,� �i�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �a�l�e�w�i�f�e� 

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

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

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

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

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

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

�(�e�s�t�i�m�a�t�e�d� �a�s� �t�h�e� �2�5�t�h� �a�n�d� �7�5�t�h� �p�e�r�c�e�n�t�i�l�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �f�r�o�m� �f�i�r�s�t�-�y�e�a�r� �g�r�o�w�t�h� 

�d�a�t�a�)�.� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �I�n�d�i�c�e�s� �o�f� �H�e�a�l�t�h� 

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

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

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

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

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

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

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

�c�o�n�d�i�t�i�o�n�s� �o�r� �f�o�o�d� �t�y�p�e� �a�n�d� �s�u�p�p�l�y� �(�B�u�s�a�c�k�e�r� �e�t� �a�l�.� �1�9�9�0�)�.� 

�R�e�l�a�t�i�v�e� �C�o�n�d�i�t�i�o�n�.� �-� �B�o�d�y� �c�o�n�d�i�t�i�o�n� �o�f� �e�a�c�h� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�a�s� 

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

�K�,� �=� �W�/�W �� �x� �1�0�0�,� 

�w�h�e�r�e� �W� �i�s� �t�h�e� �m�e�a�s�u�r�e�d� �w�e�t� �w�e�i�g�h�t� �(�n�e�a�r�e�s�t� �0�.�0�1� �g�)� �a�n�d� �W �� �i�s� �t�h�e� �l�e�n�g�t�h�-� 

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

�p�r�e�d�i�c�t�e�d� �b�y� �t�h�e� �w�e�i�g�h�t�-�l�e�n�g�t�h� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�a�t� �p�o�p�u�l�a�t�i�o�n� �(�L�e�C�r�e�n� 
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�1�9�5�1�)�.� �W�e�i�g�h�t�-�l�e�n�g�t�h� �e�q�u�a�t�i�o�n�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �K�,�,� �f�o�r� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� 

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

�r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s�:� 

�1�9�9�4�-�9�5� �L�o�g�W�T� �=� �-�5�.�1�2� �+� �3�.�0�6�(�L�o�g�T�L�)�,� �N�=�1�6�2�8�,� �r�°�=�0�.�9�9�,� �P�<�0�.�0�0�0�1� 

�1�9�9�5�-�9�6� �L�o�g�W�T� �=� �-�5�.�0�8� �+� �3�.�0�4�(�L�o�g�T�L�)�,� �N�=�1�2�7�2�,� �r�?�=�0�.�9�9�,� �P�<�0�.�0�0�0�1�,� 

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

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

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

�w�e�i�g�h�t�-�l�e�n�g�t�h� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�.� 

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

�t�h�e� �u�s�e� �o�f� �t�h�e� �F�u�l�t�o�n� �f�a�c�t�o�r� �(�K�;� �F�u�l�t�o�n� �1�9�0�4�)�,� �t�h�i�s� �i�n�d�e�x� �i�s� �l�e�n�g�t�h�-�d�e�p�e�n�d�e�n�t�,� 

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

�d�i�s�p�a�r�a�t�e� �l�e�n�g�t�h�s� �(�B�a�g�e�n�a�l� �a�n�d� �T�e�s�c�h� �1�9�7�8�)�.� �T�h�e� �r�e�l�a�t�i�v�e� �w�e�i�g�h�t� �i�n�d�e�x� �(�W�,�)� 

�r�e�p�r�e�s�e�n�t�s� �a� �r�e�f�i�n�e�m�e�n�t� �o�f� �K�,� �(�W�e�g�e� �a�n�d� �A�n�d�e�r�s�o�n� �1�9�7�8�;� �M�u�r�p�h�y� �e�t� �a�l�.� �1�9�9�1�)� 

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

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

�s�t�r�i�p�e�d� �b�a�s�s� �<�1�5�0� �m�m� �T�L� �d�u�e� �t�o� �h�i�g�h� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �l�e�n�g�t�h� �a�t� �w�h�i�c�h� �t�h�e� 

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

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

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

�g�i�v�e�n� �l�e�n�g�t�h� �(�i�.�e�.� �h�a�s� �a�t�t�a�i�n�e�d� �1�0�0�%� �o�f� �i�t�s� �e�x�p�e�c�t�e�d� �w�e�i�g�h�t� �f�o�r� �i�t�s� �p�a�r�t�i�c�u�l�a�r� 

�l�e�n�g�t�h�)�.� �J�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�i�t�h� �K�,� �v�a�l�u�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�0�0� 

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

�w�i�t�h�i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �C�o�n�v�e�r�s�e�l�y�,� �K�,� �v�a�l�u�e�s� �l�e�s�s� �t�h�a�n� �1�0�0� �i�n�d�i�c�a�t�e� �t�h�a�t� 
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�p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�d�i�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�s�  ��p�o�o�r �� �(�i�.�e�.� �w�e�i�g�h�t� �i�s� �l�e�s�s� �t�h�a�n� 

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

�L�i�v�e�r�-�S�o�m�a�t�i�c� �I�n�d�e�x�.� �-� �B�e�c�a�u�s�e� �f�i�s�h� �a�c�c�u�m�u�l�a�t�e� �e�n�e�r�g�y� �i�n� �t�h�e� �f�o�r�m� �o�f� 

�g�l�y�c�o�g�e�n� �i�n� �t�h�e�i�r� �l�i�v�e�r� �(�H�i�n�t�o�n� �e�t� �a�l�.� �1�9�7�2�)� �d�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �h�i�g�h� �e�n�e�r�g�y� �i�n�t�a�k�e� 

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

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

�1�9�8�3�)�.� �T�h�u�s�,� �a� �h�i�g�h� �l�i�v�e�r� �w�e�i�g�h�t� �r�e�l�a�t�i�v�e� �t�o� �b�o�d�y� �w�e�i�g�h�t� �s�h�o�u�l�d� �c�o�r�r�e�s�p�o�n�d� �t�o� 

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

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

�r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �l�i�v�e�r�-�s�o�m�a�t�i�c� �i�n�d�e�x� �(�L�S�I�;� �A�n�d�e�r�s�o�n� �a�n�d� �N�e�u�m�a�n�n� �1�9�9�6�)�.� 

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

�d�i�s�s�e�c�t�i�o�n� �(�m�i�n�u�s� �t�h�e� �g�a�l�l� �b�l�a�d�d�e�r�)� �b�e�f�o�r�e� �w�e�i�g�h�i�n�g� �t�o� �t�h�e� �n�e�a�r�e�s�t� �0�.�0�1� �g�.� �L�S�I� 

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

�L�S�I� �=� �(�L�V�W�/�W�T�)� �x� �1�0�0�,� 

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

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

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

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

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

�a�n�d� �C�r�a�w�f�o�r�d� �1�9�7�7�;� �A�d�a�m�s� �a�n�d� �M�c�L�e�a�n� �1�9�8�5�)�,� �t�h�i�s� �p�a�r�a�m�e�t�e�r� �w�a�s� �u�s�e�d� �a�s� �a� 

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

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

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

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

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

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

�e�n�e�r�g�y� �s�o�u�r�c�e� �a�t� �a� �s�l�o�w�e�r� �r�a�t�e� �t�h�a�n� �s�m�a�l�l�e�r� �f�i�s�h� �(�O�l�i�v�e�r� �e�t� �a�l�.� �1�9�7�9�;� �M�i�r�a�n�d�a� �a�n�d� 

�H�u�b�b�a�r�d� �1�9�9�4�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �o�v�e�r�w�i�n�t�e�r� �s�u�r�v�i�v�a�l�,� �a� �p�e�r�i�o�d� �w�h�e�n� �f�i�s�h� �f�e�e�d� 

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

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

�o�v�e�r�w�i�n�t�e�r�i�n�g� �p�e�r�i�o�d�.� 

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

�(�4�-�7� �d�)� �a�t� �-�6�0�°�C�,� �r�e�w�e�i�g�h�e�d� �(�t�o� �t�h�e� �n�e�a�r�e�s�t� �0�.�0�1� �g� �d�r�y� �w�e�i�g�h�t�)�,� �a�n�d� �g�r�o�u�n�d� �w�i�t�h� 

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

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

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

�p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �a�r�e� �i�n�v�e�r�s�e�l�y� �r�e�l�a�t�e�d� �(�L�o�v�e� �1�9�7�0�;� �N�i�i�m�i� �1�9�7�2�;� �T�o�n�e�y�s� 

�a�n�d� �C�o�b�l�e� �1�9�8�0�;� �C�u�n�j�a�k� �a�n�d� �P�o�w�e�r� �1�9�8�6�)�.� �A� �r�a�n�d�o�m� �s�a�m�p�l�e� �(�N�=� �2�5�0�)� �o�f� �a�l�l� 

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

�S�a�m�p�l�e�s� �(�d�r�i�e�d� �h�o�m�o�g�e�n�a�t�e�)� �w�e�r�e� �o�v�e�n� �d�r�i�e�d� �a�t� �1�0�5�°�C� �f�o�r� �2�4� �h� �t�o� �r�e�a�c�h� �a� 

�c�o�n�s�t�a�n�t� �w�e�i�g�h�t� �a�n�d� �c�o�o�l�e�d� �i�n� �a� �d�e�s�i�c�c�a�t�i�o�n� �c�h�a�m�b�e�r� �a�t� �0�%� �h�u�m�i�d�i�t�y� �f�o�r� �2�4� �h�,� 

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

�e�x�t�r�a�c�t�i�o�n�.� �F�i�l�t�e�r� �p�a�p�e�r� �w�a�s� �o�v�e�n� �d�r�i�e�d� �a�t� �1�0�5�°�C� �t�o� �a� �c�o�n�s�t�a�n�t� �w�e�i�g�h�t� �(�2�4� �h�)�,� 

�c�o�o�l�e�d� �i�n� �a� �d�e�s�i�c�c�a�t�i�o�n� �c�h�a�m�b�e�r� �a�t� �0�%� �h�u�m�i�d�i�t�y� �f�o�r� �2�4� �h�,� �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�.� �D�r�y� �h�o�m�o�g�e�n�a�t�e� �(�1�-�2� �g� �f�r�o�m� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �s�t�r�i�p�e�d� �b�a�s�s�)� �w�a�s� 

�t�h�e�n� �p�a�c�k�a�g�e�d� �i�n� �f�i�l�t�e�r� �p�a�p�e�r� �a�n�d� �r�e�w�e�i�g�h�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �0�.�0�1� �g�.� �T�h�e� �f�i�l�t�e�r� 

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

�a�p�p�a�r�a�t�u�s�,� �a�n�d� �l�i�p�i�d� �w�a�s� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �p�a�c�k�a�g�e�s� �o�v�e�r� �a� �2�4�-�h� �p�e�r�i�o�d� �u�s�i�n�g� 

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

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

�e�n�e�r�g�y� �s�t�o�r�e�s�;� �D�o�b�u�s�h� �e�t� �a�l�.� �1�9�8�5�;� �R�e�z�n�i�c�k� �a�n�d� �B�r�a�u�n� �1�9�8�7�)�.� �T�h�e�r�e� �i�s� �s�o�m�e� 

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

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

�o�f� �s�t�r�u�c�t�u�r�a�l� �l�i�p�i�d�s�.� �H�o�w�e�v�e�r�,� �D�o�b�u�s�h� �e�t� �a�l�.� �(�1�9�8�5�)� �f�o�u�n�d� �t�h�a�t� �a�n�h�y�d�r�o�u�s� �e�t�h�e�r� 

�r�e�m�o�v�e�d�,� �o�n� �a�v�e�r�a�g�e�,� �o�n�l�y� �3�.�3�%� �m�o�r�e� �m�a�t�e�r�i�a�l� �t�h�a�n� �d�i�d� �p�e�t�r�o�l�e�u�m� �e�t�h�e�r� �a�n�d� 

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

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

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

�0�.�0�1� �g�.� �L�i�p�i�d� �i�n�d�e�x� �(�L�I�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s�:� 

�L�I� �=� �(�L�P�W�/�L�F�D�W�)� �x� �1�0�0�,� 

�w�h�e�r�e� �L�P�W� �i�s� �t�h�e� �w�e�i�g�h�t� �o�f� �e�x�t�r�a�c�t�e�d� �l�i�p�i�d� �a�n�d� �L�F�D�W� �i�s� �t�h�e� �l�i�p�i�d�-�f�r�e�e� �d�r�y� �b�o�d�y� 

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

�(�O�w�e�n� �a�n�d� �C�o�o�k� �1�9�7�7�)� �i�n� �r�e�c�o�g�n�i�t�i�o�n� �t�h�a�t� �1� �g� �o�f� �l�i�p�i�d� �h�a�s� �d�i�f�f�e�r�e�n�t� �m�e�a�n�i�n�g� �t�o� 

�a� �f�i�s�h� �o�f� �5� �g� �d�r�y� �w�e�i�g�h�t� �t�h�a�n� �t�o� �o�n�e� �o�f� �5�0� �g� �d�r�y� �w�e�i�g�h�t�.� �T�h�i�s� �s�c�a�l�i�n�g� �i�s� 

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

�p�r�e�y� �a�n�d� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �s�i�z�e� �w�e�r�e� �p�o�o�l�e�d� �f�o�r� �b�o�t�h� �t�h�e� �1�9�9�4�-�9�5� �a�n�d� �1�9�9�5�-� 

�9�6� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n�s� �t�o� �i�n�c�r�e�a�s�e� �s�a�m�p�l�e� �s�i�z�e�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �c�o�m�p�a�r�i�s�o�n�s� �a�m�o�n�g� 

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

�d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �d�a�t�a�)� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�s� �i�n� �Z�a�r� �(�1�9�8�4�)�.� 

�P�r�e�l�i�m�i�n�a�r�y� �t�e�s�t�s� �(�K�o�l�m�o�g�o�r�o�v�-�S�m�i�r�n�o�v�)� �r�e�v�e�a�l�e�d� �t�h�a�t� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�m�e�a�s�u�r�e�s� �o�f� �h�e�a�l�t�h� �d�a�t�a� �w�e�r�e� �n�o�t� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �(�D�=�0�.�3�1�,� �P�<�0�.�0�0�0�1�)�.� 

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

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

�H�u�b�e�r�t� �1�9�7�7�)�,� �n�o�n�p�a�r�a�m�e�t�r�i�c� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �(�G�i�b�b�o�n�s� �1�9�8�5�)� �w�e�r�e� �u�s�e�d� 

�t�o� �a�n�a�l�y�z�e� �t�h�e�s�e� �d�a�t�a� �s�e�t�s�.� �D�a�t�a� �w�e�r�e� �g�r�o�u�p�e�d� �b�y� �l�o�c�a�t�i�o�n� �(�R�o�a�n�o�k�e� �o�r� 

�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�)�,� �m�o�n�t�h�,� �a�n�d� �1�0�-�m�m� �s�i�z�e� �c�l�a�s�s� �i�n�t�e�r�v�a�l� �t�o� �f�a�c�i�l�i�t�a�t�e� 

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

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

�b�y� �1�0�-�m�m� �s�i�z�e� �c�l�a�s�s� �i�n�t�e�r�v�a�l�s� �t�o� �d�e�t�e�c�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �h�e�a�l�t�h� �o�v�e�r� 

�w�i�n�t�e�r�.� �S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s�,� �b�o�t�h� �p�a�r�a�m�e�t�r�i�c� �a�n�d� �n�o�n�p�a�r�a�m�e�t�r�i�c�,� �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� �f�o�r� �T�y�p�e� �|� �e�r�r�o�r�.� 
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�R�E�S�U�L�T�S� 

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

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

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

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

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

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

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

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

�m�o�r�t�a�l�i�t�y�,� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t� �t�o� �a�g�e� �1�.� 

�F�i�e�l�d� �C�o�l�l�e�c�t�i�o�n�s� 

�A� �t�o�t�a�l� �o�f� �3�,�6�4�9� �a�g�e�-�0� �p�i�s�c�i�v�o�r�e�s� �(�N�=� �2�,�2�9�9� �f�o�r� �s�t�r�i�p�e�d� �b�a�s�s�;� �N�=� �1�,�3�5�0� 

�f�o�r� �b�l�a�c�k� �b�a�s�s�e�s�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �d�u�r�i�n�g� �t�h�e� �1�9�9�4�-�9�5� 

�a�n�d� �1�9�9�5�-�9�6� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n�s� �(�T�a�b�l�e� �1�.�3�)�.� �J�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s�,� �t�h�e� �t�a�r�g�e�t� 

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

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

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

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

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

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

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

�I�n� �c�o�n�t�r�a�s�t�,� �a�g�e�-�O� �b�l�a�c�k� �b�a�s�s�e�s� �(�a�b�o�u�t� �9�5�%� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�)� �o�c�c�u�p�i�e�d� 

�n�e�a�r�s�h�o�r�e� �r�e�g�i�o�n�s� �t�h�r�o�u�g�h�o�u�t� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e�,� �t�y�p�i�c�a�l�l�y� �a�r�e�a�s� �c�o�n�t�a�i�n�i�n�g� 

�u�n�d�e�r�w�a�t�e�r� �t�i�m�b�e�r� �a�n�d�/�o�r� �a�q�u�a�t�i�c� �v�e�g�e�t�a�t�i�o�n�.� 
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�T�a�b�l�e� �1�.�3�.� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �j�u�v�e�n�i�l�e� �p�r�e�d�a�t�o�r�s� �c�o�l�l�e�c�t�e�d� �b�y� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n�,� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�,� 
�a�n�d� �l�o�c�a�t�i�o�n� �f�r�o�m� �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� �B�l�a�c�k� �B�a�s�s� 

�S�a�m�p�l�i�n�g� �S�a�m�p�l�i�n�g� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� 
�S�e�a�s�o�n�  ��P�e�r�i�o�d� �R�i�v�e�r� �R�i�v�e�r� �T�o�t�a�l� �R�i�v�e�r� �R�i�v�e�r� �T�o�t�a�l� 

�1�9�9�4�-�9�5� �1�6�-�3�0� �J�u�n� �5�2� �5�8� �1�1�0� �4�1� �6�4� �1�0�5� 

�0�1�-�1�5� �J�u�l� �1�3�7� �8�0� �2�1�7� �2�4� �3�0� �5�4� 

�1�6�-�3�1� �J�u�l� �1�1�1� �6�3� �1�7�4� �7�5� �5�9� �1�3�4� 

�0�1�-�1�5� �A�u�g� �9�3� �8�6� �1�7�9� �3�8� �5�6� �9�4� 

�1�6�-�3�1� �A�u�g� �7�1� �5�5� �1�2�6� �4�6� �3�1� �7�7� 

�0�1�-�1�5� �S�e�p� �4�8� �3�2� �8�0� �3�6� �3�3� �6�9� 

�1�6�-�3�0� �S�e�p� �3�7� �2�1� �5�8� �3�2� �3�9� �7�1� 

�0�1�-�1�5� �O�c�t� �6�6� �2�5� �9�1� �1�4� �1�0� �2�4� 

�1�6�-�3�1� �O�c�t� �3�4� �1�5� �4�9� �2�8� �1�7� �4�5� 

�0�1�-�1�5� �N�o�v� �5�3� �1�6� �6�9� �6� �8� �1�4� 

�1�6�-�3�0� �N�o�v� �2�8� �6� �3�4� �4� �8� �1�2� 

�0�1�-�1�5� �D�e�c� �7� �5� �1�2� �2� �0� �2� 

�1�5�-�3�1� �M�a�r� �1�2�5� �1�1�3� �1�2�8� �0� �0� �0� 

�T�o�t�a�l� �8�6�2� �5�7�5� �1�3�2�7� �3�4�6� �3�5�5� �7�0�1� 

�1�9�9�5�-�9�6� �1�6�-�3�1� �J�u�l� �6�4� �6�4� �1�2�8� �1�1�0� �6�3� �1�7�3� 

�0�1�-�1�5� �A�u�g� �7�4� �9�2� �1�6�6� �8�0� �5�1� �1�3�1� 

�1�6�-�3�1� �A�u�g� �3�5� �6�6� �1�0�1� �6�5� �6�0� �1�2�5� 

�0�1�-�1�5� �S�e�p� �1�7� �6�6� �8�3� �4�2� �4�1� �8�3� 

�1�6�-�3�0� �S�e�p� �4�2� �7�8� �1�2�0� �2�7� �4�7� �7�4� 

�0�1�-�1�5� �O�c�t� �2�6� �5�3� �7�9� �1�0� �2�6� �3�6� 

�1�6�-�3�1� �O�c�t� �2�9� �5�7� �8�6� �7� �5� �1�2� 

�0�1�-�1�5� �N�o�v� �2�2� �5�2� �7�4� �4� �6� �1�0� 

�1�6�-�3�0� �N�o�v� �2�2� �3�8� �6�0� �1� �4� �5� 

�1�5�-�3�1� �M�a�r� �8� �6� �1�4� �0� �0� �0� 

�0�1�-�1�5� �A�p�r� �2�6� �3�5� �6�1� �0� �0� �0� 

�T�o�t�a�l� �3�6�5� �6�0�7� �9�7�2� �3�4�6� �3�0�3� �6�4�9� 
� � 
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�A�l�t�h�o�u�g�h� �m�o�r�e� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �1�9�9�4�-�9�5� �t�h�a�n� 

�1�9�9�5�-�9�6� �(�1�,�3�2�7� �v�e�r�s�u�s� �9�7�2�;� �T�a�b�l�e� �1�.�3�)�,� �t�h�e� �n�u�m�b�e�r�s� �o�f� �a�g�e�-�O� �b�l�a�c�k� �b�a�s�s�e�s� 

�c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �e�a�c�h� �s�a�m�p�l�i�n�g� �y�e�a�r� �w�e�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �(�7�0�1� �d�u�r�i�n�g� 

�1�9�9�4�-�9�5� �a�n�d� �6�4�9� �d�u�r�i�n�g� �1�9�9�5�-�9�6�;� �T�a�b�l�e� �1�.�3�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �d�e�s�p�i�t�e� �s�i�m�i�l�a�r� 

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

�c�a�p�t�u�r�e�d� �f�r�o�m� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m� �d�u�r�i�n�g� �t�h�e� �1�9�9�4�-�9�5� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n� �(�8�6�2� 

�v�e�r�s�u�s� �5�7�5� �i�n� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�)�,� �w�h�e�r�e�a�s� �m�o�r�e� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� 

�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m� �d�u�r�i�n�g� �t�h�e� �1�9�9�5�-�9�6� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n� �(�6�0�7� �v�e�r�s�u�s� �3�6�5� �f�o�r� 

�t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �n�u�m�b�e�r�s� �o�f� �b�l�a�c�k� 

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

�e�a�c�h� �s�a�m�p�l�i�n�g� �s�e�a�s�o�n� �(�3�4�6� �v�e�r�s�u�s� �3�5�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �1�9�9�4�-�9�5�;� �3�4�6� �v�e�r�s�u�s� 

�3�0�3�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �1�9�9�5�-�9�6�)�.� 

�C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �P�h�a�s�e� �I�I� �F�i�n�g�e�r�l�i�n�g�s� 

�O�n�l�y� �t�w�o� �o�f� �t�h�e� �1�0�0� �o�t�o�l�i�t�h�s� �e�x�a�m�i�n�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� 

�P�h�a�s�e� �I�l� �f�i�s�h� �t�o� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �a�r�m� 

�d�u�r�i�n�g� �1�9�9�4�-�9�5� �e�x�h�i�b�i�t�e�d� �a� �d�i�s�c�e�r�n�a�b�l�e� �f�l�u�o�r�e�s�c�e�n�t� �m�a�r�k� �w�h�e�n� �e�x�a�m�i�n�e�d� �u�s�i�n�g� 

�e�p�i�f�l�u�o�r�e�s�c�e�n�c�e� �m�i�c�r�o�s�c�o�p�y�.� �C�h�i�-�s�q�u�a�r�e� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e�s�e� �r�e�s�u�l�t�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� �t�h�a�n� �e�x�p�e�c�t�e�d� �(�y�?�=� �1�3�.�3�6�,� �d�f�=�1�,� �P�<�0�O�.�0�0�0�1�)�.� �H�a�d� 

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

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

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

�o�b�s�e�r�v�e�d� �f�o�r� �P�h�a�s�e� �I�l� �s�t�r�i�p�e�d� �b�a�s�s� �d�u�r�i�n�g� �1�9�9�4� �(�9�9�.�5�%� �a�n�d� �5�1�.�0�%� �f�o�r� �t�h�o�s�e� 

�s�t�o�c�k�e�d� �o�n� �0�6� �a�n�d� �1�3� �J�u�l�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �M�i�c�h�a�e�l�s�o�n� �1�9�9�6�)�,� �o�n�l�y� �s�i�x� �o�f� �t�h�e� �1�0�0� 

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

�a�d�j�u�s�t�e�d� �e�s�t�i�m�a�t�e� �i�s� �s�t�i�l�l� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �o�b�s�e�r�v�e�d� �p�e�r�c�e�n�t�a�g�e� �(�s�i�x� �v�e�r�s�u�s� �t�w�o�)�,� 
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�t�h�e�s�e� �p�r�o�p�o�r�t�i�o�n�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�x�?�=�1�.�9�2�,� �d�f�=�1�,� �P�=�0�.�1�3�)�.� 

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

�b�a�s�s� �p�o�p�u�l�a�t�i�o�n� �d�u�r�i�n�g� �1�9�9�4�-�9�5� �s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �w�i�t�h� �c�a�u�t�i�o�n� �b�e�c�a�u�s�e�:� �(�1�)� 

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

�s�a�m�p�l�e� �c�o�l�l�e�c�t�e�d�;� �(�2�)� �P�h�a�s�e� �|� �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� �a�f�f�i�n�i�t�y� �f�o�r� �n�e�a�r�s�h�o�r�e� 

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

�f�r�e�q�u�e�n�c�y� �t�h�a�n� �t�h�e�i�r� �o�c�c�u�r�r�e�n�c�e� �i�n� �t�h�e� �a�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n�;� �a�n�d� �(�3�)� �t�h�e� 

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

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

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

�D�i�s�p�e�r�s�i�o�n� �p�a�t�t�e�r�n�s� �f�o�r� �a�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �s�t�o�c�k�e�d� �f�r�o�m� �t�h�e� �H�a�l�e�s� �F�o�r�d� 

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

�n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �i�n� �1�9�9�4� �a�n�d� �1�9�9�5�.� �D�u�r�i�n�g� �b�o�t�h� �y�e�a�r�s�,� �C�P�U�E� �w�a�s� �h�i�g�h�e�s�t� �w�i�t�h�i�n� 

�1�0�0� �m� �o�f� �t�h�e� �s�t�o�c�k�i�n�g� �s�i�t�e� �(�I�N�N�-�L� �a�n�d� �I�N�N�-�R�)� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �w�e�e�k� �p�o�s�t�-� 

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

�j�u�v�e�n�i�l�e�s� �d�i�s�p�e�r�s�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�o�c�k�i�n�g� �c�o�v�e� �(�e�l�e�c�t�r�o�f�i�s�h�i�n�g� �o�n�l�y�;� �F�i�g�u�r�e�s� 

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

�d�u�r�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n�,� �t�h�e� �o�u�t�e�r�m�o�s�t� �s�a�m�p�l�i�n�g� �r�e�g�i�o�n�s� �(�O�U�T�-�L� �a�n�d� 

�O�U�T�-�R�;� �b�o�t�h� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �a�n�d� �g�i�l�l�n�e�t�t�i�n�g�;� �F�i�g�u�r�e�s� �1�.�5� �a�n�d� �1�.�6�)� �y�i�e�l�d�e�d� �t�h�e� 

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

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

�B�e�c�a�u�s�e� �f�i�s�h� �w�e�r�e� �r�a�r�e�l�y� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �i�n�t�e�r�m�e�d�i�a�t�e� �(�I�N�T�-�L� �a�n�d� �I�N�T�-�R�)� �o�r� 

�i�n�n�e�r�m�o�s�t� �(�I�N�N�-�L� �a�n�d� �I�N�N�-�R�)� �r�e�g�i�o�n�s� �o�f� �t�h�e� �c�o�v�e� �a�f�t�e�r� �e�a�r�l�y� �f�a�l�l� �(�b�o�t�h� 

�e�l�e�c�t�r�o�f�i�s�h�i�n�g� �a�n�d� �g�i�l�l�n�e�t�t�i�n�g�;� �F�i�g�u�r�e�s� �1�.�5� �a�n�d� �1�.�6�)�,� �i�t� �w�o�u�l�d� �a�p�p�e�a�r� �t�h�a�t� �j�u�v�e�n�i�l�e� 

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

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

�o�u�t�e�r�m�o�s�t� �r�e�g�i�o�n�s� �o�f� �t�h�e� �c�o�v�e� �o�r� �o�u�t�s�i�d�e� �t�h�e� �c�o�v�e� �i�t�s�e�l�f� �(�O�U�T�-�C�;� �g�i�l�l�n�e�t�t�i�n�g� �o�n�l�y�;� 

�F�i�g�u�r�e�s� �1�.�5� �a�n�d� �1�.�6�)�.� 

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

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

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

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

�r�e�g�i�o�n� �(�O�U�T�-�R�)� �o�f� �t�h�i�s� �c�o�v�e� �e�x�h�i�b�i�t�e�d� �h�i�g�h� �C�P�U�E� �d�u�r�i�n�g� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� 

�(�b�o�t�h� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �a�n�d� �g�i�l�l�n�e�t�t�i�n�g�;� �F�i�g�u�r�e�s� �1�.�7� �a�n�d� �1�.�8�)�.� �A� �l�i�k�e�l�y� �e�x�p�l�a�n�a�t�i�o�n� 

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

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

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

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

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

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

�B�e�c�a�u�s�e� �s�t�r�i�p�e�d� �b�a�s�s� �C�P�U�E� �i�n� �t�h�o�s�e� �r�e�g�i�o�n�s� �o�f� �b�o�t�h� �t�h�e� �H�a�l�e�s� �F�o�r�d� �a�n�d� 

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

�d�e�c�l�i�n�i�n�g� �t�r�e�n�d� �d�u�r�i�n�g� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �(�b�o�t�h� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� 

�a�n�d� �g�i�l�l�n�e�t�t�i�n�g�;� �F�i�g�u�r�e�s� �1�.�5�-�1�.�8�)�,� �i�t� �w�o�u�l�d� �a�p�p�e�a�r� �t�h�a�t� �j�u�v�e�n�i�l�e�s� �w�e�r�e� �d�i�s�p�e�r�s�i�n�g� 

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

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

�l�a�t�e� �s�u�m�m�e�r� �t�o� �m�i�d�-�f�a�l�l� �(�g�i�l�l�n�e�t�t�i�n�g� �o�n�l�y�;� �F�i�g�u�r�e�s� �1�.�5�-�1�.�8�)�,� �d�i�s�p�e�r�s�a�l� �o�u�t� �o�f� �t�h�e� 
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�d�i�s�t�r�i�b�u�t�i�o�n�s� �d�i�v�e�r�g�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �o�v�e�r� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �(�F�i�g�u�r�e� �1�.�1�1�)�,� 

�b�e�c�o�m�i�n�g� �m�o�r�e� �k�u�r�t�o�t�i�c� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �s�k�e�w�e�d� �(�T�a�b�l�e� �1�.�4�)�;� �b�y� �m�i�d�-�O�c�t�o�b�e�r�,� �a� 

�d�i�s�t�i�n�c�t� �b�i�m�o�d�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �e�v�i�d�e�n�t� �(�F�i�g�u�r�e� �1�.�1�1�)�.� �N�e�g�a�t�i�v�e� �k�u�r�t�o�s�i�s�,� �a�n� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �b�i�m�o�d�a�l�i�t�y� �(�S�o�k�a�l� �a�n�d� �R�o�h�l�f� �1�9�8�1�)�,� �f�u�r�t�h�e�r� �s�u�p�p�o�r�t�s� �t�h�e�s�e� �r�e�s�u�l�t�s� 

�(�T�a�b�l�e� �1�.�4�)�.� �T�h�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�n�t�i�n�u�e�d� �t�o� �d�i�v�e�r�g�e� �o�v�e�r� �t�h�e� �n�e�x�t� �t�w�o� 

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

�t�o�t�a�l� �l�e�n�g�t�h� �o�f� �l�a�r�g�e�-�m�o�d�e� �j�u�v�e�n�i�l�e�s� �(�2�2�5� �m�m� �T�L�,� �r�a�n�g�e� �1�8�2�-�2�6�6� �m�m� �T�L�)� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �s�m�a�l�l�-�m�o�d�e� �f�i�s�h� �(�9�4� �m�m� �T�L�,� �r�a�n�g�e� �8�4�-�1�4�0� �m�m� �T�L�)� 

�f�r�o�m� �t�h�e� �s�a�m�e� �s�t�o�c�k�e�d� �c�o�h�o�r�t� �(�F�i�g�u�r�e� �1�.�1�1�;� �M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�5�9�5�.�5�,� 

�P�=�0�.�0�0�1�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�r�e� �w�e�r�e� �a�l�s�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �l�a�r�g�e�-� 

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

�f�r�o�m� �e�a�c�h� �r�i�v�e�r� �a�r�m�;� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�3�%� �o�f� �l�a�r�g�e�-�m�o�d�e� �j�u�v�e�n�i�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� 

�f�r�o�m� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �s�a�m�p�l�i�n�g� �s�i�t�e�s�,� �w�h�e�r�e�a�s� �6�0�%� �o�f� �s�m�a�l�l�-�m�o�d�e� �f�i�s�h� �w�e�r�e� 

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

�7�9�9�5�.� �-� �J�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �g�r�o�w�t�h� �p�a�t�t�e�r�n�s� �i�n� �b�o�t�h� �r�i�v�e�r� �a�r�m�s� �d�u�r�i�n�g� 

�t�h�e� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�b�s�e�r�v�e�d� �i�n� �1�9�9�4� �(�F�i�g�u�r�e� �1�.�1�2�)� 

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

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

�s�t�o�c�k�i�n�g� �i�n� �m�i�d�-�J�u�l�y� �w�a�s� �q�u�i�t�e� �b�r�o�a�d� �(�F�i�g�u�r�e� �1�.�1�2�;� �R�o�a�n�o�k�e� �R�i�v�e�r�:� �3�1�-�9�7� �m�m� 

�T�L� �a�n�d� �0�.�2�-�1�1�.�1� �g�;� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r�:� �3�8�-�8�1� �m�m� �T�L� �a�n�d� �0�.�5�-�6�.�1� �g�)�,� �t�h�e�s�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�l�e�n�g�t�h�:� �x�?�=� �7�.�8�3�,� �d�f�=�5�,� �P�=�0�.�1�7�;� 

�w�e�i�g�h�t�:� �x�?�=�9�.�2�3�,� �d�f�=�5�,� �P�=�0�.�1�0�)�.� �H�o�w�e�v�e�r�,� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �w�e�r�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �a�n�d� �h�a�d� �a� �b�r�o�a�d�e�r� �s�i�z�e� �r�a�n�g�e� �a�t� �s�t�o�c�k�i�n�g� �i�n� �J�u�l�y� �1�9�9�5� �t�h�a�n� 

�d�i�d� �f�i�s�h� �s�t�o�c�k�e�d� �i�n� �J�u�n�e� �1�9�9�4� �(�M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�8�,�5�3�1�.�0�,� �P�=�0�.�0�1�;� 

�x�?�=� �2�9�.�4�4�,� �d�f�=�6�,� �P�=�0�.�0�1�)�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� �b�o�t�h� �m�e�d�i�a�n�s� �a�n�d� �r�a�n�g�e�s� �i�n� �s�i�z�e� �o�f� 

�f�i�s�h� �s�t�o�c�k�e�d� �i�n� �J�u�l�y� �1�9�9�5� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �o�b�s�e�r�v�e�d� �f�o�r� �f�i�s�h� 
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�c�o�l�l�e�c�t�e�d� �b�y� �e�l�e�c�t�r�o�f�i�s�h�i�n�g� �i�n� �t�h�e� �s�a�m�e� �a�r�e�a�s� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �d�u�r�i�n�g� �J�u�l�y� �1�9�9�4� 

�(�M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�1�,�1�6�4�.�0�,� �P�=�0�.�0�1�;� �y�x�?�=�1�5�.�5�2�,� �d�f�=�6�,� �P�=�0�.�0�1�)�.� �D�e�s�p�i�t�e� 

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

�c�o�l�l�e�c�t�e�d� �b�y� �t�h�e� �e�n�d� �o�f� �A�u�g�u�s�t� �1�9�9�5� �d�i�s�p�l�a�y�e�d� �a� �b�r�o�a�d�e�r� �r�a�n�g�e� �i�n� �s�i�z�e� �f�o�r� �b�o�t�h� 

�t�h�e� �R�o�a�n�o�k�e� �(�x�?�=�3�4�.�4�1�,� �d�f�=�1�0�,� �P�<�0�.�0�0�1�)� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �(�x�?�=�4�0�.�1�2�,� 

�d�f�=�1�1�,� �P�<�0�O�.�0�0�1�)� �R�i�v�e�r� �a�r�m�s� �t�h�a�n� �t�h�o�s�e� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �i�n� �1�9�9�4�.� 

�A�s� �i�n� �1�9�9�4�,� �s�i�z�e� �r�a�n�g�e�s� �o�f� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �o�v�e�r� �t�h�e� �1�9�9�5� �g�r�o�w�i�n�g� 

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

�N�o�v�e�m�b�e�r�,� �s�t�r�i�p�e�d� �b�a�s�s� �f�r�o�m� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �r�a�n�g�e�d� �f�r�o�m� �1�1�5�-�2�4�0� �m�m� �T�L� 

�(�m�e�d�i�a�n� �=� �1�8�0� �m�m� �T�L�)� �a�n�d� �1�5�.�3�-�1�4�1�.�9� �g� �(�m�e�d�i�a�n� �=� �5�9�.�4� �g�)�,� �w�h�i�l�e� �t�h�e� �s�i�z�e� �r�a�n�g�e� 

�o�f� �j�u�v�e�n�i�l�e�s� �f�r�o�m� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �w�a�s� �9�4�-�2�2�5� �m�m� �T�L� �(�m�e�d�i�a�n�=� �1�5�0� �m�m� 

�T�L�)� �a�n�d� �6�.�6�-�1�2�7�.�6� �g� �(�m�e�d�i�a�n� �=� �3�4�.�6� �g�)�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �o�b�s�e�r�v�e�d� �s�i�z�e�s� �a�n�d� �s�i�z�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�s� �i�n� �1�9�9�4�,� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �w�e�r�e� �s�m�a�l�l�e�r� 

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

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

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �r�i�v�e�r� �a�r�m�s� �(�l�e�n�g�t�h�:� �y�?�=�2�4�.�8�4�,� �d�f�=�1�8�,� 

�P�=�0�.�1�3�;� �w�e�i�g�h�t�:� �x�*�=� �2�3�.�6�3�,� �d�f�=�1�8�,� �P�=�0�.�1�7�)�.� 

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

�e�x�a�m�i�n�e� �t�h�e� �s�i�z�e� �d�i�v�e�r�g�e�n�c�e� �o�f� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �o�v�e�r� �t�h�e� �1�9�9�5� �g�r�o�w�i�n�g� 

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

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

�1�.�1�3�)�.� �A�t� �t�h�e� �t�i�m�e� �o�f� �s�t�o�c�k�i�n�g� �i�n� �m�i�d�-�J�u�l�y�,� �t�h�e� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� 

�w�a�s� �u�n�i�m�o�d�a�l�,� �q�u�i�t�e� �b�r�o�a�d� �(�3�1�-�9�7� �m�m� �T�L�)�,� �a�n�d� �p�o�s�i�t�i�v�e�l�y� �s�k�e�w�e�d� �(�T�a�b�l�e� �1�.�4�)�.� 

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

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

�A�l�t�h�o�u�g�h� �t�h�e� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �f�l�a�t�t�e�n�e�d� �a�n�d� �l�o�s�t� �i�t�s� �p�o�s�i�t�i�v�e� 
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�r� �J�u�l�y� 
�4�0� �|� �N� �=� �9�0�5� 

�2�0� �|�-� 

�i� �L�t� �[� �|� �l� �l� �l� �L� �l� �l� �|� �|� �l� �l� �|� �l� �l� �|� 

�r� �A�u�g�u�s�t� 
�4�0� �-� �_� �-� �_� �N� �=� �2�6�7� 

�P� 

�s�e� �2�0� �L�b� 
�>� �c� 
�©� �|� �L� �7� �h�o�,� �j� �|� �L� �|� �|� �!� �|� �|� 

�d� �r� �S�e�p�t�e�m�b�e�r� 
�5� �4�0�7� �N� �=� �2�0�3� 
�O� 

�6� �r� 
�w� �2�0�-� �O�o� �L� 

�=�~� �l�a�m� 

�O� �L� 
�©� �l� �L� �l� �l� �t�o�t�s� �l� �|� �!� �l� �l� �l� 

�S� �r� �O�c�t�o�b�e�r� �L� �@� �4�0�°� �N�=� �1�6�4� 
�K� �[� 

�2�0� �-� 

�e�o� �e�e�t� 
�F� �N�o�v�e�m�b�e�r� 

�4�0� �|� �N� �=� �2�2�1� 

�2�0� �-� 

�P�o� �i�t� �e�e�e� �a�.� �o�y� 
�0� �5�0� �1�0�0� �1�5�0� �2�0�0� �2�5�0� �3�0�0� 

�S�t�r�i�p�e�d� �B�a�s�s� �T�o�t�a�l� �L�e�n�g�t�h� �(�m�m�)� 

�F�i�g�u�r�e� �1�.�1�3�.� �M�o�n�t�h�l�y� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �j�u�v�e�n�i�l�e� �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� �(�b�o�t�h� �R�o�a�n�o�k�e� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�s� �p�o�o�l�e�d�)� �o�v�e�r� �t�h�e� �1�9�9�5� 
�g�r�o�w�i�n�g� �s�e�a�s�o�n�.� 
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�s�k�e�w�n�e�s�s� �b�y� �m�i�d�-�O�c�t�o�b�e�r�,� �a� �d�i�s�t�i�n�c�t� �b�i�m�o�d�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �e�v�i�d�e�n�t� �(�F�i�g�u�r�e� 

�1�.�1�3�)�.� �T�h�e�s�e� �t�w�o� �s�i�z�e� �m�o�d�e�s�,� �m�a�s�k�e�d� �s�l�i�g�h�t�l�y� �b�y� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �n�a�t�u�r�e� �o�f� �t�h�e� 

�l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�,� �w�e�r�e� �n�e�g�a�t�i�v�e�l�y� �k�u�r�t�o�t�i�c� �(�T�a�b�l�e� �1�.�4�)�,� �f�u�r�t�h�e�r� 

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

�c�o�n�t�i�n�u�e�d� �o�v�e�r� �t�h�e� �n�e�x�t� �m�o�n�t�h�;� �b�y� �t�h�e� �e�n�d� �o�f� �N�o�v�e�m�b�e�r�,� �t�h�e� �m�e�d�i�a�n� �t�o�t�a�l� 

�l�e�n�g�t�h� �o�f� �l�a�r�g�e�-�m�o�d�e� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �(�2�2�6� �m�m� �T�L�,� �r�a�n�g�e� �1�8�3�-�2�6�1� �m�m� �T�L�)� 

�w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �s�m�a�l�l�-�m�o�d�e� �j�u�v�e�n�i�l�e�s� �(�1�0�0� �m�m� �T�L�,� �r�a�n�g�e� �8�0�-�1�3�7� 

�m�m� �T�L�)� �f�r�o�m� �t�h�e� �s�a�m�e� �c�o�h�o�r�t� �(�F�i�g�u�r�e� �1�.�1�3�;� �M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�6�,�4�4�1�.�5�,� 

�P�=�0�.�0�0�1�)�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �a�g�a�i�n� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �l�a�r�g�e�-� 

�a�n�d� �s�m�a�l�l�-�m�o�d�e� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n� 

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

�1�9�9�4�;� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�8�%� �o�f� �l�a�r�g�e�-�m�o�d�e� �j�u�v�e�n�i�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �R�o�a�n�o�k�e� 

�R�i�v�e�r� �s�a�m�p�l�i�n�g� �s�i�t�e�s�,� �w�h�e�r�e�a�s� �5�5�%� �o�f� �s�m�a�l�l�-�m�o�d�e� �f�i�s�h� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� 

�B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �s�a�m�p�l�i�n�g� �s�i�t�e�s�.� 

�O�v�e�r�w�i�n�t�e�r� �S�u�r�v�i�v�a�l� 

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

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

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

�t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s�,� �s�p�r�i�n�g� �s�a�m�p�l�i�n�g� �r�e�v�e�a�l�e�d� �t�h�a�t� �o�n�l�y� �a� 

�s�i�n�g�l�e� �m�o�d�e�,� �c�o�n�s�i�s�t�i�n�g� �p�r�i�m�a�r�i�l�y� �o�f� �f�i�s�h� �>�1�5�0� �m�m� �T�L�,� �r�e�m�a�i�n�e�d� �i�n� �M�a�r�c�h� �1�9�9�5� 

�a�n�d� �A�p�r�i�l� �1�9�9�6� �(�F�i�g�u�r�e� �1�.�1�4�)�.� �L�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �a�n�d� �v�a�r�i�a�n�c�e� �i�n� 

�l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �i�n� �D�e�c�e�m�b�e�r� �1�9�9�4� �(�r�a�n�g�e� �8�4�-�2�6�6� �m�m� �T�L�;� �2�5�t�h�-� 

�a�n�d� �7�5�t�h�-�p�e�r�c�e�n�t�i�l�e� �r�a�n�g�e� �1�0�5�-�2�6�1� �m�m� �T�L�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �i�n� 

�M�a�r�c�h� �1�9�9�5� �(�r�a�n�g�e� �9�7�-�2�6�8� �m�m� �T�L�;� �2�5�t�h�-� �a�n�d� �7�5�t�h�-�p�e�r�c�e�n�t�i�l�e� �r�a�n�g�e� �2�3�0�-�2�5�7� 

�m�m� �T�L�;� �x�?�=� �7�0�.�2�1�,� �d�f� �=�2�0�,� �P�<�0�.�0�0�1�;� �V�a�r�i�a�n�c�e� �r�a�t�i�o� �t�e�s�t�,� �F�=�2�.�9�6�,� �P�<�0�.�0�0�1�)�.� 
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�S�i�m�i�l�a�r�l�y�,� �l�e�n�g�t�h�-�f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �i�n� �N�o�v�e�m�b�e�r� �1�9�9�5� �(�r�a�n�g�e� �8�0�-�2�6�1� �m�m� 

�T�L�;� �2�5�t�h�-� �a�n�d� �7�5�t�h�-�p�e�r�c�e�n�t�i�l�e� �r�a�n�g�e� �1�0�9�-�2�1�9� �m�m� �T�L�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� 

�t�h�a�n� �i�n� �A�p�r�i�l� �1�9�9�6� �(�r�a�n�g�e� �1�2�8�-�2�6�2� �m�m� �T�L�;� �2�5�t�h�-� �a�n�d� �7�5�t�h�-�p�e�r�c�e�n�t�i�l�e� �r�a�n�g�e� 

�2�1�3�-�2�3�9� �m�m� �T�L�;� �x�?�=�4�2�.�5�1�,� �d�f� �=�2�0�,� �P�<�0�.�0�0�1�;� �V�a�r�i�a�n�c�e� �r�a�t�i�o� �t�e�s�t�,� �F�=�3�.�1�8�,� 

�P�<�0�.�0�0�1�)�.� 

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

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

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

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

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

�b�o�t�h� �M�a�r�c�h� �1�9�9�5� �a�n�d� �A�p�r�i�l� �1�9�9�6� �(�1�0�.�0�5� �a�n�d� �3�.�8�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �T�a�b�l�e� �1�.�4�)�.� 

�A�d�d�i�t�i�o�n�a�l�l�y�,� �s�m�a�l�l�-�m�o�d�e� �f�i�s�h� �(�<� �1�5�0� �m�m� �T�L�)� �c�o�m�p�r�i�s�e�d� �7�2�.�3�%� �a�n�d� �6�2�.�5�%� �o�f� 

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

�r�e�s�p�e�c�t�i�v�e�l�y�.� �I�n� �s�h�a�r�p� �c�o�n�t�r�a�s�t�,� �s�m�a�l�l�-�m�o�d�e� �f�i�s�h� �c�o�m�p�r�i�s�e�d� �o�n�l�y� �3�.�2�%� �a�n�d� �2�.�7�%� 

�o�f� �a�l�l� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �M�a�r�c�h� �1�9�9�5� �a�n�d� �A�p�r�i�l� �1�9�9�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

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

�(�<�1�5�0� �m�m� �T�L�)� �o�v�e�r� �t�h�e� �1�9�9�4�-�9�5� �a�n�d� �1�9�9�5�-�9�6� �w�i�n�t�e�r�s� �(�F�i�g�u�r�e� �1�.�1�4�)�.� 

�F�o�o�d� �H�a�b�i�t�s� 

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

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

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

�t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �(�F�i�g�u�r�e� �1�.�1�5�)�.� �D�u�r�i�n�g� �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� �i�n� �J�u�n�e� �1�9�9�4�,� �z�o�o�p�l�a�n�k�t�o�n� �(�c�l�a�d�o�c�e�r�a�n�s� �a�n�d� 
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�c�o�p�e�p�o�d�s�)� �a�n�d� �b�e�n�t�h�i�c� �a�q�u�a�t�i�c� �i�n�s�e�c�t�s� �(�c�h�i�r�o�n�o�m�i�d� �l�a�r�v�a�e� �a�n�d� �p�u�p�a�e�,� �a�n�d� 

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

�c�o�n�t�e�n�t�s� �b�y� �w�e�i�g�h�t� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �6�0�%�)�.� �I�n� �c�o�n�t�r�a�s�t�,� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� �(�m�a�i�n�l�y� 

�N�o�t�r�o�p�i�s� �h�u�d�s�o�n�i�u�s�)� �w�e�r�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�o�o�d� �i�t�e�m� �b�y� �w�e�i�g�h�t� �(�8�5�%�)� �i�n� 

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

�r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s�,� �a�g�e�-�O� �f�i�s�h�e�s� �w�e�r�e� �t�h�e� 

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

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

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

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

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

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

�t�h�r�o�u�g�h� �m�i�d�-�D�e�c�e�m�b�e�r� �1�9�9�4� �a�n�d� �l�a�t�e� �A�u�g�u�s�t� �t�h�r�o�u�g�h� �N�o�v�e�m�b�e�r� �1�9�9�5�.� 

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

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

�s�e�a�s�o�n�s�.� 

�A�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �i�n� �b�o�t�h� �r�i�v�e�r� �a�r�m�s� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �s�i�m�i�l�a�r� �s�i�z�e�-� 

�d�e�p�e�n�d�e�n�t� �s�h�i�f�t�s� �i�n� �f�o�o�d� �h�a�b�i�t�s� �o�v�e�r� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� 

�(�F�i�g�u�r�e� �1�.�1�6�)�.� �A�l�t�h�o�u�g�h� �j�u�v�e�n�i�l�e�s� �w�e�r�e� �p�i�s�c�i�v�o�r�o�u�s� �a�t� �a�l�l� �s�i�z�e�s� �(�e�x�c�e�p�t� �f�o�r� �t�h�e� 

�s�m�a�l�l�e�s�t� �1�0�-�m�m� �s�i�z�e� �i�n�t�e�r�v�a�l� �i�n� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �1�9�9�4� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� 

�1�9�9�5�)�,� �s�t�o�m�a�c�h� �c�o�n�t�e�n�t�s� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �<�1�3�0� �m�m� �T�L� �c�o�n�t�a�i�n�e�d� �v�a�r�y�i�n�g� 

�a�m�o�u�n�t�s� �o�f� �z�o�o�p�l�a�n�k�t�o�n�,� �b�e�n�t�h�i�c� �a�q�u�a�t�i�c� �i�n�s�e�c�t�s�,� �a�n�d� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� �(�F�i�g�u�r�e� 

�1�.�1�6�)�.� �F�o�r� �t�h�e�s�e� �j�u�v�e�n�i�l�e�s�,� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� �t�o� �d�i�e�t� 

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

�j�u�v�e�n�i�l�e�s� �i�n� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �d�u�r�i�n�g� �1�9�9�4� �c�o�n�t�a�i�n�e�d� �g�r�e�a�t�e�r� �p�r�o�p�o�r�t�i�o�n�s� �o�f� 

�i�n�v�e�r�t�e�b�r�a�t�e�s� �t�h�a�n� �t�h�o�s�e� �i�n� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �o�v�e�r� �t�h�i�s� �s�a�m�e� �t�i�m�e� �p�e�r�i�o�d�;� �i�n� 
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�1�9�9�5�,� �t�h�e� �c�o�n�v�e�r�s�e� �o�b�s�e�r�v�a�t�i�o�n� �w�a�s� �d�e�t�e�c�t�e�d� �(�F�i�g�u�r�e� �1�.�1�6�)�.� �F�o�r� �a�g�e�-�O� �s�t�r�i�p�e�d� 

�b�a�s�s� �>�1�3�0� �m�m� �T�L�,� �f�i�s�h�e�s� �(�a�g�e�-�O� �c�y�p�r�i�n�i�d�s�,� �s�u�n�f�i�s�h�e�s�,� �d�a�r�t�e�r�s�,� �a�n�d� �a�l�e�w�i�v�e�s�)� 

�t�o�t�a�l�e�d� �g�r�e�a�t�e�r� �t�h�a�n� �8�5�%� �o�f� �t�h�e� �s�t�o�m�a�c�h� �c�o�n�t�e�n�t�s� �b�y� �w�e�i�g�h�t� �(�F�i�g�u�r�e� �1�.�1�6�)�.� 

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

�s�i�z�e� �c�l�a�s�s�e�s�,� �c�o�m�p�r�i�s�i�n�g� �a�t� �l�e�a�s�t� �8�0�%� �b�y� �w�e�i�g�h�t� �o�f� �c�o�n�s�u�m�e�d� �f�i�s�h� �p�r�e�y�.� 

�B�l�a�c�k� �B�a�s�s�e�s�.� �-� �A�g�e�-�O� �b�l�a�c�k� �b�a�s�s�e�s� �(�p�r�i�m�a�r�i�l�y� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s�)� �a�l�s�o� 

�e�x�h�i�b�i�t�e�d� �t�e�m�p�o�r�a�l� �t�r�e�n�d�s� �i�n� �f�o�o�d� �h�a�b�i�t�s� �t�h�a�t� �w�e�r�e� �s�i�m�i�l�a�r� �o�v�e�r� �t�h�e� �1�9�9�4� �a�n�d� 

�1�9�9�5� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �i�n� �b�o�t�h� �r�i�v�e�r� �a�r�m�s� �o�f� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �(�F�i�g�u�r�e� �1�.�1�7�)�.� 

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

�o�f� �a�g�e�-�O� �f�i�s�h�e�s� �(�a�t� �l�e�a�s�t� �7�0�%� �f�o�r� �c�y�p�r�i�n�i�d�s�,� �s�u�n�f�i�s�h�e�s�,� �a�n�d� �d�a�r�t�e�r�s� �i�n� 

�c�o�m�b�i�n�a�t�i�o�n�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �z�o�o�p�l�a�n�k�t�o�n� �(�c�l�a�d�o�c�e�r�a�n�s� �a�n�d� �c�o�p�e�p�o�d�s�)�,� �a�q�u�a�t�i�c� 

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

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

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

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

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

�i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�t�o�m�a�c�h� �c�o�n�t�e�n�t� �w�e�i�g�h�t� �(�F�i�g�u�r�e� �1�.�1�7�)�.� �A�g�e�-�O� 

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

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

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

�i�t�e�m� �b�y� �w�e�i�g�h�t� �c�o�n�s�u�m�e�d� �b�y� �a�g�e�-�O� �b�l�a�c�k� �b�a�s�s�e�s� �(�F�i�g�u�r�e� �1�.�1�7�)�.� 

�L�i�k�e� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s�,� �b�l�a�c�k� �b�a�s�s�e�s� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �c�o�m�p�a�r�a�b�l�e� 

�s�i�z�e�-�d�e�p�e�n�d�e�n�t� �s�h�i�f�t�s� �i�n� �d�i�e�t� �c�o�m�p�o�s�i�t�i�o�n� �o�v�e�r� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� 

�s�e�a�s�o�n�s� �i�n� �b�o�t�h� �r�i�v�e�r� �a�r�m�s� �o�f� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �(�F�i�g�u�r�e� �1�.�1�8�)�.� �A�l�t�h�o�u�g�h� 

�b�l�a�c�k� �b�a�s�s�e�s� �c�o�n�s�u�m�e�d� �i�n�v�e�r�t�e�b�r�a�t�e�s� �u�n�t�i�l� �1�2�0� �m�m� �T�L�,� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e�s�e� 

�p�r�e�y� �i�t�e�m�s� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �a�s� �j�u�v�e�n�i�l�e�s� �b�e�c�a�m�e� �m�o�r�e� �p�i�s�c�i�v�o�r�o�u�s�.� 
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�F�o�r� �b�a�s�s�e�s� �<�1�2�0� �m�m� �T�L�,� �d�a�r�t�e�r�s� �w�e�r�e� �t�h�e� �d�o�m�i�n�a�n�t� �f�i�s�h� �p�r�e�y� �c�o�n�s�u�m�e�d� �b�y� 

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

�a�l�s�o� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �s�t�o�m�a�c�h� �c�o�n�t�e�n�t�s� �i�t�e�m�s� �(�F�i�g�u�r�e� �1�.�1�8�)�.� �J�u�v�e�n�i�l�e� �b�l�a�c�k� 

�b�a�s�s�e�s� �>�1�2�0� �m�m� �T�L� �w�e�r�e� �s�t�r�i�c�t�l�y� �p�i�s�c�i�v�o�r�o�u�s�;� �d�i�e�t� �c�o�n�t�e�n�t�s� �f�o�r� �t�h�e�s�e� �l�a�r�g�e�r� 

�s�i�z�e� �c�l�a�s�s�e�s� �c�o�n�s�i�s�t�e�d� �p�r�i�m�a�r�i�l�y� �o�f� �a�g�e�-�O� �d�a�r�t�e�r�s� �a�n�d� �s�u�n�f�i�s�h�e�s� �(�F�i�g�u�r�e� �1�.�1�8�)�.� 

�D�i�e�t� �O�v�e�r�l�a�p� 

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

�a�d�e�q�u�a�t�e�l�y� �c�h�a�r�a�c�t�e�r�i�z�e� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �a�n�d� �b�l�a�c�k� �b�a�s�s� �d�i�e�t�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d�,� �o�v�e�r�l�a�p� �v�a�l�u�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�6� �w�e�r�e� �o�n�l�y� �d�e�t�e�c�t�e�d� �d�u�r�i�n�g� �J�u�n�e� �1�9�9�4� 

�f�o�r� �b�o�t�h� �t�h�e� �R�o�a�n�o�k�e� �(�0�.�6�2�)� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �(�0�.�8�7�)� �R�i�v�e�r� �a�r�m�s� �(�T�a�b�l�e� �1�.�5�)�.� 

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

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

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

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

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

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

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

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

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

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

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

�b�a�s�s�e�s� �t�h�a�t� �r�a�n�g�e�d� �f�r�o�m� �4�0�-�1�2�0� �m�m� �T�L� �b�e�c�a�u�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �p�r�e�d�a�t�o�r� 

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

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

�c�u�m�u�l�a�t�i�v�e� �p�r�e�y� �s�p�e�c�i�e�s� �c�u�r�v�e�s� �(�T�a�b�l�e� �1�.�6�)�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �d�i�e�t� �o�v�e�r�l�a�p� �b�e�t�w�e�e�n� 
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�T�a�b�l�e� �1�.�5�.� �D�i�e�t� �o�v�e�r�l�a�p� �f�o�r� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �x� �b�l�a�c�k� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� 
�c�a�l�c�u�l�a�t�e�d� �b�y� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d� �a�n�d� �l�o�c�a�t�i�o�n� �f�o�r� �b�o�t�h� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� �g�r�o�w�i�n�g� 
�s�e�a�s�o�n�s�.� �O�n�l�y� �s�a�m�p�l�e�s� �t�h�a�t� �e�x�c�e�e�d�e�d� �t�h�e� �m�i�n�i�m�u�m� �n�u�m�b�e�r� �o�f� �s�t�o�m�a�c�h�s� 
�n�e�c�e�s�s�a�r�y� �t�o� �a�d�e�q�u�a�t�e�l�y� �c�h�a�r�a�c�t�e�r�i�z�e� �p�r�e�d�a�t�o�r� �d�i�e�t�s� �(�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 
�c�u�m�u�l�a�t�i�v�e� �p�r�e�y� �s�p�e�c�i�e�s� �c�u�r�v�e�s�)� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �a�n�a�l�y�s�i�s�.� 

� � 

� � 

� � 

�1�9�9�4� �1�9�9�5� 

�S�a�m�p�l�i�n�g� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� 
�P�e�r�i�o�d� �R�i�v�e�r� �R�i�v�e�r� �R�i�v�e�r� �R�i�v�e�r� 

�J�u�n� �0�.�6�2� �O�8�7� �2� �2� �w�e�e�r� �w�e�e� 

�J�u�l� �0�.�5�7� �0�.�5�2� �0�.�5�7� �0�.�2�2� 

�A�u�g� �0�.�3�3� �0�.�6�0� �0�.�2�2� �0�.�1�6� 

�S�e�p� �0�.�2�7� �0�.�2�4� �0�.�2�1� �0�.�1�2� 

�O�c�t� �0�.�0�6� �0�.�3�4� �0�.�0�4� �0�.�1�3� 
� � 

�-�-�-�-�-� �N�o� �f�i�s�h� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�.� 
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�T�a�b�l�e� �1�.�6�.� �D�i�e�t� �o�v�e�r�l�a�p� �f�o�r� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �x� �b�l�a�c�k� �b�a�s�s� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� 
�c�a�l�c�u�l�a�t�e�d� �b�y� �1�0�-�m�m� �s�i�z�e� �c�l�a�s�s� �i�n�t�e�r�v�a�l� �a�n�d� �l�o�c�a�t�i�o�n� �f�o�r� �b�o�t�h� �t�h�e� �1�9�9�4� �a�n�d� �1�9�9�5� 
�g�r�o�w�i�n�g� �s�e�a�s�o�n�s�.� �O�n�l�y� �s�a�m�p�l�e�s� �t�h�a�t� �e�x�c�e�e�d�e�d� �t�h�e� �m�i�n�i�m�u�m� �n�u�m�b�e�r� �o�f� 
�s�t�o�m�a�c�h�s� �n�e�c�e�s�s�a�r�y� �t�o� �a�d�e�q�u�a�t�e�l�y� �c�h�a�r�a�c�t�e�r�i�z�e� �p�r�e�d�a�t�o�r� �d�i�e�t�s� �(�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 
�c�u�m�u�l�a�t�i�v�e� �p�r�e�y� �s�p�e�c�i�e�s� �c�u�r�v�e�s�)� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �a�n�a�l�y�s�i�s�.� 

� � 

� � 

� � 

�1�9�9�4� �1�9�9�5� 

�S�i�z�e� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� �R�o�a�n�o�k�e� �B�l�a�c�k�w�a�t�e�r� 
�I�n�t�e�r�v�a�l� �R�i�v�e�r� �R�i�v�e�r� �R�i�v�e�r� �R�i�v�e�r� 

�2�0�-�2�9� �R�H� �H�H� 

�3�0�-�3�9� �*�*� �*�%� �H�H� 

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

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

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

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

�8�0�-�8�9� �0�.�2�6� �0�.�2�6� �0�.�1�1� �0�.�2�4� 

�9�0�-�9�9� �0�.�1�9� �0�.�2�6� �0�.�0�9� �0�.�1�8� 

�1�0�0�-�1�0�9� �0�.�1�4� �0�.�0�9� �0�.�0�8� �0�.�1�0� 

�1�1�0�-�1�1�9� �0�.�1�2� �*�*� �*�*� �0�.�1�0� 

�1�2�0�-�1�2�9� �0�.�1�2� �*�*� �*�*� �*�*� 
� � 

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

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

�7�7



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

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

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

�r�e�s�o�u�r�c�e�s�.� �D�i�e�t� �o�v�e�r�l�a�p� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�6� �w�a�s� �d�e�t�e�c�t�e�d� �o�n�l�y� �f�o�r� �t�h�e� �4�0�-�m�m� �T�L� 

�(�b�o�t�h� �R�o�a�n�o�k�e� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �a�r�m�s� �i�n� �1�9�9�4�)� �a�n�d� �5�0�-�m�m� �T�L� �(�B�l�a�c�k�w�a�t�e�r� 

�R�i�v�e�r� �a�r�m� �o�n�l�y� �i�n� �b�o�t�h� �1�9�9�4� �a�n�d� �1�9�9�5�)� �s�i�z�e� �i�n�t�e�r�v�a�l�s� �(�T�a�b�l�e� �1�.�6�)�.� �S�t�o�m�a�c�h�s� �f�o�r� 

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

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

�a�n�d� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s�.� �F�o�r� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �1�0�-�m�m� �s�i�z�e� �i�n�t�e�r�v�a�l�s� �i�n� �b�o�t�h� �r�i�v�e�r� 

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

�e�x�h�i�b�i�t�e�d� �a� �d�e�c�l�i�n�i�n�g� �t�r�e�n�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �(�T�a�b�l�e� �1�.�6�)� �d�u�e� �t�o� �i�n�c�r�e�a�s�i�n�g� 

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

�b�a�s�s� �f�e�d� �o�n� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� �a�n�d� �a�l�e�w�i�v�e�s�,� �w�h�e�r�e�a�s� �l�a�r�g�e�r� �j�u�v�e�n�i�l�e� �b�l�a�c�k� �b�a�s�s�e�s� 

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

�P�r�e�d�a�t�o�r�-�P�r�e�y� �S�i�z�e� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

�c�y�p�r�i�n�i�d�s� �a�n�d� �a�l�e�w�i�v�e�s�)� �a�n�d� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s�,� �i�n�g�e�s�t�e�d� �f�i�s�h� �p�r�e�y� �T�L�,� �a�s� �w�e�l�l� 

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

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

�r�e�g�r�e�s�s�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �f�o�r� �c�y�p�r�i�n�i�d� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �(�s�l�o�p�e� �=� �+�0�.�1�8�,� �r �� 

�=� �0�.�3�1�,� �N�=�1�5�4�,� �P�=�0�.�0�0�1�)�,� �a�l�e�w�i�f�e� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �(�s�l�o�p�e� �=� �+�0�.�2�8�,� 

�r�?� �=� �0�.�3�1�,� �N�=�2�1�7�,� �P�=�0�.�0�0�1�)�,� �c�y�p�r�i�n�i�d� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �v�e�r�s�u�s� �s�t�r�i�p�e�d� 

�b�a�s�s� �b�o�d�y� �l�e�n�g�t�h� �(�s�l�o�p�e� �=� �-�0�.�0�3�,� �r�?� �=� �0�.�0�1�,� �N�=�1�5�4�,� �P�=�0�.�0�0�1�)�,� �a�n�d� �a�l�e�w�i�f�e� 

�2� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �v�e�r�s�u�s� �s�t�r�i�p�e�d� �b�a�s�s� �b�o�d�y� �l�e�n�g�t�h� �(�s�l�o�p�e� �=� �-�0�.�0�5�,� �r�*� �=� 

�0�.�0�7�,� �N�=�2�1�7�,� �P�=�0�.�0�0�1�)�.� �S�m�a�l�l�e�r� �s�t�r�i�p�e�d� �b�a�s�s� �(�4�0�-�1�2�0� �m�m� �T�L�)� �e�x�c�l�u�s�i�v�e�l�y� 
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�c�o�n�s�u�m�e�d� �c�y�p�r�i�n�i�d�s� �t�h�a�t� �r�a�n�g�e�d� �i�n� �s�i�z�e� �f�r�o�m� �9�-�4�0� �m�m� �T�L�,� �w�h�e�r�e�a�s� �l�a�r�g�e� �s�t�r�i�p�e�d� 

�b�a�s�s� �(�1�7�5�-�2�7�0� �m�m� �T�L�)� �p�r�i�m�a�r�i�l�y� �a�t�e� �a�l�e�w�i�v�e�s� �t�h�a�t� �r�a�n�g�e�d� �f�r�o�m� �5�0�-�1�2�5� �m�m� 

�(�F�i�g�u�r�e� �1�.�1�9�a�)�.� �J�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� �r�a�n�g�i�n�g� �i�n� �t�o�t�a�l� �l�e�n�g�t�h� �f�r�o�m� �1�2�0�-�1�7�5� �m�m� 

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

�r�a�n�g�e�d� �f�r�o�m� �7�-�3�9�%� �o�f� �s�m�a�l�l� �s�t�r�i�p�e�d� �b�a�s�s� �T�L�,� �w�h�i�l�e� �a�g�e�-�O� �a�l�e�w�i�v�e�s� �e�a�t�e�n� �b�y� 

�l�a�r�g�e� �s�t�r�i�p�e�d� �b�a�s�s� �r�a�n�g�e�d� �f�r�o�m� �2�3�-�5�2�%� �o�f� �p�r�e�d�a�t�o�r� �T�L� �(�F�i�g�u�r�e� �1�.�1�9�b�)�.� �A�l�t�h�o�u�g�h� 

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

�g�r�e�a�t�e�r� �t�h�a�n� �c�y�p�r�i�n�i�d� �T�L� �t�o� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �(�t�-�t�e�s�t� �b�e�t�w�e�e�n� �r�e�g�r�e�s�s�i�o�n� 

�c�o�e�f�f�i�c�i�e�n�t�s�,� �t�=�3�.�8�6�,� �P�=�0�.�0�0�2�)�.� �H�o�w�e�v�e�r�,� �a� �f�l�a�t� �o�r� �d�e�c�l�i�n�i�n�g� �t�r�e�n�d� �w�i�t�h� 

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

�(�F�i�g�u�r�e� �1�.�1�9�b�)�.� �F�o�r� �s�t�r�i�p�e�d� �b�a�s�s� �t�h�a�t� �f�e�d� �o�n� �c�y�p�r�i�n�i�d�s�,� �a� �4�0�-� �a�n�d� �1�2�0�-�m�m� 

�s�t�r�i�p�e�d� �b�a�s�s� �c�o�n�s�u�m�e�d� �t�h�i�s� �p�r�e�y� �i�t�e�m�,� �o�n� �a�v�e�r�a�g�e�,� �a�t� �r�a�t�i�o�s� �o�f� �2�1�%� �a�n�d� �2�0�%� 

�o�f� �t�h�e�i�r� �T�L�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�e�r�e�a�s� �1�5�0�-� �a�n�d� �2�7�0�-�m�m� �s�t�r�i�p�e�d� �b�a�s�s� �a�t�e� �a�l�e�w�i�v�e�s�,� 

�o�n� �a�v�e�r�a�g�e�,� �a�t� �r�a�t�i�o�s� �o�f� �4�1�%� �a�n�d� �3�5�%� �o�f� �t�h�e�i�r� �T�L�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

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

�w�e�i�g�h�t� �(�s�l�o�p�e� �=� �+�0�.�0�1�,� �r�?� �=� �0�.�3�4�,� �N�=�1�5�4�,� �P�=�0�.�0�0�1�)�,� �a�l�e�w�i�f�e� �b�o�d�y� �w�e�i�g�h�t� 

�t�o� �s�t�r�i�p�e�d� �b�a�s�s� �b�o�d�y� �w�e�i�g�h�t� �(�s�l�o�p�e� �=� �+�0�.�0�4�,� �r�?� �=� �0�.�3�1�,� �N�=�2�1�7�,� �P�=�0�.�0�0�1�)�,� 

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

�=� �-�0�.�0�1�,� �r�?� �=� �0�.�0�3�,� �N�=�1�5�4�,� �P�=�0�.�0�4�)�,� �a�n�d� �a�l�e�w�i�f�e� �b�o�d�y� �w�e�i�g�h�t� �t�o� �s�t�r�i�p�e�d� 

�b�a�s�s� �b�o�d�y� �w�e�i�g�h�t� �v�e�r�s�u�s� �s�t�r�i�p�e�d� �b�a�s�s� �T�L� �(�s�l�o�p�e� �=� �-�0�.�0�2�,� �r�?� �=� �0�.�0�5�,� �N�=�2�1�7�,� 

�P�=�0�.�0�0�1�)�.� �S�m�a�l�l�e�r� �s�t�r�i�p�e�d� �b�a�s�s� �(�4�0�-�1�2�0� �m�m� �T�L�)� �e�x�c�l�u�s�i�v�e�l�y� �c�o�n�s�u�m�e�d� 
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�2�.�0�%�-�1�1�.�3�%� �o�f� �s�t�r�i�p�e�d� �b�a�s�s� �b�o�d�y� �w�e�i�g�h�t� �(�F�i�g�u�r�e� �1�.�1�9�d�)�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� 

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

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

�t�e�s�t� �b�e�t�w�e�e�n� �r�e�g�r�e�s�s�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�s�,� �t�=� �3�.�3�3�,� �P�=�0�.�0�0�1�)�.� �H�o�w�e�v�e�r�,� �o�n�c�e� �a�g�a�i�n� 

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

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

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

�1�.�1�%� �a�n�d� �0�.�8�%� �o�f� �t�h�e�i�r� �b�o�d�y� �w�e�i�g�h�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�h�e�r�e�a�s� �1�5�0�-� �a�n�d� �2�7�0�-�m�m� 

�s�t�r�i�p�e�d� �b�a�s�s� �a�t�e� �a�l�e�w�i�v�e�s�,� �o�n� �a�v�e�r�a�g�e�,� �a�t� �r�a�t�i�o�s� �o�f� �5�.�8�%� �a�n�d� �3�.�6�%� �o�f� �t�h�e�i�r� �b�o�d�y� 

�w�e�i�g�h�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�B�e�c�a�u�s�e� �s�i�z�e�-�d�e�p�e�n�d�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �t�y�p�e�s� �a�n�d� �s�i�z�e�s� �o�f� �f�i�s�h� �p�r�e�y� 

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

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

�2�5�-�m�m� �s�t�r�i�p�e�d� �b�a�s�s� �s�i�z�e� �c�l�a�s�s�e�s� �(�r�a�n�g�e� �2�5�-�3�0�0� �m�m� �T�L�)� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �b�a�s�e�d� 

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

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

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

�c�o�e�f�f�i�c�i�e�n�t�s�,� �t�=�3�.�3�5�,� �P�<�0�.�0�0�1�;� �F�i�g�u�r�e� �1�.�2�0�)�.� �B�e�c�a�u�s�e� �t�h�e� �s�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

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

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

�f�i�s�h� �p�r�e�y� �t�y�p�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �b�a�s�e�d� �o�n� �i�n�g�e�s�t�i�b�i�l�i�t�y� �l�i�m�i�t�a�t�i�o�n�s�,� �a� �1�0�0�-�m�m� �s�t�r�i�p�e�d� 

�b�a�s�s� �i�n� �A�u�g�u�s�t� �c�o�u�l�d� �c�o�n�s�u�m�e� �a�g�e�-�O� �c�y�p�r�i�n�i�d�s� �a�s� �l�a�r�g�e� �a�s� �5�0� �m�m� �T�L�.� �A�l�t�h�o�u�g�h� 

�t�h�i�s� �s�i�z�e� �w�a�s� �m�o�r�p�h�o�l�o�g�i�c�a�l�l�y� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�i�s� �t�i�m�e� �(�F�i�g�u�r�e� �1�.�2�1�)�,� �1�0�0�-�m�m� 

�s�t�r�i�p�e�d� �b�a�s�s� �c�o�n�s�u�m�e�d� �c�y�p�r�i�n�i�d�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�0�-�3�0� �m�m� �T�L�,� �m�u�c�h� �l�e�s�s� �t�h�a�n� 

�t�h�e� �p�r�e�d�i�c�t�e�d� �i�n�g�e�s�t�i�b�i�l�i�t�y� �l�i�m�i�t� �(�F�i�g�u�r�e� �1�.�2�0�)�.� 

�A�l�t�h�o�u�g�h� �s�i�z�e�s� �o�f� �m�o�s�t� �a�g�e�-�O� �a�l�e�w�i�v�e�s� �c�o�n�s�u�m�e�d� �b�y� �l�a�r�g�e�r� �j�u�v�e�n�i�l�e� 
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�s�t�r�i�p�e�d� �b�a�s�s� �(�1�5�0�-�2�7�0� �m�m� �T�L�)� �w�e�r�e� �l�e�s�s� �t�h�a�n� �p�r�e�d�i�c�t�e�d�,� �a� �f�e�w� �a�l�e�w�i�v�e�s� �s�l�i�g�h�t�l�y� 

�l�a�r�g�e�r� �t�h�a�n� �e�s�t�i�m�a�t�e�d� �m�a�x�i�m�u�m� �i�n�g�e�s�t�i�b�i�l�i�t�y� �l�i�m�i�t�s� �w�e�r�e� �a�l�s�o� �e�a�t�e�n� �(�F�i�g�u�r�e� �1�.�2�0�)�.� 

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

�s�i�z�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �(�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�,� �t�=�3�.�3�2�,� 

�P�=�0�.�0�1�)�.� �B�e�c�a�u�s�e� �a�g�e�-�O� �a�l�e�w�i�v�e�s� �w�e�r�e� �o�n�l�y� �c�o�n�s�u�m�e�d� �b�y� �s�t�r�i�p�e�d� �b�a�s�s� �2�1�2�0� 

�m�m� �T�L� �(�F�i�g�u�r�e� �1�.�2�0�)�,� �s�m�a�l�l�e�r� �p�r�e�d�a�t�o�r�s� �m�a�y� �h�a�v�e� �b�e�e�n� �g�a�p�e� �l�i�m�i�t�e�d� �f�o�r� �t�h�i�s� �p�r�e�y� 

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

�r�e�l�a�t�i�o�n�s�h�i�p�,� �a� �1�2�0�-�m�m� �s�t�r�i�p�e�d� �b�a�s�s� �c�o�u�l�d� �c�o�n�s�u�m�e� �a�g�e�-�O� �a�l�e�w�i�v�e�s� �a�s� �l�a�r�g�e� �a�s� 

�4�8� �m�m� �T�L�.� �A�g�e�-�O� �a�l�e�w�i�f�e� �g�r�o�w�t�h� �d�a�t�a� �f�r�o�m� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �(�T�i�s�a� �1�9�8�8�)� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �s�o�m�e� �i�n�g�e�s�t�i�b�l�e�-�s�i�z�e�d� �a�l�e�w�i�v�e�s� �(�<�4�8� �m�m� �T�L�)� �a�r�e� �m�o�r�p�h�o�l�o�g�i�c�a�l�l�y� 

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

�a�g�e�-�O� �a�l�e�w�i�f�e� �c�o�h�o�r�t� �b�i�o�m�a�s�s� �a�v�a�i�l�a�b�i�l�i�t�y� �t�o� �s�m�a�l�l� �(�<�1�2�0� �m�m� �T�L�)� �j�u�v�e�n�i�l�e� 

�s�t�r�i�p�e�d� �b�a�s�s� �s�u�p�p�o�r�t� �t�h�e�s�e� �r�e�s�u�l�t�s� �(�f�r�o�m� �T�i�s�a� �1�9�8�8�;� �F�i�g�u�r�e� �1�.�2�2�)�.� �H�o�w�e�v�e�r�,� 

�o�n�l�y� �2�3�%� �o�f� �f�i�r�s�t�-�y�e�a�r� �a�l�e�w�i�f�e� �b�i�o�m�a�s�s� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �s�m�a�l�l� �s�t�r�i�p�e�d� �b�a�s�s� 

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

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

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

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

�f�o�r�a�g�e� �t�o� �l�a�r�g�e� �j�u�v�e�n�i�l�e�s� �(�>�1�5�0� �m�m� �T�L�)� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n�.� 

�O�v�e�r�a�l�l�,� �6�7�%� �o�f� �t�h�e� �f�i�r�s�t�-�y�e�a�r� �a�l�e�w�i�f�e� �p�r�o�d�u�c�t�i�o�n� �i�s� �w�i�t�h�i�n� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� 

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

�P�h�y�s�i�o�l�o�g�i�c�a�l� �I�n�d�i�c�e�s� �o�f� �H�e�a�l�t�h� 

�7�9�9�4�.� �-� �R�e�l�a�t�i�v�e� �c�o�n�d�i�t�i�o�n� �(�K�,�;� �r�a�n�g�e� �7�6�-�1�0�5�)�,� �l�i�v�e�r�-�s�o�m�a�t�i�c� �i�n�d�e�x� �(�L�S�I�;� 

�r�a�n�g�e� �0�.�4�7�-�1�.�4�0�)�,� �a�n�d� �l�i�p�i�d� �i�n�d�e�x� �(�L�I�;� �r�a�n�g�e� �0�.�0�8�-�0�.�3�7�)� �f�o�r� �j�u�v�e�n�i�l�e� �s�t�r�i�p�e�d� �b�a�s�s� 

�i�n� �b�o�t�h� �r�i�v�e�r� �a�r�m�s� �o�f� �S�m�i�t�h� �M�o�u�n�t�a�i�n� �L�a�k�e� �d�i�s�p�l�a�y�e�d� �s�i�m�i�l�a�r� �t�e�m�p�o�r�a�l� �p�a�t�t�e�r�n�s� 
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�F�i�g�u�r�e� �1�.�2�2�.� �P�e�r�c�e�n�t� �o�f� �a�g�e�-�O� �a�l�e�w�i�f�e� �b�i�o�m�a�s�s� �i�n�g�e�s�t�i�b�l�e� �b�y� �m�e�d�i�a�n� �t�o�t�a�l� �l�e�n�g�t�h� �s�m�a�l�l�-� 
�a�n�d� �l�a�r�g�e�-�m�o�d�e� �a�g�e�-�O� �s�t�r�i�p�e�d� �b�a�s�s� �o�v�e�r� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �i�n� �S�m�i�t�h� �M�o�u�n�t�a�i�n� 
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�o�v�e�r� �t�h�e� �1�9�9�4� �g�r�o�w�i�n�g� �s�e�a�s�o�n�,� �w�h�i�l�e� �s�t�o�m�a�c�h�-�f�u�l�l�n�e�s�s� �i�n�d�e�x� �(�S�F�I�;� �r�a�n�g�e� �O�-� 

�2�.�3�8�)� �v�a�l�u�e�s� �w�e�r�e� �h�i�g�h�l�y� �v�a�r�i�a�b�l�e� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d� �(�F�i�g�u�r�e� �1�.�2�3�)�.� �A�l�t�h�o�u�g�h� 

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

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

�i�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �h�e�a�l�t�h� �t�h�a�n� �j�u�v�e�n�i�l�e�s� �s�t�o�c�k�e�d� �i�n� �t�h�e� �R�o�a�n�o�k�e� �R�i�v�e�r� �(�K�,�:� �8�9� 

�a�n�d� �7�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=� �1�,�3�8�3�.�5�,� �P�<�0�.�0�1�;� �L�S�I�:� �0�.�7�5� �a�n�d� �0�.�4�7�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�9�2�8�.�0�,� �P�<�0�.�0�1�;� �L�I�:� �0�.�1�5� �a�n�d� �0�.�0�8�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �M�a�n�n�-�W�h�i�t�n�e�y�,� �U�=�1�,�3�2�6�.�0�,� �P�<�0�.�0�1�)�.� �H�o�w�e�v�e�r�,� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

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

�g�r�o�w�i�n�g� �s�e�a�s�o�n� �a�n�d�,� �b�y� �m�i�d�-�D�e�c�e�m�b�e�r�,� �m�e�d�i�a�n� �i�n�d�i�c�e� �v�a�l�u�e�s� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� 
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�L�I�=� �1�6�3�%�)� �t�h�a�n� �d�i�d� �j�u�v�e�n�i�l�e�s� �i�n� �t�h�e� �B�l�a�c�k�w�a�t�e�r� �R�i�v�e�r� �(�K�,� �=� �1�0�7�%�;� �L�S�I�=�1�1�9�%�;� 
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�d�f�=�6�,� �P�=�0�.�3�7�;� �T�a�b�l�e� �1�.�7�)� �a�n�d� �B�l�a�c�k�w�a�t�e�r� �(�K�r�u�s�k�a�l�-�W�a�l�l�i�s�,� �H�=� �1�1�.�8�,� �d�f�=�6�,� 

�P�=�0�.�3�3�;� �T�a�b�l�e� �1�.�7�)� �R�i�v�e�r� �a�r�m�s�,� �S�F�I� �w�a�s� �t�y�p�i�c�a�l�l�y� �h�i�g�h�e�r� �d�u�r�i�n�g� �l�a�t�e� �s�u�m�m�e�r� �a�n�d� 
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�a�n�d� �8�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �L�S�I�:� �0�.�2�3� �a�n�d� �0�.�5�0�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �L�l�:� �0�.�1�7� �a�n�d� �0�.�1�2�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�)�.� �H�o�w�e�v�e�r�,� �m�e�d�i�a�n� �i�n�d�i�c�e�s� �o�f� �h�e�a�l�t�h� �v�a�l�u�e�s� �i�n�c�r�e�a�s�e�d� �p�r�o�g�r�e�s�s�i�v�e�l�y� 
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�c�l�a�s�s�e�s� �(�K�,�:� �1�1�0� �a�n�d� �1�0�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �L�S�I�:� �2�.�7�4� �a�n�d� �2�.�3�9�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �L�I�:� 

�0�.�4�6� �a�n�d� �0�.�4�2�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �f�o�r� �b�o�t�h� �t�h�e� �R�o�a�n�o�k�e� �(�K�,�:� �K�r�u�s�k�a�l�-�W�a�l�l�i�s�,� 

�H�=�2�9�0�.�4�,� �d�f�=�1�8�,� �P�<�0�.�0�0�0�1�;� �L�S�I�:� �K�r�u�s�k�a�l�-�W�a�l�l�i�s�,� �H�=�3�0�1�.�1�,� �d�f�=�1�8�,� 
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