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(ABSTRACT) 

The goal of this research was to improve the understanding of the dynamics of 

male gypsy moth-pheromone trap interactions and the ecological factors that influence 

moth capture in pheromone traps. Defoliation, the most obvious expression of high 

density gypsy moth populations, may have a significant influence on gypsy moth 

population dynamics. This research focused on the use of defoliation and defoliation 

related processes to study moth capture in pheromone traps. Male moth wing length 

was found to decrease substantially only when defoliation exceeded a threshold level of 

ca. 40%, resulting in moths with either large or small wings. Moth wing length, 

determined from moths captured in intensively monitored traps, was found to 

accurately estimate whether or not defoliation exceeded ca. 40% in the vicinity of the 

trap. However, for traps serviced less intensively, male wing length provided a poor 

estimate of defoliation. 

Larval development (using degree-days as a physiological measure of time) in 

sixteen plots was not altered as a result of varying levels of defoliation, but pupal 

phenology was significantly influenced by the level of defoliation . Despite distinct 

differences in pupal phenology, there were no differences in male moth capture over 

time in pheromone traps attributable to defoliation. 

A broad relationship between the number of moths captured and egg mass 

density was developed. The spatial and temporal characteristics of gypsy moth 

populations were examined using a combination of field studies and defoliation maps. 

This information, in conjunction with data on wing length and the relationship between 

moths per trap and egg mass density, was used to develop an algorithm to interpret 

moth capture in pheromone traps to monitor gypsy moth populations.
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Chapter 1 

Introduction 

Biology and Ecology. The gypsy moth (Lepidoptera: Lymantriidae 

Lymantria dispar) is the major insect pest of eastern hardwood forests. First introduced 

into Massachusetts in 1869, it has spread throughout the northeastern United States and 

is currently extending its range south and west into Ohio, West Virginia, Virginia, and 

North Carolina (Fig. 1). The ecology and biology of the gypsy moth have been well 

studied and there are many excellent publications on the biology, ecology, 

management, and history of the gypsy moth (Fornbush & Fernald 1896, Bess 1961, 

Doane and McManus 1981, Smith 1989, Elkinton & Liebhold 1990). 

Innovative integrated pest management (IPM) programs currently being 

developed to manage the gyspy moth will benefit from an effective pheromone trap- 

based monitoring system. The goal of this research was to improve the understanding 

of the dynamics of male gypsy moth-pheromone trap interactions. Improving the 

knowledge of male moth-pheromone trap dynamics will increase the usefulness of 

pheromone traps used to monitor gypsy moth populations and facilitate development of 

effective pheromone trap-based monitoring systems. 

The southern hardwood forests of the Appalachian mountain and plateau region 

in Ohio, West Virginia, Virginia, and North Carolina and states further south provide 

ideal habitat for the gypsy moth. Gypsy moth larvae can feed on over 300 species of 

trees and shrubs (Lechowicz and Mauffette 1986). Oak species (Quercus) are some of 

the most preferred hosts and are usually defoliated during population outbreaks. The 

gypsy moth is univoltine, eggs hatch in mid-April to mid-May in most areas (Fig. 2). 

The larval stage consists of five instars for males and five or six for females. 

Following pupation in late June to August, small, gray, nondescript male moths are 

attracted to the large, flightless, white female moths by the sex pheromone that the 

females emit. Depending on the level of defoliation experienced by larvae during 

development, females oviposit a single egg mass consisting of 100 to over 1500 eggs 

in a protective covering of minute hairs. The buff-colored, oval shaped egg masses are 

usually deposited in well protected areas such as the underside of over-hanging tree 

limbs, tree boles, furrows in tree bark, under rocks, and man-made objects.
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Fig. 2. Gypsy moth life cycle indicating time of occurrence of various lifestages.



Gypsy moth populations!, in areas where the moth is well established, have 

been described as numerically bimodal and are characterized by four distinct population 

phases (innocuous, release, outbreak, and decline) (Fig. 3) (Campbell & Sloan 1978a). 

Populations may remain at low densities (innocuous phase) for many years. 

Population density may then increase rapidly during the release phase to reach outbreak 

densities (outbreak phase). The outbreak phase is characterized by extensive 

defoliation (Fig. 4a). Outbreak populations may decline with a year or two (decline 

phase) or they may remain at high population densities for several years. Over large 

areas, densities among populations may vary widely and populations may influence the 

dynamics of neighboring populations (Campbell & Sloan 1978b). In the leading edge 

area? , gypsy moth populations tend to reach outbreak levels rapidly (two to three 

years) after initial infestation and the number of hectares defoliated at a rapid rate (Fig. 

4b). Release of populations from an innocuous phase has been hypothesized to be a 

result of favorable weather conditions, changes in host plant condition, decline of the 

predator-parasite-pathogen complex, the existence of foci, or an abundance of sheltered 

pupation sites (Campbell & Sloan 1977, Elkinton & Liebhold 1990). However, the 

exact reasons why populations increase rapidly to outbreak levels are not well 

understood. Decline of populations from high density levels is most likely due to the 

action of pathogens (such as nuclear polyhedrosis virus), food shortages, and/or 

declines in fecundity. 

Since the gypsy moth's introduction into North America, a considerable amount 

of effort has been directed at attempting to eradicate or control this pest. Early control 

methods included burning infested trees and shrubs, banding trees, and destroying egg 

masses. Quarantine practices, quarantine areas, and barrier zones are regulatory 

practices that have been implemented to slow the spread of the moth (McManus & 

Mcintrye 1981). There is a long history of parasite and pathogen introductions from 

Europe and Asia (Coulson 1981, Reardon 1981), but the effectiveness of these 

  

1 Population or deme, in this case refers to the gypsy moths that occur in a distinct 

geographical location. 

2 The leading edge area is defined as the area newly invaded by the gypsy moth, but 

contiguous with generally infested areas to the north and east. Leading edge areas are 

experiencing gypsy moth related defoliation for the first time.
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Fig. 3. Hypothetical gypsy moth population indicating population phases. Adapted 

from Campbell and Sloan (1978a). 

introductions has been difficult to determine. Lead arsenate, DDT, carbaryl (Sevin®) 

are several chemicals that have been used for control. Currently, the most common 

control practices are no control, or the aerial application of diflubenzuron (Dimilin®) or 

Bacillus thuriengiensis. Other methods of control have included sterile male release and 

pheromone disruption. These measures are generally effective only in low density, 

isolated populations. 

Gypsy moth management. Integrated pest management (IPM) is a 

philosophy of pest management that emphasizes sound environmental practices to 

control economically damaging pest populations. "An IPM program is comprised of 

six basic elements: (1) people: the system devisers and pest managers; (2) the 

knowledge and information necessary to devise the system and make sound 

management decisions: (3) a program for monitoring the numbers and state of the 

ecosystem elements--e.g., resource, pest and natural enemies; (4) decision-making 

levels: the pest densities at which control methods are put into action; (5) IPM methods: 

the techniques used to manipulate pest populations; and (6) agents and materials; the 

tools of manipulation" (Flint and van den Bosch 1983). The research presented in this 

dissertation is concerned with element three, the monitoring component of an IPM 

program.
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Gypsy moths occur in wooded habitats. These habitats may include small 

groups of trees in parks or backyards, woodlots with distinct boundaries, or large 

contiguously forested areas with widely ranging topographical attributes. In all of these 

habitats the gypsy moth may be a pest. The impact of infestations may not necessarily 

be related to attributes of the habitat (i.e., the number of trees) or the density of the 

pest, but to the concerns of the land-owner or land-manager. Regardless of how the 

severity of an infestation is evaluated, it is important to detect and accurately assess 

potentially damaging gypsy moth populations so that an appropriate management plan 

can be implemented. 

For the gypsy moth, two sampling techniques are commonly used to monitor 

populations. These are egg mass counts and pheromone-baited traps for capturing male 

moths. Egg mass density, the primary criterion for treatment decisions (Ravlin et al. 

1987), is assessed through the use of direct egg mass counts, using one of three 

commonly accepted methods. The fixed radius method involves counting all egg 

masses within a given area usually a fortieth acre (a hundredth of a hectare) plot, a 

circle with a radius of 18.6 feet (5.65 m). Fixed radius plots are widely used in gypsy 

moth management programs. The second method is the fixed and variable radius plot 

method (Wilson & Fontaine 1978). The variable part of this method involves counting 

all of the egg masses on trees larger than a specified size, commonly a BAF (basal area 

factor) of 20 at breast height. These trees are determined from the plot center using a 

BAF measuring device (i.e., a pyramid). The fixed part of the method involves 

counting all of the egg mass in a given area, generally a circle of radius eight feet six 

inches (2.59 m) around the plot center. The fixed and variable radius plot was 

developed to bias the sampling effort towards larger trees which are more likely to 

contain a greater percentage of egg masses in an area. The third method utilized to 

assess egg mass density is timed-walks. This method involves walking a straight line 

path for a set period of time and counting all egg masses observed. Generally, two 

individuals make independent counts and the average is used to derive an estimate of 

egg mass density based on regression equations presented by Eggen & Abrahamson 

(1983). This method has the advantage of providing a greater spatial coverage, but 

results can be variable depending on terrain, egg mass density level, and tree size and 

density. Egg mass sampling is a time and labor intensive activity and, unless many 

samples are taken or timed-walks are used, provides limited spatial coverage. 

Pheromone-baited milk-carton and delta traps (pheromone traps) are used to



delineate gypsy moth populations (Ravlin et al. 1987) and have been used in gypsy 

moth IPM programs (Appalachian and Maryland IPM Programs). An implicit 

assumption of the use of pheromone traps is the existence of a relationship between the 

number of male moths captured and egg mass density. This relationship is assumed to 

exist for certain ecological conditions, but has not been quantified. Boths changes in 

trap efficiency as traps fill (Elkinton 1987) and trap saturation (Bellinger et al. 1990) 

have hampered the development of the relationship between the number of male moths 

captured and egg mass density. The problem of trap saturation, particularly in areas of 

low egg mass density, has been hypothesized to be a result of migrant moths. Migrant 

moths are defined as adult moths that did not develop in the vicinity of the trap, but 

flew to the trap from distant areas. The capture of migrant moths would, therefore, 

tend to obscure the relationship between the number of moths captured and the actual 

egg mass density. 

Considerable effort has been invested in the development and testing of the 

gypsy moth pheromone and pheromone traps (Elkinton and Carde 1981, Mastro 1981, 

Schwalbe 1981). However, less research (but see Elkinton & Carde 1980, Elkinton 

1987) has been conducted to understand the interactions of gypsy moths with 

pheromone traps and to elucidate the ecological factors that influence the capture of 

male moths. These factors are complex and may include elevation, wind speed and 

direction, defoliation, gypsy moth population density, area-wide population dynamics, 

forest stand density, and forest patchiness. Additional research is required to determine 

which and to what degree the various factors influence capture of male moths in 

pheromone traps. 

Wing length of male moths. The problem of trap saturation is the result of 

Capturing too many moths; therefore, a technique that would be independent of the 

number of moths captured in pheromone traps to estimate population density may 

circumvent this problem. Bellinger et al. (1990) attempted to develop a density index 

using the wing length of male gypsy moths captured in pheromone traps. The 

existence of such a relationship between male moth wing length and egg mass density 

was based on the following premise, "Leonard (1968) reported that there was a 

relationship between body size and density for the gypsy moth and Hinckley (1970) 

suggested that male moth size, as measured by wing length, varied inversely with the 

level of defoliation. It follows that egg mass density should be directly related to larval 

density, however, the relationship between defoliation and larval density is less direct.



Wilson and Talerico (1981) and Ganser et al. (1985) found a relationship between egg 

mass density and defoliation but there is a significant amount of variability in these 

relationships presumably due to population characteristics, site characteristics, and 
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sample method. Despite the tenuous nature of these relationships we might expect to 

find a relationship between male moth size and population fecundity based on the 

assumption that density dependent stress and defoliation will produce populations of 

smaller individuals.” (Bellinger et al. 1990). The results of this research were positive; 

male wing length was related to the mean number of moths per pheromone trap, egg 

mass density, and eggs per mass (Fig. 5) (Bellinger et al. 1990). The biological basis 

for this relationship was not determined, but hypothesized to be density dependent 

stress factors acting on larval populations as outlined above. Larval density and 

defoliation are interrelated stress factors that may influence moth size. An inverse 

relationship between larval density and fecundity has been demonstrated for the gypsy 

moth (Capinera & Barbosa 1977, Campbell 1978), but the biological basis for this 

relationship has not been elucidated. Density related changes in food quality alter the 

normal nocturnal feeding behavior of late instar gypsy moth larvae (Lance et al. 1986) 

which may alter larval growth. Defoliation is a process that decreases foliage 

availability and can alter foliage chemistry (Schultz & Baldwin 1982). Changes in 

foliage quality due to defoliation have been shown to reduce female pupal size and 

fecundity (Wallner & Walton 1979, Rossiter et al. 1988). However, these studies were 

conducted using trees on which defoliation was artificially simulated. 

Defoliation is a major factor which alters the forest microclimate. Larvae 

developing in high density populations, and often defoliated areas, may develop faster 

and pupate earlier than larvae in low density populations (Campbell 1978). The rapid 

development (as measured in calender days) has been found to be related to changes in 

microhabitat and temperature (Lance et al. 1987) and not due to density-related stress 

(larval interaction) (Lance et al. 1986). Defoliation has been suggested as a possible 

determinant of gypsy moth population quality (Wallner & Walton 1979). In addition 

the sex ratio of pupae is altered at high population densities (Campbell 1963, Mauffette 

& Jobin 1985). Despite the recognition of the impact of microclimate and defoliation 

on gypsy moth biology, there are no quantitative field studies investigating the effects 

of defoliation (resulting from high larval population densities) on larval and pupal 

development or on adult gypsy moths. 

Defoliation is the most obvious expression of high density gypsy moth 

populations and may have a significant influence of the dynamics of gypsy moth 

populations. Population processes related to, or a direct consequence of defoliation, 

also may have an important influence male moth wing length and the number of moths
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captured in pheromone traps. Therefore, this research has focused on using defoliation 

and defoliation related processes to analyze the relationship between pheromone trap 

captures (the number and size of male moths) and gypsy moth population 

characteristics (egg mass density and defoliation). 

Research Objectives 

The goal of this research was to improve the understanding of the 

dynamics of male gypsy moth-pheromone trap interactions and the 

ecological factors that influence the capture of male moths in pheromone 

traps. An improved knowledge of male moth-pheromone trap dynamics 

should increase the ability to interpret the captures of male moths in 

pheromone traps and the usefulness of pheromone traps to monitor 

gypsy moth populations. Five studies were conducted as part of this research. 

The objectives of each study are listed below and the results of the studies are presented 

in the following five chapters. 

Chapter 2. Changes in gypsy moth fecundity and male wing length due to 

defoliation. The goal of this research was to investigate the influence of defoliation on 

gypsy moth fecundity and male moth wing length and the relationship between male 

moth wing length and egg mass density. The objectives of this study were: 1) to 

determine if a proportional decrease in fecundity and wing length occurs as defoliation 

increases; 2) to validate the linear relationship between mean male wing length and egg 

mass density found by Bellinger et al. (1990); 3) to compare the results with an 

independent data set presented in Campbell (1978). 

Chapter 3. Dynamics of gypsy moth pheromone-baited milk-carton traps. 

Part I: Impact of defoliation on gypsy moth phenology and pheromone-baited milk- 

carton trap capture of male moths. The objective of this research was to investigate the 

impact of defoliation on gypsy moth larval development, pupation, the sex ratio of 

pupae, and the capture of male moths in pheromone traps. 

Chapter 4. Dynamics of gypsy moth pheromone-baited milk-carton trap. 

Part II: Use of male moth wing length as a measure of defoliation. The objective of the 

research presented in this chapter was to investigate the extent to which the wing length 

of male moths captured in pheromone traps reflects the wing length of moths collected 

as pupae in the vicinity of the pheromone trap. A second objective was to develop 

more general criteria to evaluate wing length of moths captured in pheromone traps. 

This aspect was addressed by evaluating wing length threshold values. Threshold
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values are values to which wing length statistics (i.e. mean wing length) derived from 

pheromone trap captured moths can be compared. Depending on the level of 

defoliation in the vicinity of the pheromone trap, the wing length statistics of male 

moths captured in pheromone traps are expected to be greater or less than threshold 

values. 

Chapter 5. Spatial and temporal dynamics of leading edge gypsy moth 

populations. The goal of this research was to evaluate the usefulness of defoliation data 

as a source of information to aid in the monitoring of gypsy moth populations. The 

objectives of this research were to investigate the temporal and spatial dynamics of 

gypsy moth defoliation in leading edge areas, models for predicting defoliation, and the 

impact of defoliation on gypsy moth population dynamics. 

Chapter 6. Estimating gypsy moth egg mass density using male moths 

captured in pheromone-baited milk-carton traps. The goal of the research presented in 

this paper was to develop methods to use pheromone traps to monitor gypsy moth 

populations. Specifically, an attempt was made to quantify the relationship between the 

number of moths captured in pheromone traps and egg mass density. In addition, an 

effort was made to determine the precision of estimating defoliation from the wing 

length of pheromone trap captured moths. Traps in these studies were serviced as they 

would be in a gypsy moth management program.
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Chapter 2 

Changes in gypsy moth fecundity and male wing length due to 

defoliation. 

Pheromone trap-based monitoring systems, used for detection of incipient 

Douglas-fir tussock moth populations (Daterman 1978, Shepard et al. 1985) and under 

development for use with the spruce budworm (Allen et al. 1985), would be useful for 

improving management of the gypsy moth (Lepidoptera: Lymantriidae Lymantria 

dispar)(Kolodny-Hirsch 1986, Ravlin 1991). However, a relationship between egg 

mass density, the primary control criterion for gypsy moth (Ravlin et al. 1987) and the 

number of moths captured in pheromone traps has not been developed. Several 

problems associated with quantifying this relationship are discussed in Bellinger et al. 

(1990) and Elkinton (1987). Bellinger et al. (1990) used the wing length of male 

gypsy moths captured in pheromone traps to estimate egg mass density. Male wing 

length was related (r = 0.60) with the mean number of moths per pheromone trap, egg 

mass density, and eggs per mass. The biological basis for this relationship was not 

determined, but was hypothesized to be density-dependent stress factors acting on 

larval populations}. 

Larval density and defoliation are interrelated stress factors that may influence 

moth size. An inverse relationship between larval density and fecundity has been 

demonstrated for the gypsy moth (Capinera & Barbosa 1977, Campbell 1978), but the 

biological basis for this relationship has not been elucidated. Density-related changes in 

food quality alters the normal nocturnal feeding behavior of late instar gypsy moth 

larvae (Lance et al. 1986) which may alter larval growth. Defoliation is a process that 

decreases foliage quantity and alters foliage quality (Schultz & Baldwin 1982). 

Changes in foliage quality due to defoliation have been shown to reduce female pupal 

size and fecundity (Wallner & Walton 1979, Rossiter et al. 1988). However, these 

studies were conducted using trees on which defoliation was artificially simulated. 

  

1 1 Population or deme, in this case refers to the gypsy moths that occur in a distinct 

geographical location. 
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The goal of this research was to investigate the influence of defoliation on 

gypsy moth fecundity and male moth wing length and the relationship between male 

moth wing length and egg mass density. The objectives of this study were: 1) to 

determine if a proportional decrease in fecundity and male moth wing length occurs as 

defoliation increases; 2) to validate the linear relationship between mean male wing 

length and egg mass density found by Bellinger et al. (1990); 3) to compare these 

results with an independent data set presented in Campbell (1978). 

Materials and Methods 

Study Area. Plots were located in the leading edge area of the gypsy moth 

infestation in Virginia and Maryland. The leading edge area is newly invaded by the 

gypsy moth, but contiguous with generally infested areas to the north and east. 

Leading edge areas are experiencing gypsy moth related defoliation for the first time. 

The study plots encompassed both contiguously forested mountainous areas and 

woodlots located in rolling terrain. The plots were located in the northern and central 

district of the Shenandoah National Park (Warren, Rappahannock, and Page counties, 

Virginia) and in Warren, Clarke, Frederick, Prince William, Rockingham, and Faquier 

Counties, Virginia and in Carroll and Howard counties, Maryland. White, scarlet, red, 

and chestnut oaks (Quercus species) were the dominant tree species in the plots. After 

leaf fall, estimates of egg-mass density were obtained from one or more (generally two) 

fixed and variable - radius plots (20 BAF) (Wilson & Fontaine 1978) located in the area 

where the pupae or egg masses were collected. 

Wing Length - Defoliation Study. Male pupae were collected from 50 

field plots during late June to mid-July of 1986, 1987, 1988, and 1989. Two or more 

collections were made at least one week apart from each plot to sample for possible 

within-season variation in wing length (Hinckley 1970). Pupae were collected from 

natural pupation locations or under burlap bands on trees and returned to the laboratory. 

Following emergence, the length of the left forewing of 2,636 moths were measured to 

the nearest millimeter. The maximum level of defoliation at each plot was determined 

visually. Defoliation estimates were made on a whole plot level after larval feeding had 

ceased and before refoliation occurred. Estimates were made by considering both the 

number of missing leaves (due to larval feeding) and the amount of leaf area missing 

from the remaining leaves (Table 1). 

Fecundity - Defoliation Study. Twenty or more egg masses, where 

possible, were collected from 43 field plots in 1986, 1987, 1988, 1989. Gypsy moths
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�a�n�d� �w�i�n�g� �l�e�n�g�t�h� �d�a�t�a� �c�o�u�l�d� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �m�a�j�o�r� �g�r�o�u�p�s� �(�F�i�g�u�r�e�s� �1�A� �a�n�d� �1�B�)�.� 

�F�o�r� �t�h�e� �w�i�n�g� �l�e�n�g�t�h� �d�a�t�a�,� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �c�l�u�s�t�e�r�i�n�g� �e�x�p�l�a�i�n�e�d� �c�a�.� �7�6�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� 

�(�s�e�m�i�p�a�r�t�i�a�l� �°� �=� �0�.�7�5�6�1�)�.� �T�h�e� �n�e�x�t� �h�i�g�h�e�s�t� �c�l�u�s�t�e�r�i�n�g� �l�e�v�e�l� �e�x�p�l�a�i�n�e�d� �o�n�l�y� �c�a�.� �8�%� �o�f� 

�t�h�e� �v�a�r�i�a�t�i�o�n� �(�s�e�m�i�p�a�r�t�i�a�l� �r� �=� �(�0�)�.�0�8�0�2�)�.� �F�o�r� �t�h�e� �f�e�c�u�n�d�i�t�y� �d�a�t�a�,� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� 

�c�l�u�s�t�e�r�i�n�g� �e�x�p�l�a�i�n�e�d� �c�a�.� �7�3�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �(�s�e�m�i�p�a�r�t�i�a�l� �r�~� �=� �0�.�7�2�7�0�)�.� �T�h�e� �n�e�x�t� 
�h�i�g�h�e�s�t� �c�l�u�s�t�e�r�i�n�g� �l�e�v�e�l� �e�x�p�l�a�i�n�e�d� �o�n�l�y� �c�a�.� �9�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �(�s�e�m�i�p�a�r�t�i�a�l� �1�?� �=� 

�0�.�0�9�1�7�)�.� �T�h�e� �t�w�o� �g�r�o�u�p�s� �c�o�n�s�i�s�t�e�d� �o�f� �e�i�t�h�e�r� �m�a�l�e� �w�i�n�g� �l�e�n�g�t�h�s� �o�r� �e�g�g� �m�a�s�s�e�s� �f�r�o�m� 

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

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



�1�9� 

�T�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �o�f� �m�o�t�h�s� �f�r�o�m� �t�h�e� �n�o�n�-�d�e�f�o�l�i�a�t�e�d� �g�r�o�u�p� �(�m�e�a�n� �=� �1�9�.�8�9�,� �S�E�M� �=� 

�0�.�5�2�4�,� �N� �=� �1�,�4�4�2�)� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� 

�o�f� �m�o�t�h�s� �f�r�o�m� �t�h�e� �d�e�f�o�l�i�a�t�e�d� �g�r�o�u�p�s� �(�m�e�a�n� �=� �1�7�.�9�4�,� �S�E�M� �=� �0�.�0�3�7�,� �N� �=� �1�5�8�4�)� �(�t�=� 

�3�6�.�9�,� �p� �<� �0�.�0�0�0�1�)� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �m�e�a�n� �f�e�c�u�n�d�i�t�y� �f�r�o�m� �n�o�n�-�d�e�f�o�l�i�a�t�e�d� �g�r�o�u�p�s� �(�m�e�a�n� 

�=� �5�4�6�.�6�,� �S�E�M� �=� �1�0�.�8�3�,� �N� �=� �4�6�0�)� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� 

�m�e�a�n� �f�e�c�u�n�d�i�t�y� �f�r�o�m� �t�h�e� �d�e�f�o�l�i�a�t�e�d� �g�r�o�u�p� �(�m�e�a�n� �=� �2�6�2�.�2�,� �S�E�M� �=� �7�.�0�7�,� �N� �=� �3�0�7�)� �(�t� �=� 

�1�9�.�5�,� �p� �<� �0�.�0�0�0�1�)� �(�F�i�g�u�r�e� �3�)�.� 

�W�i�n�g� �L�e�n�g�t�h� �-� �D�e�f�o�l�i�a�t�i�o�n� �S�t�u�d�y�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �a� 

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

�d�e�f�o�l�i�a�t�i�o�n� �e�x�p�l�a�i�n�e�d� �l�i�t�t�l�e� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �w�i�n�g� �l�e�n�g�t�h� �«� �=� �0�.�2�0�)�.� �A� �s�i�g�n�i�f�i�c�a�n�t� 

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

�g�r�o�u�p�i�n�g� �(�n�o�n�-�d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s�,� �p� �<� �0�.�0�1�4�9�;� �d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s�,� �p� �<� �0�.�0�0�0�1�)�,� �b�u�t� 

�d�e�f�o�l�i�a�t�i�o�n� �e�x�p�l�a�i�n�e�d� �l�i�t�t�l�e� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �w�i�n�g� �l�e�n�g�t�h� �(�n�o�n�-�d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s�,� �°�°� �=� 

�0�.�0�2�;� �d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s�,� �r�=� �0�.�0�2�)�.� �R�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� 

�F�e�c�u�n�d�i�t�y� �-� �D�e�f�o�l�i�a�t�i�o�n� �S�t�u�d�y�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �a� 

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

�d�e�f�o�l�i�a�t�i�o�n� �e�x�p�l�a�i�n�e�d� �l�i�t�t�l�e� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �f�e�c�u�n�d�i�t�y� �(�*� �=� �(�0�.�3�1�)�.� �A� �s�i�g�n�i�f�i�c�a�n�t� 

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

�(�p� �<� �0�.�0�0�0�1�)�,� �b�u�t� �d�e�f�o�l�i�a�t�i�o�n� �e�x�p�l�a�i�n�e�d� �l�i�t�t�l�e� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �f�e�c�u�n�d�i�t�y� �(�n�o�n�-� 

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

�d�e�f�o�l�i�a�t�e�d� �g�r�o�u�p� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�p� �<� �0�.�0�8�0�0�,� �°� �=� �0�.�0�1�)�.� �R�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �a�r�e� 

�l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� 

�E�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �-� �W�i�n�g� �L�e�n�g�t�h�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �w�i�n�g� �l�e�n�g�t�h� �a�n�d� �e�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �(�p� �<� �0�.�0�3�7�6�)�,� 

�b�u�t� �m�a�l�e� �w�i�n�g� �l�e�n�g�t�h� �e�x�p�l�a�i�n�e�d� �l�i�t�t�l�e� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �e�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �(�r� �=� �0�.�1�0�3�6�)�.� 

�T�h�e� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s�:� �I�n�(�e�g�g� �m�a�s�s�e�s� �p�e�r� �h�a�)� �=� �1�6�.�4�4� �-� �0�.�4�0�7�6� �*� �m�a�l�e� 

�w�i�n�g� �l�e�n�g�t�h�(�m�m�)�,� �S�E� �o�f� �t�h�e� �s�l�o�p�e� �=� �3�.�6�4�.� 

�I�n�d�e�p�e�n�d�e�n�t� �D�a�t�a� �S�e�t� �A�n�a�l�y�s�i�s�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �c�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e� 

�t�h�a�t� �C�a�m�p�b�e�l�l�'�s� �(�1�9�7�8�)� �f�e�c�u�n�d�i�t�y� �d�a�t�a� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �m�a�j�o�r� �g�r�o�u�p�s� �(�F�i�g�u�r�e� �4�)�,� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �d�i�v�i�d�e�d� �a�t� �1�0�°� �l�a�r�v�a�e� �p�e�r� �h�a�.� �T�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �c�l�u�s�t�e�r�i�n�g� �e�x�p�l�a�i�n�e�d� �c�a�.� 

�5�6�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �d�a�t�a� �(�s�e�m�i�p�a�r�t�i�a�l� �r� �=� �0�.�5�5�7�8�)�.� �M�e�a�n� �f�e�c�u�n�d�i�t�y� �(�m�e�a�n� �=� 

�4�1�5�.�7�1�,� �S�E�M� �=� �1�4�.�5�5�,� �N� �=� �3�5�)� �f�o�r� �t�h�e� �g�r�o�u�p� �i�n� �w�h�i�c�h� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �w�a�s� �b�e�l�o�w� �1�0�°� 

�w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�t� �=� �1�2�.�3�5�,� �p� �<� �0�.�0�0�0�1�)� �f�r�o�m� �t�h�e� �m�e�a�n� �f�e�c�u�n�d�i�t�y� 

�f�o�r� �t�h�e� �g�r�o�u�p� �f�o�r� �w�h�i�c�h� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �e�x�c�e�e�d�e�d� �1�0�°� �(�m�e�a�n� �=� �1�7�5�.�7�5�,� �S�E�M� �=� �1�2�.�8�8�,� �N



�2�0� 

�=� �2�0�)�.� �R�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �l�a�r�v�a�l� 

�d�e�n�s�i�t�y� �a�n�d� �f�e�c�u�n�d�i�t�y� �f�o�r� �d�a�t�a� �i�n� �w�h�i�c�h� �d�e�n�s�i�t�y� �w�a�s� �a�b�o�v�e� �(�p� �<� �0�.�0�0�0�2�)� �o�r� �b�e�l�o�w� �1�0�°� 

�4�t�h� �i�n�s�t�a�r� �l�a�r�v�a�e� �p�e�r� �h�a� �(�p� �<� �0�.�0�0�3�5�)� �(�F�i�g�u�r�e� �4�)�.� �H�o�w�e�v�e�r�,� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �e�x�p�l�a�i�n�e�d� 

�l�e�s�s� �t�h�a�n� �h�a�l�f� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �f�e�c�u�n�d�i�t�y� �i�f� �d�e�n�s�i�t�y� �e�x�c�e�e�d�e�d� �1�0�°� �(�r� �=� �0�.�3�8�4�4�)� �o�r� �i�f� �i�t� 

�d�i�d� �n�o�t� �(�r�*� �=� �0�.�3�4�8�3�)�.� 
�D�i�s�c�u�s�s�i�o�n� 

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

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

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

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

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

�i�f� �t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �e�x�c�e�e�d�s� �a� �t�h�r�e�s�h�o�l�d� �l�e�v�e�l� �o�f� �c�a�.� �4�0�%�.� �C�h�a�n�g�e�s� �i�n� �d�e�f�o�l�i�a�t�i�o�n� 

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

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

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

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

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �d�e�f�o�l�i�a�t�i�o�n� �a�n�d� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �f�o�r� �a�l�l� �d�a�t�a� �(�0� �t�o� �1�0�0�%� 

�d�e�f�o�l�i�a�t�i�o�n�)�,� �2�)� �t�h�e� �p�o�o�r� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �d�e�f�o�l�i�a�t�i�o�n� �a�n�d� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� 

�w�i�t�h�i�n� �e�a�c�h� �d�e�f�o�l�i�a�t�i�o�n� �g�r�o�u�p� �(�g�r�e�a�t�e�r� �o�r� �l�e�s�s� �t�h�a�n� �c�a�.� �4�0�%�)�,� �a�n�d� �3�)� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

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

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

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �C�a�m�p�b�e�l�l�'�s� �(�1�9�7�5�)� �s�t�a�t�e�m�e�n�t� �t�h�a�t� 

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

�o�b�s�e�r�v�a�t�i�o�n� �b�y� �C�a�m�p�b�e�l�l� �(�1�9�7�5�)� �t�h�a�t� �f�e�c�u�n�d�i�t�y� �d�r�o�p�s� �s�h�a�r�p�l�y� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� 

�r�e�d�u�c�e�d� �f�o�o�d� �s�u�p�p�l�y�.� �O�u�r� �r�e�a�n�a�l�y�s�i�s� �o�f� �C�a�m�p�b�e�l�l�'�s� �(�1�9�7�8�)� �d�a�t�a� �a�l�s�o� �p�r�o�v�i�d�e�s� �s�t�r�o�n�g� 

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

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

�f�o�u�n�d� �C�a�m�p�b�e�l�l�'�s� �(�1�9�7�8�)� �d�a�t�a� �c�o�u�l�d� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �m�a�j�o�r� �g�r�o�u�p�s�,� �w�i�t�h� �t�h�e� 

�d�i�v�i�d�i�n�g� �p�o�i�n�t� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�°� �l�a�r�v�a�e� �p�e�r� �h�a�.� �T�h�i�s� �w�a�s� �t�h�e� �p�o�i�n�t� �i�d�e�n�t�i�f�i�e�d� �b�y� 

�C�a�m�p�b�e�l�l� �(�1�9�7�8�)� �a�s� �t�h�e� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �b�e�l�o�w� �w�h�i�c�h� �d�e�f�o�l�i�a�t�i�o�n� �w�a�s� �m�i�n�i�m�a�l�.� �I�n� 

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

�f�e�c�u�n�d�i�t�y� �f�o�r� �l�a�r�v�a�l� �d�e�n�s�i�t�i�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�0�°� �t�o� �1�0�°�,� �o�r� �f�o�r� �l�a�r�v�a�l� �d�e�n�s�i�t�i�e�s� �r�a�n�g�i�n�g� 

�f�r�o�m� �1�0�°� �t�o� �1�0�7�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�e�r�e� �a�r�e� �o�t�h�e�r� �f�a�c�t�o�r�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �l�a�r�v�a�l� 

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



�2�1� 

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

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

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

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

�n�o�t� �u�n�e�x�p�e�c�t�e�d�.� �B�u�t�,� �i�n�c�r�e�a�s�e�d� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �l�a�r�v�a�e� �(�C�a�m�p�b�e�l�l� �1�9�7�8�)� �t�h�a�t� 

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

�r�e�d�u�c�e� �f�e�c�u�n�d�i�t�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �a�t� �l�e�v�e�l�s� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �o�f� �c�a�.� �4�0� �t�o� �6�5�%�.� 

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

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

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

�&� �W�a�l�t�o�n� �1�9�7�9�,� �R�o�s�s�i�t�e�r� �e�t� �a�l�.� �1�9�8�8�)�,� �a�n�d� �t�h�e� �e�x�t�e�n�t� �(�l�o�c�a�l�i�z�e�d� �o�r� �s�y�s�t�e�m�i�c�)� �o�f� �c�h�a�n�g�e�s� 

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

�L�a�r�v�a�e� �a�r�e� �n�o�t� �l�i�k�e�l�y� �t�o� �b�e� �f�o�l�i�a�g�e� �l�i�m�i�t�e�d� �a�t� �d�e�f�o�l�i�a�t�i�o�n� �l�e�v�e�l�s� �o�f� �c�a�.� �4�0� �t�o� �c�a�.� �6�5�%� �a�n�d� 

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

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

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

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

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

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

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

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

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

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

�D�e�G�r�o�f�f� �(�1�9�6�9�)� �s�t�u�d�i�e�d� �g�y�p�s�y� �m�o�t�h� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �N�e�w� �Y�o�r�k� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�a�t�,� �w�i�t�h� 

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

�w�i�t�h� �m�o�r�e� �t�h�a�n� �3�0�0� �e�g�g� �p�e�r� �m�a�s�s� �a�n�d� �t�h�o�s�e� �l�e�s�s� �t�h�a�n� �3�0�0� �e�g�g�s� �p�e�r� �m�a�s�s�.� �D�a�t�a� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �s�u�p�p�o�r�t� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s�.� 

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

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

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

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

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

�l�e�n�g�t�h� �d�a�t�a� �(�F�i�g�u�r�e�s� �1�A� �a�n�d� �1�B�)� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �l�e�v�e�l�s� �w�h�e�r�e� �t�h�i�s� �w�a�s� �m�o�s�t



�2�2� 

�l�i�k�e�l�y� �t�o� �h�a�v�e� �o�c�c�u�r�r�e�d�,� �3�5� �t�o� �5�5�%�,� �s�u�p�p�o�r�t�s� �t�h�e� �t�h�r�e�s�h�o�l�d� �h�y�p�o�t�h�e�s�i�s� �(�i�.�e�.�,� �d�a�t�a� �a�r�e� 

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

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

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

�p�l�o�t�s�.� 

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

�l�e�n�g�t�h� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �e�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �(�B�e�l�l�i�n�g�e�r� �e�t� �a�l�.� �1�9�9�0�)�.� �W�e� �w�e�r�e� �u�n�a�b�l�e� �t�o� 

�v�a�l�i�d�a�t�e� �t�h�e� �l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �(�B�e�l�l�i�n�g�e�r� �e�t� �a�l�.� �1�9�9�0�)� �b�e�t�w�e�e�n� �e�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �a�n�d� 

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

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

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

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

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

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

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

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

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

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

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

�e�g�g� �m�a�s�s� �d�e�n�s�i�t�y� �a�n�d� �w�i�n�g� �l�e�n�g�t�h�.� 

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

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

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

�p�o�p�u�l�a�t�i�o�n�s� �e�x�p�e�r�i�e�n�c�i�n�g� �d�e�f�o�l�i�a�t�i�o�n� �g�r�e�a�t�e�r� �t�h�a�n� �c�a�.� �4�0�%�.� �T�r�a�p�s� �w�i�t�h� �a� �m�i�x� �o�f� �w�i�n�g� 

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

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

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

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

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

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

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

�d�e�c�i�s�i�o�n�s�.



�2�3� 

�R�e�f�e�r�e�n�c�e�s� �C�i�t�e�d� 

�A�l�l�e�n�,� �D�.� �C�.�,� �L�.� �P�.� �A�b�r�a�h�a�m�s�o�n�,� �D�.� �A�.� �E�g�g�e�n�,� �G�.� �N�.� �L�a�n�i�e�r�,� �S�.� �R�.� �S�w�i�e�r�,� �R�.� �S�.� 

�K�e�l�l�y�,� �&� �M�.� �A�u�g�e�r�.� �1�9�8�6�.� �M�o�n�i�t�o�r�i�n�g� �s�p�r�u�c�e� �b�u�d�w�o�r�m� �(�L�e�p�i�d�o�p�t�e�r�a�:� 

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

�1�5�:�1�5�2�-�1�6�5�.� 

�B�e�l�l�i�n�g�e�r�,� �R�.� �G�.�,� �F�.� �W�.� �R�a�v�l�i�n�,� �&� �M�.� �L�.� �M�c�M�a�n�u�s�.� �1�9�9�0�.� �P�r�e�d�i�c�t�i�n�g� �e�g�g� �m�a�s�s� 

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

�L�y�m�a�n�t�r�i�i�d�a�e�)� �u�s�i�n�g� �m�a�l�e� �m�o�t�h� �w�i�n�g� �l�e�n�g�t�h�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�9�:�1�0�2�4�-� 

�1�0�2�8�.� 

�C�a�m�p�b�e�l�l�,� �R�.� �W�.� �1�9�7�5�.� �T�h�e� �g�y�p�s�y� �m�o�t�h� �a�n�d� �i�t�s� �n�a�t�u�r�a�l� �e�n�e�m�i�e�s�.� �A�g�r�.� �I�n�f�.� �B�u�l�l�.� �N�o� 

�3�8�1�.� 

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

�a�n�d� �f�e�c�u�n�d�i�t�y�.� �A�n�n�.� �E�n�t�o�m�o�l�.� �S�o�c�.� �A�m�e�r�.� �7�1�:�4�4�2�-�4�4�8�.� 

�1�9�8�1�.� �E�v�i�d�e�n�c�e� �f�o�r� �h�i�g�h� �f�e�c�u�n�d�i�t�y� �a�m�o�n�g� �c�e�r�t�a�i�n� �N�o�r�t�h� �A�m�e�r�i�c�a�n� �g�y�p�s�y� �m�o�t�h� 

�p�o�p�u�l�a�t�i�o�n�s�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�0�:�6�6�3� �-� �6�6�7�.� 

�C�a�p�i�n�e�r�a�,� �J�.� �L�.� �&� �P�.� �B�a�r�b�o�s�a�.� �1�9�7�7�.� �I�n�f�l�u�e�n�c�e� �o�f� �n�a�t�u�r�a�l� �d�i�e�t�s� �a�n�d� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �o�f� 

�g�y�p�s�y� �m�o�t�h�,� �L�y�m�a�n�t�r�i�a� �d�i�s�p�a�r� �(�L�e�p�i�d�o�p�t�e�r�a�:� �O�r�g�y�i�i�d�a�e�)�,� �e�g�g� �m�a�s�s� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �C�a�n�.� �E�n�t�o�m�o�l�.� �1�0�9�:� �1�3�1�3�-�1�3�1�8� 

�D�a�t�e�r�m�a�n�,� �G�.� �E�.� �1�9�7�8�.� �M�o�n�i�t�o�r�i�n�g� �a�n�d� �e�a�r�l�y� �d�e�t�e�c�t�i�o�n�.� �p�p�.� �9�9�-�1�0�2�.� �I�n� �B�r�o�o�k�s�,� �M�.� 

�H�.�,� �R�.� �W�.� �S�t�a�r�k�,� �a�n�d� �T�.� �W�.� �C�a�m�p�b�e�l�l� �(�E�d�s�.�)�,� �T�h�e� �D�o�u�g�l�a�s�-�f�i�r� �t�u�s�s�o�c�k� �m�o�t�h�:� �a� 

�s�y�n�t�h�e�s�i�s�.� �U�.�S�.� �F�o�r�.� �S�e�r�.� �T�e�c�h�.� �B�u�l�l�.� �1�5�8�5�.� 

�D�e�G�r�o�f�f�,� �B�.� �J�.� �1�9�6�9�.� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �e�g�g� �m�a�s�s� �s�i�z�e� �o�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �g�y�p�s�y� 
�m�o�t�h�,� �P�o�r�t�h�e�t�r�i�a� �d�i�s�p�a�r� �(�L�.�)� �(�L�e�p�i�d�o�p�t�e�r�a�:� �L�y�m�a�n�t�r�i�i�d�a�e�)�.� �M�.� �S�.� �T�h�e�s�i�s�,� �S�t�a�t�e� 

�U�n�i�v�e�r�s�i�t�y� �C�o�l�l�e�g�e� �o�f� �F�o�r�e�s�t�r�y� �a�t� �S�y�r�a�c�u�s�e� �U�n�i�v�e�r�s�i�t�y�.� 

�E�l�k�i�n�t�o�n�,� �J�.� �S�.� �1�9�8�7�.� �C�h�a�n�g�e�s� �i�n� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �p�h�e�r�o�m�o�n�e�-�b�a�i�t�e�d� �m�i�l�k�-�c�a�r�t�o�n� �t�r�a�p� 

�a�s� �i�t� �f�i�l�l�s� �w�i�t�h� �m�a�l�e� �g�y�p�s�y� �m�o�t�h�s� �(�L�e�p�i�d�o�p�t�e�r�a�:� �L�y�m�a�n�t�r�i�i�d�a�e�)�.� �J�.� �E�c�o�n�.� 

�E�n�t�o�m�o�l�.� �8�0�:� �7�5�4�-�7�5�7�.� 

�H�i�n�c�k�l�e�y�,� �A�.� �D�.� �1�9�7�0�.� �M�a�l�e� �g�y�p�s�y� �m�o�t�h� �d�i�s�p�e�r�s�a�l� �o�n� �L�o�n�g� �I�s�l�a�n�d� �(�L�e�p�i�d�o�p�t�e�r�a�:� 

�L�y�m�a�n�t�r�i�i�d�a�e�)�.� �J�.� �N�.� �Y�.� �E�n�t�o�m�o�l�.� �S�o�c�.� �7�8�:� �1�7�0�-�1�7�4�.� 

�K�o�l�o�d�n�y�-�H�i�r�s�c�h�,� �D�.� �M�.� �1�9�8�6�.� �E�v�a�l�u�a�t�i�o�n� �o�f� �m�e�t�h�o�d�s� �f�o�r� �s�a�m�p�l�i�n�g� �g�y�p�s�y� �m�o�t�h� 

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

�s�e�q�u�e�n�t�i�a�l� �s�a�m�p�l�i�n�g� �p�l�a�n�s�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�5�:� �1�2�2�-�1�2�7�.� 

�L�a�n�c�e�,� �D�.� �R�.�,� �J�.� �S�.� �E�l�k�i�n�t�o�n�,� �&� �C�.� �P�.� �S�c�h�w�a�l�b�e�.� �1�9�8�6�.� �F�e�e�d�i�n�g� �r�h�y�t�h�m�s� �o�f� �g�y�p�s�y� 

�m�o�t�h� �l�a�r�v�a�e�:� �E�f�f�e�c�t� �o�f� �f�o�o�d� �q�u�a�l�i�t�y� �d�u�r�i�n�g� �o�u�t�b�r�e�a�k�s�.� �E�c�o�l�o�g�y� �6�7�:�1�6�5�0�-�1�6�5�4�.



�2�4� 

�R�a�v�l�i�n�,� �F�.� �W�.� �1�9�9�0�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �d�e�c�i�s�i�o�n�-�s�u�p�p�o�r�t� �s�y�s�t�e�m�s� �f�o�r� 

�i�n�t�e�g�r�a�t�e�d� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �o�f� �f�o�r�e�s�t� �d�e�f�o�l�i�a�t�o�r�s� �i�n� �N�o�r�t�h� �A�m�e�r�i�c�a�.� �F�o�r�.� 

�E�c�o�l�.�M�a�n�a�g�e�.� �1�4�:� �(�I�n� �p�r�e�s�s�)�.� 

�R�a�v�l�i�n�,� �F�.� �W�.�,� �R�.� �G�.� �B�e�l�l�i�n�g�e�r� �&� �E�.� �A�.� �R�o�b�e�r�t�s�.� �1�9�8�7�.� �G�y�p�s�y� �m�o�t�h� �m�a�n�a�g�e�m�e�n�t� 

�p�r�o�g�r�a�m�s� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�:� �s�t�a�t�u�s�,� �e�v�a�l�u�a�t�i�o�n�,� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� �B�u�l�l�.� 

�E�n�t�o�m�o�l�.� �S�o�c�.� �A�m�.� �3�3�:� �9�0�-�9�8�.� 

�R�o�s�s�i�t�e�r�,� �M�.�,� �J�.� �C�.� �S�c�h�u�l�t�z�,� �&� �I�.� �T�.� �B�a�l�d�w�i�n�.� �1�9�8�8�.� �R�e�l�a�t�i�o�n�s�h�i�p� �a�m�o�n�g� �d�e�f�o�l�i�a�t�i�o�n�,� 

�r�e�d� �o�a�k� �p�h�e�n�o�l�i�c�s�,� �a�n�d� �g�y�p�s�y� �m�o�t�h� �g�r�o�w�t�h� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n�.� �E�c�o�l�o�g�y� �6�9�:�2�6�7�-� 

�2�7�7�.� 

�S�A�S� �I�n�s�t�i�t�u�t�e�,� �I�n�c�.� �1�9�8�6�.� �S�A�S� �u�s�e�r�'�s� �g�u�i�d�e�:� �s�t�a�t�i�s�t�i�c�s�.� �S�A�S� �I�n�s�t�i�t�u�t�e�,� �C�a�r�y�,� �N�.� �C�.� 

�S�a�u�f�l�e�y�,� �G�.� �C�.� �1�9�7�2�.� �G�y�p�s�y� �m�o�t�h� �e�g�g�s�:� �a� �m�e�t�h�o�d� �f�o�r� �c�l�e�a�n�i�n�g�,� �c�o�u�n�t�i�n�g� �a�n�d� �s�o�r�t�i�n�g�.� 

�U�.�S�.� �D�.� �A�.�,� �F�o�r�.� �S�e�r�.�,� �N�.� �A�.� �S�.� �&� �P�.� �F�.� �P�-�7�2�-�2�.� 

�S�c�h�u�l�t�z�,� �J�.� �C�.� �&� �I�.� �T�.� �B�a�l�d�w�i�n�.� �1�9�8�2�.� �O�a�k� �l�e�a�f� �q�u�a�l�i�t�y� �d�e�c�l�i�n�e�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� 

�d�e�f�o�l�i�a�t�i�o�n� �b�y� �g�y�p�s�y� �m�o�t�h� �l�a�r�v�a�e�.� �S�c�i�e�n�c�e� �2�1�7�:�1�4�9�-�1�5�1�.� 

�S�h�e�p�a�r�d�,� �R�.� �F�.�,� �T�.� �G�.� �G�r�a�y�,� �R�.� �J�.� �C�h�o�r�n�e�y�,� �&� �G�.� �E�.� �D�a�t�e�r�m�a�n�.� �1�9�8�5�.� �P�e�s�t� 

�m�a�n�a�g�e�m�e�n�t� �o�f� �D�o�u�g�l�a�s�-�f�i�r� �t�u�s�s�o�c�k� �m�o�t�h� �O�r�g�y�i�a� �p�s�e�u�d�o�t�s�u�g�a�t�a� �(�L�e�p�i�d�o�p�t�e�r�a�:� 

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

�i�n�c�i�p�i�e�n�t� �o�u�t�b�r�e�a�k�s�.� �C�a�n�.� �E�n�t�o�m�o�l�.� �1�1�7�:�8�3�9�-�8�4�8�.� 

�W�a�l�l�n�e�r�,� �W�.� �E�.� �&� �G�.� �S�.� �W�a�l�t�o�n�.� �1�9�7�9�.� �H�o�s�t� �d�e�f�o�l�i�a�t�i�o�n�:� �a� �p�o�s�s�i�b�l�e� �d�e�t�e�r�m�i�n�a�n�t� �o�f� 

�g�y�p�s�y� �m�o�t�h� �p�o�p�u�l�a�t�i�o�n� �q�u�a�l�i�t�y�.� �E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �7�2�:�6�2�-�6�7�.� 

�W�i�l�s�o�n�,� �R�.� �W�.� �&� �G�.� �A� �F�o�n�t�a�i�n�e�.� �1�9�7�8�.� �G�y�p�s�y� �m�o�t�h� �e�g�g�-�m�a�s�s� �s�a�m�p�l�i�n�g� �w�i�t�h� �f�i�x�e�d� 

�a�n�d� �v�a�r�i�a�b�l�e� �r�a�d�i�u�s� �p�l�o�t�.� �U�.� �S�.� �D�e�p�.� �A�g�r�i�c�.�,� �A�g�r�i�c�.� �H�a�n�d�b�.� �5�2�3�.� 

�Z�a�r�,� �J�.� �H�.� �1�9�8�4�.� �B�i�o�s�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�.� �P�r�e�n�t�i�c�e�-�H�a�l�l�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�.�J�.�.



�2�5� 

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

� � 

�P�e�r�c�e�n�t� 

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

�0� �-� �2�0� �D�e�f�o�l�i�a�t�i�o�n� �n�o�t� �n�o�t�i�c�e�a�b�l�e�,� �i�f� �p�r�e�s�e�n�t� �a� �f�e�w� �h�o�l�e�s� �i�n� �l�e�a�v�e�s�.� 

�2�0� �-� �3�0� �H�o�l�e�s� �v�i�s�i�b�l�e� �i�n� �l�e�a�v�e�s�,� �b�u�t� �a�l�l� �l�e�a�v�e�s� �p�r�e�s�e�n�t�.� 

�3�0� �-� �4�0� �M�o�r�e� �h�o�l�e�s� �i�n� �l�e�a�v�e�s�,� �b�u�t� �a�l�l� �l�e�a�v�e�s� �p�r�e�s�e�n�t�.� 

�4�0� �-� �5�0� �M�a�n�y� �h�o�l�e�s� �i�n� �l�e�a�v�e�s�,� �o�f�t�e�n� �l�a�r�g�e� �p�i�e�c�e�s� �m�i�s�s�i�n�g�.� �S�o�m�e� �l�e�a�v�e�s� 

�m�i�s�s�i�n�g�.� 

�5�0� �-� �6�0� �M�o�r�e� �l�e�a�v�e�s� �m�i�s�s�i�n�g�,� �m�o�s�t� �l�e�a�v�e�s� �o�b�v�i�o�u�s�l�y� �c�h�e�w�e�d� �o�n� �a�n�d� 

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

�6�0� �-� �7�5� �M�a�n�y� �l�e�a�v�e�s� �m�i�s�s�i�n�g�,� �r�e�s�t� �o�f� �l�e�a�v�e�s� �a�r�e� �m�i�s�s�i�n�g� �l�a�r�g�e� �p�i�e�c�e�s�.� 

�7�5� �-� �9�0� �M�a�j�o�r�i�t�y� �o�f� �l�e�a�v�e�s� �m�i�s�s�i�n�g�,� �a�n�y� �r�e�m�a�i�n�i�n�g� �a�r�e� �m�i�s�s�i�n�g� �l�a�r�g�e� 

�p�i�e�c�e�s�.� 

�9�0� �-� �1�0�0� �A�l�l� �l�e�a�v�e�s� �g�o�n�e�.
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�T�a�b�l�e� �2�.� �R�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s�,� �r�°� �,� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �o�f� �t�h�e� �s�l�o�p�e� �f�o�r� �r�e�g�r�e�s�s�i�o�n� �o�f� 
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�(�r�e�s�u�l�t�i�n�g� �f�r�o�m� �h�i�g�h� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y�)� �o�n� �l�a�r�v�a�l� �a�n�d� �p�u�p�a�l� �d�e�v�e�l�o�p�m�e�n�t�.� 

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

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

�a�s� �a� �i�n�t�e�g�r�a�l� �c�o�m�p�o�n�e�n�t� �o�f� �g�y�p�s�y� �m�o�t�h� �I�P�M� �p�r�o�g�r�a�m�s� �(�R�a�v�l�i�n� �1�9�9�0�)�.� �C�o�n�s�i�d�e�r�a�b�l�e� 

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

�p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �(�E�l�k�i�n�t�o�n� �a�n�d� �C�a�r�d�e� �1�9�8�1�)�.� �H�o�w�e�v�e�r�,� �l�e�s�s� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�i�r�e�c�t�e�d� 

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

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

�1�9�8�0�,� �E�l�k�i�n�t�o�n� �1�9�8�7�)�.� �T�h�e� �e�c�o�l�o�g�i�c�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �m�a�l�e� �m�o�t�h� �c�a�p�t�u�r�e� �a�r�e� 
� � 

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

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

�3�1



�3�2� 

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

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

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

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

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

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

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

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

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

�M�e�t�h�o�d�s� 

�S�t�u�d�y� �P�l�o�t�s�.� �S�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �1�9�8�8� �a�n�d� �1�9�8�9� �i�n� �s�i�x�t�e�e�n� �p�l�o�t�s� 

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

�t�h�e� �S�h�e�n�a�n�d�o�a�h� �V�a�l�l�e�y� �a�r�e�a� �(�W�a�r�r�e�n� �C�o�)� �a�n�d� �t�h�e� �S�h�e�n�a�n�d�o�a�h� �N�a�t�i�o�n�a�l� �P�a�r�k� �(�W�a�r�r�e�n�,� 

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

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

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

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

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

�p�l�o�t�s� �(�2�0� �b�a�s�a�l� �a�r�e�a� �f�a�c�t�o�r�)� �(�W�i�l�s�o�n� �&� �F�o�n�t�a�i�n�e� �1�9�7�8�)� �l�o�c�a�t�e�d� �i�n� �t�h�e� �p�l�o�t�.� 

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

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

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

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

�F�r�a�s�s� �c�o�l�l�e�c�t�i�o�n�.� �A� �f�u�n�n�e�l�-�l�i�k�e� �f�r�a�s�s� �s�a�m�p�l�e�r� �(�L�i�e�b�h�o�l�d� �a�n�d� �E�l�k�i�n�t�o�n� �1�9�8�8�)� �a�n�d� 

�1�6� �o�z�.� �(�4�7�3� �m�l�)� �d�r�i�n�k�i�n�g� �c�u�p�s� �w�e�r�e� �u�s�e�d� �t�o� �c�o�l�l�e�c�t� �f�r�a�s�s�.� �I�n� �1�9�8�8�,� �t�w�o� �4�0� �m�2� �g�r�i�d�s� �o�f� 

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

�I�n� �1�9�8�9�,� �a� �s�i�n�g�l�e� �4�0� �b�y� �5�0� �m� �g�r�i�d� �w�i�t�h� �a� �p�a�i�r� �o�f� �f�r�a�s�s� �s�a�m�p�l�e�r�s� �a�t� �e�a�c�h� �1�0� �m� 

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

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

� � 

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

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

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



�3�3� 

�f�r�a�s�s� �w�a�s� �c�o�l�l�e�c�t�e�d� �o�v�e�r� �a� �c�a�.� �2�4� �h�r� �p�e�r�i�o�d�.� �S�a�m�p�l�e�s� �w�i�t�h� �a� �l�o�w� �n�u�m�b�e�r� �o�f� �p�e�l�l�e�t�s� �(�<� 

�1�0�0�)� �w�e�r�e� �c�o�u�n�t�e�d� �a�n�d� �m�e�a�s�u�r�e�d� �i�n� �e�n�t�i�r�e�t�y�,� �a� �p�r�o�p�o�r�t�i�o�n� �(�o�n�e�-�q�u�a�r�t�e�r� �t�o� �o�n�e�-�h�a�l�f�,� �b�u�t� 

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

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

�i�n�s�t�a�r�s� �1� �t�o� �3� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �f�r�a�s�s� �s�i�z�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �l�a�b�o�r�a�t�o�r�y� �r�e�a�r�i�n�g� �o�f� �l�a�r�v�a�e� 

�o�n� �w�h�i�t�e� �o�a�k�.� �F�r�a�s�s� �s�i�z�e� �o�f� �i�n�s�t�a�r�s� �4� �a�n�d� �5� �w�e�r�e� �b�a�s�e�d� �o�n� �t�h�e� �d�a�t�a� �p�r�e�s�e�n�t�e�d� �b�y� 

�L�i�e�b�h�o�l�d� �a�n�d� �E�l�k�i�n�t�o�n� �(�1�9�8�8�)�.� �M�a�l�e� �f�i�f�t�h� �i�n�s�t�a�r� �a�n�d� �f�e�m�a�l�e� �f�i�f�t�h� �a�n�d� �s�i�x�t�h� �w�e�r�e� 

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

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

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

�H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� �o�f� �f�r�a�s�s� �s�i�z�e� �o�f� �l�a�t�e� �i�n�s�t�a�r� �l�a�r�v�a�e� �(�4�t�h� �a�n�d� �t�h�e� �c�o�m�b�i�n�e�d� �5�t�h� �a�n�d� �6�t�h�)� 

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

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

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

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

�s�i�z�e� �o�f� �1�0�0�.� 

�H�e�a�t� �a�c�c�u�m�u�l�a�t�i�o�n�.� �D�a�t�a� �o�n� �h�e�a�t� �a�c�c�u�m�u�l�a�t�i�o�n� �(�d�e�g�r�e�e�-�d�a�y�s� �[�D�D�]�)� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �C�a�m�p�b�e�l�l� �S�c�i�e�n�t�i�f�i�c� �C�R�-�1�0� �d�a�t�a�l�o�g�g�e�r�s� �o�r� �O�m�e�g�a� �m�o�d�e�l� �4�1�4� �r�e�c�o�r�d�i�n�g� 

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

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

�(�A�l�l�e�n� �1�9�7�6�)�.� �A� �l�o�w�e�r� �t�h�r�e�s�h�o�l�d� �o�f� �7�.�6�5� �°�C� �a�n�d� �u�p�p�e�r� �t�h�r�e�s�h�o�l�d� �o�f� �4�1�.�0� �°�C� �w�e�r�e� 
�s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �v�a�l�u�e�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �g�y�p�s�y� �m�o�t�h� �l�i�f�e� �s�y�s�t�e�m� �m�o�d�e�l� 

�(�S�h�e�e�h�a�n� �1�9�8�9�)� �a�n�d� �f�r�o�m� �d�a�t�a� �i�n� �C�a�s�a�g�r�a�n�d�e� �e�t� �a�l�.� �(�1�9�8�7�)�.� �T�h�e� �l�o�w�e�r� �t�h�r�e�s�h�o�l�d� �i�s� �a�n� 

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

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

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

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

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

�d�e�v�e�l�o�p�e�d� �b�y� �C�a�s�a�n�g�r�a�n�d�e� �e�t� �a�l�.� �(�1�9�8�7�)� �a�n�d� �S�h�i�e�l�d�s� �(�1�9�8�9�)�.� �A� �s�t�o�c�h�a�s�t�i�c� �p�h�e�n�o�l�o�g�y� 

�m�o�d�e�l� �(�D�e�n�n�i�s� �e�t� �a�l�.� �1�9�8�6�,� �D�e�n�n�i�s� �a�n�d� �K�e�m�p� �1�9�8�8�)� �w�a�s� �s�e�l�e�c�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �m�e�t�h�o�d�s� 

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

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

�s�t�a�t�i�s�t�i�c�a�l� �m�e�t�h�o�d�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �d�e�t�a�i�l� �i�n� �D�e�n�n�i�s� �e�t� �a�l�.� �(�1�9�8�6�)� �a�n�d� �D�e�n�n�i�s� �a�n�d� �K�e�m�p



�3�4� 

�(�1�9�8�8�)�.� �B�r�i�e�f�l�y�,� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �(�p�j�j�)� �i�n� �s�t�a�g�e� �i� �p�r�e�s�e�n�t� �a�t� �s�a�m�p�l�i�n�g� 

�t�i�m�e� �j�i�s� �g�i�v�e�n� �b�y� �t�h�e� �e�q�u�a�t�i�o�n�s�;� 

�f�o�r� �i�n�s�t�a�r� �1�:� 

�P�i�j� �=� �u�{� �1�+� �v�o�l� �-� �C�5�)� �}� 

�f�o�r� �i�n�s�t�a�r�s� �2�,� �3�,� �a�n�d� �4�:� 

�P�i�j� �=� �v�r�v�e�o�l�-�C�)�}� �|� 

�a�.�-� �t�j� 
�-� �w�{� �1�+� �v�o�l� �C�E�)� �}� 

�a�n�d� �f�o�r� �i�n�s�t�a�r� �5�:� 
�(�a�,� �-� �t�i�)� 

�D�i�j� �=� �w�{� �1� �r�o�o�l� �C�=�)� �}� 

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

� � 

�c�o�m�p�l�e�t�e� �t�h�e� �i�t�h� �s�t�a�g�e� �(�i� �=� �5� �i�n� �t�h�i�s� �s�t�u�d�y�)�.� �T�h�e� �p�a�r�a�m�e�t�e�r� �b�~� �i�s� �a� �p�o�s�i�t�i�v�e� �c�o�n�s�t�a�n�t� �a�n�d� 

�p�r�o�v�i�d�e�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �f�a�c�t�o�r�s� �o�t�h�e�r� �t�h�a�n� �D�D� �o�n� �d�e�v�e�l�o�p�m�e�n�t�.� 
�P�a�r�a�m�e�t�e�r� �s�e�t�s� �(�a� �j�t�o�a�;� �b�)� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� �s�t�a�t�i�s�t�i�c�a�l�l�y� �u�s�i�n�g� �a� �x�2� �t�e�s�t� �(�D�e�n�n�i�s� �e�t� 

�a�l�.� �1�9�8�6�)�.� �P�a�r�a�m�e�t�e�r�s� �w�e�r�e� �f�i�t� �t�o� �f�i�e�l�d� �d�a�t�a� �a�n�d� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �S�A�S� �(�S�A�S� �1�9�8�6�)� �a�s� 

�o�u�t�l�i�n�e�d� �i�n� �D�e�n�n�i�s� �e�t� �a�l�.� �(�1�9�8�6�)�.� �T�h�e� �m�o�d�e�l� �w�a�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �a�c�c�u�m�u�l�a�t�e�d� �D�D� �a�n�d� 

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

�D�e�v�e�l�o�p�m�e�n�t�a�l� �p�o�i�n�t�s� �w�e�r�e� �5�0�%� �o�c�c�u�r�r�e�n�c�e� �o�f� �f�i�r�s�t� �i�n�s�t�a�r�s�,� �p�e�a�k� �o�c�c�u�r�r�e�n�c�e� �o�f� �i�n�s�t�a�r�s� 

�t�w�o� �t�h�r�o�u�g�h� �f�o�u�r� �a�n�d� �5�0�%� �o�c�c�u�r�r�e�n�c�e� �o�f� �i�n�s�t�a�r�s� �f�i�v�e� �a�n�d� �s�i�x�.� 

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

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

�D�D�,� �c�a�l�e�n�d�e�r� �d�a�y�s� �(�C�D�)�,� �a�n�d� �D�D� �p�e�r� �c�a�l�e�n�d�e�r� �d�a�y� �(�D�D�/�C�D�)� �f�o�r� �e�a�c�h� �p�l�o�t�.� 

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

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

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

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

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

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

�e�a�c�h� �p�l�o�t�.� �I�n� �1�9�8�8�,� �t�w�o� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �p�l�a�c�e�d� �a�t� �l�e�a�s�t� �1�0�0� �m� �a�p�a�r�t� �w�e�r�e� �u�s�e�d� �a�n�d� �t�h�e� 

�t�r�a�p� �d�a�t�a� �i�s� �t�h�e� �a�v�e�r�a�g�e� �o�f� �t�h�e� �t�w�o� �t�r�a�p�s�.� �I�n� �1�9�8�9�,� �o�n�e� �t�r�a�p� �w�a�s� �u�s�e�d�.� �P�h�e�r�o�m�o�n�e� �t�r�a�p�s



�3�5� 

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

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

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

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

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

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

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

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

�o�f� �c�o�v�a�r�i�a�n�c�e� �(�S�A�S� �1�9�8�6�)�.� �T�h�e� �s�l�o�p�e�s� �a�n�d� �i�n�t�e�r�c�e�p�t�s� �o�f� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �o�f� �c�u�m�u�l�a�t�i�v�e� 

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

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

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

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

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

�S�e�x� �R�a�t�i�o�s� �o�f� �P�u�p�a�e�.� �T�h�e� �s�e�x� �r�a�t�i�o� �o�f� �h�a�t�c�h�i�n�g� �l�a�r�v�a�e� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� 

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

�p�e�r�f�o�r�m�i�n�g� �X�2� �t�e�s�t� �f�o�r� �g�o�o�d�n�e�s�s� �o�f� �f�i�t� �t�o� �a�n� �e�x�p�e�c�t�e�d� �1�:�1� �m�a�l�e�:�f�e�m�a�l�e� �s�e�x� �r�a�t�i�o�.� 

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

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

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

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

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

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

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

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

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

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

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

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

�e�x�c�e�e�d�i�n�g� �c�a�.� �3�5�%� �s�i�n�c�e� �t�h�e� �m�a�x�i�m�u�m� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �c�o�u�l�d� �n�o�t� �b�e� �d�e�t�e�r�m�i�n�e�d� �i�n� 

�p�l�o�t�s� �w�i�t�h� �d�e�f�o�l�i�a�t�i�o�n� �l�e�s�s� �t�h�a�n� �c�a�.� �3�5�%�.



�3�6� 

�R�e�s�u�l�t�s� 

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

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

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

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

�1�9�8�6�)� �w�a�s� �f�i�t� �s�e�p�a�r�a�t�e�l�y� �t�o� �e�a�c�h� �o�f� �t�h�e� �s�i�x�t�e�e�n� �s�t�u�d�y� �p�l�o�t�s�.� �M�a�x�i�m�u�m� �l�i�k�e�l�i�h�o�o�d� 
�p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �(�a�j�'�s� �a�n�d� �b�2�)� �a�n�d� �9�5�%� �a�s�y�m�p�t�o�t�i�c� �c�o�n�f�i�d�e�n�c�e� �l�i�m�i�t�s� �(�C�l�'�s�)� �f�o�r� �t�h�e� 

�s�i�x�t�e�e�n� �p�l�o�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �a�l�l� �p�o�s�s�i�b�l�e� �p�a�i�r�s� �o�f� �p�a�r�a�m�e�t�e�r� �s�e�t�s� 
�i�n�d�i�c�a�t�e�d� �a�l�l� �p�a�r�a�m�e�t�e�r� �s�e�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� �(�&� �=� �0�.�0�5�)�.� �M�i�n�i�m�a�l� �o�v�e�r�l�a�p� �o�f� 

�t�h�e� �9�5�%� �(�C�I�'�s�)� �b�e�t�w�e�e�n� �p�l�o�t�s� �s�u�p�p�o�r�t�s� �t�h�i�s� �r�e�s�u�l�t�.� �T�h�e� �p�a�r�a�m�e�t�e�r� �b�2� �t�e�n�d�e�d� �t�o� �b�e� �l�o�w�e�r� 

�(�i�.�e�.�,� �5�.�8�3� �f�o�r� �T�G�9� �v�e�r�s�e� �1�3�.�6�3� �f�o�r� �T�G�8�)� �i�n� �p�l�o�t�s� �e�x�p�e�r�i�e�n�c�i�n�g� �m�o�d�e�r�a�t�e� �t�o� �s�e�v�e�r�e� 

�d�e�f�o�l�i�a�t�i�o�n� �(�>� �5�0�%� �d�e�f�o�l�i�a�t�i�o�n�)�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �t�r�e�n�d� �w�a�s� �n�o�t� �c�o�n�s�i�s�t�e�n�t�,� �f�o�r� �e�x�a�m�p�l�e�,� 

�d�e�f�o�l�i�a�t�i�o�n� �i�n� �p�l�o�t� �L�R�8� �r�e�a�c�h�e�d� �c�a�.� �7�5�%�,� �b�u�t� �b�2� �w�a�s� �1�3�.�2�8�.� 

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

�w�e�r�e� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �f�o�r� �t�h�e� �t�w�o� �y�e�a�r�s� �f�o�r� �a�l�l� �p�l�o�t�s� �(�1�9�8�8�,� �m�e�a�n� �=� �5�1�.�1�1� �c�a�l�e�n�d�e�r� �d�a�y�s�;� 

�1�9�8�9�,� �m�e�a�n� �=� �5�1�.�8�5� �c�a�l�e�n�d�e�r� �d�a�y�s�)� �(�T�a�b�l�e� �3�)�.� �P�l�o�t�s� �w�i�t�h� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �d�e�f�o�l�i�a�t�i�o�n� 

�(�c�a�.� �>� �4�0�%�)� �t�e�n�d�e�d� �t�o� �r�e�a�c�h� �5�0�%� �f�i�f�t�h� �a�n�d� �s�i�x�t�h� �i�n�s�t�a�r� �i�n� �f�e�w�e�r� �c�a�l�e�n�d�e�r� �d�a�y�s� �(�m�e�a�n� �=� 

�4�8�.�4�)� �t�h�a�n� �p�l�o�t�s� �w�i�t�h� �l�e�s�s� �d�e�f�o�l�i�a�t�i�o�n� �(�c�a� �<� �4�0�%�)� �(�m�e�a�n� �C�D� �=� �5�3�.�1�1�)�.� �H�o�w�e�v�e�r�,� 

�d�e�f�o�l�i�a�t�i�o�n� �i�n� �p�l�o�t� �L�R�8� �e�x�c�e�e�d�e�d� �5�0�%�,� �b�u�t� �5�6� �C�D� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�a�c�h� �5�0�%� �f�i�f�t�h� �a�n�d� 

�s�i�x�t�h� �i�n�s�t�a�r�.� �D�e�f�o�l�i�a�t�i�o�n� �i�n� �p�l�o�t�s� �M�D�9� �a�n�d� �C�G�8� �w�a�s� �b�e�l�o�w� �4�0�%�,� �b�u�t� �o�n�l�y� �4�9� �a�n�d� �4�7� 

�C�D� �r�e�s�p�e�c�t�i�v�e�l�y� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�a�c�h� �5�0�%� �f�i�f�t�h� �a�n�d� �s�i�x�t�h� �i�n�s�t�a�r� 

�T�o�t�a�l� �D�D�,� �C�D�,� �a�n�d� �D�D�/�C�D� �r�e�q�u�i�r�e�d� �f�r�o�m� �f�i�r�s�t� �h�a�t�c�h� �t�o� �f�i�r�s�t� �p�u�p�a�t�i�o�n� �a�n�d� �5�0�%� 

�p�u�p�a�t�i�o�n� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.� �T�h�e� �t�o�t�a�l� �D�D� �r�e�q�u�i�r�e�d� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �f�r�o�m� �h�a�t�c�h� �t�o� 

�f�i�r�s�t� �p�u�p�a�e� �r�a�n�g�e�d� �f�r�o�m� �4�5�3� �t�o� �6�5�9� �D�D� �a�n�d� �f�o�r� �5�0�%� �p�u�p�a�t�i�o�n�,� �5�1�4� �t�o� �6�5�9� �D�D�.� �T�h�e�r�e� 

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

�p�u�p�a�e� �o�r� �5�0�%� �p�u�p�a�t�i�o�n�.� �F�e�w�e�r� �C�D� �e�l�a�p�s�e�d� �f�r�o�m� �h�a�t�c�h� �t�o� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� 

�p�o�i�n�t�s� �f�o�r� �t�h�r�e�e� �v�a�l�l�e�y� �p�l�o�t�s� �(�M�D�9�,� �B�L�9�,� �a�n�d� �S�T�9�)� �a�n�d� �t�h�r�e�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �(�>� �c�a�.� 

�7�0�%�)� �p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� �G�R�8�)�,� �b�u�t� �t�h�e� �n�u�m�b�e�r� �o�f� �C�D� �w�a�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �l�e�s�s� �t�h�a�n� �t�h�e� 

�r�e�s�t� �o�f� �t�h�e� �p�l�o�t�s�.� �F�o�r� �5�0�%� �p�u�p�a�t�i�o�n�,� �t�h�r�e�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �(�>� �c�a�.� �7�0�%�)� �p�l�o�t�s� �(�T�G�9�,� 

�P�R�8�,� �G�R�8�)� �d�e�v�e�l�o�p�e�d� �i�n� �f�e�w�e�r� �C�D�.� �T�h�e� �n�u�m�b�e�r� �o�f� �D�D�/�C�D� �f�r�o�m� �h�a�t�c�h� �t�o� �b�o�t�h� �f�i�r�s�t� 

�p�u�p�a�e� �a�n�d� �5�0�%� �p�u�p�a�t�i�o�n� �w�a�s� �s�l�i�g�h�t�l�y� �g�r�e�a�t�e�r� �f�o�r� �t�h�r�e�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �(�>� �c�a�.� �7�0�%�)� 

�p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� �G�R�8�)�.� 

�P�u�p�a�e� �a�n�d� �A�d�u�l�t�s�.� �R�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s�,� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s�,� �a�n�d� �r�*� �v�a�l�u�e�s� 

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



�3�7� 

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

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

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

�t�h�e� �s�l�o�p�e�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �d�i�f�f�e�r�e�d� �f�o�r� �s�i�x� �p�l�o�t�s�.� �F�o�u�r� �o�f� �t�h�e� �p�l�o�t�s� �(�L�R�8�,� �P�R�8�,� 

�G�R�8�,� �a�n�d� �T�G�9�)� �w�e�r�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �(�>� �c�a�.� �7�0�%�)� �w�h�i�l�e� �t�h�e� �o�t�h�e�r� �t�w�o� �p�l�o�t�s� �(�B�L�9� 

�a�n�d� �W�C�8�)� �e�x�p�e�r�i�e�n�c�e�d� �l�i�m�i�t�e�d� �d�e�f�o�l�i�a�t�i�o�n� �(�<� �c�a�.� �4�0�%�)�.� �T�h�e� �p�-�v�a�l�u�e�s� �f�o�r� �p�l�o�t�s� �B�L�9� �a�n�d� 

�W�C�S�$� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�l�o�p�e�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �w�a�s� �f�a�r� �l�e�s�s� 

�t�h�a�n� �t�h�e� �o�t�h�e�r� �f�o�u�r�,� �m�o�r�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� �G�R�8�)�.� 

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

�c�u�m�u�l�a�t�i�v�e� �p�e�r�c�e�n�t� �p�u�p�a�t�i�o�n� �(�T�a�b�l�e� �6�)�.� �S�l�o�p�e�s� �a�n�d� �i�n�t�e�r�c�e�p�t�s� �o�f� �f�o�u�r� �p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� 

�G�R�8�,� �L�R�8�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�.� �S�l�o�p�e�s� �a�n�d� 

�i�n�t�e�r�c�e�p�t�s� �o�f� �t�w�o� �p�l�o�t�s� �(�C�G�9� �a�n�d� �B�L�9�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �a� �m�o�d�e�r�a�t�e� 

�n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�.� �P�l�o�t�s� �C�G�9� �a�n�d� �B�L�9� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �e�i�g�h�t� �o�f� 

�t�h�e� �s�a�m�e� �p�l�o�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �i�n� �t�h�e�s�e� �t�w�o� �p�l�o�t�s� �(�C�G�9� �a�n�d� �B�L�9�)� 

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

�l�o�w� �n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�,� �p�r�i�m�a�r�i�l�y� �t�h�e� �f�o�u�r� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� 

�G�R�8�,� �L�R�8�)�.� 

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

�g�r�o�u�p�s�,� �b�u�t� �t�r�e�n�d�s�,� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �d�e�f�o�l�i�a�t�i�o�n�,� �w�e�r�e� �l�e�s�s� �i�d�e�n�t�i�f�i�a�b�l�e� �(�T�a�b�l�e� �7�)�.� �T�w�o� 

�p�l�o�t�s� �(�G�R�9� �a�n�d� �P�R�8�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�.� 

�F�i�v�e� �p�l�o�t�s� �(�M�D�9�,� �W�L�9�,� �S�T�8�,� �L�R�8�,� �G�R�8�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �a� �l�o�w� 

�n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�,� �p�r�i�m�a�r�i�l�y� �G�R�9� �a�n�d� �P�R�8�.� �S�l�o�p�e�s� �a�n�d� �i�n�t�e�r�c�e�p�t�s� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� 
�e�i�g�h�t� �p�l�o�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� �f�r�o�m� �a� �m�o�d�e�r�a�t�e� �n�u�m�b�e�r� �o�f� �o�t�h�e�r� �p�l�o�t�s�.� �P�l�o�t�s� 

�B�L�9� �a�n�d� �S�T�9� �w�e�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �v�a�l�l�e�y� �a�n�d� �d�i�f�f�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �m�o�u�n�t�a�i�n� �p�l�o�t�s�.� 

�F�i�v�e� �m�o�u�n�t�a�i�n� �p�l�o�t�s� �(�D�H�9�,� �C�G�9�,� �T�G�9�,� �T�G�8�,� �a�n�d� �C�G�8�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 

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

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

�S�e�x� �r�a�t�i�o�.� �T�h�e� �s�e�x� �r�a�t�i�o� �i�n� �a�l�l� �b�u�t� �t�h�r�e�e� �p�l�o�t�s� �(�C�G�8�,� �D�H�9�,� �a�n�d� �W�L�9�)� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �e�x�p�e�c�t�e�d� �5�0�:�5�0� �m�a�l�e�:�f�e�m�a�l�e� �s�e�x� �r�a�t�i�o� �(�T�a�b�l�e� �8�)�.� �F�o�r� 

�o�n�l�y� �t�h�r�e�e� �o�f� �t�h�e� �p�l�o�t�s� �(�P�R�8�,� �G�R�8�,� �a�n�d� �T�G�9�)� �t�h�a�t� �d�i�f�f�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �t�h�e� 

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

�c�h�a�n�g�e� �i�n� �t�h�e� �s�e�x� �r�a�t�i�o� �o�v�e�r� �t�i�m�e� �(�D�D�)� �c�o�u�l�d� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �p�a�t�t�e�r�n�s� �(�F�i�g�u�r�e� �2�)�.� 

�P�l�o�t�s� �T�G�9�,� �G�R�8�,� �a�n�d� �P�R�8� �i�n� �w�h�i�c�h� �m�o�s�t� �p�u�p�a�e� �w�e�r�e� �m�a�l�e� �a�n�d� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �o�n� �t�h�e



�3�8� 

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

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

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

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

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

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

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

�i�n�s�t�a�r�s� �o�n�e� �t�o� �f�o�u�r� �t�e�n�d�e�d� �t�o� �b�e� �g�r�e�a�t�e�r� �i�n� �p�l�o�t�s� �G�R�8�,� �P�R�8�,� �a�n�d� �T�G�9� �w�h�e�n� �t�h�e� 

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

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

�d�e�f�o�l�i�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �p�l�o�t� �T�G�8� �a�t� �m�a�x�i�m�u�m� �d�e�f�o�l�i�a�t�i�o�n� �(�c�a�.� �3�5�%�)�,� �t�h�e� �p�e�r�c�e�n�t� 

�o�f� �t�h�e� �l�a�r�v�a�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �f�i�r�s�t� �f�o�u�r� �w�a�s� �2�4�.�6�.� �I�n� �p�l�o�t� �P�R�8�,� �a�t� �m�a�x�i�m�u�m� �d�e�f�o�l�i�a�t�i�o�n� 

�(�c�a�.� �1�0�0�%�)�,� �t�h�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�r�v�a�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �f�i�r�s�t� �f�o�u�r� �i�n�s�t�a�r�s� �w�a�s� �6�2�.�9�.� 

�D�i�s�c�u�s�s�i�o�n� 

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

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

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

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

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

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

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

�(�1�9�8�6�,� �1�9�8�7�)�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �r�a�t�e� �o�f� �h�e�a�t� �a�c�c�u�m�u�l�a�t�i�o�n� �(�i�.�e�.�,� �m�o�r�e� �D�D� �p�e�r� �C�D�)� �i�s� 

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

�c�h�a�n�g�e�s� �i�n� �l�a�r�v�a�l� �b�e�h�a�v�i�o�r� �(�L�a�n�c�e� �e�t� �a�l�.� �1�9�8�7�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �l�o�w�e�r� �b�2� �o�b�t�a�i�n�e�d� �f�o�r� 

�m�o�r�e� �d�e�f�o�l�i�a�t�e�d� �(�c�a�.� �>� �5�0�%�)� �p�l�o�t�s� �i�n�d�i�c�a�t�e�s� �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� �D�D� �(�h�e�a�t� 

�a�c�c�u�m�u�l�a�t�i�o�n�)� �o�n� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �i�n�c�r�e�a�s�e�d� �i�n� �p�l�o�t�s� �w�i�t�h� �d�e�f�o�l�i�a�t�i�o�n� �>� �c�a�.� �4�0�%�.� �T�h�i�s� 

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

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

�q�u�a�l�i�t�y�)�.� �M�o�r�e� �r�a�p�i�d� �l�a�r�v�a�l� �d�e�v�e�l�o�p�m�e�n�t� �a�s� �m�e�a�s�u�r�e�d� �i�n� �C�D� �i�n� �p�l�o�t�s� �(�T�G�9�,� �P�R�8�,� �G�R�8�)� 

�w�i�t�h� �s�e�v�e�r�e� �d�e�f�o�l�i�a�t�i�o�n� �(�c�a�.� �>� �7�0�%�)� �c�o�m�p�a�r�e�d� �t�o� �l�e�s�s� �d�e�f�o�l�i�a�t�e�d� �(�c�a�.� �<� �7�0�%�)� �p�l�o�t�s� �i�s� 

�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�t�h�e�r� �s�t�u�d�i�e�s� �(�C�a�m�p�b�e�l�l� �1�9�7�8�,� �L�a�n�c�e� �e�t� �a�l�.� �1�9�8�7�)�.� �H�o�w�e�v�e�r�,� �t�h�e� 

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

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

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



�3�9� 

�i�n� �s�e�v�e�r�a�l� �p�l�o�t�s� �(�M�D�9�,� �B�L�Y�,� �a�n�d� �S�T�9�)� �w�i�t�h� �m�i�n�i�m�a�l� �d�e�f�o�l�i�a�t�i�o�n� �(�c�a�.� �<� �2�5�%�)� �w�a�s� �n�o�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�t�h�a�n� �e�a�r�l�y� �i�n�s�t�a�r� �l�a�r�v�a�e�.� 

�T�h�e� �p�h�e�n�o�l�o�g�y� �o�f� �m�a�l�e� �p�u�p�a�e� �i�s� �c�l�e�a�r�l�y� �a�l�t�e�r�e�d� �i�n� �d�e�f�o�l�i�a�t�e�d� �(�c�a�.� �>� �4�0�%�)� �p�l�o�t�s�.� 

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

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

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

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

�(�C�a�m�p�b�e�l�l� �1�9�6�7�)�.� �H�i�g�h�e�r� �m�o�r�t�a�l�i�t�y� �o�f� �f�e�m�a�l�e� �l�a�r�v�a�e� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �p�u�p�a�l� �s�e�x� �r�a�t�i�o� 

�t�h�a�t� �i�s� �m�a�l�e� �s�k�e�w�e�d�.� �A� �p�u�p�a�l� �s�e�x� �r�a�t�i�o� �t�h�a�t� �i�s� �n�o�t� �1�:�1� �m�a�l�e�:�f�e�m�a�l�e� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �f�o�r� 

�h�i�g�h� �d�e�n�s�i�t�y� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �o�t�h�e�r� �s�t�u�d�i�e�s� �(�C�a�m�p�b�e�l�l� �1�9�6�3�,� �M�a�u�f�f�e�t�t�e� �&� �J�o�b�i�n� �1�9�8�5�)�.� 

�P�r�e�s�u�m�a�b�l�y�,� �t�h�e�s�e� �h�i�g�h� �d�e�n�s�i�t�y� �p�o�p�u�l�a�t�i�o�n�s� �(�C�a�m�p�b�e�l�l� �1�9�6�3�,� �M�a�u�f�f�e�t�t�e� �&� �J�o�b�i�n� �1�9�8�5�)� 

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

�n�o�t� �t�o� �b�e� �1�:�1� �m�a�l�e�:�f�e�m�a�l�e�,� �b�u�t� �o�n�l�y� �i�n� �t�h�r�e�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �p�l�o�t�s� �(�T�G�9�,� �G�R�8�,� �P�R�8�)� 

�w�a�s� �t�h�e� �s�e�x� �r�a�t�i�o� �p�r�e�d�o�m�i�n�a�n�t�l�y� �m�a�l�e�.� �I�t� �w�a�s� �a�l�s�o� �i�n� �t�h�e�s�e� �p�l�o�t�s� �(�T�G�9�,� �G�R�8�,� �P�R�8�)� �t�h�a�t� 

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



�4�0� 

�p�o�p�u�l�a�t�i�o�n� �w�e�r�e� �i�n� �i�n�s�t�a�r�s� �o�n�e� �t�o� �f�o�u�r�.� �T�h�e�s�e� �p�l�o�t�s� �(�T�G�9�,� �G�R�8�,� �P�R�8�)� �w�e�r�e� �t�h�r�e�e� �o�f� �t�h�e� 

�f�o�u�r� �p�l�o�t�s� �(�T�G�9�,� �G�R�8�,� �P�R�8�,� �L�R�8�)� �f�o�r� �w�h�i�c�h� �t�h�e� �s�l�o�p�e�s� �a�n�d� �i�n�t�e�r�c�e�p�t�s� �o�f� �p�u�p�a�e� 

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

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

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

�p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s�.� 

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

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

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

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

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

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

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

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

�t�h�e� �m�o�r�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� �(�c�a�.� �7�0�%�)� �p�l�o�t�s� �(�L�R�8�,� �P�R�8�,� �G�R�8�,� �T�G�9�)�.� �T�h�i�s� �r�e�s�u�l�t� 

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

�(�L�R�8�,� �P�R�8�,� �G�R�8�,� �T�G�9�)� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�h�e�r�o�m�o�n�e� �t�r�a�p� �c�a�t�c�h� �o�f� �l�e�s�s� �d�e�f�o�l�i�a�t�e�d� 

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

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

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

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

�T�h�e� �s�l�o�p�e�s� �a�n�d� �i�n�t�e�r�c�e�p�t�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �o�f� �t�h�e� �c�a�p�t�u�r�e� �o�f� �m�a�l�e� �m�o�t�h�s� �i�n� 
�p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �o�v�e�r� �t�i�m�e� �f�r�o�m� �t�w�o� �p�l�o�t�s� �(�G�R�9� �a�n�d� �P�R�8�)� �d�i�f�f�e�r�e�d� �f�r�o�m� �a�l�l� �o�t�h�e�r� �p�l�o�t�s�.� 

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

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

�i�n�t�e�r�c�e�p�t�s� �o�f� �p�l�o�t�s� �G�R�9� �a�n�d� �P�R�8� �d�i�f�f�e�r�e�d� �f�r�o�m� �o�t�h�e�r� �p�l�o�t�s� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n� 

�d�e�n�s�i�t�y� �i�n� �G�R�9� �a�n�d� �t�h�e� �p�r�o�x�i�m�i�t�y� �o�f� �P�R�8� �t�o� �l�a�r�g�e� �u�n�d�e�f�o�l�i�a�t�e�d� �a�r�e�a�s�.� �P�l�o�t� �G�R�9� �h�a�d� �a� 

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

�t�o� �c�o�l�l�e�c�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �p�u�p�a�e� �i�n� �t�h�e� �p�l�o�t�.� �T�h�e�r�e�f�o�r�e�,� �m�a�n�y� �o�f� �t�h�e� �m�o�t�h�s� �i�n� �t�h�e� �G�R�9� 

�p�h�e�r�o�m�o�n�e� �t�r�a�p� �p�r�o�b�a�b�l�y� �d�i�d� �n�o�t� �d�e�v�e�l�o�p� �i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �t�h�e� �t�r�a�p�.� �P�l�o�t� �P�R�8� �w�a�s� 

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

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

�t�h�i�s� �u�n�d�e�f�o�l�i�a�t�e�d� �a�r�e�a� �w�e�r�e� �p�r�o�b�a�b�l�y� �c�a�p�t�u�r�e�d� �i�n� �t�h�e� �P�R�8� �p�h�e�r�o�m�o�n�e� �t�r�a�p�.� �T�h�i�s� �l�i�k�e�l�y
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�a�l�t�e�r�e�d� �t�h�e� �p�a�t�t�e�r�n� �o�f� �c�a�t�c�h�.� �T�h�i�s� �h�y�p�o�t�h�e�s�i�s� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �m�a�l�e� �m�o�t�h� 

�w�i�n�g� �l�e�n�g�t�h� �(�C�h�a�p�t�e�r� �4�)� �w�h�i�c�h� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �(�C�h�a�p�t�e�r� �2�)�.� 

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

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

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

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

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

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

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

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

�u�n�i�q�u�e� �p�a�t�t�e�r�n�s� �o�f� �c�a�t�c�h�.� �T�r�a�p� �c�a�p�a�c�i�t�y� �a�n�d� �c�h�a�n�g�e�s� �i�n� �e�f�f�i�c�i�e�n�c�y� �(�E�l�k�i�n�t�o�n� �1�9�8�7�)� �a�r�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�d�d�i�t�i�o�n�a�l� �p�r�o�b�l�e�m� �o�f� �c�h�a�n�g�e�s� �i�n� �t�r�a�p� �e�f�f�e�c�i�e�n�c�y� �(�E�l�k�i�n�t�o�n� �1�9�8�7�)� �a�n�d� �t�r�a�p� �s�a�t�u�r�a�t�i�o�n� 

�(�B�e�l�l�i�n�g�e�r� �e�t� �a�l�.� �1�9�9�0�)�,� �i�t� �i�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �t�h�e� �p�a�t�t�e�r�n� �o�f� �m�a�l�e� �m�o�t�h� �c�a�p�t�u�r�e� �o�v�e�r� �t�i�m�e�,� �i�n� �a� 

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

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

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

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

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

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

�p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �s�h�o�u�l�d� �b�e� �e�x�p�l�o�r�e�d�.� �W�i�n�g� �l�e�n�g�t�h� �(�B�e�l�l�i�n�g�e�r� �e�t� �a�l�.� �1�9�9�0�)� �h�a�s� �b�e�e�n� 

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

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

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

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

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

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

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

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

�t�r�a�p�s�.



�4�3� 

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

�f�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �m�o�n�i�t�o�r�i�n�g� �o�f� �g�y�p�s�y� �m�o�t�h� �p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e�y� �h�a�v�e� �b�e�e�n� �e�m�p�l�o�y�e�d� 
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�M�o�t�h� �I�P�M� �p�r�o�g�r�a�m�s�)�.� �D�e�s�p�i�t�e� �t�h�i�s� �u�s�e�,� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �r�e�s�e�a�r�c�h� �(�b�u�t� �s�e�e� �E�l�k�i�n�t�o�n� �&� 

�C�a�r�d�e� �1�9�8�0�,� �E�l�k�i�n�t�o�n� �1�9�8�7�)� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �f�a�c�t�o�r�s� 
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�e�l�e�v�a�t�i�o�n�,� �w�i�n�d� �s�p�e�e�d� �a�n�d� �d�i�r�e�c�t�i�o�n�,� �d�e�f�o�l�i�a�t�i�o�n�,� �g�y�p�s�y� �m�o�t�h� �p�o�p�u�l�a�t�i�o�n�!� �d�e�n�s�i�t�y�,� �a�n�d� 
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�i�n�f�l�u�e�n�c�i�n�g� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s�,� �t�h�e� �p�a�t�t�e�r�n� �o�f� �m�a�l�e� �m�o�t�h� �c�a�p�t�u�r�e� �i�n� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �o�v�e�r� 

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

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

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

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

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

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

�(�1�9�9�0�)�.� �B�e�l�l�i�n�g�e�r� �e�t� �a�l�.� �(�1�9�9�0�)� �f�o�u�n�d� �a� �c�o�r�r�e�l�a�t�i�o�n� �(�r�2� �=� �0�.�6�0�)� �b�e�t�w�e�e�n� �e�g�g� �m�a�s�s� 

�d�e�n�s�i�t�y� �a�n�d� �m�a�l�e� �w�i�n�g� �l�e�n�g�t�h�.� �H�o�w�e�v�e�r�,� �a�d�d�i�t�i�o�n�a�l� �s�t�u�d�i�e�s� �(�C�h�a�p�t�e�r� �2�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 
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�w�i�n�g� �l�e�n�g�t�h� �i�s� �e�i�t�h�e�r� �s�m�a�l�l� �o�r� �l�a�r�g�e�)� �a�n�d� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �w�h�e�t�h�e�r� �o�r� �n�o�t� �l�a�r�v�a�e� 

�e�x�p�e�r�i�e�n�c�e� �d�e�f�o�l�i�a�t�i�o�n� �i�n� �e�x�c�e�s�s� �o�f� �c�a�.� �4�0�%�.� �T�h�e� �s�i�z�e� �o�f� �w�i�n�g� �l�e�n�g�t�h�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�e�i�t�h�e�r� �l�a�r�g�e� �(�>� �1�9�.�8�9� �m�m�)�,� �i�f� �d�e�f�o�l�i�a�t�i�o�n� �w�a�s� �l�e�s�s� �t�h�a�n� �c�a�.� �4�0�%�,� �o�r� �s�m�a�l�l� �(�<� �1�7�.�9�4� �m�m�)� 

�i�f� �d�e�f�o�l�i�a�t�i�o�n� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �c�a�.� �4�0�%�.� �T�h�i�s� �f�i�n�d�i�n�g� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �l�i�n�e�a�r� 
� � 

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

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

�6�0



�6� �1� 

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

�(�1�9�9�0�)� �m�a�y� �b�e� �s�p�u�r�i�o�u�s� �a�n�d�,� �i�n� �f�a�c�t�,� �w�a�s� �n�o�t� �v�a�l�i�d�a�t�e�d� �i�n� �t�h�e� �l�a�t�t�e�r� �s�t�u�d�y� �(�C�h�a�p�t�e�r� �2�)�.� 

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

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

�o�n� �t�h�e� �t�h�r�e�s�h�o�l�d� �w�i�n�g� �l�e�n�g�t�h� �v�a�l�u�e�s� �(�i�.�e�.�,� �l�a�r�g�e� �m�o�t�h�s� �(�>� �1�9�.�8�9� �m�m�)�;� �s�m�a�l�l� �m�o�t�h�s� �(�<� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�M�e�t�h�o�d�s� 

�S�t�u�d�y� �P�l�o�t�s�.� �S�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �1�9�8�8� �a�n�d� �1�9�8�9� �i�n� �s�i�x�t�e�e�n� �p�l�o�t�s� 

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

�t�h�e� �S�h�e�n�a�n�d�o�a�h� �V�a�l�l�e�y� �a�r�e�a� �(�W�a�r�r�e�n� �C�o�)� �a�n�d� �t�h�e� �S�h�e�n�a�n�d�o�a�h� �N�a�t�i�o�n�a�l� �P�a�r�k� �(�W�a�r�r�e�n�,� 

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

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

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

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

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

�p�l�o�t�s� �(�2�0� �b�a�s�a�l� �a�r�e�a� �f�a�c�t�o�r�)� �(�W�i�l�s�o�n� �&� �F�o�n�t�a�i�n�e� �1�9�7�8�)� �l�o�c�a�t�e�d� �i�n� �t�h�e� �p�l�o�t�.� �S�t�u�d�y� �p�l�o�t�s� 

�a�n�d� �p�l�o�t� �n�a�m�e�s� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �t�h�o�s�e� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �3�.� 

� � 

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

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

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



�6�2� 

�D�e�g�r�e�e�-�D�a�y� �A�c�c�u�m�u�l�a�t�i�o�n�.� �D�a�t�a� �o�n� �h�e�a�t� �a�c�c�u�m�u�l�a�t�i�o�n� �(�d�e�g�r�e�e�-�d�a�y�s� �[�D�D�]�)� 

�w�e�r�e� �c�o�l�l�e�c�t�e�d� �u�s�i�n�g� �C�a�m�p�b�e�l�l� �S�c�i�e�n�t�i�f�i�c� �C�R�-�1�0� �d�a�t�a�l�o�g�g�e�r�s� �o�r� �O�m�e�g�a� �m�o�d�e�l� �4�1�4� 

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

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

�e�q�u�a�t�i�o�n� �(�A�l�l�e�n� �1�9�7�6�)�.� �A� �l�o�w�e�r� �t�h�r�e�s�h�o�l�d� �o�f� �7�.�6�5� �°�C� �a�n�d� �u�p�p�e�r� �t�h�r�e�s�h�o�l�d� �o�f� �4�1�.�0� �°�C� 
�w�e�r�e� �s�e�l�e�c�t�e�d� �b�a�s�e�d� �o�n� �v�a�l�u�e�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �g�y�p�s�y� �m�o�t�h� �l�i�f�e� �s�y�s�t�e�m� 

�m�o�d�e�l� �(�S�h�e�e�h�a�n� �1�9�8�9�)� �a�n�d� �f�r�o�m� �d�a�t�a� �i�n� �C�a�s�a�g�r�a�n�d�e� �e�t� �a�l�.� �(�1�9�8�7�)�.� �T�h�e� �l�o�w�e�r� �t�h�r�e�s�h�o�l�d� 

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

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

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

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

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

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

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

�c�o�l�l�e�c�t�i�o�n� �o�f� �p�u�p�a�e�.� �T�h�e� �b�u�r�l�a�p� �b�a�n�d�s� �w�e�r�e� �c�a�.� �2�0� �c�m� �w�i�d�e� �a�n�d� �w�e�r�e� �l�o�c�a�t�e�d� �a�t� �b�r�e�a�s�t� 

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

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

�p�u�p�a�e� �(�M�M�C�A�P�)� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �a� �s�t�a�n�d�a�r�d� �m�m� �r�u�l�e�.� 

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

�e�a�c�h� �p�l�o�t� �(�m�a�l�e� �m�o�t�h�s� �c�a�p�t�u�r�e�d� �i�n� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s�,� �M�M�C�P�T�)�.� �I�n� �1�9�8�8�,� �t�w�o� 

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

�o�f� �t�h�e� �t�w�o� �t�r�a�p�s�.� �I�n� �1�9�8�9�,� �o�n�e� �t�r�a�p� �w�a�s� �u�s�e�d�.� �P�h�e�r�o�m�o�n�e� �t�r�a�p�s� �w�e�r�e� �c�h�e�c�k�e�d� �e�v�e�r�y� 

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

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

�A�n�a�l�y�s�i�s�.� �W�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �w�a�s� �u�s�e�d� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� �F�o�r� 

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

�c�l�a�s�s� �(�1�.�e�.�,� �1�3�,� �1�4�,�.�.�.�,� �2�5� �m�m�)� �f�r�o�m� �e�a�c�h� �s�a�m�p�l�i�n�g� �d�a�t�e� �b�y� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �m�o�t�h�s� 

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

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

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

�M�M�C�P�T� �d�a�t�a�.� �T�h�e� �s�e�c�o�n�d� �d�a�t�a� �s�e�t� �(�r�e�d�u�c�e�d� �d�a�t�a� �s�e�t�)� �c�o�n�s�i�s�t�e�d� �o�f� �M�M�C�P�T� �t�h�a�t� �w�e�r�e� 

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

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

�s�a�m�p�l�i�n�g� �d�a�t�e� �i�m�m�e�d�i�a�t�e�l�y� �p�r�e�c�e�d�i�n�g� �t�h�e� �d�a�t�e� �(�i�n� �D�D�)� �o�f� �f�i�r�s�t� �a�d�u�l�t� �M�M�C�A�P� �e�m�e�r�g�e�n�c�e



�6�3� 

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

�c�a�p�t�u�r�e� �p�r�e�c�e�d�e�d� �f�i�r�s�t� �M�M�C�A�P� �a�d�u�l�t� �e�m�e�r�g�e�n�c�e�.� �F�o�r� �e�a�c�h� �p�l�o�t� �a�n�d� �d�a�t�a� �s�e�t�,� �t�h�e� �w�i�n�g� 

�l�e�n�g�t�h� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �(�b�o�t�h� �d�a�t�a� �s�e�t�s�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �W�i�l�c�o�x�o�n� 

�r�a�n�k� �s�u�m� �t�e�s�t� �(�S�A�S� �1�9�8�6�)�.� �D�a�t�a� �w�e�r�e� �r�a�n�k�e�d� �u�s�i�n�g� �P�R�O�C� �R�a�n�k� �P�e�r�c�e�n�t� �o�p�t�i�o�n� �i�n� �S�A�S� 

�(�S�A�S� �1�9�8�6�)�.� �W�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �(�f�u�l�l� �d�a�t�a� �s�e�t� �o�n�l�y�)� �w�e�r�e� �c�o�m�p�a�r�e�d� 

�s�e�p�a�r�a�t�e�l�y� �u�s�i�n�g� �A�N�O�V�A� �a�n�d� �D�u�n�c�a�n�s� �m�u�l�t�i�p�l�e� �r�a�n�g�e� �t�e�s�t� �(�S�A�S� �1�9�8�6�)�.� 

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

�c�a�p�t�u�r�e�s�.� �O�n�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �(�+� �1� �S�D�)� �a�r�o�u�n�d� �t�h�e� �m�e�a�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �a� 

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

�l�e�n�g�t�h� �a�n�d� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� �w�e�r�e� �b�a�s�e�d� �o�n� �d�a�t�a� �i�n� �C�h�a�p�t�e�r� �2� �a�n�d� �f�r�o�m� 

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

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

�v�a�l�u�e�s� �o�f� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �>� �1�9�.�0� �f�o�r� �M�M�C�A�P� �a�n�d� �>� �1�9�.�5� �f�o�r� �M�M�C�P�T� �a�n�d� �m�e�a�n� 

�w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� �v�a�l�u�e�s� �o�f� �1�7�.�0� �a�n�d� �2�1�.�0� �m�m� �f�o�r� �M�M�C�A�P� �a�n�d� �1�8�.�0� �a�n�d� �2�1�.�0� �m�m� 

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

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

�f�o�r� �p�l�o�t�s� �e�x�p�e�r�i�e�n�c�i�n�g� �l�i�m�i�t�e�d� �d�e�f�o�l�i�a�t�i�o�n� �(�c�a�.� �<� �4�0�%�)� �w�e�r�e� �e�x�p�e�c�t�e�d� �t�o� �e�x�c�e�e�d� �t�h�e� 

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

�4�0�%�)� �s�h�o�u�l�d� �b�e� �l�e�s�s� �t�h�a�n� �t�h�e� �e�x�p�e�c�t�e�d� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s�.� 

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

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

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

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

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

�t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s� �(�m�e�a�n� �+� �1� �S�D�)� �f�o�r� �e�a�c�h� �p�l�o�t� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d�.� 

�T�h�e� �c�h�a�n�g�e� �i�n� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �o�v�e�r� �t�i�m�e� �(�D�D�)� �f�o�r� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� 

�w�e�r�e� �e�x�a�m�i�n�e�d� �u�s�i�n�g� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s�.� �D�D� �f�o�r� �M�M�C�A�P� �i�s� �t�h�e� �s�u�m� �o�f� �f�i�e�l�d� �D�D� 

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

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

�w�i�n�g� �l�e�n�g�t�h� �b�e�t�w�e�e�n� �M�M�C�A�P� �a�n�d� �M�M�C�P�T�,� �e�a�c�h� �s�a�m�p�l�i�n�g� �d�a�t�e� �w�a�s� �s�t�a�n�d�a�r�d�i�z�e�d� �o�n� �a� 

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

�f�r�o�m� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �b�e�i�n�g� �0� �a�n�d� �t�h�e� �l�a�s�t� �1�.� �W�i�n�g� �l�e�n�g�t�h� �w�a�s� �e�s�t�i�m�a�t�e�d� �a�t� �0�.�1� �t�o� �0�.�9� 

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

�F�o�r� �0� �a�n�d� �1� �t�h�e� �a�c�t�u�a�l� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �v�a�l�u�e� �w�a�s� �u�s�e�d�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �f�o�r� �M�M�C�A�P



�6�4� 

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

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

�i�n�h�e�r�e�n�t� �i�n� �t�h�e� �M�M�C�A�P� �d�a�t�a� �d�o�e�s� �n�o�t� �o�c�c�u�r� �i�n� �t�h�e� �M�M�C�P�T� �d�a�t�a�.� �V�a�r�i�a�t�i�o�n� �i�n� �t�h�e� 

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

�c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �D�D� �d�a�t�e�s�:� �G�r�o�u�p� �1�,� �0�.�0� �a�n�d� �0�.�1�;� �G�r�o�u�p� �2�,� �0�.�2� �a�n�d� �0�.�3�;� 

�G�r�o�u�p� �3�,� �0�.�4�,� �0�.�5�,� �a�n�d� �0�.�6�;� �G�r�o�u�p� �4�,� �0�.�7� �a�n�d� �0�.�8�;� �a�n�d� �G�r�o�u�p� �5�,� �0�.�9� �a�n�d� �1�.�0�.� 

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

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

�M�M�C�P�T� �u�s�i�n�g� �t�h�e� �f�u�l�l� �d�a�t�a� �s�e�t� �a�n�d� �t�h�e� �r�e�d�u�c�e�d� �d�a�t�a� �s�e�t�.� 

�R�e�s�u�l�t�s� 

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

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

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

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

�W�i�n�g� �l�e�n�g�t�h�.� �P�u�p�a�e� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �s�i�x�t�e�e�n� �p�l�o�t�s� �o�v�e�r� �a� �1�5� �t�o� �3�0� �d�a�y� 

�p�e�r�i�o�d�.� �M�a�l�e� �m�o�t�h�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �p�h�e�r�o�m�o�n�e� �t�r�a�p�s� �o�v�e�r� �a� �3�0� �d�a�y�s� �t�o� �4�5� �d�a�y� 

�p�e�r�i�o�d�.� �M�e�a�n� �w�i�n�g� �l�e�n�g�t�h�,� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �W�i�l�c�o�x�o�n� 

�r�a�n�k� �s�u�m� �t�e�s�t� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.� �G�e�n�e�r�a�l�l�y�,� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �w�a�s� 

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

�l�e�n�g�t�h� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�o�r� �o�n�l�y� �o�n�e� �p�l�o�t� �(�D�H�9�)� �i�n� 

�t�h�e� �f�u�l�l� �d�a�t�a� �s�e�t� �a�n�d� �t�w�o� �p�l�o�t�s� �(�C�G�9� �a�n�d� �G�R�9�)� �i�n� �t�h�e� �r�e�d�u�c�e�d� �d�a�t�a� �s�e�t�.� �A�n�a�l�y�s�i�s� �o�f� 

�v�a�r�i�a�n�c�e� �i�n�d�i�c�a�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �p�l�o�t�s� �f�o�r� �w�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �(�F� 

�=� �6�7�.�6�7�,� �p� �>� �F� �=� �0�.�0�,� �N� �=� �1�5�0�2�)� �a�n�d� �M�M�C�P�T� �(�F� �=� �1�2�6�3�.�8�4�,� �p� �>� �F� �=� �0�.�0�,� �N� �=� �4�7�8�4�4�)� 

�(�T�a�b�l�e� �3�)�.� �W�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �o�f� �o�n�l�y� �o�n�e� �p�l�o�t� �(�M�D�9�)� �t�h�a�t� �e�x�p�e�r�i�e�n�c�e�d� �l�i�m�i�t�e�d� 

�d�e�f�o�l�i�a�t�i�o�n� �(�c�a�.� �<� �4�0�%�)� �w�a�s� �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� �f�r�o�m� �m�o�r�e� �s�e�v�e�r�e�l�y� �d�e�f�o�l�i�a�t�e�d� 

�(�c�a�.� �>� �4�0�%�)� �p�l�o�t�s� �(�T�a�b�l�e� �1�)�.� 

�W�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �(�m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �a�n�d� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D�)� 

�g�e�n�e�r�a�l�l�y� �e�x�c�e�e�d�e�d� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s� �i�f� �d�e�f�o�l�i�a�t�i�o�n� �w�a�s� �l�e�s�s� �t�h�a�n� �c�a�.� �4�0�%� �a�n�d� �w�e�r�e� 

�b�e�l�o�w� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s� �i�f� �d�e�f�o�l�i�a�t�i�o�n� �e�x�c�e�e�d�e�d� �c�a�.� �4�0�%� �(�T�a�b�l�e� �2�)�.� �T�h�e�r�e� �w�e�r�e� �o�n�l�y� �a� 

�f�e�w� �e�x�c�e�p�t�i�o�n�s� �t�o� �t�h�i�s� �r�e�s�u�l�t�.� �T�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �a�n�d� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� �o�f� 

�M�M�C�A�P� �f�r�o�m� �p�l�o�t� �M�D�9� �f�o�r� �w�h�i�c�h� �d�e�f�o�l�i�a�t�i�o�n� �w�a�s� �l�e�s�s� �t�h�a�n� �c�a�,� �4�0�%� �d�i�d� �n�o�t� �e�x�c�e�e�d� 

�t�h�e� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e�;� �h�o�w�e�v�e�r�,� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �-� �1� �S�D� �d�i�d� �e�x�c�e�e�d� �t�h�e� �t�h�r�e�s�h�o�l�d� 

�v�a�l�u�e�.� �T�h�e� �M�M�C�P�T� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �p�l�o�t� �M�D�9� �e�x�c�e�e�d�e�d� �t�h�e� �t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s� 

�a�s� �w�a�s� �e�x�p�e�c�t�e�d�.� �T�h�e� �M�M�C�A�P� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �o�f� �p�l�o�t�s� �D�H�9� �a�n�d� �S�T�9� �d�i�d� �n�o�t



�6�5� 

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

�4�0�%�)� �i�n� �t�h�e�s�e� �p�l�o�t�s�.� �B�u�t�,� �t�h�e� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �M�M�C�P�T� �e�x�c�e�e�d�e�d� �t�h�e� �t�h�r�e�s�h�o�l�d� 

�v�a�l�u�e�s�.� �F�o�r� �p�l�o�t� �C�G�9�,� �t�h�e� �t�h�r�e�e� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �b�o�t�h� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� 

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

�c�a�.� �7�0�%�)� �i�n� �p�l�o�t� �C�G�9�.� 

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

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

�t�o� �t�h�e� �w�i�n�g� �l�e�n�g�t�h� �o�f� �m�o�t�h�s� �f�r�o�m� �t�h�e� �t�w�o� �M�M�C�P�T� �d�a�t�a� �s�e�t�s� �(�T�a�b�l�e� �2�)�.� �T�h�e� �S�D� �o�f� 

�s�i�m�u�l�a�t�e�d� �w�i�n�g� �l�e�n�g�t�h� �w�a�s� �g�e�n�e�r�a�l�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �S�D� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� �s�t�a�t�i�s�t�i�c�s� �w�e�r�e� �e�i�t�h�e�r� �g�r�e�a�t�e�r� �o�r� �l�e�s�s� �t�h�a�n� �t�h�e� 

�s�a�m�e� �S�t�a�t�i�s�t�i�c�s� �f�o�r� �m�o�t�h�s� �f�r�o�m� �t�h�e� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �d�a�t�a� �s�e�t�s�.� �B�a�s�e�d� �o�n� �t�h�e� 

�t�h�r�e�s�h�o�l�d� �v�a�l�u�e�s� �f�o�r� �M�M�C�A�P�,� �t�h�e� �m�e�a�n� �+� �1� �S�D� �s�t�a�t�i�s�t�i�c� �w�a�s� �b�e�l�o�w� �t�h�e� �t�h�r�e�s�h�o�l�d� �f�o�r� 

�M�D�9�,� �S�T�8�,� �B�L�9� �a�n�d� �S�T�9�.� �T�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �a�n�d� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �-� �1� �S�D� �f�o�r� 

�P�R�8� �w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �t�h�r�e�s�h�o�l�d�s�.� 

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

�p�l�o�t�s�,� �s�u�b�s�t�a�n�t�i�a�l�l�y� �e�a�r�l�i�e�r� �t�h�a�n� �t�h�e� �f�i�r�s�t� �M�M�C�A�P� �e�m�e�r�g�e�d� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �f�i�r�s�t� �m�o�t�h�s� 

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

�r�e�l�a�t�i�v�e�l�y� �c�o�i�n�c�i�d�e�n�t�.� �E�x�c�e�p�t� �f�o�r� �T�G�9�,� �t�h�e�s�e� �p�l�o�t�s� �w�e�r�e� �v�a�l�l�e�y� �p�l�o�t�s� �o�r� �l�o�w�e�r� �e�l�e�v�a�t�i�o�n� 

�m�o�u�n�t�a�i�n� �p�l�o�t�s� �(�L�R�8� �a�n�d� �D�H�9�)�.� �O�n�e� �p�l�o�t� �(�M�D�9�)� �i�n� �t�h�e� �v�a�l�l�e�y� �h�a�d� �a�n� �u�n�u�s�u�a�l�l�y� �e�a�r�l�y� 

�s�i�n�g�l�e� �M�M�C�A�P� �e�m�e�r�g�e�n�c�e�.� 

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

�s�t�a�n�d�a�r�d�i�z�e�d� �s�a�m�p�l�i�n�g� �d�a�t�e�s� �f�o�r� �b�o�t�h� �d�a�t�a� �s�e�t�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�T�a�b�l�e� �4�)�.� 

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

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

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

�d�a�t�e�s� �t�o� �l�a�t�e�r� �s�a�m�p�l�i�n�g� �d�a�t�e�s�.� �T�h�i�s� �t�r�e�n�d� �i�s� �a�p�p�a�r�e�n�t� �i�n� �t�h�e� �d�a�t�a� �(�F�i�g�u�r�e� �3�)�.� 

�D�i�s�c�u�s�s�i�o�n� 

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

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

�i�n� �t�h�e� �v�i�c�i�n�i�t�y� �o�f� �t�h�e� �t�r�a�p�.� �M�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �w�e�r�e� �|� 

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

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

�w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� 

�t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �i�n� �t�h�e� �p�l�o�t� �(�i�.�e�.�,� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �o�r� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1



�6�6� 

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

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

�t�w�o� �o�f� �t�h�e�s�e� �p�l�o�t�s� �(�D�H�9� �a�n�d� �S�T�9�)�,� �t�h�e� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �a�n�d� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D� 

�o�f� �M�M�C�A�P� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �(�>� �c�a�.� �4�0�%�)� �i�n� �t�h�e� �p�l�o�t�,� �b�u�t� �t�h�e� 

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

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

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

�t�o�t�a�l� �m�o�t�h� �c�a�t�c�h� �i�n� �t�h�e� �p�h�e�r�o�m�o�n�e� �t�r�a�p�.� �T�h�e� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �M�M�C�A�P� �f�r�o�m� 

�p�l�o�t� �M�D�9� �w�e�r�e� �l�o�w�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d� �a�n�d� �f�o�r� �p�l�o�t� �C�G�9� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �s�t�a�t�i�s�t�i�c�s� 

�w�e�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d�.� �T�h�e� �r�e�a�s�o�n� �t�h�e� �w�i�n�g� �l�e�n�g�t�h� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �p�l�o�t� �M�D�9� �a�n�d� 

�C�G�9� �w�e�r�e� �n�o�t� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �l�e�v�e�l� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �i�s� �n�o�t� �c�l�e�a�r�,� �b�u�t� �m�a�y� �r�e�l�a�t�e�d� �t�o� �a� 

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

�e�x�p�e�c�t�e�d� �v�a�l�u�e�s� �f�o�r� �p�l�o�t� �P�R�8� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�e�d� �p�h�e�r�o�m�o�n�e� �t�r�a�p� �c�a�t�c�h�.� �I�n� 

�t�h�i�s� �p�l�o�t� �(�P�R�8�)�,� �m�a�x�i�m�u�m� �d�e�f�o�l�i�a�t�i�o�n� �o�c�c�u�r�r�e�d� �w�h�i�l�e� �a� �l�a�r�g�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �l�a�r�v�a�l� 

�p�o�p�u�l�a�t�i�o�n� �w�e�r�e� �e�a�r�l�y� �l�a�r�v�a�l� �i�n�s�t�a�r�s� �(�C�h�a�p�t�e�r� �3�)�.� �T�h�i�s� �p�r�o�b�a�b�l�y� �i�n�c�r�e�a�s�e�d� �l�a�r�v�a�l� 

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

�p�r�o�x�i�m�i�t�y� �o�f� �p�l�o�t� �P�R�8� �t�o� �a�r�e�a�s� �w�i�t�h� �l�i�m�i�t�e�d� �d�e�f�o�l�i�a�t�i�o�n� �a�n�d� �a� �h�i�g�h� �l�a�r�v�a�l� �d�e�n�s�i�t�y� �(�t�h�e�s�e� 

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

�c�a�p�t�u�r�e�d�.� 

�T�h�e� �s�l�o�p�e�s� �o�f� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�s� �o�f� �w�i�n�g� �l�e�n�g�t�h� �o�n� �D�D� �f�o�r� �m�o�s�t� �p�l�o�t�s� �w�e�r�e� �n�o�t� 

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

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

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

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

�M�M�C�A�P�,� �p�r�i�m�a�r�i�l�y� �i�n� �m�o�u�n�t�a�i�n� �p�l�o�t�s�,� �a�l�t�e�r�e�d� �t�h�e� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �l�i�n�e�.� �I�t� �i�s� 

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

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

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

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

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

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

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

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

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



�6�7� 

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

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

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

�w�i�n�g� �l�e�n�g�t�h� �o�f� �M�M�C�A�P� �a�n�d� �M�M�C�P�T� �i�n� �e�a�c�h� �p�l�o�t� �w�e�r�e� �s�i�m�i�l�a�r�,� �t�h�e� �i�n�a�b�i�l�i�t�y� �t�o� �d�e�t�e�c�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�l�e�n�g�t�h� �a�n�d� �m�e�a�n� �w�i�n�g� �l�e�n�g�t�h� �+� �1� �S�D�)� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �s�h�o�u�l�d� �b�e� �a�p�p�l�i�e�d� �t�o� �t�r�a�p� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�g�e�n�e�r�a�t�i�o�n�s� �(�C�h�a�p�t�e�r� �5�)�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�i�z�e� �o�f� �m�o�t�h�s�,� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �l�e�v�e�l� �o�f


