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(ABSTRACT ) 

The objective of this study was to determine 

differences in small mammal assemblage structure and 

population dynamics among four oak dominated sites at four 

different stages of gypsy moth disturbance: a high tree 

mortality site, a disturbance in process site, a disturbance 

recovery site, and an undisturbed reference site. More 

specifically, the study was designed to identify changes in 

habitat structure that would influence small mammal 

microdistributions and determine the quality of habitat 

created by gypsy moth herbivory using demographic structure 

of Peromyscus populations as an indicator of habitat 

quality. 

Peromyscus leucopus, Peromyscus maniculatus, the 

Soricids, and Clethrionomys gapperi had greater abundances 

at the disturbed sites relative to the reference site. Gypsy 

moth disturbance increased the abundance of small mammals



and the number of coexisting species within a given area, 

which was attributed to several changes in habitat 

structure. The disturbed sites were characterized as having 

more fallen logs and standing dead snags, greater shrub and 

herbaceous cover, and higher invertebrate abundances 

relative to the reference site. These changes in habitat 

structure provided small mammals with increased cover from 

avian predators, more food resources, and potential nesting 

cavities. 

P. leucopus populations at the high mortality site 

exhibited greater demographic stability than the reference 

Site populations. This was marked by higher proportions of 

females, smaller density fluctuations, more fall recruitment 

of young, higher residency, and lower proportions of males. 

Strong evidence for density-dependent population regulation 

was observed for P. leucopus populations at the high 

mortality site and the P. maniculatus population at the 

recovery site. At high densities these populations exhibited 

extensive intraspecific microhabitat segregation. Female 

adults segregated from juveniles and male adults into more 

optimal microhabitats. Male adult microhabitat use 

Significantly differed from male juvenile microhabitat use. 

The exclusion of young mice from optimal microhabitats by 

adults may be a mechanism by which adults limit over- 

exploitation of resources by subordinate members of the



population at high densities. The results of this study 

suggest that gypsy moth disturbance of areas dominated by 

chestnut oaks at least temporarily improves habitat quality 

for small mammals.
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Thesis Introduction 

Ecosystems are subject to disturbances at many 

different scales. Fires, tornadoes, hurricanes, animal 

movements, and herbivory are all disturbances that can 

create a mosaic of different sized habitat patches within an 

ecosystem. When large enough new habitat patches are created 

by a disturbance, the organisms within those patches have to 

either adapt or locally go extinct. Small mammals have been 

extensively investigated from the disturbance point of view; 

especially man induced disturbances such as clearcutting 

(e.g., Kirkland, 1990). Results from these studies often 

indicate increases in abundance and diversity of small 

mammals (Kirkland, 1990), but these increases are not 

interpreted as increases in habitat quality. Clearcuts are 

usually characterized as low quality habitat and serve as 

dispersal sinks for subordinate members of populations from 

undisturbed adjacent forest (Sullivan, 1979, Van Horne, 

1983, Linzey, 1989). Another disturbance to forests that 

could potentially have important ecological consequences to 

small mammals is gypsy moth (Lymantria dispar) herbivory. 

Gypsy moths were introduced in Medford, Massachusetts, 

in 1869. Since then gypsy moth populations have been a major



destructive force in eastern forests through extensive 

defoliation, which can eventually result in tree death 

(Campbell and Sloan, 1977a). Annual areas of defoliation can 

reach as much as 5 million hectares, and recent attempts to 

keep gypsy moth populations in check have been mostly 

unsuccessful (Grace, 1986). 

Permanent alterations to forests by gypsy moth 

herbivory usually takes at least two years of heavy 

defoliation. After one year of heavy defoliation, the 

existing understory is enhanced due to increased light 

intensity, increased levels of soil moisture, and decreased 

leaf litter depth (Collins, 1961, Grace, 1986, Mconnell, 

1988). If heavy defoliation occurs in successive years, tree 

mortality ensues and the understory becomes even more 

complex and dense (Campbell and Sloan, 1977a, Hix et al., 

1991). Defoliation and the subsequent mortality of trees 

causes dramatic changes in the forest floor environment and 

plant assemblage structure. These changes should affect 

small mammal assemblage structure and population dynamics. 

Gypsy moth defoliation alters habitat structure and 

resources available (i.e. mast crop, McConnell, 1988, 

Gottschalk, 1989) to small mammal populations thus altering 

small mammal assemblage structure, demography, and



population dynamics. If the habitat becomes more 

heterogeneous, thus making resources patchy, a smail mammal 

population may respond by segregating by sex or age class 

(Morris, 1984a, Seagle, 1985, Adler and Wilson, 1987, Adler, 

1987). Within a community, the number of species able to 

coexist (Kirkland, 1990, Chesson and Rosenzweig, 1991), 

small mammal population densities and demographics (Adler 

and Wilson, 1987, Adler, 1987), niche characteristics 

(Dueser and Shugart, 1979, Seagle et al., 1984), 

vulnerability to predation (Kotler, 1984), and the intensity 

of interspecific and intraspecific competition (Schoener, 

1983, Chesson and Rosenzweig, 1991) have been shown to be 

altered by changes in resource availability. For example, 

interspecific competition may increase due to reduction in 

available resources producing a higher rate of interaction 

between species. Intraspecific competition may decrease 

because of reduced spatial limitations within a given area 

due to decreased population density. Different species will 

increase or decrease in numbers depending on how the gypsy 

moth affects their preferred resources and the resources of 

potential competitors. 

This study focused on changes of available habitat to 

small mammal populations and the alteration of small mammal



assemblages and population structure as a consequence of 

gypsy moth disturbance. Chapter 1 focuses on changes in 

small mammal assemblages. Species niche characteristics, 

microhabitat use, and temporal changes of interactions 

between species were measured from habitats prior, during, 

and after disturbance. Chapter 2 presents detailed 

demographic changes in populations of Peromyscus leucopus 

noveboracensis (white-footed mouse) and Peromyscus 

maniculatus nubiterrae (cloudland deermouse) and relates 

these changes to quality of habitat resulting from gypsy 

moth disturbance.



Chapter 1 

Niche Characteristics, Microhabitat Use, and 

Interactions within Small Mammal Assemblages affected by 

Gypsy Moth Disturbance 

Through evolutionary time, organisms have been 

constantly subject to abiotic and biotic disturbances that 

either temporarily or permanently alter their habitat. If an 

organism’s habitat is drastically changed, it either has to 

adapt or locally go extinct. After disturbance, small mammal 

assemblages exhibit species turnover as habitats change 

through successional time (Pearson, 1959, M’Closkey, 1975, 

Swihart and Slade, 1990, Fox, 1990). In order to facilitate 

this turnover, there must be intrinsic (density-dependent 

population regulation) and extrinsic (competition, 

predation, environmental factors) mechanisms operating on 

different species as habitats change. A change in habitat 

structure due to disturbance may negatively or positively 

affect a species depending upon how that change affects the 

species’ food resources, potential competitors, 

susceptibility to predation, exposure to environmental 

extremes, and behavioral attributes that limit population 

Size. 

The effects of disturbances on small mammal 
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assemblage structure have been evaluated for fire (Ahlgren, 

1966, Krefting and Ahlgren, 1974, Fox, 1990), strip mining 

(Sly, 1976, Kirkland, 1976), habitat alterations due to 

agricultural practices (Geier and Best, 1980), silviculture 

(reviewed by Kirkland, 1990), and tornado blowdowns (Powell 

and Brooks, 1981). In all these studies, small mammal 

assemblage structure was altered. Further, early 

successional stages after disturbance had higher small 

mammal species diversity and abundances relative to the 

predisturbed habitats (except for strip mining). 

Microhabitat structure is an important factor in 

determining the distribution of small mammal species (e.g. 

Dueser and Shugart, 1978 and 1979, Dueser and Hallet, 1980, 

Vickery, 1981, Kithcings and Levy, 1981, Seagle et al., 

1984). Several studies have reported differences in 

microhabitat use by different species of small mammals at 

different magnitudes of disturbance and different 

successional points after disturbance. Yahner (1986) found 

differences in small mammal microhabitat use between even- 

aged stands of mixed oak and aspen in Pennsylvania. Morris 

(1984b) compared small mammal microhabitat use within six 

macrohabitats in Alberta and Ontario, Canada, (including 

clearcut and transitional forests) and demonstrated 

differential microhabitat use that was dependent upon



macrohabitat type. Differential responses to opening sizes 

in the canopy by P. maniculatus and P. leucopus populations 

were demonstrated by Buckner and Shure (1985) in southern 

Appalachian forests. P. maniculatus densities were greatest 

in habitats with large canopy openings, but P. maniculatus 

were not present in habitat with small canopy openings. P. 

leucopus densities were highest within small canopy 

openings, but still had higher densities within large canopy 

openings relative to undisturbed forest habitat. These 

trends were attributed to greater shrub cover within 

openings relative to undisturbed forest habitat. The 

increased cover in the largest openings provided protection 

from predators and a more complex habitat which enabled the 

coexistence of the two Peromyscus species (Buckner and 

Shure, 1985). In an old field community on Butt Mountain, 

Virginia, a high diversity of small mammal species was 

found, and this was attributed to previous clearcutting and 

periodic clearing of land by fire (Cranford and Maly, 1986). 

It is clear from these studies that disturbance alters small 

mammal assemblage structure, population dynamics, and 

microhabitat use. 

Microhabitat characteristics of small mammals in 

habitats of different susceptibilities to gypsy moth 

defoliation were evaluated by Yahner and Smith (1991). They



reported that habitats with high densities of small mammals 

had low susceptibility to defoliation and that habitats of 

high susceptibility to defoliation had lower densities of 

small mammais. The present study focused on habitats that 

have the potential for extensive defoliation and habitats 

that have been disturbed by gypsy moth defoliation in order 

to discern the impact gypsy moth disturbance has on small 

mammal assemblages. 

The objective of this study was to compare differences 

in small mammal assemblage structure within four oak 

dominated sites at four different stages of gypsy moth 

disturbance: a high tree mortality site in which most of the 

trees have been dead for at least two years, a disturbance 

in process site where gypsy moths have been at high 

densities for two years, a recovery site where gypsy moths 

had an impact in the first year of the study but not in the 

second year, and an undisturbed reference site with 

comparable tree species composition to predisturbed tree 

species composition at the disturbed sites. The four sites 

were evaluated to discern if there were significant changes 

in small mammal assemblage structure due to gypsy moth 

defoliation. Four characteristics of smali mammal 

assemblages were assayed at all sites: 1) species diversity 

and richness, 2) species specific microhabitat use, 3) niche



overlap between species and niche breadth of each species, 

and 4) seasonal changes of microhabitat use and niche 

characteristics.



Chapter 1 

Study Methods 

Site Selection - There is extensive variation in the 

susceptibility of tree stands to gypsy moth defoliation. 

There are several factors that influence a forest stands 

susceptibility to defoliation. The most important factor is 

the species composition of overstory trees, which is 

generally dependent upon topographical factors such as 

aspect and slope (Houston, 1981). In addition, the 

distribution and abundance of egg mass, larva, pupa, and 

moth predators may have an impact on a gypsy moth 

population’s ability to extensively defoliate a stand of 

trees (Houston, 1981, Smith, 1985). The palatability of oak 

species to gypsy moths (Brown et al., 1979) and the 

relatively stressful xeric conditions on ridge tops and 

southwesterly facing slopes where oaks generally grow, make 

oak communities the most susceptible to extensive gypsy moth 

damage (Houston, 1981). Variation due to the above factors 

was limited by establishing all sites in areas that are now, 

or were prior to extensive defoliation, predominately 

composed of chestnut oak (Quercus prinus) and had 

southwesterly facing slopes at elevations between 850 and 

1000 meters. The narrow elevation gradient was needed 

10
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because elevation can affect small mammal assemblage 

structure and densities. 

Study Area - In the Pedlar District of George Washington 

National Forest, four sites at different stages of gypsy 

moth disturbance were established in the summer of 1992: a 

high tree mortality site in which most trees had been dead 

for at least two years, a defoliation in process site where 

gypsy moths had been at high densities for two years, a 

recovery site where gypsy moths had an impact in the first 

year but not in the second year, and an undisturbed site 

(reference). 

The high mortality site was located in Nelson County, 

Virginia, (37° 52‘N, 79° 0O’W) at an elevation of 895 meters 

on a southwest facing slope. Gypsy moth egg mass densities 

in 1991 for the general area were 780 per hectare (egg mass 

data from the USFS APIM project). The understory was 

dominated by mountain laurel (Kalmia latifolia), azaleas 

(Rhododendron spp.), black gum saplings (Nyssa sylvatica), 

and blueberry shrubs (Vaccinium spp.). 

The in process site, also in Nelson County (37° 50/N, 

° 

79 O7'°W), was at an elevation of 990 meters and faces west. 

Gypsy moth egg mass densities in 1991 for the general area 

were 7440 per hectare. During the second year of the study
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(1993), it was decided that this site should be divided into 

two sites due to significantly different responses of smail 

mammals and the trees to gypsy moth defoliation. In the 

second year of the study one of the two grids was not 

impacted as extensively as it was in the prior year. This 

resulted in one grid being much more highly disturbed than 

the other. The least disturbed grid is now referred to as 

the recovery site. 

The in process site understory was dominated by red 

maple saplings (Acer rubrum), chestnut and red oak seedlings 

and saplings (Quercus prinus, Quercus rubra), common aster 

(Aster divaricatus), golden rod (Solidago spp.), grass (Poa 

spp.), and blueberry shrubs (Vaccinium spp.). The recovery 

site had an overstory dominated by red oaks (Q. rubra) and 

pignut hickory (Carya galabra) and an understory dominated 

by striped maple (Acer pennsylvanicum) and variety of fern 

species. 

The reference site was located in Rockbridge County 

° 

(37° 18°N, 79° 18°W) at an elevation of 850 meters on a 

southwest facing slope. Gypsy moth densities in 1991 for the 

general area were zero per hectare. Gypsy moths were 

detected for the first time at this site at very low 

densities in 1993. In late summer caterpillars were found on 

the boles of trees, but there was no detectable defoliation
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of the canopy. The understory was dominated by mountain 

laurels, chestnut oak seedlings and saplings, american 

chestnut saplings (Castanea dentata), and blueberry shrubs. 

Sampling Procedures - Small mammal trapping occurred at all 

sites in August and November 1992, and January, April, 

August, September, and November 1993. Supplemental trapping 

was conducted at the in process and recovery sites in June 

and July 1993 to study the small mammal populations at those 

sites in more detail. Two 90 by 90 meter grids were 

established at each study site. Each grid had 81 trap 

stations at which two Sherman live traps (1 large and 1 

small) and one pitfall trap were used during census periods. 

Because of low densities in the second year, only one 

Sherman trap (large) was used at each trap station after 

April 1993. The live capture pitfall traps were constructed 

out of 2-liter plastic soda bottles with a diameter of 9.5 

cm. The tops were cut off so that the pitfall would be 18 cm 

deep and holes were poked in the bottom to allow water 

drainage. The cut-off tops were used to close the pitfalls 

between trapping periods. 

Traps were baited with crimped oats mixed with peanut 

butter (50 lbs of crimped oats were mixed with 18 ounces of 

peanut butter). During fall and winter trapping periods,
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each trap was provided with a plastic zip-lock bag 

containing cotton and a couple grams of Crisco shortening. 

Traps were placed within a 1 meter radius of each trap 

station. Trapping periods lasted four days and nights. Traps 

were checked in the morning and evening and upon capture, 

each individual was identified to species, then data on body 

mass, age (adult, subadult, and juvenile; determined by 

pelage characteristics), sex, tail and body length, and 

reproductive condition (male testes: scrotal or non-scrotal; 

female: perforate or nonperforate, lactating, pregnant) were 

recorded. All individuals were ear tagged with serially 

numbered ear tags for later identification except shrews, 

which were uniquely toe clipped. Small mammal abundances are 

reported as number of individuals per hectare for each 

species. 

Microhabitat Analysis - Microhabitat use by small mammals 

was measured by procedures developed by Dueser and Shugart 

(1978). These methods have been useful in many studies that 

characterize microhabitat use by small mammals (e.g. Geier 

and Best, 1980, Kitchings and Levy, 1981, Seagle et al., 

1984, Seagle, 1985, Buckner and Shure, 1985, Yahner and 

Smith, 1991). Three independent sampling units were centered 

around each trap station; a 1.0 m’ ring, two perpendicular
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20 m* transects (1 meter wide), and a 14 meter radius 

circular plot (Fig. 1). The point quarter method was used at 

25 random trap stations to determine the relative densities 

of tree species at each of the sites (Cottam and Curtis, 

1956). Each trap station was characterized by 33 

microhabitat variables that were thought to influence the 

distribution of small mammals (Table 1). Variables that 

seasonally vary (litter depth, herbaceous stem density, 

herbaceous profile, soil exposure, canopy cover, plant 

species richness) were measured again in the winter and in 

the second year of the study. 

Statistical Analysis - Species diversity of small mammals 

and plants at each site was calculated with Hill’s number 

which is the antilog of the Shannon-Weiner diversity index 

(Ludwig and Reynolds, 1988). Hill’s number is a preferable 

measure of diversity because it weights species by their 

abundance thus putting less weight on rare species (Ludwig 

and Reynolds, 1988). Evenness of small mammal species at 

each site was calculated with the modified Hill’s ratio. 

This evenness measure is preferred over others because it is 

unaffected by the number of species in the sample (Ludwig 

and Reynolds, 1988). Total number of smail mammal 

individuals caught for each species by site was used to
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Table 1 - A description of each microhabitat variable 
measured at each trap station. Abbreviations used to 
represent variables in other figures and tables are 
presented in parentheses. Variables with asterisks were 
measured both in the summer and fall. 

Variable Description 
  

1) Percent Canopy 
Cover (CC) 

2) Stem Densities at 
Breast Height 
(SDBH) 

3) Shrub Cover (SC) 

4) Overstory Tree 
Distance (TRD) 

5) Overstory Tree 
Size (TRS) 

6) Understory Tree 
Distance (SAPD) 

Percentage of points with overstory 
vegetation from 20 vertical ocular 
tube sightings along the center 
lines of 2 perpendicular 20 m’ 
transects centered on the trap. An 
ocular tube consists of a 11 cm 
long plastic pipe with a 4 cm 
diameter opening in which two cross 
threads that intersect at right 
angles are attached. A weight is 
attached to the center of the cross 
threads to aid in sighting straight 
up into the canopy. Presence or 
absence of canopy is determined by 
whether or not canopy leaves cover 
the intersection of the cross 
threads (James and Shugart, 1970). 

A measure of thickness of shrub 
canopy woody stems. Average number 
of contacts of woody vegetation at 
1.5 m height along the 2 
perpendicular transects centered on 
the trap station. 

Percentage of points with shrub 
cover at 1 meter intervals along 
perpendicular transects centered on 
the trap station. 

Distance (meters) from trap station 
to nearest overstory tree (DBH > 
7.5 cm). 

Diameter at breast height (cm) of 
nearest overstory tree. 

Same as (4); distance to nearest 

understory tree. 
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(Table 1 continued) 

7) Woody Stem Density 

(WD) 

8) Short Woody Stem 
Density (SWD) 

9) Woody Profile 
Density (WP) 

10) Number of Woody 
Species (WS) 

11) Herbaceous Stem 
Density (HD)* 

12) Short Herbaceous 
Stem Density (SHD)* 

13) Herbaceous Profile 
Density (HP)* 

14) Number of Herbaceous 
Species (HS)* 

15) Evergreeness of 
Overstory (ECC) 

16) Evergreeness of 
Shrubs (ESC) 

17) Evergreeness of 
Herb Stratum (EHC) 

18) Tree Stump Size 
(STUS) 

18 

Live woody stem count at ground 
level within a 1.0 m’ ring centered 
on the trap station. 

Same as (7) excluding stems > 0.4 
meters tall. 

Average of counts of live woody 
contacts with a 0.8 cm plastic pipe 
rotated 360 degrees, representing a 
1 m* ring centered on the trap 
station and parallel to the ground, 
at heights of 0.05, 0.1, 0.2. 0.4, 
0.8, 1.0, 1.4, 1.8, and 2.0 meters 

above ground level. 

Number of woody species counted 
within a 1 m’* ring centered on the 
trap station. 

Same as (7); herbaceous stem counts 
at ground level. 

Same as (8) excluding herbaceous 
stems > 0.4 m tall. 

Same as (9) for herbaceous stem 
counts. 

Same as (10) for number of 
herbaceous species. 

Same as (1); percentage of points 
evergreen canopy cover. 

Same as (3); percentage of points 
with evergreen shrub cover. 

Percentage of points with evergreen 
herbaceous vegetation from 20 
samples along the center lines of 2 
perpendicular transects centered 
on the trap station. 

Diameter (cm) of the nearest stump 
> 7.5 cm in diameter from the trap 
station.



(Table 1 continued) 

19) Tree Stump 
Distance (STUD) 

20) Log Size (LOGS) 

21) Log Distance 
(LOGD) 

22) Litter Depth (LD)* 

23) Soil 
Compactibility 
(SCOM) 

24) Soil Surface 
Exposure (SOC)* 

25) Rock Cover (RC) 

26) Moss Cover 
(BRYC) 

27) Snag Size (SNS) 

28) Snag Distance 
(SND) 

19 

Distance (m) to the nearest stump > 
7.5 cm in diameter from the trap 
station. 

Same as (18); diameter of nearest 
log. 

Same as (19); distance to nearest 
log. 

Depth of leaf litter layer (cm) as 
determined by a hand held ruler. 
The 1 m* ring was divided into four 
quarters and a sample was taken 
from each of those quarters. Litter 
depth at a trap station was the 
average of those four samples. 

Resistance of soil to a hand held 
soil penetrometer in pounds per 
square inch. The penetrometer was 
held perpendicular to the ground 
and pressed with equal pressure 
at four points around each trap 
Station. Location of the four 
samples was determined the same 
way as litter depth (Paren and 
Capen, 1985). 

Same as (17); percentage of points 
with bare soil. 

Same as (17); percentage of points 
with rock. 

Same as (17); percentage of points 
with moss present. 

Diameter of nearest standing dead 
tree snag > 7.5 cm diameter from 
the trap station. 

Distance of nearest standing dead 
tree snag > 7.5 cm diameter from 
the trap station.
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�c�o�u�n�t�s� �e�s�t�i�m�a�t�e�d� �b�y� �w�o�o�d�y� �p�r�o�f�i�l�e� 
�d�e�n�s�i�t�y�.� 

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

�S�a�m�e� �a�s� �(�3�1�)�;� �n�u�m�b�e�r� �o�f� �s�e�e�d�l�i�n�g� 
�p�l�a�n�t�s� �c�o�u�n�t�e�d�.� 

�N�u�m�b�e�r� �o�f� �f�o�r�e�s�t� �f�l�o�o�r� 
�i�n�v�e�r�t�e�b�r�a�t�e�s� �c�o�u�n�t�e�d� �i�n� �1�8� �c�m� �d�e�e�p� 
�p�i�t�f�a�l�l�s� �a�t� �e�a�c�h� �t�r�a�p� �s�t�a�t�i�o�n�.� �T�h�i�s� 
�w�a�s� �o�n�l�y� �a� �s�a�m�p�l�e� �o�f� �n�o�n�-�f�l�y�i�n�g� 
�i�n�v�e�r�t�e�b�r�a�t�e�s�.



�2�1� 

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

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

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

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

�s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�.� 

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

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

�(�A�N�O�V�A�)�.� �D�u�e� �t�o� �u�n�e�q�u�a�l� �s�a�m�p�l�e� �s�i�z�e�s�,� �S�c�h�e�f�f�e ��s� �t�e�s�t� �w�a�s� 

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

�1�9�8�1�)�.� 

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

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

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

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

�v�a�r�i�a�b�l�e�s�.� �A� �p�-�v�a�l�u�e� �o�f� �0�.�1�5� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �s�t�o�p�p�i�n�g� �r�u�l�e� 

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

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

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

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

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

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

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

�s�e�a�s�o�n� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �1�.� �T�h�e� �s�p�r�i�n�g� �s�a�m�p�l�e� �w�a�s� 

�o�m�i�t�t�e�d� �d�u�e� �t�o� �l�o�w� �s�a�m�p�l�e� �s�i�z�e�s� �o�f� �s�m�a�l�l� �m�a�m�m�a�l�s�.



�2�2� 

�E�a�c�h� �c�a�p�t�u�r�e� �o�f� �a� �s�p�e�c�i�e�s� �a�t� �a� �t�r�a�p� �s�t�a�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� 

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

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

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

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

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

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

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

�a�n�a�l�y�s�e�s�.� 

�C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �w�a�s� �u�s�e�d� �t�o� 

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

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

�e�a�c�h� �s�i�t�e� �b�y� �s�e�a�s�o�n�.� �C�D�A� �i�s� �a� �m�u�l�t�i�v�a�r�i�a�t�e� �s�t�a�t�i�s�t�i�c�a�l� 

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

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

�a�l�.�,� �1�9�8�8�)�.� �S�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �s�p�e�c�i�e�s� �a�n�d� �f�o�r�e�s�t� 

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

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

�d�i�s�t�a�n�c�e� �m�e�a�s�u�r�e�s� �(�K�l�e�i�n�b�a�u�m� �e�t� �a�l�.�,� �1�9�8�8�)�.� �T�h�e� �r�e�l�a�t�i�v�e� 

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

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

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

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

�v�a�r�i�a�b�l�e�s� �(�D�u�e�s�e�r� �a�n�d� �S�h�u�g�a�r�t�,� �1�9�7�8�)�.� �S�i�g�n�i�f�i�c�a�n�c�e� �o�f



�2�3� 

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

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

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

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �F�-�a�p�p�r�o�x�i�m�a�t�i�o�n�s� �t�o� �W�i�l�k�s �� �L�a�m�b�d�a� 

�s�t�a�t�i�s�t�i�c�s�.� 

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

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

�a�n�d� �e�a�c�h� �s�i�t�e ��s� �h�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�t�o� �a� �s�i�n�g�l�e� �C�D�A�.� 

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

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

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

�m�u�l�t�i�v�a�r�i�a�t�e� �s�t�a�t�i�s�t�i�c�a�l� �s�p�a�c�e� �b�y� �C�D�A� �(�S�h�u�g�a�r�t� �a�n�d� �P�a�t�t�e�n�,� 

�1�9�7�2�,� �D�u�e�s�e�r� �a�n�d� �S�h�u�g�a�r�t�,� �1�9�7�9�)�.� �N�i�c�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 

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

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

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

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

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

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

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

�S�l�a�d�e�,� �1�9�8�2�)�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�1�9�6�8�)�.� �A�s� �a� �s�p�e�c�i�e�s� �n�i�c�h�e� �b�r�e�a�d�t�h� �i�n�c�r�e�a�s�e�s�,� �i�t� �i�s� �a�n� 

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

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

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

�s�p�e�c�i�e�s� �c�e�n�t�r�o�i�d� �(�c�l�a�s�s� �m�e�a�n�s�)� �i�n� �C�D�A� �(�C�a�r�n�e�s� �a�n�d� �S�l�a�d�e�,� 

�1�9�8�2�)�.� �C�a�n�o�n�i�c�a�l� �a�x�e�s� �w�i�t�h� �a� �p�-�v�a�l�u�e� �<� �0�.�1� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� 

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

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

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

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

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

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

�S�i�g�n�i�f�i�c�a�n�t� �c�a�n�o�n�i�c�a�l� �a�x�e�s�.� �C�a�l�c�u�l�a�t�i�n�g� �h�a�b�i�t�a�t� 

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

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

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

�1�9�8�7�)�.� 

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

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

�b�e�t�w�e�e�n� �0�.�0�5� �a�n�d� �0�.�1� �w�i�l�l� �b�e� �m�e�n�t�i�o�n�e�d� �a�s� �t�e�n�d�e�n�c�i�e�s� �t�o�w�a�r�d�s� 

�s�i�g�n�i�f�i�c�a�n�c�e�.



�C�h�a�p�t�e�r� �1� 

�R�E�S�U�L�T�S� 

�F�o�r�e�s�t� �S�t�r�u�c�t�u�r�e� �-� �A�l�l� �f�o�u�r� �s�i�t�e�s� �h�a�d� �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�e�s�t� �s�t�r�u�c�t�u�r�e� �(�d�f�=�6�3�,� �1�3�8�0�,� �F�=�5�2�.�3�7�,� �p�<�0�.�0�0�0�1�,� 

�F�i�g�.� �2�)�.� �F�r�o�m� �t�h�e� �p�o�s�i�t�i�v�e� �t�o� �n�e�g�a�t�i�v�e� �e�n�d� �o�f� �t�h�e� �f�i�r�s�t� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�s�n�a�g� �a�n�d� �t�r�e�e� �d�i�s�t�a�n�c�e�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �o�t�h�e�r� �s�i�t�e�s�.� 
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�F�i�g�.� �2� �-� �C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �c�o�m�p�a�r�i�n�g� 
�f�o�r�e�s�t� �s�t�r�u�c�t�u�r�e� �a�m�o�n�g� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y�,� �i�n� �p�r�o�c�e�s�s�,� 
�r�e�c�o�v�e�r�y�,� �a�n�d� �r�e�f�e�r�e�n�c�e� �s�i�t�e�s�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� 
�a�n�a�l�y�s�i�s� �e�a�c�h� �c�a�n�o�n�i�c�a�l� �v�a�r�i�a�t�e� �e�x�p�l�a�i�n�s� �i�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s� 
�a�l�o�n�g� �e�a�c�h� �a�x�i�s�.� �V�a�r�i�a�b�l�e�s� �t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�t�r�i�b�u�t�e� �t�o� 
�f�o�r�e�s�t� �h�a�b�i�t�a�t� �s�t�r�u�c�t�u�r�e� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �l�i�s�t�e�d� �a�l�o�n�g� �a�x�e�s� 
�w�i�t�h� �w�h�i�c�h� �t�h�e�y� �m�o�s�t� �c�o�r�r�e�l�a�t�e� �(�a�l�l� �v�a�r�i�a�b�l�e�s� �a�r�e� 
�s�i�g�n�i�f�i�c�a�n�t�,� �d�f�=�3�,� �4�8�2�,� �p�<�0�.�0�0�0�1�)�.� �E�a�c�h� �a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �a� 
�g�r�a�d�i�e�n�t� �o�f� �h�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �d�e�s�c�r�i�b�e� �f�o�r�e�s�t� 
�s�t�r�u�c�t�u�r�e� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �s�i�t�e�s�.� �O�v�e�r�a�l�l� �f�o�r�e�s�t� �s�t�r�u�c�t�u�r�e� 
�a�m�o�n�g� �s�i�t�e�s� �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� �(�W�i�l�k�s �� �L�a�m�b�d�a� 
�m�u�l�t�i�v�a�r�i�a�t�e� �F� �a�p�p�r�o�x�i�m�a�t�i�o�n�,� �d�f�=�6�3�,� �1�3�8�0�,� �F�=�5�2�.�3�7�,� 
�p�<�0�.�0�0�0�1�)�.� 
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�2�8� 

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

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

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

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

�(�H�o�u�s�t�o�n�,� �1�9�8�1�)�.� �M�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� �a�t� �t�h�i�s� �t�i�m�e� �w�e�r�e� 

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

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �a�m�o�n�g� �s�i�t�e�s� �e�a�c�h� �y�e�a�r� �(�1�9�9�2� �-� �d�f�=�3�,� 

�4�8�2�,� �F�=�2�8�8�.�8�8�,� �p�<�0�.�0�0�0�1�,� �1�9�9�3� �-� �d�f�=�3�,� �4�8�2�,� �F�=�2�9�9�.�4�2�,� 

�p�<�0�.�0�0�0�1�)�.� �T�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �a�n�d� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�s� �h�a�d� 

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

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

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

�e�i�t�h�e�r� �y�e�a�r� �(�F�i�g�.� �3�)�.� �R�e�c�o�v�e�r�y� �s�i�t�e� �c�a�n�o�p�y� �c�o�v�e�r� �w�e�n�t� �f�r�o�m� �a� 

�m�e�a�n� �o�f� �7�9�.�5� �+� �1�.�0� �%� �t�o� �8�5�.�3� �+� �1�.�1� �%� �f�r�o�m� �1�9�9�2� �t�o� �1�9�9�3�.� �T�h�e� 

�r�e�c�o�v�e�r�y� �s�i�t�e� �w�a�s� �h�e�a�v�i�l�y� �d�e�f�o�l�i�a�t�e�d� �i�n� �1�9�9�2�,� �b�u�t� �e�x�h�i�b�i�t�e�d� 

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

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

�r�e�c�o�v�e�r�y� �s�i�t�e� �i�n� �1�9�9�2�.� 

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

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

�l�e�a�s�t� �(�F�i�g�.� �4�)�.� �H�e�t�e�r�o�g�e�n�e�i�t�y� �a�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �w�a�s� �a� 

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

�s�h�r�u�b�s�,� �m�o�u�n�t�a�i�n� �l�a�u�r�e�l�,� �e�v�e�r�g�r�e�e�n� �c�a�n�o�p�y� �c�o�v�e�r�,� �a�n�d
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�8�0� �F� �A� �N�Y� �A� �S�Y� 
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�5� �o�l� �X� �K� �.� 

�S�L�A� �A�W� �@� 
�;� �"�|� �G�N� �G�S� �W�Y� �|� 

�a� �Z�N� �Z�K� �G�e� 
�»� �T�O�N� �I�N� �Y�N �� 

�a�I�N� �W�D� �«�.�-� 
�I�N� �I�R� �D�N� �B�®� 

�"�A�A�A� �Y�Z� 
�*� �Z�N� �|� �A�S�  �� �I�n� �N�S� �Z�|� 

� � � � � � � � � � � � � � 

�S�i�t�e�s� 

�F�i�g�.� �3� �-� �P�e�r�c�e�n�t� �c�a�n�o�p�y� �c�o�v�e�r� �a�t� �e�a�c�h� �o�f� �t�h�e� �s�i�t�e�s� �f�o�r� �1�9�9�2� 
�a�n�d� �1�9�9�3�.� �D�i�f�f�e�r�e�n�t� �l�e�t�t�e�r�s� �i�n�d�i�c�a�t�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� 
�i�n� �c�a�n�o�p�y� �c�o�v�e�r� �b�e�t�w�e�e�n� �s�i�t�e�s� �w�i�t�h�i�n� �y�e�a�r�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 
�S�c�h�e�f�f�e ��s� �t�e�s�t� �f�o�r� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�s�.� 
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�R�e�c�o�v�e�r� �H�i�g�h� �M�o�r�t�a�l�i�t�y� �I�n� �P�r�o�c�e�s�s� �R�e�f�e�r�e�n�c�e� 

�S�I�T�E� 

�F�i�g�.� �4� �-� �H�a�b�i�t�a�t� �h�e�t�e�r�o�g�e�n�e�i�t�y� �a�t� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �s�i�t�e�s�.� 
�H�a�b�i�t�a�t� �h�e�t�e�r�o�g�e�n�e�i�t�y� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t� �o�f� 
�v�a�r�i�a�t�i�o�n� �o�f� �s�a�m�p�l�e� �p�o�i�n�t� �d�i�s�t�a�n�c�e�s� �f�r�o�m� �e�a�c�h� �s�i�t�e�s� �c�e�n�t�r�o�i�d� 
�(�c�l�a�s�s� �m�e�a�n�s�)� �i�n� �d�i�s�c�r�i�m�i�n�a�n�t� �s�p�a�c�e� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �C�D�A�.� 
�A�x�e�s� �t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�t�r�i�b�u�t�e�d� �(�F�i�g�.� �2�)� �t�o� �s�i�t�e� 
�d�i�s�c�r�i�m�i�n�a�t�i�o�n� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� 
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�3�1� 

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

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

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

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

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

�(�P�t�e�r�i�d�i�u�m� �a�q�u�i�l�i�n�u�m�,� �O�s�m�u�n�d�a� �c�i�n�n�a�m�o�m�e�a�,� �P�o�l�y�s�t�i�c�h�u�m� 

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

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

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

�o�n�e� �l�a�r�g�e� �p�a�t�c�h� �(�9�0� �m�*�)� �o�f� �b�r�a�c�k�e�n� �f�e�r�n� �(�P�t�e�r�i�d�i�u�m� 

�a�q�u�i�l�i�n�u�m�)�.� 

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

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

�m�o�r�t�a�l�i�t�y� �s�i�t�e�s� �(�F�i�g�.� �5�A�)�.� �H�e�r�b�a�c�e�o�u�s� �s�p�e�c�i�e�s� �t�h�a�t� �t�h�r�i�v�e�d� 

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

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

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

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

�w�o�o�d�y� �s�p�e�c�i�e�s� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�F�i�g�.� �5�B�)�.� 

�S�m�a�l�l� �M�a�m�m�a�l� �A�b�u�n�d�a�n�c�e�s� �-� �A� �t�o�t�a�l� �o�f� �1�3� �s�m�a�l�l� �m�a�m�m�a�l� �s�p�e�c�i�e�s� 

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

�r�i�c�h�n�e�s�s� �o�f� �9� �e�x�c�e�p�t� �f�o�r� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e� �w�h�i�c�h� �h�a�d� �1�0�.� 

�D�i�v�e�r�s�i�t�y� �a�n�d� �e�v�e�n�n�e�s�s� �o�f� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e�s� �v�a�r�i�e�d
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�s� �*� �o�m�  �� �o�t�t� 
�g� �5� �6� �i�  ��H�l�}�]� �H�e�r�b�a�c�e�o�u�s� �|� 

�2�4�3� �H�e� 
�3� �4�.�0� �F� �4� 

�B�o�l� �,� 

�=� �4� �:� 

�S�i�t�e�s� 

�F�i�g�.� �5� �-� �(�A�)� �P�l�a�n�t� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y� �a�t� �e�a�c�h� �s�i�t�e� �i�n� �1�9�9�2� �a�s� 
�d�e�t�e�r�m�i�n�e�d� �b�y� �H�i�l�l ��s� �n�u�m�b�e�r�.� �(�B�)� �M�e�a�n� �n�u�m�b�e�r� �o�f� �h�e�r�b�a�c�e�o�u�s� 
�a�n�d� �w�o�o�d�y� �s�p�e�c�i�e�s� �c�o�u�n�t�e�d� �w�i�t�h�i�n� �a� �1� �m�e�t�e�r� �s�q�u�a�r�e�d� �r�i�n�g� 
�c�e�n�t�e�r�e�d� �o�n� �e�a�c�h� �t�r�a�p� �s�t�a�t�i�o�n� �a�t� �e�a�c�h� �s�i�t�e� �i�n� �1�9�9�2�.� 
�D�i�f�f�e�r�e�n�t� �l�e�t�t�e�r�s� �i�n�d�i�c�a�t�e� �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� 
�s�i�t�e�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �T�u�k�e�y ��s� �s�t�u�d�e�n�t�i�z�e�d� �r�a�n�g�e� �t�e�s�t� �f�o�r� 
�m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�s�.� 

�3�2



�3�3� 

�a�m�o�n�g� �s�i�t�e�s� �(�F�i�g�.� �6�)�.� �S�p�e�c�i�e�s� �a�b�u�n�d�a�n�c�e�s� �v�a�r�i�e�d� �a�m�o�n�g� �s�i�t�e�s� 

�(�T�a�b�l�e� �2�,� �3� �a�n�d� �4�)�,� �b�u�t� �P�.� �l�e�u�c�o�p�u�s� �w�e�r�e� �t�h�e� �m�o�s�t� �a�b�u�n�d�a�n�t� 

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

�t�h�e� �s�p�r�i�n�g� �o�f� �1�9�9�3� �(�T�a�b�l�e� �2�)�.� �A�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �P�.� 

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

�a�b�u�n�d�a�n�c�e�s� �i�n� �a�l�l� �s�a�m�p�l�e�s� �e�x�c�e�p�t� �f�o�r� �f�a�l�l� �1�9�9�3� �(�T�a�b�l�e� �2�)�.� �A�t� 

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

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

�a�n�d� �s�p�r�i�n�g� �1�9�9�3�,� �T�a�b�l�e� �2�)�.� �S�o�r�i�c�i�d�s� �(�B�l�a�r�i�n�a� �b�r�e�v�i�c�a�u�d�a�,� 

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

�m�o�r�t�a�l�i�t�y� �s�i�t�e�s� �(�T�a�b�l�e� �2�)�.� �C�l�e�t�h�r�i�o�n�o�m�y�s� �g�a�p�p�e�r�i� �w�e�r�e� �m�o�s�t� 

�a�b�u�n�d�a�n�t� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �a�n�d� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�s� �(�T�a�b�l�e� �2�)� 

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

�m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�T�a�b�l�e� �3�)�.� �T�a�m�i�a�s� �s�t�r�i�a�t�u�s� �a�b�u�n�d�a�n�c�e�s� �v�a�r�i�e�d� 

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

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

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

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

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

�a�s�s�e�m�b�l�a�g�e�s� �d�u�r�i�n�g� �t�h�e� �s�t�u�d�y� �(�T�a�b�l�e� �2�)�.� 

�H�a�b�i�t�a�t� �U�s�e� �-� �C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �w�a�s� 

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

�t�o� �d�e�s�c�r�i�b�e� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �o�f� �e�a�c�h� �s�p�e�c�i�e�s� �i�n� �r�e�l�a�t�i�o�n� �t�o
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�T�a�b�l�e� �2� �-� �S�m�a�l�l� �m�a�m�m�a�l� �m�e�a�n� �a�b�u�n�d�a�n�c�e� �a�t� �e�a�c�h� �s�i�t�e� �b�y� �s�e�a�s�o�n� 
�e�x�p�r�e�s�s�e�d� �a�s� �i�n�d�i�v�i�d�u�a�l�s� �p�e�r� �h�e�c�t�a�r�e�.� �D�a�s�h�e�s� �r�e�p�r�e�s�e�n�t� 
�a�b�s�e�n�c�e� �o�f� �s�p�e�c�i�e�s� �d�u�e� �t�o� �t�o�r�p�o�r�.� 

�S�i�t�e�/�S�p�e�c�i�e�s� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�p�r�9�3� �S�u�m�9�3� �F�a�l�l�9�3� 
� � 

�H�i�g�h� �M�o�r�t�a�l�i�t�y� 
� � 

�P�.� �l�e�u�c�o�p�u�s� �2�0�.�3� �4�0�.�5� �2�0�.�3� �5�.�9� �5�.�4� �8�.�9� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �0�.�0� �0�.�0� �1�.�2� �1�.�5� �1�.�5� �4�.�2� 
�T�.� �s�t�r�i�a�t�u�s� �2�.�4� �3�.�6� �-� �0�.�0� �0�.�0� �0�.�0� 
�C�.� �g�a�p�p�e�r�i� �2�.�4� �3�.�6� �3�.�6� �0�.�6� �0�.�0� �3�.�6� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �3�.�0� �1�0�.�1� �0�.�6� �1�.�2� �3�.�6� �7�.�7� 
�G�.� �v�o�l�a�n�s� �0�.�0� �2�.�4� �3�.�0� �0�.�0� �0�.�0� �0�.�0� 
�S�o�r�e�x� �s�p�p�.� �1�.�5� �0�.�6� �0�.�0� �0�.�6� �4�.�2� �1�0�.�5� 

�I�n� �P�r�o�c�e�s�s� 

�P�.� �l�e�u�c�o�p�u�s� �1�5�.�5� �3�4�.�5� �3�8�.�3� �3�.�6� �1�3�.�1� �1�0�.�8� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�0�.�8� �7�.�1� �6�.�0� �2�.�4� �7�.�1� �1�6�.�7� 
�T�.� �s�t�r�i�a�t�u�s� �1�.�2� �2�.�4� �-� �0�.�0� �3�.�6� �0�.�0� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �2�.�4� �7�.�1� �0�.�0� �0�.�0� �2�.�4� �3�.�6� 
�S�o�r�e�x� �s�p�p�.� �1�.�2� �0�.�0� �0�.�0� �0�.�0� �2�.�4� �3�.�6� 
�G�.� �v�o�l�a�n�s� �0�.�0� �0�.�0� �1�.�2� �0�.�0� �0�.�0� �0�.�0� 

�C�.� �g�a�p�p�e�r�i� �0�.�0� �0�.�0� �0�.�0� �0�.�0� �1�.�2� �0�.�0� 
�N�.� �i�n�s�i�g�n�i�s� �0�.�0� �~� �~� �0�.�0� �2�.�4� �-� 

�R�e�c�o�v�e�r� 

�P�.� �l�e�u�c�o�p�u�s� �7�.�1� �2�5�.�0� �7�.�1� �0�.�0� �0�.�0� �2�.�4� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�2�.�0� �2�6�.�2� �9�.�5� �1�6�.�6� �7�.�1� �2�9�.�8� 
�T�.� �s�t�r�i�a�t�u�s� �4�.�8� �3�.�6� �~� �0�.�0� �3�.�6� �0�.�0� 
�C�.� �g�a�p�p�e�r�i� �3�.�6� �4�.�8� �1�.�2� �0�.�0� �3�.�6� �2�.�4� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �8�.�3� �1�7�.�9� �0�.�0� �0�.�0� �8�.�3� �8�.�3� 
�N�.� �i�n�s�i�g�n�i�s� �1�.�2� �-� �-� �0�.�0� �4�.�5� �-� 
�S�o�r�e�x� �s�p�p�.� �6�.�0� �6�.�0� �0�.�0� �0�.�0� �3�.�6� �7�.�1� 

�R�e�f�e�r�e�n�c�e� 

�P�.� �l�e�u�c�o�p�u�s� �4�8�.�8� �1�9�.�6� �2�.�4� �0�.�6� �4�.�8� �6�.�0� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �5�.�4� �1�.�2� �0�.�0� �0�.�0� �0�.�0� �0�.�0� 
�T�.� �s�t�r�i�a�t�u�s� �0�.�0� �0�.�6� �-� �0�.�0� �2�.�4� �1�.�2� 

�G�.� �v�o�l�a�n�s� �1�.�2� �2�.�4� �3�.�0� �0�.�0� �0�.�0� �1�.�2� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �2�.�4� �1�.�5� �0�.�6� �2�.�4� �1�.�2� �1�.�2� 

�S�o�r�e�x� �s�S�p�p�.� �0�.�0� �0�.�0� �0�.�0� �0�.�0� �0�.�6� �0�.�6� 
�N�.� �i�n�s�i�g�n�i�s� �0�.�0� �-� �-� �0�.�0� �1�.�2� �-� 
�M�.� �p�i�n�e�t�o�r�u�m� �0�.�6� �0�.�0� �0�.�0� �0�.�0� �0�.�0� �0�.�0� 

�3�5



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

�S�i�t�e�/�S�p�e�c�i�e�s� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�p�r�3�3� �S�u�m�9�3� �F�a�l�l�9�3� 

� � 

�H�i�g�h� �M�o�r�t�a�l�i�t�y� 
� � 

�P�.� �l�e�u�c�o�p�u�s� �5�9� �9�7� �5�1� �3�2� �2�0� �2�7� 
�T�.� �s�t�r�i�a�t�u�s� �1�0� �8� �0� �0� �0� �0� 
�C�.� �g�a�p�p�e�r�i� �4� �8� �8� �3� �0� �1�0� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �5� �1�7� �1� �2� �1�2� �1�3� 
�G�.� �v�o�l�a�n�s� �0� �4� �6� �0� �0� �0� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �0� �0� �2� �3� �4� �1�0� 
�S�o�r�e�x� �s�p�p�.� �3� �1� �0� �1� �7� �1�7� 

�I�n� �P�r�o�c�e�s�s� 

�P�.� �l�e�u�c�o�p�u�s� �2�9� �4�7� �1�6� �6� �6�5� �1�1� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�5� �9� �5� �4� �2�3� �1�8� 
�T�.� �s�t�r�i�a�t�u�s� �1� �5� �0� �O� �9� �0� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �2� �6� �0� �0� �2� �3� 
�S�o�r�e�x� �s�p�p�.� �1� �0� �0� �0� �2� �3� 
�G�.� �v�o�l�a�n�s� �0� �0� �1� �0� �0� �0� 
�C�.� �g�a�p�p�e�r�i� �0� �0� �0� �0� �1� �0� 
�N�.� �i�n�s�i�g�n�i�s� �0� �0� �0� �0� �2� �0� 

�R�e�c�o�v�e�r� 

�P�,� �l�e�u�c�o�p�u�s� �1�1� �3�8� �9� �0� �0� �2� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�1� �3�2� �1�6� �2�1� �3�2� �4�2� 
�Y�T�.� �s�t�r�i�a�t�u�s� �1�3� �6� �0� �0� �9� �0� 
�C�.� �g�a�p�p�e�r�i� �3� �6� �1� �0� �4� �3� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �8� �1�5� �0� �0� �7� �7� 
�N�.� �i�n�s�i�g�n�i�s� �1� �0� �0� �0� �4� �0� 
�S�o�r�e�x� �s�p�p�.� �5� �5� �0� �0� �3� �6� 

�R�e�f�e�r�e�n�c�e� 

�P�.� �l�e�u�c�o�p�u�s� �1�6�4� �4�3� �8� �1� �2�0� �1�6� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�5� �1� �0� �0� �0� �0� 
�T�.� �s�t�r�i�a�t�u�s� �0� �4� �0� �0� �8� �2� 
�G�.� �v�o�l�a�n�s� �3� �4� �7� �0� �0� �2� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �4� �3� �2� �4� �2� �2� 
�S�o�r�e�x� �s�p�p�.� �0� �0� �0� �0� �1� �1� 
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�h�a�b�i�t�a�t� �s�t�r�u�c�t�u�r�e� �a�t� �d�i�f�f�e�r�e�n�t� �s�t�a�g�e�s� �o�f� �g�y�p�s�y� �m�o�t�h� 

�d�i�s�t�u�r�b�a�n�c�e� �(�F�i�g�s�.� �7�-�1�1�)�.� �T�a�b�l�e�s� �5� �a�n�d� �6� �p�r�e�s�e�n�t� �p�-�v�a�l�u�e�s� 

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

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

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

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

�S�u�m�m�e�r� �1�9�9�2� �-� �A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �B�.� �b�r�e�v�i�c�a�u�d�a� 

�a�n�d� �T�.� �s�t�r�i�a�t�u�s� �d�e�v�i�a�t�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�d�f�=�7�,� �2�2�9�,� �p�=�0�.�0�1�9�,� 

�p�=�0�.�0�0�0�1�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �f�T�.� �s�t�r�i�a�t�u�s� �u�s�e�d� 

�m�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �l�a�r�g�e�r� �s�n�a�g� �s�i�z�e�s� �(�S�N�S�)�,� �g�r�e�a�t�e�r� �v�e�r�t�i�c�a�l� 

�w�o�o�d�y� �h�e�t�e�r�o�g�e�n�e�i�t�y� �(�W�H�E�T�)� �a�n�d� �t�r�e�e� �d�i�s�t�a�n�c�e�s� �(�T�R�D�)�,� �a�n�d� 

�h�i�g�h�e�r� �s�t�u�m�p� �d�e�n�s�i�t�i�e�s� �(�S�T�U�D�)� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�,� 

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

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

�m�e�a�n� �(�F�i�g� �7�A�)�.� �A�l�l� �p�a�i�r�w�i�s�e� �i�n�t�e�r�s�p�e�c�i�f�i�c� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� 

�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� �(�d�f�=�7�,� �2�2�9�,� �p�<�0�.�0�5�)� �e�x�c�e�p�t� �f�o�r� 

�B�.� �b�r�e�v�i�c�a�u�d�a�/�C�.� �g�a�p�p�e�r�i� �a�n�d� �P�.� �l�e�u�c�o�p�u�s�/�C�.� �g�a�p�p�e�r�i� �(�T�a�b�l�e� 

�6�)�.� 

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

�P�.� �m�a�n�i�c�u�l�a�t�u�s� �t�e�n�d�e�d� �t�o�w�a�r�d�s� �s�i�g�n�i�f�i�c�a�n�t� �d�e�v�i�a�t�i�o�n�s� �(�d�f�=�5�,� 

�1�1�8�,� �p�=�0�.�0�5�7�;� �p�=�0�.�0�7�9�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)� �a�n�d� 

�u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�d�f�=�5�,� �1�1�8�,� �p�=�0�.�0�0�3�)� 

�m�i�c�r�o�h�a�b�i�t�a�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �(�T�a�b�l�e� �6�)�.� �A�l�o�n�g� �t�h�e� �f�i�r�s�t� 

�c�a�n�o�n�i�c�a�l� �a�x�i�s�,� �P�.� �l�e�u�c�o�p�u�s� �d�i�s�c�r�i�m�i�n�a�t�e�d� �f�r�o�m� �P�.
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�F�i�g�.� �7� �-� �C�D�A� �o�f� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e�s� �a�t� �t�h�e� �A�)� �h�i�g�h� 
�m�o�r�t�a�l�i�t�y�,� �B�)� �i�n� �p�r�o�c�e�s�s�,� �C�)� �r�e�c�o�v�e�r�y� �a�n�d�,� �D�)� �r�e�f�e�r�e�n�c�e� 
�S�i�t�e�s� �f�o�r� �s�u�m�m�e�r� �1�9�9�2�.� �T�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �e�a�c�h� 
�c�a�n�o�n�i�c�a�l� �v�a�r�i�a�t�e� �e�x�p�l�a�i�n�s� �i�s� �i�n� �p�a�r�e�n�t�h�e�s�e�s� �a�l�o�n�g� �e�a�c�h� 
�a�x�i�s�.� �V�a�r�i�a�b�l�e�s� �t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�t�r�i�b�u�t�e� �t�o� �s�p�e�c�i�e�s� 
�s�e�p�a�r�a�t�i�o�n� �a�r�e� �l�i�s�t�e�d� �a�l�o�n�g� �a�x�e�s� �i�n� �w�h�i�c�h� �t�h�e�y� �m�o�s�t� 
�c�o�r�r�e�l�a�t�e� �(�p�<�0�.�1�5� �=�*�,� �p�<�O�.�1�0� �=�*�*�,� �p�<�0�.�0�5� �=�*�*�*�,� �p�<�0�.�0�1� 
�=�*�%�k�e�*�k�k�)�,� �E�a�c�h� �a�x�i�s� �r�e�p�r�e�s�e�n�t�s� �a� �g�r�a�d�i�e�n�t� �o�f� �h�a�b�i�t�a�t� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �c�o�r�r�e�l�a�t�e�s� �w�i�t�h� �e�a�c�h� �s�p�e�c�i�e�s� �h�a�b�i�t�a�t� 
�u�s�e� �(�O�v�e�r�a�l�l� �a�s�s�e�m�b�l�a�g�e� �h�a�b�i�t�a�t� �s�e�g�r�e�g�a�t�i�o�n� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 
�W�i�l�k�s �� �L�a�m�b�d�a� �m�u�l�t�i�v�a�r�i�a�t�e� �F� �a�p�p�r�o�x�i�m�a�t�i�o�n�:� �H�i�g�h� �M�o�r�t�a�l�i�t�y� 
�a�f�=�2�8�,� �8�2�7�,� �F�=�2�.�5�9� �p�<�0�.�0�0�0�1�,� �I�n� �P�r�o�c�e�s�s� �d�f�=�1�0�,� �2�3�6�,� �F�=�2�.�3�8�,� 
�p�=�0�.�0�1�1�,� �R�e�c�o�v�e�r�y� �d�a�f�=�4�0�,� �5�0�8�,� �F�=�2�.�3�6�,� �p�<�0�.�0�0�0�1�,� �R�e�f�e�r�e�n�c�e� 
�d�a�d�f�=�2�7�,� �9�7�3�,� �F�=�2�.�1�4�,� �p�=�0�.�0�0�0�6�.� 
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�B�b� �v�s�.� �S�o� �4�.�0�8�*�*�*� �0�.�8�7� �-� �=� �1�.�5�1� 
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�(�T�a�b�l�e� �6� �c�o�n�t�i�n�u�e�d�)� �4�6� 

� � 

�S�p�e�c�i�e�s� 
�P�a�i�r�s� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�u�m�9�3� �F�a�l�l�9�3� 

�R�e�c�o�v�e�r�y� 

�B�b� �v�s�.� �N�i� �_� �-� �-� �0�.�6�8� �-� 
�B�b� �v�s�.� �C�g� �-� �1�.�3�2� �-� �1�.�4�5� �-� 
�C�g� �v�s�.� �S�o� �-� �1�.�1�0� �-� �-� �-� 
�C�g� �v�s�.� �P�l� �-� �1�.�9�7�%� �~� �-� �-� 
�C�g� �v�s�.� �N�i� �-� �-� �-� �2�.�6�0�*�*� �-� 
�C�g� �v�s�.� �P�m� �-� �2�.�0�9� �-� �3�.�5�0�*�*�*� �-� 
�C�g� �v�s�.� �T�S� �-� �1�.�6�6� �-� �2�.�6�7�%�*� �-� 
�P�m� �v�s�.� �P�l� �1�.�2�3� �2�.�8�7�%�*�*� �1�.�2�7� �-� �-� 

�P�m� �v�s�.� �S�O� �3�.�0�8�*�*�*� �1�.�8�2�*� �-� �-� �1�.�8�9� 
�P�m� �v�s�.� �N�i� �-� �~� �-� �1�.�2�0� �-� 
�P�m� �v�s�.� �T�s� �2�.�7�3�%�*�*� �6�.�5�0�*�*�*� �~� �0�.�9�8� �-� 
�S�o� �v�s�.� �T�s� �1�.�8�5�*� �2�.�8�8�%�*� �-� �-� �-� 
�P�l� �v�s�.� �S�o� �2�.�3�4�%�*� �2�.�0�9�%� �-� �-� �-� 
�P�l� �v�s�.� �T�s� �2�.�9�2�k�k�*� �6�.�9�7�*�*�*� �=� �-� �-� 
�N�i� �v�s�.� �T�s� �~� �-� �-� �1�.�7�0� �-� 

�R�e�f�e�r�e�n�c�e� �(�9�,� �3�3�3�)� �(�8�,� �2�0�2�)� �(�5�,� �1�7�0�)� �(�6�,� �1�8�2�)� �(�4�,� �1�7�3�)� 

�B�b� �v�s�.� �P�l� �3�.�0�9�*�%�*�*� �-� �~� �-� �-� 
�B�b� �v�s�.� �P�m� �2�.�4�9�%�%�*� �-� �-� �-� �-� 

�P�l� �v�s�.� �P�m� �2�.�8�7�%�*�*� �-� �-� �-� �-� 
�P�l� �v�s�.� �G�v� �-� �0�.�7�7� �0�.�9�3� �-� �~� 
�P�l� �v�s�.� �T�s� �-� �1�.�1�3� �-� �1�.�3�0� �-� 
�G�v� �v�s�.� �T�s� �-�~� �0�.�3�3
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�m�a�n�i�c�u�l�a�t�u�s� �b�y� �r�e�s�i�d�i�n�g� �i�n� �m�i�c�r�o�h�a�b�i�t�a�t�s� �w�i�t�h� �g�r�e�a�t�e�r� �s�h�o�r�t� 

�w�o�o�d�y� �s�t�e�m� �d�e�n�s�i�t�y� �(�S�W�D�)� �a�n�d� �e�v�e�r�g�r�e�e�n� �h�e�r�b�a�c�e�o�u�s� �c�o�v�e�r� 

�(�E�H�C�)� �a�n�d� �l�o�w�e�r� �i�n�v�e�r�t�e�b�r�a�t�e� �a�b�u�n�d�a�n�c�e�s� �(�I�N�V�)�.� �R�e�l�a�t�i�v�e� �t�o� 

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

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

�A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �n�e�i�t�h�e�r� �P�.� �l�e�u�c�o�p�u�s� �o�r� �P�.� 

�m�a�n�i�c�u�l�a�t�u�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�8�,� �1�1�6�,� �p�=�0�.�3�2�8�;� 

�p�=�0�.�7�7�9�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �o�r� �u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�n�t� �(�d�f�=�8�,� �1�1�6�,� �p�=�0�.�3�0�4�)� �m�i�c�r�o�h�a�b�i�t�a�t� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� 

�(�T�a�b�l�e�s� �5� �a�n�d� �6�)�.� �A�l�l� �o�t�h�e�r� �s�p�e�c�i�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� 

�(�d�f�=�8�,� �1�1�6�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �B�.� 

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

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

�i�n� �m�i�c�r�o�h�a�b�i�t�a�t�s� �w�i�t�h� �m�o�r�e� �c�o�m�p�a�c�t� �s�o�i�l�s� �(�S�C�O�M�)�,� �h�i�g�h�e�r� 

�b�r�e�a�s�t� �h�e�i�g�h�t� �s�t�e�m� �d�e�n�s�i�t�i�e�s� �(�S�D�B�H�)� �a�n�d� �e�v�e�r�g�r�e�e�n� �h�e�r�b�a�c�e�o�u�s� 

�c�o�v�e�r�,� �a�n�d� �f�e�w�e�r� �i�n�v�e�r�t�e�b�r�a�t�e�s� �a�n�d� �h�e�r�b�a�c�e�o�u�s� �s�p�e�c�i�e�s� �(�H�S�)�,� 

�a�n�d� �l�e�s�s� �c�a�n�o�p�y� �c�o�v�e�r� �(�C�C�)� �(�F�i�g�.� �7�C�)�.� �T�h�e�y� �d�i�f�f�e�r�e�d� �f�r�o�m� 

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

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

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

�c�o�v�e�r� �a�n�d� �c�a�n�o�p�y� �c�o�v�e�r� �(�T�.� �s�t�r�i�a�t�u�s� �a�n�d� �S�o�r�e�x� �s�p�p�.�)� �(�F�i�g�.� 

�7�C�)�.� 

�A�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e�,� �P�.� �l�e�u�c�o�p�u�s� �d�i�d� �n�o�t� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r� �(�d�f�=�9�,� �3�3�3�,� �p�=�0�.�9�1�4�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t
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�m�e�a�n�.� �A�l�l� �o�t�h�e�r� �s�p�e�c�i�e�s �� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �d�i�f�f�e�r�e�d� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �(�d�f�=�9�,� �3�3�3�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �a�n�d� 

�f�r�o�m� �P�.� �l�e�u�c�o�p�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �(�T�a�b�l�e�s� �5� �a�n�d� �6�)�.� �A�l�o�n�g� 

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

�w�i�t�h� �m�o�r�e� �v�e�r�t�i�c�a�l� �w�o�o�d�y� �h�e�t�e�r�o�g�e�n�e�i�t�y�,� �m�o�s�s� �c�o�v�e�r� �(�B�R�Y�C�)�,� 

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

�s�p�e�c�i�e�s�.� �A�l�o�n�g� �t�h�e� �s�e�c�o�n�d� �c�a�n�o�n�i�c�a�l� �a�x�i�s�,� �P�.� �m�a�n�i�c�u�l�a�t�u�s� 

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

�e�x�p�o�s�u�r�e� �(�S�O�C�)�,� �a�n�d� �l�o�w�e�r� �g�r�o�u�n�d� �w�o�o�d�y� �d�e�n�s�i�t�y� �(�W�D�)� �r�e�l�a�t�i�v�e� 

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

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

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

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

�v�a�r�i�a�b�l�e�s� �(�W�H�E�T�,� �S�D�B�H�)� �e�x�c�e�p�t� �f�o�r� �P�.� �l�e�u�c�o�p�u�s� �(�F�i�g�.� �7�)�.� �P�.� 

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

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

�c�o�m�p�l�e�x�i�t�y� �w�a�s� �l�o�w�e�s�t� �a�m�o�n�g� �a�l�l� �s�i�t�e�s� �(�F�i�g�.� �2�)�.� �A�t� �t�h�e� �i�n� 

�p�r�o�c�e�s�s� �s�i�t�e�,� �c�o�m�p�l�e�x� �g�r�o�u�n�d� �s�t�r�u�c�t�u�r�e� �(�S�W�D�,� �E�H�C�)� �w�a�s� 

�i�m�p�o�r�t�a�n�t� �t�o� �P�.� �l�e�u�c�o�p�u�s� �(�F�i�g�.� �7�B�)�.� �T�.� �s�t�r�i�a�t�u�s� �w�e�r�e� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h� �s�t�u�m�p� �d�e�n�s�i�t�i�e�s� �(�S�T�U�D�)� �a�t� �t�h�e� �h�i�g�h� 

�m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�F�i�g�.� �7�A�)�,� �h�o�w�e�v�e�r�,� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e� 

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

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

�F�a�l�l� �1�9�9�2� �- �� �A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �o�n�l�y� �T�.
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�s�t�r�i�a�t�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�6�,� �2�8�2�,� 

�p�=�0�.�0�0�2�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �T�h�e� �o�n�l�y� �p�a�i�r�w�i�s�e� 

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

�s�t�r�i�a�t�u�s�/�B�.� �b�r�e�v�i�c�a�u�d�a� �a�n�d� �f�T�.� �s�t�r�i�a�t�u�s�/�P�.� �l�e�u�c�o�p�u�s� �(�d�f�=�6�,� 

�2�8�2�,� �p�<�0�O�.�0�5�,� �T�a�b�l�e� �6�)�.� �7�.� �s�t�r�i�a�t�u�s� �t�e�n�d�e�d� �t�o� �r�e�s�i�d�e� �i�n� 

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

�c�o�v�e�r� �a�n�d� �s�h�o�r�t� �s�n�a�g� �a�n�d� �s�a�p�l�i�n�g� �d�i�s�t�a�n�c�e�s� �(�F�i�g�.� �8�A�)�.� �P�.� 

�l�e�u�c�o�p�u�s� �t�e�n�d�e�d� �t�o�w�a�r�d�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�d�f�=�6�,� �2�8�2�,� 

�p�=�0�.�0�7�)� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �b�y� �r�e�s�i�d�i�n�g� 

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

�s�a�p�l�i�n�g� �d�e�n�s�i�t�i�e�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �8�A�,� 

�T�a�b�l�e� �5�)�.� 

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

�e�x�c�e�p�t� �P�.� �m�a�n�i�c�u�l�a�t�u�s�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�9�,� �1�3�5�,� 

�p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �M�o�s�t� �p�a�i�r�w�i�s�e� 

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

�(�d�f�=�9�,� �1�3�5�,� �p�<�0�.�0�5�)� �e�x�c�e�p�t� �f�o�r� �P�.� �l�e�u�c�o�p�u�s�/�P�.� �m�a�n�i�c�u�l�a�t�u�s� 

�a�n�d� �T�.� �s�t�r�i�a�t�u�s�/�B�.� �b�r�e�v�i�c�a�u�d�a� �(�T�a�b�l�e� �6�)�.� �f�T�.� �s�t�r�i�a�t�u�s� �a�n�d� �B�.� 

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

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

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

�t�h�a�n� �d�i�d� �B�.� �b�r�e�v�i�c�a�u�d�a� �o�r� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �(�F�i�g�.� �8�B�)�.� 

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

�T�.� �s�t�r�i�a�t�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�6�,
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�1�7�1�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �P�.� �l�e�u�c�o�p�u�s� 

�a�n�d� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�D�F�=�6�,� �1�7�1�,� 

�P�=�0�.�0�1�1�)� �m�i�c�r�o�h�a�b�i�t�a�t�,� �a�n�d� �t�h�i�s� �w�a�s� �t�h�e� �o�p�p�o�s�i�t�e� �o�f� �t�h�e� 

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

�(�T�a�b�l�e� �6�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �g�r�e�a�t�e�r� 

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

�(�S�e�c�o�n�d� �c�a�n�o�n�i�c�a�l� �a�x�i�s�,� �F�i�g�.� �8�C�)�.� �M�o�s�t� �s�p�e�c�i�e�s� �s�e�p�a�r�a�t�e�d� �o�n� 

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

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

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

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

�g�a�p�p�e�r�i�,� �a�n�d� �S�o�r�e�x� �s�p�p�.�,� �t�o� �a� �l�e�s�s�e�r� �d�e�g�r�e�e�,� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� 

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

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �n�e�g�a�t�i�v�e� �e�n�d� �o�f� �t�h�e� �a�x�i�s� �(�F�i�g�.� �8�C�)�.� 

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

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

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

�d�i�f�f�e�r�e�n�c�e�s� �(�d�f�=�8�,� �2�0�2�,� �p�>�0�.�0�5�)� �i�n� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �b�e�t�w�e�e�n� 

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

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

�l�e�s�s� �c�o�m�p�a�c�t� �s�o�i�l� �t�h�a�n� �t�h�e� �o�v�e�r�a�l�l� �h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �8�D�)�.� 

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

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

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

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

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

�c�o�m�p�a�c�t�i�b�i�l�i�t�y� �b�e�c�a�m�e� �a�n� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �(�F�i�g�.� �8�)�.� �S�h�r�u�b� 

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

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

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

�u�n�d�e�r�s�t�o�r�y� �c�o�v�e�r� �t�h�a�n� �w�a�s� �P�.� �l�e�u�c�o�p�u�s� �(�F�i�g�.� �8�)�.� �B�.� 

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

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

�t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�F�i�g�.� �8�)�.� 

�W�i�n�t�e�r� �1�9�9�3� �-� �A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �G�l�a�u�c�o�m�y�s� 

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

�d�i�f�f�e�r�e�d� �(�d�f�=�1�1�,� �2�1�3�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� 

�5�)�.� �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�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�1�1�,� �2�1�3�,� �p�<�0�.�0�5�,� �T�a�b�l�e� �6�)�.� �A�l�o�n�g� 

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

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

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

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

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

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

�P�.� �l�e�u�c�o�p�u�s� �(�F�i�g� �9�A�)�.� 

�A�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �d�e�v�i�a�t�e�d
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�S�i�g�n�i�f�i�c�a�n�t�l�y� �(�d�f�=�5�,� �9�5�,� �p�=�0�.�0�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� 

�(�T�a�b�l�e� �5�)�.� �P�.� �l�e�u�c�o�p�u�s� �a�n�d� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�n�t� �(�d�f�=�5�,� �9�5�,� �p�=�0�.�0�0�2�)� �m�i�c�r�o�h�a�b�i�t�a�t� �(�T�a�b�l�e� �6�)� �w�i�t�h� �P�.� 

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

�s�o�i�l� �e�x�p�o�s�u�r�e� �t�h�a�n� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �(�F�i�g�.� �9�B�)�.� 

�A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �n�e�i�t�h�e�r� �P�.� �l�e�u�c�o�p�u�s� �o�r� �P�.� 

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

�h�a�b�i�t�a�t� �m�e�a�n� �o�r� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �(�d�f�=�5�,� �9�9�,� �p�>�0�.�0�5�,� �T�a�b�l�e�s� �5� 

�a�n�d� �8�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �m�i�c�r�o�h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �a�t� 

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

�o�v�e�r�l�a�p� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �s�p�e�c�i�e�s� �(�F�i�g�.� �9�C�)�.� 

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

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

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

�g�r�e�a�t�e�r� �s�h�r�u�b� �c�o�v�e�r� �(�S�C�)� �a�n�d� �l�e�s�s� �e�v�e�r�g�r�e�e�n� �h�e�r�b�a�c�e�o�u�s� 

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

�m�e�a�n� �(�F�i�g�.� �9�D�)�.� 

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

�c�o�m�m�o�n� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e�s� �a�m�o�n�g� �s�i�t�e�s� �i�n� �t�h�e� �w�i�n�t�e�r� �1�9�9�3� 

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

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

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

�a�v�a�i�l�a�b�i�l�i�t�y� �a�t� �a�l�l� �s�i�t�e�s� �(�T�a�b�l�e� �5�)�,� �w�h�i�l�e� �P�.� �m�a�n�i�c�u�l�a�t�u�s� 

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



�n�o�t� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e� �(�T�a�b�l�e� �5�)�.� 

�S�u�m�m�e�r� �1�9�9�3� �-� �A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �o�n�l�y� �B�.� 

�b�r�e�v�i�c�a�u�d�a� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� �(�d�f�=�s�8�,� 

�2�0�0�,� �p�=�0�.�0�0�4�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�,� �a�n�d� �o�n�l�y� �B�.� 

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

�(�d�£�f�=�8�,� �2�0�0�,� �p�<�0�.�0�5�)� �m�i�c�r�o�h�a�b�i�t�a�t� �(�T�a�b�l�e� �6�)�.� �A�l�o�n�g� �t�h�e� �f�i�r�s�t� 

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

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

�r�o�c�k� �c�o�v�e�r�,� �l�a�r�g�e�r� �t�r�e�e�s� �a�n�d� �f�e�w�e�r� �s�e�e�d�l�i�n�g�s� �(�F�i�g�.� �1�0�A�)�.� 

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

�m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� �(�d�f�=�4�,� �1�7�1�,� �p�<�0�.�0�5�)� 

�f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)� �a�n�d� �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�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�4�,� �1�7�1�,� 

�p�<�0�.�0�5�,� �T�a�b�l�e� �6�)�.� �A�l�o�n�g� �t�h�e� �f�i�r�s�t� �c�a�n�o�n�i�c�a�l� �a�x�i�s�,� �P�.� 

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

�s�p�e�c�i�e�s� �r�i�c�h�n�e�s�s� �(�W�S�)� �a�n�d� �l�e�s�s� �m�o�s�s� �c�o�v�e�r� �t�h�a�n� �P�.� �l�e�u�c�o�p�u�s�.� 

�A�l�o�n�g� �t�h�e� �s�e�c�o�n�d� �c�a�n�o�n�i�c�a�l� �a�x�i�s�,� �T�.� �s�t�r�i�a�t�u�s� �r�e�s�i�d�e�d� �i�n� 

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

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

�(�F�i�g�.� �1�0�B�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �a�n�d� �T�.� �s�t�r�i�a�t�u�s� �u�s�e�d� �m�o�r�e� �o�p�e�n� 

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

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� �(�d�f�=�7�,� �1�2�5�,� �p�=�0�.�0�0�4�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� 

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



�5�4� 

�d�e�v�i�a�t�i�o�n� �(�d�f�=�7�,� �1�2�5�,� �p�=�0�.�0�6�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� 

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�d�f�=�7�,� �1�2�5�,� �p�>�0�.�0�5�)� �e�x�c�e�p�t� �f�o�r� �t�h�o�s�e� 

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

�s�t�r�i�a�t�u�s� �(�d�f�=�7�,� �1�2�5�,� �p�<�0�.�0�5�,� �T�a�b�l�e� �6�)�.� �C�.� �g�a�p�p�e�r�i� �u�s�e�d� 

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

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

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

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

�h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �1�0�C�)�.� �N�.� �i�n�s�i�g�n�i�s� �t�e�n�d�e�d� �t�o� �u�s�e� 

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

�h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �1�0�C�)�.� 

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� �(�d�f�=�6�,� �1�8�2�,� �p�=�0�.�0�2�4�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� 

�m�e�a�n�,� �b�u�t� �T�.� �s�t�r�i�a�t�u�s� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e� �(�d�f�=�6�,� 

�1�8�2�,� �p�=�0�.�2�5�9�)� �f�r�o�m� �P�.� �l�e�u�c�o�p�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �(�T�a�b�l�e�s� �5� 

�a�n�d� �6�)�.� �T�.� �s�t�r�i�a�t�u�s� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �m�o�r�e� �d�e�n�s�e� 

�u�n�d�e�r�s�t�o�r�y� �c�o�v�e�r� �(�E�S�C�,� �W�H�E�T�)� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� 

�a�n�d� �P�.� �l�e�u�c�o�p�u�s� �(�F�i�g�.� �1�0�D�)�.� 

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

�S�i�t�e�s� �f�o�r� �T�.� �s�t�r�i�a�t�u�s� �w�e�r�e� �u�n�d�e�r�s�t�o�r�y� �c�o�v�e�r� �v�a�r�i�a�b�l�e�s� �(�E�H�C�,� 

�S�D�B�H�,� �W�H�E�T�)� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �a�n�d� �r�e�f�e�r�e�n�c�e� �s�i�t�e�s�,� �b�u�t� �n�o�t� �a�t� 

�t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e� �(�F�i�g�.� �1�0�)�.� �M�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �l�e�s�s� 

�s�t�r�u�c�t�u�r�a�l�l�y� �c�o�m�p�l�e�x� �g�r�o�u�n�d� �c�o�v�e�r� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�o� �P�.
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�m�a�n�i�c�u�l�a�t�u�s� �a�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �a�n�d� �r�e�c�o�v�e�r�y� �s�i�t�e�s� �(�F�i�g�.� �1�0�)�.� 

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

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

�b�r�e�v�i�c�a�u�d�a� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�T�a�b�l�e� �5�)� �w�h�e�r�e� �t�h�e�y� 

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

�r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �1�0�A�)�.� �P�.� �l�e�u�c�o�p�u�s� �u�s�e�d� 

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

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

�u�s�e� �i�n� �t�h�e� �s�u�m�m�e�r� �1�9�9�2�,� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e�s� �i�n� �1�9�9�3� 

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

�t�h�a�n� �i�n� �1�9�9�2� �(�T�a�b�l�e�s� �5� �a�n�d� �6�)� �d�e�s�p�i�t�e� �t�h�e�i�r� �r�e�d�u�c�e�d� 

�a�b�u�n�d�a�n�c�e�s� �i�n� �s�u�m�m�e�r� �1�9�9�3� �(�T�a�b�l�e� �2�)�.� �T�h�e� �t�y�p�e�s� �o�f� 

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

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

�(�F�i�g�s�.� �7� �a�n�d� �1�0�)�.� 

�F�a�l�l� �1�9�9�3� �-� �A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �P�.� �m�a�n�i�c�u�l�a�t�u�s� 

�m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e�d� �(�d�f�=�5�,� �2�2�9�,� �p�<�0�.�0�5�)� 

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

�5� �a�n�d� �6�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �w�a�s� �a�s�s�o�c�i�a�t�e�d� 

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

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

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

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�v�i�a�t�e� �(�d�f�=�5�,� �2�2�9�,� �p�>�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� 

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



�5�6� 

�S�p�a�t�i�a�l� �o�v�e�r�l�a�p� �(�T�a�b�l�e�s� �5� �a�n�d� �6�)�.� 

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

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

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

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

�o�n�l�y� �t�e�n�d�e�d� �t�o�w�a�r�d�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�v�i�a�t�i�o�n� �(�d�f�=�4�,� �1�0�4�,� 

�p�=�0�.�0�5�9�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)�.� �T�h�e� �m�i�c�r�o�h�a�b�i�t�a�t�s� 

�u�s�e�d� �b�y� �t�h�e� �t�w�o� �s�p�e�c�i�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�d�f�=�4�,� �1�0�4�,� 

�p�<�0�.�0�0�0�1�,� �T�a�b�l�e� �6�)�.� �P�.� �l�e�u�c�o�p�u�s� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t�s� �w�i�t�h� �m�o�r�e� 

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

�l�i�v�i�n�g� �t�r�e�e�s� �a�n�d� �b�l�u�e�b�e�r�r�i�e�s� �(�V�A�C�)� �r�e�l�a�t�i�v�e� �t�o� �P�.� 

�m�a�n�i�c�u�l�a�t�u�s� �a�n�d� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�F�i�g�.� �1�1�B�)�.� 

�A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �t�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

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

�p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�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� �(�d�f�=�4�,� �1�2�9�,� �p�>�0�.�0�5�,� �T�a�b�l�e�s� �5� �a�n�d� �6�,� �F�i�g�.� �1�1�C�)�.� 

�A�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e�,� �o�n�l�y� �o�n�e� �c�a�n�o�n�i�c�a�l� �a�x�i�s� �w�a�s� 

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

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

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

�(�d�f�=�4�,� �1�7�3�,� �p�=�0�.�0�4�7�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �(�T�a�b�l�e� �5�)� �a�n�d� �w�a�s� 

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

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

�(�F�i�g�.� �1�1�D�)�.



�5�7� 

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

�l�i�t�t�l�e� �m�i�c�r�o�h�a�b�i�t�a�t� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �(�F�i�g�.� �1�1�)�.� �P�.� 

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

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

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

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

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

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

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

�a�b�u�n�d�a�n�c�e�s� �(�F�i�g�.� �1�1�A�)�,� �b�u�t� �t�h�i�s� �w�a�s� �n�o�t� �e�v�i�d�e�n�t� �a�t� �t�h�e� �i�n� 

�p�r�o�c�e�s�s� �o�r� �r�e�c�o�v�e�r�y� �s�i�t�e�s� �(�F�i�g�.� �1�1�A� �a�n�d� �B�)�.� �A�t� �t�h�e� �i�n� 

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

�m�i�c�r�o�h�a�b�i�t�a�t� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �i�n� �f�a�l�l� �1�9�9�3� �t�h�a�n� �f�a�l�l� �1�9�9�2�.� 

�H�o�w�e�v�e�r�,� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �i�n� �f�a�l�l� �1�9�9�3�,� �P�.� 

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

�f�a�l�l� �1�9�9�2�.� �P�.� �l�e�u�c�o�p�u�s� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �a�t� �t�h�e� �r�e�f�e�r�e�n�c�e� 

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

�s�i�t�e� �i�n� �f�a�i�l� �1�9�9�3� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� 

�m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �i�n� �f�a�l�l� �1�9�9�2� �(�F�i�g�s�.� �8� �a�n�d� �1�1�,� �T�a�b�l�e� �5�)�.� 

�N�i�c�h�e� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �-� �N�i�c�h�e� �b�r�e�a�d�t�h� �a�n�d� �o�v�e�r�l�a�p� �a�r�e� 

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

�7� �a�n�d� �8�.� �N�i�c�h�e� �m�e�a�s�u�r�e�s� �w�e�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �a�n�d� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�a�n�a�l�y�s�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e�s� �7� �-� �1�1�.



�T�a�b�l�e� �7� �-� �N�i�c�h�e� �b�r�e�a�d�t�h� �o�f� �e�a�c�h� �s�m�a�l�l� �m�a�m�m�a�l� �s�p�e�c�i�e�s� �a�t� �e�a�c�h� 
�S�i�t�e� �b�y� �s�e�a�s�o�n�.� 

�S�i�t�e�/�S�p�e�c�i�e�s� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�u�m�9�3� �F�a�l�l�1�9�3� 
� � 

�H�i�g�h� �M�o�r�t�a�l�i�t�y� 

�P�.� �l�e�u�c�o�p�u�s� �5�.�8�7� �3�5�.�0� �2�.�7�5� �1�.�9�3� �4�.�1�8� 
�T�.� �s�t�r�i�a�t�u�s� �1�.�4�6� �0�.�6�5� �-� �-� �-� 
�C�.� �g�a�p�p�e�r�i� �1�.�0�5� �3�.�7�1� �0�.�9�8� �-� �1�3�.�3� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �1�.�4�9� �1�.�4�2� �-� �0�.�6�1� �1�0�.�7� 
�G�.� �v�o�l�a�n�s� �-� �-� �1�.�0�0� �-� �-� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �-� �-� �-� �2�.�0�6� �1�.�2�0� 
�S�o�r�e�x� �s�p�p�.� �-� �-� �-� �7�.�5�7� �1�.�7�3� 

�I�n� �P�r�o�c�e�s�s� 

�P�.� �l�e�u�c�o�p�u�s� �1�.�7�5� �1�.�2�8� �1�.�4�8� �4�.�2�2� �0�.�7�2� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �0�.�8�3� �1�.�4�9� �0�.�4�4� �1�.�4�5� �1�.�0�9� 
�T�.� �s�t�r�i�a�t�u�s� �-� �0�.�6�3� �-� �1�.�3�1� �-� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �-� �1�.�1�4� �-� �-� �-� 

�R�e�c�o�v�e�r�y� 

�P�.� �l�e�u�c�o�p�u�s� �1�.�7�2� �1�.�3�9� �1�.�5�0� �-� �-� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�.�7�2� �2�.�0�7� �1�.�9�3� �2�.�0�6� �1�1�.�0� 
�T�.� �s�t�r�i�a�t�u�s� �0�.�6�3� �1�.�8�7� �-� �2�5�.�6� �-� 
�C�.� �g�a�p�p�e�r�i� �~� �2�.�3�0� �-� �0�.�6�2� �-� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �1�.�0�5� �1�.�6�4� �-� �2�.�1�9� �3�.�2�1� 
�N�.� �i�n�s�i�g�n�i�s� �-� �-� �-� �2�.�7�6� �-� 
�S�o�r�e�x� �s�p�p�.� �0�.�4�4� �2�.�2�1� �-� �-� �1�.�2�1� 

�R�e�f�e�r�e�n�c�e� 

�P�.� �l�e�u�c�o�p�u�s� �1�5�.�7� �1�.�5�4� �0�.�7�0� �2�.�3�3� �0�.�3�1� 
�P�.� �m�a�n�i�c�u�l�a�t�u�s� �1�.�2�2� �-� �-� �-� �-� 
�T�,�.� �s�t�r�i�a�t�u�s� �-� �0�.�1�3� �-� �0�.�3�8� �-� 
�G�.� �v�o�l�a�n�s� �2�4�.�2� �0�.�1�2� �-� �~� 
�B�.� �b�r�e�v�i�c�a�u�d�a� �0�.�9�2� �_� �~� �-� �-� 
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�T�a�b�l�e� �8� �-� �P�a�i�r�w�i�s�e� �n�i�c�h�e� �o�v�e�r�l�a�p� �o�f� �s�m�a�l�l� �m�a�m�m�a�l�s� �a�t� �t�h�e� 
�h�i�g�h� �m�o�r�t�a�l�i�t�y�,� �i�n� �p�r�o�c�e�s�s�,� �a�n�d� �r�e�c�o�v�e�r�y� �s�i�t�e�s�.� �N�i�c�h�e� 
�o�v�e�r�l�a�p� �i�s� �m�e�a�s�u�r�e�d� �a�s� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �s�p�e�c�i�e�s� 
�(�i�.�e� �P�.�l�e�u�c�o�p�u�s�/�T�.�s�t�r�i�a�t�u�s�)� �c�a�p�t�u�r�e�s� �t�h�a�t� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n� 
�t�h�e� �s�e�c�o�n�d� �s�p�e�c�i�e�s� �h�a�b�i�t�a�t� �s�p�a�c�e�.� �R�e�f�e�r� �t�o� �T�a�b�l�e� �6� �f�o�r� 
�a�b�b�r�e�v�i�a�t�i�o�n� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s�.� 

� � 

�H�i�g�h� �M�o�r�t�a�l�i�t�y� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�u�m�9�3� �F�a�l�l�9�3� 

�B�b� �v�s�.� �C�g� �0�.�0� �-� �0�.�0� 
�C�g� �v�s�.� �B�b� �0�.�0� �-� �2�0�.�0� 
�B�b� �v�s�.� �P�l� �0�.�0� �9�4�.�8� �3�3�.�3� �9�2�.�3� 
�P�l� �v�s�.� �B�b� �1�.�7� �2�.�1� �1�1�.�1� �0�.�0� 
�B�b� �v�s�.� �T�s� �0�.�0� �0�.�0� �-� �=� 
�T�s� �v�s�.� �B�b� �0�.�0� �0�.�0� �-� �-� 
�P�l� �v�s�.� �T�s� �1�.�7� �2�.�6� �-� �-� 
�T�s� �v�s�.� �P�l� �0�.�0� �7�5�.�0� �-� �-� 
�S�o� �v�s�.� �B�b� �-� �0�.�0� �1�1�.�8� 
�B�b� �v�s�.� �S�o� �-� �0�.�0� �0�.�0� 
�S�o� �v�s�.� �P�l� �-� �4�2�.�8� �5�2�.�9� 
�P�l� �v�s�.� �S�o� �-� �0�.�0� �2�.�6� 
�C�g� �v�s�.� �P�l� �1�0�0�.�0� �3�7�.�5� �~� �8�0�.�0� 
�P�l� �v�s�.� �C�g� �0�.�0� �2�.�0� �-� �0�.�0� 
�T�s� �v�s�.� �C�g� �0�.�0� �-� �-� 
�C�g� �v�s�.� �T�s� �0�.�0� �-� �-� 
�P�m� �v�s�.� �B�b� �~� �-� �0�.�0� 
�B�b� �v�s�.� �P�m� �-� �-� �0�.�0� 
�P�m� �v�s�.� �C�g� �-� �-� �0�.�0� 
�C�g� �v�s�.� �P�m� �-� �-� �0�.�0� 
�P�m� �v�s�.� �P�l� �-� �-� �6�0�.�0� 
�P�l� �v�s�.� �P�m� �-� �-� �7�.�4� 

�P�m� �v�s�.� �S�o� �-�~� �=� �0�.�0� 
�S�o� �v�s�.� �P�m� �-� �-� �0�.�0� 
�G�v� �v�s�.� �P�l� �-� �3�3�.�3� �~� �-� 
�P�l� �v�s�.� �G�v� �-� �2�.�0� �-� �-� 
�G�v� �v�s�.� �C�g� �-� �1�6�.�7� �-� �-� 
�C�g� �v�s�.� �G�v� �-� �0�.�0� �-� �-� 
�S�O� �v�s�.� �C�g� �-� �-� �0�.�0� 
�C�g� �v�s�.� �S�o� �-� �-� �0�.�0� 

�I�n� �P�r�o�c�e�s�s� 

�B�b� �v�s�.� �P�l� �3�3�.�3� �-� �-� 
�P�l� �v�s�.� �B�b� �0�.�0� �-� �-� 
�B�b� �v�s�.� �T�s� �1�6�.�7� �-� �-� 
�T�s� �v�s�.� �B�b� �0�.�0� �-� �-� 
�P�l� �v�s�.� �T�s� �0�.�0� �1�.�5� �-� 
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� � 

�(�T�a�b�l�e� �8� �c�o�n�t�i�n�u�e�d�)� �6�0� 

�I�n� �P�r�o�c�e�s�s� �S�u�m�9�2� �F�a�l�l�9�2� �W�i�n�9�3� �S�u�m�9�3� �F�a�l�l�9�3� 

�T�s� �v�s�.� �P�l� �-� �2�0�.�0� �-� �6�6�.�7� �-� 
�B�b� �v�s�.� �P�m� �-� �0�.�0� �-� �-� �_� 
�P�m� �v�s�.� �B�b� �-� �1�1�.�1� �~� �-� �=� 
�P�m� �v�s�.� �P�l� �3�3�.�3� �7�7�.�8� �0�.�0� �4�7�.�8� �1�1�.�1� 
�P�l� �v�s�.� �P�m� �1�7�.�4� �0�.�0� �6�.�7� �6�.�2� �1�8�.�8� 
�T�s� �v�s�.� �P�m� �_� �0�.�0� �-� �2�2�.�2� �-� 
�P�m� �v�s�.� �T�S� �=� �0�.�0� �-� �4�.�4� �-� 

�R�e�c�o�v�e�r�y� 

�B�b� �v�s�.� �P�l� �-� �3�3�.�3� �-� �=� �-� 
�P�l� �v�s�.� �B�b� �-� �0�.�0� �-� �-� �-� 
�B�b� �v�s�.� �T�S� �-� �1�6�.�7� �_� �-� �-� 
�T�s� �v�s�.� �B�b� �-� �0�.�9�0� �-� �-� �-� 
�P�l� �v�s�.� �T�s� �-� �0�.�0� �-� �-� �-� 
�T�s� �v�s�.� �P�l� �-� �2�0�.�0� �-� �-� �-� 
�S�o� �v�s�.� �B�b� �0�.�0� �4�0�.�0� �_� �-� �0�.�0� 
�B�b� �v�s�.� �S�o� �0�.�0� �0�.�0� �-� �-� �0�.�0� 
�S�o� �v�s�.� �P�l� �0�.�0� �0�.�0� �-� �-� �-� 
�P�l� �v�s�.� �S�o� �0�.�0� �2�.�6� �-� �-� �-� 
�C�g� �v�s�.� �P�l� �-� �6�6�.�7� �-� �-� �~� 
�P�l� �v�s�.� �C�g� �=� �0�.�0� �-� �-� �-� 
�T�s� �v�s�.� �C�g� �~� �0�.�0� �-� �0�.�0� �-� 
�C�g� �v�s�.� �T�S� �-� �1�6�.�7� �-� �0�.�0� �-� 
�B�b� �v�s�.� �P�m� �2�5�.�0� �6�.�7� �=� �7�1�.�4� �8�5�.�7� 
�P�m� �v�s�.� �B�b� �0�.�0� �0�.�0� �-� �0�.�0� �0�.�0� 
�P�m� �v�s�.� �C�g� �0�.�0� �0�.�0� �-� �0�.�0� �-� 
�C�g� �v�s�.� �P�m� �-� �0�.�0� �-� �2�5�.�0� �-� 
�P�m� �v�s�.� �P�l� �1�8�.�2� �4�0�.�6� �0�.�0� �~� �-� 
�P�l� �v�s�.� �P�m� �2�7�.�3� �1�5�.�8� �3�3�.�3� �-� �-� 
�P�m� �v�s�.� �S�o� �0�.�0� �0�.�0� �-� �0�.�0� 
�S�o� �v�s�.� �P�m� �0�.�0� �4�0�.�0� �-� �-� �1�0�0�.�0� 
�S�o� �v�s�.� �C�g� �-� �0�.�0� �-� �-� �-� 
�C�g� �v�s�.� �S�O� �-� �1�6�.�7� �-� �~� �-� 
�T�s� �v�s�.� �P�m� �5�.�4� �0�.�0� �-� �4�4�.�4� �-� 
�P�m� �v�s�.� �T�S� �9�.�1� �0�.�0� �~� �6�.�3� �-� 
�N�i� �v�s�.� �P�m� �-� �-� �-� �7�5�.�0� �-� 
�P�m� �v�s�.� �N�i� �-� �-� �-� �3�.�1� �-



�6�1� 

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

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

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

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

�l�e�u�c�o�p�u�s� �i�n� �f�a�l�l� �1�9�9�3� �(�T�a�b�l�e� �7�)�.� �N�i�c�h�e� �b�r�e�a�d�t�h�s� �f�o�r� �m�o�s�t� 

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

�b�r�e�v�i�c�a�u�d�a� �i�n� �s�u�m�m�e�r� �a�n�d� �f�a�l�l� �1�9�9�3� �w�h�e�n� �t�h�e�y� �e�x�c�e�e�d�e�d� �t�h�e� 

�n�i�c�h�e� �b�r�e�a�d�t�h�s� �o�f� �P�.� �l�e�u�c�o�p�u�s� �(�T�a�b�l�e� �7�)�.� �N�i�c�h�e� �o�v�e�r�l�a�p� 

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

�w�i�n�t�e�r� �(�T�a�b�l�e� �8�)�.� �T�.� �s�t�r�i�a�t�u�s�,� �B�.� �b�r�e�v�i�c�a�u�d�a�,� �a�n�d� �C�.� �g�a�p�p�e�r�i� 

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

�i�n� �f�a�l�l� �1�9�9�2�.� �T�h�e� �s�a�m�e� �t�r�e�n�d� �f�o�l�l�o�w�e�d� �i�n� �f�a�l�l� �1�9�9�3� �e�x�c�e�p�t� 

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

�7�.� �s�t�r�i�a�t�u�s� �(�T�a�b�l�e� �8�)�.� 

�I�n� �P�r�o�c�e�s�s� �S�i�t�e� �-� �P�.� �l�e�u�c�o�p�u�s� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �r�e�m�a�i�n�e�d� 

�c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y� �e�x�c�e�p�t� �f�o�r� �i�n� �s�u�m�m�e�r� �1�9�9�3� 

�(�T�a�b�l�e� �7�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �w�e�r�e� �e�i�t�h�e�r� �l�e�s�s� 

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

�1�9�9�3� �(�T�a�b�l�e� �7�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �h�a�d� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �o�v�e�r�l�a�p� 

�i�n�t�o� �P�.� �l�e�u�c�o�p�u�s� �h�a�b�i�t�a�t� �s�p�a�c�e� �i�n� �f�a�l�l� �1�9�9�2�,� �b�u�t� �t�h�e�r�e� �w�a�s� 

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

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

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

�R�e�c�o�v�e�r�y� �S�i�t�e� �-� �A�l�l� �s�p�e�c�i�e�s� �h�a�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �n�i�c�h�e



�6�2� 

�b�r�e�a�d�t�h�s� �i�n� �f�a�l�l� �1�9�9�2� �e�x�c�e�p�t� �P�.� �l�e�u�c�o�p�u�s� �(�T�a�b�l�e� �7�)�.� �T�h�i�s� 

�t�r�e�n�d� �c�o�n�t�i�n�u�e�d� �i�n� �f�a�l�l� �1�9�9�3� �w�h�e�n� �P�.� �l�e�u�c�o�p�u�s� �w�a�s� �a�b�s�e�n�t� 

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

�h�a�d� �h�i�g�h�e�r� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �i�n� �s�u�m�m�e�r� �1�9�9�2� �e�x�c�e�p�t� �f�o�r� �P�.� 

�M�a�n�i�c�u�l�a�t�u�s� �(�T�a�b�l�e� �8�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �d�i�d� �n�o�t� �e�x�h�i�b�i�t� �a� 

�m�a�r�k�e�d� �c�h�a�n�g�e� �i�n� �n�i�c�h�e� �b�r�e�a�d�t�h� �u�n�t�i�l� �f�a�l�l� �1�9�9�3� �w�h�e�n� �i�t� 

�i�n�c�r�e�a�s�e�d� �f�i�v�e�-�f�o�l�d� �f�r�o�m� �p�r�e�v�i�o�u�s� �s�e�a�s�o�n�a�l� �m�e�a�s�u�r�e�s� �(�T�a�b�l�e� 

�7�)�.� 

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

�s�u�m�m�e�r� �a�n�d� �f�a�l�l� �1�9�9�3� �(�T�a�b�l�e� �8�)�.� �P�.� �l�e�u�c�o�p�u�s� �a�n�d� �P�.� 

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

�h�a�b�i�t�a�t� �s�p�a�c�e� �e�x�c�e�p�t� �i�n� �w�i�n�t�e�r� �1�9�9�3� �w�h�e�n� �P�.� �l�e�u�c�o�p�u�s� 

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

�d�i�d� �n�o�t� �o�v�e�r�l�a�p� �i�n�t�o� �P�.� �l�e�u�c�o�p�u�s� �h�a�b�i�t�a�t� �s�p�a�c�e� �(�T�a�b�l�e� �8�)�.� 

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

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

�P�.� �l�e�u�c�o�p�u�s� �f�r�o�m� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e� �(�T�a�b�l�e� �2�)�.� �I�n� �t�h�e� �a�b�s�e�n�c�e� 

�o�f� �P�.� �l�e�u�c�o�p�u�s�,� �B�.� �b�r�e�v�i�c�a�u�d�a� �a�n�d� �S�o�r�e�x� �s�p�p�.� �h�a�d� �a� �h�i�g�h� 

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

�8�)�.� 

�R�e�f�e�r�e�n�c�e� �S�i�t�e� �~� �I�n� �s�u�m�m�e�r� �1�9�9�2�,� �P�.� �l�e�u�c�o�p�u�s� �h�a�d� 

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

�A�f�t�e�r� �s�u�m�m�e�r� �1�9�9�2�,� �P�.� �l�e�u�c�o�p�u�s� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �d�e�c�r�e�a�s�e�d� �a�n�d� 

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



�6�3� 

�c�o�n�s�p�e�c�i�f�i�c�s� �(�T�a�b�l�e� �7�)�.� �T�h�e� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �o�f� 

�s�u�m�m�e�r� �1�9�9�2� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �d�e�n�s�i�t�i�e�s� 

�r�e�a�c�h�e�d� �d�u�r�i�n�g� �t�h�i�s� �s�a�m�p�l�e� �i�n�t�e�r�v�a�l� �(�T�a�b�l�e� �2�)�.� �P�.� �l�e�u�c�o�p�u�s� 

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

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

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

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

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

�r�e�f�e�r�e�n�c�e� �s�i�t�e�.� 

�P�o�o�l�e�d� �C�D�A� �A�n�a�l�y�s�e�s� �~� �P�o�o�l�e�d� �C�D�A� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�o�t�a�l� 

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

�g�e�t� �a� �g�e�n�e�r�a�l� �p�i�c�t�u�r�e� �o�f� �o�v�e�r�a�l�l� �h�a�b�i�t�a�t� �u�s�e� �(�F�i�g�.� �1�2�)�.� �O�n�l�y� 

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

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

�a�n�a�l�y�s�e�s�.� 

�A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�F�i�g�.� �1�2�A�)�,� �B�.� �b�r�e�v�i�c�a�u�d�a�,� 

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

�d�e�v�i�a�t�e�d� �(�d�f�=�9�,� �5�9�0�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n� �a�n�d� �P�.� 

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

�d�e�v�i�a�t�i�o�n�s� �(�d�f�=�9�,� �5�9�0�,� �p�<�0�.�1�0�)�.� �B�.� �b�r�e�v�i�c�a�u�d�a� �u�s�e�d� 

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

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

�l�o�w�e�r� �b�r�e�a�s�t� �h�e�i�g�h�t� �s�t�e�m� �d�e�n�s�i�t�i�e�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t
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�F�i�g�.� �1�2� �-� �C�D�A� �o�f� �p�o�o�l�e�d� �c�a�p�t�u�r�e� �d�a�t�a� �o�f� �s�m�a�l�l� �m�a�m�m�a�l� 
�a�s�s�e�m�b�l�a�g�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y� �a�t� �t�h�e� �A�)� �h�i�g�h� �m�o�r�t�a�l�i�t�y�,� 
�B�)� �i�n� �p�r�o�c�e�s�s�,� �C�)� �r�e�c�o�v�e�r�y� �a�n�d�,� �D�)� �r�e�f�e�r�e�n�c�e� �s�i�t�e�s�.� �O�n�l�y� 
�v�a�r�i�a�b�l�e� �n�o�t� �a�f�f�e�c�t�e�d� �s�e�a�s�o�n�a�l�l�y� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� 
�O�v�e�r�a�l�l� �a�s�s�e�m�b�l�a�g�e� �h�a�b�i�t�a�t� �s�e�g�r�e�g�a�t�i�o�n� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 
�W�i�l�k�s �� �L�a�m�b�d�a� �m�u�l�t�i�v�a�r�i�a�t�e� �F� �a�p�p�r�o�x�i�m�a�t�i�o�n�:� �H�i�g�h� �M�o�r�t�a�l�i�t�y� 
�a�f�=�6�3�,� �3�3�2�9�,� �F�=�2�.�0�1� �p�<�0�.�0�0�0�1�,� �I�n� �P�r�o�c�e�s�s� �d�a�f�=�4�5�,� �1�6�2�2�,� 
�F�=�2�.�6�3�,� �p�<�0�O�.�0�0�0�1�,� �R�e�c�o�v�e�r�y� �d�f�=�6�3�,� �2�6�1�9�,� �F�=�2�.�5�7�,� �p�<�o�O�.�0�0�0�1�,� 
�R�e�f�e�r�e�n�c�e� �d�f�=�3�0�,� �1�8�5�4�,� �F�=�2�.�2�0�,� �p�=�0�.�0�0�0�2�.� 
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�m�e�a�n�.� �C�.� �g�a�p�p�e�r�i� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �g�r�e�a�t�e�r� �r�o�c�k� �c�o�v�e�r�,� 

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

�s�m�a�l�l�e�r� �l�i�v�i�n�g� �t�r�e�e�s� �(�D�B�H�)� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�.� �T�o� 

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

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

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

�t�r�e�e�s� �(�D�B�H�)� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�.� �G�.� �v�o�l�a�n�s� �u�s�e�d� 

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

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

�c�o�v�e�r� �(�S�W�D�)� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�.� �P�.� �l�e�u�c�o�p�u�s� �a�n�d� 

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

�a�v�a�i�l�a�b�i�l�i�t�y�.� 

�A�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e� �(�F�i�g�.� �1�2�B�)�,� �B�.� �b�r�e�v�i�c�a�u�d�a�,� �P�.� 

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

�d�e�v�i�a�t�e�d� �(�d�f�=�9�,� �3�6�2�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�.� �T�.� 

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

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

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

�e�x�h�i�b�i�t�e�d� �t�h�e� �s�a�m�e� �t�e�n�d�e�n�c�y�,� �e�x�c�e�p�t� �t�h�e�y� �r�e�s�i�d�e�d� �i�n� 

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

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

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

�p�r�o�p�o�r�t�i�o�n� �t�o� �i�t�s� �a�v�a�i�l�a�b�i�l�i�t�y�.� 

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

�d�e�v�i�a�t�e�d� �(�d�f�=�9�,� �4�6�4�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�,� �a�n�d� �P�.� 

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

�d�e�v�i�a�t�i�o�n�s� �(�d�f�=�9�,� �4�6�4�,� �p�=�0�.�0�5�6�;� �p�=�0�.�0�6�2�)�.� �T�.� �s�t�r�i�a�t�u�s� �u�s�e�d� 

�m�i�c�r�o�h�a�b�i�t�a�t� �w�i�t�h� �m�o�r�e� �r�o�c�k� �c�o�v�e�r�,� �h�i�g�h�e�r� �b�r�e�a�s�t� �h�e�i�g�h�t� �s�t�e�m� 

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

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

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

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

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

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

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

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

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

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

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

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

�t�o� �i�t�s� �a�v�a�i�l�a�b�i�l�i�t�y�.� 

�A�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �(�F�i�g�.� �1�2�D�)�,� �B�.� �b�r�e�v�i�c�a�u�d�a�,� �G�.� 

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

�d�e�v�i�a�t�e�d� �(�d�f�=�6�,� �4�6�3�,� �p�<�0�.�0�5�)� �f�r�o�m� �t�h�e� �h�a�b�i�t�a�t� �m�e�a�n�.� �B�.� 

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

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

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

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

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

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

�r�e�l�a�t�i�v�e� �t�o� �7�.� �s�t�r�i�a�t�u�s�.� �P�.� �l�e�u�c�o�p�u�s� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t� �i�n� 

�p�r�o�p�o�r�t�i�o�n� �t�o� �i�t�s� �a�v�a�i�l�a�b�i�l�i�t�y�.� 

�F�i�g�u�r�e�s� �1�3� �a�n�d� �1�4� �a�r�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� 

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

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

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

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

�r�e�c�o�v�e�r�y� �(�d�f�=�9�,� �4�6�4�,� �p�=�0�.�0�0�3�)� �a�n�d� �i�n� �p�r�o�c�e�s�s� �(�d�f�=�9�,� �3�6�2�,� 

�p�<�0�.�0�0�0�1�)� �s�i�t�e�s�.� �A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �P�.� �l�e�u�c�o�p�u�s� �c�a�p�t�u�r�e�s� 

�(�F�i�g�.� �1�3�A�)� �g�e�n�e�r�a�l�l�y� �o�c�c�u�r�r�e�d� �i�n� �a�r�e�a�s� �o�f� �l�o�w�e�r� �b�r�e�a�s�t� 

�h�e�i�g�h�t� �s�t�e�m� �d�e�n�s�i�t�i�e�s� �(�F�i�g�.� �1�3�C�)� �a�n�d� �s�m�a�l�l�e�r� �l�o�g�s� �(�F�i�g�.� 

�1�3�D�)�,� �w�h�e�r�e� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �c�a�p�t�u�r�e�s� �(�F�i�g�.� �1�3�B�)� �o�c�c�u�r�r�e�d� �i�n� 

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

�l�o�g�s�.� �A�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �P�.� �l�e�u�c�o�p�u�s� �c�a�p�t�u�r�e�s� �(�F�i�g�.� 

�1�4�A�)� �g�e�n�e�r�a�l�l�y� �o�c�c�u�r�r�e�d� �i�n� �a�r�e�a�s� �w�i�t�h� �g�r�e�a�t�e�r� �m�o�s�s� �c�o�v�e�r� 

�(�F�i�g�.� �1�4�C�)� �a�n�d� �h�i�g�h�e�r� �b�l�u�e�b�e�r�r�y� �d�e�n�s�i�t�i�e�s� �(�F�i�g�.� �1�4�D�)�,� �w�h�e�r�e� 

�P�.� �m�a�n�i�c�u�l�a�t�u�s� �c�a�p�t�u�r�e�s� �(�F�i�g�.� �1�4�B�)� �o�c�c�u�r�r�e�d� �i�n� �a�r�e�a�s� �o�f� 

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

�F�i�g� �1�3� �-� �T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �(�A�)� �P�.� �l�e�u�c�o�p�u�s� 

�T�h�e� �X� �a�n�d� �Y� �a�x�i�s� 

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

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

�(�D�)� �l�o�g� �s�i�z�e� �(�L�O�G�S�)� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�.� 

�m�a�m�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� 
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�a�n�d� �Y� �a�x�i�s� 
�m�i�c�r�o�h�a�b�i�t�a�t� �f�o�r� �(�C�)� �m�o�s�s� �c�o�v�e�r�a�g�e� �(�B�R�Y�C�)� �a�n�d� �(�D�)� �b�l�u�e�b�e�r�r�y� 

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

�F�i�g� �1�4� �-� �T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �(�A�)� �P�.� �l�e�u�c�o�p�u�s� 
�a�n�d� �(�B�)� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �h�a�b�i�t�a�t� �u�s�e� �a�n�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�d�e�n�s�i�t�i�e�s� �(�V�A�C�)� �a�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�.� �T�h�e� �X� 

�t�h�e� �Z� �a�x�i�s� �e�i�t�h�e�r� �r�e�p�r�e�s�e�n�t�s� �c�a�p�t�u�r�e� �a�b�u�n�d�a�n�c�e�s� �o�r� �h�a�b�i�t�a�t� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �c�o�r�r�e�l�a�t�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �w�i�t�h� �s�m�a�l�l� 
�m�a�m�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� 
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�7�0� 

�M�a�c�r�o�s�c�a�l�e� �A�n�a�l�y�s�i�s� �-� �A� �p�o�o�l�e�d� �C�D�A� �i�n�v�o�l�v�i�n�g� �a�l�l� �s�p�e�c�i�e�s� 

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

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

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

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

�a�n�a�l�y�s�i�s�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �c�h�a�r�a�c�t�e�r�i�z�e�s� �t�h�e� �a�s�s�o�c�i�a�t�i�o�n�s� �o�f� 

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

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

�B�.� �b�r�e�v�i�c�a�u�d�a�,� �C�.� �g�a�p�p�e�r�i�,� �P�.� �l�e�u�c�o�p�u�s�,� �S�o�r�e�x� �S�p�p�.�,� �a�n�d� 

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

�h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �(�T�a�b�l�e� �9�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �a�n�d� �P�.� 

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

�a�s�s�o�c�i�a�t�i�o�n�s� �t�o� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e� �(�T�a�b�l�e� �9�)�.� �P�.� 

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

�t�o� �a�n�y� �s�i�t�e� �t�o� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �w�h�e�r�e� �a�s� �B�.� �b�r�e�v�i�c�a�u�d�a� �a�n�d� 

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

�S�i�t�e� �(�T�a�b�l�e� �9�)�.� �P�.� �l�e�u�c�o�p�u�s� �e�x�h�i�b�i�t�e�d� �a� �h�i�g�h� �a�s�s�o�c�i�a�t�i�o�n� �t�o� 

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

�d�e�n�s�i�t�i�e�s� �t�h�e�y� �a�c�h�i�e�v�e�d� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �o�f� �1�9�9�2� �(�T�a�b�l�e� �2�)�.� 

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

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

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

�u�n�d�i�s�t�u�r�b�e�d� �o�a�k� �f�o�r�e�s�t� �(�F�i�g�.� �1�6� �a�n�d� �1�7�)�.� �A�l�o�n�g� �t�h�e�s�e� 

�g�r�a�d�i�e�n�t�s�,� �h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �i�m�p�o�r�t�a�n�t� �t�o� �s�m�a�l�l� �m�a�m�m�a�l
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�7� �H�i�g�h� �M�o�r�t�a�l�i�t�y� �|� 
�i�d� �9�.�0� �4�  �� �|�  �� 
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�&� �L�e� �L� 
�+� �-�0�.�5� �|� �s�t�g� �|� �e�e� �B�T� �e�f� �S�o�r�e� �|� �e�e� �1�.�0� 

�a� �a� �P�t�e� �|� 
�0� �3� 

�B�R�Y�C�7�1�.�0� �(� �o�t� �P�P� �N�E� �E�H�C� �a� �°� �I�N�V�  �� �S�e�t�e�n�t�e�n�e�c�e�,�.� �a� �i�e
� 

�-�1�5�  �� �~�~� �n�e� �e�o� �C�y� 
�t�e� �=� 

�|� �S�F� 
�S�W�D� �-� �T�i�S� �.� �~�2�.�0� �B�R�Y�C�  ��N�T� �(�5�5�.�6� �)�w�e�n�y� �°� �L�O�G�D� �R�C� �E�C�C� �L�O�G�S� 

�S�T�U�S� 
�I�N�V� 
�T�R�S� 

�F�i�g� �1�5� �-� �C�D�A� �o�f� �a�l�l� �c�a�p�t�u�r�e� �d�a�t�a� �o�f� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e�s� 
�t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y�.� �O�n�l�y� �v�a�r�i�a�b�l�e�s� �n�o�t� �a�f�f�e�c�t�e�d� �s�e�a�s�o�n�a�l�l�y� 
�w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� �A�l�l� �v�a�r�i�a�b�l�e�s� �p�r�e�s�e�n�t�e�d� �a�l�o�n�g� 
�a�x�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�s�c�r�i�m�i�n�a�t�e�d� �s�m�a�l�l� �m�a�m�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s� 
�(�D�F�=�1�i�1�,� �1�8�4�3�,� �P�=�0�.�0�0�0�1�)�.� �O�v�e�r�a�l�l� �s�m�a�l�l� �m�a�m�m�a�l� �h�a�b�i�t�a�t� �u�s�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�W�i�l�k�s �� �L�a�m�b�d�a� �m�u�l�t�i�v�a�r�i�a�t�e� �F� 
�a�p�p�r�o�x�i�m�a�t�i�o�n�,� �d�f�=�1�5�4�,� �1�5�9�7�4�,� �F�=�1�1�.�8�2�,� �p�<�0�.�0�0�0�1�)�.� �S�a�m�p�l�e� 
�w�a�s� 

�s�i�z�e�s� �f�o�r� �s�p�e�c�i�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�.� 

�7�1� 

�L�O�G�D� 
�S�N�D� 
�E�H�C� 
�E�C�C



�T�a�b�l�e� �9� �-� �S�p�e�c�i�e�s� �a�s�s�o�c�i�a�t�i�o�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�t�a�g�e�s� �o�f� 
�d�i�s�t�u�r�b�a�n�c�e�.� �N�u�m�b�e�r�s� �a�r�e� �M�a�h�a�l�a�n�o�b�i�s� �s�q�u�a�r�e�d� �d�i�s�t�a�n�c�e�s� 
�d�e�r�i�v�e�d� �f�r�o�m� �C�D�A�.� �L�o�w�e�r� �n�u�m�b�e�r�s� �i�n�d�i�c�a�t�e� �h�i�g�h�e�r� �a�s�s�o�c�i�a�t�i�o�n�s� 
�t�o� �s�i�t�e�s� �(�e�.�g�.� �B�.� �b�r�e�v�i�c�a�u�d�a� �h�a�s� �i�t�s� �h�i�g�h�e�s�t� �a�s�s�o�c�i�a�t�i�o�n� �t�o� 
�t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�)�.� �A�s�s�e�m�b�l�a�g�e� �a�s�s�o�c�i�a�t�i�o�n� �i�s� �t�h�e� �m�e�a�n� 
�o�f� �a�l�l� �s�p�e�c�i�e�s� �h�a�b�i�t�a�t� �a�s�s�o�c�i�a�t�i�o�n� �s�c�o�r�e�s� �a�t� �e�a�c�h� �s�i�t�e� �a�n�d� 
�i�s� �a� �m�e�a�s�u�r�e� �o�f� �o�v�e�r�a�l�l� �s�i�t�e� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �a�l�l� �s�p�e�c�i�e�s�.� 

� � 

� � 

�H�i�g�h� �I�n� 
�S�p�e�c�i�e�s� �M�o�r�t�a�l�i�t�y� �P�r�o�c�e�s�s� �R�e�c�o�v�e�r� �R�e�f�e�r�e�n�c�e� 

�B�.� �b�r�e�v�i�c�a�u�d�a� �1�.�9�8� �3�.�6�4� �2�.�5�1� �3�.�3�0� 

�C�.� �g�a�p�p�e�r�i� �1�.�5�6� �4�.�6�6� �4�.�8�3� �6�.�1�5� 

�G�.� �v�o�l�a�n�s� �3�.�3�4� �8�.�7�7� �9�.�2�3� �2�.�7�3� 

�N�.� �i�n�s�i�g�n�i�s� �2�.�7�4� �3�.�7�7� �3�.�8�4� �2�.�4�5� 

�P�.� �l�e�u�c�o�p�u�s� �1�.�2�9� �2�.�7�9� �5�.�1�0� �1�.�8�0� 

�P�.� �m�a�n�i�c�u�l�a�t�u�s� �5�.�1�8� �2�.�8�5� �0�.�6�9� �5�.�9�7� 

�S�o�r�e�x� �s�p�p�.� �1�.�1�8� �3�.�7�7� �3�.�0�4� �3�.�9�6� 
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�7�7� �7� �\� �\� �-� �¢� �3� �=� 
�?� �i� �L�d� �T�T�F� �r�t� 

�Q� �2�4� �2�1� �1�8� �1�5� �1�2�°� �9� �;� � � 
�T�r�a�p� �S�t�a�t�i�o�n�s� 

�F�i�g� �1�6� �-� �T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �(�A�)� �P�.� 
�l�e�u�c�o�p�u�s�,� �(�B�)� �P�.� �m�a�n�i�c�u�l�a�t�u�s�,� �(�C�)� �S�o�r�i�c�i�d�s� �a�n�d�,� �(�D�)� �c�.� 
�g�a�p�p�e�r�i� �s�p�a�t�i�a�l� �u�s�e� �a�c�r�o�s�s� �a�l�l� �s�i�t�e�s�.� �T�h�e� �X� �a�n�d� �Y� �a�x�i�s� 
�r�e�p�r�e�s�e�n�t� �a�l�l� �s�a�m�p�l�i�n�g� �p�o�i�n�t�s� �a�t� �a�l�l� �s�i�t�e�s� �a�n�d� �t�h�e� �Z� �a�x�i�s� 
�r�e�p�r�e�s�e�n�t�s� �c�a�p�t�u�r�e� �a�b�u�n�d�a�n�c�e�s� �a�t� �e�a�c�h� �s�a�m�p�l�i�n�g� �p�o�i�n�t�.� �A�l�o�n�g� 
�t�h�e� �X� �a�x�i�s� �f�r�o�m� �0� �t�o� �9� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� 
�f�r�o�m� �9� �t�o� �1�4� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �f�r�o�m� �1�4� �t�o� �1�9� 
�r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�e�c�o�v�e�r� �s�i�t�e�,� �a�n�d� �f�r�o�m� �1�9� �t�o� �2�7� �r�e�p�r�e�s�e�n�t�s� 
�t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e�.� �T�h�e�s�e� �f�i�g�u�r�e�s� �c�o�r�r�e�s�p�o�n�d� �w�i�t�h� �t�h�e� 
�h�a�b�i�t�a�t� �m�o�s�a�i�c�s� �d�e�p�i�c�t�e�d� �i�n� �f�i�g�u�r�e� �i�7�.� 
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�T�r�a�p� �S�t�a�t�i�o�n� 

�(�A�)� �w�o�o�d�y� �s�t�e�m� �d�e�n�s�i�t�y�,� �(�B�)� �t�r�e�e� �s�i�z�e�,� �(�C�)� �l�o�g� 
�G�i�s�t�a�n�c�e�,� �(�D�)� �i�n�v�e�r�t�e�b�r�a�t�e� �a�b�u�n�d�a�n�c�e�,� �(�E�)� �l�o�g� �s�i�z�e� �a�n�d�,� �(�F�)� 

�t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �f�r�o�m� �1�4� �t�o� �1�9� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�e�c�o�v�e�r� 
�s�i�t�e�,� �a�n�d� �f�r�o�m� �1�9� �t�o� �2�7� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e�.� �T�h�e�s�e� 
�f�i�g�u�r�e�s� �c�o�r�r�e�s�p�o�n�d� �w�i�t�h� �s�m�a�l�l� �m�a�m�m�a�l� �c�a�p�t�u�r�e�s� �i�n� �f�i�g�u�r�e� �1�6�.� 

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

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

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

�M�O�S�S� �c�o�v�e�r�a�g�e� �a�c�r�o�s�s� �a�l�l� �s�i�t�e�s�.� �T�h�e� �X� �a�n�d� �Y� �a�x�i�s� �r�e�p�r�e�s�e�n�t� 

�s�m�a�l�l� �m�a�m�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� �A�l�o�n�g� �t�h�e� �X� �a�x�i�s� �f�r�o�m� �0� �t�o� �9� 

�F�i�g� �1�7� �-� �T�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a� �h�a�b�i�t�a�t� 
�m�o�s�a�i�c� �o�f
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�7�7� 

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

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

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

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

�t�o� �a� �l�e�s�s�e�r� �d�e�g�r�e�e� �a�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e� �(�F�i�g� �1�6�A�)�.� 

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

�d�i�s�t�r�i�b�u�t�i�o�n�s� �w�e�r�e� �h�i�g�h� �l�o�g� �(�F�i�g�.� �1�7�C�)� �a�n�d� �i�n�v�e�r�t�e�b�r�a�t�e� 

�a�b�u�n�d�a�n�c�e�s� �(�F�i�g�.� �1�7�D�)� �a�n�d� �m�o�d�e�r�a�t�e� �g�r�o�u�n�d� �w�o�o�d�y� �s�t�e�m� 

�d�e�n�s�i�t�i�e�s� �(�F�i�g�.� �1�7�A�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �e�x�h�i�b�i�t�e�d� �s�t�r�o�n�g� 

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

�1�6�B�)�,� �w�h�e�r�e� �m�a�c�r�o�h�a�b�i�t�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �h�i�g�h� 

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

�l�o�w� �g�r�o�u�n�d� �w�o�o�d�y� �s�t�e�m� �d�e�n�s�i�t�i�e�s� �(�F�i�g�.� �1�7�)�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� 

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

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

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

�i�n�t�o� �a�n� �i�n�s�e�c�t�i�v�o�r�e� �g�u�i�l�d� �(�S�o�r�i�c�i�d�s�)� �(�F�i�g� �1�6�C�)� �a�n�d� �w�e�r�e� 

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

�a�b�u�n�d�a�n�c�e�s� �a�n�d� �h�i�g�h� �a�b�u�n�d�a�n�c�e�s� �o�f� �l�a�r�g�e� �l�o�g�s� �(�F�i�g�.� �1�7�)�.� �C�.� 

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

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

�(�F�i�g�.� �1�6�D�)�.� �T�h�e�y� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h� �l�o�g� �a�n�d� 

�i�n�v�e�r�t�e�b�r�a�t�e� �a�b�u�n�d�a�n�c�e�s� �(�F�i�g�.� �1�7�)�.



�C�h�a�p�t�e�r� �1� 

�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� �s�m�a�l�l� �m�a�m�m�a�l�s� 

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

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

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

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

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

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

�m�a�m�m�a�l� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�.� 

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

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

�d�i�s�t�u�r�b�a�n�c�e� �t�h�a�t� �b�e�c�a�m�e� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �a�n�d� �2�)� �a� 

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

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

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

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

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

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

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

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

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

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

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

�7�8



�7�9� 

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

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

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

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

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

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

�S�i�t�e�,� �b�u�t� �t�h�e� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e� �a�t� �e�a�c�h� �s�i�t�e� �w�a�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



�8�0� 

�o�w�l�s� �(�P�l�a�n�z� �a�n�d� �K�i�r�k�l�a�n�d�,� �1�9�9�2�)� �a�n�d� �a�n� �a�b�u�n�d�a�n�c�e� �o�f� 

�i�n�v�e�r�t�e�b�r�a�t�e�s� �f�o�r� �f�o�o�d� �(�L�o�v�e�j�o�y�,� �1�9�7�5�)�.� �H�i�g�h� �s�h�r�u�b� �d�e�n�s�i�t�i�e�s� 

�p�r�o�v�i�d�e� �c�o�v�e�r� �f�r�o�m� �p�o�t�e�n�t�i�a�l� �a�v�i�a�n� �p�r�e�d�a�t�o�r�s� �(�K�o�t�l�e�r�,� �1�9�8�4�)�,� 

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

�c�a�v�i�t�i�e�s� �(�D�o�o�l�e�y� �a�n�d� �D�u�e�s�e�r�,� �1�9�9�0�)�,� �w�h�i�c�h� �c�o�u�l�d� �b�e� �a�n� 

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

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

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

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

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

�F�r�a�n�c�q�,� �1�9�8�4�)�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�w�e�r�e� �p�r�e�s�e�n�t� �a�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �i�n� �s�u�m�m�e�r� �1�9�9�2� �a�t� �l�o�w� 

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

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

�l�e�u�c�o�p�u�s�.� 

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

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

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

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

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

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

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

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

�b�a�s�i�s� �o�f� �r�o�c�k� �c�o�v�e�r� �(�P�a�r�r�e�n� �a�n�d� �C�a�p�e�n�,� �1�9�8�5�,� �B�a�r�r�y� �e�t� �a�l�.�,� 

�1�9�8�9�)�.� �O�t�h�e�r� �s�t�u�d�i�e�s� �h�a�v�e� �s�u�g�g�e�s�t�e�d� �v�e�r�t�i�c�a�l� �s�t�r�a�t�i�f�i�c�a�t�i�o�n� 

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

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

�a�l�.�,� �1�9�8�4�,� �H�a�r�n�e�y� �a�n�d� �D�u�e�s�e�r�,� �1�9�8�7�,� �D�o�o�l�e�y� �a�n�d� �D�u�e�s�e�r�,� 

�1�9�9�0�)�.� �A�t� �t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �P�.� �l�e�u�c�o�p�u�s� �u�s�e�d� �m�i�c�r�o�h�a�b�i�t�a�t� 

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

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

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

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



�8�2� 

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

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

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

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

�m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �(�P�a�r�r�e�n� �a�n�d� �C�a�p�e�n�,� �1�9�8�5�,� �B�a�r�r�y� �e�t� �a�l�.�,� 

�1�9�8�9�,� �D�o�o�l�e�y� �a�n�d� �D�u�e�s�e�r�,� �1�9�9�0�)�.� �T�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� 

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

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

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

�b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �t�h�i�s� �h�a�b�i�t�a�t� �t�y�p�e�.� 

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

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

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

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

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

�(�W�o�l�f�f� �e�t� �a�l�.�,� �1�9�8�5�}�,� �i�n�c�r�e�a�s�e�d� �a�b�u�n�d�a�n�c�e�s� �o�f� �e�a�r�l�y� 

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

�(�N�e�w�e�l�l� �a�n�d� �T�r�a�m�e�r�,� �1�9�7�8�)�,� �i�n�c�r�e�a�s�e�d� �a�b�u�n�d�a�n�c�e�s� �o�f� 

�i�n�v�e�r�t�e�b�r�a�t�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �f�a�l�l�e�n� �l�o�g�s� �(�L�o�v�e�j�o�y�,� �1�9�7�5�)�,� 

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

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

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

�p�r�o�c�e�s�s� �s�i�t�e� �w�a�s� �a�t� �p�e�a�k� �f�a�l�l� �a�b�u�n�d�a�n�c�e�s� �i�n� �1�9�9�2�.� �D�e�s�p�i�t�e� 

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

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

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

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

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

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

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

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

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

�t�h�r�i�v�e� �(�P�a�r�r�e�n� �a�n�d� �C�a�p�e�n�,� �1�9�8�5�,� �W�o�l�f�f� �a�n�d� �D�u�e�s�e�r�,� �1�9�8�6�,� 

�K�r�o�h�n�e� �e�t� �a�l�.�,� �1�9�8�8�,� �B�a�r�r�y� �e�t� �a�l�.�,� �1�9�8�9�)�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� 

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

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

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

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

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

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

�t�h�e� �f�a�l�l� �o�f� �1�9�9�2� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �P�e�r�o�m�y�s�c�u�s� �s�p�e�c�i�e�s� 

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

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

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

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

�i�n�d�i�c�a�t�e� �i�n�t�e�n�s�e� �c�o�m�p�e�t�i�t�i�o�n� �i�n� �t�h�e� �f�a�l�l� �o�f� �1�9�9�2�.� �T�h�i�s� 

�p�r�e�c�e�d�e�d� �t�h�e� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �P�.� �l�e�u�c�o�p�u�s� �a�f�t�e�r� �t�h�e� �w�i�n�t�e�r
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�o�f� �1�9�9�3�,� �w�h�i�c�h� �c�o�u�l�d� �i�n�d�i�c�a�t�e� �t�h�a�t� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �w�a�s� �b�e�t�t�e�r� 

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

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

�1�9�9�3� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a� �c�o�m�p�e�t�i�t�i�v�e� �r�e�l�e�a�s�e� �d�u�e� �t�o� 

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

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

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

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

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

�d�r�o�u�g�h�t� �c�o�n�d�i�t�i�o�n�s� �i�n� �t�h�e� �a�r�e�a� �(�U�S�F�S� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� 

�N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� �P�e�d�l�a�r� �D�i�s�t�r�i�c�t� �w�e�a�t�h�e�r� �d�a�t�a�)�.� 

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

�b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �(�W�o�l�f�f� �e�t� �a�l�.�,� �1�9�8�3�,� �W�o�l�f�f�,� �1�9�8�5�b�)�.� �W�o�l�f�f� 

�(�1�9�8�5�b�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �i�n�t�e�r�s�p�e�c�i�f�i�c� �a�g�g�r�e�s�s�i�o�n� �o�c�c�u�r�s� �a�b�o�v�e� 

�a� �t�h�r�e�s�h�o�l�d� �o�f� �2�5� �t�o� �3�0� �m�i�c�e�/�H�a� �(�b�o�t�h� �s�p�e�c�i�e�s�)�,� �a�n�d� �t�h�a�t� 

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

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

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

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

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

�1�9�9�2�.� �A�t� �t�h�i�s� �t�i�m�e�,� �t�h�e�r�e� �w�e�r�e� �5�3� �m�i�c�e�/�H�a� �(�b�o�t�h� �s�p�e�c�i�e�s�)�,� 

�w�h�i�c�h� �e�x�c�e�e�d�s� �W�o�l�f�f ��s� �(�1�9�8�5�b�)� �d�e�n�s�i�t�y�-�d�e�p�e�n�d�e�n�t� �t�h�r�e�s�h�o�l�d�.� 

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

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

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

�a�n�d� �W�o�l�f�f�'�s�,� �b�u�t� �b�e�c�a�u�s�e� �n�o� �d�a�t�a� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �W�o�l�f�f ��s� 

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

�w�e�r�e� �i�n� �c�o�n�c�o�r�d�a�n�c�e� �w�i�t�h� �W�o�l�f�f ��s� �s�t�u�d�y� �(�1�9�8�5�b�)� �o�n�l�y� �a�t� �t�h�e� 

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

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

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

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

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

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

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

�s�t�r�u�c�t�u�r�e�.� 

�S�o�r�i�c�i�d�s� �(�B�.� �b�r�e�v�i�c�a�u�d�a�,� �S�o�r�e�x� �s�p�p�.�)� �w�e�r�e� �m�o�r�e� 

�a�b�u�n�d�a�n�t� �a�t� �t�h�e� �d�i�s�t�u�r�b�e�d� �s�i�t�e�s� �t�h�a�n� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e�.� �A�n� 

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

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

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

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

�l�a�r�v�a�e� �a�n�d� �p�u�p�a�e� �(�C�a�m�p�b�e�l�l� �a�n�d� �S�l�o�a�n�,� �1�9�7�6� �a�n�d� �1�9�7�7�b�,� �S�m�i�t�h�,� 

�1�9�8�5�)�.� �A�l�o�n�g� �w�i�t�h� �g�y�p�s�y� �m�o�t�h� �l�a�r�v�a�e�,� �i�n�c�r�e�a�s�e�s� �i�n� �f�a�l�l�e�n� �l�o�g� 

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

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

�1�9�7�5�)�.
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�I�n�t�e�r�s�p�e�c�i�f�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �v�a�r�i�a�b�l�e� �f�o�r� �B�.� 

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

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

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

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

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

�r�e�q�u�i�r�e�m�e�n�t�s� �(�G�e�t�z�,� �1�9�6�8�,� �W�r�i�g�l�e�y� �e�t� �a�l�.�,� �1�9�7�9�)�.� �E�v�e�n� �t�h�o�u�g�h� 

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

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

�c�o�n�s�u�m�e�r�s� �(�S�c�h�l�i�o�y�e�r�,� �1�9�7�7�,� �M�a�r�t�e�l�l�,� �1�9�8�1�)�.� 

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

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

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

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

�h�i�g�h�e�s�t�.� �F�o�x� �a�n�d� �K�i�r�k�l�a�n�d� �(�1�9�9�2�)� �p�r�e�s�e�n�t�e�d� �a� �s�i�z�e�-�b�a�s�e�d� 

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

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

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

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

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

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

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

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

�S�o�r�e�x� �f�u�m�e�u�s� �(�6�-�9� �g�)�,� �a�n�d� �S�o�r�e�x� �c�i�n�e�r�u�s� �a�n�d� �S�o�r�e�x� �h�o�y�i� �(�2�-�7
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�g�)�.� �M�i�c�r�o�h�a�b�i�t�a�t� �d�i�s�c�r�i�m�i�n�a�t�i�o�n�s� �a�m�o�n�g� �t�h�e�s�e� �s�p�e�c�i�e�s� �w�e�r�e� 

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

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

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

�c�o�e�x�i�s�t�e�n�c�e� �o�f� �S�o�r�i�c�i�d�s�.� 

�A�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e�,� �S�o�r�e�x� �s�p�p�.� �u�s�e�d� 

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

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

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

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

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

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

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

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

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

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

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

�h�e�r�b�a�c�e�o�u�s� �c�o�v�e�r�.� �A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �B�.� �b�r�e�v�i�c�a�u�d�a� 

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

�h�a�v�e� �o�c�c�u�r�r�e�d�.� 

�A� �s�t�u�d�y� �a�t� �L�a�n�d� �B�e�t�w�e�e�n� �t�h�e� �L�a�k�e�s� �i�n� �K�e�n�t�u�c�k�y� �a�n�d� 

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

�a�m�o�n�g� �a� �S�o�r�i�c�i�d� �a�s�s�e�m�b�l�a�g�e� �(�F�e�l�d�h�a�m�e�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� �I�t� �w�a�s� 

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

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

�(�F�e�l�d�h�a�m�e�r� �e�t� �a�l�.�,� �1�9�9�3�)�.� �A�l�t�h�o�u�g�h� �s�a�m�p�l�e� �s�i�z�e�s� �w�e�r�e� �s�m�a�l�l� 

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

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

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

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

�d�o�m�i�n�a�n�t� �i�n� �t�h�e� �f�a�l�l�.� 

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

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

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

�(�1�9�9�2�)�,� �b�u�t� �w�h�e�n� �P�.� �l�e�u�c�o�p�u�s� �a�b�u�n�d�a�n�c�e� �w�a�s� �l�o�w�,� �B�.� 

�b�r�e�v�i�c�a�u�d�a� �h�a�d� �h�i�g�h�e�r� �n�i�c�h�e� �b�r�e�a�d�t�h�s� �(�s�u�m�m�e�r� �a�n�d� �f�a�l�l� �1�9�9�3�)�.� 

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

�o�n�l�y� �i�n� �t�h�e� �s�u�m�m�e�r� �o�f� �1�9�9�2� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �b�u�t� 

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

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

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

�p�r�o�p�o�r�t�i�o�n�s� �o�f� �i�n�v�e�r�t�e�b�r�a�t�e�s� �(�W�h�i�t�a�k�e�r�,� �1�9�6�3�,� �W�o�l�f�f� �e�t� �a�l�.�,� 

�1�9�8�5�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �B�.� �b�r�e�v�i�c�a�u�d�a� �a�n�d� �P�.� �l�e�u�c�o�p�u�s� �c�a�n� 

�a�t� �t�i�m�e�s� �h�a�v�e� �v�e�r�y� �s�i�m�i�l�a�r� �d�i�e�t�s�.� �Z�e�g�e�r�s� �a�n�d� �H�a� �(�1�9�8�1�)� 

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

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

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

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

�1�9�8�5�)�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e�s�e� �s�p�e�c�i�e�s� �u�s�e�d� �d�i�f�f�e�r�e�n�t� 

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

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

�s�t�r�u�c�t�u�r�e�.� �A�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e�,� �B�.� �b�r�e�v�i�c�a�u�d�a� �w�e�r�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�a�b�u�n�d�a�n�c�e� �o�f� �P�.� �l�e�u�c�o�p�u�s�.� 

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

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

�r�e�l�a�t�i�v�e� �t�o� �o�t�h�e�r� �s�t�u�d�i�e�s� �(�W�o�l�f�f� �a�n�d� �D�u�e�s�e�r�,� �1�9�8�6�,� �B�a�r�r�y� �e�t
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�a�l�.�,� �1�9�8�9�)�.� �C�.� �g�a�p�p�e�r�i� �a�r�e� �g�e�n�e�r�a�l�l�y� �r�e�s�t�r�i�c�t�e�d� �t�o� �h�i�g�h� 

�m�o�i�s�t�u�r�e� �m�i�c�r�o�h�a�b�i�t�a�t�s� �(�G�e�t�z�,� �1�9�6�8�)� �a�n�d� �a�r�e� �u�n�c�o�m�m�o�n� �i�n� �d�r�y� 

�o�a�k� �f�o�r�e�s�t�s� �(�K�i�r�k�l�a�n�d�,� �1�9�9�0�)�,� �w�h�i�c�h� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e�i�r� 

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

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

�f�l�o�o�r� �(�G�r�a�c�e�,� �1�9�8�6�,� �M�c�o�n�n�e�l�l�,� �1�9�8�8�)�,� �c�r�e�a�t�i�n�g� �a� �m�o�r�e� �m�e�s�i�c� 

�m�i�c�r�o�h�a�b�i�t�a�t� �f�o�r� �C�.� �g�a�p�p�e�r�i�.� �T�h�e�r�e� �w�e�r�e� �o�t�h�e�r� �f�a�c�t�o�r�s� �t�h�a�t� 

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

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

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

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

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

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

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

�e�v�a�p�o�r�a�t�i�o�n� �o�f� �w�a�t�e�r� �f�r�o�m� �t�h�e� �s�o�i�l� �s�u�r�f�a�c�e�.� �K�i�r�k�l�a�n�d� �(�1�9�9�0�)� 

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

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

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

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

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

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

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

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

�w�i�t�h� �r�o�c�k� �c�o�v�e�r� �(�W�o�l�f�f� �a�n�d� �D�u�e�s�e�r�,� �1�9�8�6�,� �B�a�r�r�y� �e�t� �a�l�.�,� �1�9�8�9�,
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�S�t�e�w�a�r�t�,� �1�9�9�0�)�,� �a�n�d� �r�o�c�k� �c�o�v�e�r� �m�a�y� �b�e� �a� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� �f�o�r� 

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

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

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

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

�l�o�w� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �r�e�l�a�t�i�v�e� �t�o� �B�a�r�r�y� �e�t� �a�l ��s�.� 

�s�t�u�d�y� �s�i�t�e�.� �C�.� �g�a�p�p�e�r�i� �a�n�d� �P�.� �l�e�u�c�o�p�u�s� �d�i�d� �n�o�t� �u�s�e� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �m�i�c�r�o�h�a�b�i�t�a�t�s� �i�n� �f�a�l�l� �1�9�9�2� �a�n�d� �1�9�9�3� 

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

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

�f�a�l�l� �1�9�9�3� �t�h�a�n� �f�a�l�l� �1�9�9�2�,� �C�.� �g�a�p�p�e�r�i� �e�x�h�i�b�i�t�e�d� �a� �d�r�a�m�a�t�i�c� 

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

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

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

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

�n�o�n�c�o�m�p�e�t�i�t�i�v�e� �c�o�e�x�i�s�t�e�n�c�e�.� 

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

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

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

�a�f�f�e�c�t�e�d� �T�.� �s�t�r�i�a�t�u�s� �a�n�d� �G�.� �v�o�l�a�n�s� �i�s� �u�n�c�l�e�a�r�.� �T�.� �s�t�r�i�a�t�u�s� 

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

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

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

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

�i�n�s�e�c�t�i�v�o�r�o�u�s� �S�o�r�i�c�i�d�s�.� 

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

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

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

�m�a�s�t�)� �w�e�r�e� �a�b�s�e�n�t� �(�W�r�a�z�e�n� �a�n�d� �S�v�e�n�d�s�e�n�,� �1�9�7�8�)�.� �E�x�c�e�p�t� �a�t� �t�h�e� 

�r�e�c�o�v�e�r�y� �s�i�t�e� �i�n� �1�9�9�3� �w�h�e�r�e� �h�i�c�k�o�r�y� �a�n�d� �o�a�k�s� �p�r�o�d�u�c�e�d� �h�a�r�d� 

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

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

�1�9�8�9�)�.� �B�e�c�a�u�s�e� �f�T�.� �s�t�r�i�a�t�u�s� �h�a�v�e� �l�o�n�g� �b�o�u�t�s� �o�f� �t�o�r�p�o�r� �i�n� �t�h�e� 

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

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

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

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

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

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

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

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

�(�K�i�r�k�l�a�n�d� �e�t� �a�l�.�,� �1�9�8�5�)�.� �7�.� �s�t�r�i�a�t�u�s� �a�r�e� �c�o�m�m�o�n� �i�n� �d�e�c�i�d�u�o�u�s� 

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

�1�9�7�1�,� �D�u�e�s�e�r� �a�n�d� �S�h�u�g�a�r�t�,� �1�9�7�8�)�.� �T�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �h�a�b�i�t�a�t� 

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

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

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

�p�r�e�s�e�n�t� �e�v�e�r�y� �3� �t�o� �4� �y�e�a�r�s� �(�S�o�r�k� �e�t� �a�l�.� �1�9�9�3�)�.� �D�u�e� �t�o� �t�h�e� 

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

�S�i�t�e� �a�n�d� �o�a�k�s� �h�a�v�i�n�g� �3� �t�o� �4� �y�e�a�r� �c�y�c�l�e�s� �o�f� �g�o�o�d� �m�a�s�t� �c�r�o�p�s� 

�(�S�o�r�k� �e�t� �a�l�.�,� �1�9�9�3�)�,� �p�l�e�n�t�i�f�u�l� �o�v�e�r�w�i�n�t�e�r� �f�o�o�d� �r�e�s�o�u�r�c�e�s� 

�w�e�r�e� �p�r�o�b�a�b�l�y� �v�e�r�y� �i�n�t�e�r�m�i�t�t�e�n�t�.� 

�L�i�k�e� �f�T�.� �s�t�r�i�a�t�u�s�,� �G�.� �v�o�l�a�n�s� �e�x�t�e�n�s�i�v�e�l�y� �d�e�p�e�n�d� �o�n� �a�c�o�r�n� 

�m�a�s�t� �c�r�o�p�s� �(�H�a�r�l�o�w� �a�n�d� �D�o�y�l�e�,� �1�9�9�0�)�,� �b�u�t� �t�h�e�y� �d�o� �n�o�t� �h�a�v�e� 

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

�(�S�t�a�p�p�,� �1�9�9�2�)�.� �G�.� �v�o�l�a�n�s� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �p�r�e�s�e�n�t� �a�t� �t�h�e� 

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

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

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

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

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

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

�l�o�w� �a�n�n�u�a�l� �f�e�c�u�n�d�i�t�y� �(�S�t�a�p�p�,� �1�9�9�2�)� �c�o�u�l�d� �m�a�k�e� �t�h�e�m� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �t�o� �h�a�b�i�t�a�t� �a�l�t�e�r�a�t�i�o�n�s� �t�h�a�n� �o�t�h�e�r� �s�p�e�c�i�e�s�.� �E�v�e�n� 

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

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

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

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

�q�u�a�l�i�t�y� �f�o�r� �G�.� �v�o�l�a�n�s� �a�n�d� �w�a�s� �o�n�l�y� �e�x�t�e�n�s�i�v�e�l�y� �e�x�p�l�o�i�t�e�d� �i�n� 

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

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

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

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

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

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

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

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

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

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

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

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

�d�o�c�u�m�e�n�t�e�d� �(�C�a�m�p�b�e�l�l� �a�n�d� �S�l�o�a�n�,� �1�9�7�7�,� �H�i�x� �e�t� �a�l�.�,� �1�9�9�1�)�,� �b�u�t� 

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

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

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

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

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

�c�o�m�m�u�n�i�t�i�e�s� �(�G�o�t�s�c�h�a�l�k�,� �1�9�8�9�,� �H�i�x� �e�t� �a�l�.�,� �1�9�9�1�)�.� �T�h�i�s� �c�o�u�l�d� 

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

�h�a�r�d� �m�a�s�t�s�.� 

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

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

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

�1�9�8�2� �a�n�d� �1�9�8�3�,� �R�o�s�e�n�z�w�e�i�g� �a�n�d� �A�b�r�a�m�s�k�y�,� �1�9�8�6�,� �D�u�e�s�e�r� �e�t� �a�l�.�,� 

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

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

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

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

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

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

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

�b�e� �r�e�s�o�l�v�e�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� �(�D�u�e�s�e�r� �e�t� �a�l�.�,� �1�9�8�9�)�,� �b�u�t� �a�n� 

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

�a�t� �t�h�e� �d�i�s�t�u�r�b�e�d� �s�i�t�e�s�.� 

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

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

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

�d�y�n�a�m�i�c�s� �o�f� �a� �s�m�a�l�l� �m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e� �o�n� �A�s�s�e�t�e�a�g�u�e� �I�s�l�a�n�d�,� 

�V�i�r�g�i�n�i�a� �(�C�r�a�n�f�o�r�d� �a�n�d� �M�a�l�y�,� �1�9�9�0�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �s�m�a�l�l� 

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

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

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

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

�s�u�m�m�e�r� �1�9�9�3� �c�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �h�i�g�h� �d�e�g�r�e�e� �o�f� �o�v�e�r�l�a�p� 

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

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

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

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

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

�a�b�l�e� �t�o� �o�c�c�u�p�y� �a� �l�i�m�i�t�e�d� �o�p�t�i�m�a�l� �h�a�b�i�t�a�t� �(�R�o�s�e�n�z�w�e�i�g�,� �1�9�8�1�,� 

�R�o�s�e�n�z�w�e�i�g� �a�n�d� �A�b�r�a�m�s�k�y�,� �1�9�8�6�,� �B�r�o�w�n�,� �1�9�8�9�)� �a�n�d� �d�u�r�i�n�g� �t�i�m�e�s� 

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

�w�i�n�t�e�r� �m�o�n�t�h�s�,� �d�r�o�u�g�h�t� �c�o�n�d�i�t�i�o�n�s�)� �(�B�o�a�g� �a�n�d� �G�r�a�n�t�,� �1�9�8�1�,� 

�S�c�h�o�e�n�e�r�,� �1�9�8�3�,� �C�h�e�s�s�o�n� �a�n�d� �R�o�s�e�n�z�w�e�i�g�,� �1�9�9�1�)�.� 

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

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

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

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

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

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

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

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

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

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

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

�m�a�m�m�a�l� �a�s�s�e�m�b�l�a�g�e� �s�t�r�u�c�t�u�r�e�.



�C�h�a�p�t�e�r� �2� 

�Q�u�a�l�i�t�y� �o�f� �H�a�b�i�t�a�t� �C�r�e�a�t�e�d� �b�y� �G�y�p�s�y� �M�o�t�h� 

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

�P�e�r�o�m�y�s�c�u�s� �s�p�p�.� 

�A�r�e�a�s� �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�)� �d�e�f�o�l�i�a�t�i�o�n� �i�n� 

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

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

�i�n� �c�h�e�c�k� �h�a�v�e� �b�e�e�n� �r�e�l�a�t�i�v�e�l�y� �u�n�s�u�c�c�e�s�s�f�u�l� �(�G�r�a�c�e�,� �1�9�8�6�)�.� 

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

�s�t�r�u�c�t�u�r�e� �(�C�a�m�p�b�e�l�l� �a�n�d� �S�l�o�a�n�,� �1�9�7�7�a�,� �H�i�x� �e�t� �a�l�.� �1�9�9�1�)�.� �D�u�e� 

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

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

�i�n�t�e�n�s�i�t�y� �o�f� �d�e�f�o�l�i�a�t�i�o�n� �(�H�o�u�s�t�o�n�,� �1�9�8�1�)�,� �g�y�p�s�y� �m�o�t�h� 

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

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

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

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

�(�A�d�l�e�r� �a�n�d� �W�i�l�s�o�n�,� �1�9�8�7�)�.� �P�e�r�o�m�y�s�c�u�s� �l�e�u�c�o�p�u�s� �a�n�d� �P�e�r�o�m�y�s�c�u�s� 

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

�e�a�s�t�e�r�n� �d�e�c�i�d�u�o�u�s� �f�o�r�e�s�t�s�.� �D�u�e� �t�o� �e�x�t�e�n�s�i�v�e� �r�e�s�e�a�r�c�h� �o�n� 

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

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

�d�e�m�o�g�r�a�p�h�y�.� 

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

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

�h�a�b�i�t�a�t� �t�y�p�e� �(�S�u�l�l�i�v�a�n�,� �1�9�7�9�,� �M�a�r�t�e�l�l�,� �1�9�8�3�,� �V�a�n� �H�o�r�n�e�,� 

�1�9�8�2�,� �A�d�l�e�r� �a�n�d� �T�a�m�a�r�i�n�,� �1�9�8�4�,� �A�d�l�e�r� �a�n�d� �W�i�l�s�o�n�,� �1�9�8�7�,� 

�L�i�n�z�e�y�,� �1�9�8�9�)�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�a�t� �d�i�s�t�u�r�b�e�d� 

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

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

�r�e�s�i�d�e� �i�n� �m�o�r�e� �o�p�t�i�m�a�l� �a�d�j�a�c�e�n�t� �h�a�b�i�t�a�t�s� �(�S�u�l�l�i�v�a�n�,� �1�9�7�9�,� 

�M�a�r�t�e�l�l�,� �1�9�8�3�,� �L�i�n�z�e�y�,� �1�9�8�9�)�.� �L�i�n�z�e�y� �(�1�9�8�9�)� �f�o�u�n�d� �a� 

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

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

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

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

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

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

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

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

�b�e�h�a�v�i�o�r�a�l�l�y� �s�u�b�o�r�d�i�n�a�t�e� �i�n�d�i�v�i�d�u�a�l�s� �(�L�i�n�z�e�y�,� �1�9�8�9�)�.� 

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

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

�t�h�a�n� �l�o�w� �q�u�a�l�i�t�y� �h�a�b�i�t�a�t�s� �(�V�a�n� �H�o�r�n�e�,� �1�9�8�3�,� �A�d�l�e�r� �a�n�d� 

�W�i�l�s�o�n�,� �1�9�8�7�)�.� �M�a�n�y� �h�y�p�o�t�h�e�s�e�s� �h�a�v�e� �b�e�e�n� �p�r�o�p�o�s�e�d� �a�b�o�u�t� �t�h�e



�9�9� 

�i�n�t�r�i�n�s�i�c� �r�e�g�u�l�a�t�i�o�n� �o�f� �p�o�p�u�l�a�t�i�o�n�s�.� �N�a�d�e�a�u� �e�t� �a�l�.� �(�1�9�8�1�)� 

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

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

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

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

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

�d�e�n�s�i�t�y� �p�o�p�u�l�a�t�i�o�n�s� �(�M�e�t�z�g�a�r�,� �1�9�7�1�,� �H�a�n�s�e�n� �a�n�d� �B�a�t�z�l�i�,� �1�9�7�8�,� 

�B�o�w�e�r�s� �a�n�d� �S�m�i�t�h�,� �1�9�7�9�)�.� �F�r�e�t�w�e�l�l ��s� �(�1�9�7�2�)� �i�d�e�a�l�-�d�e�s�p�o�t�i�c� 

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

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

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

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

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

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

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

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

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

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

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

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

�g�o�o�d� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �v�i�c�e� �v�e�r�s�a� �(�A�d�l�e�r� �a�n�d� �W�i�l�s�o�n�,� �1�9�8�7�)�.� 

�L�i�n�z�e�y� �a�n�d� �K�e�s�n�e�r� �(�1�9�9�1�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a� �m�e�a�s�u�r�e� �o�f� �h�a�b�i�t�a�t� 

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

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



�1�0�0� 

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

�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�i�.�e�.� �s�t�a�b�l�e� �d�e�n�s�i�t�i�e�s�,� �h�i�g�h� �p�r�o�p�o�r�t�i�o�n�s� �o�f� 

�a�d�u�l�t� �f�e�m�a�l�e�s�,� �s�t�a�b�l�e� �a�g�e� �s�t�r�u�c�t�u�r�e�)� �(�P�i�a�n�k�a�,� �1�9�7�0�)� �i�s� 

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

�i�n� �s�u�i�t�a�b�l�e� �h�a�b�i�t�a�t� �(�A�d�l�e�r� �a�n�d� �T�a�m�a�r�i�n�,� �1�9�8�4�,� �A�d�l�e�r� �a�n�d� 

�W�i�l�s�o�n�,� �1�9�8�7�,� �L�i�n�z�e�y� �a�n�d� �K�e�s�n�e�r�,� �1�9�9�1�)�.� 

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

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

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

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

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

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

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

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

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

�a�n�d� �2�)� �p�o�p�u�l�a�t�i�o�n�s� �s�h�o�u�l�d� �e�x�h�i�b�i�t� �K�-�s�e�l�e�c�t�e�d� �d�e�m�o�g�r�a�p�h�i�c� 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.



�C�h�a�p�t�e�r� �2� 

�S�t�u�d�y� �M�e�t�h�o�d�s� 

�G�e�n�e�r�a�l� �M�e�t�h�o�d�s� �-� �T�h�e� �s�t�u�d�y� �m�e�t�h�o�d�s� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �C�h�a�p�t�e�r� 

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

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

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

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

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

�i�n� �m�u�l�t�i�v�a�r�i�a�t�e� �s�p�a�c�e� �(�A�d�l�e�r� �a�n�d� �W�i�l�s�o�n�,� �1�9�8�7�)�.� �T�h�i�s� 

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

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

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

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

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

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

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

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

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

�a�r�e� �g�i�v�e�n� �i�n� �T�a�b�l�e� �1�0�.�)�.� �T�h�e� �r�e�s�i�d�e�n�c�y� �i�n�d�e�x� �w�a�s� �u�s�e�d� �t�o� 

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

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

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

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

�w�e�r�e� �l�o�g� �t�r�a�n�s�f�o�r�m�e�d� �t�o� �n�o�r�m�a�l�i�z�e� �t�h�e� �d�a�t�a� �(�S�o�k�a�l� �a�n�d� �R�o�h�l�f�,� 

�1�0�1



�T�a�b�l�e� �1�0� �-� �D�e�m�o�g�r�a�p�h�i�c� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �i�n� �P�C�A� �t�o� �a�n�a�l�y�z�e� 
�p�o�p�u�l�a�t�i�o�n� �d�e�m�o�g�r�a�p�h�i�c� �s�t�r�u�c�t�u�r�e� �i�n� �m�u�l�t�i�v�a�r�i�a�t�e� �s�p�a�c�e�.� 

�V�a�r�i�a�b�l�e�s�/�A�b�b�r�e�v�i�a�t�i�o�n�s� �D�e�s�c�r�i�p�t�i�o�n� 
� � 

�F�e�m�a�l�e�s� �(�F�E�M�)� 

�A�d�u�l�t� �F�e�m�a�l�e�s� �(�A�D�F�E�M�)� 

�A�d�u�l�t� �M�a�l�e�s� �(�A�M�A�L�)� 

�J�u�v�e�n�i�l�e�s� �(�J�U�V�)� 

�J�u�v�e�n�i�l�e� �F�e�m�a�l�e�s� �(�F�J�U�V�)� 

�R�e�p�r�o�d�u�c�t�i�v�e� �F�e�m�a�l�e�s� �(�F�R�C�)� 

�R�e�p�r�o�d�u�c�t�i�v�e� �M�a�l�e�s� �(�M�R�C�)� 

�R�e�s�i�d�e�n�c�y� �I�n�d�e�x� �(�R�E�S�)� 

�R�e�s�i�d�e�n�c�y� �F�l�u�c�t�u�a�t�i�o�n� �(�R�F�)� 
�I�n�d�e�x� 

�A�b�u�n�d�a�n�c�e� �(�D�E�N�)� 

�A�b�u�n�d�a�n�c�e� �F�l�u�c�t�u�a�t�i�o�n� 
�I�n�d�e�x� �(�D�F�)� 

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

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

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

�P�r�o�p�o�r�t�i�o�n� �o�f� �j�u�v�e�n�i�l�e�s� �i�n� �t�h�e� 
�p�o�p�u�l�a�t�i�o�n�.� 

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

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

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

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

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

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

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

�1�0�2



�1�0�3� 

�1�9�8�1�)�.� �I�n� �t�h�i�s� �a�n�a�l�y�s�i�s�,� �e�a�c�h� �s�i�t�e�s �� �g�r�i�d�s� �w�e�r�e� �u�s�e�d� �a�s� �a� 

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

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

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

�a�m�o�n�g� �g�r�i�d� �p�o�p�u�l�a�t�i�o�n�s�.� �P�r�i�n�c�i�p�a�l� �c�o�m�p�o�n�e�n�t�s� �a�n�a�l�y�s�i�s� �(�P�C�A�)� 

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

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

�(�C�D�A�)�,� �P�C�A� �d�o�e�s� �n�o�t� �n�e�e�d� �p�r�e�d�e�t�e�r�m�i�n�e�d� �c�l�a�s�s�e�s� �t�o� �a�n�a�l�y�z�e� 

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

�a�n�a�l�y�s�i�s�.� �L�i�k�e� �C�D�A�,� �P�C�A� �r�e�d�u�c�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �v�a�r�i�a�b�l�e�s� �i�n�t�o� 

�a� �f�e�w� �e�x�p�l�a�n�a�t�o�r�y� �d�i�m�e�n�s�i�o�n�s� �(�P�i�e�l�o�u�,� �1�9�8�4�)�.� �T�h�e� �r�e�l�a�t�i�v�e� 

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

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

�W�i�l�s�o�n�,� �1�9�8�7�)�.� �E�a�c�h� �g�r�i�d� �p�o�p�u�l�a�t�i�o�n� �w�a�s� �t�r�e�a�t�e�d� �a�s� �a� 

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

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

�C�a�n�o�n�i�c�a�l� �d�i�s�c�r�i�m�i�n�a�n�t� �a�n�a�l�y�s�i�s� �(�C�D�A�)� �w�a�s� �u�s�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �a�m�o�n�g� 

�s�e�x� �a�n�d� �a�g�e� �c�l�a�s�s�e�s� �a�t� �e�a�c�h� �s�i�t�e� �b�y� �s�e�a�s�o�n�.� �C�l�a�s�s�e�s� �w�e�r�e� 

�c�r�e�a�t�e�d� �f�o�r� �a�d�u�l�t� �m�a�l�e�s�,� �a�d�u�l�t� �f�e�m�a�l�e�s�,� �j�u�v�e�n�i�l�e� �m�a�l�e�s�,� �a�n�d� 

�j�u�v�e�n�i�l�e� �f�e�m�a�l�e�s� �f�o�r� �P�.� �l�e�u�c�o�p�u�s� �a�n�d� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �p�o�t�e�n�t�i�a�l� �m�i�c�r�o�h�a�b�i�t�a�t� �s�e�g�r�e�g�a�t�i�o�n� �a�m�o�n�g� �t�h�e�s�e� 

�c�l�a�s�s�e�s�.� �T�h�e�s�e� �c�l�a�s�s�e�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� 

�s�p�e�c�i�e�s� �c�l�a�s�s�e�s� �i�n� �c�h�a�p�t�e�r� �1�.� �P�a�i�r�w�i�s�e� �s�t�a�t�i�s�t�i�c�a�l



�1�0�4� 

�d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �c�l�a�s�s�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �M�a�h�a�l�a�n�o�b�i�s� 

�m�u�l�t�i�v�a�r�i�a�t�e� �d�i�s�t�a�n�c�e� �m�e�a�s�u�r�e�s� �a�n�d� �F�-�s�t�a�t�i�s�t�i�c� 

�a�p�p�r�o�x�i�m�a�t�i�o�n�s� �(�K�l�e�i�n�b�a�u�m� �e�t� �a�l�.�,� �1�9�8�8�)�.� �R�e�d�u�n�d�a�n�c�y� �o�f� 

�m�i�c�r�o�h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s� �w�a�s� �r�e�d�u�c�e�d� �b�y� �u�s�e� �o�f� �s�t�e�p�w�i�s�e� 

�d�i�s�c�r�i�m�i�n�a�n�t� �f�u�n�c�t�i�o�n� �a�n�a�l�y�s�i�s�.� �V�a�r�i�a�b�l�e�s� �u�s�e�d� �i�n� �f�i�n�a�l� 

�a�n�a�l�y�s�e�s� �a�t� �e�a�c�h� �s�i�t�e� �b�y� �s�e�a�s�o�n� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �1�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �e�a�c�h� �m�i�c�r�o�h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e� �t�o� 

�t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �e�a�c�h� �s�m�a�l�l� �m�a�m�m�a�l� �c�l�a�s�s� �t�y�p�e� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �C�D�A� �a�n�d� �e�a�c�h� �s�i�g�n�i�f�i�c�a�n�t� �c�a�n�o�n�i�c�a�l� �a�x�i�s� �w�a�s� 

�a�n�a�l�y�z�e�d� �f�o�r� �e�c�o�l�o�g�i�c�a�l�l�y� �m�e�a�n�i�n�g�f�u�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� 

�C�l�a�s�s�e�s� �a�n�d� �m�i�c�r�o�h�a�b�i�t�a�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �e�f�f�e�c�t�s� 

�i�n�t�e�r�s�p�e�c�i�f�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �P�e�r�o�m�y�s�c�u�s� �s�p�e�c�i�e�s� 

�h�a�d� �o�n� �m�i�c�r�o�h�a�b�i�t�a�t� �s�e�g�r�e�g�a�t�i�o�n� �a�m�o�n�g� �s�e�x� �a�n�d� �a�g�e� �c�l�a�s�s�e�s� �o�f� 

�t�h�e� �P�e�r�o�m�y�s�c�u�s� �s�p�e�c�i�e�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �b�y� �a�d�d�i�n�g� �b�o�t�h� �s�p�e�c�i�e�s �� 

�s�e�x� �a�n�d� �a�g�e� �c�l�a�s�s�e�s� �i�n�t�o� �t�h�e� �C�D�A�.� �S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �i�n�d�i�v�i�d�u�a�l� 

�v�a�r�i�a�b�l�e�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �i�n�t�e�r�s�p�e�c�i�f�i�c� �a�n�d� �i�n�t�r�a�s�p�e�c�i�f�i�c� 

�s�e�p�a�r�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�n�i�v�a�r�i�a�t�e� �A�n�o�v�a ��s� �a�n�d� 

�o�v�e�r�a�l�l� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�i�c�r�o�h�a�b�i�t�a�t� �u�s�e� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �F�-�a�p�p�r�o�x�i�m�a�t�i�o�n�s� �t�o� �W�i�l�k�s �� �L�a�m�b�d�a� 

�s�t�a�t�i�s�t�i�c�s�.� 

�I�n� �a�l�l� �c�o�m�p�a�r�i�s�o�n�s� �a� �m�i�n�i�m�u�m� �a�l�p�h�a� �l�e�v�e�l� �o�f� �0�.�0�5� �w�a�s� 

�u�s�e�d� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� �s�i�g�n�i�f�i�c�a�n�c�e�,� �b�u�t� �a�t� �t�i�m�e�s� �a�l�p�h�a� �l�e�v�e�l�s� 

�b�e�t�w�e�e�n� �0�.�0�5� �a�n�d� �0�.�1� �w�e�r�e� �m�e�n�t�i�o�n�e�d� �a�s� �t�e�n�d�e�n�c�i�e�s� �t�o�w�a�r�d�s� 

�S�i�g�n�i�f�i�c�a�n�c�e�.



�C�h�a�p�t�e�r� �2� 

�R�e�s�u�l�t�s� 

�A�b�u�n�d�a�n�c�e�s� �a�n�d� �M�a�c�r�o�h�a�b�i�t�a�t� �U�s�e� �-� �B�e�t�w�e�e�n� �t�h�e� �t�w�o� �P�e�r�o�m�y�s�c�u�s� 

�s�p�e�c�i�e�s�,� �P�.� �l�e�u�c�o�p�u�s� �p�o�p�u�l�a�t�i�o�n�s� �c�o�n�s�i�s�t�e�n�t�l�y� �h�a�d� �t�h�e� 

�h�i�g�h�e�s�t� �a�b�u�n�d�a�n�c�e�s� �a�t� �a�l�l� �s�i�t�e�s� �e�x�c�e�p�t� �a�t� �t�h�e� �r�e�c�o�v�e�r�y� �s�i�t�e� 

�w�h�e�r�e� �t�h�e�y� �d�i�s�a�p�p�e�a�r�e�d� �a�f�t�e�r� �t�h�e� �w�i�n�t�e�r� �o�f� �1�9�9�3� �(�F�i�g�.� �1�8�)�.� 

�P�.� �l�e�u�c�o�p�u�s� �p�o�p�u�l�a�t�i�o�n�s� �a�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �i�n� �s�u�m�m�e�r� �1�9�9�2� 

�h�a�d� �t�h�e� �h�i�g�h�e�s�t� �a�b�u�n�d�a�n�c�e�s� �o�f� �a�n�y� �P�e�r�o�m�y�s�c�u�s� �s�p�e�c�i�e�s� 

�p�o�p�u�l�a�t�i�o�n�,� �b�u�t� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s� �s�h�a�r�p�l�y� �d�e�c�l�i�n�e�d� �i�n� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �s�e�a�s�o�n�s� �a�n�d� �n�e�v�e�r� �r�e�c�o�v�e�r�e�d� �(�F�i�g�.� �1�8�A�)�.� �P�.� 

�m�a�n�i�c�u�l�a�t�u�s� �w�e�r�e� �p�r�e�s�e�n�t� �a�t� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�i�t�e� �i�n� �s�u�m�m�e�r� 

�1�9�9�2�,� �b�u�t� �d�i�s�a�p�p�e�a�r�e�d� �b�y� �w�i�n�t�e�r� �1�9�9�3�.� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �w�e�r�e� 

�n�o�t� �p�r�e�s�e�n�t� �a�t� �t�h�e� �h�i�g�h� �m�o�r�t�a�l�i�t�y� �s�i�t�e� �u�n�t�i�l� �w�i�n�t�e�r� �1�9�9�3� �a�n�d� 

�r�e�a�c�h�e�d� �t�h�e�i�r� �h�i�g�h�e�s�t� �a�b�u�n�d�a�n�c�e� �i�n� �f�a�l�l� �1�9�9�3� �(�F�i�g�.� �1�8�B�)�.� �A�t� 

�t�h�e� �i�n� �p�r�o�c�e�s�s� �s�i�t�e�,� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �a�b�u�n�d�a�n�c�e�s� �w�e�r�e� 

�c�o�n�s�i�s�t�e�n�t�l�y� �l�o�w�e�r� �t�h�a�n� �P�.� �l�e�u�c�o�p�u�s� �a�b�u�n�d�a�n�c�e�s� �e�x�c�e�p�t� �f�o�r� 

�f�a�l�l� �1�9�9�3� �(�F�i�g�.� �1�8�)�.� 

�F�i�g�u�r�e�s� �1�9� �a�n�d� �2�0� �i�l�l�u�s�t�r�a�t�e� �t�h�a�t� �e�a�c�h� �o�f� �t�h�e� �P�.� 

�l�e�u�c�o�p�u�s� �a�n�d� �P�.� �m�a�n�i�c�u�l�a�t�u�s� �p�o�p�u�l�a�t�i�o�n�s �� �h�a�b�i�t�a�t� �u�s�e� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�d� �(�s�u�m�m�e�r�-�d�f�=�1�5�6�,� �1�5�9�7�,� �F�=�1�0�.�0�1�,� 

�p�<�0�.�0�0�0�1�,� �f�a�l�l�-�d�f�=�1�0�5�,� �1�1�7�3�,� �F�=�1�8�.�5�8�,� �p�<�0�O�.�0�0�0�1�)� �a�m�o�n�g� �s�i�t�e�s� 

�f�o�r� �s�u�m�m�e�r� �a�n�d� �f�a�l�l� �1�9�9�2�.� �A�l�l� �f�o�u�r� �s�i�t�e�s� �h�a�d� �d�i�s�t�i�n�c�t�i�v�e�l�y� 

�d�i�f�f�e�r�e�n�t� �f�o�r�e�s�t� �s�t�r�u�c�t�u�r�e� �(�F�i�g�.� �2�,� �C�h�.� �1�)�,� �w�h�i�c�h� �s�u�g�g�e�s�t�s� 

�1�0�5


