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Biodrawversity LLC assessed 26 lakes and reservoirs and four rivers in the Connecticut River watershed to determine presence of zebra mussels (Dreissena polymorpha) and to evaluate the potential for these waterbodies to
support zebra mussels based on physical, chemical, and biological parameters. Fieldwork was conducted during
May and June of 2010. Data were collected at one to five sites per lake (40 total sites), six sites in the Connecticut
River, and one site each in the Westfield River, Deerfield River, and Chicopee River. Most of the following parameters were recorded for each waterbody: secchi depth, water temperature, water chemistry (dissolved oxygen,
pH, alkalinity, conductivity, calcium, total nitrogen as N, total phosphorus as P, and total suspended solids).
Presence of adult zebra mussels or veligers, physical habitat characteristics, and species composition and abundance of submerged aquatic plants, snails, and native freshwater mussels were also documented. This report also
uses data from the Acid Rain Monitoring (ARM) Project of the University of Massachusetts Water Resources
Research Center and the Phase I Zebra Mussel Assessment in Berkshire County (Biodrawversity 2009) to provide
a comprehensive risk assessment for 166 waterbodies (including multiple sites along the mainstem Housatonic
and Connecticut Rivers) in central and western Massachusetts. This included 108 waterbodies in the Connecticut
River watershed and 58 waterbodies in the Housatonic River and Hudson River watersheds of Berkshire County.
Neither zebra mussel adults nor veligers were detected during the survey, although the physical and chemical
suitability of waterbodies for zebra mussels varied considerably and four lakes showed characteristics somewhat
favorable for zebra mussel colonization, reproduction, and growth. A total of 56 aquatic plant species, 14 snail
species, and seven native mussel species were documented during the study. Among the waterbodies sampled,
species richness of aquatic snails ranged from zero to seven (average = 3.0), and three lakes considered most susceptible to zebra mussel invasion contained a higher average species richness of aquatic snails (combined average
= 6.0) than low-risk lakes (combined average = 2.4). Species richness of native freshwater mussels ranged from
zero to six (average = 1.4) among the waterbodies and showed no trend with regard to water chemistry. Lakes and
ponds usually contained only one or mussel two species, whereas six mussel species were documented in the Connecticut River. Known biological indicators of an aquatic ecosystems’ vulnerability to zebra mussel invasion (e.g.,
presence of the submerged aquatic algae Chara and calciphilous aquatic snails) were not observed in this study
although Chara had been documented in Congamond Lakes prior to this study. A non-native bivalve, the Asian
clam (Corbicula fluminea), was encountered in the Connecticut River (Easthampton), Aldrich Lake (Granby),
Congamond Lakes (Southwick), and Five Mile Pond (Springfield).
Research suggests that zebra mussels are not likely to become established in waterbodies with pH below 7.4
and calcium below 12.0 mg/L. Higher pH and calcium levels are more suitable for this species. The following
water chemistry thresholds were used to determine susceptibility to zebra mussels:
• Low Risk: pH <7.4, Calcium <12.0 mg/L, Alkalinity <20.0 mg/L
• Medium Risk: pH 7.4-8.0. Calcium 12.0-20.0 mg/L, Alkalinity 20.0-65.0 mg/L
• High Risk: pH >8.0, Calcium >20.0 mg/L, Alkalinity >65.0 mg/L
For waterbodies in the Connecticut River watershed, including those monitored as part of the ARM Project, pH
ranged from 4.9 to 8.7 (average = 6.7), and calcium concentrations ranged from 0.4 to 27.0 mg/L (average = 6.6
mg/L). These pH and calcium values indicated a very low risk that zebra mussels could become established in
the region; only nine of 109 (8.3 percent) waterbodies assessed were considered to have medium or high risk of
zebra mussel establishment based on water chemistry parameters. Moreover, several small and eutrophic ponds in
the highly urbanized Springfield area (Watershops Pond, Porter Lake, Silver Lake, and Harts Pond) had pH and
calcium levels near or within the optimal range for zebra mussels, but physical and biological parameters of these
urban ponds made them less suitable than the chemistry data indicated. Based on the dual role of water chemistry
and physical habitat, only four of the waterbodies assessed in the Connecticut River watershed are considered susceptible to zebra mussel invasion, including Pequot Pond (Westfield), Congamond Lakes (Southwick), Ashfield
Lake (Ashfield), and Wrights Pond (Holyoke). All but the latter experience moderate to heavy recreational use
(boating and angling) that increases the likelihood of zebra mussel introduction. We recommend public education, boat ramp inspections, and monitoring for Pequot Pond, the Congamond Lakes, and Ashfield Lake.
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The discovery of zebra mussels in Laurel Lake raised concern that this species might exist in other waterbodies in the
region, or that some waterbodies might be susceptible to zebra mussels due to suitable water chemistry and prevalence of
dispersal vectors. In general, waterbodies with high calcium
concentrations and high pH are considered most suitable for
zebra mussel growth and reproduction (Strayer 1991, Murray
et al. 1993, Smith 1993, Cohen and Weinstein 2001). In Massachusetts, only the Hoosic and Housatonic River watersheds
had been characterized as highly susceptible to zebra mussel
invasion according to these water chemistry criteria (Smith
1993). The Connecticut River watershed (with the exception of

Adult zebra mussels (Dreissena polymorpha) were detected in
Laurel Lake in 2009, prompting a series of actions by state
agencies that were summarized in the Massachusetts Interim
Zebra Mussel Action Plan (DCR 2009). This was the first occurrence of zebra mussels in Massachusetts. The zebra mussel
was accidentally introduced to North America in the late 1980s
by commercial shipping vessels carrying freshwater ballast from
the Black or Caspian Sea region of Eastern Europe (Hebert et al.
1989, Strayer 2009). Within ten years of its discovery in Lake
Erie in 1987, the zebra mussel had spread throughout much of
central and eastern North America, including susceptible waterbodies in New England and eastern New York. The United
States Geological Survey’s (USGS) Nonindigenous Aquatic
Species (NAS) Program website provides time series maps, current sightings, and other information relevant to the spread of
zebra mussels in all of North America.
Zebra mussels and the closely related quagga mussel (Dreissena bugensis) have caused ecological and economic damage
throughout North America (MacIsaac 1996, Strayer 2009).
Like blue or ribbed mussels in marine environments—and unlike any native freshwater mollusks in North America—adult
dreissenid mussels attach to solid objects using strong byssal
threads. Once established in a waterbody, they have the potential to alter basic ecosystem functions such as nutrient cycling
and food web dynamics, they may eliminate native freshwater
mussels via fouling and competition, and they can influence the
transport and fate of contaminants (Nalepa 1993, Bruner et al.
1994a-b, MacIsaac 1996, Strayer 1999).
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the Millers and Chicopee watersheds) and most of
eastern Massachusetts were considered moderately
to marginally susceptible. Due to low pH and low
calcium, waterbodies in the Millers and Chicopee
watersheds, the coastal plain of southeastern Massachusetts, and Cape Cod were considered immune
to zebra mussels (Smith 1993). There is considerable
variation in the water chemistry of lakes and streams
in these regions. Therefore, specific studies of numerous waterbodies were needed to predict where
zebra mussels would be most likely to survive, if they
were to be spread more widely in the region.
A Phase I Assessment of 20 Berkshire County
lakes and the Housatonic River was completed in
October 2009 that documented zebra mussels in
the mainstem Housatonic River for the first time
and identified susceptible waterbodies in Berkshire
County (Biodrawversity 2009). Biodrawversity was
contracted to conduct a Phase II Assessment of waterbodies in the Connecticut River watershed (Figure 1) in 2010 to determine (1) if zebra mussels were
already present and (2) the susceptibility of waterbodies to the establishment of zebra mussel populations based on physical, chemical, and biological
parameters. The Phase II Assessment included a synthesis of ARM data to expand the risk assessment
to waterbodies in the Connecticut River watershed
that were not included in the 2010 field assessment,
and for the Housatonic and Hudson watersheds of
Berkshire County.
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A total of 26 lakes and four rivers were selected for
field assessments in 2010 (Table 1, Figure 2). Lakes
were selected based on available water chemistry
data and degree of public access, as well as to provide
adequate spatial coverage of the target geographic
area. Based on zebra mussels well-documented water
chemistry requirements, we knew in advance that
some target waterbodies were resistant to zebra mussels because of low pH and low calcium yet we gathered field
data to provide a more comprehensive assessment. Lakes were
divided into three categories (Table 1):
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• Primary Lakes: Included five lakes with higher pH and
calcium levels that were more likely to support zebra mussels. All contained public boat access. These were surveyed
for a minimum of one-half day by boat and at multiple
sites throughout each lake. The full suite of physical, chemical, and biological parameters were recorded at these lakes.
• Secondary Lakes: Included eight lakes that we thought
had marginal pH and calcium levels based on available
information. These lakes tended to be small with only
one primary access point and less frequent visitation by
trailered boats than primary lakes. These were surveyed for
one-half day or less. Sites were accessed by boat or by land,
usually only at or near the primary access points. The full
suite of physical, chemical, and biological parameters were
usually recorded at these lakes but at fewer sites than in
primary lakes.

)LJXUH0DVVDFKXVHWWVVWDWHPDSZLWK
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ZDWHUVKHGDQGUHGGRWVIRUVXUYH\VLWHV


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

9 ( 5 0 2 17
1 ( :+ $ 0 3 6 + , 5 (



+226,&
: $7 ( 5 6 + ( '


' ( ( 5 ) , ( /'
: $7( 5 6 + ( '

0 , //( 5 6
: $7 ( 5 6 + ( '














+ 2 8 6 $72 1 , &
: $7 ( 5 6 + ( '










: ( 67) , ( /'
: $7 ( 5 6 + ( '











)$5 0 , 1 *72 1
: $7 ( 5 6 + ( '





&+,&23((
: $7 ( 5 6 + ( '


















0LOHV
1

& 2 1 1 ( &7, & 87



)LJXUH:DWHUERGLHVDVVHVVHGIRUZDWHUFKHPLVWU\SK\VLFDOKDELWDWDQGELRORJ\ ]HEUDPXVVHODGXOWVRUYHOLJHUVSODQWVDQGRWKHUPROOXVFV 
LQWKH&RQQHFWLFXW5LYHUZDWHUVKHGLQ*UHHQOLQHVLQGLFDWHWRZQERXQGDULHV
3HOKDP/DNH5RZH
3ODLQÙHOG3RQG3ODLQÙHOG
$VKÙHOG/DNH$VKÙHOG
8SSHU+LJKODQG/DNH*RVKHQ
/RZHU+LJKODQG/DNH*RVKHQ
+DPPRQG3RQG&KHVWHUÙHOG
'DPRQ3RQG&KHVWHUÙHOG
/LWWOHYLOOH/DNH&KHVWHU
:HVWÙHOG5HVHUYRLU0RQWJRPHU\
:HVW/DNH6DQGLVÙHOG
3HTXRW3RQG:HVWÙHOG
:HVWÙHOG5LYHU:HVWÙHOG

&RQJDPRQG/DNHV 1RUWKDQG6RXWK 6RXWKZLFN
3RUWHU/DNH6SULQJÙHOG
:DWHUVKRSV3RQG6SULQJÙHOG
)LYH0LOH3RQG6SULQJÙHOG
&KLFRSHH5LYHU&KLFRSHH
&KLFRSHH5HVHUYRLU 5HG%ULGJH3RRO /XGORZ
$OGULFK/DNH*UDQE\
)RUJH3RQG*UDQE\
0HWDFRPHW/DNH%HOFKHUWRZQ
$UFDGLD/DNH%HOFKHUWRZQ
/DNH:DUQHU+DGOH\
&UDQEHUU\3RQG6XQGHUODQG



/DNH:\ROD6KXWHVEXU\
/DNH5RKXQWD2UDQJH
/DNH0DWWDZD2UDQJH
/DXUHO/DNH(UYLQJ
'HHUÙHOG5LYHU'HHUÙHOG
&RQQHFWLFXW5LYHU1RUWKÙHOG
&RQQHFWLFXW5LYHU*LOO %DUWRQV&RYH
&RQQHFWLFXW5LYHU+DWÙHOG
&RQQHFWLFXW5LYHU1RUWKDPSWRQ 2[ERZ
&RQQHFWLFXW5LYHU(DVWKDPSWRQ
&RQQHFWLFXW5LYHU&KLFRSHH

ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

2)%$UDPSVVXFKDVWKLVRQHLQ&KLFRSHHZHUHWDUJHWHGIRUVXUYH\VLQWKH&RQQHFWLFXW5LYHU

0(7+2'6

• Additional Lakes: Included 13 lakes that we thought had
unsuitable pH and calcium levels based on available information; some of these were also small and had limited access. Only field measurements of water chemistry (including pH, conductivity, temperature, and dissolved oxygen)
were taken from ten of these lakes, more cursory biological
surveys were conducted and usually from a single access
point (none if access was denied), and plankton samples
were only collected from waterbodies with pH above 7.0.

Specific methods used at each lake are noted in Appendix 1. Decontamination procedures generally followed guidelines in the
Massachusetts Interim Zebra Mussel Action Plan (DCR 2009),
supplemented with more specific measures for field technicians
and SCUBA divers. The field crew possessed redundant sets of
field gear so that field equipment was not transferred to a new
waterbody without undergoing proper decontamination. This
included boats, sample collecting equipment, SCUBA/snorkel
gear, and wetsuits.

Survey sites within the five primary lakes were intended to include a minimum of three areas: (1) the lake outlet, (2) the
public boat ramp, and (3) the deep basin. Sampling sites in the
eight secondary and 13 additional lakes were usually restricted
to primary access points, which often overlapped with outlets
and deep areas. Many of the lakes were very small, shallow, eutrophic, heavily vegetated, and contained mostly soft substrates.
Likely surfaces for zebra mussel colonization, such as rocky
substrates, piers, anchors, mooring lines, concrete walls, bridge
abutments and other surfaces were generally targeted for adult
zebra mussel surveys. The number of sampling sites per lake
ranged from one to five, for a total of 40 lake sites.
Nine sites in four rivers were also surveyed: six sites in the
Connecticut River (including the Oxbow in Northampton),
and one site apiece in the Westfield River (Westfield), Deerfield
River (Deerfield), and Chicopee River (Chicopee). Connecticut
River survey sites were at OFBA boat launches and survey sites
at the other three rivers were at convenient access points.

3K\VLFDODQG&KHPLFDO3DUDPHWHUV
% Laboratory Chemistry: One or two water samples were
collected for all primary and secondary lakes but for only
three of the additional lakes. A single water sample was
collected for each of the river sites. Water samples were
collected in early to mid-May, two to four weeks prior to
biological surveys. Berkshire Envirolabs in Lee, Massachusetts, provided sample containers and completed the analyses, except for the Five Mile Pond sample that was analyzed
by Spectrum Analytical in Agawam. Samples were kept on
ice and brought to the lab each afternoon so that pH could
be accurately measured. The lab measured the following six
parameters: pH, alkalinity (mg/L), calcium (mg/L), total
nitrate as N (mg/L), total phosphorus as P (mg/L), and
total suspended solids (mg/L).
% Field Chemistry: Field measurements of pH, temperature,
dissolved oxygen, and conductivity were recorded at all
lakes and rivers using a YSI (Yellow Springs Instruments)
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Model 200 DO probe and YSI pH 63 probe. Measurements were taken in early to mid-May two to four weeks
prior to biological surveys, and some parameters (especially
dissolved oxygen and temperature) were recorded a second
time when biological sampling occurred.
% Secchi Depth: Secchi depth was recorded at survey sites
where the bottom was not visible from the surface.
% Physical Habitat: Surveyors recorded the water depth,
substrate characteristics, and shoreline condition at each
survey site.
%LRORJLFDO3DUDPHWHUV
• Adult Zebra Mussels: Surveyors searched for adult zebra
mussels by SCUBA diving, snorkeling in shallow water,
and wading along shorelines to collect any live animals or
shells with an aquatic D-frame net or clear-bottom bucket.
Surveys were qualitative and focused on visual searches for
adult or juvenile mussels. Surveyors looked on the undersides of hard objects and conducted tactile searches underneath rocks and undercut riverbanks. All surface types were
surveyed at each site but hard substrates were targeted.
• Larval Zebra Mussels (Veligers): Plankton samples were
collected from one to five locations within each lake and
combined into a single composite sample for each lake.
Surveyors used the 33-E28 Veliger Net from the Wildlife
Supply Company (length = 80 inches; opening width = 20
inches, mesh size = 63 microns, dolphin bucket = 1,000
mL). Nets were connected to a 60-ft line marked in 3-ft
(1-meter) increments, and a sliding line weight so that the
net could quickly be lowered to the desired starting point.
At shallow sites, horizontal plankton tows were collected
from areas of relatively clear water (i.e., few macrophytes)
at a depth that prevented the net from dragging on the
bottom and scooping up mud. At deeper sites, plankton
nets were lowered to within 3-6 feet of the bottom (or a
maximum of 25 feet) while the boat was stationary, then
the boat was driven at trolling speed for two or three minutes while the net collected plankton throughout the water
column. At river sites, the plankton net was held in light
current for two to three minutes. Contents were filtered
and rinsed into a 500 mL container and preserved in 70
percent ethyl alcohol. The final composite samples were
decanted several hours later, after contents had settled, and
then topped off with fresh alcohol to ensure that alcohol
concentrations were suitable for preservation. In the laboratory, samples were examined using a 45x dissecting microscope fitted with cross-polarized light (Johnson 1995).
• Snails and Native Mussels: Surveyors documented and/or
collected snails and native mussels while searching for adult
zebra mussels. Native mussels were identified in the field
and released unharmed. In most cases, snails were identified in the field but some were also collected and preserved
for identification in the laboratory using keys of Jokinen
(1983, 1992) and Smith (1995). The species and relative
abundance of snails and mussels were recorded for each
survey site. Snails with a more patchy distribution or whose
habitat did not overlap with our target habitats (e.g., shal-

3ODQNWRQWRZLQVKDOORZZDWHU

low littoral areas) were underrepresented in our samples.
• Aquatic Plants: Species composition and relative abundance of submerged aquatic plants were recorded at each
survey site, and in some cases, other locations throughout
the lake. Because the study focused on zebra mussels, a limited number of sites were surveyed per waterbody and a
comprehensive botanical inventory of each lake and river
was not completed. Furthermore, surveys were conducted
before flowering and fruiting stages of most aquatic plants.
Supplemental information on plant communities was
gathered from other sources.
• GPS coordinates were taken to record locations of survey
sites. Reference photographs of survey sites and other interesting or unique features of each waterbody were taken.
0DSSLQJ
• Bathymetric maps were available for many of lakes and
ponds assessed in this study. In addition, 0.5-meter orthophotos for each lake were downloaded from the Massachusetts Office of Geographic Information Systems (MassGIS)
and used to display survey sites. Field data were imported
into ArcGIS 9.2 to create maps. Appendix 3 provides brief
profiles of some waterbodies surveyed for this report.
'HFRQWDPLQDWLRQ3URFHGXUH
• Decontamination procedures generally followed guidelines
in the Massachusetts Interim Zebra Mussel Action Plan
(DCR 2009), supplemented with more specific measures
for field technicians and SCUBA divers who are specifically
studying zebra mussels.
• The field crew possessed redundant sets of field gear so that
field equipment was not transferred to a new waterbody
without undergoing proper decontamination. This included boats (multiple canoes and kayaks were used), sample
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collecting equipment, SCUBA/snorkel gear, wetsuits, etc.
• After use, equipment was either bagged so that it could
be washed later, left to soak in buckets of vinegar, sprayed
with a 10 percent bleach solution and left to dry, or soaked
and/or wiped down with 90 percent isopropyl alcohol.
Plant fragments were removed from all gear. Boats were
used in one location per day, and they were cleaned with a
hot powerwash each evening. Plankton nets, wetsuits, and
SCUBA gear were washed in hot soapy water, sprayed with
a 10 percent bleach solution, rinsed, and dried.
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tersheds and combined with 2009 field data (Biodrawversity
2009) to create a dataset of 58 waterbodies for these two watersheds. The full dataset included 166 waterbodies or river sites
in the Connecticut, Housatonic, and Hudson River watersheds.
Thresholds for pH, calcium, and alkalinity were used to define
risk categories for zebra mussel invasion (Table 2).

6XSSOHPHQWDO&KHPLFDO'DWD
We reviewed available data on surface water chemistry of lakes
and rivers in the region, with particular emphasis on three parameters considered most important to zebra mussels: pH, calcium, and alkalinity. Most supplemental data came from the
ARM Project of the University of Massachusetts Water Resources Research Center (Appendix 2). The dataset included 108 waterbodies in the Connecticut River watershed when combined
with the 2010 field data (among these 108 “waterbodies” were
six sites in the mainstem Connecticut River). ARM data were
gathered for waterbodies in the Housatonic and Hudson wa-
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,3K\VLFDODQG&KHPLFDO3DUDPHWHUV
Table 3 summarizes much of the physical and chemical data
for the 30 waterbodies surveyed in 2010. In these waterbodies,
pH ranged from 5.9 to 8.7 (average = 7.2), calcium concentrations ranged from 2.0-27.0 mg/L (average = 9.3), and alkalinity

7DEOH3K\VLFDODQGFKHPLFDOGDWDIRUWKHODNHVDQGIRXUULYHUVLQWKH&RQQHFWLFXW5LYHUZDWHUVKHGWKDWZHUHVXUYH\HGLQ'DWDIRU$50
ZDWHUERGLHVDUHSURYLGHGLQ$SSHQGL[
:DWHUERG\
$OGULFK/DNH
$UFDGLD/DNH
$VKÙHOG/DNH
&KLFRSHH5LYHU5HVHUYRLU
&KLFRSHH5LYHU
&RQJDPRQG/DNHV 1RUWK
&RQJDPRQG/DNHV 6RXWK
&RQQHFWLFXW5LYHU&KLFRSHH
&RQQHFWLFXW5LYHU(DVWKDPSWRQ
&RQQHFWLFXW5LYHU*LOO
&RQQHFWLFXW5LYHU+DWÙHOG
&RQQHFWLFXW5LYHU1RUWKÙHOG
&RQQHFWLFXW5LYHU2[ERZ
&UDQEHUU\3RQG
'DPRQ3RQG
'HHUÙHOG5LYHU
)LYH0LOH3RQG
)RUJH3RQG
+DPPRQG3RQG
/DNH0DWWDZD
/DNH5RKXQWD
/DNH:DUQHU
/DNH:\ROD
/DXUHO/DNH
/LWWOHYLOOH/DNH
/RZHU+LJKODQG/DNH
0HWDFRPHW/DNH
3HOKDP/DNH
3HTXRW3RQG
3ODLQÙHOG3RQG
3RUWHU/DNH
8SSHU+LJKODQG/DNH
:DWHUVKRSV3RQG
:HVW/DNH
:HVWÙHOG5HVHUYRLU
:HVWÙHOG5LYHU

$FUHV





































'HSWK
IW
"




"
"

























"




6HFFKL
IW






















'2
PJ/




































7HPS
&



































7HPS
&




































S+





































%ROGYDOXHLQGLFDWHVÙHOGPHDVXUHPHQWDOOYDOXHVQRWLQEROGZHUHDQDO\]HGE\%HUNVKLUH(QYLURODEVRU6SHFWUXP$QDO\WLFDO )LYH0LOH3RQG
7ZRZDWHUVDPSOHVWDNHQWRWKHODEDYHUDJHYDOXHUHSRUWHG
6RPHFKHPLVWU\GDWDIURP$503URMHFW
7HPS 5HFRUGHGZKHQZDWHUVDPSOHVZHUHWDNHQ7HPS 5HFRUGHGGXULQJELRORJLFDOVDPSOLQJZKHQGLVVROYHGR[\JHQZDVUHFRUGHG



&DOFLXP
PJ/





































$ONDOLQLW\
PJ/





































1LWUDWH
PJ/


































3KRVSKRUXV
PJ/


































766
PJ/











































ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

7DEOH)UHVKZDWHUVQDLOVGRFXPHQWHGLQODNHVDQGULYHUVGXULQJWKHVXUYH\V
:DWHUERG\
$OGULFK/DNH
$VKÙHOG/DNH
&KLFRSHH5HVHUYRLU
&KLFRSHH5LYHU
&RQJDPRQG/DNHV
&RQQHFWLFXW5LYHU
&UDQEHUU\3RQG
'HHUÙHOG5LYHU
)LYH0LOH3RQG
)RUJH3RQG
/DNH0DWWDZD
/DNH5RKXQWD
/DNH:DUQHU
/DNH:\ROD
/DXUHO/DNH
/LWWOHYLOOH/DNH
/RZHU+LJKODQG/DNH
0HWDFRPHW/DNH
3HOKDP/DNH
3HTXRW3RQG
3ODLQÙHOG3RQG
3RUWHU/DNH
8SSHU+LJKODQG/DNH
:HVW/DNH
:HVWÙHOG5LYHU
:DWHUERGLHV
+HOLVRPDFDPSDQXODWXP
+HOLVRPDDQFHSV
+HOLVRPDWULYROYLV
3K\VDJ\ULQD
3K\VDDQFLOODULD

+H&D +H$Q
;
;

;

;

;

+H&D
+H$Q
+H7U
3K*\
3K$Q

3K*\
;
;

;
;

;
;
;

;
;



3K$Q

;

$P/L
;
;
;
;
;

;

;
;
;
;
;

;

;
;

;

;

;
;

;

;
;


+H7U
;

;

;

;




6QDLOV
&D'H 3V&R
;
;
;
;

/D)X

;

*\3D

/\*U
;

;

;
;

;

;

;
;
;

;

;


;


$PQLFRODOLPRVD
&DPSHORPDGHFLVXP
3VHXGRVXFFLQLDFROXPHOOD
/DHYDSH[IXVFXV
9LYLSDUXVJHRUJLDQXV

$P/L
&D'H
3V&R
/D)X
9L*H

;

;
;
;

;


*\'H

;

;
;

9L*H
;
;







*\UDXOXVGHÚHFWXV
*\UDXOXVSDUYXV
/\RJ\UXVJUDQD
&LSDQJRSDOXGLQDFKLQHQVLV

;




;



&L&K 7D[D





;

;


;

;










;


;






*\'H
*\3D
/\*U
&L&K

species encountered are widespread in southern New England
and not indicative of calcareous conditions. The most common
native snail species were Amnicola limosa, Physa gyrina, and
Campeloma decisum. Amnicola limosa was found in 12 lakes and
three rivers, Physa gyrina was found in nine lakes and two rivers, and Campeloma decisum was found in seven lakes and two
rivers. The non-native Viviparus georgianus was present in eight
lakes and none of the river sites, making it far less prevalent in
the region that it was in the Berkshire County lakes surveyed in

ranged from 4.0-51.0 mg/L (average = 22.3). These values are
higher than the regional average because we selected waterbodies
that were more suitable for zebra mussels, with a few exceptions
such as Laurel Lake, Lake Rohunta, and Lake Wyola that we
knew were unsuitable. Among the 108 waterbodies in the Connecticut River watershed considered in this assessment, including the ARM waterbodies, pH ranged from 4.9 to 8.7 (average
= 6.7), calcium concentrations ranged from 0.4 to 27.0 mg/L
(average = 6.6 mg/L), and alkalinity ranged from -0.5 to 51.0
mg/L (average = 12.2 mg/L). This larger dataset is probably a
better indication of the regional susceptibility to zebra mussels.
Only four waterbodies had a pH higher than 8.0, including one
of the Congamond Lakes (Southwick), Porter Lake (Springfield), Harts Pond (Agawam), and Watershops Pond (Springfield). The latter three are urban ponds in the greater Springfield
area, and along with Pequot Pond (Westfield), they are the only
ones with with calcium levels higher than 20.0 mg/L.
,,0ROOXVFV
Mollusc surveys were conducted in a total of 21 lakes and four
rivers, and neither zebra mussel adults nor veligers were detected. Fourteen aquatic snail species were encountered during
the survey and species richness ranged from zero to seven (average = 3.0) among the waterbodies (Table 4). The three lakes
considered most susceptible to zebra mussel invasion (Ashfield
Lake, Pequot Pond, and Congamond Lakes) contained a higher
average species richness of aquatic snails (combined average =
6.0) than low-risk lakes (combined average = 2.4). Most snail
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erately to highly rigorous aquatic plant inventories in Lake Rohunta, Laurel Lake, Lake Wyola,
and Congamond Lakes. Average plant species
richness for these four lakes was 24.7, whereas the
2010 fieldwork reported an average plant species
richness of only 7.3 for the other 15 lakes. We
cannot draw any conclusions about aquatic plant
community patterns in these lakes because plant
surveys were a small part of the fieldwork and survey effort was not consistent among lakes.
The most prevalent native submergent aquatic plants were species in the genus Potamogeton
(especially P. epihydrus, P. amplifolius, and P.
robbinsii), Elodea (E. nuttallii or E. canadensis),
Vallisneria americana, and species in the genus
Utricularia (seven species; most common were
U. purpurea and U. radiata). Some of the more
prevalent non-native submergent species included
Myriophyllum spicatum, Ceratophyllum demersum,
and Najas minor. Trapa natans was also observed
in Forge Pond in Granby.
',6&866,21

As described in the 2009 Phase I Assessment,
weight-of-evidence suggests that zebra mussels
may exist within a range of chemical conditions
and are more likely to become established in waterbodies with high pH (>8.0) and high calcium
(>20.0 mg/L). Studies that reviewed water chemistry parameters in waterbodies where zebra mussels are established are more
informative than studies that attempt to predict where zebra
mussels might occur based on thresholds. Zebra mussels are established in several northeastern lakes and rivers whose calcium
concentrations may seem marginal based on early predictions,
such as Lake Zoar in Connecticut (17.0 mg/L), Lake Bomoseen
in Vermont (18.0 mg/L calcium), West Twin Lake in Connecticut (21.0 mg/L calcium), and portions of the lower Hudson
River and middle and northern Lake Champlain (Cohen and
Weinstein 2001, Pete Stangel, Vermont Agency of Natural Resources, personal communication). In 2010, zebra mussels were
discovered in Lake Zoar and Lake Lillinonah in Connecticut
(Biodrawversity 2010), which are large impoundments of the
lower Housatonic River. More than 800 zebra mussels were collected from these two impoundments. Most individuals (>90
percent) were found in Lake Zoar, yet water chemistry in Lake
Zoar is considered marginal (pH = 7.6, calcium = 17.0 mg/L).
Although Lake Lillinonah is upstream of Lake Zoar and has
higher calcium levels (23.1 mg/L) and similar pH (7.5), far fewer animals were found in Lake Lillinonah. The presence of zebra
mussels in Lake Zoar indicates that other waterbodies with suitable pH and calcium levels in the mid to upper teens might be
more susceptible than previously thought.
In this study, lakes were categorized according to their potential to support reproduction and growth of zebra mussels
based primarily on water chemistry (calcium, pH, and alkalinity) but physical habitat was also considered because many

/D5D
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2009. The non-native Cipangopaludina chinensis, which was not
detected in Berkshire County during the Phase I Assessment,
was found in five lakes and in the Connecticut River.
Seven native mussel species were encountered during the
survey (Table 5). Elliptio complanata was found in 11 lakes and
all rivers and Pyganodon cataracta was found in 12 lakes and
one river. Lampsilis radiata was only found in Pequot Pond, and
four species—including Lampsilis cariosa, Leptodea ochracea,
Anodonta implicata, and Alasmidonta undulata—were confined
to the Connecticut River or Westfield River. Three of the mussel species are protected in Massachusetts and location data was
submitted to the Massachusetts Natural Heritage and Endangered Species Program. A non-native bivalve, the Asian clam
(Corbicula fluminea), was encountered in the Connecticut River, Aldrich Lake (Granby), Congamond Lakes (Southwick), and
Five Mile Pond (Springfield). To our knowledge, these are the
first reports of the Asian clam upstream of the Holyoke Dam in
the Connecticut River and in Aldrich Lake.
,,,$TXDWLF3ODQWV
Species composition of aquatic plants was recorded for 19 lakes.
A list of 30 genera and 56 species (including nine genera not
identified to species) was compiled from field observations or
available reports (Table 6). Our field observations were biased
toward the more common aquatic plants that are recognizable
early in the growing season, and thus our lists may have greatly
underestimated species richness and community composition
in most waterbodies. Other investigators had conducted mod
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ginal water chemistry for zebra mussels but it is also a municipal
water supply with no boat access or fishing allowed. We did
not assess the habitat or biological community of Wright Pond.
McLoed Pond is a small pond embedded in the Catamont State
Forest in Colrain and has unusually high calcium levels (13.2
mg/L) and pH (7.4) for small high-elevation ponds in the region; we consider this pond only marginally susceptible to zebra
mussels.
Only three waterbodies in the watershed with suitable water chemistry (medium or high risk) were considered to have
physical habitat that would support zebra mussels and are accessible. These included Congamond Lakes (Southwick), Pequot
Pond (Westfield), and Ashfield Lake (Ashfield). We consider
these lakes at medium to high risk although calcium levels in
Congamond Lakes (15.0 mg/L) and Ashfield Lake (14.0 mg/L)
are toward the low end of zebra mussel’s tolerance range. Pequot
Pond has calcium levels of 20.0 mg/L and a pH of 7.7, making
its chemical environment more suitable for zebra mussels than
some other waterbodies in New England where zebra mussels
are already established. We believe it is unlikely that zebra mussels could become established in the Connecticut River in Massachusetts based on low calcium, although other studies have
suggested the Connecticut River might be at risk (Murray et
al. 1993, Smith 1993). We also do not consider the Quabbin
Reservoir capable of supporting zebra mussels based on low pH,
calcium, and alkalinity.
Figure 4 shows susceptibility of 166 waterbodies in central and western Massachusetts to the establishment of zebra
mussels based on available water chemistry data. The regional
analysis includes the Connecticut, Housatonic, and Hudson
River basins of Berkshire, Hampden, Hampshire, and Franklin
counties as well as western parts of Worcester County that occur within the Connecticut River watershed. Nearly all of the
naturally susceptible waterbodies in this region occur in the low
elevation areas of the Housatonic and Hoosic watersheds. This

ponds assessed in this study were very small, shallow, heavily
vegetated, and eutrophic (none of these traits are particularly
suitable for zebra mussels). Among the 2010 survey sites and
the ARM waterbodies in the Connecticut River watershed (a
total of 108 waterbodies or river sites), 12 waterbodies had at
least marginal pH (>7.4), nine waterbodies had at least marginal calcium levels (>12.0 mg/L), and 25 waterbodies had at
least marginal alkalinity levels (>20.0 mg/L) (Tables 7-8). For
the three water chemistry parameters combined, only nine waterbodies were classified as having medium or high risk of zebra
mussel invasion (Table 8, Figure 3). Of these, four are small
waterbodies in urban environments whose water chemistry is
strongly influenced by myriad effects of urbanization and whose
physical habitat is generally not suitable for zebra mussels and
that receive no boat traffic. These include Watershops Pond
(Springfield), Porter Lake (Springfield), Harts Pond (Agawam),
and Silver Lake (Agawam). Wright Pond (Holyoke) has mar-
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Kraft and Johnson 2000, Bossenbroek et al. 2001). Pequot Pond is
0HGLXP5LVN
very accessible, has multiple launch
sites, and receives a fair amount of

+LJK5LVN
visitation. The Congamond Lakes
are also very accessible, have mul
tiple launch sites, and receive high
visitation including competitive
bass tournaments that draw anglers

from around the region. This is one
of the first lakes in southern New
England where Asian clams became

established and it is also infested
with a variety of invasive aquatic
plants. In 2008, 48 boats last used

in zebra mussel infested waters
(Lake George NY, Twin Lakes CT,

Lake Ontario NY, and Lake Cham









plain VT) were launched in the
Congamond Lakes (DCR 2008),
S+
indicating a high prevalence of potential dispersal vectors. Ashfield

D +RXVDWRQLFDQG+XGVRQ:DWHUVKHGV
Lake is much smaller and primarily
0HGLXP5LVN
draws local anglers, especially be
cause its small size and small ramp
+LJK5LVN
precludes foreign motorboats. Of
the three lakes, Pequot Pond and

Congamond Lakes are probably
most in need of zebra mussel education and monitoring.

Despite the broad ecological
tolerance of most snail species we
encountered, there appeared to be

a positive correlation between snail
species richness, pH, and calcium

(Figure 6). Poorly buffered, low-calcium lakes tended to have low species richness of aquatic snails com
pared to well-buffered high-calcium










lakes. Neither of the two calciphiS+
lous snail species documented in the
Phase I Assessment—Marstonia lus)LJXUH3ORWRIS+YHUVXVFDOFLXPIRUZDWHUERGLHVLQ D WKH&RQQHFWLFXW5LYHUZDWHUVKHGDQG E 
trica and Valvata tricarinata—were
WKH+RXVDWRQLFDQG+XGVRQZDWHUVKHGVRI0DVVDFKXVHWWVIRUZKLFKGDWDZHUHDYDLODEOHRQERWK
found in the 2010 study, but species
SDUDPHWHUV0HGLXPDQGKLJKULVNZDWHUERGLHVDUHVKRZQXVLQJWKUHVKROGVRXWOLQHGLQ7DEOH
richness of other documented snails
followed the same trends observed
area is part of the Western New England Marble Valleys ecorein the Phase I Assessment. Lakes assessed in the 2010 study
gion that is characterized by calcium-rich soil and water and
usually lacked algae of the genus Chara, a biological indicator
extensive groundwater aquifers. Plots of pH versus calcium for
of calcareous lakes found in several lakes in Berkshire County.
waterbodies in the Connecticut River watershed (Figure 5a) and
The one exception was Congamond Lakes where Chara was
the Housatonic and Hudson River watersheds (Figure 5b), with
reported in a 2009 study (Northeast Aquatic Research 2009),
risk thresholds overlaid on the plots, clearly show differences in
although we did not detect Chara in our more limited surveys.
the suscepibility of waterbodies in these areas.
Marl, a calcium precipitate that settles on the bottom of calcarHeavy recreational use increases the probability of zebra
eous lakes and is therefore a reliable predictor of high calcium
mussel introduction. The scientific literature shows that multilevels, was not observed in any of the 2010 study lakes but was
ple introductions are needed to establish a population (Johnson
observed in several Berkshire County lakes.
and Carlton 1996, Padilla et al. 1996, Schneider et al. 1998,
Although there are a small number of lakes in the ConnectD &RQQHFWLFXW5LYHU:DWHUVKHG
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icut River watershed that might support zebra mussels, none are
considered optimal for this species and they generally lack many
of the strongest biological indicators of high-risk lakes that were
documented in Berkshire County. Nevertheless, Pequot Pond
has higher pH and calcium levels than several other waterbodies in the Northeast where zebra mussels are already established
and should be considered at high risk. Congamond Lakes and
Ashfield Lake may be less suitable for zebra mussels than Pequot
Pond but might still be vulnerable. Anglers and boaters should
carefully follow established decontamination procedures when
visiting or leaving the Congamond Lakes, Pequot Pond, and
Ashfield Lake. Signage and boat ramp monitoring are recommended. Periodic aquatic surveys are recommended to increase
chances of early detection.
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+RXVDWRQLF
&KLFRSHH
:HVWÙHOG
'HHUÙHOG
+RXVDWRQLF
:HVWÙHOG
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
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5LVN
/RZ
/RZ
/RZ
/RZ
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ

ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

$SSHQGL[ FRQWLQXHG

1DPH
&RQQHFWLFXW5LYHU
&RQZHOO3RQG
&RRPEHV'DP3RQG
&RZHH3RQG
&UDQEHUU\3RQG
&UDQEHUU\3RQG
&UDQH/DNH
:DWVRQ3RQG
&U\VWDO/DNH
&U\VWDO/DNH
&XUWLQ3RQG
'DPRQ3RQG
'DYLV3RQG
'D\0LOO3RQG
'HHUÙHOG5LYHU
'HHUÙHOG5LYHU
'HPRQG3RQG
'LPPRFN%URRN3RQG
'RH3RQG
(DVW,QGLHV3RQG
)DUQKDP5HVHUYRLU
)HOWRQ/DNH
)LVNH3RQG
)LYH0LOH3RQG
)RUJH3RQG
*DUQHW/DNH
*RRVH3RQG
*UHHQZRRG3RQG
*XLOGHU3RQG
+DPPRQG3RQG
+DUWV3RQG
+DZOH\5HVHUYRLU
+D\0HDGRZ3RQG
+D\HV3RQG
+LOO5HVHUYRLU
+RUQ3RQG
+RXVDWRQLF5LYHU
+RXVDWRQLF5LYHU
+RXVDWRQLF5LYHU
+RXVDWRQLF5LYHU
+RXVDWRQLF5LYHU
.QLJKWV3RQG
/DNH$YHULF
/DNH%XHO
/DNH'HQLVRQ
/DNH*DUÙHOG
/DNH/RUUDLQH
/DNH0DQVÙHOG
/DNH0DWWDZD
/DNH3OHDVDQW
/DNH5RKXQWD
/DNH:DUQHU
/DNH:DWDWLF
/DNH:\ROD
/DXUHO/DNH
/DXUHO/DNH
/HH3RQG
/LWWOHYLOOH/DNH
/RQJ3RQG
/RYHZHOO3RQG
/RZHU+LJKODQG/DNH
/RZHU6SHFWDFOH3RQG
0DXVHUWV3RQG
0FOHRG3RQG
0LOO3RQG
0LQRWW3RQG6RXWK
0RKDZN/DNH
0RRUHV3RQG
1HZHOO3RQG
1RUWK3RQG
2QRWD/DNH
2WLV5HVHUYRLU
3HOKDP/DNH
3HTXRW3RQG

7RZQ
1RUWKDPSWRQ
:RUWKLQJWRQ
6KHIÙHOG
*DUGQHU
6XQGHUODQG
:HVW6WRFNEULGJH
:HVW6WRFNEULGJH
2WLV
3DOPHU
5LFKPRQG
2WLV
&KHVWHUÙHOG
6KHIÙHOG
7HPSOHWRQ
)ORULGD
'HHUÙHOG
5XWODQG
2WLV
:HVWÙHOG
1HZ0DUOERURXJK
:DVKLQJWRQ
:DVKLQJWRQ
:HQGHOO
6SULQJÙHOG
*UDQE\
3HUX
/HH7\ULQJKDP
7HPSOHWRQ
0RXQW:DVKLQJWRQ
&KHVWHUÙHOG
$JDZDP
3HOKDP
1HZ0DUOERURXJK
2WLV
3HOKDP
%HFNHW
/HQR[
/HQR[
/HH
6WRFNEULGJH
6WRFNEULGJH
%HOFKHUWRZQ
6WRFNEULGJH
0RQWHUH\
:LQFKHQGRQ
0RQWHUH\
6SULQJÙHOG
*UHDW%DUULQJWRQ
2UDQJH
0RQWDJXH
2UDQJH
+DGOH\
$VKEXUQKDP
6KXWHVEXU\
(UYLQJ
/HH/HQR[
0RXQW:DVKLQJWRQ
&KHVWHU
*UHDW%DUULQJWRQ
+XEEDUGVWRQ
*RVKHQ
6DQGLVÙHOG
&ODUNVEXUJ
&ROUDLQ
6KHIÙHOG
:HVWPLQVWHU
6WRFNEULGJH
:DUZLFN
*UHHQÙHOG
)ORULGD
3LWWVÙHOG
2WLV7ROODQG
5RZH
:HVWÙHOG

&RXQW\
+DPSVKLUH
+DPSVKLUH
%HUNVKLUH
:RUFHVWHU
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
%HUNVKLUH
+DPSVKLUH
%HUNVKLUH
:RUFHVWHU
%HUNVKLUH
)UDQNOLQ
:RUFHVWHU
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
)UDQNOLQ
+DPSGHQ
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
:RUFHVWHU
%HUNVKLUH
+DPSVKLUH
+DPSGHQ
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
:RUFHVWHU
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
)UDQNOLQ
)UDQNOLQ
)UDQNOLQ
+DPSVKLUH
:RUFHVWHU
)UDQNOLQ
)UDQNOLQ
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
:RUFHVWHU
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
)UDQNOLQ
%HUNVKLUH
:RUFHVWHU
%HUNVKLUH
)UDQNOLQ
)UDQNOLQ
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
)UDQNOLQ
+DPSGHQ

0DMRU
:DWHUVKHG
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+XGVRQ
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+XGVRQ
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+XGVRQ
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW

:DWHUVKHG
&RQQHFWLFXW
:HVWÙHOG
+RXVDWRQLF
0LOOHUV
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
)DUPLQJWRQ
&KLFRSHH
+RXVDWRQLF
+RXVDWRQLF
:HVWÙHOG
+RXVDWRQLF
0LOOHUV
'HHUÙHOG
'HHUÙHOG
&KLFRSHH
)DUPLQJWRQ
:HVWÙHOG
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
:HVWÙHOG
+RXVDWRQLF
0LOOHUV
%DELVK
:HVWÙHOG
&RQQHFWLFXW
&RQQHFWLFXW
)DUPLQJWRQ
+RXVDWRQLF
&RQQHFWLFXW
:HVWÙHOG
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
+RXVDWRQLF
&KLFRSHH
+RXVDWRQLF
+RXVDWRQLF
0LOOHUV
+RXVDWRQLF
&KLFRSHH
+RXVDWRQLF
0LOOHUV
&RQQHFWLFXW
0LOOHUV
&RQQHFWLFXW
0LOOHUV
&RQQHFWLFXW
0LOOHUV
+RXVDWRQLF
%DELVK
:HVWÙHOG
+RXVDWRQLF
&KLFRSHH
&RQQHFWLFXW
)DUPLQJWRQ
+RRVLF
'HHUÙHOG
+RXVDWRQLF
0LOOHUV
+RXVDWRQLF
0LOOHUV
'HHUÙHOG
'HHUÙHOG
+RXVDWRQLF
)DUPLQJWRQ
'HHUÙHOG
&RQQHFWLFXW
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/RZ
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/RZ
/RZ
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/RZ
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/RZ
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/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
+LJK
+LJK
+LJK
+LJK
/RZ
0HGLXP
+LJK
/RZ
0HGLXP
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
0HGLXP
+LJK
/RZ
0HGLXP
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
+LJK

ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

$SSHQGL[ FRQWLQXHG

1DPH
3ODLQÙHOG3RQG
3ODQWDLQ3RQG
3OXQNHWW5HVHUYRLU
3RQWRRVXF/DNH
3RUWHU/DNH
3URVSHFW/DNH
4XDEELQ5HVHUYRLU
5LFKPRQG3RQG
5RELQ+RRG/DNH
5RXQG3RQG
5XGG3RQG
6DQGZDVK5HVHUYRLU
6FDUERUR3RQG
6KDZ3RQG
6LEOH\6ZDPS3RQG
6LOYHU/DNH
6SRUWVPDQV3RQG
6WRFNEULGJH%RZO
6WXPS3RQG
7KRPSVRQV3RQG
7KRXVDQG$FUH3RQG
7KUHHPLOH3RQG
7URXW3RQG
7XOO\3RQG
8SSHU*RRVH3G
8SSHU+LJKODQG/DNH
8SSHU1DXNHDJ/DNH
8SSHU5HVHUYRLU
8SSHU6SHFWDFOH3RQG
:DWHUVKRSV3RQG
:HVW/DNH
:HVW/DNH
:HVWÙHOG5HVHUYRLU
:HVWÙHOG5LYHU
:KLWH/LO\3RQG
:LQGVRU3RQG
:LQGVRU5HVHUYRLU
:RRGV3RQG
:ULJKW3RQG
<RUN/DNH

7RZQ
3ODLQÙHOG
0RXQW:DVKLQJWRQ
+LQVGDOH
3LWWVÙHOG
6SULQJÙHOG
(JUHPRQW
%HOFKHUWRZQ
5LFKPRQG
%HFNHW
*UHDW%DUULQJWRQ
%HFNHW
:DVKLQJWRQ
%HOFKHUWRZQ
2WLV%HFNHW
:HQGHOO
$JDZDP
$WKRO
6WRFNEULGJH
*DUGQHU
6SHQFHU
1HZ0DUOERURXJK
6KHIÙHOG
7ROODQG
2UDQJH
/HH
*RVKHQ
$VKEXUQKDP
/HH
6DQGLVÙHOG
6SULQJÙHOG
6DQGLVÙHOG
6DQGLVÙHOG
0RQWJRPHU\
:HVWÙHOG
2WLV
:LQGVRU
+LQVGDOH
/HQR[
+RO\RNH
1HZ0DUOERURXJK

&RXQW\
+DPSVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
:RUFHVWHU
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSVKLUH
%HUNVKLUH
)UDQNOLQ
+DPSGHQ
:RUFHVWHU
%HUNVKLUH
:RUFHVWHU
:RUFHVWHU
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
)UDQNOLQ
%HUNVKLUH
+DPSVKLUH
:RUFHVWHU
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
+DPSGHQ
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
%HUNVKLUH
+DPSGHQ
%HUNVKLUH

0DMRU
:DWHUVKHG
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
+XGVRQ
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
&RQQHFWLFXW
+RXVDWRQLF
+RXVDWRQLF
&RQQHFWLFXW
&RQQHFWLFXW

:DWHUVKHG
'HHUÙHOG
+RXVDWRQLF
+RXVDWRQLF
+RRVLF
&RQQHFWLFXW
+RXVDWRQLF
&KLFRSHH
+RXVDWRQLF
:HVWÙHOG
+RXVDWRQLF
:HVWÙHOG
+RXVDWRQLF
&RQQHFWLFXW
)DUPLQJWRQ
&KLFRSHH
&RQQHFWLFXW
0LOOHUV
+RXVDWRQLF
0LOOHUV
&KLFRSHH
+RXVDWRQLF
+RXVDWRQLF
)DUPLQJWRQ
0LOOHUV
+RXVDWRQLF
:HVWÙHOG
0LOOHUV
+RXVDWRQLF
)DUPLQJWRQ
&RQQHFWLFXW
)DUPLQJWRQ
)DUPLQJWRQ
:HVWÙHOG
:HVWÙHOG
)DUPLQJWRQ
:HVWÙHOG
+RXVDWRQLF
+RXVDWRQLF
:HVWÙHOG
)DUPLQJWRQ
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/RZ
/RZ
0HGLXP
+LJK
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/RZ
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ
0HGLXP
/RZ
+LJK
/RZ
/RZ
/RZ
0HGLXP
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
+LJK
/RZ
/RZ
/RZ
/RZ
/RZ
/RZ
0HGLXP
+LJK
0HGLXP
/RZ

ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

=HEUD0XVVHO3KDVH,,$VVHVVPHQW
3K\VLFDO&KHPLFDODQG%LRORJLFDO(YDOXDWLRQRI:DWHUERGLHVLQWKH
&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

$33(1',;

/DNH3URÙOHV
%ULHISURÙOHVDUHSURYLGHGIRUHDFKRIWKHSULPDU\DQGVHFRQGDU\ODNHVVXU
YH\HGIRUWKLVUHSRUWDVZHOODVIRUWKH&RQQHFWLFXW5LYHU 7DEOH 3URÙOHV
LQFOXGHRUWKRSKRWRVVKRZLQJORFDWLRQVRIVXUYH\VLWHV VHH$SSHQGL[IRU
FRRUGLQDWHVDQGPHWKRGVHPSOR\HGDWHDFK DQGVXPPDULHVRIKDELWDWDQG
ZDWHUFKHPLVWU\



UHVHDUFKUHSRUW

ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

1

$OGULFK/DNH
*UDQE\
q 6XUYH\HG-XQH
q 6XUYH\6LWH7KHVXUYH\VLWHZDVORFDWHGDWWKHERDWDFFHVV
SRLQW DW WKH $PKHUVW 5RDG %ULGJH 0HWKRGV LQFOXGHG D
6&8%$VXUYH\LQGHHSZDWHU'QHWVDPSOLQJZKLOHZDGLQJ
D VLQJOH SODQNWRQ WRZ DQG ERWK ODERUDWRU\ DQG ÙHOG PHD
VXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ$OGULFK/DNHLVDDFUHODNHLQ*UDQE\IRUPHG
E\ GDPPLQJ %DFKHORU %URRN 7KH DSSUR[LPDWHO\ PLOH
ORQJODNHUXQVLQDJHQHUDOO\HDVWWRZHVWGLUHFWLRQZLWKD
GHHSHUZHVWHUQEDVLQDQGDVKDOORZZHHG\HDVWHUQEDVLQ
7KH HDVWHUQ EDVLQ LV PRGHUDWHO\ HXWURSKLF 0DFURSK\WH
DEXQGDQFHZDVORZWRPRGHUDWHZLWKLQWKHVXUYH\DUHDDW
WKHWLPHRIWKHVXUYH\6XEVWUDWHZDVPXFN\VLOWLQWKHVKDO
ORZVJUDGLQJWRDFRPELQDWLRQRIVDQGJUDYHOFREEOHLQWKH
ROGVWUHDPFKDQQHO6HFFKLGHSWKZDVVHYHQIHHW'LVVROYHG
R[\JHQZDVPJ/DWWKHVXUIDFHDQGPJ/DWIHHW
6KRUHOLQHGHYHORSPHQWLVORZZLWKDZRRGHGEXIIHUVHSD
UDWLQJ DOO EXW RQH RI WKH HOHYHQ UHVLGHQWLDO SURSHUWLHV QHDU
WKHODNH5HFUHDWLRQLVSULPDULO\ÙVKLQJJHQHUDOO\IURPQRQ
PRWRUL]HGERDWVRUERDWVZLWKVPDOOPRWRUV
q 3RWHQWLDOIRU=HEUD0XVVHOV$OGULFK/DNHLVFRQVLGHUHG/RZ
5LVNEHFDXVHRIVXERSWLPDOZDWHUFKHPLVWU\>S+FDO
FLXPPJODQGDONDOLQLW\PJO@,WVVXERSWLPDOSK\VL
FDOKDELWDWQHDUODFNRIWKHUPDOVWUDWLÙFDWLRQDQGHXWURSKLF
VWDWHDOVRUHGXFHLWVSRWHQWLDOWRVXSSRUW]HEUDPXVVHOV



PHWHUV

$OGULFK/DNHVXUYH\VLWH

$VKÙHOG/DNH
$VKÙHOG

1

q 6XUYH\HG-XQH
q 6XUYH\ 6LWHV 7KUHH ORFDWLRQV ZHUH VXUYH\HG LQFOXGLQJ WKH
SXEOLF ERDW UDPS 0HWKRGV LQFOXGHG D 6&8%$ VXUYH\ LQ
GHHSZDWHU'QHWVDPSOLQJZKLOHZDGLQJDVLQJOHSODQNWRQ
WRZDQGERWKODERUDWRU\DQGÙHOGPHDVXUHPHQWVRIZDWHU
FKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ $VKÙHOG /DNH LV D DFUH ODNH ORFDWHG LQ WKH
WRZQRI$VKÙHOG,WVPD[LPXPGHSWKLVRQO\IHHWDQGSURE
DEO\EDUHO\VWUDWLÙHV7KHODNHLVIRUPHGE\DQHDUWKHQGDP
DW LWV VRXWKHUQ HQG $TXDWLF PDFURSK\WH DEXQGDQFH ZDV
PRGHUDWHH[FHSWIRURQHVKDOORZFRYHZKHUHÚRDWLQJVSH
FLHV VXFK DV 1\PSKDHD RGRUDWD IRUPHG D UHODWLYHO\ GHQVH
SDWFK7KHVXEVWUDWHQHDUVKRUHZDVJHQHUDOO\DFRPELQDWLRQ
RIVDQGDQGJUDYHOJUDGLQJWRGHHSPXFNDWJUHDWHUGHSWKV
$SSUR[LPDWHO\  PHWHUV RI VKRUHOLQH VXEVWUDWH LV ULSUDS
QHDUWKHHDUWKHQGDP6HFFKLGHSWKZDVIHHW'LVVROYHG
R[\JHQZDVPJ/DWWKHVXUIDFHDQGQHDUWKHERW
WRP$SSUR[LPDWHO\SHUFHQWRIWKHVKRUHOLQHLVUHVLGHQWLDO
SURSHUW\ZLWKWKHUHPDLQGHURIWKHODNHVKRUHZRRGHG
q 3RWHQWLDO IRU =HEUD 0XVVHOV $VKÙHOG /DNH LV FRQVLGHUHG
0HGLXP5LVNEHFDXVHRIPDUJLQDOO\VXLWDEOHS+  FDO
FLXP  PJO  DQG DONDOLQLW\  PJO  ,WV VPDOO VL]H DQG
OLPLWHGSK\VLFDOKDELWDWUHGXFHLWVYXOQHUDELOLW\WR]HEUDPXV
VHOV%RDWLQJDFWLYLW\LVUHODWLYHO\OLJKWZKLFKPD\DOVRUHGXFH
WKHULVNRI]HEUDPXVVHOLQWURGXFWLRQ

PHWHUV







$VKÙHOG/DNHVXUYH\VLWHV


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

&RQJDPRQG/DNHV
6RXWKZLFN

UHVHDUFKUHSRUW



q 6XUYH\HG-XQH
q 6XUYH\6LWHV)LYHORFDWLRQVLQWZREDVLQVZHUHVXUYH\HGLQ
FOXGLQJERDWDFFHVVSRLQWVDQGDIRUPHUSXEOLFEHDFKZHUH
VXUYH\HG0HWKRGVLQFOXGHG6&8%$ IRXUORFDWLRQV VQRU
NHOLQJ ÙYHORFDWLRQV DQG'QHWVDPSOLQJZKLOHZDGLQJ ÙYH
ORFDWLRQV  WKUHH SODQNWRQ WRZV DQG ERWK ODERUDWRU\ DQG
ÙHOGPHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ7KHWKUHHEDVLQVRIWKH&RQJDPRQG/DNHVFRP
SULVHDFUHVRIVXUIDFHDUHDLQWKHWRZQVRI6RXWKZLFN
0$DQG:HVW6XIÙHOG&70DFURSK\WHDEXQGDQFHZDVJHQ
HUDOO\KLJKWKURXJKRXWWKHODNHZLWKDGHFOLQHLQSODQWGHQVL
WLHVLQGHHSZDWHU6XEVWUDWHLQVKDOORZDUHDVZDVSULPDULO\
VDQG DQG JUDYHO ZLWK VRPH DUHDV RI FREEOH ZKLOH GHHSHU
DUHDVFRQWDLQHGPRVWO\RUJDQLFPXFNRUJ\WWMD6HFFKLGHSWK
UDQJHG IURP  WR  IHHW $YHUDJH GVVROYHG R[\JHQ ZDV
PJ/DWWKHVXUIDFHDQGPJ/DWIHHW6KRUHOLQH
GHYHORSPHQWDQGUHFUHDWLRQDUHYHU\KLJKZLWKPXOWLSOHERDW
UDPSVDQGPDQ\SULYDWHGRFNV
q 3RWHQWLDO IRU =HEUD 0XVVHOV 7KH &RQJDPRQG /DNHV DUH
FRQVLGHUHG0HGLXP5LVNZLWKDS+UHDGLQJVUDQJLQJIURP
 WR  FDOFLXP EHWZHHQ  PJ/ DQG DONDOLQLW\ RI
 PJO 7KH
VL]H GHSWK DQG
VXEVWUDWH PDNH LW
DPRQJ WKH PRUH
VXLWDEOH SK\VLFDO
KDELWDWV DPRQJ
WKH  VXUYH\
ODNHV +LJK ERDW
LQJ DFWLYLW\ LQ
FUHDVHV WKH ULVN
RI ]HEUD PXVVHO
LQWURGXFWLRQ

1







PHWHUV


&RQJDPRQG/DNHVXUYH\VLWHV

1



&UDQEHUU\3RQG
6XQGHUODQG
q 6XUYH\HG-XQH
q 6XUYH\ 6LWH 2QH VXUYH\ VLWH QHDU WKH GDP DQG ERDW UDPS
ZDV VXUYH\HG 0HWKRGV LQFOXGHG VQRUNHOLQJ 'QHW VDP
SOLQJZKLOHZDGLQJDVLQJOHSODQNWRQWRZDQGERWKODERUD
WRU\DQGÙHOGPHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ&UDQEHUU\3RQGLVDDFUHFROGZDWHUSRQGLQ
WKHWRZQRI6XQGHUODQG$TXDWLFPDFURSK\WHDEXQGDQFHLV
KLJKWKURXJKRXWWKHVKDOORZSRUWLRQVRIWKHSRQG0RVWRI
WKHSRQGLVVKDOORZZLWKDPD[LPXPGHSWKRIIHHWEXWDQ
DYHUDJHGHSWKRIRQO\IRXUIHHW6XEVWUDWHUDQJHGIURPVDQG
DQGJUDYHOQHDUVKRUHWRRUJDQLFPXFNLQGHHSHUZDWHU7KH
VKRUHOLQHLVHQWLUHO\XQGHYHORSHGDQGUHFUHDWLRQLVSULPDULO\
ÙVKLQJIURPQRQPRWRUL]HGERDWVRUERDWVZLWKVPDOOPRWRUV
q 3RWHQWLDOIRU=HEUD0XVVHOV&UDQEHUU\3RQGLVFRQVLGHUHG
/RZ 5LVN GXH WR VXERSWLPDO SK\VLFDO DQG FKHPLFDO FRQGL
WLRQVLQFOXGLQJORZS+  ORZFDOFLXP PJO DQGORZ
DONDOLQLW\ PJO 

PHWHUV
&UDQEHUU\3RQGVXUYH\VLWH


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

)LYH0LOH3RQG
6SULQJÙHOG

1

q 6XUYH\HG-XQH
q 6XUYH\6LWH2QHJHQHUDODUHDFHQWHUHGRQWKHSXEOLFERDW
UDPS ZDV VXUYH\HG 0HWKRGV LQFOXGHG 6&8%$ GLYLQJ LQ
GHHSHUDUHDV'QHWVDPSOLQJZKLOHZDGLQJDVLQJOHSODQN
WRQWRZDQGERWKODERUDWRU\DQGÙHOGPHDVXUHPHQWVRIZD
WHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ )LYH0LOH 3RQG LV D DFUH SRQG QHDU XUEDQ
6SULQJÙHOGZLWKDQDYHUDJHGHSWKRIIHHWDQGDPD[LPXP
GHSWKRIIHHW$TXDWLFPDFURSK\WHDEXQGDQFHZDVKLJK
ZLWKLQWKHVXUYH\DUHDEXWGHFOLQHGLQGHHSHUZDWHU6HF
FKLGHSWKZDVEH\RQGWKHGHHSHVWSRLQWLQWKHVXUYH\DUHD
IHHW DQGJHQHUDOO\TXLWHFOHDU'LVVROYHGR[\JHQUDQJHG
IURPPJ/DWWKHVXUIDFHWRDWQLQHIHHW$OWKRXJK
)LYHPLOH 3RQG LV ZLWKLQ D KLJKO\ GHYHORSHG DUHD DSSUR[L
PDWHO\SHUFHQWRIWKHODNHVKRUHLVZRRGHG7KHSRQGLV
KHDYLO\XVHGIRUÙVKLQJERDWLQJDQGVZLPPLQJ$VLDQFODPV
DUHHVWDEOLVKHGLQWKHSRQG
q 3RWHQWLDO IRU =HEUD 0XVVHOV )LYHPLOH 3RQG LV FRQVLGHUHG
/RZ5LVNEHFDXVHRIVXERSWLPDOFRQGLWLRQVLQFOXGLQJPDU
JLQDO S+   ORZ FDOFLXP  PJO  DQG ORZ DONDOLQLW\
PJO ,WVFDOFLXPDQGDONDOLQLW\DUHYHU\ORZFRPSDUHG
WR RWKHU QHDUE\ XUEDQ ZDWHUERGLHV 3RUWHU /DNH :DWHU
VKRSV3RQG 



PHWHUV

/LWWOHYLOOH/DNH
&KHVWHU+XQWLQJWRQ

)LYHPLOH3RQGVXUYH\VLWH

1



q 6XUYH\HG-XQH
q 6XUYH\6LWHV7KUHHDUHDVZHUHVXUYH\HGLQFOXGLQJWKHDU
HDVDURXQGHDFKRIWKHSXEOLFERDWUDPSVDQGWKH:HVWÙHOG
5LYHULQWKHGHHSSRROLPPHGLDWHO\GRZQVWUHDPRIWKHGDP
0HWKRGV LQFOXGHG 6&8%$ GLYLQJ VQRUNHOLQJ 'QHW VDP
SOLQJZKLOHZDGLQJWKUHHSODQNWRQWRZVDQGERWKODERUDWRU\
DQGÙHOGPHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ/LWWOHYLOOH/DNHLVDDFUHGHHS PD[GHSWK
IHHW FROGZDWHUODNHLQWKHWRZQVRI&KHVWHUDQG+XQ
WLQJWRQ7KHODNHZDVIRUPHGE\GDPPLQJWKH0LGGOH%UDQFK
:HVWÙHOG5LYHU$TXDWLFPDFURSK\WHDEXQGDQFHZDVORZDW
DOOWKUHHVXUYH\VLWHV6XEVWUDWHUDQJHGIURPH[SRVHGOHGJH
ERXOGHUDQGFREEOHZLWKDUHDVRIVDQGDQGJUDYHOWRDUHDV
ZLWK VLOW DQG GHWULWXV 6HFFKL GHSWK ZDV  IHHW 'LVVROYHG
R[\JHQ UHPDLQHG UHODWLYHO\ FRQVWDQW DW GHSWK  PJ/ DW
WKHVXUIDFHWRPJ/DWIHHW%HFDXVHWKLVLVDÚRRG
FRQWUROODNHWKHVKRUHOLQHLVHQWLUHO\XQGHYHORSHG7KHH[
FHOOHQWÙVKHU\VXSSRUWVKLJKUHFUHDWLRQDOXVHRIWKHODNHDO
WKRXJKWKHKRUVHSRZHUOLPLWRQPRWRUVOLPLWVERDWWUDIÙF
q 3RWHQWLDO IRU =HEUD 0XVVHOV $OWKRXJK LWV SK\VLFDO KDELWDW
ZRXOGEHQHDUO\LGHDOIRU]HEUDPXVVHOV/LWWOHYLOOH/DNHKDV
XQVXLWDEOHFKHPLFDOFRQGLWLRQVLQFOXGLQJORZS+  ORZ
FDOFLXP PJO DQGORZDONDOLQLW\ PJO =HEUDPXVVHOV
FRXOGQRWEHFRPHHVWDEOLVKHGLQ/LWWOHYLOOH/DNH



PHWHUV
/LWWOHYLOOH/DNHVXUYH\VLWHV




ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

/RZHU+LJKODQG/DNH
*RVKHQ

UHVHDUFKUHSRUW

1



q 6XUYH\HG-XQH
q 6XUYH\ 6LWH 2QH VLWH ZDV VXUYH\HG VWDUWLQJ DW WKH SXEOLF
ERDW UDPS DQG H[WHQGLQJ RXW WR WKH QRUWKHUQ HQG RI WKH
PDLQ ODNH 0HWKRGV LQFOXGHG 6&8%$ GLYLQJ 'QHW VDP
SOLQJZKLOHZDGLQJDVLQJOHSODQNWRQWRZDQGERWKODERUD
WRU\DQGÙHOGPHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ/RZHU+LJKODQG/DNHLVDQDFUHODNHLQWKH
WRZQRI*RVKHQ7KHXSSHUKDOIRIWKHODNHOLHVZLWKLQWKH
'$56WDWH)RUHVW7KLVODNHLVRQHRIWZRLPSRXQGPHQWVRI
WKHZHVWEUDQFKRIWKH0LOO5LYHUVHSDUDWHGE\DTXDUWHUPLOH
IURP8SSHU+LJKODQG/DNH$TXDWLFPDFURSK\WHDEXQGDQFH
ZDVORZWKURXJKRXWWKHVXUYH\DUHD6XEVWUDWHZDVSULPDULO\
PXFN ZLWK VRPH ERXOGHUV DQG VDQGJUDYHO 6HFFKL GHSWK
ZDVEH\RQGWKHPD[LPXPVXUYH\HGGHSWK n 'LVVROYHG
R[\JHQ GLG QRW GHFOLQH ZLWK GHSWK $SSUR[LPDWHO\  SHU
FHQW RI WKH VKRUHOLQH LV GHYHORSHG DQG UHFUHDWLRQDO XVH LV
UHODWLYHO\KLJKGXULQJWKHVXPPHUPRQWKV
q 3RWHQWLDOIRU=HEUD0XVVHOV/RZHU+LJKODQG/DNHQRWDWULVN
EDVHGRQVXERSWLPDOFKHPLFDOFRQGLWLRQVLQFOXGLQJORZS+
 ORZFDOFLXP PJO DQGORZDONDOLQLW\ PJO 
8SSHU+LJKODQG/DNH
*RVKHQ

PHWHUV

q 6XUYH\HG-XQH
q 6XUYH\6LWH2QHVLWHZDVVXUYH\HGLQ8SSHU+LJKODQG/DNH
0HWKRGV LQFOXGHG 6&8%$ GLYLQJ 'QHW VDPSOLQJ ZKLOH
ZDGLQJDVLQJOHSODQNWRQWRZDQGERWKODERUDWRU\DQGÙHOG
PHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ8SSHU+LJKODQG/DNHLVDDFUHODNHLQWKH
WRZQ RI *RVKHQ HQWLUHO\ ZLWKLQ WKH '$5 VWDWH IRUHVW 7KLV
ODNH LV WKH QRUWKHUQ RI WZR LPSRXQGPHQWV RQ WKH ZHVW
EUDQFK RI WKH 0LOO 5LYHU VHSDUDWHG E\ D TXDUWHU PLOH IURP
/RZHU +LJKODQG /DNH 0DFURSK\WH DEXQGDQFH ZDV ORZ
ZLWKLQWKHVWXG\DUHD6XEVWUDWHZDVDFRPELQDWLRQRIVDQG
JUDYHOFREEOHDQGERXOGHUWKURXJKRXWWKHVXUYH\DUHDZLWK
VRIW PXFN FRYHULQJ WKH ÙUPHU VXEVWUDWH DW JUHDWHU GHSWKV
6HFFKLGHSWKZDVWHQIHHW'LVVROYHGR[\JHQGLGQRWGHFOLQH
ZLWKGHSWK7KHUHLVQRVKRUHOLQHGHYHORSPHQWDVLGHIURP
WKHVWDWHIRUHVWDQG&DPS+RO\&URVV
q 3RWHQWLDOIRU=HEUD0XVVHOV8SSHU+LJKODQG/DNHQRWDWULVN
EDVHGRQVXERSWLPDOFKHPLFDOFRQGLWLRQVLQFOXGLQJORZS+
 ORZFDOFLXP PJO DQGORZDONDOLQLW\ PJO 

/RZHU+LJKODQG/DNHVXUYH\VLWH

1



PHWHUV
8SSHU+LJKODQG/DNHVXUYH\VLWH


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

UHVHDUFKUHSRUW

3HTXRW3RQG
:HVWÙHOG

1

q 6XUYH\HG-XQH
q 6XUYH\ 6LWHV )RXU ORFDWLRQV ZHUH VXUYH\HG LQFOXGLQJ WKH
SXEOLFERDWUDPSDQGWKUHHRWKHUVKRUHOLQHDUHDV0HWKRGV
LQFOXGHG 6&8%$ GLYLQJ VQRUNHOLQJ 'QHW VDPSOLQJ ZKLOH
ZDGLQJ IRXU SODQNWRQ WRZV DQG ERWK ODERUDWRU\ DQG ÙHOG
PHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ 7KH DFUH 3HTXRW 3RQG LV ORFDWHG LQ WKH
WRZQ RI :HVWÙHOG $TXDWLF PDFURSK\WH DEXQGDQFH UDQJHG
IURP ORZ WR KLJK ZLWK WKH KLJKHVW GHQVLW\ QHDU WKH SXEOLF
ERDWUDPS6XEVWUDWHZDVJHQHUDOO\VDQGJUDYHOZLWKRFFD
VLRQDOFREEOHLQWKHVKDOORZHUZDWHUVJUDGLQJLQWRRUJDQLF
PXFNLQWKHGHHSHUVHFWLRQVRIWKHSRQG6HFFKLGHSWKZDV
IHHW'LVVROYHGR[\JHQGLGQRWGHFOLQHEHWZHHQWKHVXU
IDFHDQGIHHWEXWZDVPJ/DWIHHW5HVLGHQWLDO
GHYHORSPHQW FRPSULVHV DSSUR[LPDWHO\  SHUFHQW RI WKH
VKRUHOLQH5HFUHDWLRQDOXVHRIWKHSRQGLVYHU\KLJKGXHWR
UHVLGHQWLDOGHYHORSPHQWDERDWUDPSDQGDSXEOLFEHDFK
q 3RWHQWLDO IRU =HEUD 0XVVHOV 3HTXRW 3RQG LV FRQVLGHUHG
+LJK5LVN DOWKRXJKLWVUHDOO\RQWKHOLQHEHWZHHQ0HGLXP
DQG+LJK EDVHGRQPDUJLQDOO\VXLWDEOHS+  KLJKFDO
FLXP PJO DQGPDUJLQDOO\VXLWDEOHDONDOLQLW\ PJO 
,WVODUJHVL]HGHHSZDWHUVXLWDEOHVXEVWUDWHDQGIDLUZDWHU
TXDOLW\ FRQWULEXWH WR LWV VXVFHSWLELOLW\ WR ]HEUD PXVVHOV ,Q
DGGLWLRQ WKH KLJK DPRXQW RI ERDW WUDIÙF PD\ LQFUHDVH WKH
FKDQFHVRI]HEUDPXVVHOLQWURGXFWLRQHYHQWKRXJKVRXUFH
SRSXODWLRQVRI]HEUDPXVVHOVDUHFXUUHQWO\TXLWHIDUDZD\









PHWHUV

3HTXRW3RQGVXUYH\VLWHV

1

3RUWHU/DNH
6SULQJÙHOG
q 6XUYH\HG-XQH
q 6XUYH\ 6LWH $ VLQJOH VXUYH\ VLWH QHDU WKH )RUHVW 3DUN 1D
WXUH&HQWHUZDVVXUYH\HG0HWKRGVLQFOXGHG'QHWVXUYH\V
ZKLOHZDGLQJDQGND\DNLQJDVLQJOHSODQNWRQWRZDQGERWK
ODERUDWRU\DQGÙHOGPHDVXUHPHQWVRIZDWHUFKHPLVWU\
q 'HVFULSWLRQ 3RUWHU /DNH LV D DFUH ODNH ORFDWHG LQ )RU
HVW 3DUN LQ 6SULQJÙHOG 7KH ODNH ZDV IRUPHG E\ GDPPLQJ
3HVFRXVLF %URRN 6XEPHUJHG DTXDWLF PDFURSK\WHV ZHUH
PRGHUDWHO\ DEXQGDQW DQG SUREDEO\ OLPLWHG E\ KLJK WXUELG
LW\GXULQJWKHVXPPHU7KHVXEVWUDWHZDVSULPDULO\RUJDQLF
PXFNZLWKVRPHVDQGFORVHWRVKRUH6HFFKLGHSWKZDVRQO\
IHHWDQGGLVVROYHGR[\JHQGURSSHGVKDUSO\IURP
PJ/ DW WKH VXUIDFH WR  PJ/ QHDU WKH ERWWRP n 
$SSUR[LPDWHO\  SHUFHQW RI WKH VKRUHOLQH LV YHU\ FORVH WR
URDGVRUPDQLFXUHGODZQV7KHUHPDLQLQJVKRUHOLQHLVXQGH
YHORSHG5HFUHDWLRQDOXVHRIWKHSRQGLVYHU\ORZ
q 3RWHQWLDOIRU=HEUD0XVVHOV3RUWHU/DNHLVFRQVLGHUHG/RZ
5LVN EHFDXVH RI WKH YHU\ ORZ UHFUHDWLRQDO XVH RI WKH ODNH
DQGSRRUKDELWDWFRQGLWLRQV,WVZDWHUFKHPLVWU\ZDVDPRQJ
WKHPRVWVXLWDEOHIRU]HEUDPXVVHOVLQWKHHQWLUH&RQQHFWLFXW
5LYHUZDWHUVKHGZLWKKLJKS+KLJKFDOFLXPOHYHOV 
PJO DQGKLJKDONDOLQLW\RI PJO ,WVFKHPLVWU\LVOLNHO\
VWURQJO\LQÚXHQFHGE\XUEDQUXQRIIZDVWHZDWHUHIÚXHQWVRU
OHDN\VHSWLFVHZHUV\VWHPVLQXUEDQ6SULQJÙHOG



PHWHUV

3RUWHU/DNHVXUYH\VLWH


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

/DNH:DUQHU
+DGOH\

UHVHDUFKUHSRUW

1

q 6XUYH\HG-XQH
q 6XUYH\ 6LWH $UHDV QHDU WKH EULGJH DQG ERDW UDPS DW WKH
VRXWKZHVWHQGRIWKHODNHZHUHVXUYH\HG0HWKRGVLQFOXGHG
6&8%$ GLYLQJ VQRUNHOLQJ 'QHW VDPSOLQJ ZKLOH ZDGLQJ
RQH SODQNWRQ WRZ DQG ERWK ODERUDWRU\ DQG ÙHOG PHDVXUH
PHQWVRIZDWHUFKHPLVWU\
q 'HVFULSWLRQ /DNH :DUQHU LV D UHODWLYHO\ VKDOORZ DFUH
ZDUPZDWHUODNH7KHPLOHORQJODNHZDVFUHDWHGE\GDP
PLQJ WKH 0LOO 5LYHU $OWKRXJK PDFURSK\WH DEXQGDQFH ZDV
ORZ DW WKH VXUYH\ VLWH /DNH :DUQHU KDV DEXQGDQW DTXDWLF
DQGHPHUJHQWYHJHWDWLRQWKURXJKRXWPRVWRIWKHODNHGXULQJ
WKH VXPPHU DQG LV W\SLFDOO\ FRYHUHG ZLWK D OD\HU RI GXFN
ZHHG /HPQDDQG:ROIÙDVSS 6HFFKLGHSWKZDVQLQHIHHW
GXULQJ WKH WLPH RI WKH VXUYH\ 7KH VXEVWUDWH DW WKH VXUYH\
VLWHZDVSULPDULO\VDQGDQGJUDYHOZLWKVRPHVLOW'LVVROYHG
R[\JHQUDQJHGIURPPJ/DWWKHVXUIDFHWRPJ/DW
DGHSWKRIWHQIHHW5HVLGHQWLDOGHYHORSPHQWDQGDJULFXOWXUH
RFFXU QHDU WKH QRUWKZHVW VLGH RI WKH ODNH DQG WKH VRXWK
HDVWVLGHRIWKHODNHLVOHVVGHYHORSHGZLWKVRPHDJULFXOWXUH
5HFUHDWLRQDO XVH RI WKH ODNH LV JHQHUDOO\ OLPLWHG WR ÙVKLQJ
DQGSDGGOLQJ
q 3RWHQWLDOIRU=HEUD0XVVHOV/DNH:DUQHULVFRQVLGHUHG/RZ
5LVN EHFDXVH RI VXERSWLPDO FKHPLFDO FRQGLWLRQV LQFOXGLQJ
ORZS+  ORZFDOFLXP PJO DQGORZDONDOLQLW\ 
PJO ,WVSRRUKDELWDWDQGKLJKO\HXWURSKLFFRQGLWLRQVFRQ
WULEXWHWRLWVORZSRWHQWLDOWRVXSSRUW]HEUDPXVVHOV



PHWHUV

/DNH:DUQHUVXUYH\VLWH

1

/DNH:\ROD
6KXWHVEXU\
q 6XUYH\HG-XQH
q 6XUYH\ 6LWHV 7KUHH DUHDV ZHUH VXUYH\HG LQFOXGLQJ WKH DU
HDVDURXQGWKHSXEOLFERDWUDPSDWWKHVRXWKHUQHQGDQG
WKHGDPDQGVZLPPLQJDUHDDWWKHQRUWKHUQHQG0HWKRGV
LQFOXGHG 6&8%$ GLYLQJ VQRUNHOLQJ 'QHW VDPSOLQJ ZKLOH
ZDGLQJ WZR SODQNWRQ WRZV DQG ERWK ODERUDWRU\ DQG ÙHOG
PHDVXUHPHQWVRIZDWHUFKHPLVWU\SDUDPHWHUV
q 'HVFULSWLRQ /DNH :\ROD LV D DFUH ODNH LQ WKH WRZQ RI
6KXWHVEXU\7KLVLVDUDLVHG*UHDW3RQGWKDWLVSHULRGLFDOO\
ORZHUHG WR FRQWURO DTXDWLF SODQWV 0DFURSK\WH DEXQGDQFH
ZDVKLJKLQWKHJHQHUDODUHDRIWKHERDWUDPSDWWKHVRXWK
HUQHQGRIWKHSRQGDQGPRGHUDWHQHDUWKHGDP6XEVWUDWH
ZDV VDQG DQG JUDYHO ZLWK FREEOH LQ VKDOORZHU DUHDV DQG
PRVWO\J\WWMDLQGHHSHUDUHDV6HFFKLGHSWKVZHUHEH\RQG
WKHGHSWKVRIWKHVXUYH\HGDUHDV IHHW $OWKRXJKWKHODNH
LV ORFDWHG LQ D UHODWLYHO\ XQGHYHORSHG SRUWLRQ RI WKH VWDWH
DSSUR[LPDWHO\SHUFHQWRIWKHVKRUHOLQHLVGHYHORSHGZLWK
VHDVRQDO DQG \HDUURXQG KRPHV 5HFUHDWLRQDO XVH RI WKH
ODNHLVKLJKHVSHFLDOO\IRUERDWLQJVZLPPLQJDQGÙVKLQJ
q 3RWHQWLDOIRU=HEUD0XVVHOV/DNH:\RODLVFRQVLGHUHG/RZ
5LVNGXHWRVXERSWLPDOFRQGLWLRQVLQFOXGLQJORZS+  
ORZFDOFLXP PJO DQGORZDONDOLQLW\ PJO $PRQJ
WKHZDWHUERGLHVVXUYH\HGLQLWZDVDPRQJWKHOHDVW
VXLWDEOHIRU]HEUDPXVVHOVEDVHGRQZDWHUFKHPLVWU\






PHWHUV
/DNH:\RODVXUYH\VLWHV


ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

&RQQHFWLFXW5LYHU
&KLFRSHH(DVWKDPSWRQ*LOO+DWÙHOG1RUWKDPSWRQ
1RUWKÙHOG

UHVHDUFKUHSRUW

1

q 6XUYH\HG-XQH
q 6XUYH\ 6LWHV 6L[ DUHDV ZHUH VXUYH\HG LQFOXGLQJ WKH DUHDV
DURXQGWKHERDWUDPSVLQ&KLFRSHH(DVWKDPSWRQ*LOO %DU
WRQV&RYH +DWÙHOG1RUWKDPSWRQ WKH2[ERZ0DULQD DQG
1RUWKÙHOG0HWKRGVLQFOXGHG6&8%$GLYLQJVQRUNHOLQJ'
QHWVXUYH\VZKLOHZDGLQJSODQNWRQWRZVDWHDFKVLWHDQG
ÙHOG DQG ODERUDWRU\ PHDVXUHPHQWV RI ZDWHU FKHPLVWU\ SD
UDPHWHUV
q 'HVFULSWLRQ1DWLYHPXVVHOVZHUHW\SLFDOO\FRPPRQWRDEXQ
GDQWDWPRVWORFDWLRQVHVSHFLDOO\WKHHDVWHUQHOOLSWLR (OOLSWLR
FRPSODQDWD  DQG WKH RQO\ QRQQDWLYH ELYDOYH HQFRXQWHUHG
ZDVWKH$VLDQFODP &RUELFXODÚXPLQHD +DELWDWFRQGLWLRQV
ZHUHYDULDEOHDPRQJWKHVL[VXUYH\VLWHV0DFURSK\WHDEXQ
GDQFH ZDV ORZ DW DOO VLWHV H[FHSW IRU %DUWRQV &RYH ZKHUH
PDFURSK\WHDEXQGDQFHZDVJHQHUDOO\KLJK$UHDVQHDUWKH
(DVWKDPSWRQ*LOODQG1RUWKÙHOGERDWUDPSVJHQHUDOO\KDG
VLOW\PXFNDQGVDQGVXEVWUDWHV6XEVWUDWHDWWKH2[ERZZDV
PRVWO\VDQGDQGJUDYHOZLWKVRPHFREEOH6XEVWUDWHDWWKH
&KLFRSHH ERDW UDPS ZDV SULPDULO\ ÙQH VDQG DQG VLOW ZLWK
HPEHGGHGERXOGHUVDQGQHDUWKH+DWÙHOGERDWUDPSZDVD
FRPELQDWLRQRIVDQGDQGOHGJH6HFFKLGHSWKLQWKH2[ERZ
ZDVRQO\VL[IHHWEXWZDVW\SLFDOO\PXFKGHHSHUDWWKHRWKHU
VLWHVJHQHUDOO\UHDFKLQJWKHERWWRP an 7KHVXUURXQG
LQJODQGVFDSHVUDQJHGIURPUXUDOWRVXEXUEDQSURYLGLQJD
IXOOUDQJHRIGHYHORSPHQWFRQGLWLRQV5HFUHDWLRQDOXVHRIWKH
&RQQHFWLFXW 5LYHU LV JHQHUDOO\ TXLWH KLJK ZLWK PXFK ERDW
WUDIÙF ERWKPRWRUERDWDQGSDGGOLQJ DQGÙVKLQJ
q 3RWHQWLDOIRU=HEUD0XVVHOV7KH&RQQHFWLFXW5LYHULVFRQ
VLGHUHG/RZ5LVNSULPDULO\GXHWRORZFDOFLXP PJ/ 
HYHQ WKRXJK S+   DQG DONDOLQLW\  PJ/ 
DUHERWKLQWKHo0HGLXPpULVNUDQJH+DELWDWFRQGLWLRQVDUH
LGHDO IRU ]HEUD PXVVHOV LQ PDQ\ ORFDWLRQV WKURXJKRXW WKH
&RQQHFWLFXW5LYHULQ0DVVDFKXVHWWVDVZHOODVLQDUHDVWR
WKH QRUWK DQG VRXWK RI 0DVVDFKXVHWWV 7KH ODUJH QXPEHU
RIERDWVWKDWYLVLWWKHULYHUHDFK\HDUSRWHQWLDOO\IURP]HEUD
PXVVHOLQIHVWHGZDWHUVRIZHVWHUQ1HZ(QJODQGDQGHDVW
HUQ1HZ<RUNPDNHVWUDQVSRUWRI]HEUDPXVVHOVVHHPOLNHO\
+RZHYHUWKHOLNHOLKRRGWKDW]HEUDPXVVHOVFDQVXUYLYHDQG
UHSURGXFHLQWKH&RQQHFWLFXW5LYHUDSSHDUVORZEDVHGRQ
FDOFLXPOHYHOVLQWKHULYHU
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ELRGUDZYHUVLW\

=HEUD0XVVHO3KDVH,,$VVHVVPHQWLQWKH&RQQHFWLFXW5LYHU:DWHUVKHGRI0DVVDFKXVHWWV

:DWHUVKRSV3RQG
6SULQJÙHOG

UHVHDUFKUHSRUW

1

q 6XUYH\HG0D\
q 6XUYH\ 6LWH /DERUDWRU\ DQG ÙHOG PHDVXUHPHQWV RI ZDWHU
FKHPLVWU\SDUDPHWHUVZHUHWDNHQDWDVLQJOHORFDWLRQ
q 'HVFULSWLRQ7KLVDFUHZDUPZDWHUSRQGKDVMXVWXQGHU
VHYHQ PLOHV RI KHDYLO\ GHYHORSHG VKRUHOLQH :DWHUFRORU LV
EURZQZLWKDWUDQVSDUHQF\RIRQO\WKUHHIHHW7KHERWWRPLV
PXFNZLWKVRPHOLPLWHGDUHDVRIVDQGDQGURFN0D[LPXP
GHSWKLVIHHWDQGDTXDWLFYHJHWDWLRQLVKHDY\7KLVSRQG
LVDQLPSRXQGPHQWRIWKH0LOO5LYHUDQGLVDOVRIHGE\6FK
QHHORFN%URRNDQGQXPHURXVVWUHHWGUDLQV'XULQJWKHVXP
PHUPRQWKVWKHUHLVVHYHUHGHR[\JHQDWLRQEHORZDGHSWKRI
ÙYHIHHW7KHUHLVQRIRUPDOERDWODXQFKLQJRUSDUNLQJDUHD
EXWDFFHVVLVSRVVLEOHRII$OGHQ6WUHHWIRUFDUWRSERDWVDQG
FDQRHVRQO\
q 3RWHQWLDO IRU =HEUD 0XVVHOV $OWKRXJK :DWHUVKRSV 3RQG
ZDVWKHPRVWXUEDQDQGGHJUDGHGZDWHUERG\VXUYH\HGLQ
 LWV ZDWHU FKHPLVWU\ ZDV WKH PRVW VXLWDEOH IRU ]HEUD
PXVVHOVLQFOXGLQJDS+RIFDOFLXPRIPJ/DQG
DNDOLQLW\RIPJ/,WVZDWHUFKHPLVWU\LVWKRXJKWWREH
VWURQJO\LQÚXHQFHGE\WKHVXUURXQGLQJXUEDQHQYLURQPHQW
DQG LW LV XQOLNHO\ WKDW ]HEUD PXVVHOV FRXOG VXUYLYH LQ VXFK
D HXWURSKLF DQG SRRUO\ R[\JHQDWHG SRQG ZLWK VXFK SRRU
SK\VLFDOKDELWDW



