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Understanding Climate Change in Pennsylvania

by
Mary Ann Furedi

over 5°F warmer than at the end of the
20th century. The model also shows more
precipitation in Pennsylvania as well (8%
dioxide, have resulted in a cascade of annual increase with a winter increase of
environmental alterations that will only  14%), but it will exhibit an altered pattern.
continue to increase in the future. Rapidly More precipitation will fall in the winter,
melting Arctic sea ice, acidifying oceans, but as rain instead of snow. Alterations in
rising sea levels, and extreme weather  these ecosystem drivers will result in a
events are just a few examples of climate variety of effects such as a higher heat
change related impacts. index in the summer, more extreme heat
and storm events, and longer growing
seasons. These changes will ultimately

Climate change impacts are altering our
planet. Rising temperatures, caused by
increasing levels of atmospheric carbon

Although climate change may be more
evident in some regions of the planet, no
place is considered immune to its effects.
Even the climate of Pennsylvania has

110 years, a time period associated with
industrialization and the use of fossil fuels

Pennsylvania has undergone a T
warming trend of alf
overall increased precipitation trend.

Climate models show that this pattern will
continue into the future at an accelerated
rate. The Representative Concentration

Path model, one of two emission models
currently being used by climate scientists,

shows that by 2050, Pennsylvania will be In the near future we can expect more costly floods
from extreme weather events due to climate change.

Mary Ann Furedi
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affect all aspects of life in Pennsylvania from human
health and the economy to agriculture and water
resources.

The Cornell Institute for Climate Smart Solutions (C
online modeling tool projects climate changes by co
In Bucks County, PA the number of 90 degree days|i
projected to increase from 30 in 2010 to 96 by 2099
How many 90 degree days will you have in your cou

http://climatechange.cornell.edu/2018/10/24/clir&tangedn-your-county/

Given these projected effects, it is likely that the plants -

animals, and landscapes in Pennsylvania will be alterefis V25 Fs %

by climate change. The challenge now for those charg : R e “
with the managemerdnd conservationd® e n n s y | v Bvam jengedon feeder birds, like this whitroated sparrow
natural resources is how to adapt and mitigate for ~ CeiC0 G tcs e oy e alobally over the next ity
climate change. The projects described below are two to eighty years due to climate change.

examples of the work PNHP is doing to better

understand which species and plant communities are On the other hand, some species may have very little
most vulnerable to climate change and how to track  ability to move in response to climate change due to

David Yeany

those changes over time. various limitations and obstacles. These species are
likely to experience a reduction in range and/or
Identifying Climate Change Vulnerable Species abundance. Other species may remain stable within

Climate change will likely alter the distribution and ~ their current range or even expand their range. This

abundance of plant and animal species in Pennsylvaniotential shift in species locations and ranges will create
However, the response to climate change will likely ~ challenges for those agencies responsible for their

vary among species. Mobile species that are not conservation and management. The first step in

restricted by habitat constraints and geographic or ~ addressing these challenges is to determine those
humanderived barriers may shift their ranges species most vulnerable to climate change and the

northward in response to climate change. Northern ~ factors that influence their vulnerability.
edgeof-range species that fall into this category may

actually shift their r an | T e 6s
while being replaced by species that were once :
distributed further south. Pennsylvania may even gain

P

new species from surrounding states as ranges shift.

T = = = Sensitivity

Dispersal/Movement
Temp Regime
Hydro Regime
Disturb Regime

A vulnerability rank is calculated Ice/Snow
based on the weighted total of a
species exposure and a
sensitivity to climate change.

Geologic Features
Interspecific Interactions

Genetic Factors

Phenology

Diagram showing how the CCVI works

To contribute to this, PNHP biologists have been using
the Climate Change Vulnerability Index (CCVI), an
Excelbased tool developed by NatureServe. The CCVI

David Yeany

Extremely rare breeding birds like PA Endangered yeHoellied IS a use'nc”e_ndly _tOO_l th_at requires Some_knOWIedge
flycatcher Empidonax flaviventriy were found at new sites during about species distribution and natural history. The

this project. This species is vulnerable to climate change impacts CCVI uses factors related to exposure Sensitivity and
as they nest only in red spruce wetlands. ! !
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adaptive capacity to calculate a climate change

vulnerability rank. The vulnerability rank falls into one
of five categories: extremely vulnerable, highly ¢
vulnerable, moderately vulnerable, less vulnerable, an
insufficient evidence.

To date, more than 100 plants and animals have been
examined using the CCVI, and we continue to analyze
more. An ongoing project is focusing on about 40 plan
species that are mostly found at their northern or
southern range extents in Pennsylvania. There are so
general vulnerability patterns emerging from this work. &
Wedve found that gener al
vulnerable to climate change. Species that do not havd
specific habitat requirements, are mobile and able to A monitoring plot in Titus Bog
move longer distances, and are not dependent on other
species are less vulnerable to climate change. WhereaBeatlands represent a unique group of wetlands in
certain groups of species are more vulnerable to Pennsylvania. They are characterized as having a
climate change because they have particular life historgignificant accumulation of sedecomposed, water
needs, are tied to specific habitats, and are dependentt ogged organi c materi al
on other species for some phase of their life cycle. found at higher elevations and higher latitudes. In
T b W, [ e - L a Pennsylvania, peatlands are found in the glaciated
o e regions of the state and at high elevations in the

Mary Ann Furedi

Creeping snowberryGaultheria hispidulg is extremely vulnerable
to climate change and a plant target for peatlands monitoring.

The results of this project provide us with greater

insight into the fast approaching challenges associate “ &

with climate change. There will be winners and losers
the climate changes, and we need to incorporate the
findings from projects like this to help guide the future
management of our resources.

Monitoring Habitats VVulnerable to Climate Change

Monitoring is an important tool used by scientists to
track changes in species populations or systems over
time. PNHP biologists are currently conducting a
monitoring effort to better understand how biological
components of peatlands are changing, possibly in
response to climate change.

Appalachian Mountains. These wetlands are typically
cooler and provide a special environment that supports
plants and plant communities ordinarily found farther
north in the United States. Pennsylvania peatlands exist
as pockets of boreal refugia and provide habitat for
some of our rarest bird species. The effects of climate
change, such as rising temperatures and alterations in
the hydrological cycle, will likely alter the environmental
conditions that support the unique biological
assemblages found in these wetlands.

Beginning in 2010, PNHP biologists established a long
term monitoring network at 30 sites to begin to

B v =

Mary Ann Furedi

How will climate change affect this beautiful Hemlodk Palustrine
Forest at Two Mile Run?
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provide more opportunities to inventory areas where
they have been less walbcumented.

We completed monitoring of all sites this summer and
are about to begin data analyses so it is too early to tell
what, if any, changes have occurred during the time
interval between sampling. However, we have had some
exciting species finds as 7
result of the new survey|
efforts. Our bryologist, |
Scott Schuette, 3
documented several ney SEaEa]
locations for porpom ' :
peat moss $phagnum
wulfianum It is a globall
widespread species but
understand and document the effects of climate changeestricted to mature red
on peatlands in Pennsylvania. The original effort was spruce palustrine forest

David Yeany conducts a bird survey Bear Meadows Natural
Area, a peatlands monitoring site in Centre County.

Scott Schuette

transects in target plant communities to see how they also resulted in the
change over time. We also included a census of targetaddition of seven new  New locations of porspom peat
plant species that were vulnerable to climate change liverwort species to the 7SS Sphagnum wulfanu were
. . . R iscovered as part of the peatlands

based on CCVI results. We were interested in state list. David Yeany, monitoring project.
collecting baseline data to examine changes in plant our ornithologist,
community structure and composition, shifts in plant  recorded the presence of 13 bird Species of Special
communities within sites, and whether some of the ~ Concern along with documenting 21 of 22 focal bird
rarer species populations are declining and whatspecissp eci es f or peatl ands. SevVve
are replacing them. (S106 S3 ranked) invertebrates were also documented

at the monitoring sites. Hopefully these biologically rich
In 2016, we returned to our sites to conduct a second areas will not be lost from the landscape due to climate
round of monitoring. In addition to target plant species change, but only lortgrm monitoring and time will tell.
and plant communities, we added bryophytes, birds, and
flying insects. Some species within these groups are About the Author
highly susceptible to the habitat changes projected
under current climate change scen_ari_os so they serve gsa Pennsylvania Natural i
excgllent barometers f(_)r change within these Sys_temS'Heritage Program for 10 ; -1
Adding these taxnomlc groups to our surveys will alsoyears as a community

ecologist and currently
serves as the Ecological
Assessment Manager. She
received her B.S. in Biolog
from Fairleigh Dickinson  [38
University and her Ph.D. in &
Biology from West Virginia
University. Her projects
generally focus on characterizing the current conditions
of different natural systems in Pennsylvania and
understanding how these systems change over time.

Mary Ann has worked with

Betsy Leppo

Bog copper [Lycaena epixanth¢ was found at multiple monitoring
sites and is extremely vulnerable to climate change.
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What Should Be Protected in a Changing Climate?

by
Charles Bier and Christopher Tracey

Pennsylvania Natural Heritage Program (PNHP) data &
has been used to guide biodiversity conservation and [
land protection since the early 1980s. Over time, PNHI
data sets have expanded and there are increased
resources available for use in guiding conservation
planning for land protection. Basic data describing hig
ranked species and significant natural communities arg
incorporated into the county natural heritage inventory
projects where more explicit details are provided about{¢
the elements of diversity as well as the sites harboring
them. Core habitat and supporting landscape mapping
further enriches the information that planners can
utilize. Typically, PNHP site descriptions focus on
precise details regarding the species of special concer
significant natural communities, and habitats.

Robert Coxe

While species information is the key to the quality and
value of PNHP data, information describing the site an
its landscape has been a secondary focus. A critical
function of PNHP data in guiding biodiversity protectiof
efforts is to prioritize any group of sites by those most
important to maintaining global biodiversity. When we
protect sites with high globally ranked species {G3),
we have always believed those are the real success
stories. However, as global climate change progresseg

this perspective and the related land protection Painted trillium (Trillium undulatum) and Pennsylvania range map

approaches are being revisited. with collection sites (red dots). This plant favors cool, moist habitats
which are found mostly at high elevations or northern latitudes.

60Bi ogeographyd i s t he n athatdescribe thgrange ohvarialfes that species havie

distribution of life on earth. The biogeography of adapted to over their evolution. The key variables

biodiversity has, to some extent, always been in flux. include precipitation, temperature, elevation, soils and

While chance and mystery are factors in some

land forms, and major ecosystem types, e.g., marine,

biogeographic patterns, the patterns are always drivenalpine, etc. For many different reasons, the distribution
by environmental conditions, both geologic and climatiof any given species is, at least in part, defined by its

Biogeography you already know:

* Penguins — southern hemisphere
* Elephants — now onlyAfricag Asia
» Marsupial mammals - 434spp.

70%Australian;only 1 N.Am.

* Tundra- high latitudes or elevation

ny

AM*M

Glenn Grant, National Science Foundation

Wikimedia commons

tolerance to a range in environmental conditions. If the
climate changes and alters environmental factors
beyond a speciesd tolerance
its food source, the speci e
searchdé of new |l ocations wi
tolerances, or it will simply die out in the attempt to

find its sweet spot again.

While climatic changes affect certain environmental
drivers of species distribution (e.g., annual precipitation,
maximum temperature, estuary salinity), it has little or
no effect on other drivers (e.g., presence of bedrock
outcrops, soil type, or pitch and aspect of slope). The
bottom line is that life on Earth has always been
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governed by climate and climate has varied before. An eval uation of a siteds
Previous climate changes have resulted in range shiftsassessment of how resistant the qualities of the site are
for flora and fauna. However, any time a speciesis  to changes brought about by alterations in the climate.
forced to modify its range, the plant, animal, fungus or Complexity of terrain and degree of connected land
microbe, still has to find habitat that is derived from  cover are the key resiliency factors. For example, an
climatic and other environmental conditions that are  undeveloped deep serpentine valley with steep slopes
within its tolerances. that are facing multiple directions, and thereby provide

a range of temperature and moisture, is more resilient
In hindsight, it is now apparent that some species (e.g.than a shallow linear valley that includes highways,
yellowthroated warbler)were already shifting ranges asleared land, and buildings and where species have
early as the 1950s, probably due to early changes in fewer options for meeting their habitat requirements
climate. Now with elevated levels of greenhouse gases/Nhile climate resiliency is often the first thought in
and the increasing numb e climatdchadge alannie,stis ggoghygsical settingsrthatc o r
events, scientists expect to see more changes in must be the primary consideration in maintaining
distribution and accelerated movement of species. If regional biodiversity.
possible, species that can no longer sustain themselve :
in portions of their present ranges will disperse to
regions still within their tolerances for survival. Species
that cannot move quickly enough or run into habitat
road blocks will become extinct.

While humanity struggles to deal with excessive
greenhouse gases that are the basis for climate chan
the biodiversity conservation community of
governmental and negovernmental organizations must
ask the question: Do we need to alter our conservation
practices in order to maintain biodiversity? Many
scientists and land managers are answering yes.

Paul Wiegman

Referred to as eastern deserts, Appalachian shale barrens are good
examples of unique geophysical settings that harbor very rare

TOday’ conservation bIOIOQIStS are conS|der|ng two species and are criticaltothemieht | ant i ¢ regi onds bio

things when determining how to protect biodiversity in

a changing climate: (1) degree of site resilience and (2f>e€ophysical settings are defined by the combination of
type of geophysical setting. Resilience is how wellasi@ € 0l ogy and topography. The
can absorb stress and maintain conditions that supportEastern Conservation Science team conducted an

the species and communities that it currently supports.@nalysis for the northeast from the Gaspé Peninsula,
o Quebec to Virginia based upon several environmental

parameters and compared those to biodiversity
richness. The team determined that (1) the number of
surface geology types, (2) the elevation, (3) the
presence of calcareous substrate, and (4) the latitude
for sites across the region, were the most predictive
factors of existing biodiversity richness. This work has
been confirmed through
similar findings by other
researchers. In considering
an approach to biodiversitg
protection across :
Pennsylvania, geophysic
settings are an important i§
not primary factor for

Bedrock geology of the northeast. Colors indicate bedrock types. selecting new sites to Prickly pear cactusQpuntia
Examples: calcareous or limestone (bright yellow), moderately humifusa), listed as PA Rare, is

calcareous (orange), acidic sedimentary (light yellow), acidic shale (pink) protect. a shale barren species
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Secondly, as a way of guiding future land protection, thte the stresses of an altered climate, so long as the
team also summarized the degree to which each proper stage (geophysical setting) is protected for their
geophysical setting is already protected under some entrance.

type of management (e.g., dedicated natural area, state

forest, general open space) per conservation The TNC geophysical settings framework may be vital
management status from t toen-thegroudd bio@wersity pragection irBthercaoming 6 s
Gap Program. The results of this exercise show us  years. Western Pennsylvania Conservancy (WPC) is
which geophysical settings have been successfully  interested in applying this approach, and conducted
protected and where there is still work to do to additional analyses utilizing PNHP and WPC

protect and manage other setting types. conservation science staff expertise over the past year.
That work produced refined data sets customized for

While we can work to keep habitats as resilient as SPECific use in the commonwealth.

possible, ultimately, species will shift their ranges to o ) ) ]
survive. The entire regional portfolio of habitats must" customizing the regional analysis of geophysical
be protected; especially the rich group of sites an settings, we made significant modifications to the
geophysical settings that are gprdéected to date glaciated sections of the northwestern corner of
and which will be required by a significant portian of Pennsylvania. Here, the massive influence of the

Pennsylvaniads future| bFogtiggniglicesheetsismore relevantto biogeography
than bedrock, which now lies largely buried under

glacial deposits. Similar work for northeastern
Biodiversity protection today must recognize that Pennsylvania is yet to be accomplished.

climate change will result in shifts in species ranges.

However, just as actors come and go on a theater Habitat protection in Pennsylvania has been governed
stage, species will similarly vary their locations to adjudty the economics of land use. In general, higher

Geophysical Settings of Pennsylvania e e i 5

1in = 30 miles

B =5t zone - Acidic granitic [ ] ow clevation - Acdic granitic ] tow elevation - Ukramafic 1d elevation - Mod calcareous sed/metased
- Coastal zane - Acdic sed/metased |:| Low elevation - Acidic sed/ metased - Mid elevation - Acidic granitic I:l Mid elevation - Ulramafic
B e covve iments [ o lescn - e e TR —— P ——

B ool zone - Msfic/interm diate granitic [ o cimvation - Calcarecus sed/meraszd [ M clevation - Acicic shale I ti-hich elevation - Acicic sed/ metasad
[ coastalzone - tiod cacareous ses/metased [ tow elevation - Coarse ssdiments B v ohvaion - Celcarsmus secimetased I Mi-hish elevasion - 2cidic shale

[ High elevation - Acidic sed/merased B - <isvation - Fine sediments I i elevanion - Coarse sediments Il <-hich slevation - Coarse sediments

[ High elevation - acicic shale I ow clevation - Mficintermediat granitic [ mid elevarion - Fine se¢imencs Bl ic-hich elevation - Maficfintermediate granitic
High elevation - Low elevation - Mod calcarsous sed/m etased Mid slevation - I 1-hich elevation - Mad calcareous sed metasad

o i - L

Mafic/intermediate granitic

Geophysical settings are a combination of bedrock type and elevation. Examples include Low elevatioitic shale,
Mid elevation- calcareous, Mighigh elevation- coarse sediments.
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Pennsylvania Geophysical Settings - Terrestrial and Palustrine Habitats - Tier1 & 2 & 3

TIETE

Horndl

Olean Elmira Binghamton

> W - Fy el
————— g i ‘] &‘:‘F')-/‘V A

it

Science\Science\,

‘;‘ﬁ'/ -
54 ] ‘.".fi\min;[/cn
4] 1 - | J
[ M or gant own | Curnigaland P y _Hagerstown
23 l f{‘x‘f\' & s i B FA Geophysical Settings - Tier 1
g;‘ Fairmont i !_\\’r,-" = N Mot |'..£" l:l PA Geophysical Settings - Tier 2
TE i ‘,r“f i ™ )ur$_> Frederick [ PA Geophysical Settigns - Tier 3]
g f Y - 0 20 40 N
1 §Clarksburg ! {’ N e | —— |25
g8 ! | ¢ 5 , 1in = 30 miles

Pennsyl vani ads 36 geophysical sett i Alpvastanajority of landprotdctianiner s of bi odi
Pennsylvania has historically occurred within Tier 3 high elevation acidic geophysical settings (yell®he.species rich Tiet
(blue) and Tier 2 (orange) settings have received less conservation attention.

Prioritize Geophysical Settings
for Conservation

Tier 2 Tier 3

Coastal Zone - Addic Granitic High Elevation - Addic Shale High Elevation - Addic Sed/Metased
Coastal Zone - Addic Sed/Metased Low Elevation - Addic Granitic Mid Elevation - Addic Sed/Metased
Coastal Zone - Coarse Sediments Low Elevation - Addic Sed/Metased Mid High Elevation - Addic Granitic

Coastal Zone - Mafic/Intermediate Granitic Low Elevation - Addic Shale Mid High Elevation - Addic Sed/Metased

High Elevation - Mod Cal@areous Sed/Metased |Low Elevetion - Mafic/Intermediate Granitic Mid High Elevation - Addic Shale

Low Elevation - Addic Shale Low Elevation - Ultramafic

Low Elevation - Calcareous Sed/Metased Mid Elevation - Adidic Granitic

Low Elevation - Coarse Sediments Mid Elevation - Aadic Shale

Low Elevation - Fine Sediments Mid Elevation - Mafic/Intermediate Granitic
Low Elevation - Mod Calcareous Sed/Metased |Mid Elevation - Ultramafic

Mid Elevation - Calcreous Sed/Metased Mid High Elevation - Calcareous Sed/Metased
Mid Elevation - Coarse Sediments Mid High Elevation - Coarse Sediments

Mid Elevation - Fine Sediments Mid High Elevation - Fine Sediments

Mid Elevation - Mod Calareous Sed/Metased |Mid High Elevation - Mafic/Intermediate Granitic

Mid High Elevation - Mod Calareous Sed/Metased

Specific geophysical settings grouped by three tiers of conservation attention need.
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Nowhere to Go for Limestone Loving Species About the Authors

We often think of [aed ' Charles Bier is Sr. Directe

species adjusting Conservation Science at
their ranges by WPC where he works to
moving north or to keep scientific

higher elevations t underpinnings within
adjust to climate various programs. PNHP i
induced extremes near and dear to him, '
in temperature and having joined in themall
moistture. B_ut for initial staff in 1982 as
EpaaEes Sl e The northern metalmark Calephelis boreali$ botanist, zoologist,

live in Iime_stone caterpillars feed only on roundeaved ragwort  €cologist, data handler, etq
based habitats, (Packera obovat3, which grows only inlowto | ater he worked as the

which are often mid elevation limey soils. WPC Heritage Director ’
found only at low until 2006. When not in rattlesnake country, he is often
elevations, there is no limestone upslope to migrate to, joined by Olive Mae in the field.

and if suitable habitats have not been protected further

north, there is no escape at all.

Betsy Leppo

Christopher Tracey has been

elevation geophysical settings have been less develop gggig'ggﬁsgs gsr‘cia;am sinc
cheaper, and therefore more available for protection. . .

The result is unequal pr qn%eEngﬂglﬁﬂn;?gor
types. The habitat settings composed of low and mid b;:r;(agrjg&n dtisoiung I’anltsecolo
elevation limestone, coarse and fine sediments, and he ngw dabbles ellocross mos?g
shale have received much less protection. A critical Pennsvlivani assH
component of the biodiversity harbored in these y o

settings is not found elsewhere. to provide smenceb_ased
, przy @A _ analyses for planning and

decision making.

| Blue = Tier 1, Orange = Tier 2, Yellow = Tier 3

As a key PNHP product, Natural Heritage Areas (NHAs) indicate important
conservation sites (map on left). Geophysical settings indicate the climate
change conservation significance of each NHA site (map on right).

The total set of 36 geophysical settings is generally too
much detail for use in land protection planning;
therefore these were consolidated into three groups
(see page 8). The thretger system was based upon
grouping biodiversity settings along with consideration
for the degree of protection already in place. Tier one
settings are very rich in species, but have been provided
the least protection. The tier three group has received
the majority of land protection to date. Through this
new climate lens, geophysical settings can now be
utilized as part of the protection planning tool box in
order to prepare for more climate change induced
shifting of biodiversity.
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Notes from the Field

New Moth Species Discovered in Pennsylvania
David Yeany

In 2011 a team of lepidopterists from New Jersey
initiated a global citizeacience project called National
Moth Week (www.nationalmothweek.org) to
encourage worldwide study of moth species and
promote their conservation. PNHP biologists actively
participate in this event each year by hosting programg#
to increase awareness of Pennsylvania moth species &
by setting up moth light stations and traps for closer
study of moths. There is still much to be learned about®
the distribution and natural history of moths in
Pennsylvania. For example, our langning partnership
with the Marienville Area Library in Forest County led

David Yeany

R Hei t zmanéo dggge 0 .
to several successful oOomoth ni to surveys ?Iurlng
National Moth Week. In 2017, the effort yieldednew & Neéw Mot h speci es or Penr
county records for 17 moth species, including a specie§'0th (Acronicta heitzmani

that had only been recorded three other times in the
statei the white edge moth@ruza albocostaliata

Heitzmands dagger moth is ¢
the Midwest United States, first collected in Missouri in
1964 and described to science in 1992 (Covell and
Metzler). Various range maps are in disagreement, but
the speciesd original distr
Arkansas, Missouri, lllinois, Kentucky, and Ohio. Other
sources report North Dakota, Indiana, Georgia, and

West Virginia. Now we can add Pennsylvania to that

di stribution Iist. Althougt
unknown, it appears to occur in odkickory forest and
woodland, as was the case with our Allegheny County
record.

One final addendum to this story is that there was an
additional observation of |
White edge moth Qruza albocostaliati during a National Moth Week event at Raccoon Creek

The benefits of citizescience efforts and the fact that State Park in Beaver County on the very same night. As

important discoveries often come when they are least with many scientific discoveries, the initial answers
expected were exemplified in late July 2018 when  Oftén lead to more questions than before, requiring
PNHP staff were testing a new moth light setip further investigation. Why was this species only

mercury vapor lights with a portable framed shésin discovered 'novi? Why were the first occurrences on ,
preparation for a National Moth Week program and the same night? What host plant(s) support this species”

survey. While viewing and photographing moths I§ it_s range expanding, or is the species just very rare or
attracted to the new light station set up in an AlleghenyAifficult to detect? For now, we have opened a new
County woodlot, we noticed an unfamiliémoking chapter to the book of Pe
dagger moth, so named for their black dagtilee the discovery of Heitzman
forewing markings. After further study and consulting

Lepidoptera experts, we confirmed

David Yeany

nr
0 ¢















