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Developing and Assessing Cost-Effective Biologic&@bntrol Strategies for HWA

The test site for the initial release was a 15@ aeradwaters property on the Blue Ridge Escarpmeaemtstern
North Carolina. The property contained about 9@ bf waterways, including a 1.5 acre pond anérsgv
streams and tributaries. Heavy HWA infestationsenested in 2003, when several large hemlocks vegreed
by wind gusts associated with a hurricane. Hemfmagbulations were mapped in late 2005 and in Aflda
release of 3008asajiscymnus tsugdeetles (purchased from Conservation Conceptsruapleted.

The primary purpose of this effort was to savergdaanumber of heavily defoliated eastern hemlog@lssiga
Canadensislocated mostly along waterways on the propertywelver, lacking a suitable protocol for low-
density HWA predator beetle releases, the owndréaudrew on his background in behavioral/epidengmal
research in planning a release design, which imclis®veral dose-response test elements (varyiegses|
guantities to assess effects). Data from fieldrasdarch reports on beetle reproduction and movieimoen
Connecticut (McClure & Cheah 2002) were used toivate a low-density release design that includechfB0
to 100 beetles per site and from 100 to 300 bep#desulti-site colony.

Because there were no expectations for short-tesuits, no baseline observations of the trees reewrded
prior to predator beetle releases. Careful obsensbf hemlock foliage changes were begun in migeJ
2006, in response to dramatic production of nevaf@ on large trees around the pond. By mid-Judw n
crown foliage production was visible on crownsarler trees in the vicinity of beetle release arAésr leaf-
fall in mid-October, most of the larger trees aldhg waterways were observed to have producedeisib
amounts of new crown foliage. (This new-crown-giowhenomenon was not observed in comparable size
trees along the waterways on other propertiesanrtimediate area — where no beetles had beeneadl¢@ad
production of new crown growth did not appear tdilméted to the large trees in the immediate argpredator
beetle releases, extending in one instance ovd) Hlfhg a waterway onto an adjacent property.
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These photos illustrate 3 different patterns of loekre- 5
foliation that were observed following the 2006eede. The |
photo on right shows new foliage in mid-June ontobdshe &
branches of a ~50" hemlock in full sun on which 8 Hgetles =
were released. Note the unaffected branches dowes .
right, representing a “before” perspective. Thetphmelow B
shows a view, from 90 to the left, of the new &gje on this = = &
same tree in mid-June, 10 weeks after beetle mleas ‘

The photo on right, also from mid-June shows neiade on
some lower branches and on the crown of a 100’ dektn
which about 30 beetles were released. This tred8&@dsun
exposure and this mixed, bottom/top re-foliatiotigra was
unusual, although it does clearly illustrate thiéedénce
between “before” and “after” components.




The photo on the right, taken in October 2006, shthe new
crown growth pattern that is characteristic of &artyees in the =
area of a beetle release area. For this ~100’lveated about :
500’ from the nearest release, the lower branchegray, with =
little or no new foliage while the crown branchesé@
significant new growth. The extent of new crownwgtio will
vary depending on the health of the tree, the axgo®
sunlight and the distance from the nearest beeléase.

However, this pattern of significant new crown gtbwvith fh
little or no growth on lower branches appeareddodflective & |
of beetle activity. This pattern was rfound on hemlock
waterways on an adjacent property, where no beetiddeen
released. Smaller trees and the middle and lovasrdhes of
most of the larger trees (with the exception of soalease ares
trees with full sunlight exposure) typically pro@uklittle or no &

new foliage in this first year, while crowns ofdar trees in the

same area showed substantial new growth. It wasthgpized that this new growth was made possible by
reductions in adelgid density due to predationdhyltabeetles and larvae (McClure & Cheah 2003, Bvan
2004). To test this hypothesis, sample twigs ctdleécrom these new growth areas in October/Noverdbe6
were examined for HWA crawlers and very low cravdensities were observed. (New growth twigs codléct
from adjoining areas had very high crawler densijie

Low-Density Release PlanA dose-response component was included in theseldesign, utilizing

systematic variations in the number of beetlesassld at different sites, as well as in the numbbeetles per
hemlock acre. The per-tree densities evaluatedraaged from 30 to 100 per release site. And tlease
densities (per hemlock acre) ranged from 100 to@dCacre. (It should also be noted that all thedrin these
release areas were well above the 50% defolia¢iogl that is often cited as the upper limit foreetive
(biological or chemical) treatment.) The dose-resgoresults indicate thaven small releases of 30-50 beetles
per tree and 100 per hemlock acre appeared tddaieé at initiating the biological control prosesver a
substantial area. And while some positive corretatvas noted between release density and quanhtigvo
foliage production, the relationship was not stra@ther situational issues such as tree healthightiand

stage of infestation appear to be more importatgrdenants of foliage response than beetle quastiti

These results supported the efficacy of a colorsellaelease design utilizing multiple sites locat#tin 100’
of one another to define a self-sufficient pred&ieetle colony for reproduction and growth. Utiigi30-50
beetles per site (depending on tree size) to ceeatil0 beetle colony allows flexibility and prosglshort-term
coverage. And such colonies can then be spaceduooparty as local conditions and resources dictate

Beetle Activity Indicators: Three important indicator types are needed to tap8iasajiscymnus tsugheetle
activity after release. The first are the hemlaglkafhe indicators discussed here and below. Thenskeare
adelgid density indicators, including Spring ovisiensities, Fall crawler emergence densities anteti
ovisac densities and predation. The third setditators are the recovery of beetle adults anda&ariduring
the first season after release, the foliage indrsawill be most important for summer monitoringpases,
with adelgid density comparisons becoming moreulsefthe Fall. While the importance of both indimes
continues in the™ season after release, predator beetle recoveriheil become a useful indicator as well.

If we presume that observed foliage changes aesudtrof predator beetle behavior, then we carthesse
foliage changes as “indicators” to indirectly ohvseand track the movement of the beetles durindiitsie
season after release. Use of this method sugdnedtafter release, the beetles tend to move ttofigeof the
largest hemlocks in the area to feed and lay efugsn they move to adjacent tall trees, repeatiegtbcess,
sometimes over considerable distances. Why werbabtes’ early activities apparently concentratethe
crowns of the larger hemlocks? Perhaps on defdli@e®s, the crown holds the largest adelgid (food)
population. Perhaps the beetles are attractedhterghe height or light conditions at such locasioOr perhaps
those light conditions facilitated growth buds tbatild be released by the beetles’ predation.

Second year observatiomglicate that new growth appears in crown areagedlsas on middle and lower
branches and on smaller trees in release areasatimgy continuing beetle activity. Adelgid concextions
remain low on the previous year’s new growth antih @olult predator beetles and signs of beetle pimdan
adelgids are found following the re-emergence el@d crawlers in the Fall. These beetle recovenysities
are not high, but they represent an important comaiion of the information provided by other indma. No
substantial reinfestation of prior or current yearew growth was observed at any second year sites.




Measuring Changes in Hemlock Crown Density

The magnitude of short-term changes observed indodnfoliage in 2006 motivated a search for an otiye
measurement strategy for hemlock foliage change.sténdard USDA crown density measurement strategy,
using multiple trained raters with crown densityidge transparency cards (e.g., Cheah et al 20@ not
readily applicable to private sites where no pref@sal raters were available. An alternative digiteategy,
requiring no human judgment, seemed preferableudoh private applications. The foliage changeswleaie so
obvious to the human eye should also be detecitalpleotographic images. But how could information o
hemlock crown density (HCD) be extracted from sdigjtal images?

My approach to defining the problem was to focusa@pecial type of photograph, one that silhoudttes
hemlock crown against an open sky. (While suclstege not “representative” of trees in hemlock sirdae
hope was that they could be useful for compariemes time and across similarly situated trees ffedent
areas.) In such a photograph, the hemlock trurdqdires and foliage (density) are represented likedprxels,
while the background (transparency) is represelmydajhter pixels. The digital analysis procedurasw
suggested by several experienced graphic/photograpbdfessionals (Christine von Lersner and Rit&t&ve
Buchanan). The first operation utilizes the Histogmprocedure in Photoshop to represent the damk/lig
composition in a digital photo by charting the marage distribution of the pixels from darkestigihiest. The
second operation uses the histogram to calculateumulative density at a darkness level reprasgnti
hemlock foliage. This density level can then be parad with corresponding foliage density measurésien
other photos to measure change in one tree or ke mamerical comparisons between different trees.

The photos and data here illustrate the applicaifdhis Mid-April Mid-July
measurement strategy to a set of 2007 Sasjiscymnus
tsugae release sites on defoliated hemlocks near th
Horsepasture River in Sapphire, NC. These photos
were taken in mid-April and mid-July, after a mid-
March release of 50 Sassie beetles at each sittheOn
right are the “before” and “after” photos whichviea
been cropped in order to focus the measurement
procedure on the same crown areas for comparison.

These photos indicate the presence of more fobage
the trees in mid-July than mid-April. But the higtam will allow us to quantify these density diffaces in
terms of the distribution percentage of pixelshia tlarker color range. The histogram is a plotasgmting
pixel darkness on the horizontal axis and pixeddiency/percentile on the vertical axis — from datkan left to
lightest on right. It also provides cumulative pertle information - from dark to light - at anyespfied level
that can be used to obtain quantitative measurekCaf.

The corresponding histograms for these two id-Adril Mid-July
photos illustrate even more clearly the extent of ST B s
foliage growth on the hemlocks in the two Cramet (8 2 | camer (1cs B 3

pictures. The histogram for the April photo shov
a relatively uniform density distribution moving
horizontally from dark (left) to light (right) - vth

a spike at the far right for the white clouds. The

histogram for the July photo shows a definite p¢ = =rreimse
. . Medn 17668 bk Mean: 100.00 Lavel:
for darker pixels in the early 20% of the Std Devi 7058 Count St Dev: 73,34 Coprit
. . . N . Median: 125 Percentile: Median: 1 ercEitile:
distribution, representing new foliage. Piels: 331676 Cache Lovel: 1 e e

Utilization of Digital Measurement Procedure:

The difference between these two charts can betosaeasure the change hemlock crown densities by
calculating the percentile of darker pixels in atggraph. The proposal here is to use cumulativeepdile
numbers derived from a photograph’s histogram poasent the crown density in the pictured trees)wyell as
to measure changes in that density over time. Hewehis will require selecting a darkness leveldiamark
that best captures hemlock foliage growth.

The histograms illustrate that changes due to méiagfe growth appear well down into the darker ehthe
spectrum. So this will help us to identify the “Bgoint in the spectrum for measuring these faiapanges.
Table 1 below contains percentile readings forffedint darkness levels — darkest half, darkesd tland
darkest quarter. A review of histograms for subbtps, suggests that differences due to foliagagdmare
concentrated in the darkest 20% of the spectrurd.tha results in Table 1 below indicate that either25%



or 33% benchmarks would have considerable sengitivithe 3-month foliage changes represented here.
Specifically, the benchmark representing the ddarR8% of the pixel color spectrum, indicates a 4900
increase (due to new foliage growth) while the Iemark representing the darkest 33% of the pixaircol
levels, indicates a 16.55% increase (due to nexagelgrowth).

Table 1: Comparisons of Hemlock Crown Density Measement Benchmarks

Darkest 1/2 Darkest 1/3 Darkesl1/4

mid-April 51.12% 34.75% 25.35%
mid-July 61.99% 51.30% 44.39%

3 Month Change 10.87% 16.55% 19.04%

Variability in light conditions is always a conceior the use of photographic comparisons, and field
comparisons will often exhibit such variability. Wever it appears that the proposed use of thedresto
adequately separates the variability in backligkels from that of hemlock foliage density. Baakgrd light
Is represented on the right side of the distributicnote the spike for white clouds for the Aphigpograph. But
the proposed hemlock crown density measure is eigifiom the darkest spectrum of the histogram,ceores
not appear to be unduly influenced by the reldilatness or darkness of the background.

In an experiment to evaluate the “background ligestie, photographer Jack Anthony cropped sampias f
the above photographs and converted them to blaskige with a more equalized background, producivey
Images below. The corresponding histograms maitiemmrowth spike noted in comparing the original
pictures above. The 25% density percentiles wed@%.for April and 36.44% for July, producing a chan
measure of 31.58. (This is higher than the changasures reported above, because this croppingeede
area of background included and increased empbagise hemlock foliage area.)

mid-April midlily mid-April mid-July

Another concern for utilization of this digital neaement strategy may be the exposure of subges to
illumination from the front, biasing the foliagerdsty measurement. This issue warrants furthersigation -
by someone more photographically qualified thanetfy8ut heavy overcast, dusk or dawn appear terdffe
optimal conditions for photos that can be used rafisttively in this measurement procedure.

Below is a second application of the method to &éfltle release site in Sapphire NC.

mid-April mid-July mid-April mid-July

The 50% “Rule”??

One of the core elements of public advice offengdrbrest Service officials in western NC is thaihecks
that are more than 50% defoliated by HWA carv®helped by beetle releases. That advice clearliflicts
with images above, as the “before” pictures ard edbw 50% foliage levels — probably closer to 1220%
range. So while this advice may be correct for dbahinterventions, it doesot apply to biological
interventions. In addition, while the largest tr@ean area are often the most defoliated, biokigiontrol will
help allthe hemlocks in an area. This suggests a mucldéragplicabilityfor beetle releases in both public
and private hemlock areas than is currently adwachy USDA Forest Service.




2007 Expanding Private Beetle Release Efforts

News about the surprising results of my 2006 re&sagas circulated through local media in Brevam an
Cashiers and via presentations to local propertyepvand other public interest groups. This led ¢pass-roots
movement in the Brevard area, involving public @fls, residential developments and private landogrand
leading to the 2007 release of about 25,000 Sassittes purchased from Conservation Concepts and
EcoScientific Solutions. Efforts in the Sapphireg@iars area resulted in the release of about 12)860es.

While these release efforts were limited by thepbupf beetles available, several obstacles tarthelvement
of private individuals in biological control of HW#ere also noted. Foremost among these were ddSA
Forest Service media efforts (by personnel in Aglee\isgah NF and Nantahala NF) to discouragddamer
involvement, both for larger woodland tracks andrfeighborhood-level applications. This was reioéar by
numerous statements by local Forest Service offisi@ating that there was “no information” abou th
effectiveness of HWA predator beetles and by aiwveachedia campaign by chemical interests (led bif Wi
Blozan) (Slade 2007, Preston 2007) dismissing tleeteveness of HWA biological control efforts. Withe
latter efforts are understandable in light of ther@mic incentives, the former suggest the needtme
careful attention to evidence-based HWA policiesrepart of USDA Forest Service policy-makers.

Most hemlocks in the Brevard area appeared to be marlier stage of HWA infestation than treesat2006
sites, and were in less-defoliated condition. Intcast many hemlocks in the Cashiers and Sappteeeveere
just as, or possibly even more defoliated, thar6Xites with a significant number of dead trees@néin
some locations. Generally speaking, the resuliseste 2007 private release sites paralleled thosereed in
2006 and reported above. The dramatic renewalswftap growth in defoliated larger trees were appahere
as well, but the large hemlock tree-hedges (15#88kight) that were common in Brevard neighbortsoaldo
proved to be very responsive to beetle-inducealiation. Several wild 2007 “test releases”, desigjito
obtain more accurate distance measures for predeétie releases on waterways, will also be regorte

Case 1 In-town neighborhood area A condominium 4-plex in downtown Brevard had ali&mlock hedge
along the front and one side (pictured), totalibgwt 400’. Trees were in mid-level infestation waétthelgids
present at all levels and with foliage graying &ade tips present on many branches. A release \ade of
200 beetles at 25 beetles per site, distributedjaal intervals along the hedge. By mid-July adbarof the
hedge were covered with extensive new

growth, as indicated in photo. Adjoining

properties benefited as well: Two larger

(30’) and more severely defoliated tree

hedges — one 100’ in length and running

parallel to the complex across a 2-lane

highway and another perpendicular to this

and running 300’ feet away from the

property also experienced substantial new

foliage, especially at crowns.

Case 2:Residential Development areaSherwood Forest, a large, environmentally-oriémtevelopment
(1000 acres) in the Brevard area initiated biolaboontrol efforts to replace chemical control ef$o About
6000 beetles were released on “green” and traglsaas well as on privately-owned tracts of resslant
adjoining property owners. Assessments after lathiffdicated substantial re-foliation of largemfilecks in
release areas and along waterways. Plans arede fgaxtend biological control coverage in 2008.

Case 3:Municipal efforts for biological control of HWA . Proposals were made in Fall 2006 to both the City
of Brevard and Transylvania County for purchaspreflator beetles for release at municipal siteken

Brevard area. City officials agreed to a 1000 leeptirchase for release in several small parks &) acre
watershed area adjacent to the city. County delthmers included USDA extension officials in a serid
meetings that lead to a positive vote by County @dssioners for a 1000 beetle purchase. The Coalease
was directed to an 8 acre mansion property (Sileatinn downtown Brevard. This property contain&d6
medium to large hemlocks, and was surrounded @e thides by private properties containing largelbeks.

Brevard City park and watershed releases involweohger trees in relatively early infestation aredsere
hemlock health was not yet significantly impaired alefoliation was at an early stage. Spot chetlsese
release sites indicate reductions in adelgid dessitnd continued production of new growth, butenohthe
dramatic foliage changes observed on more sevdedbliated trees. The County release at Silverma@s
done by ecology students at Brevard College. Threges were larger and more heavily infested thaseh
above. Heavy HWA infestations had moved from thaugd level to higher level branches and some “oigyi



of the hemlock foliage was apparent. While a forassessment will be conducted by the release group,
significant new growth is apparent on the crownmahy hemlocks in this release area.

Case 4: Wild waterway test areas Observations from 2006 releases along watensaggested an
unexpectedly long range of influence by newly reéghSassie predator beetles. Several tests wedeated in
2007 to further examine this issue. The first waslatively isolated waterway (Democrat Creek) meav
Nature Conservancy tract (Silver Run Preservepsmded by Nantahala National Forest.

Democrat Creek Site

This site was located in the general vicinity af #8006 release area and the medium
to large trees (15-30” DBH) along the waterwaysenseverely defoliated, with

little new foliage being produced. In March 200¥ptsets of 5(Basajiscymnus
tsugaebeetles were released at locationsr{ear the confluence where two
tributaries come together to form the creek, wihian runs several miles south
before emptying into the Whitewater River. (The Whiater River is benefiting

from several USDA-sponsored beetle releases bZlkmson Lab, beginning in
2005 and creating large areas of re-foliating hekdalong areas of this waterway.)

Dramatic new crown growth was observed at the ®lease sites by mid-July, but a
more careful assessment was delayed until aftde#tidall in mid-November.
Because of the defoliated state of hemlocks indhes, new crown growth offered a
clear indicator of beetle activity. New growth wasserved continuing at least 1500
feet south down the creek, over 800 feet east egrivutary and 600 feet north up
the other tributary.

A release at a second private waterway site (Slipyétch Falls) also utilized 100 beetles distribditover
several large trees. After leaf-fall, new crownwtio was observed for a Nantahala National Forest ar
extending over 2000 feet downstream and about &0ufpstream. Together, these sites suggest seates of
low-density waterway releases could be an effedixaegy for extending biological control intoaipan areas.

Discussion

Forest Managers: Evidence from low-density releasesS#sajiscymnus tsugaeedator beetles offers new
options for extending biological control of HWA ass a broader range of woodland areas. Unlike Gayisity
beetle releases that require relatively healthgstieith heavy adelgid infestations, low-densitgasks can be
utilized in hemlock areas with trees experiencinlgssantial defoliation and relatively low adelgiengities.
While not all trees may be saved in such areaslease of 100 beetles in a severely defoliated dedove or
waterway area can establish a self-sustainingdeetbny that will cover a substantial area. Tlas provide
immediate support for recovery of surviving hemioak the area, as well as longer-run protecticinése
ecologically critical zones. And waterway relea@esg., at roadway crossings of creeks or river@ran
effective way of dispersing beetles into ripariamodlands to protect important hemlock habitats.

USDA Forest Service: Evidence from low-densitgasajiscymnus tsugagleases in both private woodlands
and neighborhood areas suggests the need for acaw@tell evaluation of USDA policy statements ghli of
evidence-based criteria. Several public statemeate by Forest Service representatives in westerthN
Carolina: Predator beetles cannot help trees tieaiare than 50% defoliated; Predator beetles areffective
for use in neighborhoods ... are not supported byethpirical evidence. And efforts to discourage prva
landowners from utilizing biological control strgies appear to be misguided, at the very leastU3BA
Forest Service should assist, rather than disceurag/ate participation in biological control ofAA. For
example, there are many nature-oriented grouparc@mmunities (hikers, anglers, birders) that widag
capable of purchasing beetles in 1000 unit lotsamaiucting low-density releases in environmentsdigsitive
public areas — areas that are not being addresseartent USDA release efforts.

Private Landowners: Low-density “Sassie” releases can achieve 10 timescreage coverage of
conventional release protocols and represent aetfesitive strategy for HWA control on a wide rangfe
property types. The primary needs are for moregpeivabs to supply beetles and for more commeackadrists
to participate in providing biological control ser®s to landowners.

Acknowledgements:

| would like to extend thanks to Diana Zerby for kathusiastic efforts to promote grass-roots lyaial
control efforts in Brevard and Transylvania CountyEric Caldwell and Jill Sidebottom from USDA
Extension for participating in the County reviewopess and to Tommye Scanlin and Jack Anthony fipr he
with photographic issues. And special thanks towifg, Noel A. Thurner, for sharing my despair atisg the
hemlocks dying, my joy at seeing them recovering) @y urgency to share this information with others.




