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Growth reduction of Scots pine, Pinus sylvestris,
caused by the larger pine shoot beetle, Tomicus
piniperda (Coleoptera, Scolytidae), in New York State

Dariusz Czokajlo, Robert A. Wink, James C. Warren, and Stephen A. Teale

Abstract: Dendrochronological techniques were used to (1) estimate the impact of shoot feeding by the exotic bark beetle
Tomicus piniperddL.) (Coleoptera, Scolytidae) in an unmanaged 35-year old ScotsRimas sylvestrid.., stand in New

York State and (2) back-date the probable time of arrival of this beetle to the study site. Increment cores were taken from
overstory trees with severe and moderate crown damage, as no undamaged or lightly damaged trees were present in the study
site. In 1989, average growth patterns of both damage classes began to diverge, and in 1995 the average annual basal area
increment of trees with severely damaged crowns was 50% less than that of trees with moderately damaged crowns. Over the
last 7 years (1989-1995) the mean periodic basal area increment of trees with severely damaged crowns was 37% less than
that of trees with moderately damaged crowns. This is the first report of growth loss of Scots pine calispthiperdain

North America. Tree-ring data suggest tAapiniperdaarrived in the stand possibly prior to 1982 and unquestionably

before 1989. This was further supported by the growth patterns of hardwood species sampled throughout the study site. This
is the first attempt to estimate the time of arrival of this beetle to North America. The damage to Scots pine estimated in this
study, together with preferences for certain North American pine species, indicates a potential for serious damage as

T. piniperdaspreads to major pine-growing regions throughout North America.

Résumé: La dendrochronologie a été utilisée pour (1) évaluer I'impact de 'attaque des pousses par le scolyte exotique
Tomicus piniperddL.) (Coleoptera, Scolytidae) dans un peuplement de 35 ans non aménagé de pin s{irasire,

sylvestrisL., situé dans I'Etat de New York et (2) retracer a quel moment cet insecte serait arrivé dans le site sous étude. Des
carottes furent prélevées sur des arbres de I'étage dominant dont la cime montrait des dommages séveres et modérés étant
donné qu'il n’y avait pas d’arbres exempts de dommages ou avec des dommages légers dans le site étudié. En 1989, les
patrons de croissance moyenne des arbres dans les deux classes de dommage ont commencé a diverger et en 1995
I'accroissement annuel moyen en surface terriere des arbres dont la cime était séverement endommagée était inférieur de
50% a celui des arbres dont la cime était modérément endommagée. Au cours des sept dernieres années (1989-1995),
I'accroissement périodique moyen en surface terriére des abres dont la cime était sévérement endommagée était inférieur de 37% a
celui des arbres dont la cime était modérément endommagée. C'est la premiére mention d’une réduction de croissance chez le pin
sylvestre causée part piniperdaen Amérique du Nord. Les données dendrochronologiques suggérent pjngerdaest
probablement arrivé dans ce peuplement avant 1982 et sans aucun doute avant 1989. Ce fait est également supporté par les
patrons de croissance des espéces feuillues échantillonnées un peu partout dans le site. Il s’agit du premier essai pour estimer
a quel moment cet insecte est arrivé en Amérique du Nord. Les dommages au pin sylvestre relevés dans cette étude et les
préférences de cet insecte pour certaines especes de pin de 'Amérique du Nord monffepirperdapourrait causer des
dommages importants a mesure qu'il s'étend aux principales régions ou croissent les pins a travers I’Amérique du Nord.

[Traduit par la Rédaction]

Introduction and southern Ontario were already infested (Haack et al.

The pine shoot beetléfomicus piniperdalL.) (Coleoptera, ~ 1997). Carter et al. (1996) suggested that at least two intro-
Scolytidae), is an exotic pest recently introduced to North ductions ofT. piniperdahave occurred: one in lllinois near
America. It was first detected in the United States in July lake Michigan and one in Ohio along Lake Erie.

1992 near Cleveland, Ohio (Haack et al. 1997). By October !N its native range of Europe and Asik, piniperdais one

1996, surveys showed that Michigan, lllinois, Indiana, Of the mostdestructive insect pests affecting pines (Ratzeburg

1946; Salonen 1973; Langstrom 1980). In China, this beetle has
damaged eight pine species and caused serious economic losses
to over 8.3 million ha of Yinnan pinePinus yunnanensis.,

in Kunming Province (Ye 1994). The pine shoot beetle can
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and Europe, it will shoot feed and breed in at least 12 speciesblack ash,Fraxinus nigraMarsh. (383+ 103 trees/ha and 3.46
of North American hard and soft pines (Siefrgkn 1969; 0.82 nt/ha), American eImU_Imus americand.. (126_1 66 trees/ha
Langstrém and Hellgvist 1985; Zumr 1992; Sadof et al. 1994; and 1.99 0.93 nt/ha), and silver mapleAcer saccharinunt.. (40 +
Langstrom et al. 1995; Lawrence and Haack 1995). 15 trees/ha and 0.74.0.33 n¥/ha). AI_I _Scots pines in the stand had
Tomicus piniperdzreeds in the inner bark of freshly cut  SOMe level of crown damage By, piniperda Crown damage was

or fallen timber. or verv weakened trees. Soon after develo _assessed visually and trees were assigned to damage categories by
: , OF VEry w ’ Velop- e percentage of missing lateral shoots in the crowns. Lightly,

ment is completed, new adults fly to the tops of tree crowns of \,qerately, and severely damaged trees had crowns missing 5-25,
both weakened and healthy trees where they feed by mining26-50, and more than 50% of lateral shoots, respectively.
lateral shoots until reaching sexual maturity. During matura-  To eliminate the possible effects of competition from hardwood
tion feeding, tunneled shoots usually break and fall to the species growing naturally in the study site, growth analysis was re-
ground. Each beetle can damage up to six shoots (Langstrénstricted to individual trees in areas of nearly pure Scots pine. Analysis
1980). Trees are damaged through the loss of 1 or 2 years ofof the_ 0_.04-ha plots showed that there was a significant positive
photosynthetic tissue, which results in a reduction in yearly association®?=0.64,P = 0.003,n = 11) between the frequency of
growth increment. In extreme cases, trees weakened by shoogg‘r:te;e'g g}f"bm%%‘?‘;?eoamégiﬂtp%” dd go%%nr::%aawti%cgscgg]oe n?irr:gnt?ehgr%r-
feeding may becor_ne available ‘?‘S bree.dln.g material. woodgspecies. This suggested tha¥crown condition may be affected
Growth loss estimates associated with insect pests are WeIIby the interaction of both beetle damage and hardwood competition.
documented (Duff and Nolan 1953; Mott et al. 1957; USDA ~ 14 determine the influence of climatic events on tree growth,
Forest Service 1985; Hornbeck et al. 1988; Fritts and Swetnhamincrement cores were taken from 17 hardwood trees (black ash,
1989). The majority of such studies are devoted to periodic n = 12; silver maplen = 5) throughout the experimental stand as well
outbreaks of defoliating insects that damage the current oras from three Scots pines and three red pifésys resinosaAit.,
previous year's foliage. Defoliated trees have the ability to from a nearby stand. o
refoliate within the same or next growing season. These By 1996, there were no trees with lightly damaged crowns present
outbreak populations of defoliating insects typically cause N the study site; therefore the only possible growth comparison was
short-term, dramatic decreases in radial growth, which are between severely and moderately damaged Scots pines. Only over-

. S - . .. story trees were analyzed. Nine severely damaged trees and eight
reaglly dlstln%w?ikwabflel_usmg stalmdardl dehndroihrog_ologlk;:al moderately damaged trees were selected for comparison. Two incre-
techniques. Unlike foliovores, lateral shoot feeding DY ment cores per tree were taken at breast height at 120° from each

T. piniperdacauses permanent damage because the shootgier. Cores were glued to plywood mounting boards and polished
cannot be easily replaced by the tree. Therefore, annual reducwith 400-grit sand paper. Annual growth increments were measured
tions in radial increment may not be dramatic, but the cumu- using a dissecting microscope and the Unislide Tree Ring Measuring
lative effect of repeated attacks can be significdmtmicus System equipped with the Acu-Rite sliding scale and linear encoder.
piniperdadoes not generally occur in outbreak populations. This was interfaced with the Quick-Check QC-1000 digital meas-
However, local populations can build over time in areas where uring device (Velmex, Inc., East Bloomfield, N.Y.) and recorded on
breeding material is abundant. a computer. _ _

The only effective method for controlling. piniperda Al Itree_nln_g Series W‘fere graﬁh'ca”y crossl-dalted. The "’;]"erage
populations in Europe has been intensive silvicultural sanita- & 0q radial increments for each tree were calculated and then con-

. ; ) ; ; _ verted to basal area increments. The two 35-year series were trun-
tion (Hanson 1937; Nunberg 1946; Davies and King 1977; caieq to 21-year series (1975-1995) to eliminate variability in growth

Hibberd 1991). In addition, predators and parasitoids help prior to crown closure (Fritts and Swetnam 1989). The two 21-year
reduce Eurasiaf. piniperdapopulations (Hanson 1937). series were then divided into three 7-year periods because the two
In this study, increment cores from severely and moderately damage class dendrochronologies began to diverge in 1989 (Fig. 1).
damaged Scots pines were taken to estimate growth loss cause@tatistical analysis was conducted for the 21-year period as well as
by T. piniperdaand to estimate the approximate arrival date for the three 7-year periods to isolate the recent effects of shoot

of this insect to the stand. This is the first report of growth loss feeding. Within each period, linear regression was performed on each
caused byT. piniperdain North America. damage class and the regression lines of the average annual basal area

increments over time were compared for differences in slope and
coincidence using SAS, PROC REG (SAS Institute, Inc. 1985).

. In a separate analysis, three 7-year periodic basal area increments
Materials and methods were caIcSIated for e){:\ch tree. Sta){isticgl analysis was performed on
The study site was located 5 km west of Lockport, New York, Iog-_transformed data to satisfy ANQVA assu_mptions. Wi_thir_1 each
Niagara County, one of the original areas found to be infested by perloq, a-test was used to test for differences in mean periodic basal
T. piniperdain 1992 (see fig. 1 in Carter et al. 1996). Research was &réa increment between the damage classes (StatSoft, Inc. 1995).
conducted in an unmanaged 35-year-old Scots pine plantation. This
!solated, 3-ha stand grows on poorly drained soils anq was planted tOResuIts and discussion
increase property value. There are numerous Scots pine stands in the
area, some of which are lightly damagedbypiniperda.These could  |n 1996, there were no trees with lightly damaged crowns
not be used as control stands because they are of different agespresent in the stand. In 1989, growth patterns of severely and
management histories, and (or) site conditions. . moderately damaged trees began to diverge, and in 1995 the

In a prefiminary study in 1995, 11 circular 0.04-ha fixed-area 01000 annual basal area increment of trees with severely

plots were established throughout the stand in a uniformly spaced .
50x 50 m design. Within each plot, the diameter at breast height damaged crowns was 50% less than that of trees with moder-

(DBH = 1.3 m) of all trees greater than 6 cm was measured and the &t€ly damaged crowns (Fig. 1). Over the last 7 years (1989-1995)
crown position noted. Scots pine dominates the stand with 2042 the mean periodic basal area increment of trees with severely

79 trees/ha and an average annual basal area of 2266 n¥/ha. damaged crowns was 37% less than that of trees with moder-
Several competing hardwood species were also present includingately damaged crowns (Fig. 2).
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Fig. 1. Average annual basal area increments for moderately (solid Fig. 3. Average annual basal area increments for black ash and

line) and severely (broken line) damaged Scots pin&dayicus silver maple from the study site and for Scots pine and red pine
piniperdanear Lockport, N.Y. from an additional stand near Lockport, N.Y. Arrow shows severe
18 macroclimatological changes: (A) accumulation of heavy snow in

December 1977 and (B) severe drought in 1988 and 1989.
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Fig. 2. Seven-year mean periodic basal area increments for
moderately (open barg,=9) and severely (black bans= 8)
damaged Scots pine [yomicus piniperdanear lockport, N.Y.

(t-test on log-transformed data). (P =0.048). In the two 7-year periods prior to 1989, no signifi-

100 P=0.448 cant differences occurre® & 0.874 and® = 0.448) (Fig. 2).

o P=0.048 The coniferous species in the study stand and nearby stands
show an abrupt decrease in radial growth in 1978 and 1979,

% P=0.874 indicating a region-wide disturbance (Fig. 3). This anomalous

70 reduction in growth may have been caused by an adverse

P weather event or insect defoliation. No documented insect de-

© foliation occurred during this period; therefore, weather events

were investigated as possible causes. Heavy, wet snowfall was
recorded in this area in December 1977 (NOAA 1977). This
30 could explain the growth loss exhibited by the pine species, as
20 breakage of lateral branches and treetops commonly occurs
under those conditions. Hardwood growth patterns did not show
this decrease in 1978 and 1979, as snowfall seldom causes me-
prem— T T chanical damgage (Fig. 3). Thi; disturbance may have seyerely
Time periods stressed or killed trees, thus increasing breeding material for
T. piniperdain the stand. This hypothesis is uncorroborated,
but it suggests a mechanism for establishment of the beetle.

Li . d to test for diff bet The two dendrochronologies began to separate in 1982.

IN€ar regréssion was used to test for diterences DEWeeN ;s 45 followed by a visible decline in the annual increment
the growth patterns of severely and moderately damaged treesyt ) yh amage classes after 1986, probably due to severe
Cqmparlsons of the 21-year series were significant fqr line droughts in 1987 and 1988 (NOAA 1987, 1988) (Fig. 1). This
coincidence R = 0.002) and equal slope> 0.002). This 55 confirmed by tree-ring analysis of the hardwood samples,
indicates a significant effect associated with crown damage.

- X as they showed a similar growth response (Fig. 3). In 1989 the
However, it was apparent from the raw data that growth diver- g owih patterns of the two damage classes diverged again.
gence first occurred sometime in the mid-1980’s (Fig. 1). The These observations suggest tHapiniperdaarrived in the

test of line coincidence of the three 7-year series shows thatgiang possibly prior to 1982 and unquestionably before 1989.
lines of both damage classes were not significantly different |, Europe, populations dF. piniperdaare controlled mainly
in either the first time period (1975-1981 € 0.446) orthe  tnrough the removal of breeding material (Hanson 1937;
second time period (1982-1988) £ 0.318); the slopes were  Nunberg 1946; Davies and King 1977; Hibberd 1991). In ad-
also not significantly differentf = 0.216 and® = 0.68). This (jtion, T. piniperdahas a large complement of natural enemies
demonstrates that there were no differences in the growth pat-that help reduce its Eurasian population (Hanson 1937). In our
terns of the two damage classes prior to 1989. For the last timestudy stand, no effort had been made to remove freshly dead
period (1989-1995) the test of line coincidence was significant or dying trees. Eurasian natural enemiesTopiniperdaare
(P <0.001), as was the test for slops0.038). This clearly  apsent in North American forests and only a limited number
demonstrates impact by. piniperda of native predators and parasitoids prey upon this exotic bark
In the most recent 7-year period (1989-1995) the mean beetle (Bright 1996). In the absence of intensive sanitation and
periodic basal area increment of severely damaged treeswith a limited number of natural enemies, beetle densities can
was significantly less than that of moderately damaged treesincrease dramatically. When beetle densities are high, shoot

40

Periodic basal area increment (cmz) + SE
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damage increases, decreasing the photosynthetic capability oHanson, H.S. 1937. Notes on the ecology and control of pine beetles
trees, eventually making them acceptable for breeding. in Great Britain. Bull. Entomol. Re28: 185-236.

Tomicus piniperdaan shoot feed on many North American Hibberd, B.G. Editor). 1991. Forestry practice. For. Comm. Handb.
Pinusspecies (Lawrence and Haack 1995). Survival of beetles  NO- 6. Her Majesty’s Stationery Office, London, U.K.
feeding on shoots of hard pineBigus ponderos®ougl. ex Hornbeck, JW, Smith, RB., and Federer, C.A. 1988. Growth trends
Laws., P resinosaPinus banksiand.amb.) was higher than gelsolzpig';s cif:,)t;ges in New England, 1950-1980. Can. J. For.
that on soft pinesRinus flexilislamesPinus monticoldDougl. e o :

Langstrom, B. 1980. Distribution of pine shoot beetle attacks within
ex D. Don,P. strobusL.). Beetles performed as well on the crown of Scots pine. Stud. For. Suec. No. 154.

P ponderosaas onP. sylvestris while those feeding on | angstrom, B., and Hellgvist, C. 198Binus contortaas a potential
P. resinosaperformed at an intermediate level. Feeding per-  host for Tomicus piniperdalL.) and T. minor (Hart.) (Col.,

formance on soft pines was much lower thanRorsylvestris Scolytidae) in Sweden. Z. Angew. Entom®8: 174-181.
Sadof et al. (1994) demonstrated that in a mixed stand of Langstrom, B., and Hellgvist, C. 1991. Shoot damage and growth
P. sylvestris P. resinosa P. banksiana and P. strobusin losses following three years Gfomicusattacks in Scots pine

Indiana,T. piniperdapreferred to shoot feed on Scots and red _stands close to a timber yard storage. Silva F@8n133-145.
pines. L&ngstrém and Hellqvist (1985) and L&ngstrém et al. Langstrom, B., Lieutier, F., Hellgvist, C., and Vouland, G. 1995.
(1995) demonstrated that many North American pine species North American pines as hosts féomicus piniperddL.) (Col.,
growing in Europe can serve as suitable hostSfainiperda Scolytidae) in France and Swedén.Proceedings of a Joint IU-

. ; FRO Conference for Working Party Conference: Behavior, Popu-
reproduction and shoot feeding. Zumr (1992) demonstrated lation Dynamics, and Contrgl of F)érest Insects, 6-11 Feb. 19%4,

that T. piniperda preferredPinus j. Grev. & Balf. over Maui, Hawaii.Edited byF.P. Hain, S.M. Salom, F.W. Ravlin, T.L.

P. sylvestrifor oviposition. _ Pyane, and K. Raffa. Ohio State University, Wooster, Ohio.
This is the first report of growth loss of Scots pine caused Lawrence, R.K., and Haack, R.A. 1995. Susceptibility of selected

by T. piniperdain North America. Scots pine is not a commer- species of North American pines to shoot feeding by an Old World

cial timber species but is widely planted on this continent. The  Scolytid: Tomicus piniperdaln Proceedings of a Joint IUFRO
damage to Scots pine estimated in this study, together with Confer(_ance for Working Party Conference: Behavior, Populatior_l
preferences for certain North American species, indicates a agnzrﬂ'céa?gg Eogtg)' E';Fr?fzsunsgaﬁtoshﬁ—lzltv FeFE’éllQr?“’T'\ﬁaUh
i i ini i waii. Edi yF.P. Hain, S.M. , F.W. Ravlin, T.L.
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