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Abstract The Nantucket pine tip moth, Rhyacionia frustrana (Comstock), an important pest of
intensively-managed loblolly pine, Pinus taeda L., was first noted in the scientific literature in
1879. This pest gained notoriety with the establishment of lobloily pine monocuitures throughout
the southeastern United States during the 1950s. Current intensive forest management prac-
tices have led to increasing interest in managing this insect. Herein we review all Nantucket pine
tip moth literature (1879-2002) by addressing the following subjects: biology and life history,
natural enemies, sampling methodologies, site and stand influences, econémic impact, and
management strategies. Further, we provide management recommendations in the form of a
decision chart that is based upon the best available information to date and our collective
experience. g
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The Nantucket pine tip moth, Rhyacionia frustrana (Comstock) (Lepidoptera: Tor-
tricidae), is a common pest of pine plantations throughout the eastern United States.
In recent years, perhaps as a result of more intensive forest management, renewed
interest has developed in the ecology and management of R. frustrana, particularly in
the southeastern United States. S. H. Scudder first reported R. frustrana as a pest of
pine in 1879 during the Annual Meeting of the Entomological Club of the American
Association for the Advancement of Science (Saunders 1879). Scudder spoke of an
undescribed microlepidopteran that, since 1876, had been causing significant dam-
age to pitch pine, Pinus rigida Mill. (Coniferales: Pinaceae), planted on Nantucket
Island, MA, to reforest stands harvested for firewood during the War of 1812, At the
same meeting, J. H. Comstock commented that he had observed a similar insect
infesting the tips of scrub pines in northern Virginia near Washington, DC (Saunders
1879, Comstock 1880). Comstock described the species as Retinia (= Rhyacionia)
frustrana or “the frustrating Retinia,” which was subsequently determined to be iden-
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tical to the species described in Scudder’s manuscript (Comstock 1880). Scudder
(1883) published the first definitive study on R. frustrana, describing its life history
based on his observations from Nantucket Island. ’

Rhyacionia frustrana was not mentioned again in the scientific literature until
Swenk (1910). During that year, the Nebraska state entomologist described the insect
as a significant pest of young ponderosa, P. ponderosa Dougl. Ex. Laws., jack, P.
banksiana Lamb., and Scots, P. sylvestris L., pine planted in the Nebraska National
Forest (Swenk 1910). Seedlings used to afforest this naturally treeless region were
transplanted from other areas, and it is thought that R. frustrana was accidentally
introduced by the planting of infested nursery stock. Swenk (1910) feared that R.
frustrana infestations would interfere with the establishment of the Nebraska National
Forest and, therefore, in cooperation with the Bureau of Entomology and U.S. Forest
Service, he coordinated studies of the pest’s life history (Howard 1925, Graham and
Baumhofer 1927, 1930, Swenk 1927). Other investigators searched for biological
control agents (Cushman 1927a, b, Gahan 1927, Wakeley 1928) and explored the
possibility of breeding resistant tree species (Graham and Baumbhofer, 1930).

Rhyacionia frustrana was initially placed in the family Olethreutidae by Heinrich
(1923). Powell and Miller (1978) reclassified the Olethreutidae as the subfamily Ole-
threutinae (Tortricidae). Forbes (1923) studied the Lepidoptera of New York and
surrounding states, and provided the first definitive key to the known species of
Rhyacionia, including R. frustrana. Miller (1967a) reviewed the taxonomy of the R.
frustrana group and established R. bushnelli, currently recognized as the.western
pine tip moth, as a distinct species from R. frustrana. The two species are allopatric,
although their respective ranges overlap slightly in Missouri (Powell and Miller 1978).
The primary biological difference between the two species is that R. bushnelli over-
winters in the duff; whereas, R. frustrana overwinters in infested shoots. Because R.
bushnelli had not yet been distinguished as a separate species, the tip moth popu-
lation noted by Swenk (1910) in the Nebraska National Forest may indeed have been
R. bushnelli rather than R. frustrana. :

Rhyacionia frustrana is frequently a significant pest of pine plantations throughout
its native range, which includes most of the eastern United States (Fig. 1). Disjunct
populations exist in southern California, where R. frustrana was accidentally intro-
duced in 1967 by a nursery stock shipment of infested seedlings from Georgia (Powell
and Miller 1978), and throughout much of New Mexico (pers. commun., Robert Cain,
New Mexico State University, Forestry Division, Santa Fe, NM) and Arizona (pers.
commun., J. McMillin, USDA Forest Service, Forest Health Protection, Flagstaff, AZ)
(Fig. 1). The species is also found in the Dominican Republic (Etheridge 1971), Cuba
(Hochmut 1972), Jamaica (Powell and Miller 1978), Mexico (Oaxaca State) (Powell
and Miller 1978), Guatemala (Schwerdtfeger 1962), Honduras (Powell and Miller
1978) and Nicaragua (Becker 1973) (Fig. 1). Presumably, R. frustrana exists through-
out most of Mexico, Central America, and the Caribbean. The natural range overlaps
that of several other common species of Rhyacionia including R. rigidana (Fernald),
R. subtropica Miller, and R. buoliana (Denis & Schiffermiller). Rhyacionia frustrana
and R. rigidana can often be found simultaneously on the same host (Berisford
1974b, Canalos and Berisford 1981), although R. frustrana is usually much more
abundant where these species co-occur (Baer and Berisford 1975).

Most species of native and exotic pines are susceptible to attack (Friend 1934,
Polivka and Houser 1936, Berisford 1988), and preference varies by region. Loblolly,
P. taeda L., shortleaf, P. echinata Mill., and Virginia, P. virginiana Mill., pines are




ASARO et al.: Nantucket Pine Tip Moth

77
)
Lo i Y

R Tiiv

Fig. 1. The known distribution of the Nantucket pine tip moth, Rhyacionia frustrana.
Shaded areas indicate contiguous distributions while dots denote isolated
collection locations. The range indicated for the western United States is
based on collection records from specific counties within each state but prob-
ably does not conform to the actual distribution, which may be contiguous
through Texas, New Mexico, Arizona, California, and Mexico.

preferred hosts in the southeastern United States. In the Northeast, preferred hosts
include Scots and pitch pine, but red, P. resinosa Ait.,, and Mugo, P. mugo Turra.,
pines are also attacked (Gibson 1968). In the Southwest, Ponderosa pine is a com-
mon host while most infestations in California occur in Monterey pine, P. radiata D.
Don (Scriven and Luck 1980). In general, slash, P. elliottii Engelm., longleaf, P.
palustris Mill., and eastern white, P. strobus L., pine are resistant to attack, although
infestations do occur on these species (Wakeley 1928, 1935a, b, Smith et al. 1930).
It has been reported that Japanese black pine, P. thungbergii Parlatore, is highly
resistant to attack and, therefore, was planted extensively on Nantucket Island and
along the North Atlantic Coast during the 1930s (Jones 1930, Littlefield 1942). Dam-
age is most severe on seedlings and saplings less than 5 yrs old (Berisford 1988).

Adults of R. frustrana are covered with light gray scales over the head, body, and
appendages. The forewings are 4 to 7.5 mm long and covered with patches of scales
that are brick red, rust, orange, and copper colored, separated by irregular bands of
gray and white scales (Powell and Miller 1978). The eyes are copper colored or olive
green. Male moths are attracted to females via a sex pheromone (Berisford and Brady
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1972). Once mating occurs, the female deposits eggs singly on the needles and
shoots. Following eclosion, first-instar larvae mine within the needles. Mid-instar lar-
vae begin feeding at the needle and bud axils and later enter the lateral and terminal
shoots, which severs the vascular tissue and kills the apical meristem. Fifth-instar
larvae pupate and overwinter within these damaged shoots. Multiple infestations are
common with up to 15 individuals per shoot in stands with extremely high populations
(Berisford 1988).

Larval feeding can cause shoot mortality and tree deformity (Berisford and Kulman
1967), height and volume reductions (Fettig et al. 2000b), compression wood (Hed-
den and Clason 1980), and occasional tree mortality (Yates et al. 1981). Simulated tip
moth attacks have been shown to decrease root growth of newly-planted shortleaf
pine seedlings (Coyne 1968). Attacks may also reduce cone crops by injuring cone-
lets and killing potential seed bearing cones (Yates and Ebel 1972). Form loss is of
particular importance in ornamental plantings and Christmas tree plantations. Growth
loss may be permanent or transitory and partially or completely regained as stands
approach crown closure. Studies on growth impacts, particularly height, have often
produced contradictory results (Berisford 1988), suggesting that genetics, site, and
edaphic factors may play important roles.

While the worldwide demand for paper products is growing, the acreage avaﬂab!e
for fiber production is declining. Some forest industry analysts predict that continued
land conversions for urban and suburban development as well as societat pressures
to conserve forest land for non-timber objectives will require that most of the nation’s
fiber supply come from intensively managed plantations (Fosgate 1996). Herbaceous
and woody weed control, fertilization, and irrigation have been the cornerstone of this
effort (Nowak and Berisford 2000). It is also believed that the vast majority of fiber in
the United States will be produced from loblolly pine plantations in the Southeast (Ince
and Durbak 2002). With the establishment of pine plantations under intensive man-
agement, R. frustrana has become more abundant and has forced forest managers
to become more concerned with the associated impacts. Consequently, the 1990s
saw a resurgence of research on this insect with an emphasis on developing new
tools for monitoring and control. Previous waorks published by Yates (1960) and Ber-
isford (1988) provided thorough reviews of the maost important R. frustrana literature.
This work summarizes all of the literature on R. frustrana published from 1879 to
2002. In addition, we synthesize the latest research and provide management rec-
ommendations via a decision flow chart that we hope will be a useful too!l for re-
searchers and natural resource professionals.

Biology and Life History

Phenology. Throughout its range, the life cycle of the Nantucket pine tip moth is
roughly synchronized with its primary hosts to produce a new generation of egg-laying
adults with each new growth flush (Berisford 1988). This synchrony maximizes host
tissue quality for early developing larvae. The moth has two to five generations
annually, depending on climate (Fettig et al. 2000a). Two generations are found in
most locations north of Maryland and Delaware (Yates 1960, Lashomb and Stein-
hauer 1974, Powell and Miller 1978). Throughout the South, two generations pre-
dominate in the mountainous regions of the Appalachians, three in most locations of
the Piedmont and Ozarks, and four in the Coastal Plain (Ross et al. 1989, Berisford
et al. 1992, Moreira et al. 1994, Fettig et al. 2000a). Five generations per year are
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seen in Florida and extreme southern regions of Georgia, Alabama, Mississippi,
Louisiana, and Texas (Meeker and Kulhavy 1992, Fettig et al. 2000a). Yates (1960)
speculated that six generations may occur at the extreme southern edge of the range
during a very warm season, but this has never been documented. Four generations
occur in southern California, where the moth was accidentally introduced (Malinoski
and Paine 1988). Transition zones between patterns of voltinism are not precise, and
variation in annual weather patterns and associated shifts in heat unit accumulation
may cause slight phenological shifts (Kudon et al. 1988, Canalos 1989, Ross et al.
1989).

Adult emergence and mating. Adult emergence from shoots containing over-

wintering pupae begins in late December or January in the southernmost portions of
its range in the United States (Berisford 1988), and as late as April in northern regions
(Yates 1960). Adults are crepuscular, although late afternoon flights may precede
evening temperatures that fall below a flight threshold of 9.5°C during spring (Webb
and Berisford 1978). Daytime temperatures just above the threshold may trigger such
early flight behavior. Males emerge several days before females and are quite nu-
merous when the first females appear (Berisford and Brady 1972, Cﬁanalos et al.
1984). )
Wray and Farrier (1963) first demonstrated pheromone-mediated attraction in R.
frustrana using virgin females as bait to attract males. The two-component sex phero-
mone is produced in a gland located under the eighth abdominal tergite of females,
and is released through an external opening in the inter-segmental membrane be-
tween the eighth and ninth abdominal tergites (Baer et al. 1976). The major compo-
nent of this pheromone blend, E-9-dodecenyl acetate, and the minor component,
E-9,11-dodecadienyl acetate, occur in a ratio of approximately 20:1 (Hill et al. 1981,
Asaro et al. 2001). This ratio appears to be consistent throughout much of R. frus-
trana’'s range and among generations (Asaro et al. 2001). However, these ratios are
based on pheromone gland extraction and not actual release rates. The latter have
not been determined for this species because it is difficult to induce female calling and
mating under artificial conditions (Richmond and Thomas 1977) and R. frustrana
lacks a distinctive calling posture, unlike many other Lepidoptera (C. Asaro, pers.
obs.). Males appear equally attracted to pheromone blend ratios within a range of
20:1 to 40:1 (Hill et al. 1981). Estimates of the quantity of stored pheromone at any
one time are approximately 10 to 20 ng for the major component and 0.5 to 1 ng for
the minor component (Asaro et al. 2001).

Virgin females and crude extracts from female abdominal tips can be used to
attract males to traps (Berisford and Brady 1972, Hill et al. 1981). Pheromone extracts
from adult females reared on artificial diet were comparable to those of wild females,
and both were equally attractive to wild males in field tests (Richmond and Berisford
1980). Rubber septa loaded with pheromone in the proper ratio are as attractive as
virgin females and crude tip extracts (Hill et al. 1981). There are several effective
traps and commercial bait dispensers currently available. Debarr et al. (2002) studied
the influence of trap design, color, and lure type on trap catch and found that Phero-
con 1C® (Trecé Inc., Salinas, CA) wing traps baited with rubber septa lures caught the
greatest number of moths. Traps painted white, black, orange, or green caught sig-
nificantly more moths than those painted red, yellow, blue, or gray during one test,
while in another test only blue and gray traps caught significantly fewer moths (Debarr
et al. 2002). Traps baited with synthetic pheromone loaded on rubber septa are
currently used to monitor this pest and initiate a spray-timing model based on degree-
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