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ABSTRACT 

Title of Dissertation: Insect-nematode-red pine 
associations in Western 
Maryland with major emphasis on 
Bursaphelenchus xylophilus 
and Monochamus spp. 

Amy Susan Litten Harman, Doctor of Philosophy, 1985 

Thesis directed byz Dr. Lorin R. Krusberg 
Professor, Department of Botany 
University of Maryland 

Western Maryland red pines, Pinus resinosa Ait. were 

examined over three years, 1982-1984, to determine the 

distribution of Bursaphelenchus xylophilus, the pinewood 

nematode. Ca. 47-year-old (older) and ca. 25-year-old 

(younger) trees were subdivided into the following 

categories: (1) trees with mostly green needles; (2) trees 

with mostly reddish-brown needles; (3) trees with no 

needles but with bark intact; (4) trees with no bark; and 

(5) trees with chlorotic, bleached-green needles. 

The pinewood. nematode infected 76.5% of older red pines 

and 68% of younger red pines. The nematode was not evenly 

distributed in trees in any tree decadence category or by 

tree age. Bursaphelenchus xylophilus infected 15.1% of the 

samples from trunk, primary and secondary branches in older 

red pines and 18.5% in younger red pines. By tree decadence 

category older trees had the highest infection (25.2%) in 

green needled trees (category 1) whereas younger trees had 

the highest infection (28.7%) in bleached-green needled 

trees (category 5). 



Trees collected in late May-early June 1982 lacked 

Monochamus rearings and belonged to categories 1, 2, 3 and 

4. Trees from these categories had emergences of~ spp., 

Tetropium schwarzianum Casey, Pissodes approximatus Hopkins 

and Otiorhynchus spp. in summer 1982. From bleached-green 

needled red pines (category 5) collected in late July-early 

August 1983 two Monochamus species emerged in 1984, M­

carolinensis (Olivier) and M- scutellatus (Say), as well as 

other insects including Neacanthocinus pusillus (Kirby) and 

Amniscus collaris Haldemann. Chrysobothris scabripennis 

Cast. and Gory emerged from trees cut in 1983, but which 

remained uncaged in the field until 1984. 

Bursaphelenchus xylophilus was present in 94% of 

tracheal systems of both M- scutellatus and M. carolinensis. 

Pinewood nematode was found infesting 4.2% of H- pusillus 

specimens. One specimen each off. approximatus, ~ spp. 

and Q. scabripennis were positive for~- xylophilus. 

Dolichomitus tuberculatue tuberculatus (Geoff.), an 

ichneumonid parasite, was reared from Monochamus spp. 

larvae. Two deutonymph mites, Dendrolaelap isodentatus 

(Hurlbutt) and Trichouropoda hirsuta Hirschmann, were 

located externally on Monochamus spp. beetles. 
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INTRODUCTION AND OBJECTIVES 

I. Literature Review. 

In 1934 Steiner and Buhrer first described the timber 

nematode or pinewood nematode as Aphelenchoides xylophilus. 

This nematode was collected from three localities in the 

United States: (1) a small piece of blue-stained wood from 

a green pole of longleaf pine harvested either from 

southeastern Texas or western Louisiana but observed in 

Orange, Texas, in 1929; (2) wood collected from a sawmill 

in Bogalusa, Louisiana; and (3) a shortleaf pine collected 

near Fairfax, Virginia. 

In 1969 a "pinewood nematode" was identified from wood 

of dead pines collected from many localities in Kyushu, 

Japan (Tokushige and Kiyohara 1969). It was named 

Bursaphelenchus lignicolus by Mamiya and Kiyohara in 1972. 

In 1970 William R. Nickle proposed the name Bursaphelenchus 

xylophilus for Paraphelenchoides xylophilus (Steiner and 

Buhrer 1934) Kahk, 1967 <= Aphelenchoides xylophilus Steiner 

and Buhrer 1934). ~- lignicolus and~- xvlophilus were 

determined to be one and the same species (Nickle et al. 

1981). 

The pinewood nematode causes the pine wilt disease in 

I 
I ' 
' 
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Japan with billions of board feet of lumber destroyed. This 

disease reached epidemic proportions in 1948 with losses 

that year in volume of timber estimated at 1,280,000 cubic 

meters (Mamiya 1972). Pine wilt causes the rapid death of 

trees. Trees healthy in the spring may die in late summer 

or autumn and are characterized by a reddish-brown 

discoloration of the needles. Trees often die within 30-50 

days following reduction in oleoresin flow in mid-July to 

early August (Mamiya 1972). 

In Japan two major species of trees susceptible to this 

wilt are Japanese black pine, Pinus thunbergiana Franco(+~. 

thunbergii Parl.) and Japanese red pine,~- densiflora Sieb. 

and Zucc. (Kiyohara and Tokushige 1971). 

The nematode was rediscovered in the United States in 

February 1979, when a Japanese plant pathologist, Dr. S. 

Ouchi, visiting the University of Missouri, spotted a dead 

Austrian pine, Pinus nigra, on the campus and suspected that 

it was infected by pinewood nematode. The nematode was 

extracted and identified by Dr. V. H. Dropkin (Dropkin and 

Foudin 1979) as Bursaphelenchus lignicolus. 

Since its rediscovery in the United States 

investigators have been surveying to determine the 

distribution of~- xylophilus by states and counties, and by 

tree species infected. By September 1980 the USDA Forest 

Service had reported occurrences of the pinewood nematode in 

121 counties and 28 states from the following Pinus species 

(Robbins 1980): 



P. banksiana - jack pine 

r. f:em_bra - Swiss stone pine 

r. clausa - sand pine 

P . contorta var. murrayana -

f. echina~a - short leaf pine 

P. elliottii - slash pine 

E· mugo - Swiss mountain pine 

f. niqra - Austrian pine 

E· Ealustris - longleaf pine 

r. ponderosa - ponderosa pine 

E· radiata - Monterey pine 

r. resinosa - red pine 

lodgepole 

f . strobus - eastern white pine 

P. sylvestris - Scotch pine 

P. taeda - loblolly pine 

P. thunbergiana - Japanese black pine 

P. virginiana - Virginia pine 
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pine 

All species of pines in the United States are potential 

hosts for the pinewood nematode. Of the 17 Pinus species 

listed above, 12 are native species (9 eastern and 3 western) 

and 5 are exotic species (4 European and 1 Japanese). Four 

of the exotic species belong to the same Pinus subsection 

Sylvestres, as the three very susceptible Japanese pines . 

The most susceptible species in most states seems to be 

Scotch pine growing as ornamentals. 

By 1981 ~- xylophilus was known to occur in 32 states 
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and 221 counties, and nematodes had been recovered from 24 

species of trees including 19 species of pines. Additional 

conifer species found infected with this nematode included 

Allepo (f. halepensis); Japanese red pine (f. densiflora); 

Eastern larch or tamarak (Larix laricina); European larch 

(~. decidua); deodar cedar (Cedrus deodara); Atlas cedar 

(~. atlantica) and white spruce (Picea qlauca). 

II. Pinewilt Problem in Maryland. 

By early 1981 pinewood nematode infected trees, 

especially in exotic ornamental pine species, had been found 

in 20 of Maryland's 23 counties (Dekker 1981). Since then 

all 23 counties in Maryland have reported detections of~. 

xylophilus <R. A. Dekker, pers. comm.). Affected pines 

include: Scotch, Japanese black, Austrian, Virginia, white 

and red pines. 

Red pine plantations planted in the 1930's and 1940's 

have consistently shown decline and mortality in central and 

western Maryland. Stress in these red pines had been 

diagnosed as caused by off-site planting (since red pine's 

natural southernmost range is Pennsylvania) fostering !..P.§_ 

spp. attack and high summer temperatures. Red pines are now 

established in plantations at elevations above 1,600 feet in 

Maryland. 

Three Garrett County Maryland red pine plantations, Big 

Run, Pleasant Valley 4-H Center and Herrington Manor State 

Park have been examined and trees at all these locations 
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hav e c ontained~- xylophilus. Known planting dates go back 

t o 1932 f o r Herrington Manor (actually Garrett State Forest 

wh ich lies adja cent to the park) and 1938 for Big Run. Tree 

mortality was observed in the early 1960's at Garrett State 

Forest near Herrington Manor. Stresses have led to low 

vigor in the pines making them attractive to woodboring 

cerambycids and other insect species which may introduce 

pinewood nematodes into the trees as they feed and oviposit. 

Populations of both the beetle and nematode increase under 

such conditions (Dekker 1981). 

In Japan the Japanese pine sawyer, Monochamus 

alternatus, Hope. has been identified as the main insect 

vector with the average number of nematodes carried per 

beetle being about 15,000 (Mamiya and Enda 1972) although 

some other Cerambycids contained a few pinewood nematodes. 

III. Bursaphelenchus xylophilus Associations with Insects. 

More than 70 insect species, mostly in the families 

Cerambycidae, Curculionidae and Scolytidae, have been found 

associated with weakened, suppressed and dead Japanese red 

and black pine trees in Japan (Mamiya and Kiyohara 1972). 

Little is known of the associations between most of these 

insects and~- xylophilus. 

As early as 1934 it was suggested that the pinewood 

nematode may have been carried by !.E?..§. spp. beetles and by 

Dendroctonus frontalis, the southern pine beetle, and that 

the nematode was found in association with blue-stain fungi 
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in trees (Steiner and Buhrer 1934). 

Japanese investigators have recovered ~- xylophilus 

from the following 8 species in 4 sub-families within the 

Cerambycidae, order Coleoptera, the family commonly known as 

the long-horned beetle (Mamiya 1976): 

ASEMINAE - Arhopalus rusticus L. 

LAMIINAE - Acalolepta fraudatrix Bates 

- Acanthocinus griseus F. 

- Monochamus alternatus Hope. 

- M- nitens Bates 

- Uraecha bimaculata Thomson 

SPONDYLINAE - Spondylis buprestoides L. 

CERAMBYCINAE - 9orymbia succedanea Lewis 

Of the 10 North American Monochamus species, 

dauerlarvae of the pinewood nematode have been recovered 

from the following four: M- carolinensis (Olivier) 

(Florida, Missouri, Illinois); M- obtusus Casey 

<California); M- scutellatus (Say) (Maryland) 

<white-spotted sawyer); and M. titillator Fabricius (Iowa) 

(southern pine sawyer). In addition to the Monochamus 

species, Arhopalus rusticus obsoletus (Randall) (Missouri) 

has been shown to carry this nematode in the United States 

(Holdeman 1980). According to W.R. Nickle (pers. comm.) 

there are at least three possible vectors of pinewood 

nematode in Maryland: M- scutellatus, M- carolinensis and 

M- titillator. M- titillator was collected from declining 

Austrian pines in Finksburg, Maryland (Nickle 1981) while M-
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scutellatus was collected from Virginia pine (Nickle et al. 

1981). The first record of pinewood nematode transmission 

by cerambycid adults to red pine occurred in Iowa (Williams 

1980). 

In Missouri besides the species mentioned above, the 

following insects had~- xylophilus recovered from specimens 

(Linit et al. 1983): 

Cerambycidae 

Asemem striatum (L.) 

Amniscus sexguttata (Say) 

Curculionidae 

Pissodes approximatus Hopkins 

Hylobius pales (Herbst.) 

Buprestidae 

Chrysobothris sp. 

Bursaphelenchus xylophilus is carried phoretically 

under the elytra and in the tracheae of long-horned beetles 

and nematodes drop off randomly. Approximately 80% of the 

nematodes eventually drop off (Morimoto and Iwasaki 1972). 

Dauerlarvae gain entrance into trees while the young beetles 

carry on maturation feeding on young soft shoots, needles 

and bark, and during oviposition in the bark by mature 

females. Monochamus alternatus breeds in the upper part of 

the trunk and main stem pine crowns (Kanehori, Yasui and Ono 

1975, 1976). Adult M. alternatus examined just after 

emergence contained most of the dauerlarvae in the tracheae 

directly connected with the metathoracic spiracles with a 

11 
I 
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few also found in the tracheae of the head. Only the 

dauerlarval stage was found externally under the elytra or 

int ernally in the tracheal system (Mamiya and Enda 1972). 

Once the xylem is exposed by the beetle through feeding 

or oviposition the nematodes move into this tissue where 

they molt into adults and infection occurs (Morimoto and 

Iwasaki 1972). ~- xylophilus moves into both the axial and 

radial resin ducts damaging and destroying some of the 

parenchyma cells of these ducts (Mamiya and Kiyohara 1972). 

IV. Objectives of This Study. 

To date many aspects of the pinewood nematode problem 

remain unstudied in Maryland. Although decline in planted 

red pines has been common for many years, the 

insect-nematode-tree relationships have been little 

investigated. My study focuses on two sites in western 

Maryland exhibiting dying and dead red pines to determine 

the distribution of the pinewood nematode in these diseased 

trees and to determine which insects reared from these trees 

transport~- xylophilus. Samples of various portions of red 

pine trees were analyzed for pinewood nematodes and red pine 

bolts were caged for rearing insects to determine pinewood 

nematode associations. 



METHODS AND MATERIALS 

Two different study sites in Appalachian Maryland were 

utilized in the study. Study site 1, in Compartment 42 of 

Savage River State Forest, consisted of red pine trees ca. 25 

years old; whereas study site 2, located in Garret State 

Forest, near Herrington Manor State Park, consisted of trees 

ca. 47 years old. 

In the spring and summer of 1981 a general survey of the 

two most western counties in Maryland was conducted to 

determine if the pinewood nematode, Bursaphelenchus 

~_y_lophilus, was present in any dying pines. In that 

investigation sickly eastern white pines, slash pines and 

Virginia pines were sampled. Sections of collected wood were 

soaked in water for twenty-four hours and the water then 

examined for nematodes. Scotch pines with reddish needles 

typical of trees harboring pinewood nematode were also found 

dying on the edge of a strip mine operation. Several of 

these trees containing~- xylophilus were recorded for future 

reference as sources of nematode specimens. Christmas tree 

plantations, such as Custer's near Deep Creek Lake, were 

inspected for trees with symptoms of pinewood nematode 

disease. Scotch pines, balsam fir and white pines in these 

plantations lacked symptoms and were not further studied. 

Slash sites of red pine plantations were visited where logs 

which showed insect attacks were split to expose borer 

larvae. Chipped wood block samples with insect larvae were 

q 
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taken t o the laboratory to attempt insect rearing. Adult 

insect specimens were collected for species identification. 

In the meantime foresters were contacted to determine 

the existence of diseased or dying pines on state forest 

lands. Jerry Sword, manager of Herrington Manor State Park 

supplied discs of wood from 40-50-year-old red pines. These 

trees were from a tract of red pines in which clumps of trees 

were dying and had been felled recently. Upon soaking this 

wood, vast numbers of~. xylophilus emerged. 

In April 1982 a plantation of large red pines, ca. 47 

years old, designated as site 2, was selected to begin the 

insect-nematode association study. Trees were divided into 

the following four decadence categories (1) predominantly 

green needles 

predominantly 

but with some reddish- brown needles; (2) 

reddish-brown needles (Fig. l); (3) no needles 

but most of the bark intact (Fig. 2); (4) no needles and no 

bark (Fig. 2); and (5) predominantly bleached needles (Fig. 

3). Three to four trees were selected in each category for a 

total of 17 trees felled in 1982-1983. Diameter at breast 

height (DBH) and total length of each tree were measured. 

Sections about 5 cm thick were sawed with a chain saw 25.5 cm 

from the ground and every 1.5 m thereafter to the top of the 

tree. Every other 1.5 m log was taken to the laboratory or 

the cage area set up in the open portion of a hardwood forest 

on Little Savage Mountain. Moreover, wood samples from the 

felled trees were taken from 



Figure 1. Dying, large red pines exhibiting reddish needles 

as in tree decadence category 2 from Herrington Manor State 

Park. 
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Figure 2. Large, dead red pines lacking needles illustrating 

bark versus barkless conditions as described for tree 

decadence categories 3 and 4. 
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Figure 3. Medium-sized red pine exhibiting bleached- green 

needles as described in tree decadence category 5 f rom 

Compartment 42, Savage River State Forest. 
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limbs . Primary limbs and secondary limbs were selected from 

each 3 m section of the tree starting with the bottom and 

continuing to the top of the tree. Primary limbs were 

defined as those growing from the main trunk of the tree 

whereas secondary limbs were limbs growing from the primary 

limb. In most cases it was possible to use foliage 

coloration to classify individual limbs as used for tree 

categories, i.e., mostly green needles, reddish-brown 

needles, bleached-green needles (a light bluish-green) or no 

needles. Cylindrical sections about 3 cm long were cut from 

the following positions on branches: (1) the base of the 

branch (2) at 1.5 m intervals thereafter until the end of 

the branch and (3) the terminal of each branch. Numbers 

were put on each cylindrical sample as it was placed in a 

plastic bag for transportation to the laboratory (Fig. 4). 

Bolt sections of the main stem or trunk were caged 

whereas the 5 cm disc samples of the trunk and 5 cm 

cylindrical sections of the primary and secondary branches 

were taken to the laboratory where samples were soaked to 

release any nematodes. Several preliminary procedures were 

followed before placing the specimen wood in water: (1) 

rings were counted; (2) insects present were recorded and 

identified to species when possible; (3) presence of 

blue-stain fungus was recorded; (4) the bark was peeled 

off; (5) the specimen wood was washed under running tap 

water to eliminate rhabditid nematodes on the surface of the 

wood; (6) the wood was cut into longitudinal pieces with 



Figure 4. Trunk sections from various heights on red pines, 

as used in sampling for the pinewood nematode 

Bursaphelenchus xylophilus. 

I -
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pruning shears or if a trunk disc radial sample it was cut 

into 5- ring subsamples from the disc perimeter to the disc 

center (referred to as trunk radial samples and representing 

the horizontal dimension of trees) and; (7) wood placed in a 

clean petri dish or plastic pill cup and covered with tap 

water. After 24 hours the water was poured into a counting 

dish for examination. If the sample could not be examined 

immediately, it was preserved in a 3% formaldehyde solution. 

Nematodes were counted using a binocular dissecting 

microscope at 45 X and were placed on microscope slides for 

species identifications. Nematodes were placed in either 

water, or for longer storage, cotton blue-lactophenol 

solution. 

In summer 1982, only mature trees from site 2 (Garrett 

State Forest) were cut and caged for insect rearing. The 

cages for holding sample logs, or bolts, were constructed 50 

that the top which was shaped like a tent could be lifted 

completely or tilted to collect emerging insects (Fig. 5). 

The triangular ends were covered with wire insect screen for 

ventilation and the other two sides of the tent were covered 

with plastic rolled on the edge fastened to the wooden frame 

to prevent escape of insects. The rectangular bottom of the 

cage had 1.83 m x 0.91 m dimensions as did the sides of this 

tent constructed cage. A total of 26 cages were built to 

hold the sample log sections from the pines of site 2. Bolts 

were grouped sequentially and by category with three bolts 

from three different trees of adjacent sections 



Figure 
S. Tent-shaped cages built for horizontal placement 

of red 
Pine bolt 5 and for the capturing of emerging insects. 
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occupying the same cage. Starting at 1.5 m, every other 1.5 

m s ection of tree trunks were caged. 

For the 25 smaller trees of site 1 (Compartment 42 of 

Savage River State Forest), the above cages were modified as 

follows: (1) instead of lifting the top off for insec t 

collection, one side was fitted with a piece of wire insec t 

screen so that it could be rolled toward the apex of the 

tent to collect insects, (2) the sides of this so-called 

door could be hooked over nails on either end of the cage 

for securing and, (3) the lower edge of the "door " 

consisting of wire stapled to a horizontal strip of wood 

could be wedged between stakes driven in the ground for 

securing. Trunk sections of all trees of category 5 

(bleached-green and chlorotic needles) bore Monochamus 

entrance holes (Fig. 6) and were the only trees used for 

insect rearings in 1983-84. Cages held the following bolts 

from these trees: (1) from the base up to 1.5 m (2) 1.5-3 m 

(3) 3-4.5 m (4) 4.5-6.0 m (5) 6.0-7.5 m (6) 7.5-9 m. 

Trees selected in late May-early June (categories 1, 2, 

3 and 4) from the younger stand (site 1) were examined for 

nematodes but were not caged to capture emerging insects 

because the experience of the previous year indicated no 

Monochamus would be emerging. Other emerging insects were 

not of sufficient interest to merit a second year of 

investigation. 

Several trees in site 1 were felled and left lying in 

the field until February 1984 at which time these trees were 
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Figure 6 
· Entrance (oval) and exit (round) holes made by 

Monoch 
~ species in red pine trees. 
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brought into t he laboratory and placed in various cages fo r 

insec t rearings. One professiona lly-built cage made 

entire l y of metal and screen was ideal for capturing 

Monochamus but was too small for large-scale insect rearing . 

Another rather satisfactory cage was constructed of a n 

e longated trough-like sink to which a wooden, screened frame 

f itted s ecur ely. Several bolts were labeled and placed in 

thi s cage. As insects emerged they were collected in 

storage vials, labeled and if they were Monochamus the 

lengths and widths of exit holes were measured. Two plastic 

barrels with 1.5 cm holes in the snuggly fitting lids were 

used to store several bolt sections but were unsatisfactory 

because of excessive condensation. 

Three large cages were constructed in summer 1983 to 

hold the bolts collected in late July-early August from only 

bleached-green needled mature pines of site 2. Since 

materials were costly, only three cages could be built and 

those shared common walls. Pine studs were used for framing 

these cages. Posts anchored the four corners of the main 

structure. Sides and roof were completely screened and the 

floor on which the bolt samples rested consisted of soil 

covered by a 2- 3 inch layer of sand. Each compartment cage 

had hinged doors (Fig. 7). 

Insects were collected 2 to 3 times per week using 

large plastic vials with snap-on lids for easy handling. 

When insects could not be dissected on the day of 

collection, they were refrigerated. 



Figure 7. Large cages built for the 
Pine 

insects. 
bolts 

of vertical placement for the 
emergin<J easy capturing of 

--. --
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I n early June 1983 six ca. 7-year- old Scotch pines, six 

ca. 25- year-old Scotch pines and six ca. 25-year-old red 

Pines we re inoculated with approximately 32,000 larval and 

adult ~ - xylophilus. Nematodes soaked from 45- year-old 

Scotch p i ne wood were injected into a boring made in the 

trunk . Trees were observed weekly until the end of summer. 

I. Insect Dissection for Nematodes. 

After the shape of the apices of the elytra were 

recorded as either round, slightly protruded or dentate, 

Woodborers were dissected into the following body parts and 

Placed in individual Syracuse watch glasses: (1) head (2) 

Prothorax (3) meso-metathorax and (4) abdomen. The body 

Parts were forcep macerated in watch glasses which were 

stored for three to four hours to allow nematodes to emerge. 

For longer storage (2-3 days), samples were refrigerated. 

When nematodes were too numerous for direct counting, 

dilutions were made to facilitate counting. 

When only knowing the presence or absence of the 

nematode in insects was desired, the third, right leg was 

PUlled from the body and the following leg parts were 

examined in sequence for the presence and counting of 

nematodes therein: { 1 ) metacoxa-metatrochanter ( 2 ) 

metafemur and (3) metatibia. If the leg lacked nematodes, 

then the whole body by parts as indicated above were 

examined for nematodes. Specimens of nematodes present on 

the outside of the insect body were placed on slides for 
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identification . From time to time clusters of these 

nematodes were cultured on Botrytis cinerea. Locations of 

nematodes found externally on insects were recorded. 

Dauerlarvae found in the tracheal system of Monochamus 

(Fig. 8) were cultured on Botrytis cinerea. The distinctive 

vulval flap in adult females and the typical spicules with 

expanded tips in males were used to identify~- xylophilus 

(Nickle et al. 1981). 

Several Monochamus larvae from infested bolts felled 

July 1983 and 

February 1984. 

overwintered in the field were dissected in 

Larvae were examined both externally and 

internally for nematodes with a dissecting microscope at 45 

X. Moreover, measurements of Monochamus larval tunnels were 

made from this infested wood. 



-- - - --

Figure 8. 
of 

in 

Dauer larvae 

~ ~lophilus 
adult M 
~ ~cutellatus. 

the pinewood nematode 

the tracheal system of an 
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RESULTS 

I. Nematode Distribution In Medium-Sized Red Pines, Study 

Site 1. 

The sample from site 1 located in Compartment 42 of 

Savage River State Forest (elevation 792 m) consisted of 25 

trees with an average height of 10.1 m and mean DBH of 14.0 

cm. Heights ranged from 7.5 m to 12.5 m and diameters from 

10.4 to 16.9 cm. The average age was 22.7 years and ranged 

from 13 to 25 years. 

Seventeen (68%) of the 25 red pines sampled were 

infected with~. xylophilus. Infection ranged from Oto 50% 

with an average of 16.3%. Of the 610 trunk and branch disc 

samples 82, or 13.4%, were positive for~. xylophilus. 

Trunk disc samples had the highest infection rate (38.0%) 

followed by primary branch base (butt) samples (15.7%). Per 

decadence, category 5 (bleached needled trees) had the 

highest infection (30.6%) followed by category 2 (reddish 

needled trees), (27.1%). Among radial (horizontal) samples 

(34.8%) were infected with~. xylophilus. Table 1 shows the 

occurrence of~. xylophilus by anatomical position on trees 

by decadence category at site 1. 

Distribution of~. xylophilus in discs taken every 3 m 

in trunk ranged from 18.2% to 44.0%. The highest percentage 

infection of trunk samples was in 3 m. Primary branch 

samples were not as commonly infected (2.0% to 15.4%). 

Highest primary branch infection occurred between 6 and 12 
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Table 1. Occurrence of Bursaphelenchus xylophilus (Bx) 

in red pines by tree decadence category~/ by 

anatomical position QI at site 1, Savage River 

State Forest, Maryland. 

Tree decadence category 

1 2 3 4 5 Anatomical 

Position + / total + / total + / total + / total + / total 

Trunk 

disc 3 / 26 7 / 15 5 / 15 1 / 15 25 / 37 

terminal 1 / 6 0 / 3 1 / 3 0 / 4 1/8 

Primary Branches 

base 4 / 34 6 / 20 0 / 12 1 / 11 9/50 

1.5 m 1 / 11 0 / 4 0 / 2 0 / 1 

terminal 0 / 34 1 / 19 0/12 0 / 7 7 / 50 

Secondary Branches 

base 1 / 26 2 / 18 0 / 13 0 / 6 1 / 42 

terminal 1 / 29 1/18 0 / 12 0 / 6 3 / 41 

Sub-total 11 / 166 17 / 97 6 / 69 2 / 50 46 / 228 

Trunk 

radial 6 / 65 18 / 32 9 / 35 3 / 29 50 / 86 

Grand-total 17/ 231 35 / 129 15 / 104 5 / 79 96/314 

% Bx 7 .4 27.1 14.4 6.3 30.6 

%Bx 

38.0 

12.5 

15.7 

5.6 

6.6 

3.8 

4.7 

13.4 

34.8 

19.6 
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Table 1. (cont'd). Footnotes. 

a/ Decadence categories are defined as follows: 1. mostly 

green needled trees, 2. mostly reddish-brown needled trees, 

3. no needled trees, 4. trees lacking needles and bark, 5. 

bleached-green needled trees. 

QI Anatomical position denotes various sections of trees as 

follows: 1. trunk disc samples cut at 3 m intervals the 

length of the tree ; 2. trunk radials were annual growth 

rings sampled every 5 rings from the trunk perimeter inward 

to the trunk center; 3. trunk terminals were the tops of 

trunks; 4. primary branches were those growing from the 

main trunk of the tree whereas secondary limbs were limbs 

growing from the primary limb. Branches were sampled from 

the base, at 1.5 m intervals the length of the branch and at 

terminal end of branch. 
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m. Secondary branch samples had an infe~tion ranging from 

2.9% to 8.7% and highest infection occurred from the 0-3 m 

trunk region (Table 2). 

By foliage coloration of limbs, bleached needled 

branches had the highest~- xylophilus infection (26.4%). 

In decadence category 1 (green needled trees) the branches 

with the highest infection were those of green foliage 

(11.1%) although green needled branches of bleached needled 

trees lacked~- xylophilus (Table 3). 

A higher percentage of primary branch base samples were 

infected than branches in other sample categories. Branch 

terminal and base 

percentages with ~-

branches than in 

samples were 

xylophilus 

branches 

characteristics. Collectively, 

infected at higher 

in bleached-green needled 

with other foliage 

branch samples of all 

foliage conditions had an increasing incidence of infection 

from no needles (4.0%) to green needles (7.9%) to reddish 

needles (9.1%) to bleached- green needles (26.4%) (Table 4). 

High infection by trunk height occurred in the 6-9 m (22.2%) 

and 9-12 m (20.0%) parts of the trees (Appendix A). 

The distribution of~- xylophilus horizontally in trunk 

samples by 5-ring interval from the trunk perimeter to trunk 

center ranged from 26% to 40%. The lowest infection 

occurred in the 5 rings in the center and the highest in the 

6-10 (38.2%) and 11-15 (40.0%) ring intervals. See Appendix 

B which compares occurrences of~- xylophilus by radial ring 
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Table 2 . Inc idence of Bursaphelenchus xylophilus (Bx) 

infection by anatomical position~/ and by trunk 

interval ~ / at site 1. 

0-3 

Trunk Interval (m) 

3-6 6 - 9 

Anatomical No. of % with No. of % with No. of % with 

position samples Bx samples Bx samples Bx 

Trunk 

Disc 25 40.0 25 44.0 25 40.0 

Radial 91 33.0 65 32.3 53 41.5 

Terminal 2 0 

Primary Branches 

Base 24 4.2 37 13.5 45 22.2 

1.5 m 3 0 12 8.3 3 0 

Terminal 24 0 35 5.7 43 9.3 

Secondary Branches 

Base 23 8.7 34 2.9 37 2.7 

Terminal 23 8.7 35 2.9 38 5.3 

Totals 213 21.1 243 17.3 246 19.9 
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Ta ble 2 . (cont'd.) 

Trunk Interval (m) 

9-12 12- 15 

Anatomical 

position 

Trunk 

Disc 

Radial 

Terminal 

No. of 

samples 

22 

27 

10 

Primary Branches 

Base 20 

1.5 m 

Terminal 19 

Secondary Branches 

Base 11 

Terminal 10 

Totals 119 

% with 

Bx 

36.4 

40.7 

10.0 

20.0 

10.5 

0 

0 

21.8 

No. of 

samples 

11 

11 

12 

1 

1 

36 

% with 

Bx 

18.2 

18.2 

16 . 7 

0 

0 

16.7 

~ / Tree anatomical positions defined as in Table 1. 

QI Trunk interval designates samples from every 3.0 m 

section of trunk from bottom to apex excluding 3 cm trunk 

terminal samples. 
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Table 3 . Occurrence and percentages of Bursaphelenchus 

xylophilus (Bx) infection by tree decadence cate­

gory ~ I by branch foliage condition QI, site 1. 

Green Reddish No Needles Bleached 

Decadence Total Total Total Total 

category samples %Bx samples %Bx samples %Bx samples %Bx 

1 

2 

3 

4 

5 

45 

18 

11.1 

0 

31 

34 

23 

3.2 

14.7 

8.7 

58 

45 

51 

31 

89 

1.7 

11.1 

0 

3.2 

4.5 53 

~I Tree decadence category defined as in Table 1. 

26.4 

QI Branch foliage condition indicates the needle coloration 

of the particular branch sampled and does not necessarily 

represent the tree as a whole which may belong to another 

category dependent on the condition of most of the branches 

on that particular tree. 
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Table 4 . Incidence of infection by Bursaphelenchus 

xylophilus (Bx) in primary and secondary branches~/ 

by branch foliage condition QI and by anatomical 

position £I, site 1. 

Condition of Needles on Branches 

Mostly Green Reddish None Bleached 

Anatomical Bx/ %Bx 

position Total 

Primary Branches 

Base 3/15 20.0 

1.5 m 1/4 25.0 

Term 0/16 0 

Secondary Branches 

Base 1/13 7.7 

Term 0/15 0 

Total 5/63 7.9 

Bx/ 

Total 

5/24 

0/3 

2/24 

0/18 

1/19 

8/88 

%Bx 

20.8 

0 

8.3 

0 

5.3 

9.1 

Bx/ 

Total 

5/72 

0/11 

2/67 

2/62 

2/62 

11/274 

~/ Primary branch defined as in Table 1. 

%Bx 

6.9 

0 

3.0 

3.2 

3.2 

4.0 

Bx/ 

Total 

7/16 

4/15 

1/12 

2/10 

14/53 

b/ Branch foliage condition defined as in Table 3. 

£I Anatomical position defined as in Table 1. 

% Bx 

43.8 

26.7 

8.3 

20.0 

26.4 
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interval in o lder and younger trees. 

Among all decadence categories, eleven trees had no 

nematode infection . Two trees had infection in all but the 

terminal samples. One tree had nematodes in the basal trunk 

sample only. Variable distributions of infection were seen 

in each decadence category. 

The largest number of nematodes (8,550) was recorded 

from tree 7 (category 2) in the 3 m trunk interval. Of the 

pinewood nematodes counted 50.3% were from the 3 m section of 

the trunk; 32.8% from the basal section (0 m); 13.1% from 6 m 

and 3.9% from the 9 m trunk interval. 

An unknown species of Aphelenchoidea was discovered in 

trees at both study sites. In study site one 16.7%, of 742 

samples were positive for the unidentified nematode. Trees 

in all decadence categories except number one (green needles) 

had a mixture of~- xylophilus and the Aphelench. All trees 

contained at least one sample with the unidentified 

Aphelench. Wood samples from 8 of 25 (32.0%) trees sampled 

contained both ~- xylophilus and the unidentified nematode. 

Of these 8 trees 13.8% of samples contained both B. 

xylophilus and the unknown Aphelench having a range of 

association of 3.4% to 33.0% (Table 5). These trees 

represented all decadence categories except category 1 which 

had three trees containing only the Aphelench. Half of the 

trees in category 3 (lacking needles) and category 4 (lacking 

needles a nd bark) contained the Aphelench alone. Table 6 

shows the association of this unknown species and ~-
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xyloph ilus by t r ee decadence category . Of the 124 times t h i s 

unknown species was f ound, 14.5% were in association wi th fl . 

~lophilu s . Of t he samples with B. xylophilus and/ o r the 

unkn own Aph elench, 6.6% contained both nematodes. 

Tr unk sec tions including trunk terminals contained both 

fl. xyloph ilu s and the unknown Aphelench in 10 out of 73 

s amples . The association of these two 

a nd branches is shown in Table 7. 

nematodes i n t r un ks 

Primary branch sections 

1.5 m d istal and primary and secondary terminals lacked 

as s oc i at i on of the two nematodes. The association by branch 

fol i age conditions is shown in Table 8. 

In addition to the unidentified Aphelench anot her 

Aphelenchoid, smaller with a c - shaped body, was found in s ome 

samples. Other tylenchids were found but in rela tively s ma ll 

numbers. One tylenchid was found in 29% of the sample s, 

rhabditid nematodes in 52% of the samples, and several other 

unidentif i ed nematodes in 52 of 742 samples (7%) . 

Blue-stain occurred in 458 out of 742 tree samples 

(61. 7%). 

in 18%. 

Protozoans were in 39% of the samples and rotif ers 
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Table 5 . Association of an unknown species of Aphelen­

choidea with Bursaphelenchus xylophilus <Bx> and 

its occurrence by individual tree at site 1. 

Tree 

specimen 

5 

7 

9 

10 

12 

18 

19 

21 

Totals 

Bx 

only 

11 

13 

6 

0 

2 

7 

10 

21 

70 

Aphelench 

only 

17 

3 

1 

10 

3 

3 

2 

3 

42 

Bx+ % 

Aphelench Association 

1 3.4 

5 23.8 

1 12.5 

2 20.0 

1 16.7 

5 33.3 

1 7.7 

2 7.7 

18 13.8 
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Table 6. Occurrence of an unknown Aphelenchoidea by 

tree decadence category ~I and in association 

with Bursaphelenchus xylophilus (Bx) at site 1. 

Both hi 

Bx only cl 

Unk only g/ 

Total 

% Assoc. 

Tree Decadence Category 

1 

0 

17 

29 

46 

0 

2 3 4 5 

6 3 1 8 

29 12 44 87 

23 23 14 17 

58 38 19 112 

10.3 7.9 5.3 7.1 

~I Tree decadence defined as in Table 1. 

Total 

18 

149 

106 

273 

6.6 

hi Occurrence of unknown Aphelench and~- xylophilus in the 

same sample. 

£I ~- xylophilus occurrence alone. 

~I Aphelench occurrence alone. 
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Table 7. Association of unknown species of Aphelenchoidea 

with Bursaphelenchus xylophilus (Bx> by tree anatomi ­

cal position ~I, site 1. 

Branches 

Trunk Primary 

disc term base 1.5 m distal term 

Both QI 9 

Bx only £.I 31 

Unk only g_l 27 

Total 67 

1 

2 

3 

6 

5 

15 

29 

49 

% Assoc. 13.4 16.7 10.2 

0 

1 

4 

5 

0 

0 

8 

17 

25 

0 

~I Anatomical position defined as in Table 1. 

QI Both defined as in Table 6. 

£.I Bx defined as in Table 6. 

gl Unk defined as in Table 6. 

Secondary 

base term 

3 

1 

17 

21 

14.3 

0 

5 

9 

14 

0 
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Table 8. Association of unknown species of Aphelenchoidea 

with Bu~~aphelenchus xylo,eb.ilus (Bx) by branch foliage 

condition~/, study site 1. 

--=B~anch Foliage Condition 

Green Reddish No Bleached 

Needles Needles Needles Needles 

Both !2_ / 

Bx only c / 

Unk only d/ 

Total 

% Assoc. 

0 

5 

1 

6 

0 

2 

8 

16 

26 

7 .7 

5 

11 

54 

70 

7.1 

1 

14 

5 

20 

5.0 

a/ Branch foliage condition defined as in Table 3. 

!2_ / Both defined as in Table 6. 

cl Bx defined as in Table 6. 

d / Unk defined as in Table 6. 

Total 

8 

38 

76 

122 

6.6 
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II . Nema t ode Distribution in Large Red Pines at Site 2, 

He r rington Mano r State Park. 

Mature red pines of site 2, Herrington Manor State Park 

( e l evat ion 731.5 m) contained trees that ranged from 21.3 to 

24. 4 m tall and were ca. 47 years old. DBH ranged from 22.9 

to 35 cm . A total of 17 trees were examined at 3 m intervals 

along their trunks and at various sites along primary a nd 

secondary branches. Of these trees 13 of the 17 (76 . 5%) were 

positive for~. xylophilus in at least one sample. From a 

total of 708 samples, 107 (15.1%) were positive for ~. 

xylophi l us. In categories 4 and 5, all trees were positive 

for the pinewood nematode. 

As shown in Table 9, infection by~- xylophilus var ied 

widely at intervals along the trunk. In general, nematode 

infection increased from the bottom to top of the trunk. The 

lowest infection (18.8%) was in base samples where 3 of 16 

trees were infected with the nematode. A total of 111 

samples from trunk discs were analyzed of which 43 (38.7%) 

yielded~- xylophilus. The range of~- xylophilus infection 

in trunk samples was from 4.8% in tree decadence category 3 

to 81.3% in tree decadence category 1. 

Infection at various sites along primary branches is 

given in Table 10. ~. xylophilus was found in 45 of the 318 

(14.2%) primary branch samples. Pinewood nematode was found 

in 22% of primary branch base samples and only 1.3% of the 

primary branch terminals. 

Table 11 shows the incidence of primary branch samples 
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Table 9. Incidence of Bursaphelenchus xylophilus (Bx) 

infection in trunk discs per trunk height interval per 

tree decadence category~/ at site 2. 

Category 

Height 1 2 3 4 5 

Trees Trees Trees Trees Trees on 

trunk +/total +/total +/total +/total +/total %Bx 

(m) samples samples samples samples samples 

0 2 /3 0/4 0/3 1/3 0/3 18.8 

3 2/3 0/4 1/3 1/3 0/3 25.0 

6 3/3 1/4 0/3 2/3 0/3 37.5 

9 2/3 1/4 0/3 3/3 1/3 43.8 

12 2/2 1/4 0/3 2/3 2/3 46.7 

15 1/1 1/4 0/3 3/3 2/3 50.0 

18 1/1 1/4 0/3 1/3 3/3 42.9 

21 1/1 2/3 75.0 

Totals 13/16 6 /29 1/21 13/21 10/24 

% Bx 81. 3 20.7 4.8 61. 9 41. 7 

a / Tree decadence category defined as in Table 1. 
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infected with~- xylophilus at branch origin above ground 

(m) at site 2. Primary branch samples differed in the 

percentages of infection along the trunk. Interval 3-6 m 

had no nematodes but the next interval, 6-9 m, had the 

highest infection (22.6%) recorded for primary branches at 

any trunk height interval. 

Analyzing primary branches per tree decadence category, 

the number of samples containing~- xylophilus ranged from 

2.3% in tree category 4 to 24.1% in tree category 1 (Table 

11). 

Analysis of the percentages of primary branch samples 

infected with~- xylophilus by branch foliage condition and 

tree decadence category is shown in Table 12. The "no 

needle" branches of tree decadence categories 1 and 2 

exhibited the highest infection with ~- xylophilus, i.e., 

52% and 22%, respectively. 

Occurrence of~- xylophilus in secondary branch samples 

1.5 m, 2.0 m and 4.5 m distal to the trunk is shown by tree 

decadence category for site 2 in Table 13. Altogether these 

secondary branches had the highest infection (15.9%) in 

trees lacking needles but with bark (category 3) but overall 

were only 6.8% infected with~- xylophilus. 

Secondary branch base samples were infected with ~­

xylophilus in 12 of 143 samples (8.4%), whereas terminals 

had~- xylophilus in 6 out of 129 samples (4.7%). 



Page 42 

Table 10 . Incidence of infection by Bursaphelenchus 

xylophilus <Bx) per tree anatomical position on 

primary branches~/ at site 2. 

Anatomical 

position 

base 

1.5 m distal 

3.0 m distal 

4.5 m distal 

6.0 m distal 

terminals 

Totals 

Samples 

analyzed 

109 

90 

32 

7 

3 

76 

317 

No. + 

for Bx 

24 

13 

5 

1 

1 

1 

45 

~/ Anatomical position defined as i n Tabl e 1. 

% + 

for Bx 

22.0 

14.4 

15.6 

14.3 

33.3 

1. 3 

14.2 
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Table 1 1 . Incidence of infection by Bursaphelenchus 

xylophilus <Bx) in primary branch~/ samples by 

trunk height interval per tree decadence category 

g /, site 2. 

Branch 

origin 

above 

ground 

0 - 3 

3 - 6 

6 - 9 

9 - 12 

12 - 15 

15 - 18 

18 - 21 

21 - 24 

Totals 

% Bx 

1 

+I 

total 

0/6 

0/11 

3/10 

5/10 

2/7 

2/8 

2/6 

14/58 

24.1 

Decadence category 

2 

+I 

total 

1/8 

0/9 

3/12 

5/16 

8/31 

1/20 

0/14 

1/5 

19/115 

16.5 

3 

+I 

total 

0/1 

1/11 

0/6 

2/3 

0/8 

3/29 

10.3 

4 

+I 

total 

0/4 

0/15 

0/12 

1/11 

1/43 

2.3 

5 

+I 

total 

0/4 

1/8 

2/20 

3/16 

2/15 

0/10 

8/73 

11.0 

a/ Primary branch samples defined as in Table 1. 

g/ Tree decadence category defined as in Table 1. 

%Bx 

7.0 

0.0 

22.6 

21. 3 

17.3 

12.1 

6.1 

20.0 

14.2 



Page 44 

Table 12. Percentages of infection by Bursaphelenchus 

xylophilus in primary branch ~I samples per branch 

condition QI per tree decadence category £ 1 at site 2 . 

Branch Condition 

Green Reddish No Bleached 

Tree 

decadence 

category needles needles needles needles 

Green needles 

Reddish needles 

No needles 

Bleached needles 

Barkless 

7.0% 11.0% 

11.0% 

10.5% 

52.0% 

22.0% 

7.0% 

10.0% 

0.0% 

~ I Primary branch defined as in Table 1. 

12.0% 

QI Branch condition defined as in Table 3. 

£I Tree decadence defined as in Table 1. 

No 

bark 

20.8% 

o.o 

5.0% 
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Dis c -shaped c r o s s sec tions from inte rvals along t r ee 

trunks were analyzed further for li - xylophilus. Sub-sa mpl e s 

of each cros s sect i on were taken radially toward disc c ente r 

at interval s of 5 growth rings. The percentage of infection 

d ec r eased fr om the outer rings (44.4) to the i nner 

s ub -sample s (0 . 0) (Appendix B). The highest number of 

nematode s for any radial sub-sample was 2,550 in the 15 m 

cros s sec t ion of category 2. Of the li- xylophilus counted 

45 . 5% were found in the 15 m section of the trunk. 

Two of the 4 trees in decadence category 1 had li­

xylophilus in the basal disc and one of these contained the 

nematode in every interval. 

In tree decadence category 2, li- xylophilus occurred in 

4 trees at intervals 9 m, 12 m, 15 m, 18 m and 21 m. 

Category 3 had nematodes in only one tree at only one level 

(3 m). Collectively, 3 trees in category 4 had nematodes at 

all intervals. One tree from category 4 had nematodes in all 

but the highest level (18 m) . In decadence category 5, 

nematodes infected intervals 9 m, 12 m, 15 m, 18 m, and 21 m 

in 3 trees. Intervals Om, 3 m and 6 m lacked nematodes. 

The ca. 25-year-old and ca. 7-year-old Scotch pines and 

ca. 25-year-old red pines each inoculated with ca . 32,000 ~­

xylophilus mixture of adults and larvae did not s uccumb or 

show any visible symptoms of pinewilt disease. 
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Table 13. Occurrence of Bursaphelenchus xylophilus (Bx) 

in secondary branches~/ 1.5 m, 3.0 m and 4.5 m 

distal to trunk by anatomical position~/ per tree 

decadence category £I at site 2. 

Anatomical 

position _ l_ i_ _3_ 

1.5 m Distal from Trunk 

Base 1/15 1/24 1/14 

1. 5 0/ 3 

3.0 0/1 

Term 1/15 1/24 1/13 

Sub-total 2/34 2/48 2/27 

% Bx 5.9 4.2 7.4 

3.0 m Distal from Trunk 

Base 2/5 3/17 0/6 

1.5 0/1 

3.0 1/1 

6.0 0/1 

Term 0/4 0/16 2/5 

Sub-total 3/12 3/33 2/11 

% Bx 25.0 9.1 18.2 

--1_ _5 _ 

0/5 1/22 

0/6 0/20 

0/11 1/42 

0 2.4 

1/4 0/12 

0/2 0/12 

1/6 0/24 

16.7 0.0 

Total 

Bx 

4/80 

0/3 

0/1 

3/78 

7/162 

4.3 

6/44 

0/1 

1/1 

0/1 

2/39 

9/86 

10.5 

% 

Bx 

5.0 

0.0 

0.0 

3.8 

13.6 

0.0 

0.0 

0.0 

5.1 
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Table 13. (cont ' d . ) 

---·-- ------ ·--·-·-

4 .5 m Distal f r om Trunk 

Base 0/3 0/6 2/3 0 /7 2/19 1 0 .5 

Term 0/ 3 0/ 6 1 / 3 1/12 8 . 3 

Sub-to tal 0/ 6 0 /12 3 / 6 0/7 3 /31 

% Bx 0 . 0 0.0 50.0 0 . 0 9 .7 

Gr a nd total 5/52 5/93 7 / 44 1 / 17 1 / 73 19/279 

Grand % Bx 9.6 5.4 15.9 5.9 1.4 6 . 8 

~ / Secondary b ranches defined as in Table 1. 

b / Anatomical position defined as in Table 1. 

c l Tree decadence defined as in Table 1. 
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III . Distr i bution of Insects at Sequential Heights in Ca . 

4 7-Year-Old Red Pine at Herrington Ma nor State Pa rk. 

Total inse ct emergences from bolts of ca. 47-year-old 

trees col lected May 24- June 2, 1982 and caged ever y other 1.5 

m section were estimated at 67,992 for~ sp. and 3,814 f or 

Pissodes sp., and by direct count were 19 for Monochamus s p . 

and 371 for other Cerambycids. Monochamus sp. were found i n 

trees f rom 6 m up but were most numerous in 15-18 m bolts 

(Table 14). 

Insects emerging from caged red pine bolts in 1982-1984 

represented four families , i.e., Scolytidae, Curculinonidae, 

Buprestidae and Cerambycidae (Table 15) . Tetropium 

schwarzianum Casey, Pissodes approximatus Hopkins, 

grandicollis (Eichhoff) and .!E.~ eini (Say) dissec ted in 

~ 

1982 

lacked ~ - xylophilus. However, these same insects contained 

haemocoel, intestinal and elytral (phoretic) nematodes (Table 

16) . No Monochamus sp. were reared from caged bolts of 

categories 1, 2, 3 or 4 in 1982. 

IV. Distribution of Insects Reared from Red Pine Bolts from 

Herrington Manor and Compartment 42, Savage River State 

Forest in 1984. 

Trees of categorie s 1, 2, 3 and 4 collected May 17-July 

14, 1983 were not caged for insect rearing as these trees 

lacked evidence of Monochamus sp. infestation. However, 

bleached- green trees collected from sites 1 and 2 July 

26-August 12, 1983 had woodborings on understory vegetation 
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Table 14. Total insects reared from 21.3-24.4 m Pinus 

resinosa. Logs taken May 24-June 2, 1982 at 

sequential heights. 

Height 

above 

ground 

in m 

0-3 

3-6 

6-9 

9-12 

12-15 

15-18 

18-21 

Totals 

IE.§. 

sp. 

11,198 

10,404 

8,424 

13,034 

4,818 

13,766 

6,348 

67,992 

Pissodes Monochamus 

sp. sp. 

166 0 

226 0 

784 1 

1,108 2 

1,104 3 

326 10 

100 3 

3,814 19 

Other 

Cerambycidae 

154 

104 

24 

46 

11 

22 

10 

371 
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Table 15 . Col e optera species by family of insects reared 

from red pine in western Maryland. 

CERAMBYCIDAE 

Monochamus s~utellatus 

(Say) 

MonQcham_us carolinensis 

(Olivier) 

Tetropium schwarzianum 

Casey 

Amniscus collaris 

CURCULIONIDAE 

Pissodes ~oximatus Hopkins 

Otiorhynchus ovatus (Linnaeus) 

Otiorhynchus rugostriatus (Goeze) 

BUPRESTIDAE 

Haldeman Chrysobothris scabripennis 

Neacanthocinus pusillus Cast. and Gory 

(Kirby) 

Rhagium inquisitor 

< L. ) 

SCOLYTIDAE 

1Es pini (Say) 

1E.§_ grandicollis (Eichoff) 
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Table 16. Percentage of haemocoel, elytral and intestinal 

nematodes in insects reared from bolts of 21.3-24.4 m 

trees, site 2. 

Nematodes 

Jl. xylophilus 

% with none 

Elytral phoretics 

Intestinal 

% with nematodes 

~ 

sp. 

0 

67.5 

12 

12.5 

32 

Pissodes 

sp. 

0 

46 

49 

4 

54.5 

Tetropium 

sp. 

0 

39 

17 

12 

61 
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and were t hus caged. These trees yielded the insects listed 

in Tabl e 17. Two Monochamus species, i.e., M- scutellatus 

(Say) a nd M- carolinensis (Olivier) were recovered from tree 

bolts collected from sites 1 and 2 but altogether more M­

scutellatus were reared than M- carolinensis. M­

carolinensis was more abundant from site 1 than from site 2; 

whereas Chyrsobothris scabripennis, a buprestid, was 

collected from only site 1. More Neacanthocinus pusillus, 

another cerambycid, were collected from site 2 than from site 

1. Site 1 lacked both cerambycids Rhagium inquisitor and~­

schwarzianum. 

Those insects from both sites carrying~- xylophilus are 

listed in Table 18. Five species were positive for pinewood 

nematode, i.e., M- scutellatus, M- carolinensis, N- pusillus 

(Kirby), E- approximatus and 1P.§. sp .. Ninety-four percent of 

Monochamus sp. collected carried~. xylophilus dauerlarvae in 

tracheae. In site one 87.3% and in site two 98.6% of the 

Monochamus sp. carried dauerlarvae. Ninety- six percent of 

all M, scutellatus and 90% of all M, carolinensis transported 

~- xylophilus. In site one 90% and in site two 100% of M, 
scutellatus carried~- xylophilus dauerlarvae. The three M. 

carolinensis collected from site 2 lacked~. xylophilus but 

at site one 92.3% of the M- carolinensis collected carried 

the dauerlarvae. The other insects transporting dauerlarvae 

in tracheae were N- pusillus (4.2%, site l; 27.7%, site 2); 1 

of 332 r. approximatus; 1 of 2,667 .1.E.§.. spp. and 1 of 8 ~­

~cabripennis 
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Table 17. Numbers of insects reared from Pinus resinosa 

in Maryland, in summer 1984; trees cut in summer 1983, 

sites 1 and 2. 

Taxon 

CERAMBYCIDAE 

Monochamus scutellatus 

Monochamus carolinensis 

Neacanthocinus pusillus 

Amniscus collaris 

Rhaqium inquisitor 

Tetropium schwarzianum 

CURCULIONIDAE 

Otiorhynchus spp. 

Pissodes approximatus 

BUPRESTIDAE 

Chyrsobothris scabripennis 

Site 1 

7.6-9.1 m 

trees 

124 

29 

18 

9 

0 

0 

4 

0 

8 

Site 2 

21.3-24.4 m 

trees 

96 

3 

144 

15 

8 

9 

7 

332 

0 
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Tab le 18. Oc currence of Bursaphelenchus xylophilus by 

insec t spec i e s, study site and height in red pine 

trees. 

Number of insects (Pos) and 

(Neg) for n. xylophilus 

Study Site l; 7.6 - 9.1 m trees 

0-1. 5 m 

Pos Neg 

1.5-3.0 m 3.0-4.5 m 

Taxon 

!'1 - scutellatus 2 0 27 0 41 0 

!'1- carolinensis 0 0 1 0 2 0 

N. pusillus 0 0 1 1 1 0 

~- collaris 0 0 0 0 0 0 

'!'.. schwarzianum 0 0 0 0 0 0 

r. approximatus 0 0 0 0 0 0 

Otiorhynchus spp. 0 0 0 1 0 2 

B_. inquisitor 0 0 0 0 0 0 

~ spp. 0 304 0 346 0 345 



Table 18. (cont'd.) 

Taxon 

M- scutellatus 

M- carolinensis 

N. pusillus 

~- collaris 

'.J;'.. schwarzianum 

f. approximatus 

Otiorhynchus spp. 

g. inquisitor 

!.Es spp. 
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Portion of tree by 1.5 m section, 

upward from ground 

4.5-6.0 6.0-7.5 

Pos Neg Pos Neg 

22 0 27 0 

13 2 7 0 

0 10 2 2 

0 2 0 4 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

1 189 0 453 

7.5-9.0 

Pos Neg 

5 0 

1 0 

1 0 

0 3 

0 0 

0 0 

0 0 

0 0 

0 136 



Table 18. (cont'd.) 

Study Site 2; 21.3-24.4 m trees 

Taxon 

!1- scutellatus 

M. carolinensis 

N. pusillus 

b_. collaris 

'.J;'.. schwarzianum 

P. approximatus 

Otiorhynchus spp. 

g. inquisitor 

1M spp. 

Portion of Tree 

Lower 

Pos Neg 

2 1 

0 0 

3 60 

0 1 

0 19 

1 46 

0 2 

0 0 

0 380 

Middle 

Pos Neg 

31 5 

0 0 

2 29 

0 4 

0 20 

0 109 

0 0 

0 0 

0 338 
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Upper 

Pos Neg 

50 3 

0 3 

1 49 

0 10 

0 6 

0 176 

0 2 

0 1 

0 176 
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e rom one tree cut in 1983 and caged in 1984. colle c t d f 
19) 

Monthly insect emergences from site 1 bolts (Table 

hat M· scutellatu~ emerged in June from 
all sections 

show t 

t r ees but most emerged from 3 m-7.5 m bolts. 
The bottom 

·of 

1. 5 m d an 
top 1.5 m had the fewest beetle emergences . 

.§£l,ltel l atus was the only insect that emerged from the bottom 

ec ions of trees. The tree sections with the highest 1.5 ms t· . 

eme rgences f o M· 
carolinensiJ! were the fourth 1.5 

m 

sections. 
In bolts from site 2 only 3 specimens of either 

from the bottom 1/3 of 
were collected 

MQ_nochamus 

trees. 
The 3M· carolinensi~ that emerged from red pines of 

species 

Site 2 th t , Herrington Manor, were from e op 1/3 of trees 

<Table 20). Most of the N· pµsillUS emerged from the bottom 

a nd top thirds of the trees. 
M- scutellatus and M· g,.rolinensis emergence dates 

during 1984 (Table 21> differed in several ways. 
M· 

M· 
~rolinensis. Before 

§.£.utellatus emerged 6 days before 

the first emergence of M· 
~rolinensis, 40.5% of 

By the peak emergence date of 

M. scutellatus had emerged. 
M. ~arolinensi~, June 19, 64% of M· J!£Utellatus had emerged. 

The peak emergence date for M· J!_cutellatus was June 11. The 

data show that 
99

.5% of M· R£]Jtellatu.J! emerged in June hut 

0
nly 45.Z% of M· ~ emerged in June. The greates t 

emergence of M· ~ (54.8%) occurred in July, 

A total of 92 specimens of Monochamus sp. 

dissected and examined for ft. ;gylophilJ!~· MoS
t 

ft. 

were 
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Table 19. Monthly insect _emergence by 1.5 m log section, 

August 1984. Study site 1, 7.6-9.1 m red pines. 

Trees cut in summer 1983. 

Taxon 

M. §.c__ute l la tus 

M. c_arolinensis 

N.. E.Usillus 

4. C9llaris 

.Qtj._Q__rhynchus spp. 

M. s_cutellatus 16 

M. ,8irolinensis 4 

N_. ~sillus 6 

4. c_ollaris 1 

~ spp. 

Section of stem, upward from base 

I.Sm 

Jul 

Jun Aug 

4 

6.0 m 

11 

1 

1 

23 

7 

3 

3 

2 

3.0 m 

Jul 

Jun Aug 

24 

2 

2 

1 

7.5 m 

1 

1 

4.5 m 

Jul 

Jun Aug 

39 

1 1 

1 

9.1 m 

5 

2 

1 
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Table 20. Monthly insect emergence by bottom, middle and 

top thirds of tree stems sampled during summer 1984. 

Study site 2, 21.3-24.4 m red pine; cut in summer 1983. 

--- -- --- ------------------------ -
Bottom 1/3 

May Jul 

Taxon Jun Aug 

!1- scutellatus 3 

M. carolinensis 

~- pusillus 47 1 1 

A. collaris 1 

Otiorhynchus spp. 1 2 

R. inquisitor 5 

~- schwarzianum 2 5 

P. approximatus 1 

Middle 1/3 

May 

1 

Jul 

Jun 

41 

22 2 

1 

1 1 

Aug 

3 

1 

Top 1/3 

May 

1 

Jul 

Jun 

54 1 

3 

47 2 

3 

1 

1 

Aug 

5 

2 
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Table 21. Peak emergence dates for Monochamus scutellatus 

and Monochamus carolinensis from red pine in western 

Maryland. 

Monochamus scutellatus 

Study Sites 

Date 1 2 

June 6 1 

7 22 4 

8 4 

9 1 7 5 

11 31 13 

12 3 6 

13 7 4 

14 5 13 

18 5 14 

19 3 3 

20 3 5 

23 2 14 

25 1 4 

26 4 4 

2 7 1 

28 1 2 

Monochamus carolinensis 

Study Sites 

Sub- Total 1 2 Sub-Total Total 

1 1 

26 26 

4 4 

22 22 

44£!/ 44 

9 1 1 10 

11 1 1 12 

18 18 

19 19 

6 4 4;Q/ 10 

8 3 3 11 

16 1 1 17 

5 5 

8 8 

1 1 1 2 

3 3 3 6 



Table 21. (cont'd.) 

Monocha mu s scutellatus 

Study Sites 

Date 1 2 Sub-Total 

July 2 1 1 

3 

7 

11 

12 

16 

17 

21 

23 

25 

27 

31 

Monochamus carolinensis 

Study Sites 

1 2 Sub-Total 

1 1 2 

3 3 

1 1 

1 1 

3 3 

1 1 

3 1 4 

1 1 1 

1 1 

~ / Peak emergence date of Monochamus scutellatus. 

Q I Peak emergence date of Monochamus carolinensis. 

Page 61 

Total 

3 

3 

1 

1 

3 

1 

4 

1 
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xylophilus were recovered from the meso- metathoracic regions 

but head, prothorax, abdomen and leg tracheae also contained 

dauerlarvae. Eighty-four percent of M. scutellatus and 77% 

of M- carolinensis carried dauerlarvae in their 

meso-metathoracic regions. The area with fewest tracheal~­

xylophilus was the head (35%). Rhabditids were in the tail 

tip in 83% of the insects dissected (Table 22). 

In the 26 Monochamus sp. specimens dissected to 

determine actual numbers of dauerlarvae per body part, the 

highest number of~- xylophilus was 15,158 found in the 

meso- metathorax (mean number in this area was 2,918 

dauerlarvae). The greatest number of~- xylophilus for any 

insect for the head was 101; prothorax, 329; and abdomen, 

1,172. Only dauerlarvae of~- xylophilus were seen in the 

tracheal system. Insect tail tips averaged 210 recovered 

rhabditids (Table 23). 

Tunnels made in red pine by Monochamus larvae were 

measured (Table 24). The average total distance mined was 

53.9 mm. Entry hole directions were both clockwise and 

counterclockwise. One larva was parasitized probably by an 

ichneumonid. 

An ichneumonid species emerging from red 

identified as Dolichomitus tuberculatus 

(Geoff.). Two prevalent species of deutonymph 

pines was 

tuberculatus 

mites found 

on Monochamus sp. were Dendrolaelaps isodentatus (Hurlbutt) 

and Trichouropoda hirsuta Hirshmann. Several deutonymph 

specimens were identified as Q. armatus Hirschmann. 
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Table 22. Occurrence of Bursaphelenchus xylophilus per 

body part per tree section for Monochamus spp.and 

occurrence of rhabditids. 

Monochamus scutellatus 

Study Site 1 Head Thorax 

Pro Me so-Meta 

Pos Neg Pos Neg Pos Neg 

0-1.5 m 3 1 3 1 4 0 

1.5-3.0 m 0 3 1 2 3 0 

3.0-4.5 m 5 1 6 0 6 0 

4.5-6.0 m 3 1 3 1 4 0 

6.0-7.5 m 2 4 5 1 6 0 

7.5-9.1 m 0 1 0 1 1 0 

Miscellaneous 0 4 1 3 4 0 

Study Site 2 

Lower 1 1 1 1 2 0 

Middle 3 12 3 12 9 6 

Upper 3 9 2 10 9 3 

% Positive 35 44 84 

Abdomen Rhabditids 

Pos Neg Pos Neg 

4 0 3 1 

0 3 3 0 

4 2 2 4 

3 1 2 2 

6 0 4 2 

0 1 0 1 

4 0 1 3 

1 1 1 1 

4 11 11 4 

2 10 8 4 

49 61 



Table 22. (cont'd.) 

Monochamus carolinensis 

Study Site 1 Head Thorax 

Pro Me so-Meta 

Pos Neg Pos Neg Pos Neg 

0- 1. 5 m 1 3 2 2 3 1 

1.5- 3.0 m 0 2 0 2 2 0 

3.0-4.5 m 1 1 1 1 2 0 

4.5-6.0 m 0 11 0 11 8 3 

6.0-7.5 m 4 7 4 7 8 3 

7.5-9.1 m 1 0 0 1 1 0 

Miscellaneous 0 4 0 4 3 1 

% Positive 20 20 77 
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Abdomen Rhabditids 

Pos Neg Pos Neg 

2 2 3 1 

2 0 2 0 

1 1 0 2 

5 6 9 2 

8 3 10 1 

1 0 1 0 

2 2 4 0 

60 83 
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Table 23. Distribution of Bursaphelenchus xylophilus 

dauerlarvae in Monochamus spp. by body part and 

by height in tree and occurrence of rhabditids.~ / 

Monochamus scutellatus 

Head 

Tree Section Pro 

0-3.0 m 4 40 

101 329 

46 104 

0 0 

3.0-6.0 m 30 144 

0 129 

0 0 

6.0-9.1 m 0 0 

2 23 

0 69 

0 7 

Miscellaneous 0 18 

Thorax Abdomen Rhabditids 

Me so-Meta 

726 101 400 

2,976 1,172 + 

309 457 

6,760 3 23 

2,227 1,084 1,265 

15,158 411 + 

1,037 3 + 

270 36 

1,200 9 532 

822 934 33 

5,269 20 + 

6,760 3 23 11 
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Table 23. (cont'd.) 

Monochamus carolinensis 

0-3.0 m 0 0 34 0 + 

2 3 9,253 3 40 

0 0 0 6 

3.0 - 6.0 m 0 0 0 0 + 

0 0 0 124 + 

0 0 1,037 3 + 

6.0-9.1 m 0 0 0 0 + 

0 0 0 0 + 

3 0 7,020 3 + 

0 2 10,028 4 + 

4 2 1,808 15 + 

0 0 0 0 + 

Miscellaneous 0 0 0 0 + 

Av. Nema/ 

Body Part 7.7 34.8 2,918 176.8 210.5 

~/ The symbols (+)and(-) indicate the presence or 

absence of nematodes when actual counts were not made. 
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Table 24 . Measurement from dissection of Mono~hamus sp. 

larval tunnels in one red pine , decadence category 

5, site 1, cut summer 1983, dissected March 1984. 

--------- -----

Larva: Total Mine Terminal :Poiflt_ 

Present Entry Dist . Vert. Tangential 

Mine Yes direc- mined from from centrally 

no. No tion a l mm entry horiz. 

1 yes clock 32 2 neut 3 neut 32 

2 yes counter 82 76 down 0 neut 25 

3 yes counter 74 52 down 9 rt. 15 

4 no clock 61 3 down 11 rt. 41 

5b / no clock 35 3 neut 9 rt. 12 

6 no counter 30 16 down 11 lt. 20 

7 yes counter 63 23 up 3 rt. 10 
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Table 24. (cont 'd.) 

----------- ---------· -----------

Mine Farthest mine distance from entry pt. (mm) £ I 

no . 

- -------

1 

2 

3 

4 

5 

6 

7 

vertical 

22 down 

76 down 

52 down 

11 down 

0 neut 

16 down 

30 up 

from horizontal 

2 lt. 

13 rt. 

12 rt. 

10 rt. 

11 rt. 

17 lt . 

10 rt. 

13 rt. 

0 lt. 

central 

32 

34 

21 

41 

15 

20 

21 

~ / Clockwise or counter-clockwise entry, looking down from 

above. 

b/ Mine number 5 had a parasitized larva. 

£ I Horizontal and vertical distances from tangential 

described as up, down, right, left and neutral. 

' I 

111 
I I 



DISCUSSION 

In western Maryland r ed pine plantations established 

during the 1940's, such as Herrington Manor, have exhibited 

d ec l ine and mortality since the early 1960's. Dying trees of 

Her r ington Manor were scattered in clumps. In the 1980's new 

a reas of decline and mortality were detected in Compartment 

42 of the Savage River State Forest, site 1 of this study. 

About 10- 15 acre s were diseased in this plantation of 

a pproximately 100 acres established in the 1950's-1960 ' s . 

The disease in Compartment 42 seemed to have spread radial l y 

f rom a centralized point with more trees dying each year. 

At the beginning of this study, the sampling of 12 

declining, ca. 47 - year-old red pines with a single increment 

boring detected no~- xylophilus although their pres ence was 

probable. Early in this study it became evident that 

increased knowledge of nematode distribution in large red 

pines was a necessary prerequisite to further investigation. 

In Japanese pine seedlings apparently~- xylophilus rapidly 

moved from inoculation sites throughout the trunk, branches 

and roots in some studies, so that nematodes were evenly 

distributed throughout the seedlings (Mamiya and Kiyohara 

1972, Mamiya 1984). But, conversely, in older Scotch and 

Austrian pines, nematodes were frequently found localized 

rathe r than distributed through trees (Malek and Appleby 

1984). 

Diseased, declining and dying red pines examined for 

,, 
d 

' I 
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pinewood nematode showed that in the older stand of this 

study stand (ca. 47-year-old trees, site 2) 76.5% of the 

trees were infected by~- xylophilu~ whereas in the younge r 

stand (13 - to 25-year-old trees, site 1) 68% of the trees 

were infected. Also numerous trunk, and primary and 

secondary branch samples from declining, dying red pines in 

western Maryland showed that ~- xylophilus was not evenly 

distributed in these trees. Older tree trunks had a 

progressive increase in the population density of the 

pinewood nematode from bottom to top of the tree whereas the 

nematode was more evenly distributed throughout the trunks of 

younger trees. Apparently in older trees it may take longer 

for~- xylophilus to appear in the lower portion of the trunk 

after initial infection (Malek and Appleby 1984). Trunk 

terminals in older red pines had more B. xylophilus (23.5%) 

than younger trees (12.5%). 

Four of the five tree decadence categories of red pines, 

all but the bleached-green needle category, were observed 

early in spring. The fifth category, bleached-green needled 

red pines, were not observed until July and August. 

Similarly, in Scotch pines symptoms of light grayish green 

needles occurred in summer during warm or hot periods (Malek 

and Appleby 1984 ) . 

In young red pines percentages of infected samples 

varied among the decadence categories. Bleached- green 

needled trees contained the highest percentages of infection 

by B. xylophilus followed by reddish needled trees. 

~ 
I 
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Progres sion of pinewilt symptoms in Scotch pines proceeds 

similarly (Malek and Appleby 1984). Reddish needled trees 

had more~- xylop~ilus than green needled trees possibly 

relating to the length of time since infection by ~­

xyloE.hilus. Reddish needled trees were probably originally 

bleached- green needled trees dying in summer-fall which lose 

their needles the summer of the following year. Dead, 

barkless, needleless, young red pines had small percentages 

of infection by~- ~lophilus. Apparently, populations of~­

~ylophilus may increase with the progression of the disease 

but as soon as water content decreases population density 

starts to decrease (Futai 1980). This seems to be further 

supported in standing Scotch pines dead up to 3 years in 

which pinewood nematode population densities decreased (Malek 

and Appleby 1984). 

By tree category per total samples, the older trees of 

study site 2 had higher percent samples infected by~­

xylQ.Philus in tree category 1, (mostly green needled) 

followed by category 4 (lacking needles and bark) than 

bleached-green needled trees. These results are difficult to 

explain. Green needled trees are thought to be diseased a 

shorter length of time than reddish needled pines and 

therefore one would expect fewer~- xylophilus in the former 

trees. It was expected that the barkless category 4 of older 

red pines would exhibit more complete infection than other 

categories since trees in this category apparently had been 

infected the longest. Since population density of ~-
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~Joph~lus is dependent on wate r content of trees an adequate 

supply of water was also assumed. Population density and 

distribution of~- xylophilus may also depend on how many 

Monochamus spp. feed on the tree and where feeding occurs 

plus the number of nematodes carried by the insect. 

Monochamus sp. may also be attracted to trees in one category 

in preference to trees in another just as this insect has 

certain pine feeding preferences in the laboratory (Walsh and 

Linit 1985). Some older pine trees appeared to be dead at 

the tops while alive in lower portions. 

represent several different disease 

introducing additional factors which 

Large trees may thus 

and dying states 

could influence the 

distribution of~- xylop4ilus populations. 

Older and younger red pines differed as to the 

percentage infection in primary branches per decadence 

category. Primary branches of older trees in the green 

needled category had a higher percentage infection (24.1) 

than younger trees (6.3) in the same category. Branches of 

younger trees were found in other studies to have small 

percentages of infection. In 20-year-old Scotch pines, ~­

xylophilus was frequently absent from branch wood at any 

stage of symptom development in spring mortalities (Malek and 

Appleby 1984 ) . 

Primary branch base (butts) from older and 

younger 

infection 

secondary 

red pines had 

than other 

samples 

higher incidences of~- xylophilus 

areas 

branch terminals 

of 

had 

branches. Primary and 

a very low percentage 
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infection (1. 3 ) especially in older r ed pines (1.3). Again, 

low water content of these branch parts may have s uppressed 

the incidence of~- xylophilus. 

The percentage infection of trunk discs of both old and 

young red pines were similar. However, the distribution of 

~- xylQPhilus in the trunk radials (horizontal distribution) 

were different in old red pines (19 . 9%) versus young r ed 

pines (34.6%). Perhaps the difference in trunk diameters 

between these two groups of trees were responsible for this 

d ifference, or perhaps the percentage infection by the 

nematode is related to the position of Monochamus spp. 

t unne ls. In trunks with small diameters Monochamus s pp. 

l a rvae may tunnel to the center of the trunk but not in 

trunks of large diameter. 

~- xylophilus found in trees were adults and larvae. In 

red pines some samples contained only larvae and others 

contained molting larvae in different developmental stages. 

Percentages of adult vs. larval stages in tree samples has 

been studied in Japan (Ishibashi and Kondo 1977). Malek and 

Appleby ( 1984) observed only the dispersal larvae in the 

lower trunks of old Scotch pines. 

This investigation showed that some green needled trees 

of category 1, 3 and 4 lacked~- xylophilus but contained the 

unidentified species of Aphelenchoidea and 1e.§_ spp. 

indicating that death of these trees was not caused by~­

~ylophilus. There are other reports of dec lining western 

Maryland red pines exhibiting infestations with 1e.§_ beetles 
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a nd the fungus, ~rmillari~ melea. Symptoms similar to 

pinewilt are also found in trees suffering from Diplodia 

dieback. Large numbers of an Aphelenchoides sp. thought to 

feed on fungi were recovered from branches of blighted 

Austrian pines (Malek and Appleby 1984). 

In western Maryland Scotch pines (7 to 10 years old and 

20 to 25 years old) and red pines (ca. 20 years old and 25 

years old) developed no symptoms of pinewilt after 

inoculation with ~- xylophilus. In Wisconsin and Minnesota 

red pines, jack pines and Austrian pines were inoculated with 

40,000 nematodes per tree during late spring with no apparent 

damage to trees (Wingfield et al. 1984). Perhaps timing of 

the inoculation with state of development of candles and 

needles caused this failure of infection as was attributed to 

inoculated 20-year-old Scotch pines in Illinois (Malek and 

Appleby 1984) . 

All of the bleached-green needled trees of both old and 

young red pines had Monochamus spp. emergences. Since the 

trees of all decadence categories collected in late April, 

May and early June of 1982 contained no Monochamus spp., 

apparently these trees lacked oviposition exposure before 

being caged. Future investigations might further compare 

categories of diseased trees and seasonal timing of death for 

preference by Mo~ochamus spp .. 

Insects associated with 

xylophilus represented orders 

red pines infected with ~­

Coleoptera, Hymenoptera and 

May to September. Four Diptera, primarily collected from 
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families of Coleopterans reared from red pine bolts included 

6 species of Cerambycidae, 3 species of Curculionidae, 2 

species of Scolytidae and 1 species of Buprestidae. Those 

insects phoretically capable of transmitting~. xylophilus to 

red pines included primarily two species, M. scutellatus and 

M. carolinensis. In Missouri and Illinois the primary vector 

of the pinewood nematode was only one species, M. 
carolinensis, and the tree host studied was Scotch pine 

(Linit et al. 1983, Appleby 1982). Western Maryland probably 

represents an overlap in range of these two species of 

woodborers. It is not unusual to have two species living 

together, as in eastern Canada both M. scutellatus and M· 
notatus (Drury) live in the same host (Gardiner 1954). 

The average number of ~. xylophilus dauerlarvae per 

individual Monochamus spp. was low in comparison to findings 

in other Monochamus species (Mamiya and Enda 1972, Linit et 

al. 1983). Monochamus species on red pines may contain fewer 

dauerlarvae in their tracheal systems because red pines are 

not as favorable a substrate for the nematode as certain 

other pines. The Monochamus species containing large numbers 

of~. xylophilus were reared on very susceptible pines, i.e., 

Japanese red and black pines and Scotch pines. Other factors 

. relating to numbers of ~- xylophilus in these beetles may 

include: (1) feeding preference of Monochamus (Walsh and 

Linit 1984); (2) high reproductive rate of~. xylophilus in 

certain pines (Futai 1980); and (3) elevation, as damage to 

trees by pinewilt infection was not evident above 700 min 
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Japan (Mamiya 1984). 

In red pines 96% of Monochamus scutellatus carried t he 

pinewood nematode whereas for M. carolinensis it was 90%. In 

Missouri 94% of the M- carolinensis carried the nematode 

(Linit et al. 1983). 

Mopochamus spp. collected from red pines had ~­

xylophilus dauerlarvae in the tracheae of head, pro- , meso-, 

and metathorax, and abdomen but dauerlarvae were most 

prevalent in the meso-metathoracic area. Similarly in Japan 

and in Missouri nematodes were most prevalent in the thoracic 

tracheae (Mamiya and Enda 1972, Linit et al. 1983). The 

present study did not differentiate between the mesothorax 

and metathorax but most of the dauerlarvae seemed to be 

associated with the metathoracic spiracle and connected 

tracheae as was found in Monochamus alternatus (Mamiya and 

Enda 1972). 

Notable differences between the Missouri study (Linit et 

al. 1983) and this one included (1) occurrence here of two 

Monochamus species; (2) the occurrence of N. pusillus in 

western Maryland versus its absence in Missouri and the 

presence of the pinewood nematode in N. pusillus i n this 

study; (3) the occurrence of Amniscus col}aris only in 

Maryland and Amniscus sexguttatus (Say) only in Missouri; and 

(4) lack of ~. xylophilus in Amniscus collaris in Maryland 

but presence of~. xylophilus in Amniscus sex uttatus in 

Missouri. ~. scabripennis emergences were few probably 

because oviposition occurred after late July-early August and 
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only three trees studi ed were exposed to its oviposition 

during this time. 

Mono~hamus scutellatus in young red pines emerged from 

every section of the red pine trunk although few emerged from 

the bottom and top 1.5 m sections. In older, taller red 

pines of this study the bottom 1/3 (ca. 8 m) of the tree had 

few Monochamus spp. emergences. Only three Monochamus 

£arol inen~is emerged from the older pines and these e merged 

from the upper 1 / 3 of the trees. It appears that Monochamus 

carol inensis may attack smaller trees or smaller parts of 

large trees preferentially. However, Walsh and Linit (1985) 

found that the thickness of the bark was not correlated to 

oviposition density by M- carolinensis. In 20-year-old 

Scotch pines in Missouri M- carolinensis was not collected 

from the base of tree trunks up to 3 m above ground but in 7-

to 11-year-old pines entire trunks were attacked by this 

insect (Linit et al. 1983). Monochamus carolinensis 

oviposition occurred in the middle to upper portions in 

Scotch pines (Walsh and Linit 1985). 

Most M- scutellatus emerged before M- carolinensis, 

indicating that their oviposition might occur earlier than 

for M. carolinensis. The late July-early August transfer of 

trees from the field into cages and earlier oviposition of M­

scutellatus may also account for larger numbers of M­

scutellatus recovered. Trees lying in the field all winter 

before caging exhibited about equal emergences of M­

scutellatus and M- carolinen~is supporting the suggestion of 
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late oviposit i on by the l at te r b e e tle . 

Fie l d eme rgence of s awyers in we s t e rn Maryland occurred 

dur i ng J une-J u ly wi t h d evelopme nt requiring on ly ca . 11 

months . In Ontar i o, Canada, emergence of M. s cutellatu~ f rom 

balsam f i r s occurred in June- July but development required 23 

months (Rose 1957) . 

M. scutellatus emerged from ca ged red pine bolt s a nd a 

sing le pa i r was obse rved to mate immediately . The pa ir was 

placed in a bottle with fre sh red pine twigs, a nd were 

obse rved mating and fe eding. Eventua l l y the antennae and 

legs of both inse ct s were torn from their bodies . After 

deat h the female was disse cted and eggs were p r e sent . There 

i s evidence that some M. scutellatus do not require 

maturation feeding and that oviposition could oc cur if 

suitable substrate is available (Gosling 1981). However, an 

obligatory sexual maturation period upon emergence for 

Monochamus spp. has been reported (Linsley 1959). The 

percentage of Monochamus sp. adults which are able to 

oviposit immediately after emergence, not requiring sexual 

maturation feeding, is unknown. These and other behavioral 

features of Monochamus sp. should be further investigated. 

~ . ~_ylophilus were observed to leave the ins ect pair while 

kept in the feeding jar. 

There was some evidence that hybridization of M. 

scutellatus and M· carolinensis might be occurring in weste rn 

Maryland as small apical elytral spines were observed on some 

M. scutellatus. In Monochamus, males of one species have 
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been repor t ed in attenda nce upon female s of a nothe r a nd 

behav e as one population, occurring on t he same host at t h e 

same time and place (Linsley 1959) . Hyb rid i zation i n these 

s pecies has been indicated (T . J . Sp i lman, pers. comm.). 

This i s the f i rst time Monochamus sp. larvae have been 

observed infe sted with B. xylophilus. The occurrence of~­

xylophi l us larvae on the abdominal tip of Monochamus spp. 

l a rva e is unusual in that rhabditids usually occur on the 

abdominal tip in the adult sawyer. Hundreds of rhabditids 

were on the Monochamus spp. larvae just behind the head 

caps ule. In Japan 

a dults just after 

nematode dauerlarvae occurred only on 

they emerged from pupae (Mamiya 1984). 

These preliminary results suggest that further investigation 

into nematode-insect larvae associations is needed. 

Several ichneumonid species emerged from red pines in 

we s tern Maryland. Only one D. tuberculatl!§_ tuberculatus 

(Geoff.) was a parasitoid of Monochamus sp. (V . K. Gupta , 

pers. comm.). Several deutonymph mites were found on 

Monochamus spp . Of these Q. isodentatus and r. hirsuta were 

the most numerous. One mite species, possibly Q. 

isodentatus, was often found in the metathoracic spiracles 

and possibly was consuming nematodes. Preliminary 

investigation indicated that Q. isodentatus might be a 

predator of other acarines (D. N. Kinn, pers. comm.). 

In conclusion,~- xylophilus was not evenly distributed 

in the large red pines of this study. Because of this 

nematode distribution, at least in some stands, survey 
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a ccuracy may depend upon sampling technique. For best 

results in rearing Monochamu§. spp. diseased trees 

(bleached-green needles) should be cut starting in late 

summer or until weather prohibits collections in the fall 

allowing adequate time for ovipositions. As soon as 

woodborings are noticed on the ground or ground cover or if 

the chewed depressions of oviposition are observed on tree 

trunks, Mo~ochamus spp. rearings are possible (Fig. 9). 

Further investigations are needed to determine the primary 

disease agents of red pines and other pines in Maryland . 



Figure 9. Woodborings by Monochamus spp. on tree t r unks a nd 

understory vegetation. 
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APPENDIX 

Appendix A. Occurrence of Bursaphelenchus ~ylophilus (Bx) 

per total number of samples in red pine in base samples 

of primary branches~/ by trunk interval by tree 

decadence category QI and by branch foliage cond ition 

c/ at site 1. 

Decadence 

Category 

Trunk Interval in Height (m) 

0-3 3-6 6-9 9-12 12-15 

I Needles Green (Tree ) 

Branch Condition 

I.Green Needles 1/3 2 / 6 0/1 

2.Reddish Needles 0/4 1/5 0/1 

3.No Needles 0/6 0/5 0 / 3 

II Needles Reddish (Tree) 

Branch Condition 

2 .Reddish Needles 1/2 1 / 3 1 / 3 

3.No Needles 1 / 3 1/3 1 / 3 0/3 

Total% Bx 

3 / 10 30.0 

1 / 10 10.0 

0 / 14 0 

3 / 8 37.5 

3 / 12 25.0 
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Appendix A. (cont ' d.) 

---------------------

Decaden ce Trunk Interval in Height J rn) 

Category 0-3 3- 6 6 - 9 9-12 12- 15 Total %Bx 

III No Needles But Bark (Tre e) 

Branch Condition 

3.No Needles 0 / 3 1 / 4 0 / 4 0 / 1 0 / 12 0 

IV No Needles; No Bark (Tree ) 

Branch Condition 

3.No Needles 0 / 4 0 / 4 0/3 1 / 11 9.0 

V Bleached Needles (Tree) 

Branch Condition 

l.Green Needles 0/ 1 0/ 2 0 / 2 0/5 0 

2 . Reddish Needles 0 / 1 1 / 4 0/1 1 / 6 16.7 

3.No Needles 0 / 7 0 / 8 0 / 5 1 / 3 1 / 23 4.3 

5.Bleached Needles 1 / 3 4 / 7 2 / 5 0 / 1 7 / 16 43 . 8 

Total Bx / Samples 1 /2 4 5 / 37 10 / 45 4 / 20 0 / 1 20/ 127 

% Bx 4.2 13.5 22.2 20.0 0 15 .7 

a / Primary branches defined as in Table 1. 

b/ Tree decadence categories defined as in Table 1. 

c / Branch condition defined as in Table 3. 



Appendix B. Compari s on s of old e r ( ca . 4 7- y e a r - old) a nd 

younger (13- to 25- year - o l d) red pines as p e r c e n t 

Bu rsa phe l e nchus ~Yl9.P.h.i l ue_ i nf ec t i.on by t runk 

radia l s amples~/ . 

Part infec ted Olde r Younger 

Trunk rad ial samples 

0-5 44.4 30.2 

6 -10 30.4 38. 2 

11-15 26.8 40 . 0 

16- 20 28.6 29 . 0 

21-25 11. 7 26.0 

26-30 10 . 2 

31-35 5.4 

36- 40 4.0 

41-45 0.0 

46-50 0.0 

a / Trunk radial samples defined as in Table 1. 
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