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I. Studics on natural control in Virginia

A. INTRODUCTION

Eastern white pine, Pinus strobus L., has been regarded as the most
important sawtimber species in the Northeast (Jaynes, 1958). According
to Connola and Wixson (1963), market prices for white pine lumber have
more than tripled since 1939 and foresters continue to consider it the
most desirable tree for reforestation in the Northeast. In recent years
this species has been used rather extemsively in plantings in Virginia
and southward and may now be considered one of the more important plan-
tation species in certain areas of the Southern Appalachians (R. J.
Kowal, personal communication, 1963).

The white pine weevil, Pissodis strobi (Peck), has been a major
factor in limiting the full potential of white pine as a lumber tree in
the Northeast. Stud;s in New Hampshire in 1952 revealed losses of 13
percent (board foot volume) in sawlog portiomns, and 70 percent (cubic
volume) in the portions above sawlog limits of merchantability im sawlag
trees. These losses represent 35 million cubic feet of potential
merchantable volume in pole timber trees, 2.16 billion board feet in the
sawlog portions of sawtimber trees, and 116 million cubic feet for
material other than sawlogs (Waters, McIntyre, and Crosby, 1955).

Belyea and Sullivan (1956) stated that the weevil first became a
problem in the eastern United States in the middle of the nineteenth
century, when fields cleared for agriculture were abandoned and seeded
in by white pine. A similar situation presently exists in the Southern

Appalachians. This suggests the possibility of imcreasing problems with



-12 -

the white pine weevil in this area, and emphasizes the need for early
studies in controlling outbreaks in southern stands. Although much has
been written on the white pine weevil, recent literature surveys indicate

that little research has been done on it south of Pennsylvania,
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OF TAXONOMIC POSITION, LIFE HISTORY, HOSTS AND RANGE

The white pine weevil was first described by W. D. Peck (1817),

professor of natural history and botany at Harvard University, who

mentioned it as a

The following

forest pest of importance.

synonomy for Pissodes strobi were listed by Taylor

(1929a): Rhynchaenus strobi Peck (1817), Pissodes nemorensis Say (1831),

Pissodes strobi Say (1859), Pissodes strobi Gemm. and Har. (1871),

Pissodes strobi Leconte and Harr. (1876), Pissodes strobi Hopk. (1911),

Pissodes strobi Blatch. and Leng (1916). He also states that it has

been confused with P. webbi Hopk. and P. fiskei Hopk. in catalogues.

Pissodes approximatus Hopk., P. affinis Randal, and Hylobius pales Boh.

have been mistaken for it im the literature and collections. There are 9

described species
The 2 most common
P. affinis and P.
The authors state
important species
dary insect. The

white pine weevil

of Pissodes occurring in the Northeast (Anonymous 1959).

of these are P. strobi and P. approximatus. Two others,

nemorensis, are also found frequently in some places.

that P. strobi, the white pine weevil, is rated the most
of the group, and k. approximatus is rated as a secon-
others are less numerous and are secondary pests. The

is sympatric with the other 3 species. Both P. strobi

and P. approximatus occur throughout the Northeast, with P. affinis found

in the northern part of the range and P. nemorensis in the southern part.

According to Taylor (1929a), the white pine weevil is found throughout

the natural range

of white pine in Canada, New England, the lake states,
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the Appalachian foreast zone, and occasionally in Indiana, Illinois, Iowa
and Ohio and westward to the Rockies. It is most important in New
England, in states bordered by the great lakes, and in Maryland.

There are several accounts of the life history of P. strobi im the
literature. According to Belyea and Sullivan (1956), it completes one
generation per year, hibernating in the winter as an adult in the duff
and litter at the base of the host tree. Emergence of adults from
hibernation usually occurs in the latter half of April, depending upon
the season and location. Feeding, copulation and oviposition occurs .on
the upper part of the terminal shoot. The eggs are placed under the outer
layers of the bark im small chambers excavated at the base of normal
feeding punctures. The eggs hatch in about ! weeks, and the small larvae
soon become arranged in a ring about the leader. They move downward as
a group, feeding internally on the inner bark and leaving the outer bark
intact. About 5 or 6 weeks are required to attain larval maturity.
Transformation from mature larvae to adults occurs in pupal chambers
constructed in the pith or in the dead leader. New-generation adults are
formed in about 2 weeks but remain in the leaders until August or
September. Thus activity at this time is limited to feeding on the host
tree. With the beginning of unfavorable conditions, they move to the

duff to hibernate. Tree injury results from the larvae killing the

terminal leader, including 2 or more years' growth. Two or more laterals

may compete for dominance, resulting in a crooked or forked stem.
MacAloney (1930) included the following tree species as hosts of the

white pine weevil; white pine, Pinus strobus L.; Norway spruce, Picea

abies (L.) Karst; pitch pine, Pinus rigida Mill.; jack pine, Pinus banksiana
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Lamb.; Japanese red pine Pinus densiflora Sieb. and Zucc.; western white
pine, Pinus monticola Dougl.; limber pine Pinus flexilis James; foxtail
pine, Pinus balfouriana Murray; red spruce, Picea rubra Link., Scotch pine,
Pinus sylvestris L.; western yellow pine, Pinus ponderosa Dougl.; Mughe®
pine, Pinus montana mughus (Scop.) Willk.; black spruce, Picea mariana
(Mill.) B. S. P.; blue spruce, Picea pungens Englm.; white spruce, Picea
glauca (Moench) Voss.; Douglas fir, Pseudotsuga taxifolia (La Marck)

Britton; red pine, Pinus resinosa Ait.; Himalayan pine, Pinus excelsa Wall.
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C. LITERATURE REVIEW

There i3 an extensive literature on the white pine weevil. However,
a review of the literature indicates that little work has been conducted
on parasites and predators im recent years. In many cases, the.infor-
mation on natural control agents consists of a mere mentioning of species
involved, especially in recent references.

In table l.are listed the natural enemies of the white pine weevil
found in the literature, the authors who reported them, and additional
information from the articles.

Sullivan (1961a) discussed natural control of the white pine weevil,
and mentioned reports of birds, small mammals, and insect predators and
parasites which have been listed by other workers. MacAloney (1930)

and Taylor (1928; 1929) considered Eurytoma pissodis, Lonchaea corticis,

and Microbracon pini to be the most important insect parasites of the
weevil, the first 2 of which were relatively common over the entire
range. Belyea (1956) briefly discussed biological means of control, and
states that they do not appear promising. Taylor's (1929) studies were
the most complete done on insect parasites and predators.

MacAloney (1932) reared 29 species of parasitic insects from leaders
collected in various New England states. His list of the most important
insect enemies includis Lonchaea corticis, Eurytoma pissodis, and
Microbracon pini, which he states are external feeders, and Doryctes sp.
and Coeloides pissodis, which are internal feeders. He placed infested

leaders in containers which allowed the parasites to escape into plantatims,
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but retained the weevils. He found no noticeable decrease in weevil
attack resulting from these treatments. In 1930 he stated that the most
important natural control factor is climate, and considered control by
parasitic and predatory insects to be at best a very uncertain method.
He added, however, that this influence has great value and cannot be
excluded from consideration. He included a complete list of insects
collected or reared from infected leaders by himself or other authors,
listing parasites, hyperparasites, predators, and associated species
separately (see table 1). Lonchaea corticis, Rurytoma pissodis, Microbracon
pini and Doryctes sp. and C. pissodis were again stated to be the most
important primary parasites. ke considered L. corticis to be far the most
important dipterous form and added that it should properly be considered
a predator. He discussed several of the species separately and reported
some life history information on L. corticis and others. Deleter undulatus,
Pleurotropis sp., and Homoporus sp., and Berecyntus sp. were named as
hyperparasites. The first 3 attacked dipterous insects and the fourth
attacked associated Lepidoptera in the shoots.

A barrel with a screen on each end was suggested by Hopkins (1907)
to allow the escape of insect enemies of the white pine weevil emerging
from infested leaders in the barrel.

A comprehensive study of parasites was conducted by Taylor (1929a)
in which he included biological information on many species which were
parasitic on the white pine weevil, and listed species obtained by other
workers. He points out that although parasites are of value, no one had
attempted to measure their effectiveness. Taylor counted exit holes,

pupal cells and other evidence in 3,000 weeviled leaders and showed that
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about 50 percent of the mature larvae and 5 to 10 percent of the eggs
eventually emerged as adult-weevils. He grouped natural control of the
weevil into!l2 categories which included egg infertility, parasitism,
predation, pitch-drovming, and winter killing. He ranked the primary
parasites in descending order of their percentage of effectiveness as

follows: Rurytoma pissodis, lonchaea corticis, Microbracon pini, Eupelmus

ini, Rhopalicus pulchripennis, Coeloides pissodis, Calliephidtes
nubilipennis, and Spathius sp..

Taylor (1929b) presented additional work on weevil parasites in
which he included a list of parasites obtained by other workers (see
table 1), and a 1list of Buropean parasites of the genus Pissodes.

Separate discussions were included for each of the more important parasites
and predators.

In a discussion of natural control of the white pine weevil, Taylor
(1930) listed the major mortality factors for each stage in the weevil
life cycle, and included estimates of their effectiveness, methods of
study, size of sample, and source of material. He also included data and
a discussion on effectiveness of birds and insect parasites.

Plummer and Pillsbury (1929) considered natural controls to be
vitally important in controlling the white pine weevil, but stated that
since the weevil is an indigenous insect, it is improbable that natural
checks can be artificially increased to any marked extent. They named
Lonchaea corticis as the most important predator in New Hampshire,
stating that it 1s responsible for about 50 percent reductiom in the
number of larvae. They considered the hyperparasitic chalcid, Pleurotropis
sp., to be a factor in reducing the effectivencss of L. corticis. They

mentioned various clerids as predators of the weevil.



An annotated bibliography of the white pine weevil was published
by Mott in 1930 which covered the literature in chronological order
from 1817 until that time. Each reference was studied and abstracted by
the author and various aspects of the biology and control of the weevil
were presented.

Barnes (1928a and b) reported on parasitism in addition to his
studies on anatomy, flight, phenology, behavior and injury to trees.
From his material he reported the following species, in order of their

apparent importance; lLonchaea sp.; Pleurotropis sp. (Hyperparasitic on

lonchaea pupae); Eurytoma pissodis; Labena apicalis; Microbracon pini;
Microbracon sp.; Rhopalicus pulchripennis; Calliephialtes comstockii;

EBupelmus cyaniceps var. amicus; Coeloides pissodis; Eurytoma tylodermatis;

E. tomici; and Spathius canadensis. He reared several other species for
which the status was questionable and mentioned others of importance
which were not obtained in his study (the complete list is contained in
table 1). Taylor (1928) described lonchaea corticis, and included
taxonomic information onrsome other species of lonchaea. He also described
Eupelmus pini from reared material (Taylor, 1927b). A mite, Pediculoides
ventricosus was reported as a predator on prepupae of Eurytoma pissodis,
which 13 in turn a parasite of the white pine weevil (Taylor, 1927a).

He observed that some braconid parasites of weevils reared in the same
manner as E. pissodis were not attacked by the mite. Webber (1926)
reported a case where Compsilura concinnata was found in a museum mount
where it had evidently parasitized the white pine weevil, C. concinnata

1s a tachinid parasite of the gypsy and brown tail moths. Graham (1926)
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stated that Burytoma pissodis was the most important parasite of the
weevil in his studies. MacAloney (1926) considered Eurytoma pissodis
and Lonchaea corticis to be the 2 most important insects destroying the
weevil and stated that control by parasites is very tenuous. Britton
(1920) suggested that Cyanopterus sp. may not be a parasite of the
white pine weevil. Packard (i886) wrote of carnivorous grubs in the
weevil mines, particularly Tennebrionid larvae. Dodge (1874) discussed
an Ichneumon fly which deposited an egg in the weevil larvae. Along with
the original description of the white pine weevil, Peck (1817) reported
and described a species of Ichneumon which deposits its eggs in the body
of the weevil larva.

In addition to insects:.as natural enemies of the white pine weevil,
many workers have reported predation by birds, some considering them the
most important of the natural control agents. MacAloney (1926; 1930;
1932) suggested that through protection of insectivorous birds, a greater
degree of control could be gotten than by any other biological method.

In one heavily infested plantation of 3 acres, he observed that 30 per-

cent of the weeviled leaders had been stripped of bark and the weevil

larvae destroyed. Taylor (1929a) stated that birds are of great importe-
ance in reducing the numbers of Pissodes strobi, and quoted other authors
who named the nuthatches, chickadees and woodpeckers specifically. His
figures of weevil larvae consumed in a count of 3,009 leaders totaled

17.62 percent of average effectiveness in all shoots. However, he found
that larvae must reach a certain size before birds begin utilizing them

for food, and that predation by birds on young larvae is almost non-existent

(Taylor, 1930). The possibility of ground birds consuming adults in the
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duff was also considered. Mott (1930) reviewed several articles which
included consideration of birds as predators.

The white breasted nuthatch, 8itta carolinensis, was observed
feeding on larvae in an infested leader, (Plummer and Pillsbury (1929)).
Graham (1926) mentioned nuthatches, chickadees, downy woodpeckers, chip-
ing sparrows, and wrens as probable predators on weevil larvae in the
leaders, and suggests the ground feeders, such as cheewinks, thrashers,
grouse, and quail on the ground. He stated that domestic fowl may be of
value in small plantations, and that chickens and turkeys have been used
against the boll weevil in the South, with some success, He also relatesd
one instance in New York where chickens released i{in a plantatiom helped
in partially checking the weevil.

Graham (1918) stated ..." the most important predaceous enemies are
the birds. Such birds as the chickadee feed upon the weevil larvae, pick-
ing them out of the infested terminals, and the ground feeding birds,
such as the ruffed grouse and the towhee, find adults in the litter about
the trees'. McAtee (1926) reported on the association of birds with
woodlots, and discussed many different birds and their insect prey. Among
the birds he listed as predators of the white pine weevil were the
chickadee, Penthestes atricapillus L., and the bluebird, Sialia sialis L.
Noting the work of other authors, he added the woodpecker, the yellow-
billed cuckoo, and the English sparrow.

Britton (1920), Hopkins (1907), and Peirson (1922) mentioned birds,
particularly woodpeckers, devouring weevil larvae, pupae and adults.
Houser (1918) and Pelt (1906; 1903) stated that a number of birds tear

open the leaders and feed on the occupants.
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The role of small mammals as predators of the white pine weevil
has been discussed by several workers, although few detailed studies have
been conducted to determine their actual value. In experiments to
determine the value of small mammals in reducing the hibernating populations
of the weevil, Jaynes and Godwin (1953; 1954a; 1954b) released weevils
under 100 trees, 50 of which were protected from small mammals. They
obtained results which indicated that mammals were not important. They
also conducted a study to determine what species were present and their
abundance in certain stand types. Using radicactive weevils, they found
two specimens; one Peromyscus and one Blarina which had radioactive
viscera, indicating they had consumed weevils,

MacAloney (1932, 1930) states that runways of field mice, wood mice
and shrews found in the litter at the depth at which weevils hibernate
indicate they are probable predators. Taylor (1930) does not consider
these mammals to be of much importance in controlling-the weevil because
their feeding impaet is diluted since there are many other insects present
in the duff. The short tailed shrew is very common in the pine thickets,
and lives entirely on insects (Graham, 1926). He adds, however, that
compared to the birds, the mammals are of little importance in the
destruction of weevils.

Several workers have mentioned nematodes, fungi, and bacteria in
association with the weevils in the leaders. However, few have attached
any importance to this subject and detailed studies of this nature are
extremely rare.

Taylor (1929a) writes ...'" Under natural conditions, very few

weevil larvae or pupae covered with fungus mycellia were noted, and in
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the occasional case so noted, it was {mpossible to say definitely that
the fungus was the cause of death. Species of the genera Aspergillus
and Pennicillium, which were common in the cultures, are not usually
regarded as entomophagous... it would seem probable that pathogenic
nicroorganiams are responsible for some of the mortality of the weevil
larvae but are probably not an important agent of control under the usual
conditions that iprevail in the leaders.’” He states that in the frass
behind the weevil ring, nematodes may be found in large numbers, especi~
ally when water is not entirely absent. Barnes (1928a) found nematodes
on the weevil adults, in the adipose tissue of larvae and pupae, and in
the bursa copulatrix of an adult female. He mentioned Diplogaster sp.

and Rhabditolaimus sp. and added that there is no evidence that weevil

larvae which die before maturity owz their death to nsmatodes. In 1930,
Taylor stated that it is extremely doubtful that nematodes are a factor
in control. Commenting on bacteria and disease, he stated that it is
difficult to ascribe decaying larvae to any primary pathogenic crganism.
Barnes (1928a; 1928b) discussed his observations of Diplogaster sp.,
present on weevils, and believed that this case is similar to that
reported by another worker who studied nematodes in the same genus living
in a form of symbiosis with a species of Ips. Hopkins (1907) stated that

some larvae apparently die from disease.



D. PROBLEM STATEMENT AND OBJECTIVES

A survey of the literature on the white pine weevil indicates that
little research was conducted south of Pennsylvania, and few of the
studies concerning its parasites, predators, and associated fauna have
dealt with their relative sbundance in different: types of stands.

The present study started in 1963, and was designed to gain basic
information on biological contrel possibilities in the southern Appal-
achians. The primary objectives were: (1) to determine the species of
parasites, predators, and other organisms associated with the white pine
weevil in Virginia; (2) to relate the abundance of these organisms to
various white pine stand types; (3) to relate the abundance of the
weevil and its associated fauna tor ecological positions within plantations;
(4) to obtain an estimate of the degree of predation and parasitism of the
weevil; (5) to relate this mortality to the host stage attacked and to
its occurrence at specific distances from the base of the leading shoot;
and (6) to gain biological information on the white pine weevil and its

associated fauna.
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E. PROCEDURE, METHODS, AND MATERIALS

To determine the species of parasites and predators attacking
the white pine weevil, collections of infested leaders were made at
10-day intervals from 13 different locatioms in Virginia (figure 1l).
Infested leaders were brought into the laboratory and placed in 12x24-
inch polyethylene bags which were folded at the top and fastened with
paper clips. The bags were checked every 2 days and the occurrence of
insect emergence recorded from July 10 to September 19, 1963. In
addition to the clipping of leaders for laboratory rearing, leaders were
caged in 12x24-inch muslin bags in the field on June 1, June 10, and
June 20. The caged leaders were clipped and taken intotthe laboratory
on July 4. At this time the leaders were transferred to polyethylene
bags for additional rearing. Organisms which had emerged in cloth bags
were recorded. One final observation for insect emergences was made on
December 30, 1963, to observe any insect emergence sfter September 19.
Upon emergence, the insects were placed in vials and labeled. Later, each
specimen was pinned and sent to specialists for identification or comn-
firmation of identifications. Upon emergence, representatives of several
of the important species were reared in glass vials on a diet of moist
honey for longevity studies. The honey was kept moist by wetting it at
intervals of 2 or 3 days.

Within the collection areas used, 5 different types of white pine
stands were observed and classified as shown in table 2. Edge and inside

positions were recorded separately for several of the plantations of stand
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types 1 and 2, and were represented by collections from Radford, Catawka,
Hillsville, and Camp.

During the summer of 1964, a study was undertaken to determine the
vertical distribution of emergences of the weevil and associated insects
along the leaders. Infested leaders were collected from 3 different
stands located at Catawba, Radford, and Deerfield. Separate records were
kept for leaders collected at the edge and interior of stands at Catawba
and Radford. Leaders were brought into the laboratory on July 4, clipped
into 4-inch sections, and placed into large glass jars. Separate jars
were used for the distal 4-inch section, next 4-inch sectiom, etc.
Earlier attempts to cage leader sections with organdy sleeves were un-
successful because insects chewed through the ¢loth. In the fall, counts
vere made of weevils, parasites, predators, and associated organisms,
Leader sections were dissected and counts were made of adult weevils
which emerged, completely developed adults which failed to emerge, dead
larvae, and artifacts indicating parasitism or predation.

Parasite verification studies in 1963. -- Beginning in late May, 1965,
studies were undertaken to gain further information on imsect species
associated with weevil infestations. A total of 96 leaders were examined
during the summer and early fall. All organisms observed within the
weevil larval feeding areas were recorded for each inch downward from the
base of the terminal shoots. All weevil larvae were examined for
parasites. Immature parasitic forms were placed in gelatin capsules with
records of number per host, position on or within the host, and distance

from the terminal bud. Counts were made of Lonchaea corticis eggs, larvae,

and pupae. All immature forms were kept for rearing to the adult stage

or for development of hyperparasites. Mortality from parasitism and from



unknown causes was recorded separately for each inch along the leaders.lJ
To observe larvae actively feeding down leaders, a method was developed
using polyethylene film to replace the thin outer layer of bark which
normally excludes the larvae from view. The outer bark was shaved from
the leader with a razor blade., Strips of thin polyethylene were then
drawn tightly around the leader and secured with tape. Larvae were
placed under the polyethylene at the top of the sleeve where they assumed
a feeding formation and progressed downward. It was necessary to transfer
the larvae as quickly as possible to avoid drying. The method was
successful with late instar larvae, which could be easily observed until
they burrowed into the stems. Much difficulty was encountered with the
transfer of the early-instar larvae as they had difficulty orienting

themselves into the feeding positioms.

Unfortunately, a fire destroyed a large number of the early summer
parasites.



F. RESULTS

Throughout the summer of 1963, a total of 759 infested leaders
were caged and observed for emergence of weevils and associated insects.
Of these, 651 were clipped and brought directly to the laboratory on 6
different collection dates and 108 leaders were caged in the field from
10 to 30 days before being brought to the laboratory as shown in table 3.

During the course of the study, 48 species were identified and
several others were found for which identifications could not be obtained.
In table 4, the species reared are listed by family and numbers obtained
in the 1963 resrings. Several species which were believed to be incidental
to the study were omitted from table 4.

During other studies on natural control agents in summers following
that of 1963, two additional species, Bracon sp. and Eurytoma crassinemra,
were reared and identified. Their numbers will be discussed in a separate
section.

Actual numbers of the 5 species of Coleoptera listed in table 3
were not recorded, although samples of each apparent type were sent for
identification. A few other species of Coleoptera were not identified.
Two species of Drosophila, D. funebris (Sturt.) and_D. buskii (Coq.),
were found associated with infested leaders in the emergence bags, but
were not included im the above list. The clerid, Enoclerus nigrifrons
was present in certain groups of leaders in 1963, buty,s incidental

to the main study.



Emergences according to stand type. -- The 13 stands used in the study

were classified into 5 basic types, as previously stated. Emergences of
organisms from the infested leaders were totalled for each stand type on
the basis of average number of emergences per leader. Emergences of the
white pine weevil (table 4) and associated fauna (table 5) are given

with totals for each stand type on the basis of average numbers of
emergences per leaders yielding. Omly the leaders yielding the respective
organisms were included in the averages. Of the associated species
represented, Lonchaea corticis greatly outnumbered all other associated
fauna in emergences per leader and was therefore considered separately

in the calculations in table 5. Tables 5 and 6 are presented to emphasize
broad trends in emergences of organisms from the various stand types.

All associated organisms other than L. corticis are grouped together.

A closer examination of emergences of the various species will be given
later.

Stand type 1, comprised of young open plantations, produced more
adult weevils than all other stands. From the 162 leaders in the collect-
ion, 134 leaders yielded 2461 weevils for an average of 18.36 individuals
per leader yielding.

Lowest average emergences of weevils per leader yielding were found
to occur in the naturally seeded stands growing under a hardwood overstory.
Average emergences of weevils in stand types 1 and 2 were higher than for
stand types 3, 4, and 5. The number of emergemces from older, closed
plantations (stand type 2) were twice as high as the number from the
naturally seeded areas with a hardwood overstory (stand type 3) with

averages of 13.04 and 6.00, respectively. Likewise, the average number
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of emergences from young, open plantations (stand type 1) are 3 times
as large as the number of emergences in the naturally seeded areas with
hardwood overstory with values of 18.36 and 6.0, respectively. Stand
types 4 and 5, older trees growing in the open with crowns unclosed,
had similar weevil ylelds per leader with averages of 7.75 and 7.68,
respectively.

Energences per leader of all associated species, including lLonchaea
corticis was highest in stand type 2, averaging 12.99 individuals per
leader yielding and lowest in stand type 4, with an average of 3.42
individuals per leader yielding (tshle 7). Other associated organisms,
mot including L. corticis, showed the greatest number of emergences per
leader yielding from stand type 1 and the lowest from stand type 3.

In the entire study, 6046 weevils emerged from 491 leaders, averag-
ing 12.31 weevils per leader yielding. A total of 3031 Lonchaea corticis
emerged from 2571eaders, averaging 11.79 individuals per leader yielding.
Of the remaining species, %44 emerged from 297 leaders, averaging 3.18
per leader yielding. Combining L. corticis with the other associated
species, (table 7), a total of 3975 individuals emerged from 423 leaders,
averaging 9.40 per leader yielding. Sixty-five percent of the leaders
observed in the study yielded weevils and 56 percent yielded other species.
Thirty-four percent yielded L. corticis and 39 percent yielded associated
species other than L. corticis. Considering the cumulative emergences
of the white pine weevil and all other organisms, 10,021 specimens emerg-
ed during 1963 (table 7). Stand type 1 had the highest number of emergences

per leader yielding and the greatest percentage of leaders yielding



organisms., Stand type 5 had the lowest total emergences, lowest average
emergences per leader yielding, end lowest percentages of leaders yielding.
Complexes of the individual insect species which emerged from each
stand type are shown in table 8, Average emergences per leader in the
entire collection and per leader yielding are shown for the more numerous
species only. Stand type < yielded the most apecies, followed by stand
types 1, 3, 4, and 5, respectively. Coeloides pissodis occurred in each
stand type and emerged in greatest total numbers from stand type 1. It
emerged from the highest percentage of lesaders from stand type 1 and in
highest average emergences per leader yielding from stand type 5. For
Bracon pini, stand type . was highest in total emergences, percentages
of leaders yielding, and average emergences per leader yielding. In
descending order stand types 1, 3, 4, and 5 followed stend .type < un-
ifomly . for all 3 items. Rhopalicus pulchripennis emerged im greatest
numbers, percentages of leaders yielding, and emergences per leader
yielding from stand type 5. 8Stand type . was second in total emergences
of R. pulechripennis and lowest inm percentage of leaders yielding.
Burytoma piseodis was reared inm much higher numbers from stand:type 1
than any other stand type. Percentages of leaders yieldingypye negligible
in the other stand types which yielded this species. It was entirely
absent from stand types } and 5. Pseudeucoila sp. was not recorded from
stand types & and 5, and QOscinells conicolgq was absent from stand type 5.
Stand tyne < yielded the greatest numbers of Eupeluus pini although it
occurred from only & percemt of the leeders collected. This was also the
percentage of occurrence from standttypes 1 and 5. Pseudeucoila sap.

was present in substantial numbers only from stand type i, with 59 individuals
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emerging from 16 leaders which was 5 percent of the total number collected.
In the other stand types it was rare or absent. Both Oscinella conicola
and 0. hinkleyj appeared in largest percentages of leaders and averages
per leader yielding from stand type 2. Pediobius sp. was encountered in
very low numbers in all except stand type 2, from which 16 individuals
emerged. Table 9 summarizes data on emergences, percentages, and averages
of the more numerous species according to stand type.

Emergences according to collection date, emergence date, and individual
collection source. -- Collections of infested white pine leaders were

made at about 10~day intervals from early May until July 10, 1963. A

total of 6 separate collection dates is represented in the study. Unequal
amounts of infested material in the various stands made it impossible to
collect in equal numbers on each date and resulted in somes;stands not being
represented in each collection.

Emergences of insects from the leaders taken on each collection date
are shown in table 10. Pissodes strobi and Lonchaea corticis were
considered separately. All remaining associated species were considered
as a unit since they occurred in lower numbers.

The more frequently-occurring associated species emerged from most
of the individual collection areas and stand types, although differences
were observed. Table 11 shows emergences for specific areas and for the
most abundant species. Jgnchaea corticis was not included in table 11
since it was considered separately in table 10. The species treated in

table 11 occurred in numbers rof 20 or more.
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Table 1z shows emergence data according to date of collection for
the same species. This 1s done to confine periods of emergence of the
different species within seasonal limits.

The May 6 collections yielded none of the species considered in
table 12. Coeloides pissodis occurred from the greatest percentages of
leaders in the June 20 collection. Greatest total numbers of individuals
and of leaders yielding occurred on July 1. Bracon pini emerged from the
greatest percentage of leaders and in highest numbers per leader yielding
from the June 1 collections. In both of the above species, the number of
emergences per leader yielding decreased from June 10 to July 10.
Rhopalicus pulchripennis emerged from 10 percent of the leaders in the
July 1 collection. This collection date exceeded the others in numbers
per:leader yielding, in percentages of leaders yielding, and in total

numbers. QOscinella conicola, 0. hinkleyi, Pediobius sp., Eupelmus pini,

and Pseudeucoila sp. were absent from the May 15 collection at Radford.
The highest percentage of leaders yielding Q. conicola was 6 percent,
which occurred from the July 10 collections. Oscinella hinkleyi emerged
in its highest numbers per leader yielding from the June 1 collection.
Pedicbius sp. was not encountered in the June 1 collections. It had its
highest averages per leader yielding from the July 1 collections and
emerged from greater percentages of the leaders in these collections
than in any other collection date. Eurytoma pissodis emerged from its
highest percentages of leaders in the collections of May 15 and June 1.
FPor Bupelmus pini and Pseudeucoila sp. highest percentages were in the

collections of June 1 and June 20, respectively.



Success of attack. -- Observations on individual leaders throughout the
season of weevil development revealed that many attacks yielded no
weevils, although they succeeded in damaging or killing the leader. For
the purpose of this analysis, infested leaders which yielded no weevils
are considered cases of unsuccessful attack., although attacks resulting
in the killing of leaders might be considered sucecessful from the stand-
point of the forester.

Other categories which also became apparent in this study imvolved
the emergence of associated species from infested leaders. As shown
on table 13, the & combinations are as follows: (1) emergence of no
organisms; (2) emergence of associated species only; (3) emergence of
weevils only; and (4) emergence of both associated species and weevils.
The associated species which appeared in each case were included in
table 13 which gives data separately for individual location, date
of collection, and stand type. Percentages of leaders yielding these
groups and average emergences per leaders yielding were used along with
numbers of emergences to pmsent the data i{im a meaningful manner.

Figure 2 shows a comparison of the 4 emergence categories according
to stand type. In every stand type, the percentage of leaders yielding
nothing was higher than the percentage yielding associated species only.
All stand types except stand type 3 had higher percentages of leaders
yielding weevils only than those yielding associated species only. For
each stand type, except stand type 5, percentages of leaders yielding both
weevils and associated specieswere greater than the percentage yielding
either of these alone. The opposite trend was emphasized in stand type

5 due to the Prices Fork collection of May 6 which yielded only weevils,
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probably due to the early collection date, Likewise in the other collect-
fons for stand type 5 (Massanetta) a grecater percentage of the leaders
yielded weevils only than yielded both weeuls and associated specics.
Comparatively, the percentage of leaders yielding no organisms was
highest in stand type 4 (naturally seeded areas with no hardwood over-
story). The order of stand types in pexcentage levels of leaders yielding
both weevils and associated species was almost the reverse for that for
leaders yielding no orxrganisms,

On figure 3 are shown comparisons of average emergences per leader
ylelding. Weevils and associated species are considered for each stend
type in separate and combined occurrence, Stend type 1 was highest in
emergence of weevils in separate occurrence and in combination with
associated species. 1In every stand type except stand type 5, more weevils
and more sssocisted insects emerged per leader yielding where they occurred
in combination than where either occurred &lone,

Weevil emergence per leadgr. -- In table 13, successful attack was defined
as the emergence of 1 or more weevils, Actual numbers of weevils emerging
per leader are shown in table 14, Within each stand type, leaders yleld-
ing one weevil are more numerous than those yielding a&ny other number of
weevils, A sharp decline in numbers of leaders yielding is apparent for
leaders with 1 to 5 weevils per leader (figure 4). For leaders with 5 to
15 weevils per leader, the numbers of leaders yielding fluctuated but
still followed a downward trend,

A total of 493 leaders ylelded weevils, Of these, 19 percent

yiclded only one weevil, 51 percent ylelded 1-5 weevils, 15 percent



yieldéd 5-10 weevils, and 10 percent yielded 10-15 weevils. Twenty percent
yielded more than 15 weevils per leader. The highest emergence for any
one leader was 106 weevils.
Scagonal emergenccs of the weevil snd associated species. -- Polyethylene
bags containing infested meterial were observed every 2 days for
emergences from July 9 until September 19, Orgéenisms which emerged into
the muslin bags in the field were recorded when the bags were brought to
the laboratory, On December 30, a final examination of the polyethylene
bags was made to record all emergences occurring after Septecimber 19.

On table 15 are shown emergences of the white pine weevil and
associated species for each check date and collection date throughout
the season. Since laaders from the earlier collection dates were exposed
to laboratory temperatures longer than leaders from later dates, the
former were more subject to & laboratory influence for the secasonal
emergence data, On table 16, seasonal emergences were grouped into 6
categories as follows: (1) emergence in the field cages, occurring
May 15-July 4; (2) the first examinatfon of the polyethylene bags in
the laboratory on July 9 which included cumulative emergence from May
6=July 9; (3) the remainder of July (July 10-31); (4) August 1-31;
(5) September 1-19; and (6) the final examination of the bags on
December 30 which included the period of September 19-December 30.

Emergence recorded in the first 2 categories listed above (field
cages and July 9 check date) is considered to be early, since these
categories include late spring and early summer. Only Bracop pini was

recorded at a notably high level from the 2 early categories, issuing

from more than 50 percent of the leaders. Cocloides pispodig, Rhopalicus
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pulchripennis, Eurytoms pissodis, Eupelmus pini, Pscudeucoils sp., and
Pediobius sp. emerged in highest percentages in category 3 (July 10-31).
The white pine weevil, Lonchaea gorticig, Oscinella gonicola, and QOgcinella
hinkleyl emerged in highest percentages in category 4 (August 1-31).
Enoclerus nigripes emerged in highest percentages in category 5

(September 1-19),

In figure 5 scasonal emergence levels for the white pine weevil and
Loncheea corticis are presented in a graph. Peak emergences of the white
pine weaevil occurred on July 9 with 496 individuals. Peak emergence of
Lonchaes cortigis oceurred on August 28 with 200 individuals.

Seasonal emergence for each species is shown according to stand type
in table 17, On table 18, percentages of emergences are shown by stand
type, individual species, and seasonal categories as previously described.
Epergence aceording to ecological pogjtiop within gtands. -- In some
stands, mostly the plantations, edge and ingide positions of trees were
clearly defined., The amount of infested material was scarce fn some
areas, however, and equal numbers could not be taken at each collection.
Edge trees were classified as those with one side exposed to the plantation
edge. Inside treces were clasgified as those surrounded by other trees in
the plentation. 8ince there were many more of the inside trees, more
infested material was available for collection in this position than
in the edge position., The stands at Radford, Catawba, Hillsville, and
Camp were used for collections in the study of ecological position.

Table 19 includes individual data for ecach species according to

ecological position, location, and date of collection. This data is
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sumarized {n table 20. A total of 90 leaders were collected for
the edge position and 118 for the inside position, Within the edge
position, 74 percent of the leaders yielded organisms. The white

pine weevil averaged 8.15 individuals per leader yielding. Other

species which occurred commonly were Lonchaea corticis, Bracon pini,
Oscinells conicola, Cogloides piseodig, end Eupelmus pini.

Nineteen species of insects were recorded from the inside position,
totalling 1971 individuals. The white pine weevil averaged 15,75
individuals per leader yielding. Most of the species commonly occurring
from the edge position also occurred in the inside positionm. ude
8p., however, was not recorded from the edge position although 19
individuals were obtained from the inside position,

Comparisons of stand types 1 and 2 for the edge and inside
positions are shown in table 21. In both stand types, emergence of
weevils frem edge and inside positions was similar. Stand type 2 had
& much lower average emergence of weevils per leader yielding than
stand type 1 in both positions. Average emergence: per leader of
agsociated specics was higher for both stand types in the inside
position.

Longevity of adult oxganisms on & diet of moist honey. -- As adult
insects emerged, specimens of 8 species were used for longevity
studies. They were kept at room temperature in cotton stoppered
vials and fed a diet of moist honey. As shown in tablegg. only one

specimen of Bracon pini and Eurytoma pisgodig were included. P euco
sp. hed the highest maximum longevity &t 21 days. Maximum longevity
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for both Lonchaea corticis and Coeloides pissodis was 18 days. Of

the 7 specimens of Rhopalicus pulchripennis, none died before 10

days nor lived longer than 17 days. Rhopalicus pulchripennig had the
highest average longevity at 13.28 days.

Distribution of oxgenisms along white pine leaders. -- Studics wore
conducted in 1964 to compare species &nd numbers of organisms at different
horizontal levels in white pine leaders., Leaders were collected at
Radford and Carvins Cove on June 1, June 20, and July 10.

Data on emergence and observed mortality of the white pine weevil
according to collection location and position in stands is presented
in table 23, Combined deaths of weevil larvae and adults arc averaged
in table 23 for leader sections yielding. Greatest total numbers of
adult weevils were found i{n the sections 16-20 inches down the leader,
including both the adults stuck in emergence holes and pupal chambers
and those which successfully emerged, A total of 52 percent of all
weevil forms emerged successfully, 9 were stuck in emergence, and 39
percent died in the larval stage. Only 0.5 percent of the successful
weevil emergences occurred in the sections 1l-4 inches down the leaders,
although 8 adults were found stuck in emergence holes or pupal
chambers within these sections. A total of 467 leader sections from
96 leaders were included in the study. Larval infestation down the
leaders reached as far as 28-32 inches.

In table 24, emergence of parasites are shown according to the 4-
inch sections., Nine spedes were recorded, all of which had been
noted in the previous studies except Eurytoma cragsineura., Emergences

of parasites was greatest from the 8-12 inch sections. The most
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numerous of the parasite species was Bracon pini, with 95 f{ndividuals,
It emerged in greater numbers from the 8-12 inch sections than from
any other,

In addition to data presented in table 23 and 24, dissections
revealed that many ascpolytgds emerged from the top 4 inches of the
leader, Sections 4-8 inches down the leaders yielded a few clerid
larvae and larvae of Lonchaes gorticis, both of which were common in
lower parts of the leader,

Parapite vexificatjon and weevil development. =-- Over 100 gelstin
capsules containing parasite forms were destroyed in & fire before
fidentifications were iﬁﬁda. From the remaining material, however,
several species were reared and identified. Lonchaca corticis was
encountered in relatively large numbers in the dissections. Larvae
were found on and in dead weevil larvae, sometimes 10 to 15 L. gcorticisg
larvae on one host, They were also found on and in larvae and cocoons
of other species associated with the weevil, It was impossible to
state definitely, however, whether the L. cortic{s larvae had killed
a healthy host or whether it had ettacked only weakened or dead
individuals, as the hosts were already dead when observed,

Pgeudeucojla sp. was found to be & solitary, pupal parasite of
L. corticis. Pupal cases of L. gorticis were placed in gelatin capsules
for rearing of hyperparasites. Any pupal cases which were intact at
the end of the secason were broken open and examined for unemerged
hyperparasites. From 96 leaders, 9 cases of hyperparasitism by

Pseudeucoils sp. were observed in L. gorticis pupae. Five of these
individuals had failed to emerge from the pupal cases of the host, They
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were solitary and found only as parasites of L. gorticig. All of the
Pgeudeucoila sp. were recovered within the range of 20-27 inches down
the leaders,

Coeloides pisgodis were noted as external, solitary parasites
which spun cocoons next to the dead body of the host; the host larval
skin and head capsule were usually attached to the outside of the
parasite cocoon. €. pissodig cocoons were frequently found in host
burrows. They occurred from 9~25 inches down leaders with their
greatest numbers occurring at 23 inches,

Individuals of Bracon pini were reared from weevil larvae and
appeared to be external, larval, gregsrious parasites whose numbers
per host varied from 1 to 5. The gregarious habit was assumed since
groups of B, pinil were found closely associated in areas where remains
of only one host yeye present. Bracon pini occurred from 229 inches
down the leader. Individuels which emerged from smaller hoste in the
top portions of leaders were much smaller than from larger hosts
farther down the leader,

Eurvtoma pigsodig was observed in 3 cases of parasitism as an
external, solitary, larval parasite, and was found inside & host
burrow each time.

At least 5 other species, not yet identified’were observed
parasitizing weevil larvae. A number of parasites remained in the
larval stage into the fall énd winter, They were placed in a
refrigerator in an attempt to break the diapause, which was not

accomplished as of this writing.



In table 25 all organisms obtained in the dissections were
included, wether or not they were identf{fied, Cases of known
parasitism without a positive identification of the organisms were
categorised as "cases of parasitism”, to be used in mortality counts.
Incidental beetles and other forms of unknown status were enumerated
under the category of unidentified organisms,

Mortality of weevils in all stages above the egg is shown on
table 25, Percentages killed by parasites were &s follows: 16 percent
on the May 20 collection, 8.9 percent on June 10 collection, 6.6
percent on the June 20 collection, and 10.9 percent on the July 1-20
collections,

Meagurement of head capgulep in white pinc weevil laryag. -- Head
capsule widths were taken for all weevil larvae in the dissections,
These measurements were tl#ken with & binocular microscope and grid,
and were measured to the nearest one-hundredth of & millimeter,

The head cepsules were measured at their widest points., On table 26
head capsule measurements, numbers and percentages are showm for each
collection date., A graphic presentation of all head capsule measure-
mente 1s shown in figure 6,

Table 27 shows head capsule measurements related to progressive
development of the weevil forms throughout the scason. For this
purpose, only live larvae at the feeding front (the foremost 3 inches
of the larval feeding arca), healthy larvae which had burrowed into
the stem centers, and live pupae and adults were included., Living
but unhealthy larvae lagging more than 3 inches behind the feeding
front were not included., Development was stopped by freezing the larvae

collected at several intervels through the season. On May 20, the
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highest percentage of the larvae had head capsules below 0,7 mm in

width, On June 10 and 20, the highest percentages of larvae had

head capsules 1.26 mm wide., OniJuly 1, eleven percent of the total

l4ving forms were in the pupal stage and by July 10 forty percent

were puple. By August 10 the majority of the living forms were adults.
The larvae started to burrow into the shoet to construct pupal

chambers between June 10 and 20. Their head capsule width averaged

1.05 mm with 0,95 mm being the smallest recorded,
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-@. DISCUSSION

Studies on natural control agents, -- During the studies of 1963, a
total of 48 insect species were reared frow infested white pine leaders.
A literature review (table 1) revealed that many of these have been
previously recorded., 1In a detailed study on predators and parasites,
Taylor (1929) listed species reared from infested leaders, including

discussions on the biologies of Eurytoma pissodis, Microbracon pini,

Eupelmus pini, Rhopalicus pulchripennis, Coeloides pissodis, Calliephialtes

nubilipennis, Spathius sp., Pleurotropis sp., Eucoila sp., and Hemiteles

humeralis. Except for Taylor's work, most of the reports on natural
control agents gave no information other than that shown in table 1,
Most of the studies include a long list of rarely-occurring species,
These species were recovered in rearings, but little is known of their
activities, For many of the parasites and hyperparasites, the host
stages attacked are unknown. A thorough study of the fauna within
infested leaders was difficult because the insects were in immature
stages, Dissection of leaders was time-consuming and many of the
leaders yielded only a few parasites. Also, dissection of the leaders
disrupted the natural envirommental conditions under the bark causing
the death of many of the immature forms, Identification was impossible
in most of these cases, Even with the most extreme care in dissection,
some of the irmature organisms were killed or injured, Therefore, many

of the rarely-occurring fomms remained unknown.
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The 2 phases of this study were: (1) large-scale rearing of insects
from infested leaders to obtain quantitative data and representatives
of as many species as possible, and (2) dissection of infested leaders
to asuthepgcate the status of the imsects and to obtain life history
information. Secondary objectives will be discussed later.

From the large-scale rearings 48 species of insects were identiffied.
The 15 most common species are included in table 4, All remaining species
were obtained in such low mmbers that they were grouped as rarely-
occurring species,

Leader dissections yielded several of the species obtained in the
large~scale rearings, along with several unidentified forms. Lonchaea
corticis adults were recovered in large numbers in the rearings and
their larvae were very common in dissected leaders, It was the most
common associated insect recovered in this study.

From 759 leaders in the polyethylene bags, 3031 individuals of
L. corticis were obtained. In comparison, 632 individuals were obtained
from 2700 leaders in Taylor's study. He recovered both Bracon pini and

Eurytoma pissodis in greater mmbers than L, corticis, It is believed

that the polyethylene bags used in the present investigation provided

a moist, decaying envirament favorable for the development of L. corticis,
In 1964, 130 leaders reared in glass jars with 3 inch dismeter tops
covered with organdy yielded only 6 L. corticis adults, but Bracon pini
emerged in larger numbers than any other associated species, This suggests
that humidity was a limiting factor for rearing L. corticis in the labora-

tory. Taylor stated that L. corticis was able to complete its development
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on a diet of either frass or weevil larvae., Large numbers of eggs were

deposited by L. corticis (table 25) but apparently only a small percentage

reached the adult stage under natural conditions, Eggs were found under
weevil feeding punctures and in punctureSapparently made by L. corticis
adults,

A small hyperparasite, Pseudeucoila sp., was obtained from both the
mass rearings and the dissections. It occurred in relatively low numbers
in the dissections and in 5 of the 9 cases the adults had failed to emerge
from the host pupal cases. Its occurrence was concentrated in relatively
few leaders,

Bracon pini, which was considered third in importance by Taylor,
was the second most mumerous species obtained in 1963, It was gregarious
in many cases, with 1 to 5 individuals per host,

Eurytoma pissodis was considered first in effectiveness by Taylor,
In the present study it occurred in numbers which were very low compared
to B. pini and C, pissodis, However, this parasite overwinters as a
larva within infested leaders, and its actual numbers were not recorded
in the 1963 rearings since the leaders were discarded in December, Even
with the immature overwintering habit, 42 specimens emerged before winter
in 1963, The 37 insects that were in sufficiently good condition to be
sexed were all females, Seventeen external, solitary, larval parasites
which are believed to be E. pissodis were recovered in the dissections

in 1965, They are still in the larval stage,
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Coleoides pissodis, which was considered to be of negligible importance
by Taylor, ranked third in numbers in the 1963 rearings. In dissections,
it was found to be a solitary, external, larval parasite, and often
occurred in burrows made by weevil larvae, Burrowing may have been a
reaction on the part of the host, since stinging of the host by the adult
before oviposition was reported by Taylor.

Eypelmus pini emerged from an Ichneumonid cocoon in one instance in
this study, demonstrating that it may be secondary at times. Taylor
stated that it was impossible to establish it conclusively as a primary
parasite of the white pine weevil. He reared it from the weevil, but
from no other species.

Most of the specles recovered in the large-scale rearings were not
obtained in the dissections. The activities of incidental species were
grouped as follows: (1) associated plant feeders in the white pine
leaders; (2) scavengers in the weevil feeding area or in the areas
excavated by other plant feeders; (3) predators and hyperparasites aﬁtacking
the primary parasites and predators,

Some of the less numerous insects recovered in the rearings were
also listed by Taylor as parasites of Lepidoptera, Itoplectis conquisitor
is known to have many hosts, and C:lliephialtes comstockii is known to
be a parasite of both Lepidoptera and Coleoptera. Several Lepidoptera
were reared during this study, none of which were returned after being

sent for identification.
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Oscinella conicola has been reported as a larval parasite of the
European pine shoot moth, However, Kulman (1966) found no indication
that it adversely affected the shoot moth and reported it as an apparent
scavenger, He added that more study was needed to determine the full
scope of its feeding activities,

Emergence of ingects according to stand type. -- Collections made in the

5 stand types showed that type 1 (young, open plantations without crown
closure) had the highest emergence of weevils per leader yielding weevils
followed by stand types 2, 4, 3, and 3. (table 5), A comparison of

stand types for emergence of weevils is shown in table 28, It appears
that emergence per leader yielding remained at a steadily high level

for each collection date in stand type 1, but not in the other stand
types. Possibly there was a larger quantity of food in the leaders of
young, open plentation pines than in the other stand types, Stand type 1
is the only group which is restricted to young pines, In all other

stand types older trees are included, 1f sufficient food material is
available, weevils might feed for a longer time before pupation and
greater mmbers might survive, thus resulting in the emergence pattern
shown in table 28 for stand type 1, Por the other stand types insufficient
food may result in earlier development of the larvae, and a lower survival,
Leaders were noticeably sualler, especially in stand type 3 (naturally
seeded with a hardwood overstory) than in stand type 1,

The largest emergence of assoclated species per leader yielding
occurred in stand type 2 (older closed plantations) followed by stand
types 3 and 1, Stand type 3, which was lowest in emergence of weevils,

was higher than stand type 1 in emergence of associated insects per
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leader yielding and was second highest of all stand types., It was also
second highest in percentage of leaders yielding associated species,
This indicates that stand types producing the heaviest populations of
weevils do not necessarily yield the greatest numbers of associated
species, The activity of parasites and predators might have been
intense enough to decrease weevil emergence. However, stand type 2
was relatively high in emergence of both weevils and associated species,
indicating that another factor was probably responsible, Stand type 2
yielded assoclated species in numbers very high relative to the other
stand types, Numbers of species recorded from stand types 1 to 5 were
16, 24, 14, 12, and 9, respectively, Stand type 2 yielded more species
than the other stand types. This may be related to the larger collection
of leaders from stand type 2 than from ‘other stands, However, stand
type 2 had more associated insects per leader yielding than the other
stand types. This stand type therefore appears to be the most favorable
for emergence of associated species, A large percentage of the emergence
of associated species in both stand types 2 and 3 consisted largely of
the dipterous predstor, ¢. Lonchaea corticis, 1In stand type 3, it
accounted for 88 percent of the associated insects, The shaded conditions
in stand types 2 and 3 may have favored this species, as it was previously
shown that it apparently survived better under humid conditionms,

Stand types 2 and 5 (both plantations) could be considered as
later successional stages of stand type 1 (young plantations with open
crowns)., As growth proceeds and croums close the stand type 2 condition
would occur, If tree mortality caused sufficient thinning, the plantation

may remain open as in stand type 5.
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Comparison of stand types 1, 2, and 5 reveals the following relation-
ships: (1) in stand type 1 (young open plantations), weevil emergence
was highest per leader yielding. Associated species emergence was second
per leader yielding; (2) stand type 2 (older closed plantations), a
possible latet successional stage of stand type 1, was second in emergence
of weevils per leader yielding. It led all other stands by a considarable
margin in the emergence of associated species per leader yielding; (3)
stand type 5 (older open plantations), also a possible later successional
stage of stand type 1, was third in emergence of weevils and of associated
species per leader yielding. It appears that crown closure is beneficial,
therefore, in encouraging parasite and predator populations, A numerical
comparison of these 3 stand types is shown in table 29,

Stand type 3 was lowest of the 5 stand types in weevil emergence
and second highest in emergence per leader yielding of associated
insect species., Stand type 4 (naturally seeded, with no hardwood over-
story) was slightly higher than type 3 in emergence of weevils and lower
than stand type 3 in emergence of associated species per leader yielding.
Stand types 4 and 5 would seem to parallel each other in growing conditions,
although stand type 4, being naturally seeded, was more uneven-aged and
would have been exposed to the insect populations of the parent natural
stand,

Seasonal emergence of the various species. -- Collections of material at
different dates throughout the season were made to roughly delineate
insect emergence periods. Comparison of relative numbers of insects

for successive collection dates should show the dates on which most of
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the insects were present in the leaders., To more accurately assess
seasonal emergence, rearing containers werc checked at 2-day intervals
throughout the developmental period, These checks, however, did not
begin until July 9, which was after the emergence of many of the earlier
forms, Insects which overwintered in the larval stage were missed in
the 1963 study, since the latest examination was made in December., Most
of the individuals emerging during the summer, however, were recorded.
Seasonal emergence of the more important species have been considered

in the previous sectiom.

Forty-two specimens of Eurytoma pissodis, which normally overwinters
as a larva within the infested leaders, emerged in July and August in
this study, Thelr emergence in the same season of development is
interesting since the white pine weevil would probably not be a suitable
host in mid surmer, Only the white pine weevil and Coeloides pissodis are
reported to be hosts of B, pissodis by Musebeck et al, (1951).

Analysis of success of attack, -- Attacks on leaders which produced
no weevils are termed unsuccessful for the purposes of this study,
Stands and stand types are compared against 4 different categories,
which are percentages of leaders yielding (1) no insects, (2) no white
pine weevils but yielding associated insects, (3) white pine weevils
only, and (4) both weevils and associated insects (figures 2 and 3).

Stand type 1, which had the highest emergences of weevils per
leaders yielding, had the lowest percentage of unsuccessful attack.
Highest percentages of unsuccessful attack were from stand type 4
(naturally seeded, with no hardwood overstory). Stand type 3 (naturally

seeded with a hardwood overstory) had the lowest average emergences of



weevils per leader yielding, lowest percentages of leaders yielding
weevils only, and the highest percentages of leaders yielding associated
species only.

In figure 5, categories 1 and 2 could be combined to include
unsuccessful attack since no weevils emerged within these categories,
Categories 3 and 4 would therefore include successful attack, as shown
on table 30, The descending order of stand types for percentages of
leaders with unsuccessful attacks is 4, 3, 5, 2, 1 and for percentages
with successful attack 1, 2, 3, 5, 4, Stand types 3 and 4 had about
equal percentages of unsuccessful attack.,

From the standpoint of natural control, the category of leaders
yielding only associated species would be best, Next in preference
would be the categories with no emergence and with emergence of both
weevils and associated species. Emergence of weevils only without
associated gpecies would be the least desirable, Using this as a
basis for assessing the favorability of stand types for the maintenance
of weevil populations, stand type 3 appears to be least favorable to
the weevil since (1) it yielded lowest numbers of weevils per leader
yielding, (2) it had highest percentages of leaders yielding associated
species only, and {3) it had lowest percentages of leaders yielding
weevils,

The complexes of associated species involved in the specific cases
might also be considered in evaluation, Complexes of known parasites
and predatory species obviously are more meaningful than that of
hyperparasites or forms of doubtful status, Also, actual numbers of all

species must be considered in the evaluation,



Numerical comparisons of weevils and associated species where they
occur together and where they occur exclusively is shown on table 13
and figure 2, Only in stand type 5 were there more weevils per leader
yielding where weevils occurred alone than in combination with other
species.

In cases where only weevils or only associated species emerge
from a leader the advancing weevil larvae could have been killed by
overheating, drowning in oleoresin or other causes. It seems apparent
that continuation of weevil feeding is a factor in favor of the associated
species, Where weevils emerged at the exclusion of associated species,
the associated species may have been present and may have had their
normal effects on the weevil larvae, but failed to emerge.
Weevil emergences per leader, -- Weevil emergences per leader are shown
on table 14, Considering totals of all stands, leaders yielding 1 through
26 weevils per leader account for approximately one half of the total
numbers of weevils. The highest numbers of weevils for any one category
was 26 weevils, although the most frequent category was one weevil per
leader. The higher weevil emergence per leader, though occurring
more infrequently, accounts for a large share of the total emergence.
Ecological position within stands. -- Edge and inside positions were
noted for several stands of types 1 and 2, Well-defined ecological
positions were difficult to find in the other 3 stand types, where
growth was scattered and the trees existed under similar conditionms,

Average emergence per leader of all insects and for weevils alone
was approximately twice as high for the inside as opposed to edge
positions. For Lonchaea corticis, average emergences per leader were

nearly equal in both positions, This may indicate that there is no
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oviposition preference by adults for humid locations, but that survival
of larvae is the indicator of preference by this species, Since the
leaders were kept in polyethylene bags in the laboratory the conditions
after the time of collection was equal for both the edge and inside
locations,

Many leaders were available in the inside positions, and although
unintentionally, the leaders attacked heaviest and most successfully
may have been selected in the collecting process, In the edge position,
most of the material was collected; so that little selection was possible,

Longevity of adults on moist honey diet. -~ An attempt was made to test

longevity of the more commonly occurring insect species on a moist

honey diet. Eight species were reared on this diet, and results are
reported in table 22, It is believed that factors other than the honey
diet were responsible for the relatively short average longevity figures.
Specimens were found stuck to the honey in some instances, and it appeared
that the material was not sufficiently restricted to a small area.
Another factor was temperature, which probably reached levels too high
for the insects inside the vials. In a separate study, an attempt was

made to rear Coeloides pissodis adults on moist honey in large polyethylene

bags, filled with air to allow for movement. Longevity of these adults
was no greater than for those reared in vials,

Distribution of organisms at various horizontal positions in infested
leaders, -- These studies were conducted to determine the activities

of weevils and assoclated insects at various levels in the shoot and to

obtain additional data on the biology and status of parasites and other

species,
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Table 23 shows data on mortality obtained by examination of the
material after the developmental season., Difficulties were encountered
in taking counts of dead larvae, especially in the l-4 inch sections,
because of pitch-soaking of the area and decay of dead larvae, Counts
of dead larvae include deathe from all causes.

Examination of the data shows that the highest mortality of larvae
occurred 8 to 12 inches down the leader, Highest mortality of fully
developed adults which failed to emerge was found 16 to 20 inches
down the leader., Only a few adult weevils emerged near the top of the
leaders. In many of these cases, larvae had developed in the current
year's elongating shoot and migrated down tothe previous year's growth
where they burrowed for pupation.

In leader dissections, inadequateconditions of humidity were
believed to be the most important reason for death of the immature forms,
As was stated earlier, polyethylene provided a partial answer to this
difficulty., Weevils which had developed to a certain degree required
no more food to finish their development, and could be reared to the
adult stage in polyethylene bags. These individuals were kept alive
in the immature stage for weeks while they developed into adults,

Head capsule measurement in weevil larvae. -- Measurements of head

capsules were made to determine the number of larval instars., However,
individual larvae were not successfully reared through in this study.
Therefore, measurements for each moulting stage could not be made, A

total of 3274 measurements were made on weevil larva throughout the

season. Figure 5 shows a summary of all measurements, both living and

dead, which were taken during the leader dissections in 1965, Unfortunately,

equal numbers of i{ndividuals could not be measured at each time interval



throughout the season,

To correlate head capsule measurement with seasonal development
of weevils and associated insects, only living forms in healthy condition
were included, Table 27 includes only larvae which were developing
in the field from the time of hatching until collection and dissection
of the leader, The tables and the accompanying graphs on table 27
illustrate the progress of development of the healthy fomms, including
pupae, adults, larvae which had burrowed in the shoot, and larvae
within 3 inches of the lowest point of feeding activity in the shoot,

The burrowing habit in weevil larvae was related to head capsule
width although some larvae continued feeding after others with the same
head capsule size had burrowed in the shoot for pupation. It was
observed that some burrowing was done by last-instar larvae, since
there was evidence of only one moult before pupation within the larval

burrow,
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‘H. CONCLUSIONS AND SUMMARY

The weevils, parasites, predators, and assoclated insects were studied
by (1) large scale rearings in which 759 infested leaders were caged
in polyethylene bags toobtain gpecies, numbers, and time sequence

of emergence, and (2) dissections of infested leaders to isolate
paragsitized hosts and to establish host-parasite relationships.

A total of 48 specles of parasites, predators, and associated

insects were reared from infested white pine leaders in Virginia,

All but 15 were rerely-occurring species, recorded in numbers of 5

or less. Lonchaea corticig, a predatory fly, occurred in much higher

numbers then any other associated species. The next 2 most abundant
species were Bracop pini and Coeloideg plasodig, respectively.

In leader dissections additional information was obtained on several
of the more common species. Eupelmug pini was resred from an
Ichneumonid cocoon in one insténce, indicating that it may be secondary
as well as primary. Pgeudeucoils sp. was a solitary pupal parasite

of lonchaea corticis.

Collections were made in 13 stands representing the following 5

stand types: (1) young open plantations, (2) older closed plantatioms,
(3) naturally seeded white pines with a hardwood overstory, (4)
naturally seeded white pines without a hardwood overstory, and (5)

older open plantations., Emergence data on all insects were related to

stand type.
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Stand type 1 appeared to be the most favorable type for the
development of weevil broods, S8tand type 3 was considered to be
the least favorable, Stand type 2 yielded the most associated
species,

Seasonal emergences were shown for commounly=occurring specics at 2=

day intervals. Bracon pinji appeared in highest percentages prior

to July 9. Cogloides pissodis, Rhopalicug pulchripennis, Eurytoma
pissodis, Eupclmus pini, Pseudeucojla sp., and Pediobfus sp. emerged

in highest percentagees from July 10 to July 31. Lonchaes gcorticis,
Oscinells conjcola, and Q. hinklevi had highest percentages of
emergence in Augusc, as did the white pine weevil, Epoclerusg
nigripeg occurred in largest numbers in September, Relative numbers
of Eurytoms pisgodig, the parasite considered to be most important by
Tayloxr, were not obtained in the large-scale rearings, since they
overwinter in a prepupal stage. However, 42 individuals emerged
during the same summer that the weevil infestation occurred indicating
that at least part of the population does not follow the usual over-
wintering habit, Alil of the 37 specimens in suiteble condition for
sexing were females,

Success of attack was defined as attack which produced adult weevils,
Lowest percentages of unsuccessful attack occurred in stand type 1,
whereas highest percentages oeccurred in stand type 2,

Edge and inside positions were recognized for stand types 1 and 2,
Higher emergence levels of weevils and associated species were found

on leaders from the inside position than from the edge locations.



- 59 -«

7. Adults of 8 species of associated insects were reared for longevity
studies on a2 diet of moist honey. Rbhopalicus pulchripennis had the
highest longevity, averaging 13.28 days. The maximum longevity for eny
of the insects was 21 days for Pgeudeucoila sp.

8. Occurrence of insects at various horizontal levels in the leaders was
studied by rearing from cut 4-inch sections and by dissection. The
largest emergence of associated species occurred at 8 to 12 inches
from the base of the terminal bud. Greatest emergence of weevils
occurred at 16 to 20 inches and the highest mortality of weevil:s
forms occurred at 8 to 12 inches from the base of the terminal bud,

9, Head capsule measurements of weevil larvae were used in showing
progressive weevil development through the season., By July 10,
forty~four percent of the déveloping forms were pupae and adults.

By July 20 and August 1, fifty-six and 90 percent, respectively,
were pupae and adultg. The burrowing habit in weevil larvae was
observed in those with head capsule widths 0.95 mm and wider. ayerage
head capsule width for burrowing forms was 1.30 mm, although the most

commonly~occurring meagurement was 1.26 mm.
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Table 9. Total emergences of the more common assocliated species
according to stand type

Lead- Leaders Yielding
ers Total Leaders Emergences
Stand Coll- Emer- Numbe