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ABSTRACT

Juzwik, J., Cease, K. R., and Meyer, J. M. 1998. Acquisition of Ophiostoma quercus and
Ceratocystis fagacearum by nitidulids from O. quercus—colonized oak wilt mats. Plant Dis.

82:239-243.

Field experiments were conducted to determine whether the frequer@sratbcystis faga-
cearum and Ophiostoma quercus propaguleacquisition by nitidulids visiting oak wiltuhgal
mats is affected by the presence@f quercus on the mats. Augmentation sprays with

quercus were used to achieve different levels of mat colonization by that fungus. The extent
colonization byO. quercus 7 to 14 days after spraying was greatest for postmature mats wi

cus more frequently tharC. fagacearum,
thus increasing the probability that nitidu-
lids would successfully vectdd. quercus
to fresh wounds more often than they
would vector the oak wilt pathogen. T@e
quercus-colonized wound would then no
longer be receptive t€. fagacearum in-
fection (8); and in this sense, nitidulids and
%T quercus would appear to play a role in
ological control of overland transmission

open cracks (>0.5 cm) observed on the spray date €.02). Specifically, all six subsamples OF C. fagacearumin nature (11,12).
assayed per mat for 16 of 18 opéh,quercus-sprayed, postmature mats yield®d quercus.

Our research was undertaken to deter-

The frequency of nitidulids witl. quercus was also highest (83%) for those collected fidm — mine whether the frequency Gf. quercus
quercus-treated, postmature mats that were open on the spray date. The frequency of nitidutidg C. fagacearum propagule acquisition
with viable C. fagacearum (88%), however, was also greatest for beetles from the postmatulyy nitidulids visiting oak wilt mats is

mats. ThusQ. quercus colonization did not affect vector acquisition@ffagacearum from the

impacted by the presence ©f quercus on

mats. In additionO. quercus vectored by nitidulids probably does not result in natural bio-the mats. Becau®. quercus is a common

logical control of overland transmission ©f fagacearum at fresh wound suates on healthy

oaks, as previously suggested.

Additional keywords Graphium pirinum, Ophiostoma picea

Oak wilt infection centers are initiated
by overland spread of the causal fungus,
Ceratocystis fagacearum (T. W. Bretz) J.
Hunt, by insects (10). Sap-feeding beetles
(Coleoptera: Nitidulidae) are considered a
primary vector of the pathogen in the north
central states (7,9). Successful transmis-
sion by sap-feeding beetles depends on
several coexisting conditions, including (i)
the availability of viable inoculum on C.
fagacearum mycelia mats; (ii) the pres-
ence of active nitidulids to transmit the
pathogen; (iii) a fresh, xylem-exposing
wound receptive to infection by the patho-
genic propagules present on the beetles;
(iv) the coexistence of these events during
the spring when Quercus spp. are most
susceptible to infection; and (v) the ab-
sence of microbial deterrentsto infection at
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or introduced to the wound surface (21).
Ophiostoma quercus (Georgev.) Nannf.
(previously the hardwood type of O. piceae

natural colonizer of the mats (13), we
wished to artificially establish a different
level of colonization for comparison, i.e.,
either no colonization (via exclusion) or
complete colonization (via augmentation).
The latter strategy was chosen for this
study. Our objectives were to determine (i)
whether augmentation sprays wih quer-
cus would result in significantly greater

(Miinch.) Syd. & P. Syd.) (19), a common colonization of oak wilt mats compared
sapwood colonizer of hardwood species, with the untreated mats and (ii) the fre-
has been implicated as a biological control quencies with which nitidulids associated
organism in the oak wilt disease cycle (8, with differentially colonized mats acquire
20). In an inoculation experiment on C.fagacearumand/orO. quercus.

healthy northern pin oakQ. elipsoidalis

E. J. Hill, Gibbs (8) found that whe@.
quercus was introduced into a fresh wound

MATERIALSAND METHODS
Study sites and tree selection. C.

24 h beforeC. fagacearum was introduced, fagacearumrinfected northern red @

infection by the pathogen was prevented. rubra L.) and northern pin oaks that had
He speculated th&. quercus colonization  wilted and died during July or August,
of fresh wounds on healthy oaks may be 1994, were selected for this study. The
partly responsible for the wounds being trees were located in a number of oak wilt

receptive toC. fagacearum for only a few
days (3,14,17).

Propagules ofO. quercus have been
isolated from both free-flying (2,12) and
mat-inhabiting nitidulids (12). In addition,
nitidulids are common in fresh wounds on
healthy oaks (4,18). Thus, it is very likely
that nitidulids initiateO. quercus coloniza-
tion when they visit fresh wounds on oaks.
Oak wilt mats overgrown by th@raphium
anamorph oD. quercus are the most likely
places for nitidulids to acquir®. quercus

(8). On the basis of microscopic and iso-

infection centers on scattered properties in
Minnesota in Blaine and in a park reserve
in Hennepin County near Burnsville. We
began monitoring these trees for oak wilt
mat production in mid-April, 1995. A
sharp increase in the number of new mats
was observed in midspring, afd quercus
spray treatments were conducted during
this peak sporulation period at each loca-
tion.

O. quercus spray treatment. An O.
quercus isolate obtained from an oak wilt
mat on a recently killed northern pin oak in

lation studies, Reutze and ParameswaranNorth Oaks, Minnesota, was used for the

(20) suggested th&. quercus colonization
of mats would reduce the acquisition@f
fagacearum by insect vectors. They specu-
lated that nitidulids leaving such mats
might well be carrying spores @. quer-

study. The isolate species was confirmed
by E. B. Smalley (Department of Plant
Pathology, University of Wisconsin, Madi-
son) through pairing with known mating
types of the fungus. The single-spored iso-
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late had been stored on silica gel at 4°C forwere not treated. In the Blaine study, 18 ples were processed according to pre-
less than 2 years prior to the study. Two trees on four properties received the treat-viously described methods (11). Aliquots
agar plugs (3 mm in diameter) were re- ment on 10 May, while 19 trees on three (0.5 ml) of suspensions from mat subsam-
moved from 10-day-oldD. quercus colo- different properties were not treated. ples were spread on acidified (10% lactic
nies grown on potato-dextrose agar (PDA)  Sample collection and processing. Oak  acid) PDA in Petri dishes and incubated in
in Petri dishes at 22°C in the dark. The wilt mats and the associated mat-inhabiting the dark at 22°C. Each nitidulid tested was
plugs were placed in 125 ml of potato-dex- nitidulids were collected 7 and 14 days placed in a sterile test tube containing 2.5
trose extract medium in 250-ml Erlen- after theO. quercus spray treatment. Mats ml of sterile distilled water. The tube was
meyer flasks and incubated (24 h of light, were exposed by removing the bark with a capped, agitated on a vortex mixer, and
20°C) on an orbital shaker with moderate hatchet and mallet, and the biological age held in a water bath sonicator for 15 min to
agitation for 7 days. On the treatment date, of each mat was determined according todislodge the fungal propagules from the
the conidial concentration in each flask Curl's (5) description of immature, mature, insect. The resulting suspension was then
(averaged for three flasks) was determinedaging, and declining mats. Adult nitidulids serially diluted (10-fold dilutions), and 0.5-
with a hemacytometer. Appropriate amounts on the mats were collected immediately ml aliquots of each dilution were spread on
of the inoculum concentrate were removed after each mat was exposed and thenlactic acid-amended PDA plates. Three
from the flasks and placed in 3.8 liters of placed individually into gelatin capsules, plates were used per dilution for both mat
nonsterilized 0.6% malt extract broth grouped by source mat number in poly- subsample and beetle washing platings.
(Difco, Detroit, MI) on the morning of the ethylene bags, and stored &2°C until Resulting colonies of0. quercus and C.
spray treatment to achieve a spray sus-processed in the laboratory. The phloem fagacearum were counted after 7 and 14
pension of 1®conidia per milliliter. In the  side of each fungal mat was wrapped in days. Colonies oD. quercus were gener-
field, all spray trees were examined for oak aluminum foil, placed in a polyethylene ally well developed in 1 week, b@ faga-

wilt mats whose pressure pads had crackedbag, and stored at2°C until processed. cearum colonies often required 12 to 14
open the bark approximately 0.5 cm or Tree number, mat number, and mat agedays to develop. All mat subsamples were
more. Those mats were marked and con-were recorded for each nitidulid and mat processed within 4 months of the collec-
sidered to be open on the spray date. Othercollection. tion date, while nitidulids were processed
mats that had cracked open the bark only Within 1 week of collection, six sub- within 9 months of collection. Colony
slightly (<0.5 cm) or were not yet apparent samples were taken from each mat toappearance and the presence of the
because the bark was not cracked wereobtain an estimate of the area of each matChalara anamorph were used to identiy
considered to be closed on the spray datecolonized byO. quercus or that had viable fagacearum. The presence of synnemata
The O. quercus suspension was applied to C. fagacearum propagules. Subsamples and colony appearance were used to iden-
the trees designated f@. quercus spray  were aseptically taken with a 3-mm cork tify O. quercus.

treatment with a 15-liter tank-type sprayer borer at a distance of 0.5 cm from the edge Data summarization and analyses. Mat
(Hudson, St. Paul, MN) by using the unit's of the mat in a systematic oval pattern. The subsample and insect data were summa-
hand pump. Pressure was maintained atsubsamples were stored in individual vials rized by mat age, mat exposure@mnquer-
0.27 MPa. The sprayer was equipped with at —2°C until further processed. Nitidulids cusspray date, and treatment for each loca-
an extended, bent-angle (45°) wand with aobtained from the mats were tentatively tion. For frequency analyses, a mat sub-
flat fan nozzle (TJ 005, Tee-Jet, Spraying identified to species and grouped by spe-sample or an insect was considered posi-
Systems, Wheaton, IL). Trees were cies according to study location, mat age, tive for O. quercus or C. fagacearum if at
sprayed from two opposite cardinal direc- and treatment. All nitidulids collected were least one colony was detected on any of
tions for 60 to 80 s in order to cover the identified to species. Determinations were three Petri dishes used per mat subsample
lower 3.5 m of the main stem with 1.0 liter confirmed by T. C. Skalbeck (Department or insect for the dilution series counted.

of inoculum suspension. In the Burnsville of Entomology, University of Minnesota). Subsample frequency data were ana-
study, 25 trees located in scattered infec- The presence and number of viable lyzed by both the stratified Wilcoxon-
tion centers in the northern half of the park propagules ofO. quercus and C. faga- Mann-Whitney test and the singly ordered
reserve were sprayed on 11 May; 20 addi-cearum on mat subsamples and of nitidu- Kruskal-Wallis test for categorical data
tional trees located in scattered infection lids were determined by serial dilution (1,16) to investigate whether the extent of
centers in the southern half of the park plating techniques. Defrosted mat subsam-O. quercus colonization of oak wilt mats

Table 1. Oak wilt fungus mat colonization by Ophiostoma quercus during O. quercus spray trialsin Burnsville and Blaine, MNt

Number of mats®

Mat exposure No. trees producing Statistical
Mat age! on spray date Treatment¥ processed mats 0%W 17% 33% 50% 67% 83% 100%  resultsyy
Immature Closed O. quercus 18 20 8 3 1 0 1 2 a
Closed None 15 21 4 3 2 1 1 2 a
Mature Open? O. quercus 6 0 0 1 0 1 1 5 bc
Open None 5 0 0 0 1 0 1 6 c
Closed O. quercus 16 4 4 2 2 3 2 9 b
Closed None 13 2 5 2 3 1 7 7 b
Postmature Open O. quercus 9 0 0 0 0 0 2 16 e
Open None 12 0 0 2 1 4 3 4 d
Closed O. quercus 9 1 1 0 1 2 3 9 d
Closed None 12 2 2 1 1 2 6 7 d

t Number of mats with different frequency of isolation is reported by mat age.

U Ages based on descriptions by Curl (5). Postmature category includes aging mats from Burnsville and aging plus declining mats from Blaine study trees.

V Either O. quercus spray or no spray (none).

W Percentage of subsamples per mat yielding O. quercus.

* Data were derived from isolation of O. quercus from six 3-mm-diameter mat subsamples by serial dilution plating techniques.

¥ Results of singly ordered Kruskal-Wallis analyses (1,16) comparing distributions across mat age. Distributions followed by different letters were not
similar (P < 0.05).

z No mature open mats were collected from Blaine study trees.
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differed by mat age, mat exposure on spray
date, and/or treatment within location and
whether data could be combined across
locations. Exact P values were calculated
because of the occurrence of low cell fre-
quencies. The same datisticd methods
were used to determine whether the extent
of C. fagacearum recovery from the mats
differed by the same factors. Quantitative
data involving colony-forming units of O.
quercus or C. fagacearum isolated from
mat subsamples were averaged for each
mat and grouped according to mat age, mat
exposure, and treatment within location.
Only values obtained from positive sub-
samples were included in the calculation.
Analyses of variance were performed on
transformed numbers (In [CFU + 1]), and

mat age comparisons were made (Fisher’snized.
least significant difference) when appro-

priate (24).
Data involving frequency o®. quercus
and C. fagacearum occurrence on nitidu-

lected from 69 study trees in the two study of colony-forming units varied by treat-
locations. Frequencies @. quercus and ment @ < 0.001) and exposure-treatment
C. fagacearum isolation from mat sub- interaction P < 0.01) factors. The highest
samples were similar for mats collected number (1,300 x FOCFU/cn?f) was noted
from the two locations. Colonization of for the open,O. quercus treatment com-
mats byO. quercus increased with mat age bination.
(P < 0.001). DifferencesR(< 0.02) in fre- Recovery ofC. fagacearum propagules
quencies of fungal isolation were found for per square centimeter ranged from 160 to
exposure-treatment combinations within 400 x 16. Levels were higher for post-
mature and postmature mat categoriesmature mats than for immature and mature
(Table 1). For the postmature mats, the ones P < 0.01) on the basis of analysis of
frequency of fungal isolation was greatest closed mat data (Table 3). No differences
for open,O. quercus-sprayed mats (16 of were found within the mat ages for mat
18 mats with 100% positive isolatior} € exposure or treatmer® ¢ 0.05).
0.02). Frequency oD. quercus isolation Isolation of fungi from nitidulids.
for the other three postmature treatmentsMore than 1,500 nitidulids were obtained
were similar P > 0.26); >50% of the sub- from oak wilt mats collected at the two
samples from 43 of 52 mats were colo- locations. The species represented in the
insect collection included Epuraea
Recovery ofC. fagacearum from mat  peltoides Horn., Colopterus truncatus
subsamples within each mat age was notRandall,C. semitectus (Say), Carpophilus
affected by exposure or treatment differ- sayi Parsons Glischrochilus sanguino-
ences (Table 2). Isolation frequencies for lentus (Oliv.), and G. quadrisignatus Say.

lids were analyzed by using the likelihood C.fagacearumfrom subsamples were simi- Occurrences of viabl®. quercus and C.
ratio test for unordered categorical data lar for immature and mature mats, but fre- fagacearum propagules on external beetle
with calculation of exadP values (1,16) (i) quencies were lower for postmature mats surfaces were determined for a subset
to investigate differences in occurrence by (P < 0.001). Specifically, 107 of 138 (78%) (383) of the collected nitidulids. No loca-
mat age, exposure, and treatment of matsmmature and mature mats yielde@. tion effects were found for the different
from which insects were obtained and (i) fagacearum on 100% of the subsamples factors where frequencies were high
to determine whether data could be com-compared with 37 of 70 (53%) postmature enough to test. A higher proportion (57%)
bined across locations. Quantitative data mats with positive isolation from all sub- of nitidulids from postmature mats were
involving colony-forming units of either samples. carryingO. quercus than those from imma-
fungus isolated from nitidulids were aver-  The numbers ofO. quercus and C. ture (10%) or mature (22%) mats (Table
aged for all beetles obtained from a mat, fagacearum colony-forming units on mat 4). Treatment and treatment-exposure
and those averages were grouped accordingubsamples were similar for Burnsville and interaction effects were found only for
to location and mat-related factors (age, Blaine mats, and data were therefore com-beetles collected from postmature mats.
exposure, and treatment). Only values ob-bined (Table 3). The average number of Within both open and closed mat cate-
tained fromO. quercus- or C. fagacearum- propagules ofO. quercus isolated per gories, higher frequencies @. quercus-
positive nitidulids were used in calculating square centimeter increased with mat agepositive nitidulids were obtained from mats
the average number of colony-forming (P < 0.001), with each mat age group collected fromO. quercus-sprayed trees

units. Subsequent data analyses of beetlediffering from the othersR < 0.001). The

compared with those from untreated trees.

derived colony-forming units were per- average numbers of colony-forming units The highest frequency (83%) . quer-

formed as described.

RESULTS
Isolation of fungi from oak wilt mats.

recovered per mat age were 3.5 %310 cus-positive nitidulids was found among
immature; 82 x 1¥) mature; and 600 x §0  those collected from operQ. quercus-

postmature. Differences among exposuresprayed matsR < 0.04). Frequencies were
and treatment factors were found only for similar (P > 0.05) for nitidulids obtained

More than 200 oak wilt mats were col- postmature mats. Specifically, the numbersfrom closed, O. quercus-sprayed (64%)

Table 2. Extent of Ceratocystis fagacearum recovery from oak wilt mats collected during Ophiostoma quercus spray trialsin Burnsville and Blaine, MN!

Number of mats®

Mat exposure No. trees producing Statistical
Mat age! on spray date Treatment¥ processed mats 0%W 17% 33% 50% 67% 83% 100%  resultsyy
Immature Closed O. quercus 18 0 0 0 0 3 3 29 a
Closed None 15 0 0 1 0 3 5 25 a
Mature Open? O. quercus 6 0 0 0 0 0 2 6 a
Open None 5 0 0 0 0 0 3 5 a
Closed O. quercus 16 0 0 0 0 1 6 19 a
Closed None 13 1 0 0 0 1 2 23 a
Postmature Open O. quercus 9 0 1 0 1 8 2 6 b
Open None 13 0 0 0 2 2 1 9 b
Closed O. quercus 9 0 1 0 1 2 3 10 b
Closed None 12 0 0 2 1 1 5 12 b

t Number of mats with different frequency of isolation is reported by mat age.
U Ages based on descriptions by Curl (5). Postmature category includes aging mats from Burnsville and aging plus declining mats from Blaine study trees.

V Either O. quercus spray or no spray (none).

W Percentage of subsamples per mat yielding C. fagacearum.
* Data were derived from isolation of C. fagacearum from six 3-mm-diameter mat subsamples by serial dilution plating techniques.
¥ Results of singly ordered Kruskal-Wallis analyses (1,16) comparing distributions across mat age. Distributions followed by different letters were not

similar (P < 0.05).

z No mature open mats were collected from Blaine study trees.
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and open control mats (51%) and lowest
for those collected from closed control
mats (31%).

A higher proportion (88%) of C. faga-
cearum-positive nitidulids was collected
from postmature mats than from immature
(64%) or mature (83%) mats (P < 0.01)
(Table 4). Neither mat exposure nor treat-
ment consistently affected the C. fagace-
arum frequencies from nitidulids obtained
from immature, mature, and postmature
mats. Isolation frequencies from mat-in-
habiting nitidulids for both O. quercus and
C. fagacearum increased with mat age from
8% on immature mats to 21 and 54% on
mature and postmature mats, respectively.

The average number of O. quercus
colony-forming units isolated from each
beetle increased with the age of the mats

from which they were collected. The aver- DISCUSSION

age numbers of colony-forming units found We were able to consistently achieve
for each mat age were less than 1.1 X 10 greater colonization of postmature oak wilt
immature; 7.2 x 1) mature; and 60 x £0  mats compared with naturally colonized
postmatureR < 0.01) (Table 4). Exposure mats by using spray applications .

of mats on treatment date and treatment didquercus on trees with exposed mats. This
not affect isolation ofO. quercus from increased coverage was also accompanied
nitidulids collected from each mat age by an increased number of colony-forming
group. The average number 6f faga- units of O. quercus per square centimeter
cearum propagulessolated from the same on the exposed, postmature mats (Table 3).
insects was lower for those collected from The frequencies of nitidulids collected
immature mats (1 x 20CFU per nitidulid)  from oak wilt mats carryin. quercus did
compared with that for nitidulids from vary by mat age, exposure of the host mat
mature and postmature mats (108 »* 10 on treatment date, and treatment (Table 4).
CFU per nitidulid) P < 0.01) (Table 4). Significantly higher frequencies oD.
Exposure of mats on treatment date andquercus-contaminated beetles were col-
treatment did not affect isolation df. lected fromO. quercus-sprayed mats com-
fagacearum from nitidulids collected from pared with untreated mats within the open
each mat age group. and closed exposure categories for postma-

Table 3. Numbers of colony-forming units of Ophiostoma quercus and Ceratocystis fagacearum isolated from oak wilt mats collected during O. quercus

spray trialsin Burnsville and Blaine, MN

Mats yielding fungi¥y

O. quercus C. fagacearum
Mat exposure Average CFU/cn? Average CFU/cn?
Mat age” on spray date Treatment Total no. (x 10%) Total no. (x 10%)
Immature Closed O. quercus 15 5 33 200
Closed None 13 2 34 270
Mature Open? O. quercus 8 190 8 230
Open None 7 23 8 230
Closed O. quercus 22 76 26 160
Closed None 25 37 26 250
Postmature Open O. quercus 18 1,300 18 350
Open None 14 180 14 340
Closed O. quercus 16 580 17 310
Closed None 19 360 21 400

W Ages based on descriptions by Curl (5). Postmature category includes aging mats from Burnsville and aging plus declining mats from Blaine study trees.

* Either O. quercus spray or no spray (none).

¥ Data were derived from isolation of O. quercus and C. fagacearum from six 3-mm-diameter mat subsamples by using serial dilution plating techniques.
Averages include values for mats where one or more subsamples yielded the fungus.
Z No mature open mats were collected from Blaine study trees.

Table 4. Frequency and numbers of colony-forming units of Ophiostoma quercus and Ceratocystis fagacearum isolated from mat-inhabiting nitidulids
collected during O. quercus spray trialsin Burnsville and Blaine, MN

Aver age CFU/beetlex

Mat exposure No. of nitidulids Per centage of beetlesyielding:* O.quercus  C. fagacearum
Mat age’ onspray date  Treatment? tested O.quercus  C.fagacearum  Both fungi (x 10%) (x 10%)
Immature Closed O. quercus 33 12 & 58 a 9a <0.la 02a
Closed None 54 9a 69 a 7a 22a 18a
Mature Open? O. quercus 14 14b 100 b 14b 54b 54b
Open None 29 24b 76b 24b 59b 220b
Closed O. quercus 36 25b 8lb 22b 16b 77b
Closed None 34 21b 76b 21lb 13b 56 b
Postmature  Open O. quercus 48 83e 88b 75e 89c 56 b
Open None 43 51cd 88b 44 cd 69 c 230b
Closed O. quercus 50 64d 96 b 64 de 16c 110b
Closed None 42 3lc 79b 26¢c 66 c 60 b

V' Mat ages based on descriptions by Curl (5). Postmature category includes aging mats from Burnsville and aging plus declining mats from Blaine stud
ag p! y egory aging aging pi g y

trees.
WEither O. quercus spray or no spray (none).

* Data were derived from isolation of O. quercus and C. fagacearum from washings of individual beetles by using serial dilution plating techniques.
Colony-forming unit data were averaged on a mat basis. Nitidulid species tested included Epuraea peltoides, Colopterus truncatus, C. semitectus,
Carpophilus sayi, Glischrochilus sanguinolentus, and G. quadrisignatus.

¥ Values followed by different letters within each column are not similar (P < 0.05) based on analyses with the likelihood ratio test for unordered

categorical data (1,16).

z No mature open mats were collected from Blaine study trees.
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ture mats. This increased frequency, how-
ever, was not accompanied by an increase
in propagule number for O. quercus-con-
taminated beetles.

In contrast, the extent of mat area yield-
ing C. fagacearum was not affected by
exposure of the mat on spray date or by
treatment within different mat ages. C.
fagacearum recovery was less for the
oldest mats, a phenomenon that has been
previoudy observed (13,20). Conversely,
the number of colony-forming units of C.
fagacearum per sguare centimeter did
increase with mat age for positive mat
portions. This is perhaps partly the result
of the maturation of perithecia and asso-
ciated ascospores that occurs on aging
mats. Insect vectors are largely responsible
for introducing the opposite mating type
needed for spermatization and teleomorph
development (10,15). We speculate that
these events occur on immature, mature,
and possibly aging mats as different nitidu-
lid vector species arrive. Frequency of C.
fagacearum-positive nitidulids also was
highest for beetles collected from mature
and postmature mats, but this was not
related to any of the other trid factors. The
number of colony-forming units of C.
fagacearum was highest for beetles from
mature and postmature mats, but no corre-
lation was observed with the other variables.

In summary, increased frequency of
nitidulids carrying O. quercus was asso-
ciated with increased colonization of mats
by O. quercus. However, frequency of
nitidulids with viable C. fagacearum also
was greatest from these same mats. These
results do not support the hypothesis (20)
that O. quercus colonization of mats re-
duces or prevents the chance that insect
vectors will acquire C. fagacearum. This
hypothesis was based on electron micro-
scopic observation of O. quercus synne-
mata with conidial masses extending above
the more embedded C. fagacearum peri-
thecia with exuded ascospores on the mats
as well as hyphal overgrowth of ascospore
masses on perithecia tips. Behavior of
nitidulids on the mats, however, involves
more than the insects traversing the mat
surface and acquiring pathogen spores.
These insects are known to feed on, tunnel
into, oviposit, and even rear broods in the
mats (6,11,18; personal observation), and
these activities alone suggest that mat-
inhabiting nitidulids would easily pick up
C. fagacearum propagules, regardiess of
mat surface overgrowth.

References to natura biological control
occurring in different pathosystems are
common in the literature. In the oak wilt
disease cycle, several reports have referred
to fungi involved in natura biological
control in the overland-transmission seg-
ment of this system (8,20,22,23). The

hypothesis that O. quercus limits C.
fagacearum infection of heathy oaks was
based on the common occurrence of the
fungus on mats, its occurrence on both
mat-inhabiting and free-flying nitidulids,
and its ability to protect against C. faga-
cearum infection when it arrives on a fresh
wound surface first. Our results demon-
strate that O. quercus colonization of mats
does not affect availability of viable C.
fagacearum propagules on oak wilt mats or
acquisition of C. fagacearum propagules
by nitidulids visiting the mats. Even though
increased mat colonization by O. quercus
leads to increased frequency of nitidulids
carrying O. quercus and a greater number
of spores carried per beetle, the frequency
of C. fagacearum on nitidulids visiting
mats and its occurrence in significant num-
bers on such beetles would preclude pro-
tection at the wound surface being me-
diated by contaminated nitidulids. This is
based on the assumption that no protection
is afforded when both fungi arrive ssimul-
taneoudly at the wound surface (8).

O. quercus vectored by nitidulids is
probably not resulting in natural biological
control of overland transmission of C.
fagacearum at the wound surface. Other
fungi (e.g., Trichothecium roseum (Pers.:
Fr.) Link and Gliocladium roseum Bainier)
that are known to be antagonistic to C.
fagacearum growth and/or sporulation and
that occur on oak wilt mats would be more
likely candidates for directly interfering
with the overland-transmission cycle (22,
23). In addition, other nonantagonistic
microorganisms may well be responsible
for rendering fresh wounds nonreceptive to
C. fagacearum, but it seems that they
would originate from a source other than
oak wilt mats.
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