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Ceratocystis spp. in Texas

By D. N. Arrer, T. KurpyLa and R. LEwss, JRr.

[[TTTT0T/10p/W0d" AB 1M AReAq 1 [PUl|UO//SARY W1} PEPROIUMOQ ‘L-9 ‘066T ©6ZE06EYT

Abstract

Sap-feeding nitidulid beetles were trapped for 15 months at four oak wilt centers in central Tex
and assaye }:Ttor the prcbemc of Ceratocystis fagacearum. Levels of contamination with the path
Fm ranged 0.3 % (Kerrville) — 2.0% (Austin); also detected were C. piceae at slightly Elgha‘r
evels and a low number of beetles carrying C. pluriannulata. The percentages of contaminat

beetles were similar to those reported for ot ien parts of the oak wilt range in the USA, but probg
ble species differences in Texas were detected.
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1 Introduction

Sap-feeding nitidulids (Order: Coleoptera, Family: Nitidulidae) have been shown to
vectors of the oak wilt fungus (Ceratocystis fagacearum Bretz Hunt) (DorsEy et al. 1958;
JEWELL 1956; Norris 1953; HiMELICK et al. 1958). Numerous ecological studies involvir%
tree wounding, nitidulid contamination and behavior, and inoculum availability have fu-
filled the gu1delmes for verification of a vector relationship (LEach 1940). §€

dine only known inoculum source responsible for contamination of nitidulids with @ (;'
fagacearum is a mycelial mat that forms beneath the bark of diseased red oaks (E rythré—
balanus). The fungal mats produce abundant conidia and sometimes perithecia with ascog- -
pores. The limited production of mats in the southern and western range of oak wilt h§5
implied the existence of other vectors (REXRODE 1976). There are also convincing repor‘is -
that bark beetles from the genus Pseudopityophthorous can acquire and transmit propaoulgs
of C. fagacearum directly from the sapwood of infected trees to feeding wounds on healtl'a
oaks (BERRY and BRETZ 1966; REXRODE and JoNEgs 1970). These C. fagacearum-insegt
vector systems are considered to be inefficient due to limited exposure of insects to 1n0cu£a
and unreliable infection courts (MacDonALD and HinpAaL 1981; REXRODE and _]ON@S
1970).

Recently, destructive outbreaks of oak wilt in a 36 county area of central Texas ha@e
been observed and documented (ArPEL and MaGGro 1984; ApPEL et al. 1987). Prior g)
these reports, our understanding of oak wilt was derived from the disease as it occurs 1
deciduous oaks. Live oaks (Quercus fusiformis Small and Q. virginiana Mill.) comprisega
majority of the native oak population in central Texas and grow under high temperatur§s
previously considered to limit the growth and survival of C. fagacearum (MacDoNAD
and Hinpar 1981). The high mc1dence of the disease in Texas is atypical when comparéd
to most other states, especially since mycelial mats fail to form on live oaks. Mats do forﬁl
on two native red oaks in Texas, Spanish oak (Q. texana Buckl.) and blackjack o.ﬁk
(Q. marilandica Muenchh.), but these comprise only a small proportion of the Texas oﬁk
population.

The introduction of C. fagacearum into new areas may result in establishing more eff-
cient vector relationships than the ones already known (Gisgs 1981; RUETZE and PARAMIG-
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WARAN 1984). Insect transmission in the epidemic of oak wilt in the live oak savannahs of
central Texas has not been thoroughly investigated. The following describes the vector
relationships between nitidulid beetles, C. fagacearum, and other Ceratocystis spp. found
during a previous survey of nitidulids in central Texas (ArPEL et al. 1986).

2 Materials and methods

A modified trap design (SKALBECK 1976) was used to capture free-flying nitidulids at four
locations in central Texas (Fig. 1). Traps at all locations were positioned 1.4 m above
ground. The greatest number of traps was located in a large oak wilt center near Burnet,
TX. This disease center appeared to be a conglomerate of infection foci covering ca. 20 ha
and consisted of a mixed stand of live oaks (Q. fusiformis and Q. virginiana), Spanish oak
(Q. texana) and blackjack oak (Q. marilandica). On three different dates (Table 1), traps
were established on 5 Spanish oaks, 19 live oaks and one fence post. The second site was
located in a mixed oak urban environment in Austin, TX. The traps were placed on three
live oaks in a small disease center. In the third site, located in Kerrville, TX, the traps were
placed on two Spanish oaks and one live oak. The final trapping site was on the perimeter
of a 15 ha disease center consisting of only live oaks at Round Rock, TX. This site was
chosen due to the lack of red oaks, thereby eliminating the possibility of mycelial mats as
the local source of inocula.

On sampling dates, the traps containing insects were removed and stored in ice chests
until the beetles could be refrigerated in the laboratory. Insects were then identified to

species, put in gelatin capsules and frozen until processing.

A spermitization assay was used to detect the presence of viable C. fagacearum spores
(StamBauGH, FErRGUS and CRAIGHEAD 1955) by plating suspensions of crushed beetles
onto cultures of both sexual mating types. The C. fagacearum isolates were grown for 10
days on a modified version of Barnett’s agar medium (BARNETT 1953). This medium sub-

~stituted casein hydrolysate for the casamino acids, used half the amount of potassium
phosphate (0.5 gm) and 1.0 gm each of yeast extract and thiamine HCL per liter volume.
Each beetle was crushed and ground with a flamed rod in a test tube containing 1 ml of
sterile distilled water. Half the volume (0.5 ml) of the suspension was spread on two cul-
tures each of both the A and B sexual mating types of C. fagacearum. A niudulid was
considered contaminated with the pathogen when fertile perithecia were observed. The
‘assay cultures were periodically tested for fertility by crossing with the opposite sexual
-mating type. Other Ceratocystis species were 1dentified by the formation of characteristic
fruiting structures (CRANE and SCHOKNECHT 1973; UraDHYAY 1981) on the spermitization
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Fig. 1. Map of Texas with range of oak wilt
: (sﬁaded counties) and the four nitidulid trap-
-ping locations
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lable 1. Locations and sampling design for collection of nitidulid beetles in Texas oak
wilt centers

Iy Wouy papeojumod ‘2-9 ‘066T B62E06EVT

Location No. trees No. traps No. collections Collection dates
Rouqd Rock 6 12 26 Oct. 4,1984—May 10, 198%
Austin 3 12 49 Apr. 19, 1984~ May 10, 1983
Kerrville 3 12 20 Apr. 12, 1984 —May 10, 198%
Burnet A 4 16 54 Mar. 9, 1984 -May 10, 198%
Burnet B 11 20 51 Apr. 5,1984—May 10, 1984
Burnet C 9 18 26 Oct. 4,1984-May 10, 1985
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plates in addition to growth characteristics and sporulation on the following cultu
media; acidified potato dextrose agar, cornmeal steep agar (100.0 gm stone-ground corg-
meal/L distilled H;O amended with 2 gm yeast extract), modified malt extract 10k
(UpaDHYAY 1981) and pablum agar (OLcHOWECKI and REID 1973). g

3 Results
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A total of 4126 beetles, representing 85 % of the total 4821 trapped, were assayed fd
Ceratocystis contamination; 0.65% tested positive for C. fagacearum. The majority éi
beetles assayed (3293) were from the Burnet site (Table 2). Twenty-three of the beetles, &
0.6 %, were contaminated with C. fagacearum at the Burnet site. A higher amount, 4.2 %,
were contaminated with C. piceae (Munch) Bakshi, and a lesser proportion (0.3 %) wel
contaminated with C. pluriannulata Hedge. at Burnet. Ceratocystis piceae was easily idest
tified by the prolific synnemata production of its anamorph, Pesotum piceae Crane anig
Schoknecht and its mononematous Sporothrix state with numerous ramoconidia (Crang
and SCHOKNECHT 1973). Ceratocystis pluriannulata was identified by its distinct perithecig
characters (UrapHYAY 1981). g

Nitidulids contaminated with C. fagacearum were also trapped at Kerrville and Austi
but none was found at Round Rock. The highest level of pathogen contamination was i

)
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ITable 2. The percentages of nitidulids from four sites in central Texas found to be
contaminated with Ceratocystis fagacearum, C. piceae, and C. pluriannulata

i Percentages (%) of contaminated nitidulids

‘ Kerrville Austin ! Burnet Round Rock
C. fagacearum (255 2.0 0.6 0.0
C. piceae 2:5 2.8 4.2 4.6
C. pluriannulata 0.0 1.4 0:3 1.9
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Table 3. Numbers and species of nitidulids from which Ceratocystis species were revovere

Number of beetles

£} mLOA&Luﬂ

Nitidulid species C. fagacearum’
C. piceae C. pluriannulata -
Colopterus maculatus 102
Cryptarcha concinna 47 14*:-
Lobiopa undulata 9 15
Colopterus maculatus 8

I A and B denote the mating type of the C. fagacearum isolate recovered.
> One beetle was found to be contaminated with both mating types.
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Austin, where 2% of the 146 beetles tested positive. More nitidulids were contaminated
with C. piceae than with other Ceratocystis species at each site.

Three nitidulid species were contaminated with the oak wilt pathogen, including 18
Cryptarcha concinna Melsh., 9 Colopterus maculatus Erich., and 2 Lobiopa undulata Say
(Table 3). Although both mating types of the fungus were found, a majority were of type
B (Table 3). Two of the collected beetles carried spores of each mating type. The same
three nitidulid species plus Colopterus truncatus Rand. were contaminated with C. piceae.
The majority of the Ceratocystis piceae-contaminated beetles were C. maculatus and C. con-
anna. Contamination with Ceratocystis pluriannulata was relatively low, but only on L.
undulata was this fungus never detected.

The highest levels of nitidulid contamination for all three Ceratocystis species were ob-
served in April of each year (Fig. 2). Ceratocystis fagacearum was found on beetles assayed
from the first five months of trapping (March—July, 1984), but was not found from August
1984 (Month 6) through March 1985 (Month 13). Ceratocystis piceae was found on beetles
trapped during every month, while contamination with C. pluriannulata only occurred on
beetles trapped from March through May of 1985.
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Fig. 2. Numbers of trapped beetles
found contaminated with Ceratocystis
piceae, C. pluriannulata, or C. fagace- : l e B
arum during March 1, 1984 through T i e e T ., DT P
May 15, 1985 TIME (Months, March 1984 - May 1985)

4 Discussion

The local transmission of C. fagacearum through functional root connections is probably
responsible for most oak wilt losses of live oak in Texas (ArpeL 1986). The initiation of
new foci by long-distance vector transmission appears to be a relatively rare event, but 1s
nonetheless an extremely important consideration in the epidemiology and control of the
disease. An oak wilt management program will be successful only if both means of trans-
mission are addressed. Although other vectors may be involved, nitidulids are probably
the principle overland, long distance vectors of the pathogen in Texas.

In many respects, the vector relationship between nitidulids and C. fagacearum in the
live oak savannahs of central Texas is comparable to other forest ecotypes. Reported per-
centages of contamination ranged from 0.67 % of free-flying nitidulids trapped in Min-
nesota oak wilt centers (Juzwik and FRENCH 1983) to 1.7 % in Pennsylvania disease centers
(YounT et al. 1955). At three of the Texas locations, percentages of contamination ranged
between 0.3 % (Kerrville) to 2.0% (Austin). Spanish oaks comprised a small portion of
the diseased population at these sites, and mycelial mats were observed in the immediate
vicinities of the traps at Kerrville and Burnet. In contrast, none of the 364 beetles assayed
from the Round Rock site were contaminated. This lack of contamination is attributed to
the lack of red oaks and mat formation.

In addition to the numbers of contaminated nitidulids detected, the trapping dates are
also similar to previous reports. Althoug free-flying nitidulids were found during other
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seasons (Arrer et al. 1986), all of the nitidulids carrying C. fagacearum in Texas wie
trapped during the spring and early summer. These months coincide with periods §f
maximum fungal mat formation in Texas (APrEL et al. 1987). §
The species of nitidulids responsible for C. fagacearum transmission in Texas appear o
be ditferent than those identified elsewhere. According to the numbers of beetles trappid
and found to be contaminated, Colopterus maculatus and Cryptarcha concinna were the
most likely vectors of the pathogen at the study sites (Table 2). These species have be§n
found in oak wilt centers elsewhere, but Glischrochilus spp., Epuraea spp. and Coloptergs
truncatus Rand are usually the nitidulids implicated as vectors (HiMELICK et al. 19%;

JEWELL 1956; Juzwik and Frencha 1983). In addition to long distance transmissios,
nitidulids in Texas may be important to the sexual reproduction of C. fagacearum. In to

instances, both mating types were found on one beetle, indicating the interaction betweén
beetles and opposite mating types of the pathogen. 5

Ceratocystis piceae may operate as a biological control agent for oak wilt in two staggs
of the life cycle of C. fagacearum. Mycelial mats may become overgrown by C. picege
within a few days following bark cracking, thus limiting the contact nitidulids can mage
with inoculum (RUETZE and PARAMESWARAN 1984). Also, C. piceae has prevented infe-
ton of oaks when introduced into wounds 24 h before inoculation of the same wourd
with C. fagacearum (Gisss 1980). The symbiotic relationship between nitidulids and €.
piceae, as well as C. pluriannulata, has been observed previously (JEWELL 1956; SHicH
1958) and appears to exist in Texas oak wilt centers. The impact of these relationships én
disease incidence in Texas is unknown, but without further research it is unlikely that théf
can be exploited for any immediate applications in disease control. z

There 1s no obvious extraordinary vector relationship operating in Texas that miggt
account for the unusual severity of the oak wilt epidemic. Although the possibility af
some unknown factor in the disease cycle still exists, certain control recommendatio%s
based on nitidulid transmission should continue to be made. Wounding of oaks in tBe
spring should be avoided in areas where there 1s a potential for mycelial mat formatio$.
When wounds do occur, the use of wound paints to discourage contaminated nitiduligs
from inoculating trees is warranted. The movement of wood from diseased stands shoud
also be discouraged to prevent the transport of fungal mats or contaminated nitidulids g
new locations.
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Summary
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Sap-feeding nitidulid beetles were trapped in four oak wilt centers in central Texas and assa_\,rgd
for contamination with the pathogen, Ceratocystis fagacearum. No contaminated beetle was
found at one location, while levels of contamination ranged 0.3 % to 2.0 % at the remainigg
three. All of the beetles carrying the fungus were found in spring and early summer. Thrge
nitidulid species were found to be contaminated. In addition to C. fagacearum, beetles were algo
found to be carrying C. piceae and C. pluriannulata. '

Résumé

Les Nitudilidés comme vecteurs de agent de I'Oak wilt et d’autres Ceratocystis spp. au Texas

1He-yO ‘38N Jo sa|nJ 4oy Akeiqiau

Les insectes nitudilidés consommateurs de séve ont été capturés dans quatre foyers d’Oak wilt gu
Centre du Texas, et analysés pour leur contamination par Ceratocystis fagacearum. Dans un sife,
aucun insecte porteur n’a été trouvé, alors que le taux d’insectes porteurs allait de 0,3 % a 2,0g0
dans les autres sites. Les insectes porteurs n’ont €té trouves ?u’au rintemps et début d’été. Trds
especes de nitudilidés ont été trouvées contaminées. Outre le C. fagacearum, les insectes etaieit
également porteurs de C. piceae et C. pluriannulata.
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Zusammenfassung

Nitiduliden als Ubertrager von Ceratocystis fagacearum und anderen Ceratocystis-Arten in Texas

In vier Zentren der Eichenwelke in Mitteltexas wurden Kafer aus der Familie der Nitidulidae in
Fallen gefangen und auf Sporen von Ceratocystis fagacearum hin untersucht. An einem Ort
wurden keine Inokulum tragenden Kifer gefunden, an den drei ubrigen Orten lag die Kon-
taminationsrate zwischen 0,2 und 2 %. Ké%er, die Inokulum des Pilzes trugen, traten nur im
Frihjahr und Frihsommer auf. Drei Nitduliden-Arten wurden als Triger von Pilzinokulum
nachgewiesen. Aufler C. fagacearum wiesen die Kifer Inokulum der Pilze C. piceae und C.
pluriannulata auf.
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