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Records of Pyxidiophora ascospores attached to 116 collections of 35 species of mites associated with beetle habitats in trees and 
wood show that these associations are common and widespread. Range extensions include western North America, Asia and New 
Guinea. A large series from one Louisiana locality ~rovides  information on ontogenetic and interspecific differences. Although new 
species of Pyxidiophora are aimost certainly present in beetle habitats, new species are not formally described here on the basis of the 

ascospores. Species of Pyxidiophora, previously known from dung and plant debris and as mycoparasites, are present and common in 
tree and wood habitats of beetles where phoretic mites are important for ascospore dispersal. 
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Pyxidiophora Bref. & Tav. is a perithecial ascomycete with 
long, slender, two-celled ascospores. Most species develop a 
darkened region at the distal end of the ascospore (as it is 
oriented at the perithecium neck). In P. kimbroughlt Blackwell 
& Perry the darkened region develops into a holdfast for 
attachment of the ascospores to mites where the spores later 
develop into a Thaxtenola Speg. anamor~h (Blackwell e t  al., 

1986a,  b). 

Species of Puxldtophora are best known from dung and plant 
litter habitats (see Lundqvist, 1980). Pyxrdiophora ktmbrotlghri 

is the only species known to be associated with mites in bark 
beetle habitats iBlackwell ef  ul., 1986a, bj. However, based 
upon previous reports of a variety of presumed Pyxtdtophora 
ascospores on mites, we suspect the widespread occurrence of 
additional species associated w ~ t h  bark beetles iltjlajewski & 

WiSniewski 1978u,  b ;  Lundqvtst, 1980; Simpson & Stone, 
198 7). 

Pyxtdrophora ascospores have been described as Tiraxierrciiir 

moserr Maj. & Wiin and ilrur~tzioitz s t ~ h b a s t ~ i l ; ~ t r ~ c i ~ f ~ ~  &la]. & 

WiSn and A. i?usaitpttrrctatn &Val. & WiSn ihfalewskl & 

W ~ i n ~ e w s k ~ ,  1978~1, 11, :lnrnntc~;u Ma]. & rit'lsn was distin- 
gulshed from TIi~rxf-rriithr on the basis of the placement of ;t 

pore-iike s;rructure outside the darkened holdfa5t region, 

Mowel er, tundqvlst i 13801 po~nted out rhat these t > r n r ~ \  lack 
conidla and !rai t n o  status as anamorphs. 

Here we provide additional reports of Pyxidiophora 

ascospores from mites associated with beetles (Scolytidae, 
Brenthidae, Cerambycidae), and free-living mites in wood. 
Some of the ascospores are identical to those of P. kimbroughii; 

other types of spores cannot be referred to known species of 
Pyxidiophora. 

We have not described new taxa because this is best done 
from the entire teleomorph. We hope that the information 
provided will encourage a search for additional species of 
Pyxidiophora which almost certainly exist in trees and wood. 

METHODS A N D  MATERIALS 

Mites known to bear ascospores of A1xidl~1p110rn were obtained 
from a variety of collectors. They were usually mounted rn 
Hoyer's solution or Bcrlese's modihcatron Kinn, 19701 2nd 
ringed w ~ t h  Glyptol {General Electnci, or ;i similar sealant. The 

miter were coilected from pheromone trap.; beetles and insrc! 

galler~es Mrte specrmcns csarn~ned are !~.teii In Table : .lr:c! 
h n d  are housed ?n "re coilectlon of C hziloscr, Soutbcm 

Forest Fxperrrncr:t t;liwrator~, C S D d  forest Sc*r~*rcc Pine.~ l i i~a  

Loutsiana, Lr S ii 
lscospores Lhvcw'e ki-udied arcl ~7ihr1tographeci i -3 nlourts'i: 

mite5 ;it u 1000. Orrginai &rni.xln,s 2 . t ~  r;>;rcae LP.~PE 

Jrnk$inc tube callhated at x 130~1 
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Table 1. Geographical distribution, habitat, and arthropod associations of Thaxteriola-type ascospores 

Mite Habitat, arthropod 
Mite species stage1 associations Locality 

Dendrolaelaps neocomuhts (Hurlbutt) 0. Moser 6027, 

6222, 6240, 6241, 6243, 6249, 6253, 6254, 
6258, 6262, 6266, 6267, 6269, 6303, 6351) 

Dendrolaelaps uaripunctatw (Hurlbutt) U. Moser 
6083, 6107, 6389) 

Dendrolaeiaps quadrisefw (Berlese) 0. Moser 30215, 
30320, 30348, 30353, 30361, 30389, 30404, 
30427) 

I, pn, dn2, m, f Galleries SPBB3 in Pinus taeda L. Louisiana : Elizabeth 

Galleries Ips spp. Louisiana : Elizabeth 

Reared adults Ips confusus (LeConte) 
in P. edulis Engelm. 

California: 6 miles N. 
Fawnskin 

Dendrolaelaps quadrisetw (J. Moser 24552) On Ips typographus L. Sweden: 18 krn E. 
Uppsala 

Louisiana : Elizabeth Dendrolaelaps qwdrisetosimilis (Hirschrnann) (J. 
Moser 6640) 

Dendrolaetaps neodisetus (Hurlbutt) (J. Moser 12465, 
19188, 30308) 

Dendrolaetaps rofoni (Hurlbutt) 0. Moser 10741, 
10757, 10773, 10783, 10825, 10830, 10843) 

Dendrolaelaps rostricomutus Hirschmann & 
WiSniewski (Wiiniewski-no number) 

Dendrolaelaps fukikoae Ishikawa (Canadian National 
Collection 81-888) 

Longoseiw brachypoda (Hurlbutt) 0. Moser 4649) 

M u c r o s e i ~  sp. nov. (J. Moser 11537) 

Galleries Ips spp. in P. taeda 

Galleries Ips spp. in P. taeda; on Ips 
grandicollis Eichhoff 

Louisiana : Elizabeth, 
Livingston, William 

Louisiana : Elizabeth Galleries SPB4 in P. taeda 

Under bark Abies alba Mill. Poland : swietokrzyski 
National Park 

On Monochamus alternatus Hope Japan: Ibaraki Pref. 

Galleries SPB in P. faeda 

Reared adult Monochamus titilator 
(Fabricius) 

Galleries SPB in P. taeda 

Louisiana : Elizabeth 

Louisiana : Elizabeth 

Ameroseius longitrichus Hirschrnann (J. Moser 4664, 

4810, 4837, 4839, 4853, 5090) 

Proctolaelaps fiseri SamBifiik 

Louisiana : Elizabeth 

Galleries in P. taeda 

Galleries Ips spp. in P. faeda 

Louisiana : Elizabeth 

Louisiana : Elizabeth Proctolaelaps hystricoides Lindquist & Hunter (J. 

Moser 6078) 

Proctolaelaps subcorticalis Lindquist (J. Moser 15922) 

Vulgarogamasw lyriformis (McGraw & Farrier) (J. 
Moser 1629) 

Galleries SPB in P. mdis Endl. 

Galleries SPB in P. faeda 

Guatemala : Totonicapan 

Mississippi : Bude 

Gamasolaelaps subcorticalis (McGraw & Famer) U. 
Moser 4233) 

Uroobouella orri Hirschmann (J. Moser 16442) 

Galleries Ips spp. in P. taeda Louisiana : Elizabeth 

Galleries SPB in P. taeda 

Galleries SPB in P. taeda 

Galleries Ips spp. in P. faeda 

Louisiana : LaSalle Par. 

Louisiana : Elizabeth 

Louisiana : Elizabeth 

Cercoleipus coelonofw Kinn (J. Moser 5659, 10057) 

Histiogaster rotundus Woodring 0. Moser 5995, 

6015, 6016, 6019, 4068, 6072, 6099, 6100, 
6102, 6300, 6337, 16102) 

Tarsanemus krunhi Smiley & Moser (J. Moser 
31060, 3 1070, 32653) 

Tarsonemus krmfzi  U. Moser 30828, 31092, 31143) 

Reared SPBB in P. tgeda Louisiana : Winn Par., 
Grant Par. 

Reared SPB in P. taeda Texas : Sablne National 
Forest 

On SPB in P. taeda 

On SPB in P. faeh  

Tarsonemus rps Lindquist (J. Moser 3 1052) 

Hef.erutarsonemus i~ndq~lst t  Srniley (J. Moser 30857) 

tou~s~ana Grant Pa- 

-etas San jacinto C <- 

~"oiltnu Swtqrctkrr"- \\I 
T,i tionai park 

Trrchotlrupo~~~z Iorrg~oualrs Hirschmann & Zlrng~ebl 
Nicoi i'vt'iin~ewskl-no number} 

Tr i ihour~ f io~ i~  munroi Ryke i\iiiisnlewskl-no 
number) 

Under bark of Eni~indropi~r~~~yt~tz 
;liitvidricum Sprague imported to 
Pooland 
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Mite Habitat, arthropod 
stage" associations Mite species Locality 

Tt.ichouropoda sxzcinensis WiSniewski & f 
Hirschmann (CViSniewski U-5 5 8) 

Nenteria nuci~hila Hirschmann & WiSniewski dn 
(Acad. of Agric. Poznari-no number) 

O n  Entandrophragma cyiindricum logs Congo 
imported to Poland 

On  Elyfracanfha pogonocem New Guinea : Sattelberg 
Montrouzier 

1 = larva; pn = protonymph; dn = deutonymph; m = male ; f = female. 
Phoretic stages of mites. 
SPBB = Southern pine bark beetles (any of a number of bark beetles, mostly Dendroctonus spp. and Ips spp.) that infest southern 

pines. 
SPB = Southern pine dark beetle, Dendroctonw fiontalis Zimm. 

Table 2 .  Geographical distribution, habitat, and arthropod associations of Acariniola-type ascospores 

Mite Habitat, arthropod 
Mite species stage1 associations Locality 

Dendrolaelaps neocornutus (J .  Moser 15754, 15762, 

15834) 
Galleries of Ips spp. in Pinus rudis Guatemala : Totonicipdn 

Dendrolaeiaps neocornutus 0. Moser 168, 303, 305, 

311, 323, 329, 339, 342, 346) 

Galleries SPB3 Virginia : Accomac 

Dendrolaelaps quadrisetus 0. Moser 30587, 30623) Reared adults Ips confusw in 
P. coulteri D. Don 

California : Lake 
Arrowhead 

Dendrolaelaps quadrisetus ( J .  Moser 24552, 29930) O n  Ips bpographm Sweden: 18 km E. 
Uppsala 

Proctolaelaps sp. U. Moser 275) 

Proctolaelaps subcorticalis (J. Moser 2021) 

Galleries SPB in P. echinata Miller 

Reared adult Dendroctonus ponderosae 
Hopk. in P. contorfa Loud. 

Galleries SPB 

Virginia : Accomac 

British Columbia : Radium 

Procfoi~elaps subcorticalis (J .  Moser 19782) Guatemala : Puenta 
Tzaztzia Solata 

Procfolaelaps xylotari SamSiii6k (J .  Moser 23041) 

Proctolaelaps rylofari (J. Moser 24670, 24693) 

On  Thanasimus formicarius L. 

On  Trypodendron lineafurn 01. 

Norway : Kongsberg 

Germany: 25 km S.E. 
Freiburg 

Lasioseius safroi (Ewing) (J. Moser 8598) Galleries Dendroctonw pseudofsugae 
Hopk. in Pseudotsuga menziesii 
(Mirb.) Franco 

Galleries Ips spp. in P. rudis 

Idaho : Moscow 

Hrstrostoma conjuncfa Woodring & Moser 
(J. Moser 15850, 15897) 

Htsftostoma dryocoeti Scheucher (J. Moser 24682) 

m, f 

dn" 

dn2 

dn" 

Guatemala : Totonicipan 

On Trypodendron lineaturn Germany: 25 krn S.E. 
Freihtrrp 

Trrchouropoda polyfrtcfin iVitzthum1 (J. Moser 
241 19) 

German\ -3 krn E 
Frel burg 

Grrrrack 3 kkm 5 t 
Frt~l>urg ,  it7- km > E 
C r p ~ b u r ~  -0 ~ n -  5 
1 -xib>~~rq, bi?rnkL3p; 

!'i:iLrnd 

Urooboueila virzicolora (Vitzthum) (J. Moser 24470, 

24494, 24696, 24910, 24911, 25007, 25021) 

Pedlculnster sp .  ij ?/loser 18505) rn, f" 

J n  = deutonymph, rn = rnaie, i = female 
phoretic stages ot mires 

"SPB = Southern pine park beetle, DenJroctanu~ fr~r~; iz i i \  
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Fig. I, A-T Thaxfertoia-type ascospores A11 attached to m~tes  except IA  A, Immature ascospores of Pvxtdrophorn krmbroue3hri, Louisiana, 
holotype, Blackwell 200, B, Thnxterroia anamorph of P Ximbrot?qht~, Texas, paratype, J Moser 31087, C, Louls~ana, j Moser 4649, D, 
Loulstana, J Maser 6249, E, Texas, J hloser 31 143, F, Louisiana, J Moser 30308, C ,  Cal~fornra, J Moser 30361, H, Louls~ana, J Moser 
6019, 1, Louts~ana, J Moser 6243, J, Lourslana, J Moser 5995, K, Virginia, Moser 323, L, Guatemala, J Moser 15922, M,  wede en, J 

Mosey 24522 N, New Guinea, %V~Sniewsk~ specmen, 0, New Guinea, Wlsn~ek~sk~  specimen, P, Japan, Can Nat Coilect~on 81-888, Q, 
Congo, W14nleu-skl U-555, R, Central Afrlcan Republic, W~Sn~ewskl specimen, S, Poland, WlSnlewski specimen, T, Poland, Wliniewski 

specrmen 

RESULTS 

A;] the ascokpores ;trerc present on thirty Pttc bpecies i d  TI?!~C"S o n  ; I  a ,  1 - 31; O T R i l t l l e ' l 7 i d ~ 1 ( ~ i ~  <~:-ci c = i w ~ ~ ~  

;hL,retic on i\ood-borrng beeties, coiieii.cd I R  bark beekii. .i septa :%"bile "omc c): + * - L '  ~ r : i ' l i i i ) r v  ij,n:t)kt i - * ? ~ r - ~ t  

gLi~ler~es ilnder bark o r  ~ 3 n  logs iTabies I ,  J. l iw i r  iduaj ~I?~;?s  : C ~ S ~ ~ C I ~ I C  \)thcr a ~ i a i i ~ "  iJ:onaob. ,ac <>\u,r 

ot the I lc coi i t . c t~ i r \  had several, to t*zc.ii t%r ,311 . i r ts~hcci  v7rc:genctlc diEerenct*s 



Meredith Blackwell, J. C. Moser and J. WiSniewski 40 1 

Fig. 2.  A-Q. Ac'zritziolu-type ascospores attached to mites. A, Norway, J. Moser 23041; B, Sweden, J. Moser 29930; C, Germany, J. 
Maser 24911 ; D, Germany, f .  Moser 24494; E, Germany, J. Moser 25007; F, Germany, J. Moser 24470; G, Germany, J. Moser 24682; 

H, Germany, J. Moser 24670; I, Germany, J. Moser 24910; J, British Columbia, J. Moser 2021; K, Idaho, J. Moser 8598; L, Utah, J. 
Moser 18830; M, California, 1. Moser 30623; N, Virginia, J. Moser 303; 0, Virginia, J. Moser 168; P, Guatemala, J.  Moser 15754; Q, 
Guatemala, J. Moser 15762. 

Two basic types of ascospore were recognized on mite 
surfaces. The Thaxteriola-type (Spegazzini, 1918; Thaxter, 
1914, 1920; Povah, 1931; Majewski & Wiiniewski, 1978a, b; 
Lundqvist, 1980; Blackwell et al., 1986a, b) has a pore which 
is usually visible in the darkened attachment region and two, 
or rarely three, septa (Fig. I). The Acartniola-type (Majewski & 
Wiiniewski, 1978a, b; Lundqvist, 1980) is distinguished by a 
pore outside the darkened attachment region nearer the 
septum of the basal cell; walls of one or both cells are usually 
finely spinulose (Fig. 2). 

Both types of ascospores were found on a variety of mite 
species from geographically well-separated localities. The 
majority of the mite specimens were from the southern United 
States of America. Tbraxteriala-type ascospores 155-75 pm 
long) on twelve species of mites from about 75 collections 
from the contiguous states of Louisiana, Texas and Mississippi, 
were identical w~ th those of Pyxrdlophora krn~hrou~qhrr (Fig. 
1 A-F). Specimens from California were stmiiar In size and 
shape except that the ascospore wails %ere more darkly 
p~gmented (Fig. I G). 

A second Tl~uxterroia-type spore was found a t  one Lou~siana 
locality, sometimes on the same mite with I-" k : n ~ i ~ r = ~ ~ q h l ~  
ascospores. i t  was clearly distingished by its consrst.tnriv 
shorter length (30-38 prnl and smailer dark basal region f F ~ g  
1 H-1: 

Spares srrnllar In appearance and \rze r o  :hi% majier 
Louisiana type \\crt> also Fmnd on rnlte.i +-iir rc:inis 

U.S.A., Guatemala, Sweden and New Guinea (Fig. 1K-0) .  
Louisiana specimens may be conspecific with those from 
Virginia and Guatemala; they were associated with Dendroc- 
tonus frontalis at all three localities. The Swedish mite was 
associated with the scolytid beetle, Ips typographus (L.), but the 
New Guinea specimens were associated with a brenthid 
beetle, Elytracantha pogonocerus Montrouzier. 

A variety of other Thaxferiola spore types smaller than P. 
kimbroughii were present on mites from Japan, the Congo, 
Central African Republic and Poland (Fig. 1 P-TI. The Poltsh 
specimens are distinctive in their banded pigmentation pattern, 
constricted spore tip, and in some spores, heavily spinuiose 
walls. The Congo and Japanese specimens differed from others 
in this study by having three transverse septa. These rnltes 
were collected from diverse habitats: under fir bark (Poiand), 
in sapela imported to Po!ar.d from the two 4frican locairircs, 
and w ~ t h  a cerambycrd beetie in pipe j;lpan, 

.4cannroln-type ascospores were koud IP several Iocalit!cs 
in North America and northern Europe #Table 21 These 4;pores 
were 26-33 Pm in length and one-septake, r h r  ccji adtticeni; tc 

:he attached cell and sometlrnes both ccils ~vere spindose drd 
it~a11;y more clarklj pigrncnted in the spinu!usc a r t ~ i  Ft~ropcar: 
Lpecirnens were kornetvhat longer F I ~  2 ,xl-i than Kt-rv"i? 

3trnerlcan specrmens ~ F l q .  21-(2 c): these spores vere 

, oiieci-ed on rnlte.: associated wit5 sIci>~vt~d beelie- pp?re ,In: 
:i% c !i)cai!ties iSwcaen, IS kn: E L rp;ri;i C ~ i a t e n ~ a i a  [he 

.l,izr ti '!r-i-:;pe more L \ ~ S  prewnt. 9 i; \mail T j . L t ; \ i ' ~ l i  . ~ i  
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type spore, sometimes on the same mite. Most ascospores had 
pores in the attached cell within 2-5 pm from the septum; 
however, specimens from Sweden (Fig. 2B) and some from 
Germany (Fig. 2C-F) had pores about mid-way between the 
darkened holdfast region and the septum. Pore placement was 
consistent within each collection. The deeply-pigmented 
holdfast region on North American (Fig. 21-Q) spores was 
generally at the end of the spore; European specimens (Fig. 
2 A-I) usually had a darkened region several micrometers from 
the end of the spore. This may be due to ontogenetic 
differences. A single non-pigmented holdfast region was 
found in one of six normal spores from a German collection 
(Fig. 2F). There was no evidence of any pore structure in this 
region or in any normally darkened holdfast structures in the 
Acariniola-type spores. 

DISCUSSION 

Lundqvist (1980) recognized Polish specimens of Thaxteriola 
moseri and Acariniola spp. (Majewski & Wiiniewski, 1978 a, b) 
as those of Pyxidiophora; because conidia were not present he 
included these species in the synonymy of Pyxidiophora. 
However, the discovery of conidia in the Thaxteriola anamorph 
of P. kimbroughii Blackwell & Perry (Blackwell et al., 1986a, b) 
establishes a link between at least this one species of 
Pyxidiophora from bark beetle habitats and species of Thaxteriola 
producing conidia discussed by Spegazzini (1918) and Thaxter 
(1914, 1920) from dung beetle habitats and free insects. 
Whether the ability of Pyxidiophora ascospores to develop 
directly into a conidium-producing anamorph is a widespread 
phenomenon or not is unknown (Blackwell & Malloch, 
1989). 

We have assumed that the ascospores reported here are 
those of species of Pyxidiophora. However, discovery of 
complete teleomorphs is necessary to be certain. Our basis for 
considering the ascospores to be those of Pyxidiophora is 
similarity in spore shape and the presence of the unusual 
darkened holdfast region. Thaxteriola-type spores have a pore- 
like structure in the darkened region which we interpret as a 
secretory pore from light microscopic observations. In 
Acurtniola-type spores no such pore was observed, although 
they were attached to the mite cuticle at the darkened region. 
The additional attachment structure found nearer the septum 
is similar to early attachment structures found in the 
laboulbenialean genus Herpomyces Thaxter (Blackwell & 
Malloch, 1989). While we refer to it as a 'pore', it may be a 
sucker-like pad. No haustoria were observed in either spore 

type. 
Dramat~c ontogenetlc changes occur during ascospore 

development in P. krmbrougizrr culminating in release of 
ascospores to the pertthec~al neck, often before complete 
maturation rBiackweiI ei a/., 1986a, b; Blackwell & Iclailoch, 
1989). At the per~thec~ai neck the one-septate, smooth, 
hyailne spores begln to develop the darkened holdfast region 
and may become two-septate. These progressive changes ~ a y  
occur as tong as several days after ascospore release 
.iscospores with cntrre walls somewhat darkened 2nd 
roughened have been observed only attached to mites 

Amount of wall darkening cannot be used with confidence 
here as a taxonomic character because amount of pigment 
may have been affected by differences in the treatment of mite 
specimens which often are cleared in hot lactophenol. 
Ascospores of some species of Pyxidiophora are known to be 
three-septate (Breton & Faurel, 1967; Hawksworth & Webster, 
1977; Lundqvist, 1980; Banasa & Moreno, 1982), and two 
collections reported here have three-septate ascospores. Based 
on previous observations (Blackwell et al., 1986 b), ascospores 
of P. kimbroughii sometimes become two-septate late in 
development. Additional studies of maturing spores are 
needed to evaluate the use of septation as a taxonomic 
character. 

The darkened holdfast region increases in area and 
apparently develops the pore after attachment to mites in the 
Thaxteriola-type spore. Although the darkened region may be 
subterminal in early stages of development, it eventually fills 
the terminal part of the spore in at least some specimens. Early 
development of the pore near the septum in Acariniola-type 
ascospores has not been observed in any species of 
Pyxidiophora which are known from the entire teleomorph. 
One additional change apparently occurs during ascospore 
maturation on mite substrates - the elongated, thickened 
spore tip often becomes broken. This fact must be taken into 
consideration when spore lengths are compared. 

Observations on P, krmbroughii development, the large 
number of collections of P. kimbroughii, and the smaller 
ascospores from the Gulf of Mexico region have helped us to 
infer ontogenetic changes which may occur after ascospores 
become attached to mites. Other differences in Thaxtenola- 
type ascospore morphology are considered interspecific. 
Where a large series of specimens was examined from similar 
arthropod assemblages, non-overlapping ascospore length 
ranges were interpreted as evidence of different species. The 
conspicuous banding pattern and constriction of the spore tip 
in Polish Thaxteriola-type ascospores separate them from all 
others known. Pore placement near the septum or midway 
between darkened region and septum is consistent in 
Acariniola-type ascospores and has been used to distinguish 
species (Majewski & WiSniewski, 1978a). Two trends in spore 
size are evident from the material we have examined: 
Acariniola-type spores are smaller than Thaxferrola-type spores 
in bark beetle habitats; Thaxteriola-type spores from bark 
beetle habitats are generally smaller than those of known 
species of Pyxldiophora from other habitats. 

Limited material of the other Thaxferro/a-type and the 
Acartntolu-type ascospores and lack of ~nfomation on 
development of the teieomorphs prevents recognitton of 

additional species. Until teleomorphs are dtscovered in the 
beetle and mite habitats, the taxonom~c questions raised b) 
the presence of the ascospores cannot oe answered 

The occurrence of Pyxtt-iiophora ascospores reported here 
rnd~cates that the genus IS comrnoniy ,issoclatcrd wrth mites 117 

trees and wood. Prev~ous d~strtbution records from Suroce 
ih?arewsk~ & Wlsnrewsk~, t978or), Gu1k Coast, L S A t h1ajet.i cni 

& Wrintewsk~, 1978 b; Blackt.~el! ei L J ~ . ,  i 3 86~, ill and .Austrslia 

Sgrnpson & Stone, 198': k ~ ~ e  neen extcrdeli *o 

ilciude New Guinea, japan Africa, Ccctrai +'~rnerrca ~-.a 
.*~estern Norrh America. Other sDccres or i3cirrdioyl:iir,i K P O ~ P  
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from the complete teleomorphs occur primarily in dung and BLACKWELL, M. & MALLOCH, D. (1989). Pyxidiophora: A link 

plant debris habitats and sometimes as mycoparasites. 
Blackwell & Malloch (1989) speculated that most species may 
actually be mycoparasites. Mite dispersal and perhaps that of 
insects is probably extremeIy important to dispersal of many 
species. Mite dispersal has been observed in only two dung 
Pyxidiophora species, but is suspected in others (Blackwell & 

MaUoch, 1989). In addition ascospores occur on a variety of 
mites from plant debris (Blackwell, unpubl.). 

The recognition of the common widespread association of 
Pyxidiophora with tree- and wood-inhabiting mites, usually in 
beetle habitats, will be important in the consideration of 
evolution within the genus. Study of this assemblage has 
already led to a better understanding of the biology of other 
species by explaining the function of the darkened holdfast 
region and suggesting the general importance of arthropod 
dispersal in the genus. 
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