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1. Introduction

Decaying wood represents a large source of energy and nutrients in many forest ecosystems
(Game & LOGAN, 1977; Swnrr, 1977 a; Voar et al., 1982; HARMON at al., 1986), and provides
both a substrate and a food resource for a diverse assemblage of fauna (Etzon, 1966),Invertebrates
assist-in the decomposition of wood in a manner similar to that observed in the decomposition of
foliar litter (e. g. Ausatus, 1977; Swrrr, 1977:Sim-mar, 1984). Relatively little is known about
the fauna inhabiting decaying wood. PAGER (1968) reported on species composition and relative
abundance of arthropods on natural and artificial logs. flmueott at al. (1986) summarized the
patterns of decaying wood use by macroarduopods, while Waiwottx (1976), Anao•rAet a/. (1980)
and Moor,* CROSSLEY (1982) documented population densities and effects of microarthropods
found on decaying branch litter during the initial stages of decay. However, population densities of
microarthropods in larger pieces of decaying wood or in wood in advanced stages of decay have not
been quantified.

The present study measured the densities of microarthropods in tree stems (boles) of various
stages of decay from a coniferous forest in the northwestern U.S. Numbers of microarthropods in
different factions or different types of wood (e. g. sapwiiod vs heartwood) were recorded, and a list
of mite (Acari) species was prepared. These results were compared with published information on
microbial respiration and decomposition dynamics of this wood (SouaNs at al., 1987). A less
extensive data set was also collected at two additional sites, a coniferous forest site in the Rocky
Mountain region. and a riparian forest site found in the tallgrass prairie biome.. Densities of
microarthropods from these samples were compared with similar results from samples obtained
from the forest floor of these sites. These findings allow us to generalize about patterns of
microanhropod abundance in decaying wood.

2. Study sites and methods

Three sites were used to meastue microarthropod population densities in decaying wood. The primary site was
located in a mature Douglas-fir (Psesmiotruga tnentienie) forest at the H. J. Andrews Forest in the Cascade Mountains
of Central Oregon. Nutrient dynamics and wood decay teas at this site have been reported in detail by Saxon et al.,

.` •	 (1980, 1987). The site (calle41gh 15" Li tie 1987 report) bad an average temperature of 8 •C on an annual rainfall of
2150 mm. A second site was located in a grand fit (Alga grandiso) forest at the University of Montana Biological
Station. located about 1100 km east of the Oregon site in western Montana. The Montana forest also had an average
temperature of 11 •C, but rainfall avenged only 556 tam. Decaying...boles of Douglas fir trees were sampled for
microarthropods at both sites. Boles of a kw other species of trees were also sampled for microanhropocts. Both sites
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lad typical mor soils, with a 1-2 cm liner layer of dmoutposing conifer seam amities woody dells. The third she
was located in • riparian forest in =abutters Kowa, a bur oak (Qua= macrocerpea) form dearibed by
Kmutransaf (1986) and Musa (1986). Tempera= averaged 13V sod WAR amused 833 no at this largely 	 •
grassland she. Decaying boles of bur oak sod laekbeery (Celas occidente611) was sampled. The forest soil is 6a
diatoms was a des* mull type brined, in peer, by extrusive earthworm merhy. Small MOWS draw bur
occurred over a deb A barium	 •

Wood we ramified Imo decay dams acoordieg lo be promdae detailed by Tam a 010110AM (19110) and
Rheum ad. (1986). The age since the daub tithe see could be estabrabol for some of the samples by andpia of
swan growth income= of living soddead teen. However, lbr wood is adulated asses eddemy, lWs moss was	 •	 •r, -1,?r impossible. The use of decay gasses therefori provided a means of asandardiang decay dhararisties of the wood ao	

1

messuressents such asseinearthmesodpopuletioodensitieseenddiormaymed. Da*, decoy elms I lessesoddly
solid wood with intact bark. Decoy does II ie limbs but shows, ,•ftl• itheebg of the sapwood. Decay dam IQ has
amorally sowed bessewothi but sbows frocoloratios awl evidenceolayarthbal invasion Decay dam IV be mien
bummed that brads boo small, blocky pieces, and decay to V he soft, wader / seessiset Only fiesseente of
outer bark and heuramodsemob in decay thews IV and V; inner beck sod wood bra tleappered. AO age dosses
were sampled is Oregon. Montana and Kansas samples was marina to decoy elms IV and V boles that could be
sampled with a eating loot. The Montana samples were subdivided lass Maraca beartwocd (sop S can) and subsurface
heartwood (S cm or deeper within the bole). The boles in Kamm was not leers; only surface samples were taken.

Quantitative adman of microertbropods hum wood aod hear and soil west obtained by Ideberadient extraction
methods (Moamar a Caossesv, 19* S IFAVIDT a C110111LEY 19710. A blown voktme of wood was obtained with
a S cm diameter circular bole-our or coring loot and placed inside San diameter x S as deep aluminum minim

A	
Thee :wen placed os a 16-unit extraelOr for one week or ,sail the wood wee dasougldy dried. Ex ma= were made
beside a walk-ice cooler with at ambient iemperautre of VC. bidsl low reermery of enimeardirmods hoe wood
samples extracted with this procedute was attributed so the low relative humidity inside the cooler. To mereet,46 ^l,;

e	 problem, the enamor was placed iosiVarge plastic bop. Them pmeedures Moused the Waive tumidity of the
apparatus and WialiC001111 appeased mote ancient. Psersmiesm samples were not rod in subeemant eadyses. Wood
samples were examined under the dissecting scope following eltraCd011. aka° otimeardwopodsAbend. We suspeet,-- 4
however, that • number of species were not collected with the bigbpsdient arsamor (Vaasa ta U., 19117). Initial	 A 
moisture content of wood samples was never lower than 30% by OM and no oceteledon was Owned between

4population densities of neicroarthropods and moisture costar ei ght wood. Wood Rambo from peps were obtained —_	 CrE2:
in winter and summer. A preliminary analysis indicaied ao density diffetences =rhumba loasidom and mats were
therefore combined. Montana and Kansas samples were atomised only in sosomer.

Mieroarthsopods were examined under a dissecting scope and sorted boo broad autonomic poupinp using the
procedure of Swum Caosstir (1981). The oribetid miss fecal/damns were idendfied osly to family level. No
sump was made to elucidate the taxonomic composition of the uncles from Kansas. A subset of the Oregon
samples, consisting of collections made from each decay class, was examined in more detail us provide informatioo on
the composition of the mite fauna. These samples wets sorted into mmorphotypee wider a damning scope, and
npesentatives of 	 type were mounted at a slide and examined with a phare-conirest miceosame. Adult specimeg — 	 st..

e	 differing in morphological characters were given different code nimbus, and a „species list" was prepared fame these
results. ihis list is undoubtedly an underestimate of the number of mite species found in decaying wood. Voucher

A	 specimens were deposited in the Dept. of Entomology Museum at Oregon Stew University. 	 -

3. Resul

3.1. Microarthropod population densities in wood of varying stages of decay

Microarthropod populations in decaying wood collected at the Oregon site exhibited extremely
large variation in sample population densities both within and among decay classes. This variation
is greater than that observed in litter and soil and reflects the fact that structurally sound wood houses
few microarthropods. Populations occurred in regions of microbial activity or cavities created by
wood-boring arthropods (e. g. Avows, 1977). As expected. microarthropods in Oregon samples
were found only in outer portions of wood during the initial stages of decay (figure 1). Outer and
inner bark housed the most microarthropods during the initial stages of decay, and numbers were
highest in sapwood during intermediate stages of decay. All of the inner bark and sapwood
disappears after about 40 years of decay. Heartwood initielly contained no microarthropods in
decay class I samples and microarthropod numbers increased through the decomposition process
(figure 1). Expressed on a volume basis, population dqs- ides in heartwood were not statistically  —
different in decay classes III to V (One-way Anova, p'5 . .10). Souders at al. (1987) found few

1g' —relation/ships between decay dassAof Douglas fir boles and respiration rate by microbes in --
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Fig. 1.	 sum= m amyl% boles hem Chew. Numbers over Inn bedlam rumple she for each
type and decay slave wood. Zeros indicate that the type of wood was ao longer punt is that age loss.

. Pak values occurred in decay class ll logs, but values were not statistically different
older decay classes. Moisture and nutrient content (% of mass) progressively increased with

decay class, and Souses et al. (1987) believed that microbial biomass increased with the age of the
decaying wood.

3.2. Population densities in decayed wood versus densities in forest litter and soil
Microarthropod numbers in wood of decay classes IV and V sampled in Montana were not

statistically different from population dg-Fides observed in similar samples from Oregon. Population
densities of microarduopods from the Montana decaying wood were compared similar estimates
obtained from the top 5 cm of litter and soil of adjacent forest floor (table 1). These molts indicate
that decaying wood is a relatively poor substrate for microartluopods. Two types of samples from
wood were compared to litter samples; surface Wood represented the outer 5 on of heartwood and
included moss adhering to the wood. Mlcroarthropod population densities in the outer S cm of wood
were about half of those numbers observed in forest litter and soil. Collembolans and prostigmatid
mites were the only 2 groups exhibiting statistically different population densities, but trends were
similar for all groups. Microanhropod population densities in subsurke wood were almost an ceder
of magnitude loviit than those observed in litter and son. Fewer numbers were observed for all
groups, with mesostivnstid mites and collembolans exhibiting the largest difference in population
densities. Microarthropod population densities in the subfurface wood were also significantly less
than those observed in the surface 5 an of decaying wood.

Most of the Kansas wood samples were from the surface 5 cat of decaying class IV and V logs.
Microarthropods obtained from Kansas samples were less abundant than those found on surface
wood from Montana, but generally more abundant than those found on Montana subsurface wood
(table 2). The top 5 cm of litter and soil of the Kansas deciduous forest also housed about half of the
population densitiesoofstroartheopods observed in the coniferous forest soil. This difference is
characteristic of mia
	

pod population densities observed in mar and mull-type surface soils
(aturmesou, 1975). Even in a mull soil, however a comparison of population4of miaoartbropods in
wood versus those in litter and soil indicatchat decayed wood remains an inferior substrate, with
overall densities in wood about half•those observed on the forest floor.

.•

•

■••

•
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Table 1. Population *asides of Moans micrearthropods in decayed surface heartwood (Closes, N sod V) (aseeT
Sal). subsurface wood (>5 ma bole log surface) and keys liner + asiL	 •

bliacatteopod group Thnuamds of individuals/at'

to 	 wood
(s w 8)

ambushes wood
(a 414 17)

Ewald soil
(s w 15)	 '

Mariaa2) 2.170	 .
(1,690-2.630)

601
(456-680

3.910	 •
(2.930-4.510) •

. antoaigsmna 1,290 395 2.260
(On/tesida) - (631-1,950)	 . (309-447) (1.6117-2,640)
Prosamme 408 199	 •  1.360	 •
(Actinedida) (187-398) (1151232) -1 l 056-1.620)
Ideseetigmeta 169 17 319

-	
t ( 

4-
IV •

Manmade)----b 
' Collembok

(53-248)
133

(4-20)
45

Grii-376)
6201	 i i'-i-• (18-179) (18-53) (432-712)

Toad Micrearthropearl) 2,340 SU 41,530
(1.130-2,830) (497-750) (3.540-5,200)

e_

• st,

\-y>
I

Note: Values are arithmetic mesas with 93 % calf. limits for pomade psnathests--m)
I) Wood samples are from daisy dames IV and V. Liner and soil samples were taken font the sop S ea of the forest
floor, but have been Gowned to numbers/m s for comparison with wood samples.
sj befudes groups not telndesed sepirmely.

•
Table 2. Population densities of Kansas microarthropods from outer Sao of decayed heartwood and from the top
5 an of the host floor.

Nitc:soarthropod group Thousands of individualsnas

wood
(a ` 16)

finest floor
(sw24)

Marina') 1.040 1,510
(768-1,208) (1.130-1.600)

anointment 472 737
(Oribatida) (304-556) (491-831).
Pregame** 154 629
(Actinedida) (87-183) (472-682)
14heassismata 410 123
(Gamssida) (208-493) (42-105)
Cambia 158 369

(13-332) (215-391)
Total micrearthrepods1) 1,280 2.0311

(974-1.480) (1.580-2.220)

Now: Values are aridsoietie means with 95% coat limits for geometric mean is peenthems.
1) Includes groups am tabulated separately.

•
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A

•
Tel* 4. Adult oeibluidstousd i f eatoples orsubileface &miss wood sod lime from a gaud fit knit L maestri
blowsoa.

Flo* Lime Maybe wood

number I%) of mod . ambet MI etgold

hissemids 7 1.4 ••• •
Pbdairsalidee 3 0.6 OP

Euplettinewidst 2 0.4 35 16.0
Iltschydobosildst 25 3.1 =ID

Dametithe	 . 13 2.7 2
Usearidst 13 2.7 =1,

Emoweidet •• 7	 . 1.4
Cwaisidse	 . 1 0.2
Nod ridae 1 0.2 1 0.3
Nsalterossoidas 1 0.2 1 0.3
Emostidat 7 1.4
Cwabotiadse 10 2.1 3.7
Tempel:Midst 16 3.3 21 9.6
Mitegemides 2 0.4 2 0.9
AstqMidet	 - 1 0.2
OPPactie 232 47.7 46 21.0-
Suctobdbidse 120 24.7 96 43.8
Onlostulidse 13 2.7 3 1.4
OrMisllidse 6 1.2
Achiptedidse 4 0.8 2 0.9
Corstozetidat 1 0.2 2 0.9
Cislumnidse 1 0.2

Total Motu 466 100 2U 100

3.3. Species composition the mites (Atari) is wood
The microarthropod fauna of decaying wood in Oregon is dominated by °Amid mites;

both in terms of total numbers and numbers of species abundance (table 3). A total of 44
species of mites were identified frOm 43 wood samples from Oregon, half of which were
species of Cryptostignuita.

15 species of prostigmatid mites were represented, along with at least 6 species of
mesostigmatid mites and at least one species of astigmatid mite. A general trend towards
increased numbers of species from decay class Ito decay class III was evident. Trends beyond
decay class II may be obscured by variable sample size. The fauna was dominated by relatively
few species. Opiella nova, Cuhroribula bicultrara. Suctobelba sp. and &he/crab/0es sp. were
the dominant oribatid mites. A polyaspid mite was the abundant mesostigmatid mite, while no
single family dominated the Prostigmata. None of the above-mentioned species or families are
considered wood-feeders by LUXTON (1972) or Kadorrz (1978). Of these groups, only
oribatid mites are particulate feeders, and gut contents of the above species contained mostly
fungal hyphae. Those species that did appear to ingest large quantities *of wood included
Mieronitia sp.. Parlopockhonius sp. and a third species whose fecal pellets were observed in
the samples but was not, itself, collected. This last oribatid mite, an undescribed species of
Epilolunannia (R. A. NOXTON , personal communication), was unique for its relatively large
size and bright red fecal pellets. The color of the pellets was presumably due to the presence of
large amounts of heartwood in the feces. However, specimst of this species were collected -
only from Tullgren extractions of wood and were not obtained from those samples reported
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here. Thai, those species that appear to directly feed upon decaying wood composed a minor
component of the microarthropod fauna found in this substrate. -	 . -

Oribadd mites found in Montana decaying wood were compared to those found in forest
litter and soil (table 4). Two results are evident. First, the wood fauna was depauperate in
species compared to a similar number of litter and soil samples, and second, the dominant
species found in wood are generally the same species thatdomhzttabe fauna of litter and soil.- Q,
Oppielia nova was abundant from both substrates, as was SR	 sp. However, species of
Bracitychtlimilidae were abundaniin litter and soil, but were not found in wood. This finding is
consistent with the Oregon results, where only one specimen of Brockyclithenior sp. was
found in 43 samples. Species that had ingested large quantities of wood included only species 	 r
of Supbthiracaridae, a subdominant group common to botithe Montana and Oregon samples. -
Notably missing from the Montana samples were Parkypodahorsha sp. and Cultrotibula

C..,--biculinta. Otherwise, the composition of the wood fauna appeased quite similar at the level of
resolution used in this study. While neither the Oregon or Montana data are to be considered an
exhaustive list of the oribatids present in wood, the results suggest that the dominant 	 ‘: .
arthropods found in decaying wood are relatively small species of opplid and fuctobe/bid
mites; which also dominant# the litter and soil fauna (e. g., table 3 and Anon it ol.. 1980).

-	 .
4. Disatssion	 •

Quantitative but taxonomically-crude data such as ours may overgenendire about tbe apparent
IlliDiZMAID roles of specialized oribatids in the decay processes of wood. R. A. NORTON (pers.
communication) suggests that burrowing oribatid mites such as the plubncarids and naiads are
common and important in the physical breakdown of fungus-invaded wood. The effects of
tnicroanbropods on microbial processes. in conjunction with physical fragmentation. have been
hypothesized to be relatively more important in	 want substrates such as wood (Szarturr,
1984). Nonetheless, the	 'cal patterns shown in dig. 1 indicate that heartwood is an attractive

	

C7c	 substrate for modest densiti	 microanbropods only in the latter stage of decay. High variability in
numbers of microarthropods	 sample found in this study corresponded with high variability in
microbial respiration reported by Sourns a at. (1987). Wood is apparently a more heterogenous

	

3:	 A habitat for decomposers and associajil fauna than is litter and soil.
The diversity of the microarthropod fauna in wood is depauperate compared to that found in

forest litter and soil. We found only 22 species of oribatid mites inside of decaying wood compared
to 51 species found in coniferous litter by WALTER (1985) at a slightly lower elevation site. Asecrrr

al. (1980) reported over 60 species of oribatids from North Carolina on forest liner and freshly-
fallen wood stems. PAGER (1968) reported 55 species of mites in decaying logs, but only 26 species
of oribatids were observed. An examination of an equal number of wood and litter samples from
Montana produced twice as many species from the litter samples. Fauna restricted to decaying wood
appear to be few; perhaps Mierotrina sp.. Gehypochrhonitts sp. and Epilolontautia n. sp. represent
such species. However, samples taken of forest litter and soil often contain small fragments of
decaying wood (e. g. AMMON, 1978; SEASTEDT er al.. 1980). Thus, we should expect to see
species restricted to feeding on decayed wood to be present In such samples, but in reduced numbers
compared to samples containing only wood. Hence, just as WUNDIXT (1974) reported that the litter
fauna is a subset of a more diverse soil fauna, the fauna of decaying wood may also be considered a
subset of the forest floor fauna. The most numerous species found in decaying wood. members of
the Oppiidae and Suctobelbidae, are also the most numerous species found in liner and soil. The
dominant role of microanhropods in wood decomposition. as indicated by the feeding habits of the
dominant mite species, involves fungivory. Fungi first colonize the wood. These microbes are then

5	 grazed by microbivores which allowXthe wood substrate to be recolonized by the same of different -
microbes. including bacteria (e. g.Swin, 1977 b). A portion of the miaoarthropod fauna may also
be feeding on other mycophagous invertebrates (WALTER. 1987). The grazing and recolonization
cycle is repeated many times over before the substrate is mineralized. At the risk of belaboring the
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Ificroarthropod population densities in large woody debris increase during the decay process. Maximum densities
sae about 2 x 101 individuals per ms of wood, but remained 2-10 times lower than population densities found is an
*vivant amount of litter and sod from either coniferous or deciduous forests. Orhatid mites am the most abundant

--ndaterthrepods in. wood. Speck diversity of all microarthropod groups is lower is decaying wood competed with
species ambers in litter and soil. The dominant species in wood appear to be mycophagous; the number of wood-
hediog taierearthropods compose% small minority of both species and numbers of fauna found in decaying boles.
Key words: coniferous forest, aecay, deciduous feast, population density, miemarthropods, mites. °ribald:,
species divaisty, wood. 	 •
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obvious, this cycle in wood is much slower than that observed in decaying foliageon evidenced
NO by measurements of microbial activity and mass loss (Swoon et el. 1986; Souza et of,
19(104) and by low mrcroardeopod densities. 	 •	 ..

A	 A second, albeit smaller trophic pathway also exists in Wood. A subset of the ham, seinmented
is our :staples by species of the family Euphdracaridae and Perhypoelakeetus sp.. does directly -

	

■-% —Ingest wood. Wher or not these species have a gut ape capable of digesting cellulose remains 	 en
somewhat controversial (S. g. LUKTON, 1972, 1979).31ur data indicate that wood of later decay--Li

	

classes is preferred, suggesting that these species are actually feeding on dremicrofiora contained 	 A
on the wood. Noeetheleu, these fauna do affect the structural integrity of the wood and may, in fact,
be responsible for modifying the physical properties used in determining the decay class of the
wood. Wood of decay class V, for example, is lately made up of fecal pellets. Once the wood is
converted to fecal pellets, decomposition may be increased due to =basement at surface area (e.

ICncazu. oat., 1979), and these pellets become substrate for Amber microbial and nimbly=
activity.

Zusammenfassung
(Milamortbropedon ha ratomdan Haft we Nadel- sad Lsobbiemea der gowilllgtat Zest]

Die Dessizactse von Mikrowtheopoden in Holz sans withend der Rome use Baemstilmmen as. Bawer adds
Volumes (des belebten Substrates) betrug die Beratzdichte im mend= Hole war w his 14 der Besmediethe in den
abates Sew tend Baden-Schiduen (von 0-5 any. FL) der Nadel- Oder Laubwilder. die Urseche defOr let vermutSch
des ftlr Mitheenbropoden seladv nibrstoffarme $ubstrat.

On/maiden nod die sts :abhor:ham vennuene Tiergruppe its mend= Hole; die meioses Area diem Guppy
nod verinftlich taierapirropbeg. Hobftemeode Macro-Arthropods' sled die veniplea Ana sod die genuine Zabl
der Ineviduen.
Seblassalwersert Nadelwald, Laubwald. Holz-Abbau, Ram. Desannichm. Abundant. Divan*, Mikro-Aftbropo-
&a, Aced, Otibetei.
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