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FD-1
Aber, J.D., Melillo, J.M., and McClaugherty, C.A.  1990. Predicting long-term patterns of mass loss, 


nitrogen dynamics, and soil organic matter formation from initial fine litter chemistry in temperate 


forest ecosystems.  Can. J. Bot. 68:2201-2208.


Long-term decomposition data are presented for several types of foliar and fine root litter in different stands in Wisconsin and Massachusetts, U.S.A.  Changes in mass remaining as well as nitrogen and carbon fraction (extractives, cellulose, lignin) concentration are reported.  Three models were developed for describing change in mass remaining with time: a litter-specific exponential decay function (statistical fit of data for each litter type), a generalized exponential decay function (k predicted from initial litter chemistry), and a carbon fraction model that calculates the weight loss of each carbon fraction individually as a function of current carbon chemistry regardless of litter type.  The exponential decay function fits all litter data well for the portion of decomposition described here, but would not be appropriate for modeling longer term decomposition.  Both the generalized and carbon fraction models predicted weight loss accurately.  All litter types had similar carbon fraction chemistries at the end of the first phase of decomposition described here and also exhibited a narrow range of changes in nitrogen concentration per unit weight loss.  It is concluded that the length of time required to convert litter into soil organic matter and the chemistry of the material produced by this process can be predicted from initial litter chemistry and (or) relatively short-term litter decay data.  
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FD-4
Agee, J.K., and Huff, M.H.  1987.  Fuel succession in a western hemlock/ Douglas-fir forest.  Can. J. For. 


Res. 17: 607-704.


Fuel succession was quantified for a 515-year chronosequence in a Tsuga heterophylla/ Pseudotsuga menziesii forest. Postfire stand ages selected were 1, 3, 19, 110, 181, and 515.  After initial reductions due to mortality from fire in the first 3 years, live aboveground biomass in the tree component increased over time 1100 t/ ha.  Shrub and herb layer biomass was highest in year 19 and year 515.  Dead aboveground biomass had different trends for different fuel size classes; normalized fuel loadings of five dead and down fuel categories peaked at four different stand ages: 1-h and 10-h timelag (TL) fuels, age 1: 100-h TL fuels, age 19; 1000-h TL fuels, age 110; >1000-h TL fuels, age 515. Surface fire behavior was highest early in the sere and lowest at ages 110-181.  Old-growth forest patches appear to be best buffered against forest fire by mature forest patches rather than old growth or recently burned natural stands.
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FD-10
Arthur, M.A., Tritton, L.M., and Fahey, T.J. 1993.  Dead bole mass and nutrients remaining 23 years after 


clear-felling of a northern hardwood forest.  Can. J. For. Res. 23: 1298-1305.


Dead bole mass and nutrients were measured in a northern hardwood forest watershed at the Hubbard Brook Experimental Forest, New Hampshire, 23 years after all the trees were felled and left in place.  The experimental treatment of this watershed provided a unique opportunity to study large woody decay in a northern hardwood forest ecosystem with a well-documented disturbance history.  We classified dead boles along line transects into four decay classes based on objective criteria, including bole shape and degree of fragmentation.  Subsamples were returned to the laboratory for measurements of criteria, including bole shape and degree of fragmentation. Subsamples were returned to the laboratory for measurements of wood density and root ingrowth, species identification, and nutrient analysis.  In 23 years, mass of dead boles (not including stumps) declined by approximately 90%, from 116.5 to 12.7 Mg*ha^-1, and had an exponential decay rate constant, k, of 0.096 year^-1.  Significant differences in deadwood density were found among decay classes.  The density of hardwood species declined approximately 50% by decay class 1, and softwood density declined 17% by decay class 1, and softwood density declined 17% by decay class 1. Rates of decay appeared to be different among species, with maple and beech decomposing more quickly than birch and ash.  Differences in concentrations of some nutrients were highly significant among decay classes (P and Ca) and among species (K, P, and Mg).  Net release of nutrients ranged from 31% (N) to 93% (K).  Root proliferation was highly correlated with decay class of dead boles.  Highly decayed boles had much higher root biomass, but the total fine-root mass associated with deadwood was very low (2.1 g*m^-2) compared with fine-root mass measured in forest floor (314 g*m^-2).  Our study demonstrates that decay of boles in this northern hardwood forest was rapid relative to conifer forests, and that decaying boles were not a site of significant nutrient accumulation or an important medium for tree roots.  
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FD-22

Blair, J.M., and Crossley, D.A..  1988.  Litter decomposition, nitrogen dynamics and litter microarthropods


 in a southern appalachian hardwood forest 8 years following clearcutting.  J. App. Eco. 25: 683-698


Litter decomposition rates, nitrogen rates, nitrogen dynamics and litter microarthopods on the xeric slopes of a watershed 8 years after clearcutting (WS 7) and on adjacent reference watershed (WS 2) at the Coweeta Hydrologic Laboratory were measured using litterbags.  Litter of Cornus florida L., Acer rubrum L. and Quercus prinus L. was used as experimental substrates in three plots on adjacent areas of both watersheds.  Results from this study were compared with those obtained before and after cutting to assess the longer-term changes induced by canopy removal.


Reduced litter decomposition rates were associated with clearcutting.  Litter nitrogen dynamics were also affected.  Net immobilization of nitrogen in litter substrates was lower on WS 7.  Lower net nitrogen immobilization was related to slower increases in nitrogen concentration per unit mass lost in litter on WS 7.


Mean annual densities of total litter microarthopods remained 28% lower on WS 7 than on WS 2, 8 years after cutting.  Previous studies indicated clearcutting initially reduced mean annual densities of litter microarthopods by >50%  Mesostigmata and Oribatei densities averaged 50 and 54% lower, respectively, than on WS 2.  Prostigmata and Collembola densities averaged 20 and 24% lower, respectively, than on WS 2.  This differential response changed the relative abundances of major groups.  Changes in litter decomposition rates and nitrogen dynamics were consistent with effects associated with lower microarthropod densities and suggest that reduced microarthropod densities may be important.


Results of this study differ from those at northern hardwood forest sites where clearcutting caused increased decomposition rates.  This suggests that generalizations from northern hardwood forests may not apply to other regions.  Instead the effects of canopy removal depend on both the nature of pre-disturbance processes and on the ‘site-specific’ effects of disturbance on the processes studied.
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FD-23
Blair, J.M., Parmelee, R.W., and Beare, M.H.  1990.  Decay rates, nitrogen fluxes, and decomposer 


communities of single- and mixed-species foliar litter.  Ecology 71(5):  1976-1985.


Decomposition rates, N fluxes, and abundances of decomposer organisms were quantified in mixed-species litterbags(containing leaves of two or three of the following tree species: Acer rubrum, Cornus florida, and Quercus prinus)  and in litterbags containing leaves of a single species.  Data from single-species litterbags were used to generate predicted decay rates, N fluxes, and abundances of decomposer organisms for mixed-species litterbags, against which observed values could be compared to determine if significant interaction effects occurred when litter of different species, and different species, and different resource quality, was mixed.  Decay rates of mixed-species litterbags during the 1-yr study were not significantly different than predicted from decay rates of individual component species.  However, there were significant interaction effects on N fluxes and abundances of decomposer organisms.  In the C. florida- A. rubrum- Q. prinus litter combinations there were significantly grater initial releases of N and lower subsequent N immobilization than predicted.  In the A. rubrum-Q. prinus and C. florida-A. rubrum-Q. prinus litter combinations, lengths of fungal hyphae were significantly less than predicted on at least half the collection dates.  Bacterial numbers in the mixed-litter combinations were also generally greater than predicted.  Nematode abundances, especially fungivores, were generally greater than predicted in mixed-species litterbags until the last sample date.  Observed mean abundances of nematodes over all dates were 20-30% greater than predicted.  Microarthropod abundances were  more variable , but tended to be lower than predicted.  Our results indicate that measurement of N flux in single-species litterbags may not reflect actual N flux in the field, where leaves of several tree species are mixed together.  The differences in N flux between single- and mixed-species litterbags can affect ecosystem-level estimates of N release or accumulation in decomposing litter.  For example, estimates of ecosystem-level N fluxes at our field site, based on data from single-species litterbags, resulted in a 64% underestimate of N released by day 75 and a 183% overestimate of N accumulated in the litter by day 375, relative to estimates based on data from mixed-species litterbags.  We suggest that the deviation of observed N fluxes in mixed-species litterbags from those predicted using single-species litterbags are the result of differences in the  decomposer community, such as lower microbial and microarthropod densities and higher nematod densities, resulting when litter of varied resource quality is mixed together.  Longer term studies will be needed to determine if the differences between observed and predicted decomposer communities in mixed-species litter combinations influence the latter stages of decomposition where invertebrate-microbial interactions may have a greater effect on decay rates and nutrient release.  
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FD-25
Bockheim, J.G., Jepsen, E.A., and Heisey, D.M.  1991. Nutrient dynamics in decomposing leaf litter of 


four tree species on a sandy soil in northwestern Wisconsin.  Can. J. For. Res. 21: 803-812.


The dynamics of 12 elements in decomposing leaf litter of jack pine (Pinus banksiana Lamb.), paper birch (Betula papyrifera Marsh.), trembling aspen (Populus tremuloides Michx.), and northern pin oak (Quercus ellipsoidalis E.J. Hill) were examined on a Typic Udipsamment (Orthic Regosol) in northwestern Wisconsin.  Whereas the concentrations and absolute amounts of N, Ca, S, Zn, Mn, Fe, Cu, Al generally increased after 1 year of decomposition, the levels of P, K, Mg, and B in decomposing leaf litter decreased.  Two-way analysis of variance tests revealed significant differences in dry matter and concentrations and contents of most elements as a function of species and time elapsed.  Macronutrients commonly were released from decomposing leaf litter in the following order (fastest to slowest):aspen > oak = birch > pine.  The changes in N, P, Ca, and S in decomposing leaf litter generally followed the three-phase process described for N by other investigators.  A cubic function described the initial-loss, accumulation, and final-release phases of these nutrients in decomposing leaf litter.
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FD-40
Busse, M.D.  1994.  Downed bole-wood decomposition in lodgepole pine forests of central Oregon.  


Soil Sci. Soc. Am. J. 58: 221-227.


Input of decaying wood from natural disturbances may benefit nutrient cycling processes in lodgepole pine [Pinus contorta var. murrayana (Grev. & Balf.) Engelm.] forests of central Oregon by supplementing detrital C and nutrient pools.  This study was conducted to determine the decomposition rate and nutrient retention of downed lodgepole pine boles, and to characterize their effect on soil biological and chemical properties.  Three sites, in stands recently damaged by insects, had an average downed wood biomass of 38.7 Mg ha^-1.  Bole-wood decay was rapid once in contact with the soil surface.  The decomposition rate constant based on the single-exponential decay model was 0.027 yr-1 and the turnover time of C was 37 yr.  Nitrogen content per unit volume was 75% greater for downed boles after 38 yr of decay compared with their initial content.  A net release of Ca (38%), Mg (54%), and K (42%) was found, but P content remained constant during  decomposition.  With the exception of Mg, however, downed boles comprised <3% of the combined mineral soil, O horizons, and downed wood nutrient pool.  In comparison, downed boles comprised 23.5% of the detrital C. Microbial biomass C(Cm) and the ratio of microbial C to total organic C (Cm/Ct) were significantly greater in the surface 0 to 4 cm of soil beneath rapidly decaying boles than in soil without a bole-wood component.  The Cm/Ct ratio remained elevated throughout the advanced stages of wood decomposition, indicating a long-term change in the efficiency of C utilization by soil microbial communities associated with decaying wood.
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FD-45
Cepeda-Pizarro, Jorge G. and Whitford, Walter G.  1990.Decomposition patterns of surface leaf litter of six 


plant species along a Chihuahuan desert watershed.  Am. Midl. Nat. 123: 319-330.


Mass losses from litter bags of surface creosote bush litter placed along a Chihuahuan Desert watershed were measured to answer the following questions: (1) Do edaphic factors affect organic matter losses?  (2)Are there differences in mass losses between the litter of the site-dominant plant species and creosote bush leaf litter?  We hypothesized that (1) mass losses of all litter types would be higher at the base of the watershed and lower on the upper portions of the watershed and (2) mass losses of the litter of the site-dominant plants would be higher than those of creosote bush leaf litter in the same site.


Mass losses from creosote bush leaf litter did not follow the moisture-organic matter gradient present in the watershed.  Mass losses were higher at mid-slope run-on areas than in upper-slope erosional sites and the dry lake basin.  Mass losses were highest where subterranean termite activity was the highest.  There were differences between losses from the litter of the site-dominant and creosote bush leaf litter in some instances, but these differences were not attributable to differences in lignin content nor C:N ratio.  Mass losses of litter of site-dominant species were not always higher than that of creosote bush leaf litter in the same site.  Mass losses were best described by the double exponential model.
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FD-58
Day, F. P., Jr.  Biomass and litter accumulation in the Great Dismal Swamp. 


The heterogeneous Great Dismal Swamp offers an opportunity to compare structural and functional features of swamp communities under different hydroperiods.  Four community types were characterized in the present study.  The most frequently flooded communities, cypress (Taxodium distichum) and maple-gum (Acer rubrum- Nyssa aquatica), exhibited the highest net biomass productivity, which lead to greater accumulation of biomass.  The cedar,Chamaecyparis thyoides, and mixed-hardwood, Quercus spp., communities were less productive.  Greater accumulations of litter did not result on the most frequently flooded communities because they also exhibited the fastest decomposition rates.  Relatively rapid decay offset some of the relatively high production.
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FD-60
DeCatanzaro, J.B., and Kimmins, J.P.  1985.  Changes in the weight and nutrient composition of litter fall 


in three forest ecosystem types on coastal British Columbia.  Can. J. Bot. 63: 1046-1056.


Changes in weight and nutrient concentrations (N, P, K, Ca, Mg) of foliage and twig litter fall were measured over an 18-month period at three positions along a topographic sequence of ecosystem types.  Conifer foliage confined in litter bags was found to lose weight at the same rate on all three sites: about 35% after 12 and 40% after 18 months.  Confined broadleaf foliage decomposed at about the same rates on all sites, but unconfined samples decomposed significantly faster on the lower, hygric sites, probably as a result of greater fragmentation losses.  Twig weight loss of conifers was extremely variable, ranging from 10 to 28% after 12 months.  The total mass of K, Mg, and Ca decreased over the study period in all foliage litter, while N increased and P was variable.  K tended to be more mobile on the hygric sites.  Ca was found to be the most rapidly lost element in almost all cases.  It was concluded that the observed similarity in weight loss of conifer foliage on all sites is partially due to a confinement effect and partially to a substrate chemistry effect.  The nutrient data suggest that there may be some differences in decomposition processes on the lower, hygric sites compared with other ecosystem types.  This agrees with the observation that the humus form in the hygric site is different (duff mull) from that on the other two sites (felty mor).
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FD-63
Dwyer, L. M., and Merriam, G. 1984.  Decomposition of natural litter mixtures in a deciduous forest. Can. 


J. Bot. 62: 2340-2344.

Decomposition rates were measured for four litter mixtures, including mixed species and ages, representing common herbaceous litter and canopy leaf litter in a Canadian deciduous forest.  Quantitative changes were expressed as monthly exponential weight loss rates based on measurements from a 6-month and from a 16-month period. Monthly loss rates of herbaceous litter were up to 11 times those of mixed-age canopy leaf mixtures (calculated over 6 months), and the loss rate for mixed-age canopy leaf litter calculated over 6 months was more than 3 times that monitored over 16 months.  Similarly, qualitative changes, estimated as monthly arithmetic organic loss and lignin gain rates, were generally more rapid for herbaceous litter than for canopy litter, and mixed-age canopy litter had a faster rate of change calculated over 6 months compared with that estimated over the 16-month period.  Following the initial rapid release of nutrients, decomposition slows and becomes more dependent on the availability and distribution of decomposer organisms.  We hypothesize that an undisturbed litter layer provides the microenvironments required by these decomposers and that a spatial variability in decomposition therefore arises only as a result of spatial variability in litter distribution or disturbance (e.g. by wind) of the litter layer.
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FD-65
Edmonds, R.L.  1987. Decomposition rates and nutrient dynamics in small-diameter woody litter in four 


forest ecosystems in Washington, U.S.A.  Can. J. For. Res.  17: 499-509.


Decomposition rates and nutrient dynamics in small-diameter woody litter (twigs, cones and branches) were studied in four ecosystems in western Washington: high elevation Pacific silver fir (Abies amabilis (Dougl.) Forbes) and low elevation Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), western hemlock (Tsuga heterophylla (Raf.) Sarg.), and red alder (Alnus rubra Bong.).  Conifer twigs decomposed faster (k= 0.14-0.24 year ^-1) than canes (k=0.09-0.12 year^-1) and branches (k=0.03-0.11 year^-1).  Decomposition constants were related better to initial lignin/ initial N ratios (r=-0.64) than initial lignin concentrations.  N was generally the least mobile nutrient while K was the most mobile.  Many nutrients were strongly immobilized in conifer fine woody litter, including N, Mg, Mn, and Ca.  There was little immobilization of N in red alder branches.  N release from decomposing woody litter appears to be controlled by a critical C/N ratio.  This C/N ratio, however, was not constant and increased as the substrate decomposition rate increased.
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FD-66
Edmonds, R.L.  1990.  Organic matter decomposition in western united states forests.  Symposium on 


Management and Productivity of Western-Montane Forest Soils, Boise, ID, April 10-12, 1990.


Understanding decomposition processes and the influence of forest management practices on them is crucial to maintaining long-term productivity in western forests.  This paper discusses: (1) organic matter accumulations in western forests, including coarse woody debris (CWD), (2) organic matter decomposition rates, including the effects of clearcutting, (3) physical, chemical, and biological factors influencing decomposition rates, and (4) nitrogen dynamics in decomposing substrates.  Decomposition rates are much higher in coastal forests (k = 0.27-0.44 yr ^-1 for Douglas-fir needles) than in inland forests (k =0.05-0.14 yr ^-1 for pine needles).  Decomposition rates for woody substrates are one to two orders of magnitude slower depending on their size.  Needle decomposition rates are increased by clearcutting. Nitrogen release from a substrate is related to its decomposition rate and N may be immobilized for a long time in CWD.
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FD-68
Elder, J.F. and Cairns, D.J.  Production and decomposition of forest litter fall on the Apalachicola River 


flood plain, Florida.  1982  U.S. Geological Survey Water-Supply Paper 2196.  Apalachicola River 


Quality Assessment. Chapter B.  B1-B42.


Measurements of litter fall (leaves and other particulate organic material) and leaf decomposition were made on the bottom-land hardwood swamp of the Apalachicola River flood plain in 1979-80.  Litter fall was collected monthly from nets located in 16 study plots.  The plots represented five forest types in the swamp and levee areas of the Apalachicola River flood plain.  Forty-three species of trees, vines, and other plants contributed to the total litter fall, but more than 90 percent of the leaf material originated from 12 species.  Nonleaf material made up 42 percent of the total litter fall.  Average litter fall was determined to be 800 grams per square meter per year, resulting in an annual deposition of 3.6 x 10^5 metric tons of organic material in the 454-square-kilometer flood plain.


The levee communities have less tree biomass but greater tree diversity than do swamp communities.  The levee vegetation, containing less tree biomass, produces slightly more litter fall per unit of ground surface area than does the swamp vegetation.  The swamps are dominated by three genera: tupelo(Nyssa), cypress(Taxodium) and ash (Fraxinus).  These genera account for more than 50 percent of the total leaf fall in the flood plain, but they are the least productive, on a weight-per-biomass basis, of any of the 12 major leaf producers.


Decomposition rates of leaves from five common floodplain tree species were measured using a standard leaf-bag technique.  Leaf decomposition was highly species dependent.  Tupelo (Nyssa spp.) and sweetgum (Liquidambar styraciflua) leaves decomposed completely in 6 months when flooded by river water.  Leaves of baldcypress (Taxodium distichum) and dimond-leaf oak (Quercus laurifolia) were much more resistant.  Water hickory (Carya aquatica) leaves showed intermediate decomposition rates.  Decomposition of all species was greatly reduced in dry environments.  Carbon and biomass loss rates from the leaves were nearly linear over a 6-month period but nitrogen and phosphorus leaching was nearly complete within 1 month.  Much of the organic substance may be recycled in the forest ecosystem, but annual flooding of the river provides an important mechanism for mobilization of the litter-fall products.
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FD-72
Erickson, H.E., R.L. Edmonds, and C.E. Peterson.  1985. Decomposition of logging residues in 


Douglas-fir, western hemlock, Pacific silver fir, and ponderosa pine ecosystems.  Can. J. For.


Res. 15: 914-921.


Logging residue decomposition rates were determined in four conifer forest ecosystems in the State of Washington, U.S.A. (coastal western hemlock, Pudget lowland Douglas-fir, high-elevation Pacific silver fir, and eastern Cascade ponderosa pine), by examining wood density changes in a series of south-facing harvest areas with residues of different ages.  Decomposition rates were determined for two diameter classes (1-2 and 8-12 cm) and two vertical locations (on and >20 cm above the soil surface).  Pacific silver fir and ponderosa pine ecosystems had the lowest k values (0.005 and 0.010 year^-1, respectively) followed by Douglas-fir (range, 0.004-0.037 year^-1) and western hemlock (range, 0.010-0.030 year^-1).  Small-diameter residues decomposed at rates significantly slower than large-diameter residues in Douglas-fir and western hemlock ecosystems; this relationship was also implied in the other ecosystems.  In all four ecosystems, dry season moisture contents were lower in smaller-diameter residues.  Moisture levels associated with small-diameter residues were too low for significant decomposition to occur during the dry summer period and probably contributed to the slow annual decay rates.  Residues located above the soil surface decomposed significantly slower than residues on the soil surface only in the Douglas-fir ecosystem.  Dry season residue moisture, rather than initial lignin concentration, appeared to be the dominant factor determining residue decomposition rates on exposed harvested areas.
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FD-73
Fahey, T.J.  1983.  Nutrient dynamics of aboveground detritus in lodgepole pine (Pinus contorta ssp.


 Latifolia)  ecosystems, southeastern Wyoming.  Ecological Monographs, 53(1):51-72.


Storage and fluxes of N, P, Ca, Mg, and K in aboveground detritus were measured in six contrasting lodgepole pine (Pinus contorta ssp.  Latifolia) stands in southeastern Wyoming.  Litterfall was predominantly leaves (67-80%) in 80-100 yr old stands, while woody litter was more important in an older stand (240 yr. Old).  Leaf litter nutrient concentrations were very low compared with other pine forests, particularly for N (0.40% dry mass).  Dry mass loss from decomposing leaf litter was slow (15%/yr in first 2 yr), and summer rates did not differ significantly from winter rates beneath the insulating snowpack.  Significant amounts of N, P, and Ca were added to decomposing leaves during the first winter, and N and Ca addition continued for 2 yr.  Potassium and magnesium were rapidly lost from decomposing leaves.  Rates of mass and nutrient loss from decomposing bark, twigs, and cones were comparable to those observed in other studies of temperate-zone forests.  Mass loss from decaying bole wood appeared to be exponential through 40 yr, with an average decay coefficient (k) of 0.016, which is comparable to that in other cold temperate forests.  Nitrogen content of decaying boles doubled between 30 and 55 yr following tree death, while smaller additions of P, Ca, K, and Mg also were noted.


Relatively large accumulations of organic matter and nutrients were observed in the forest floor, leading to very high steady-state residence times for dry mass (mean = 18 yr), N (54 yr), P (39 yr), Ca (35 yr), Mg (21 yr), and K (18 yr).  Deadfall contributed by the present forest generation was a minor component of the aboveground detritus except in an old-age stand and in a dense, self-thinning forest site.  In contrast, dead wood inherited from the previous forest generation (killed by fire) was a major detrital storage component, exceeding forest floor mass by several-fold in 80-100 yr old stands.  High nutrient immobilization in the dead wood led to storage values which were similar to those of the forest floor in these stands.
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FD-76
Ferran, A. and Vallejo, V.R.  1992. Litter dynamics in post-fire successional forests of Quercus ilex.  


Vegetatio 99-100: 239-246.


Forest floor regeneration after fire in a holm oak forest was studied in a chronosequence in Catalonia (NE Spain).  The sampled area represented situations of high fire disturbance because of the frequency of wildfires and the high impact of erosive processes. Forest floor bulk samples from the L, F and H layers were taken in 5 burned plots, aging from 0 to 35 years.  They were analyzed for dry standing weight, and organic carbon and N content.


Plant cover reached almost 100% two years after the fire.  During the first 20 years, shrubs and herbs had the highest surface covering, and thereafter, holm oaks became dominant.


Holm oak litterfall stabilized by the fourth year after burning.


The major shrub species which were present in the chronosequence had two different patterns with respect to nitrogen: 1) a low litter C/N ratio (i.e. nitrogen fixing species); 2) a high litter C/N ratio.


The litter decay coefficients were relatively high, allowing for a rapid structuration and formulation of the L and F layers after the fire.  Indeed, 95% of the maximum steady standing weight accumulates in 8-9 years.  The pattern of cover in the different strata influenced the lateral distribution and variable accumulation of the forest floor layers and determined different turnover rates.
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FD-87
Geng, X., Pastor, J., and Dewey, B. 1993. Decay and nitrogen dynamics of litter from disjunct, congeneric 


tree species in old-growth stands in northeastern China and Wisconsin.  Can. J. Bot. 71: 693-699.


Decay and nitrogen dynamics of leaf litter from four tree species in an old-growth forest in northeastern China was measured in a litter-bag experiment and compared with decomposition of congeneric species in a Wisconsin old-growth forest with similar climatic regimes and soil.  Leaf litter decay in both China and Wisconsin decreased in the order Acer> Populus > Quercus > Pinus and was negatively correlated with initial lignin content (r=0.961, P<0.001).  Decay was also correlated with other chemical properties depending on locale.  In contrast with decay rates, N-immobilization kinetics were not correlated with litter chemistry or comparable between congeners.  Principal component analysis showed that almost half the total variation in litter decay is explained by grouping congeneric species according to litter quality.  In northern mixed hardwood—conifer forests, generic similarity implies functional similarity in decomposition and nutrient cycling.
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FD-92
Gosz, J. R., Likens, G.E., Bormann, F.H..  1973.  Nutrient release from decomposing leaf and branch litter 


in the Hubbard Brook Forest, New Hampshire.  Ecological Monographs 43: 173-191.  


Rates of weight loss and nutrient release (N, P, S, K, Mn, Ca, Zn, Fe, Mn, Cu, Na) were measured in decomposing leaf and branch tissue from yellow birch, sugar maple, and beech, and in branch tissue from red spruce and balsam fir.  Neither leaf nor branch decomposition differed significantly over an elevational range of 220 m.  Decomposition rates for leaves varied with yellow birch > sugar maple > beech.  The decomposition rate for hardwood branches was greater than that for conifer branches, but differences between hardwoods were not significant.  Maximum decomposition rates occurred during the summer for both branch and leaf tissue.  The rate of nutrient release from decomposing branch and leaf litter appears to be correlated with nutrient concentration in current litter fall, precipitation, and leaf wash.  The concentration and absolute weight of N, S, and P in the leaf litter of all species increased with time.  The amount of the increase as well as the initiation of nutrient release was influenced by C: element ratios in the leaf tissue.  These studies also indicate that P levels can influence the mineralization or immobilization of other important nutrients.  Carbon-to-element ratios in decomposing litter varied between species and elevation at different times of the year, but element: P ratios were much more uniform.  In branch tissue the physical loss of N- and P-rich bark and buds offset any increase in concentration that would have occurred through decomposition.  Potassium and magnesium were rapidly released from the litter by leaching.  Similar minimum concentrations in leaf tissue indicate that critical C: element ratios also exist for these elements.  Calcium release was similar to dry weight loss, indicating that it is a structural component primarily released by decomposition.  Maximum nutrient release from current litter occurred in the autumn and summer.  It was not correlated with the nutrient output from the ecosystem which occurred primarily during the spring.  The net output of Ca, Mg, and K from the watershed was very small compared to quantities released from current litter.  Factors which contribute to the complex nature of decomposition are: seasonal heterotroph activity, heterotroph nutrient demand, environmental conditions regulating heterotroph activity, species tissue palatability, species composition of litter, tissue composition of litter, nutrient content of litter, nutrient mobility, and nutrient input (i.e., leafwash, litter fall).
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FD-94
Graham, R.L., and K. Cromack, Jr. 1982.  Mass, nutrient content, and decay rate of dead boles in rain 


forests of Olympic National Park.  Can. J. For. Res. 12: 511-521.


Analysis of dead boles of Picea sitchensis (Bong.) Carr. And Tsuga heterophylla (Raf.) Sarg. In open- and closed-canopy forests of the Olympic Peninsula, Washington, U.S.A., revealed that hemlock mortality in both forest types was due mainly to windthrow, whereas spruce typically died upright.  The open forest contained 120 t/ha of dead bole wood; the closed forest contained 161 t/ha.  Hemlock boles decayed more rapidly than the larger spruce boles, although both showed considerable variability  On a per-hectare basis, 146-223 kg of N, 147-197 kg of Ca, 39-61 kg of K, 18-29 kg of Mg, g-14 kg of Na, and 17-29 kg of P were contained in dead boles of the pen- and closed-canopy forests, respectively.  Except for N and Mg, the nutrient concentrations of the wood were not significantly different after 33-68 years of bole decay.  The N:P ratios increased with increasing decay for both species.

---------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------

FD-99
Harmon, M.E.  1982.  Decomposition of standing dead trees in the Southern Appalachian Mountains.  


Oecologia 52:214-215.


Decomposition of standing dead trees that were killed by fire was examined for 10 species in the Great Smoky Mountains National Park.  The decrease in wood density as fire age increased was used to estimate decomposition rates.  Quercus prinus had the fastest decay rate (11% yr^-1) while Pinus virginiana had the slowest decay rate (3.6% yr ^-1) for standing dead wood.  Decay rates were intermediate between those reported in western USA and tropics for wood.
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FD-101
Harmon, M.E., Franklin, J.F.,Swanson, F.J., Sollins, P., Gregory, S.V., Lattin, J.D., Anderson, N.H., Cline, S.P., Aumen, N.G., Sedell, J.R., Lienkaemper, G.W., Cromack, K., Jr., and Cummins, K.W.1986. Ecology of coarse woody debris in temperate ecosystems.  Advances in ecological research 15:133-302.

See publication.

---------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------

FD-102
Harmon, M.E., Baker, G.A., Spycher, G., and Greene, S.E., 1990.  Leaf-litter decomposition in the 


Picea/ Tsuga forests of Olympic National Park, Washington, U.S.A.  For. Ecol. Manage., 31:55-66.


The factors controlling litter decomposition of eleven species of leaf litter were examined in the Hoh Rain Forest, Olympic National Park, Washington, using the litter-bag method.  Leaching of litter decreased the decay rate-constant as compared to unleached litter.  This decrease was in proportion to the readily leachable fraction (RLF) in the litter.  Decay of both leached and unleached litter was highly correlated (p<0.001) with lignin: nitrogen ratio, although the regressions differed significantly between leached and unleached litter.  Of the unleached litters used, Cornus nutallii decayed fastest (k=2.35-2.46/year), and Pinus monticola decayed slowest (k=0.38/year).  A double-exponential regression was used to fit decay time-series from four species.  This analysis indicated that species differed markedly in the proportion of fast and slow components and that the fast component was correlated with RLF for three of four species tested.  Fast components decayed an order of magnitude faster than slow components.  The rate at which these components decayed varied between species, indicating that both the amount and decay rate-constant of fast and slow components must be estimated to use the double-exponential equation.
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FD-103
Harmon, M.E., Cromack, K., Jr., and Smith, B.G.  1987.  Coarse woody debris in mixed-conifer forests,


 Sequoia National Park, California.  Can. J. For. Res. 17: 1265-1272.


The decay rate of Abies concolor (Gord. & Glend.) Lindl. Logs and cover, mass, and volume of logs and snags in six  midelevational forest stands of Sequoia National Park, California, are reported.  Based on chronosequence, Abies concolor boles have a decay rate-constant of 0.05 year^-1 and a half-life of 14 years.  A decay classification system was developed for Abies concolor, Calocedrus decurrens (Torr.)  Florin, Pinus jeffreyi Grev. & Balf., and Pinus lambertiana Dougl. Logs.  Dimensions taken from maps of six permanent plots were combined with decay-class information to estimate volume, mass, and projected cover of logs and snags.  Total mass ranged from 29 Mg ha^-1 in a Pinus jeffreyi forest to 400 Mg ha^-1 in a Sequoiadendron giganteum (Lindl.)  Buchh. Dominated stand.  Volume, projected cover, and nitrogen storage exhibited patterns similar to mass, ranging from 84 to 1160 m^3 ha^-1, 3.1 to 9.3%, and 41 to 449 kg ha^-1, respectively.
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FD-107
Hart, S.C., Firestone, M.K., and Paul, E.A.  1992.  Decomposition and nutrient dynamics of 
ponderosa pine needles in a Mediterranean-type climate.  Can. J. For. Res.  22: 306-314.

A litter-bag technique was used to measure decay rates and assess changes in organic and inorganic constituents of ponderosa pine (Pinus ponderosa Laws.)  Needle litter during decomposition over a 2-year period in old- and young-growth forests in the Sierra Nevada of California.  Rates of mass loss were among the lowest reported for temperate and boreal forests, with annual decomposition constants of about 0.08 and 0.18 year^-1 for the old- and young-growth forests in the Sierra Nevada of California.  Rates of mass loss were among the lowest reported for temperate and boreal forests, with annual decomposition constants of about 0.08 and 0.18 year^-1 for the old- and young-growth forests, respectively.  Apparently, the temporal separation of warm temperatures and moist conditions found in Mediterranean-type climates severely limits decomposition in these coniferous forests.  In the old-growth forest, comparison of estimates of tree nutrient uptake with net releases of nutrients from fine litter during their 1st year of decomposition suggests that recent litter fall potentially acts as a significant source of P, Mg, and K for tree uptake in this forest; in contrast, recently fallen litter acts as a net sink for N, S, and Ca.  Despite initially lower indices of litter quality for litter originating from the old-growth relative to the young-growth forest, no significant difference in decomposition rates of these two litter age-classes was found when placed at either site.  This result does not support the hypothesis that decreases in decomposition rates during forest development are driven by decreases in the quality of litter fall.

---------------------------------------------------------------------------------------------------------------------------------
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FD-128
Johnson, E.A. and Greene, D.F.1991. A method for studying dead bole dynamics in Pinus contorta var. latifolia- Picea engelmannii forests.  Journal of Vegetation Science 2: 523-530.

Rates of decomposition were determined for the boles of Pinus contorta var. latifolia Engelm. and Picea engelmannii Parry ex. Engelm. In five lower subalpine forest stands in the Southern Canadian Rocky Mountains.  Stands ranged in age from 58 to 222 yr since last fire.  The date of death of standing dead and fallen boles was determined by cross-dating their ring-width patterns to stand master ring-width chronologies.  Boles could be dated which had been dead for up to 35 years in a 58-yr old stand and 100 yr in a 222 yr old stand.  

An empirical relationship between mass density and diameter of live trees was used to predict the mass density at death for trees already dead.  The falling rate of dead standing boles was estimated from the dead boles time of death and whether it was standing or on the ground at the time of observation.  The falling rates for both Pinus contorta and Picea engelmannii ranged from 0.020 to 0.064/yr falling with most stands in the 0.050 range.  No effect of size was found on the falling rate probably as a result of the small size of the boles (<20 cm).  Because of their dry condition standing dead boles do not decompose.

An equation was developed which estimates the time a dead bole has been on the ground, given that it would have stood for some time before falling over and been subject to little decomposition during this time.  Decomposition rates, using a negative exponential model, gave only marginally better r^2 than linear models.  Pinus contorta had exponential decay rates from 0.0299 and 0.0171 mass density loss/yr for the most recent 15 and 25 yr in stands 58 yr old to 0.0045 and 0.0035 mass loss/yr for the most recent 65 and 80 yr in stands 215 and 222 yr old.  Picea engelmannii had exponential decay rates of 0.0054 and 0.0025 mass loss/ yr for the most recent 20 and 65 yr in stands 99 and 215 yr old.
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FD-155
MacKay, W.P., Fisher, F.M., Silva, S., & Whitford, W.G.  1987. The effects of nitrogen, water, 
and surface litter decomposition in the Chihuahuan Desert. 

The effects of nitrogen, water and sulfur amendments on the decomposition rates of tree types of surface litter in the northern Chihuahuan Desert were evaluated.  The amendments had no effects on the decomposition rates of leaf litter from black grama (Bouteloua eriopoda) and creosote bush (Larrea tridentata).  The rate of fluff grass (Erioneuron pulchellum) litter decomposition was increased by water and decreased by sulfur.  Water affected fluff grass decomposition by increasing termite (Gnathamitermes tubiformans) above-ground activity.  Sulfur decreased termite activity.  These data suggest that the decomposer microflora and microfauna of the northern Chihuahuan Desert are more limited by quantity of organic matter than by water and nitrogen.  Hence they do not respond opportunistically to increased availability of such resources.
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FD-157
MacLean, D.A. and Wein, R.W. 1978. Weight loss and nutrient changes in decomposing litter and forest floor material in New Brunswick forest stands.  Can. J. Bot. 56:2730-2749.

Weight loss and nutrient (N, P, K, Ca, Mg) changes with decomposition were examined over a 2-year period for a variety of kinds of litter on five forest sites.  Litter types included pine needles, leaves of four deciduous species (red maple, pin cherry, trembling aspen, and white birch), branches of pine and four deciduous species, understory vegetation, and partially decomposed forest floor material, while the study sites consisted of jack pine stands aged 16, 29, and 57 years and mixed hardwood stands aged 7 and 29 years.  Statistically significant differences in rate of weight loss were found to occur, with understory and leaf litter significantly faster on the hardwood stands than on the pine stands, understory litter faster on the 7-year-old hardwood stand than on the 29-year-old stand, and forest floor material faster on the 29-year-old pine stand than on the 57-year-old pine stand.  Among the four deciduous species examined, significant differences in leaf weight loss also occurred, but differences among branch litter were nonsignificant.  The mass of N in samples generally decreased with decomposition, with increases occurring in a few cases (i.e., pine understory and needle litter).  Phosphorus mass generally increased on the pine sites and decreased on the hardwood sites; this appeared to be largely a function of the low initial P concentrations of litter on the pine sites.  In general, the mass of K, Ca, and Mg decreased in the various samples with decomposition; the loss of K from deciduous leaves in this study was particularly fast and was greater than other values from the literature.
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FD-158
MacMillan, P. C.

Decomposition of coarse woody debris in an old-growth Indiana forest

Decay rates of Quercus sp., Carya sp., Fagus grandifolia, and Acer sp. Coarse woody debris in an old-growth southern Indiana forest were 0.018, 0.035, 0.019, and 0.045 per year, respectively, based on changes in density over a span of 25+ years.  Their respective biomass values were 15, 2.3, 0.2, and 0.4 t . ha-1.  The greatest differences in decay rates of cellulose were between maple (high) and oak (low).  Carbon to nitrogen ratios approached 100 and nitrogen to phosphorus ratios approached 20 in the older age-classes.  On average, oak, hickory, beech, and maple logs contained 1.66, 1.10, 0.14, and 0.19 kg nitrogen and 0.056, 0.070, 0.005, and 0.016 kg phosphorus, respectively.  Meentemeyers model based on actual evapotranspiration predicted a decay rate of 0.80 per year, which is 27 times larger than the decay rates calculated on changes in density.  Fragmentation loss rates for these four genera were estimated to be 0.288, 0.802, 1.171, and 0.338 per year, respectively.  Decay rates based on diameter of coarse woody debris ranged from 0.0027 to 0.0337 per year.  All these factors are important in understanding the process of decay of coarse woody debris in this forest.  The roles of fragmentation in the decay of coarse woody debris and of fungitoxic extractives need more study.

---------------------------------------------------------------------------------------------------------------------------------
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FD-159
MacMillian, Paul C.

Log decomposition in Donaldson's Wood, Spring Mill State Park, Indiana

Stem maps of the trees on 8.16 ha of Donaldsons Woods were used to help identify logs and estimate their ages on the forest floor.  I collected 162 samples from 126 different logs representing 10 different genera.  Logs were assigned to age classes based on information from the stem maps and assigned to decay classes by physical appearance.  Total log frequency was 37.6 logs/ha.  Mean log input rate was 2.52 log/ha/year.  Oak-log biomass, area and volume were calculated.  Oak-log decay was calculated as Y = .5402 exp. (-0.0295 t), where Y = density in g/cc, t = time in years (n = 62, r2 = 0.949).  An average oak log takes ca. 75 years to decay to 1/10 its original density.

---------------------------------------------------------------------------------------------------------------------------------
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FD-168
Mattson, K. G., Swank, W. T., and Waide, J. B.

Decomposition of woody debris in a regenerating, clear-cut forest in the southern Appalachians

Mass losses were estimated for coarse (>5 cm) and fine (#5 cm) woody debris (CWD and FWD, respectively) during the first 7 years following clear-cutting of a mixed hardwood forest at the Coweeta Hydrologic Laboratory in the Southern Appalachians of North Carolina.  Estimates were based on (I) precut forest biomass, (ii) volume and density of CWD and mass of FWD at year 1, and (iii) wood density changes of CWD by year 6 and mass changes of FWD by year 7.  Mass estimates of CWD at years 0, 1 and 6 were 91.2, 74.8, and 53.0 Mg/ha, respectively.  Mass estimates of FWD at years 0, 1 and 7 were 30.3, 21.3, and 7.8 Mg/ha, respectively.  Decay constants (k) for mass losses were relatively high compared with other studies of wood decomposition, 0.083 and 0.185 year-1 for CWD and FWD, respectively, and 0.108 year-1 for total (CWD + FWD) debris.  Mass loss of CWD occurred largely through wood density decreases and bark fragmentation.  CO..-efflux estimates accounted for over 90% of the CWD density loss and for two-thirds (40.4 Mg/ha) of the total debris mass loss.  The remaining mass loss of total debris (20.3 Mg/ha) is a source of large, organic matter inputs to the forest floor via solution fluxes and fragmentation of CWD bark and FWD.  The large variation in wood-density loss among logs was examined statistically as a function of various decay factors.  Density loss varied by more than 10-fold among tree species.  Density loss rates were 40% higher in logs on the ground versus those off the ground, 100% higher in logs with observable fungi versus those without fungi, and 40% higher in logs that occurred in plots with south and east aspects versus those in plots with west aspects.
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FD-178
Means, Joseph E., Cromack, Kermit Jr., and MacMillan, Paul C.

Comparison of decomposition models using wood density of Douglas-fir logs

Logs of Pseudotsuga mensiesii (Mirb.) Franco that had been on the ground for up to 313 years were grouped into five decay classes that ranged from 1, essentially undecayed, to 5, soft and incorporated into the forest floor but still identifiable.  The mean residence times on the forest floor were 7, 17, 33, 82, and 219 years for decay classes 1 through 5, respectively.   The single-exponential model for litter decomposition was fitted to the density of these logs.  The summation-exponential model was constructed by summing single-exponential models fitted to lignin, cellulose, and the acid detergent soluble fraction.  Both models gave virtually identical, statistically significant fits to the data.  Wood density of these Douglas-fir logs decreased more slowly than that of most species other researchers have studied.  The single-exponential model gave mineralization rates (k) of 0.0063 and 0.0070 year-1 when residence time and decay class age (mean residence time of the decay class), respectively, were used as the independent variable.  Lignin decayed more slowly than cellulose or the fraction soluble in hot acid detergent, both of which decayed at rates that were not significantly different; thus, the summation-exponential model is recommended when these constituents are of interest.
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FD-191
Nelson, Jeffrey W., Kadlec, John A., and Murkin, Henry R.

Seasonal comparisons of weight loss for two types of Typha glauca Godr. leaf litter 

Samples of living (2.8% N, 0.3% P) and naturally senesced (0.6% N, 0.05% P) leaves of cattail (Typha glauca Godr.) were collected from a shallowly flooded stand during July 1979 and February 1980, respectively.  Decomposition patterns of the two litter types were compared by adding and removing litter samples from the Delta Marsh, Manitoba, Canada, at various intervals during the growing season.  Green leaf material, collected just before flowering, decomposed more rapidly than senesced litter during all time periods.  Simple exponential decomposition rates differed significantly; -0.0241 day-1 for green litter vs. -0.0110 day-1 for senesced litter.  Initial rates of organic dry wt. loss were not different between seasons for either litter type, but initial rates declined faster later in the summer.  Less organic weight was lost during late summer after 2 and 30 days of incubation for both types of litter.  However, seasonal effects could not be detected after longer treatment periods.  During late summer, siltation of wind-suspended sediments apparently impeded decomposition by depressing oxygen levels and invertebrate activity in the litter samples.  We estimate that up to 21 and 36 times more N and P, respectively would be released from litter toppled by muskrat feeding activity than by natural toppling of dead plant material during the growing season.

---------------------------------------------------------------------------------------------------------------------------------
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FD-197
Pastor, J., Stillwell, M. A., and Tilman, D.

Little bluestem litter dynamics in Minnesota old fields.

We studied the decay and nitrogen dynamics of little bluestem (Schizachyrium scoparium) litter in fertilized and unfertilized Minnesota old fields, using the litterbag technique.  Annual decay rates and nitrogen leaching losses during the first month of decay were highly correlated with N content of litter and not with fertilizer additions.  After the first month of decay, nitrogen was immobilized for at least 18 months.  In contrast to decay rates and early N leaching losses, these immobilization rates were correlated with the amount of ammonium nitrate added in fertilizer rather than with initial %N.  Therefore, litter quality and exogenous nitrogen supply appear to have different and independent effects on decay rates and N dynamics of little bluestem litter.
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FD-202
Pillers, Michael D. and Stuart, John D.

Leaf-litter accretion and decomposition in interior and coastal old-growth redwood stands

Litter fall and litter decomposition were measured in old-growth coastal redwood (Sequoia sempervirens (D. Don) Endl.) forests.  Hillside and bottomland areas at inland and coastal locations were selected as representative sites.  Both litter-bag and in situ mass-balance analyses were used to determine decomposition rates.  Average annual litter fall at the four sites ranged from 3120 to 4690 kg . ha-1  . year-1.  Decomposition rate constants (k) calculated from the mass-balance analysis ranged from 0.117 to 0.238 year-1.  Values of k estimated from the litter-bag analysis ranged from 0.273 to 0.405 year-1.  Equilibrium litter loads from mass-balance analysis ranged from 15 700 to 30 000 kg . ha-1.  Equilibrium litter loads estimated from litter-bag analysis ranged from 7760 to 14 500 kg . ha-1.  Litter-layer equilibrium was between 12 and 26 years using the mass-balance analysis and between 7 and 11 years with the litter-bag study.  The mass-balance method for calculating decomposition constants showed that litter at coastal sites decomposed faster than at inland sites.  There were no differences between upland and bottomland sites.  The litter-bag method, in contrast, indicated that litter at inland sites decomposed faster than at coastal sites.  Significant regressions of litter decomposition constants as functions of summer average relative humidity, temperature, vapor-pressure deficit, and litter moisture were found with the mass-balance method.  There were no significant regressions of temperature and moisture variables with litter decomposition constants calculated with the litter-bag analysis.

---------------------------------------------------------------------------------------------------------------------------------
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FD-216
Rustad, Lindsey E.

Element dynamics along a decay continuum in a red spruce ecosystem in Maine, USA

Element dynamics (C, N, P, Ca, Mg, Mn, Fe, and Al) were examined along a decay continuum from freshly fallen litter to soil organic matter in a red spruce ecosystem in Maine.  The continuum was defined using previously reported data on litterfall chemistry and the early stages (i.e., first 24 mo) of decay, combined with new studies on an additional 33 mo of decay and an evaluation of forest floor organic matter at the same site.  Carbon concentrations decreased over time as fresh litter was transformed into soil organic matter; N, Fe, and Al concentrations increased; and P, Ca, Mg, and Mn concentrations showed variable patterns of increase and decrease.  In general, homogeneity of the litter increased as fresh litter of different initial chemistries was transformed into chemically more uniform soil organic matter.  Ecosystem budgets indicated that after 57 mo of decay, litter had lost 63% of its original mass and had released C (65%), N (17%), P (79%), Ca (50%), Mg (80%), and Mn (74%), and had accumulated Al (43%) and Fe (353%).  Evidence is presented indicating that the retention of Al (and Fe) is primarily controlled by abiotic adsorption onto litter exchange sites.  Overall results are consistent with a two-phase model of decay: in the first phase (0 to 3-4 yr), mass loss fits a negative exponential model of decay, an inverse linear relationship exists between N concentration and mass loss, and rapid changes are observed in litter chemistry; the second phase (3-4+ yr) is characterized by markedly slower changes in mass loss and litter chemistry.
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FD-222
Litterbag methods were used to study the decomposition of leaves from an evergreen sclerophyll shrub, Ceanothus megacarpus, and a deciduous shrub, Salvia mellifera, in the chaparral of southern California.  Initial concentrations of nitrogen were similar in the abscised leaves of both species, but abscised leaves of the evergreen species had higher concentrations of lignin.  Over a 1-yr period, leaf litter of C. megacarpus lost 15 and 19% of its original ash-free dry mass at sites at 910 and 350 m elevation, respectively.  Comparable losses for S. Mellifera were 20 and 24%, respectively.  Among the leaf constituents, the losses of soluble carbohydrates, phenolics and potassium in 1 yr were all >70% of original content for both species.  Losses of calcium, magnesium and cellulose were smaller and there was no apparent release of nitrogen or decomposition of lignin.  For these species the content of lignin or phosphorus appears to determine decomposition rates more than does the C/N ratio.

Evergreen sclerophyll shrubs such as C. megacarpus are predominant over large areas of California chaparral.  Despite relatively high lignin content in leaf litter, the mean residence time for organic matter on the soil surface was 4.6 yr for this species.  Decomposition of leaf litter during the interval between natural fires may be a substantial source of plant nutrients for chaparral growth.
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FD-224
Sharpe, D. M., Cromack, K. Jr., Johnson, W. C., and Ausmus, B. S.

A regional approach to litter dynamics in Southern Appalachian forests

Foliage litterfall, 01 litter mass, and its Mg, P, and K content were estimated for six forest types in the Southern Appalachian region using 252 forest survey plots of the USDA Forest Service.  General allometric equations were used to compute foliage litterfall, and average species foliage elemental concentrations were used for litterfall elemental content.  Exponential decay rate constants (k) of foliage mass and elements were estimated from foliage lignin concentrations.  The procedure was tested with measured litterfall and 01 litter at Coweeta Hydrologic Laboratory and selected Forest Service plots in Macon County, North Carolina.  Litterfall and 01 litter mass were accurately computed.  Elemental content of litterfall and Mg and K mineralization rates were overestimated; P mineralization rate was underestimated.  First-year immobilization of Ca may render the exponential decay model invalid for Ca.

Computed litterfall (only plots with aboveground woody phytomass $150 t ha-1 were used) was 4077 kg ha-1 year-1, with no significant difference between forest types.  Equilibrium 01 litter varied from 6891 kg ha-1 for pine to 3345 kg ha-1 for cove hard woods.  Mg, P, and K content of both litterfall and 01 litter increased from pine to mesic hardwood forest types.
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FD-229
Sollins, Phillip

Input and decay of coarse woody debris in coniferious stands in western Oregon and Washington

At 10 locations in Oregon and Washington, tree mortality resulted in dry-matter transfer of 1.5-4.5 Mg . ha-1 . year-1 of boles and branches to the forest floor 0.3 - 1.3 Mg . ha-1 . year-1 of large-diameter roots directly to the mineral soil.  The first value is about the same as that reported for leaf fall in similar stands; the second value generally is smaller than that reported for fine root turnover.  Results are based on measurements by the U.S. Forest Service spanning 16 - 46 years and areas as large as 42 ha.  Values based on interals < 10 years were highly variable and potentially misleading.

At an old-growth Douglas-fir stand in Washington, fallen boles accounted for 81 Mg/ha, standing dead for 54 Mg/ha.  Density of fallen boles averaged from 0.14 to 0.27 g/cm3 depending on decay state.  Values were lower than some previously reported because (1) our sample included small-diameter fallen boles that tend to decay rapidly, and (2) we measured density with techniques that minimized compaction and shrinkage.

The decay rate at the old-growth stand, calculated indireclty by dividing bole mortality (megagrams per hectare per year) by the amount (megagrams per hectare) of fallen and standing dead woody material, was 0.028 year-1.  This rate, three to five times those previously calculated directly from change in density alone, was almost identical to values calculated elsewhere from change in both volume and density.  Decay rates based on change in density alone include only respired and leached material and exclude the large amount of material lost in fragmentation.  This study shows the value of permanent plots, undisturbed by salvage logging, for retrospective studies of decomposition, nutrient cycling, and productivity.
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FD-230
Sollins, Phillip, Cline, Steven P., Verhoeven, Thomas, Sachs, Donald, and Spycher, Gody

Patterns of log decay in old-growth Douglas-fir forests

Fallen boles (logs) of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), western hemlock (Tsuga heterophylla (Raf.) Sarg.), and western red cedar (Thuja plicata Donn) in old-growth stands of the Cascade Range of western Oregon and Washington were compared with regard to their physical structure, chemistry, and levels of microbial activity.  Western hemlock and western red cedar logs disappeared faster than Douglas-fir logs, although decay rate constants based on density change alone were 0.010/year for Douglas-fir, 0.016/year for western hemlock, and 0.009/year for western red cedar.  We were unable to locate hemlock or red cedar logs older than 100 years on the ground, but found Douglas-fir logs that had persisted up to nearly 200 years.  Wood density decreased to about 0.15 g/cm after 60-80 years on the ground, depending on species, then remained nearly constant.  Moisture content of logs increased during the first 80 years on the ground, then remained roughly constant at about 250% (dry-weight basis) in summer and at 350% in winter.  After logs had lain on the ground for about 80 years, amounts of N.P. and Mg per unit volume exceeded the amount present initially.  Amounts of Ca, K, and Na, remained fairly constant throughout the 200-year time span that was studied (100-year time span for Na).  N.P. ratios converged toward 20, irrespective of tree species or wood tissue type.  C:N ratios dropped to about 100 in the most decayed logs: net N was mineralized during anaerobic incubation of most samples with a C:N ratio below 250.  The ratio of mineralized N to total N increased with advancing decay.  Asymbiotic bacteria in fallen logs fixed about 1 kg N ha-1      year-1, a substantial amount relative to system N input from precipitation and dry decomposition (2-3 kg ha-1  year-1).
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FD-235
Spies, Thomas A., Franklin, Jerry F., and Thomas, Ted B.

Coarse woody debris in Douglas-fir forests of western Oregon and Washington

Amounts and structural characteristics of coarse woody debris (CWD) were examined in relation to stand age and site moisture condition in 196 Pseudotsuga menziesii stands in western Oregon and Washington.  Stands ranged from 40 to 900 yr old, and most, if not all, originated after fire.  In a chronosequence from the Cascade Range, the amount of CWD followed a U-shaped pattern for stands <500 yr old, with moderate levels (92 Mg/ha) in stands <80 yr old, lowest levels (<50 Mg/ha) in stands 80-120 yr old, and highest levels (173 Mg/ha) in stands 400-500 yr old.  After 500 yr the amounts of CWD declined to intermediate levels.  In the southern Coast Range, lowest levels (32 Mg/ha) of CWD were in the youngest stands (60-80 yr), primarily because they inherited little CWD from the preceding (prefire) stands.  In the Cascade Range, levels of CWD inherited from preceding stands were highest in young stands and declined to near zero by 250 yr.  The overall decay rate constant (k) for snags and logs in the Cascade Range, calculated indirectly from the chronosequence, was 0.029 yr-1.  Volume and biomass of CWD differed significantly in old-growth stands (>200 yr old) among site moisture classes.  Dry sites averaged 72 Mg/ha, moderate sites 137 Mg/ha, and moist sites 174 Mg/ha.

The dynamics of CWD were modeled for three fire histories, each beginning with an initial fire in an old-growth stand but differing in number and severity of subsequent fires.  All three models exhibited low values of CWD between 80 and 200 yr.  The lowest and most prolonged minimum in CWD during succession occurred when additional fires burned early in succession, which probably happened preceding many stands in the southern Coast Range.  The results of the study indicate that a steady-state condition in CWD may not be reached for >1000 yr, and that the nature and timing of disturbance play a key role in the dynamics of CWD in the region.
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FD-237
Sprugel, Douglas G.

Changes in biomass components through stand development in wave-regenerated balsam fir forests.

Available data on the wave-regenerated Abies balsamea forests of the northeastern United States are synthesized into a model (BALSAM) which predicts changes in total and component biomass through the disturbance--regeneration cycle.  Measured decay rates seem to imply a higher mean forest floor mass than is actually observed, so several alterations were made in the initial model to make it predict forest floor mass correctly.  With or without these changes, forest floor mass decreases for about 12 years after disturbance, largely owing to low levels of litterfall in the early stages of stand development.  Because changes in living biomass and dead bole mass through the disturbance cycle roughly cancel each other out, net ecosystem productivity closely parallels these litterfall-driven changes in the forest floor.  Throughout the disturbance--regeneration cycle, the forest floor is derived primarily from woody tissue and its decay products, with foliage-derived material making up less than 25% of the total forest floor mass.
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FD-243
Stohlgren, Thomas J

Litter dynamics in two Sierran mixed conifer forests .I. Litterfall and decomposition rates

Litterfall was measured for 4 years and leaf litter decomposition rates were studied for 3.6 years in two mixed conifer forests (giant sequoia - fir and fir-pine) in the southern Sierra Nevada of California.  The giant sequoia - fir forest (GS site) was dominated by giant sequoia (Sequoiadendron giganteum (Lindl.) Buchh.), white fire (Abies concolor Lindl. & Gord.), and sugar pine (Pinus labertiana Dougl.).  The fir-pine forest (FP site) was dominated by white fir, sugar pine, and incense cedar (Calocedrus decurrens (Torr.) Florin).  Litterfall, including large woody debris <15.2 cm in diameter, at the GS site average 6364 kg.ha-1year-1 compared with 4355 kg.ha-1year-1 at the FP site.  Compared with other temperate coniferous forests, annual variability in litterfall (as computed by the ratio of the annual maximum/minimum litterfall) was extremely high for the GS site (5.8:1) and moderately high for the FP site (3.4:1).  In the GS site, leaf litter decomposition after 3.6 years was slowest for giant sequoia (28.2% mass loss), followed by sugar pine (34.3%) and white fir (45.1%).  In the FP site, mass loss was slowest for sugar pine (40.0%), followed by white fir (45.1%), while incense cedar showed the greatest mass loss (56.9%) after 3.6 years.  High litterfall rates of large woody debris (i.e., 2.5-15.2 cm diameter) and slow rates of leaf litter decomposition in the giant sequoia - fir forest type may result in higher litter accumulation rates than in the fir-pine type.   Leaf litter times to 95% decay for the GS and FP sites were 30 and 27 years, respectively, if the initial 0.7-year period (a short period of rapid mass decay) was ignored in the calculation.  A mass balance approach for total litterfall (<15.2 cm diameter) decomposition yielded lower decay constants than did the litterbag study and therefore longer times to 95% decay (57 years for the GS site and 62 years for the FP site).
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FD-246
Takeda, Hiroshi

A 5 year study of pine needle litter decomposition in relation to mass loss and faunal abundances.

In forest ecosystems, litter fall is an important flux of organic matter into the soil-subsystem and the newly fallen litter follows decomposition processes which are governed by biotic and abiotic factors (SWIFT et al., 1979).  Many studies have been conducted on the decomposition of leaf and needle litter in various forests (e.g., ANDERSON, 1973; FOGEL & CHROMIC, 1977; MacLEAN & WEIN, 1978; TAKEDA et a., 1987).  Most of these studies cover only 1-2 year periods in decomposition and long term studies of litter are necessary to follow the decomposition of needles and leaf litter in the mor and moder type forest soils where decomposition is slower than in the mull soils (BERG et al., 1982).

Decomposition studies have demonstrated the changes in mass loss, chemical, microbial and faunal components in the litter.  The study of faunal and micro-floral changes during the decomposition of litter is important for the understanding of biological aspects of litter decomposition.  Faunal succession during the decomposition of litter has been demonstrated in number of studies (CROSSLEY & HOGLAND, 1962; CURRY, 1969; ANDERSON, 1975).  But there are rather few long term studies on faunal succession during the decomposition of litter (METZ & FARRIER, 1967; HAGVAR & KJONDAL, 1981; TAKEDA, 1987).

The objectives of the present study are to show the pattern of pine needle decomposition in terms of mass loss, variability of mass loss among the individual litter bags, and faunal abundances over a 5 year period in a pine forest soil with a moder type humus.  A further aim was to assess the role of soil fauna in the decomposition processes of pine needle litter.  
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FD-249
Taylor, B. R., Prescott, C. E., Parsons, W. J. F., and Parkinson, D.

Substrate control of litter decomposition in four Rocky Mountain coniferous forests

The influence of chemical and physical quality of litter on its rate of decomposition was examined by measuring mass loss from 19 diverse litter types, including leaves, needles, forbs, wood, and roots in the Kananaskis Valley of Alberta, Canada.  Litter samples drawn from three adjacent forests of lodgepole pine, white spruce, and Engelmann spruce - subalpine fir, and from a small clearcut area, were allowed to decompose for 3 years at their sites of origin.  The best predictors of mass loss were the initial concentrations of lignin and labile material in the litter.  Adding N or P contents as a second term, rather than as a lignin to nutrient ratio, significantly improved mass loss predictions.  There were abrupt limits for the influence of lignin (above 28%) and N (below C:N of 30:1); similar limits were observed for all predictors except labile content.  None of these chemical parameters, nor a physical measure, particle diameter, were useful in predicting rates of decomposition of high-lignin, woody substrates.  The relative importance of the various litter quality parameters in determining rates of mass loss in the clear-cut area was very similar to that in the forests, despite considerably more rapid decomposition in the clearcut.
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FD-251
Taylor, Barry R., Parkinson, Dennis, and Parsons, William F.

Nitrogen and lignin contentas predictors of litter decay rates: a microcosm test

Decomposition rates of leaf litter have been predicted from the leaves lignin or nutrient (N or P) contents, the C:N ratio, and more recently the lignin:N ratio.  But tests of these predictors have been based on groups of substrates each spanning only part of the natural range of lignin contents, and neglecting low-lignin (<10%) species.  We allowed leaf litter from eight species of tree, shrub, or herb, ranging in lignin content from 3.4 to 20.5%, to decompose in laboratory microcosms for up to 4 mo (equivalent to 1.5-2 yr decay in the field) to test two hypotheses: (1) that the lignin : nitrogen ratio would have a better correlation with mass loss rates than would the C:N ratio, nutrient content, or other substrate quality indexes, and (2) that correlations of mass loss with initial N content would decrease, while correlations with lignin content would increase, as decay proceeded. 

Contrary to the first hypothesis, nitrogen content and the C:N ratio were the best predictors of mass loss rate, and were substantially better than the lignin:N ratio.  We could find no better predictor of decomposition rate than the C:N ratio, and no better regression model than the simple linear one.  However, when regressions were tested using pine needles (lignin content 26.2%), the C:N ratio and N content badly underestimated mass remaining (by 10-16%), while lignin content and the lignin:N ratio overestimated it by <2%.

In accordance with the second hypothesis, regressions of initial lignin content or lignin:N ratio on mass remaining improved (higher R2) from 2 to 4 mo decomposition, while those of N content grew worse, illustrating succession of nitrogen to lignin control of decomposition rate.  Reported correlations of the lignin:N ratio with decomposition rate for some litter types arise as a special case of this two-phase mechanism of control by nutrients and lignin.  For substrates low in lignin, or where a broad range of lignin contents is being considered, the C:N ratio is a better predictor of decomposition rate than the lignin:N ratio.
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FD-254
Turnbull, C. R. A. and Madden, J. L.

Litter accession, accumulation and decomposition in cool temperate forests of Southern Tasmania

Litter accession rate, standing crop and decay constants were determined at four different sites that were representative examples of the cool temperate forests of southern Tasmania.  Litterfall ranged from 1.95 t ha-1 in marginal scrub to 5.64 t ha-1 in tall open 63-year-old Eucalyptus obliqua forest.  Fine litter standing crop ranged from 11.9 t ha-1 in rainforest to c.20.5 t ha-1 in E. Obliqua regrowth forest.  Similarly, litter decay constants ranged from 0.43 in rainforest to c. 0.22 within the regrowth, while total dead wood on the forest floor (>0.01 m diam.) Ranged rom c. 350 to 1110 t ha-1.

Different litter trapping methods were evaluated, the most convenient and reliable device being a circular ground trap with an area of 0.181 m2.  Large quadrats were impractical because of excessive wood on the forest floor, and a flexible iron ring (also of  0.181 m2 in area) provided reliable estimates of the litter standing crop.
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FD-255
The total aboveground biomass of a series of Douglas-fir stands which are located in western Washington increased with age while the foliar biomass and total crown biomass reached a steady state of about 11 000 kg/ha at between 40 and 50 years, depending upon stand density.  Maximum wood productivity occurred near the time of crown closure, but the age of crown closure varied, with denser stands reaching crown closure at a younger age.  Understory aboveground biomass and returns represented a significant portion of stand organic matter before crown closure but decreased in importance as the stand increased in age.  In terms of relative contribution to stand organic matter, the vascular species of the understory were supplanted by mosses during the later stages of stand development.  While the understory represented a small proportion of organic matter distribution, that is, less than 5% of standing plant biomass, it was a significant proportion of total productivity (up to 17%) and an even higher proportion of organic matter that was returned to the forest floor (up to 43% of total return).  The forest floor in this series of stands did not reach a steady state but continued to increase in weight.  The decomposition rate appeared to decrease with age.
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FD-257
Tyrrell, Lucy E. and Crow, Thomas R.

Dynamics of dead wood in old-growth hemlock--hardwood forests of northern Wisconsin and northern Michigan

We studied the dynamics of coarse woody debris (logs and snags) in old-growth forests by estimating rates of tree mortality, snag change, and log decay in hemlock-hardwood stands located in northern Wisconsin and northern Michigan.  To estimate mortality and snag changes, we recensused live trees and dead snags in permanent plots in 15 stands.  We also recorded recent mortality along transects, and noted category of mortality (standing death, breakage, or uprooting) for gap-maker trees and logs in 25 stands.  Decay rates were estimated from a simple exponential model of wood density from log sections against the age of the wood since tree death, and from ages of trees growing on decaying nurse logs.  From data obtained in permanent plots, annual tree mortality averaged 0.9% original basal area, 0.9% original live tree density, and 4.8 trees/ha.  Of the three categories of tree mortality, standing death accounted for 62% of all mortality, while breakage represented 25%, and uprooting, 13%.  Based on origin of logs, species composition affected category of mortality.  Eastern hemlock (Tsuga canadensis (L.) Carr.) was significantly more prone to uprooting while yellow birch (Betula alleghaniensis Britton) and paper birch (Betula papyrifera Marsh.) were less prone to uprooting than expected if independence of species and categories of mortality were assumed (2 = 216.5, df = 14, p < 0.001).  Changes in snags (fragmentation to shorter snags or collapse at the base) occurred for <7% of the original snags annually.  Fragmentation occurred for 2.1 snags/(ha X year), and collapse for 1.3 snags/(ha X year).  We estimated that it takes nearly 200 years for hemlock logs to lose structural integrity and become partially incorporated into the soil.  At >350 years, the two oldest hemlock-hardwood stands had accumulated volumes of logs >65 m3/ha distributed among all decay classes, and appeared to be at a dead wood equilibrium in which rates of log production from mortality balance rates of wood loss by decay. 
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FD-267
Versfeld, D. B. and Donald, D. G. M.

Litterfall and nutrient release in mature Pinus radiata in the South-western Cape

Fast-growing plantations of conifers have replaced areas of mediterranean shrubland in the south- western Cape.  This study arises from the need to quantify the impacts of major changes in primary productivity, litterfall, and nutrient cycling in terms of the site utilization and long-term productivity.

Litterfall and decomposition were measured over five years in a catchment under mature Pinus radiata in the Jonkershoek valley near Stellenbosch, with seasonality of nutrient cycling rates assessed for the plantation ecosystem.  Data are presented for all components of litterfall including needles, strobili, pollen, seed, bark, branches and cones.  Total means annual litterfall amounted to 3 270 kg/ha per annum, of which needles accounted for 75,7 % or 2 825 kg/ha, ans strobili 8 % (295 kg/ha).  Decomposition of needles is at least 50 % after three years and litter accumulation is limited.

All components of litterfall have been analyzed for nutrient content on at least an annual basis, with detailed seasonal studies of needle litter.  Values of N, P, and K at 0,64 %, 0,03 % and 0,29 % of needle mass respectively, are about 50 % of those for fresh needles.  The total annual return of nutrients to the forest floor in litter is 26,1 kg of N, 1,5 kg of P, and 10,5 kg of K.  Values are also tabulated for Ca, Mg, and the trace elements.  The importance of N, P and K in the litter cycle is compared to amounts in standing trees and extracted timber, P. radiata shows an ability to cycle its nutrients very rapidly which may account for its success on nutrient-poor sites.
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FD-275
Yavitt, Joseph B. and Fahey, Timothy J.

Litter decay and leaching from the forest floor in Pinus contorta (Lodgepole pine) ecosystems

(1) The dynamics of organic matter and nutrient elements in the forest floor of Pinus contorta spp. latifolia (lodgepole pine) forests in Wyoming, U.S.A., were investigated by combining three related measurements; leaching of the forest floor; long-term decay of leaf litter; and steady-state residence times in the forest floor.

(2) Elemental fluxes (g m-2 yr-1) resulting from leaching by spring snowmelt were: Ca = 1 @ 35, Mg = 0 @ 30, K = 0 @ 65, N = 0 @ 46, P = 0 @ 022 and C = 8 @ 3.  Over 95% of the N flux was in organic forms.

(3) Most of the organic compounds were acidic, and anions of these organic acids were the principal mobile species accompanying cation flux: small, but important, contributions were SO4 and HCO3.  The chemical nature of the dissolved organic compounds changed as snowmelt proceeded, with polyphenolics and carbohydrates (leached from fresh litter) being important in the early stages, and polymeric acid compounds (fulvic and humic acids) dominating in the later stages.

(4) About 35% of the original mass of leaf litter remained after 85-96 months.  Potassium and magnesium were lost rapidly from leaf litter, whereas there was temporary immobilization of Ca.  Nitrogen accumulated in decaying leaves for 72 months, reaching 180% of the original content before net mineralization and release occurred.  Relatively small changes in P content of leaf litter were noted during the decay process.  The loss of soluble organic constituents (polyphenols, carbohydrates, lipids) was more rapid than for solid residues (holocellulose, lignin).

(5) The combination of approaches enabled several features of organic matter and nutrient dynamics in the forest floor, which would not be apparent using any of the methods in isolation, to be deduced: (I) about 30% of annual C release from the forest floor resulted from leaching of organic compounds; (ii) over 20% of the leaching flux for Ca and Mg was attributed to release from 01 litter, compared with less than 10% for K; (iii) high amounts of organic-N leaching from forest-floor layers, combined with rapid accumulation in 0- to 8-year-old litter, indicated rapid translocation of N from subsurface layers to 01 litter via heterotrophs; and (iv) leaching of polyphenols from the forest floor was 50% lower than the apparent loss from 01 litter, suggesting chemical transformation and changes in solubility of these compounds during litter decay.  An association of this phenomenon with protein accumulation observed int he 02 horizon is postulated.

--------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------

FD-282
Abbott, D. T. and Crossley, D. A.

Woody litter decomposition following clear-cutting

Unconfined Quercus prinus woody litter of three size classes (0-1, 1-3, and 3-5 cm diameter) was placed on forest floors of a control hardwood watershed and on mesic and xeric sites of a clear-cut watershed at Coweeta Hydrologic Laboratory, North Carolina.  Exponential decay coefficients for mass loss on the control were .1524, .1728, and .0912 yr-1 for 0-1, 1-3, and 3-5 cm branches, respectively.  Coefficients for 0-1, 1-3, and 3-5 cm branches were .1752, .0752, .1644 yr-1 on the mesic site and .0456, .0948, and .0377 yr-1 on the xeric site.  The effect of site differences on decomposition rate was greater than the effect of diameter, although an inverse relationship between diameter and decay coefficient is suggested.  Time in the field, temperature, moisture, and microarthropod abundance also appeared to influence decomposition rate.

Microarthropods dominated the animal community on decaying wood with oribatid mites and collembolans the most numerous.  Microarthropod densities were highest on 0-1 cm twigs and lowest on 3-5 cm branches.  Microarthropod densities were generally highest on the control, slightly depressed on the mesic site, and greatly depressed on the xeric site.  Time in the field and state of decomposition both positively correlated with microarthropod abundance.

Calcium concentration and total calcium exhibited transitory increases but little net change at the end of 1 yr in experimental branches.  Total potassium decreased on all sites for 6 mo and for 12 mo on the control and xeric sites, with .60% remaining after 1 yr.  Total potassium increased rapidly on the mesic site over the last 6 mo and reached 110% of the initial amount.  Temperature, moisture, microbes, and microarthropods appeared to control nutrient dynamics.

Woody litter dynamics were more important in terms of nutrient conservation on the clear-cut watershed than on the control and contributed to the resilience of the system.  Removal or destruction of woody debris after clear-cutting would decrease the nutrient conservation properties of decaying wood and would probably contribute to watershed output of nutrients.
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FD-283
Christensen, O.

Estimation of standing crop and turnover of dead wood in a Danish oak forest

The various dead wood compartments in a Danish oak forest (55 yr old) were quantified.  The amount of soil surface dead wood corresponding to the maximum of the seasonal aspects totaled 479 " 52 g m-2 (95% confidence limits); the attached dead wood pool was estimated to 456 g m-2 and standing dead wood averaged 79 g m-2.  The pool of attached and standing dead wood amounted to 4.3% of total above-ground woody biomass; the total amount of dead wood in the oak forest ecosystem formed 8.2% of total above-ground woody biomass.  42.5% of the soil surface dead wood compartment represented wood components with diameter # 20 mm.

In temperate oak forests the steady-stete levels of dead wood accumulation in the forest floor and annual wood litter fall were assumed to approximate 500 g m-2 and 130 g m-2 yr-1, respectively.  Assuming a steady-state condition the decay constant, half-time and 99 %-time were estimated for the soil surface dead wood layer, viz. 0.26 yr-1, 2.7 yr and 17.7 yr, respectively.  The turnover of total soil dead wood was estimated to k = 0.034 yr-1, half-time = 20 yr and 99 %-time = 135 yr.  The time factor and the dynamics of the decomposition of the various dead wood compartments are discussed.
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FD-286
Edmonds, Robert L. and Eglitis, Andrus

The role of Douglas-fir beetle and wood borers in the decomposition of and nutrient release from Douglas-fir logs

The role of insects in the decomposition of and nutrient release from Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) logs was studied in the Cedar River Watershed near Seattle, Washington.  In April 1976, two large-diameter (average diameter at breast height, 41.7 cm) and two small-diameter (average diameter at breast height 26.3 cm) trees were felled.  Three pairs of 91 cm length sections were cut from each tree.  Half the sections were covered with window screening to prevent insect entry.  The number of Douglas-fir beetle (Dendroctonus pseudotsugae Hpk.) attacks on each section, as well as the frass production, were monitored.  After 10 years, decomposition rates were determined by mass loss.  Douglas-fir beetles attacked large-diameter (23 attacks/m2) and small-diameter (27 attacks/m2) log sections at similar rates.  Total frass production was also similar (33.6 g @ m-2 for large logs and 32.6 g @ m-2 for small logs).  Large-diameter unscreened log sections tended to decompose faster (k = 0.050 per year) than small diameter unscreened logs (k = 0.026 per year) owing to the presence of wood bores (Monochamus scutellatus (Say)) in the larger logs.  Screening of logs to reduce insect attack tended to reduce the rate of decomposition.  A brown rotting fungus (Oligoporus placentus (Fr.) Gilb. And Ryv.) Fruited on unscreened large-diameter logs.  Wood borers had a greater influence on log decomposition than Douglas-fir beetles.  Frass produced by the Douglas-fir beetle contributed very little to litter fall and nutrient cycling.  After 10 years there was a net release of N, P, K, Ca, and Mn from decomposing logs.  Only Mg was immobilized in large-diameter logs.  
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FD-287
Fogel, Robert and Cromack, Kermit

Effect of habitat and substrate quality on Douglas-fir litter decomposition in western Oregon

Linear regression models were developed for Douglas fir needle, female cone, branch, and bark decomposition in seven stands representing four mature vegetation types in western Oregon.  Rate constants (k) for annual weight loss of needles ranged from 0.22 to 0.31 year-1, from 0.047 to 0.083 year-1 for cones, from 0.059 to 0.089 year-1 for branches, and from 0.005 to 0.040 year-1 for bark.  The decomposition constant (k) of needles had a negative linear correlation (P < 0.01) with maximum plant moisture stress and temperature growth index of the seven stands.  In comparing substrate quality of needle and woody litter components, k was more closely correlated with lignin content than with C:N ratio.
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FD-290
Greir, Charles C.

A Tsuga heterophylla-Picea sitchensis ecosystem of coastal Oregon: decomposition and nutrient balances of fallen logs

Weight loss and changes in N, P and Ca, Mg, K and Na content were determined for fallen Tsuga heterophylla (Raf.) Sarg. Logs in a 121-year-old Tsuga heterophylla - Picca sitchensis (Bong) Carr, stand on the central Oregon coast.  Log ages ranged from 2 to 38 years.

Weights of fallen logs decreased in a roughly negative logarithmic pattern; after 38 years the average log had lost 34.5% of its original weight.

Nitrogen, calcium, and magnesium contents of logs increased for about the first 20 years and declined thereafter.  Phosphorus and potassium contents decreased steadily with age.  Sodium content increased with age.  Except for calcium, nutrient input to log surfaces by litterfall and throughfall was greater than any increases in nutrient content.
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