Technical Report No. 303
PARTITIONING THE BIOTIC AND ABIOTIC EFFECTS ON

DECOMPOSITION AND MINERALIZATION

Charles R. Vossbrinck
Department of Zoology and Entomology
Colorado State University

Fort Collins, Colorado

GRASSLAND BIOME

U.5. International Biological Program

September 1976



TABLE OF CONTENTS
Page

Title Page . . . . . . . . L . L e e e e e e e e e e e i
Table of Contents . . . . . . . . . v . v v v v v v, ii
AbSEract . . . . . . . L L o L e e e e e e e e e e T
Chapter 1. Introduction . . . . . . . . « v v v v v v v v v v o 1
Chapter 2. Review of Literature . . . . . . . . . . . v « v . .. 3
Chapter 3. Materials and Methods . . . . . . . . . . . . . ... 13
Measurements of Weight Loss . . . ., . . . ., . . . ... ... 15
Microarthropod Populations . . . . . . . . v . v v v v v .. 15
Chemical Analysis . . . e e e e e e e e e e e e e e 15
Exclusion efFectlveness e e e e e e e e e e e 16

Abiotic Sterility . . . . . . . . v v v . o e e 16
Abiotic Factors . . . . . . . . . . . . .. . 17
Chapter 4. Results and Discussion . . . . . . . . . . . . . ... 18
Weight Loss . . ., T |
Population Analysns e . C e e e e e e e e e . 23

Chemical Analysis for Decomp05|ng L:tter e e e e e e e e 27
Carbon . . . ... 27

Nitrogen . . . -

Carbon/nltrogen ratlo e e e e e e e e e e e e 32
Total Available Carbohydrates . . . . e e e 37
Correlations of Chemical Analysis to AblOth Factors e e . 39
Effectiveness of Chemical Sterilants . . . v e e . 39

Effectiveness of the 53 um Mesh in Exclusion of Fauna A X
Chapter 5. Conclusion . . . . . . . . . . .. . .. ... . ... &y
Acknowledgments . . . . . . . . . . ... ... L. 47
Literature Cited . . . . . . . . . . . . . . ... . ... . ... 18

Appendix . . . . . .. L L L L L v e . 51



ABSTRACT

A litter bag study was conducted on the Pawnee grasslands using
chemicals (HgCl2 + CuSOh) to exclude microbes (abiotic treatment), 53 pm
nylon mesh to exclude mesofauna (microbial treat&ent), and 1 mm nylon
mesh to allow the access of mesofauna while containing the biue grama
grass. After 9 months, 15.24% of the blue grama grass litter was
decomposed from the microbial treatment and 29.43% of the litter was
decomposed from the mesofaunal treatment. After seven months 7.18% of
the litter was gone from the abiotic treatment. Chemical analysis
showed a general decrease in carbon-to-nitrogen ratios; the microbial
treatment showed the lowest carbon-to-nitrogen ratio at the end of the
experiment. Total available carbohydrates showed a decrease with time,
but no effect due to treatment was found. Population analysis showed
seasonal fluctuations in mite populations according to family. Among
the mite populations, the Tydeids were shown to be a winter family
whereas tetranychids showed strong evidence of being a summer family.

Mite families were correlated to abiotic factors.



CHAPTER 1. {NTRODUCTION

The Pawnee Site is a native shortgrass prairie on which ecological
studies are being conducted. It is the field research facility of the
Natural Resource Ecology Laboratory, Colorado State University and is
located on the USDA Agricultural Research Service Central Plains Experi-
mental Range in northeastern Colorado. This study was done on a plot
approximately 20 x 20 m on the Central Plains Experimental Range,
located about 19 km northeast of Nunn, Colorado.

The common soil series are Ascalon, Bona, Renohill, and Shingile.
The soil series for the plots used in this experiment was Ascalon, which
is formed mostly by fluvial outwash.

The predominant vegetation on the plot consisted of biue grama
grass (Boutelowa gracilis), buffalo grass (Buchloe dactyloides), fringed
sagewort (Artemisia frigida), and plains prickiypear {Opuntia
polyacantha) .

Rainfall on the Pawnee Site is variable. The average annual pre-
cipitation ranges from 25-38 cm, about 80% of which falls during the
growing season between May and September. High amounts of wind and
radiation along with the low annual precipitation account for the
dryness of the Pawnee Site.

The primary aim of this study was to examine the effects of three
factors or components on decomposition of blue grama grass on the
Central Plains site. The factors considered in this study were classi-
fied as abiotic (weather), microbial (bacteria, fungi, and actinomycetes),
and mesofauna (mites, nematodes, and insects). Access of the biotic and
mesofaunal components to the decomposition of the grass was controlled

through the use of fitter bags and chemical sterilants.



The second aim of this study was to examine changes in mite popu-
lations in the mesofaunal treatment with time. This was done to try to
determine whether changes in mite populations were seasonal or

successional.

A third aim of this study was to observe changes in relative

amounts of carbon, nitrogen, and total available carbohydrates both with

respect to treatment and time.



CHAPTER 2. REVIEW OF LITERATURE

Litter bag studies can be used to compare the contributions of
various soil organisms to the disappearance of leaf litter through
exclusion. Exclusion is controlled by the mesh size of the bags. To
understand these experiments and to properly interpret the data, one
must look carefully at all the parameters involved in each experiment.
These parameters include the chemical and structural characteristics of
the soil and leaves, as well as the experimental effects which alter
conditions naturally present in decomposition. One must also take into
consideration climatic factors such as rainfall, temperature, and
radiation.

Early studies were aimed at using a mesh to simulate field condi-
tions while containing the leaves and were not used for the exclusion
principle (Falconer et al. 1933). Falconer used 5 mesh galvanized wire
to make baskets and covered the bottom of each basket with cheesecloth.
His purpose was to measure decomposition rates of litter of white, red,
and jack pine in the field and to measure the losses of various constit-
uents of the litter including cellulose and lignin. Falconer concluded
that weight losses were related to temperature, precipitation, and
lignin content. Decomposition was measured using weight loss on a dry
weight basis.

One aim of litter experiments has been to measure decomposition
under the most natural conditions possible. Bocock and Gilbert (1957)
used nylon hair netting to contain leaves on the basis that the litter
would become incorporated into the litter layer rather than staying
above ground as was the case with the metal baskets. The openings in

the netting were approximately 1 cmz. The experimental design involved



five deciduous leaf types in three soil types. Bocock found that leaves
which decomposed easily, such as birch and lime, did so much more
rapidly on a mull site than on moder and peat sites. Leaves such as
oak, which decompose slowly, showed no significant differences between
sites. Again, disappearance was measured by weight loss on a dry weight
basis. It was also suggested by Bocock at this time that the vast
difference in rates of disappearance across soil types was dependent on
the soil fauna. The mull site contained many earthworms and the peat
and moder sites did not. This idea agrees with the opinion of Satchell
and Lowe (1966), that Lumbricus terrestris selects litter with the
highest nitrogen and soluble carbohydrate content and the lowest tannin
content.

The first use of litter bags of varying mesh size for exclusion
purposes is found in a study done by Edwards and Heath (1963). They
used two types of leaves in bags of four mesh sizes. The leaves were
cut into discs, placed in bags and buried 2.5 cm deep in freshly plowed
soil. Decomposition was measured visually by placing the leaves on a
grid and estimating the percent of the leaf remaining. This estimation
was checked photometrically. The experimentors concluded that earth-
worms were the single most important factor in decomposition because the
litter within the 7 mm mesh bags (accessisle to earthworms), disappeared
three times as rapidly as that in the .003 mm mesh. It was also con—.
cluded that oak leaves decompose much more rapidly than beech leaves in
the field. The importance of polyphenols was also mentioned.

Experiments of this type give us insight into what may be happening
in the field. At the same time many questions arise about the validity

of the experiment in simulated field conditions. As a result much



discussion has arisen about the Edwards and Heath article (1963).
Dickinson and Pugh (1974) suggested that earthworms may only be using
easily digested portions of the leaves such as soluble ni trogenous
compounds and carbohydrates. The soil fauna may also be puliing the
leaves out of the bags as do earthworms for lining burrows, in which
case the leaves are not necessarily decomposed when measurements are
taken.

Dickinson and Pugh (1974), also pointed out many problems with the
Edwards and Heath experiment. Litter buried 2.5 cm into newly plowed
soil is subject to a much different environment than that in a natural
litter layer., Also, tannins inhibit the growth of fungi. These tannins
are easily leached on the soil surface and may be slow to leach when
buried. Carbon to nitrogen ratios are also important in the speed of
decomposition, and the available nitrogen in the plowed soil may be
considerably lower than in a natural litter layer. Burges (1963)
criticized the experiment on the basis that 60% of the leaf could be
lost before actual pieces of the leaf were gone.

A more recent litter bag study (Anderson 1975) on the decomposition
of chestnut and beech leaves also lends evidence to a large role of soil
animals in decomposition. Anderson compared weight loss in fine,
medium, and coarse mesh bags using the two leaf types on two types of
litter. The results showed a 45% increase in decomposition due to the
effect of larger soi) animals such as Lumbricus terrestris. Two impor-
tant points were made by him. First the leaves must be palatable as was
shown in a faster rate of decomposition of chestnut leaves than of
beech. Observations were made and a feeding preference was shown by the

earthworms for chestnut leaves over beech. The second point is that the



animals must be present in the leaf litter. The bags placed on the
chestnut litter site decomposed more rapidly than those placed on the
beech litter. |In part II of Anderson's (1975) paper, an inverse rela-
tionship is shown between rate of decomposition and polypheno! content
of the leaf litter. This relationship exists only across species types
and not among leaves of the same species. King and Heath (1967) suggest
that it may be important to lock at gallic and protocatechuic acids’
rather than overall polyphenol content.

Both Anderson (1975) and Edwards and Heath {1963) showed a tremen~
dous increase in decomposition when the leaves were palatable and_soil
animals, such as earthworms and isopods, could get to the leaves.
Anderson also showed that the presence of mesofauna such as Acari,
Collembola, and Dipteran larvae made a less significant contribution to
the decomposition of the chestnut leaves than did the earthworms, yet
the effect was still statistically significant.

Chemicals can also be used to exclude certain fractions of soil
organisms. KXurcheva (1960) used napthalene to kill the invertebrates in
oak leaves without appreciably effecting the microbial populations.
Piles of cak leaves were used, covered with wooden frames. During the
course of the experiment, 2.5 kg of naphthalene per meter square was
poured over the leaves to exclude the invertebrates and counts were
taken periodically to test the effectiveness of the napthalene. On the
naphthalene-treated plots with no invertebrates, 92 of the litter
decayed in 140 days, whereas 55% of the litter was gone in the untreated
plots.

As part of the same experiment Kurcheva tried to determine the

direct role animals play in humus formation. This was done by measuring



the amount of humus in the animal excrement by determining the quan-
tities of acety! bromide - soluble organic matter in fresh leaves and in
the animal excrement. Humic substances are thought to be soluble in
acetyl bromide. Kurcheva found only a small increase in humic sub-
stances. She also implies that animals produce less humic substances
when eating leaves which are less digestible such as cak and beech.

Crossley and Witkamp (1964) tried using naphthalene to selectively
reduce arthropod populations without killing the microorganisms. They
found that naphthalene actually increased the numbers of microorganisms
so that the effect of soil animals cn decomposition was actually under-
estimated. They found that untreated litter lost 60% of its weight,
whereas naphthalene treated litter lost 45% of its weight in one year,
Again a greatly increased rate of decomposition was attributed to soil
animals.

Zlotin {1970) also used naphthalene to exclude soil animals as well
as toluene to exclude microbes. This technique was in combination with
the use of varying mesh sizes of nylon bags. Zlotin compared percent
decomposition for four exclusion factors in grass on the steppes of the
central Chernozyomony Reservation and in an oak forest. The exclusion
results for oak litter were abiological decomposition 8%, abiological
plus microbial decomposition 12%, decomposition with mesofauna admitted
25% and decomposition with macrofauna admitted 35%. In steppe grass-
land, abiological decomposition was 213, abiological plus microbial
decomposition 24%, decomposition with mesofauna admitted 28%, and
decomposition with macrofauna admitted 32%.

Zlotin concluded that the overall decomposition rates of 35% for

the oak leaves and 32% for the Steppe grass were equal but the rates



were attributable to different factors. |In the ocak forest the most
important -factors were the meso- and macrofauna. The steppes were too
dry in the summer to support much trophic activity of these organisms,
and as a result, the most important factors in decomposition on the
steppes were the abiotic ones such as wind and sun, It_should be kept
in mind that different leaf types were used at the two different sites.

{n addition to the naphthalene, Zlotin used toluene to maintain
sterile conditions inside the abiotic treatment. No quantitative indi-
cation was given by Zlotin as to the effectiveness of these chemicals in
excluding soil organisms or to the ability of these in leaching organic
compounds.

Curry (1969) also studied the decomposition of grassiand herbage.
Fine, medium, and large mesh bags were placed on the surface and also
buried 7.5-10 cm below the surface. Curry found, as did Zlotin, a small
but significant difference in the rates of decomposition between the
medium mesh bags which prevented th; entrance of macrofauna and the
large mesh bags which permitted the macrofauna to enter. Curry's data
show decomposition rates of 59.8% for fine, 62,4% for medium, and 63.54%
for course mesh bags for a 9% month period. A 3.6% increase in decom-
position falls far short of the three fold increase that Edwards and
Heath (1963) showed in cak leaves, yet it agrees with the findings of
Zlotin (1970), which was also conducted on a grassland herbage. In an
effort to explain the discrepancies with Edwards and Heath, Curry
suggests that the grass was packed too densely in the bags which
decreased the ability of the macrofauna to feed on the entire surface

area of the litter.



Litter bags have also been used to look at feeding behavior
(Wallwork 1958), arthropod succession {Crossley and Hoglund 1962;
Anderson 1973; Howard and Howard 1974), and the effects of one or two
dominant species {van der Orift and Witkamp 1960; Bocock and Gilbert
1957).

Observations on the specific feeding behavior of mites as given b&
Wallwork {1958}, Woolley (1960), and Baker and Wharton (1952), inspired
Crossley and Hoglund (1362) to study succession in litter bags. |t was
thought that if characteristics such as particle size, chemical composi-
tion, and microbial populations of litter changed with time then so
would the arthropod populations. Crossley and Hoglund (1962) also
compared arthropod numbers between pine, oak, and dogwood. They con-
cluded that moisture was the most important factor influencing the
numbers of arthropods present in the bags aﬁd that the numbers were also
highest in dogwood litter, which decomposed most rapidly.

Numbers were given for the genus Tydeus as a function of ti%e.
Populations were extremely high in winter months and sharply AecreaSed
to summer. Core samples of natural litter were taken for comparison
with the numbers in the bags. |t was found that numbers were unusually
high in the bags and that a ''bag" effect existed.

Three arthropod groups were measured by Stevanovic (1968), in
relationship to the decomposition of three litter types, oak, hornbeam,
and mixed litter. Collembola, Oribatei, and other microarthropods were
examined. The study was conducted for an eleven month period after
which the bags were retrieved, the arthropods extracted, the bags dried,
weighed, and placed back in the field. Unfortunately it is difficult to

tell whether the arthropod groups changed numbers because of season or
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succession, as the study ran for only eleven months. Stevanovic con-
cluded that the groups showed seasonal phases in their colonization.

Wiegert (1974) measured arthropod populations in litter bags in
three South Carolina old fields. Percent moisture content of the grass
was measured as a function of mite populations. Wiegert classified the
soil arthropods as mites, Collembola, and other arthropods. A direct
relationship was found between the number of mites and the log of the
percent moisture content of the bags. Wiegert concluded that the hot
dry litter prevents a permanent establishment of soil arthropods and
that the arthropods are moving into the bags during periods of high
moisture and low temperatures.

Wiegert (1974), Stevanovic (1968), and Crossiey and Hoglund (1962)
all found seasonal changes in arthropod populations. None of these
studies gave any indication of successional changes. The hypothesis
that microbial succession was taking place and therefore faunal succes-
sion should follow had not been proven. Because none of these studies
ran for over a year it seems that the hypothesis had not even been
tested.

Anderson (1975) studied succession in litter bags containing beech
and chestnut leaves over a 20 month period. Oribatid mites were iden-
tified to the species level and the other arthropods were identified to
the family level. In addition, the gut contents of the mites were
analyzed to observe changes in feeding patterns with time. From the
data collected concerning fluctuations in numbers, a successional change
was seen most clearly in the enchytraeids and a seasonal change was seen
in the Harpacticoidea. Analysis of gut contents showed changes in

feeding preferences over time. Chironomids fed almost exclusively on
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fungal material during the winter of 1968-1369 and extensively on plant
material later on in the study. Oribatid mites showed slight feeding
preferences. These individual preferences also changed during the
course of the study. Whether these changes were seasonal or succes-
sional is not clear from the data presented. The changes in populations
of soil animals for beech and chestnut leaves closely followed each
other and as Anderson shows, the population fluctuations appeared to be
synchronous.

The significance of soil animals in the decomposition of leaf
litter may also be approached by measuring the effects of a single
family or species. Van der Drift and Witkamp (1960) measured the con-
sumption of leaf litter by the caddis fly larva of Enoicyla pusilla.
Measurements of the leaf consumption on an air dry weight per day basis
were made from March till June. The average percent of food retained
was measured to determine a food assimilation rate of 7%. The larvae
consumed 4.2 mg of leaves per day on a dry weight basis. The total
consumption of leaves for the entire period of March to June was 100
times the daily figure. Growth of the larvae was also measured to
obtain a growth/assimilation ratio of 29%. Van der Drift and Witkamp
emphasized that although a loss of only 7% of the leaf material took
place due to larval digestion the fecal pellets formed are subject to
much more rapid decomposition than the leaf material,

Earthworms and their effect on soil fertility has been studied to a
large extent. B. M. Gerard {1963) described what is known about
Lumbricidae and how they were responsible for increased vields due to

aeration of soil, breakdown of Jleaf material, and effects on crumb size.
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J. A. van Rhee (1963) discussed visual observations made on the
effect earthworms have on soil. Van Rhee characterizes mull and mor
soils and explained the layer differences by saying that mor soils have
no animals such as earthworms which turn over the soil by feeding on the
surface and burrowing deep into the soil. He also pointed out instances
where earthworms were killed off and a litter layer subsequently built
up. It is interesting to note that van Rhee feels that grassland litter
in moist regions i3 quickly decomposed by earthworms. Curry (1969)
found only a small increase in decomposition due to the availability of

grass herbage to soil animals.



CHAPTER 3. MATERIALS AND METHODS

Litter bags of two mesh sizes were used to partition the effects of
three factors, abiotic, microbial, and mesofaunal, on the decomposition
of blue grama grass (Bouteloua gracilis H.B.K. Lag.). The larger mesh
was made of nylon illusion veil purchased from a local fabric store.
This mesh size was aEproximate]y 1 mm square, and was the largest mesh
used so that the fragments of the blue'grama leaves and the straw-1like
stems could be contained. To exclude the mesofauna (mites, insects, and
nematodes}, a 53 um mesh nylon plankton netting was used (Wildo Supplies,
Saginaw, Michigan).

Weighed samples of an average of 3 grams of grass were placed
inside each 10 x 10 cm bag and sewn closed. A border was sewn around
each bag so that it could be nailed to the ground without perforating
the inside of the bag. All bags were thgn numbered using #1005 size
1-Monel metal numbered fish tags. The bags were weighed on a Mettler
top-loading balance (f 5 mg} and the weights and numbers were recorded.

All bags were placed on a non-irrigated plot at the Pawnee Site on
May 15, 1975 (see map for study site, p. 14). All bags were nailed
directly to the soil surface in areas between patches of vegetation. In
all, 350 bags were placed on the site. This provided enough bags so
that once a bag was retrieved from the field, it was not necessary to
use it again, This was done because it was felt that drying and reusing
the bags would alter the characteristics of the grass.

Upon placing the bags in the field, half of the 53 um mesh bags
were treated with saturated solutions of copper sulfate and mercuric
chloride. Each bag received about 50 ml of solution to maintain sterile

conditions inside the bags. This was the abiotic treatment. Each month
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an additional 50 ml of each solution was added to each bag of the

abiotic treatment to maintain sterile conditions.

Measurements of Weight Loss

At the beginning of the experiment a sample of grass was ashed at
650°C for two hours. This gave a beginning value of 6.4% ash content
for the grass. At the same time another sample was dried in a drying
oven at 90°C for two days to determine the percent moisture content.

On the 15th of each month, eight bags of each treatment type were
retrieved from the field, dried and weighed. The samples were then
ashed to determine how much inorganic matter such as sand, had blown
into each bag. The percent decomposition of the retrieved bags was
determined each month from knowing the initial weight of the samples,
their equivalent dry weights, the dry weights of the samples after a
given period of time, and the amount of inorganic matter which had blown

into the bags.

Microarthropod Populations
Each month five bags of the | mm mesh size were processed through
modified Tullgren funnels for an estimate of the microarthrdpods in the
bags at the time of collection. The microarthropods were then identi-

fied to the family level.

Chemical Analysis
Chemical analyses were done by Range Science laboratories. Anal-
ysis for carbon was accompliished volumetrically by combustion with

oxygen in an induction furnace (Leco), with absorbtion of CO, in alkali.
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Total available carbohydrates was determined by acid hydrolysis
followed by determination of reducing capacity against copper (II} in
alkaline solution.

Nitrogen was done by a semi-micro Kjeldahl procedure. For a

reference on the chemical analyses see Jackson (1958).

Exclusion effectiveness

Since the purpose of the 53 um mesh size bags was to exclude all
soil fauna, grass samples from the 53 um mesh treatment were processed
through modified Tullgren and Baermann funnels to check for microar-

thropods, nematodes, and tardigrades.

Abiotic Sterility
To check the effectiveness of the mercuric chloride and copper
sulfate solutions as sterilants, dijution plate counts were done monthly
fér the abiotic and 53 um mesh treatments. Dilutjon was accomplished by
placing 2 g of the grass into a sterile flask containing 200 m) of
sterile distilled water and shaking the flask for 15 minutes. This was

considered to be a dilution of 1072, Subsequent dilutions (10'3, 107"
5

107, and 10-6) were achieved stepwise by taking 10 ml of the dilution
using sterile pipetes, and placing it in 90 ml of sterile disti]led
water. The plate counts were done on Difco Bacto-Plate Count Agar. Onpe
milliliter aliquots were then placed in each plate when the agar was
cool but not yet hard and the plates were gently mixed. The plates were
then incubated at room temperature (20°C}. The differentiation of

colonies into the groups, bacteria, fungi, and actinomycetes was done

visually on agar plates but not checked microscopically.
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Abiotic Factors
Weather information concerning precipitation, wind velocity, and
radiation was obtained from the IBP Weather Station, CPER, Nunn,

Colorado.



CHAPTER 4. RESULTS AND DISCUSSION
Weight Loss

Weight loss was measured as percent ioss with time on an ash free
dry weight basis. The analysis'of variance shows significant effects of
treatment (¢ = .0000) and of time (a = .0000). Figure 1 shows the
treatment effect for the pooled data of 9 months showing mean valges of
+ 3Q (as per Snedecor and Cochran 1969). The mean weight leoss for the
abiotic treatment is much lower than that for the 1 mm and 53 um mesh
treatments. Although the means for the 53 um and 1 mm mesh treatments
are closer than the abiotic treatment, they still show significant
difference. Figure 2 shows the combined data for treatment measured
over time. A distinct weight loss with time can be observed. The
sharpest weight loss took place in the winter months between November
and January. The abiotic group shows a very irregular weight loss
pattern with time. This pattern is hard to account for except to say
that the abiotic group differed from the 53 um mesh group only in that
chemical sterilants were added to the abiotic group and that these
chemicals are responsible for the fluctuations. Figuré 3 shows that
weight loss in the 1 mm and 53 um mesh treatments is similar until] the
seventh month when the weight loss in the 1 mm mesh treatment increases
much more rapidly than in the 53 um mesh treatment. Figure 3 also shows
that the abiotic treatment is significantly lower soﬁewhat earlier in
the experiment, about the sixth month. The Q value is indicated on the
graph and shows a significant difference in mean values by treatment at
the 95% level if the %0 values are non-overlapping.

Measurements for abiotic decomposition are erratic, but show a

significantly lower decomposition rate than the 53 um and 1 mm mesh
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treatments. Data for the carbon-to-nitrogen ratios corroborate the
evidence that the rate of decomposition for the abiotic treatment is by
far the slowest.

After seven months only 7.18% of the material was decomposed,
whereas the 53 um and 1 mm mesh treatments had lost 15,28 and 17.8%.of
the litter from their bags, respectively. At seven months the mean
values for the 53 um and 1 mm mesh treatments are not statistically
different. After 9 months the 53 um mesh treatment showed a loss of
15.24% and the | mm mesh treatment showed a loss of 29.43%. The last
two months of the experiment, December and January, indicate that
microbial decomposition was slow while the effect due to mesofauna was
actually enhanced. The decrease in decomposition rate of the 53 um mesh
treatment can be explained by a decrease in the growth and activity of
microbes in cold conditions. The increase in decomposition rate of the
I mm mesh treatment may be due to the large increase of mites,
especially the Tydeids, during the cold months.

In this study on the Pawnee grasslands, a small but statistically
significant increase in decomposition rate can be seen with mesofauna
admitted into the bags. This was also the case in experiments conducted
previously by Anderson (1973), Zlotin (1970), Edwards and Heath (1963),
and Curry {1969). | think that the mesofauna are feeding on the microbes
and small particulates of the decaying leaves. As a result of the
grazing of mesofauna and the avai]abiiity of the feces for microbial
decomposition, a small but significant increase in decomposition occurs.
The mesofaunal action is thus related to the microbial rate of

decomposition.
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Population Analysis

Table 1 shows the families of mites found in the bags at the times
of extraction, A seasonal change is apparent when examining the popula-
tions of Tetranychidae in the spring and summer and Tydeidae in the fal]
and winter. High winter population of Tydeidae have already been noted
by Crossley and Hoglund (1962). A correlation matrix (Fig. 4 and 5)
reveals two groupings. The first group consists of the Nanorchestidae,
Tetranychidae, Acaridae, Stigmaeidae, Scheloribatidae, Tectocepheidae,
Oribatulidae, and Trombidiidae from May to September. The second group
consists of the Tydeidae, Bdellidae, Raphignathidae, Passalozedidae, and
Phytoseiidae. Each family in these two groups is directly correlated to
another family within its group, at least at the 95% level of signif-
icance and has no correlation to any family outside its group. In
addition, both groups contain families which show correlations to
abiotic factors at the 993 level of significance,

Population analysis reveals changes in mite families with time
(Table 1). The correlation matrix (Fig. 4 and 5) does not reveal
whether the changes in mite families are due to succession or to changes
in season, except to say that in certain instances there is a high
correlation between mite families and abiotic factors. Both
Nanorchestidae and Tetranychidae have a high correlation with precipita-
tion at the 39% level of significance. Crossley and Hoglund (1962)
found that Tydeids were an abundant winter group. They also found that
high mite populations were related to the moisture content of the
material in the bags. Anderson (1975) also showed that the mite popu-
lations were heavily dependent on moisture. Anderson (1975) examined

successional changes by examining the gut contents of the mites. He
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found evidence for successional changes in Enchytraeids and seasonal
changes in Harpacticoidea. Anderson (1975) showed also that the fluc~-
tuations in mesofaunal groups were the same in both chestnut and beech
titter. This indicates that most changes in populations are due to
climatic changes and not successional. The analysis of gut content
shows that the mesofauna are generalized feeders, changing their diet
with season. It appears that niche separation is spatial with time and

that some trophic separation exists according to the size of the animal.

Chemical Analysis for Decomposing Litter

Analysis of carbon and nitrogen was done for all three treatments.
Analysis of total available carbohydrates (TAC) was only done for the
I mm and 53 pm mesh treatments and could not be done for the abiotic
treatment because the copper sulfate interfered with the Fehling's
reduction test. Data could only be collected for seven months for the
abiotic treatments because the chemical sterilants caused the bags to
weather and disintegrate before completion of the experiment.

The statistical design involved a two-way factorial analysis of
variance under the following model: Yij = uti + mj toe,s where t equals
the treatment and i represents the treatments 53 um, abiotic, and 1 mm

mesh. m = month with j running from 1-8 and ¢ is the error factor.

Carbon

The analysis for carbon shows a decreasing trend in the percent
carbon present in the bags for all three treatments. This result is to
be expec;ed_because of aerobic respiration on the part of the microbes.
| believe that there was little aerobic respiration in the abiotic bags,

and that one would not expect a decrease in the percent carbon in the
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bags. Data for the chemical analysis of carbon are plotted in Fig. 6
and 7. Fiqure 6 represents the percent carbon content for each of the
three treatments with time, Tests cannot be made on the significance of
each treatment by month interaction but the trends of the treatments
across time are similar for the 1 mm and 53 um mesh treatments and that
the abiotic treatment shows no clear effect with time which was previ-
ously stated as being expected. Figure 6 shows extreme fluctuations in
percent carbon when looking at the months of August and September.
Again this graph is not statistically valid because only one sample was
analyzed per month. An extreme fluctuation as seen on Figure 6 seem
highly uniikely and can be explained by the sample size and variations
in chemical analysis. Figure 7 is a graph of the time effect {a =
.0089) as averaged across the three treatments. The carbon values are
plotted plus and minus #Q and the means are considered to be signifi-
cantly different if the Q values are non-overlapping. Figure 7 shows a
decreasing trend of carbon with time and month 1 is significantly
different from months 5 and 7. There was no significant effect of
treatment on the percent carbon content (o = .3416). The partitioning
of the sums of squares due to months into orthogonal polynomials in the
analysis of variance shows the time trend to be most sﬁgnificant

linearly.

Nitrogen

Although one would expect a change in percent nitrogen with time, a
significant effect could not be seen (¢ = .3416). Figure 8 shows the
changes in percent nitrogen with time for each of the three treatments.
The graph shows that the 53 um and abiotic treatments closely follow

each other.
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Analysis of variance shows, however, a significant treatment effect
(0 = .0055). Figure 9 illustrates that the percent nitrogen for the
abiotic treatment is lower than the 53 um treatment. The 53 um treat-
ment may have a higher mean percent nitrogen than the 1 mm treatment
because the nitrogen may have been contained better in the 53 um mesh
bags. The 1 mm mesh may be showing weight loss because of mesofauna
actually carrying material out of the bags. In the 53 um mesh treatment
the loss must come from leaching or changing an element to a gaseous
state such as carbohydrates to COZ' In that case one would expect the
percent nitrogen to be higher in the 53 um treatment. That is, bacte-
rial decomposition tends to increase the percent nitrogen whereas

mesofaunal action may not.

Carbon/nitrogen ratio

A significant effect can be seen in the C/N ratios with both treat-
ments (@ = .0003) and time (a = .0086). Figure 10 shows a significantly
lJower C/N ratio in the abiotic treatment than in the 53 um and 1 mm mesh
treatments. This substantiates the data for the percent niérogen being
highest in the previous analysis. The reason for the C/N ratio being
highest in the 53 um mesh treatment is attributed to the effect of
microbial decomposition.

Figure 11 shows the significant time effect with combined C/N data.
Differences can be seen when comparing month 5 with months 12 and 6.
Figure 12 shows the changes of all three treatment with time. The fluc-
tuations with time in C/N ratic appear to closely follow each other.

A general decrease was found for the carbon-to-nitrogen ratio with
time (Fig. 11). Anderson (1973) also shows a decrease in the carbon-to-

nitrogen ratio of litter samples with time. This suggests that
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carbon-to-nitrogen ratio can be an indicator of decomposition. The data
from this experiment show the lowest carbon-to-nitrogen ratio for the
microbial treatment (Fig. 10) while the greatest percent weight loss was
observed for the 1 mm mesh treatment (Fig. 1). This suggests that the
carbon-to-nitrogen ratio may not be an indicater of total decomposition,
but rather an indicator of microbial decomposition. This may be because
the microbes are less mobile and do not carry any of the nitrogen out of
the bags, as is the case with oribatid mites. Fungal hyphae could be
involved in transport of nutrients out of the bags. This is doubtful,
however, in the case of this study because dry conditions prevent the

buildup of hyphal masses.

Total available carbohydrates

The analysis of vafiance for Total Available Carbﬁhydrates (TAC)
indicates a time effect {a = .0236) but a treatment effect could not be :
measured. Figure 13 shows a decreasing trend of TAC with time in the
combined data. A difference can be seen in the TAC content between the
second and sixth months. TAC was not done for the abiotic treatments.
Therefore, comparisons can only be made for the 53 um and 1| mm mesh
treatments., The loss due to time must be either because of microbial
digestion or abiotic factors such as Ieaching.

Total available carbohydrates showed little statistical change.
Figure 13 shows a general decrease in TAC, the only statistical differ-
ence being between June and September. Comparisons of Figure 2 for
percent carbon with time and Figure 13 for percent TAC with time show
the loss rates to be about equal. Both percent carbon and percent TAC

are cut approximately in haif. One would have expected the more easily

decomposed available carbohydrates to disappear more rapidly, but data
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from this experiment show no preference for either form of carbon in an

energy source,

Correlations of Chemical Analysis to Abiotic Factors

Figures 14 and 15 are correlation matrices representing the inter-
actions between chemical analysis of treatments and the abiotic factors.
In comparing abiotic factors with treatment effects, TAC in the 53 um
mesh treatment forms a direct correlation to air temperature at the 95%
level of significance and to radiation at the 99% level of significance.
In the 1 mm mesh treatment, TAC is directly correlated to precipitation
at the 95% level of significance. When making comparisons across treat-
ments, a direct correlation can be seen between C/N ratios of the 53 um
and 1 mm mesh sizes at the 95% level of significance. In addition, a
correlation in the‘percent nitrogen in the 53 um and abiotic treatments
is seen at the 95% level of significance. Other relationships are also
seen across treatments such as TAC, carbon, and C/N in the 1 mm mesh
treatments and carbon in the 53 um mesh treatments. From this informa-
tion, one can infer that the changes in carbon and nitrogen in the 1 mm
and 53 um mesh treatments closely approximate each other and that these
treatments are more highly correlated to each other than to the abiotic

treatment.

Effectiveness of Chemical Sterilants
The chemical (CuSOh and HgCl) exclusion factors seem to have worked
well. Table 2 shows the results of the dilution plate counts. Plate
counts show a lower microbial populations in the abiotic treatment than
in the 53 um mesh treatments by a factor of 103. Fluctuations in plate

counts from the abiotic treatment can be explained by the amounts of
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soil blowing into the bags which contained microbes. These microbes in
the soil which was blown in, probably had no effect in decomposing the
grass because the grass was saturated with sterilants. The sterilants,
however, started to destroy the nylon bags after about four months, and
caused them to rip. As a result, such treatment could only be run for
seven months at the longest. One should consider using a material other
than nylon in order to be able to use the copper sulfate and mercuric
chloride. This is because the sterilants did work well and are not
metabolized as are toluene and naphthalene which have been used by other

workers.

Effectiveness of the 53 um Mesh in Exclusion of Fauna
Extractions from the 53 um mesh samples were checked. From the
Tullgren extractions only a couple of dipterous larvae were found. From

the Baermann extractions only a few nematodes were found and a few
tardigrades were seen. No attempt was made to classify these organisms
further or to quantify the results. The faunal populations ceemed scant
and no mites were found.

The 53 um mesh plankton netting worked well in excluding mesofauna
as only a few nematodes and tardigrades were found in the bags. The
nylon withstood the intense sun of the Pawnee grasslands but it is not
recommended for use of more than a year. The | mm mesh (illusion veil)
also withstood the sun but also showed signs of weakness and should not

be used for more than a year.



CHAPTER 5. CONCLUSIONS

The abiotic component of decomposition is not the single most
important factor in decomposition. Rather, the microbial compeonent is
more responsible than any other component for decomposition at the
PawneeVSite.

This conclusion is in conflict with Zlotin (1970}, when considering
the steppe grasslands of the Soviet Union. Zlotin attributed the single
largest decomposition rate to the abiotic treatment., This is surprising
when considering the similarity of the two habitats in terms of precipi-
tation. More studies are needed on both sites before one can account
for the discrepancies. For now we can only speculate on differences in
climate, plant material sterilants and methods used in the experiments
to explain these differences in results. .

The mesofauna did enhance decomposition which resulted in a signif-
icant increase in the rate of decomposition over the microbial treatment.
| believe that the mesofauna are dependent upon microbial action to
increase the rate of decomposition, i.e., whatever the rate of decompo-
sition due to microbial action, the mesofauna will enhance this rate by
their grazing action on the microbes and on the particulates which are
slowly broken off. 0On the other hand, feeding by herbivorous macrofauna
is not related at all to microbial action, but rather to leaf palat-
ability and climatic conditions. This perhaps is the reason that most
studies show a small but significant increase in decomposition due to
mesofauna action, and a wide variety of results for macrofauna action.
Finally, one can find many similarities when comparing the mesofauna
from habitat to habitat. Crossley and Hoglund (1962}, Edwards and Heath

(1963), and Anderson {(1963) all show populations of Oribatid mites,
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Collembola, and other mesofauna. Such categories of macrofauna, how-
ever, vary highly. Some habitats have many earthworms, isopods, and
millipedes, where others such as the Pawnee grasslands show very few
individuals of any such groups. These differences were also shown by
Anderson on two neighboring sites only differing in the type of litter
layer,

Data for the mite populations indicate that changes in mite fam-
ilies are seasonal rather than successional and that both trophic and
temporal separation exists. | believe that the studies by Crossiey and
Hoglund (1963) and Anderson (1975) support this conclusion.

Plant material undergoing decompoéition on the Pawnee Site shows a
decrease in the percent carbon content, thus lowering the carbon to
nitrogen ratio, The lowering of the carbon to nitrogen ratio is best
seen in the microbial treatment. The carbon to nitrogen ratio then is
probably an indication of microbijal decomposition rather than total
decomposition..

It is important to note that studies shawing the effect of macro-
fauna on the rate of decomposition are in conflict. For example,
Edwards and Heath (1963) showed a three-fold increase in decomposition
while Anderson (1973) showed oniy a small percent increase and only in
some treatments. Kurcheva showed a six-fold increase when invertebrates
are present over treatments without invertebrates, whereas Zlotin {1970)
found only a 4% increase in decomposition with the addition of macro-
fauna after 5% months. Anderson (1973), £dwards and Heath (1963}, and
Zlotin (1970) have found that tremendous differences in decomposition
rates can be observed in their own experiments depending on leaf type,

litter base type, and location. These discrepancies occur because the
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factors controlling the decomposition rate due to macrofauna are agents
such as leaf palatability, abiotic factors, and macrofaunal populations
present in the existing litter layer.

None of the partitions considered in past studies on decomposition
(abiotic, microbial, mesofauna, and macrofaunal) can be examined alone.
These complex interactions must be considered together.

Abiotic factors, although they may or may not be responsible for a
large percentage of the litter decomposition, set the stage for the
qualities of flora and faupa which will inhabit a given area. Abiotic
factors control what plants wilil be able to grow in a given area and
thus the type of litter that will be formed. Abiotic factors such as
moisture, temperature, and wind also affect the rate at which microbial
decay will occur and what type of fauna can live in a given habitat.

| believe that future litter bag studies concerning decomposition
should carefully record the abiotic factors present at the study site.
Careful chemical analysis of the litter should be conducted. 1 believe
that with the knowledge of these two sets of factors, one may be able to
most easily predict the rates of decomposition and also predict the

effect each of the partitions will have on the litter.
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