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ABSTRACT

In an attempt to determine the role of s0il inhabiting nematodes in
a grassland ecosystem, nematode number, bicmass and taxa data was ob-
tained over a three year period from heavily grazed and ungrazed treat-
ments at the Cottonwood, South Dakota, Grassland Biome site. Substantial
numbers of plant feeding forms cecurred in both treatments with popu-
lations varying from 2 to & million/m2 to a depth of 60 em. Biomass
of plant feeding nematodes was significantly greater in the ungrazed
treatment due primarily to high numbers of dagger nematode, Xiphinema
americanum. Bicmass of Predaceous forms nearly equaled that of plant
feeders in both treatments, indicating their potential as agents cf
biclogical control., The saprophagous forms constituted a relatively
small proportion of the biomass in both treatments and also showed little
treatment response.

An inverse relationship between numbers of Tylenchorhynchus spP.

and Helicotylenchus SPp. was observed in the grazed treatment. Tylen-

chorhynchus spp. appeared nearly limited to the upper 10 em of soil

with Helicotylenchus SPP. Predominating with increasing depth, indicating

a possible antagonistic relationship between these taxa.

Approximately 80 species of nematodes were identified from the grazed
and ungrazed trestments. Grazing intensity did not influence taxa di-
versity, however, diversity rapidly decreased with an increase in sampling
depth, a response attributed to a decrease in variety of food sources.
Total number of nematodes also decreased with increasing sampling depth

and approximately T0% of the nematodes occurred sbove 20 cm.



iv

Nematicide treatments were used in field and greenhouse studies to
further evaluate the role of nematodes. The nematicide significantly
reduced nematode populations, increased aboveground herbage weight by
as much as 59%, and further, provided a demonstration of the importance
of nematodes as controllers of productivity in range.

A method for calculating intake of plant material for insects was
modified to estimate nematode intake at the Cottonwood site and, sur-
Prisingly, plant feeding nematodes were found to consume more range
vegetation than cattle. 7Tn addition, comparisons of nematode intake
with that of several other consurer populations indicated that nematodes
are major consumers at the Cottonwood site. The large biomass, high
metabolic rate and indigenous nature of the nematode populations were
suggested as probable reasons for the high intake.

Overall, it is apparent that soil inhabiting nematodes constitute

a significant pathway of energy flow at the Cottonwood site.



INTRODUCTION

Range and pasture constitute a considerable portion of the land
area in the Great Plains states. Range and pasture alone occupy 607
of the land in South Dakota, and thus are two of the states most im-
portant natural resources. Much of western South Dakota is used pri-
marily for grazing and, due to climatic, topographie and edaphic
factors rendering it unsuitable for cultivation, will continue to
be so used for the foreseeable future, Currently the livestock indus-
try of western South Dakota is a $500 million business annually and
research devoted to improving range productivity is amply Jjustified.

The role of soil inhabiting nematodes in grasslands of the North-
ern Great Plains has received comparatively little investigation. A
taxonomic study by Thorne and Malek (31) revealed the presence of many
known and other potentially important species of plant.parasitic nemeg-~
todes in grasslands of this region. In addition, Smolik {23) has shown

rowth increases of 35 to 67% of Agropyron smithii Rydb. and Boutelioun
g =P

gracilis (H.B.X.) Lag. ex. Steud. following fumigation of naturally
infested range soil.

Much of the present study was conducted in cooperation with the
Grassland Biome portion of the U.S. International Biological Program.
A primary objective of the Grassland Biome Program is improvement ot
management recommendations through an improveg wderstoniing of proaga-
land ecosysterns.

The objective of the present study was to determine the role of

nematodes in a grassland ecosystem, in particular the Grassland Bicme



site located at Cottonwood, South Dakota. Concurrent with this objec-
tive nematode taxa, numbers and biomass were determined. The effects
of sampling depth and grazing intensity on the above werc also studied.
Nematicide treatment of range grasses in field and greenhouse studies
was used to further evaluate the role of nematodes. In addition, using
biomass data, an attempt was made to calculate the amount of plant

material consumed by Plant feeding nematodes.



MATERTALS AND METHODS

A major portion of this study was conducted at the Cottonwood
Rahge Experiment Station in west central South Dakota. A thorough
description of the Cottonwcod site has been given by Lewis (13).
Nematodes were extracted from soil by the method of Christie and Perry
(k). With the exception of nematicide experiments, all nematode num-
bers were corrected for extraction efficiency in an attempt to estimate
the actual population. The efficiency of the wet screening porticn
of the method using a 325 mesh screen was approximately 73%. Ambient
temperature influences the efficiency of the Baermann funnels and this
efficiency will vary with sampling date, generally from 70O to 95%.
Dorylaims tended to remain in the screen residues more frequently than
other taxa and consequently their numbers were corrected independently,

The number of nematodes in each of nine taxa groups was determined
by counting the number present in each of three 1 ml aliquots of g
50 ml suspension in a Scott slide hookworm larvae counter, Specific
identification and values for biomass delerminations were obtuined
from permanent mounts (28) of individuals selected at random from among
samples massed by treatment, depth and date. Approximately 1,000
mounts containing from two to twelve nemas per slide were prepared.
Biomass was calculated by the formula of Andrassy (1). Lyophilization
was used to determine a nematode moisture content of 75%. Trowhic
levels for the various forms were besed on publishez reports (7, 8, 9,
10, 12, 21, 27, 28, 29, 30, 32) and, for certain of the derylaims, on

the work of J. Ferris (personal communication).




Soil samples were obtained on dates selected by the biome per-
sonnel in 1970, 1971 and 1972. Soil cores, 4.2 em diameter, vere
removed to a depth of 60 em from grazced and ungrazed treatments. The
cores were subdivided into 0-5, 5-10, 10-20, 20-30, 30-L0, L0-50 ang
50-60 cm depth increments, placed in plastic bags, and stored at 4°C
until processed. Six to eight cores were taken from each treatment
on each of three sampling dates in 1970 and 1971 and on four dates
in 1972. Generally the sampling dates corresponded to initiation of
growth in the spring, period of peak vegetative standing crop {(July)
and Just prior to frost in the fall.

The grazed treatment areas were fenced from a pasture in the

spring of each sampling year. This pasture has been heavily grazed

since 1942 and is now dominated by Buchloe dactyloides (Nutt.) Engelm.

and Bouteloua gracilis (H.B.X.) Lag. ex. Steud. The ungrazed treat—

ment area is located in a pasture that has been fenced to exclude
large herbivores since 1963. Prior to this time it had been lightly

grazed and vegetation, dominated by Agropyron smithii Rydb., appears

to have reached stability. Both treatment areas are located on gentle
northeasterly slopes with silty clay soils {(13).

The effects of nematicide treatment were evaluated in field and
greenhouse experiments. Vydatégz S-methyl 1-(dimethylcarbamoyl )-ii-
Emethy]carbamoyl) oxy] thioformimidate, a systemic nematicide, wes
applind as a foliar spray at 20 g active ingredicat/ha Tue tioa at
two week intervals in all experiments. Nematicide treatments were
initiated in 0.5 me field plots in heavily grazed range at the Cotton-

wood site in June, 197i. ‘Ten replications each of nematicide treated



and non-treated rlots were arranged in a randomized complete block
design. At the same time, twelve 15 c¢n diameter soil cores vere re-
moved from an area adjacent to the field plots and placed in 15 em
clay pots. The pots were placed in an air-conditioned greenhouse (25 1
3°C) and half were treated with nematicide to determine the cfrect on
nematode populations. The experiment was terminated seven months later
and effect of nematicide treatment determined. an additional twelve
cores were removed in a similar manner June, 1972, for further evalu-
ation of the effect of nematicide treatment on nematode populations
and on growth of range grasses in a second greenhouse experiment,
Clipping was initiated one month after the final nematicide applica-
tion and the grass was clipped at three week intervals to a height of
5 cm until conclusion of the experiment 6 months later,

Evaluation of field Plots was initiated T July, 1972. One-half
of the plots within each treatment were clipped {to soil level with hand-
operated clippers and a 4.2 cm diameter soil core was removed to a depth
of 10 em and gubdivided into 0-5 and 5-10 cm increments. The remaining
Plots were clipped 21 July, 1972, with an electrically-powered clipper
and a 4.2 em diameter core was removed to s depth of 60 cm and sub-
divided as previously described. Nematode species present in the
treated and non-treated plots were determined by preparing permanent
mounts of randomly selected individuals from massed samples. Tn addi-

: 1 . : .
tion, &boveground arthropods™ were e:xiracted with Berlese funnelisz Prem

lArthropod identification provided by Dr. Burruss McDaniel, Ento-
molaogy Department, South Dakota State University, Brookings, South
Dakota,



herbage obtained on 21 July. Regrowth in all plots was clipped 28
September, 1972. On 5 April, 1973, blocks of so0il 6 x 6 em to a
depth of 10 cm were removed from all pPlots for final evaluation of
nematode populations.

All pots in gréenhouse experiments received regular aépljcations
of water and fertilizer, and insecticide was applied when necessary.
Clippings obtained in all experiments were oven dried at 60°C for

Tive days prior to weighing.



RESULTS AND DISCUSSION

Taxa, number and biomass studies

The following nematodes were identified from samples obtained from

the Cottonwood Grassland Biome site: Acrobeles complexus Thorne, 1925,

A. ctenocephalus Thorne, 1925; Acrobeloides minor {Thorne, 1925) Thorne,

1937; Akrotonus vigor Thorne, 1973; Aphelenchoides centralis Thorne and

Malek, 1968; Aphelenchus avenae Bastian, 1865; Aporcelaimellus clamus

Thorne, 1973; A. conoides Thorne, 1973; A

- Obscuroides Altheer, 1967;
A. obscurus (T and S, 1953) Heyns, 1965; A. porcus Thorne, 1973; Axon-

chium micans Thorne, 1939; A. solitare Thorne, 1939; Basiria Eramino-

phila S8iddiqi, 1959; Basiroides conurus Thorne and Malek; 1968; Rss-

tiania sp.; Belondira apitica Thorne, 1939; Boleodorus acutus Thorne

and Malek; 1968; B. thylactus Thorne, 1941; Cephalobus persegnis Bastian,

1865; Cervidellus serricephalus (Thorne 1925) Thorne, 1937; Chiloplacus

contractus Thorne, 1937; Discolaimus texanus Cobb, 1913; Ditylcnchus

caudatus Thorne and Malek, 1968; D. microdens Thorne and Malek, 1966;

Dorylaimellus nodochordus Thorne, 1939; D. tenuidens Thorne, 1939; Dory-

laimoides teres Thorne and Swanger, 1936; Ecumenicus monohystera {deMan,

1880, And. 1959) Thorne, 1973; Eucephalobus oxyuroides {deMan, 1876)

Steiner, 1936; Fudorylaimus acuticauds, (deMan, 1880) Andrassy, 1959; E.

conicandatus Thorne, 1973; E. dubius Thorne, 19735 E. longicardiug

Thorne, 1973; E. miser (T and S, 1936) Andrassy, 1959; E. modestus

(Altheer, 1952) Andrassy, 1959; E. sodakus Thorne, 1973; Helicotylenchus

glissus Thorne and Malek, 1968; H. leiocephalus Sher, 1966; Heterodera



sp.; Labronema rapax Thorne, 1973; Lalmydorus flexus (T and S, 1936)

Andrassy, 1959; Leptonchus obtusus Thorne, 1939; Longidorus crassus

Thorne, 1973; Mesodorylaimus Pseudobastiani Loof, 1969; Monhystera sp.:

Mononchus papillatus Bastian, 1865; Nothotvlenchus sp.; Nygolaimus macro-

brachyurus Heyns, 1968;{&. papilloides Thorne, 19735 N. parabrachvurus

Heyns, 1968, N. paratenuis, Thorne, 1973; Paratylenchus brevihastatus

Wu, 1962;‘2. resticus Thorne and Malek, 1968;.2. vexans Thorne and

Malek, 1968; Plectus parietinus Bastian, 1865; Pratylenchus seribneri

Steiner, 19&3;{2. tenuis Thorne and Malek, 1968; Prismatolaimus SP.;

Psilenchus elegans Thorne and Malek, 1968, P. hilarulus deMan, 1921;

Pungentus monohystera Thorne and Swanger, 1936; Solidens vulgaris (Thorne

1930) Thorne, 1973; Subanquina radicicola (Greefr, 1872) Paramonov,

1967; Thonus major Thorne, 1973; T. nothus (T and S, 1936) Thorne, 1973;

Tripyla arenicola deMan, 1880; Trophurus minnesotensis (Caveness, 1958)

Caveness, 1959; Iylenchoélaimellus grandis Thorne, 1973; T. striatus Thorne,

1939; Tylencholaimus proximus Thorne, 1939; Tylenchorhynchus acutus

Allen, 1955; T. maximus Allen, 1955; I. nudus Allen, 1955, T. robustoides

Thorne and Malek, 1968; Tylenchus exiguus deMan, 1876; T. fusiformis

Thorne and Malek, 1968; T. parvissimus Thorne and Malek, 1968; Wilsonems

sp.; Xiphinema americanum Cobb, 1913; X. vuittenezi Luc et. al,, 196k,

The large variety of nematodes in the above list is apparently due
to the mixed prairie nature of the sampling area and the large number
of samnples collected, Species énccuntered by treatient and depth Tor
indicated sampling dates are ﬁresented in the appendix in Talle A1l.
Appendix tables are designated by the letter A. Figure 1 compares the

effects of grazing intensity and sampling depth on species diversity.
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Grazing intensity had little effect on species diversity whereas the
reverse is true for sampling depth. The 0-5 em samples had more than
twice the number of species encountered inm the 50-60 cm samples (Fig. 1).
This greater diversity apparently reflects the greater variety of food
sources available in the upper soil layers.

Figures 2 and 3 compare the effects of grazing intensity and sam-
pling date on the number and biomass, respectively, of Plant feeding
nematodes per m2 to 60 cm depth at the Cottonwood site. As indicatcd
(Fig. 2), sampling date had a greater influence on nematodelnumbers
than grazing intensity. The summary of the analyses of variances
(Table 1) revealed significant grazing effects only for certain 1972
‘samples. In terms of nematode biomass, however, (Fig. 3) both grazing
intensity and sampling date fregquently resulted in statistically
significant differences (Table 1). Nematode populations are usually
expressed in terms of numbers; it would appear howeﬁer, that biomass
is also a useful means for Judging populations and in the case of
ecological studies is probably superior.

Effects of grazing intensity and sampling depth on number and
biomass of plant feeding nematodes for the July, 1970 sampling are shown
in Figs. 4, 5. The same general trends are again apparent, i.e.,, little
difference in terms of numbers and gresater differencés in biomass be-
twveen grazed and ungrazed treatments. The reason for the highly signif-
icant effecls of depth (Wable 1) sre obvious in both Figs, 4 and 5
since well over half of the nematodes occurred above the 20 cm sampling

depth. The majority of roots also cceur above 20 em (15) which would
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Table 1. BSummaries of significance in the analyses of variances
of numbers and biomass of nematodes.
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account for the concentration of plant feeding nematodes in the upper
soil layers. The teindency for nematode populations to remain higher
as depth increased in the ungrazed treatment (Fig. L) appeared to be
consistent over most of the sampling dates (Table A2)., A logical means
to explain this difference is to compare the root biomass in the grazed
versus ungrazed treatments. Upon so doing however, one finds that the
root biomass is nearly always higher in the grazed treatment (15). Tt
would thus appear that the higher populations are due to a greater pro-
portion of suitable feeding sites at lower depths in the ungrazed treat-
ment, that, in turn, are due to the shift in dominant vegetation that
occurs from the grazed to ungrazed condition. The observed population
differences also aid in explaining the significant treatment by depth
interactions that freguently cceourred. The analyses of variance for
trophic level data in Table A2 are shown in Tables A3-AS5.

Due to the large amount of dats generated in this study it was not
feasible to conduct a separate analysis of variance for each of the nine
taxa groupings counted. Consequently three texa, Tylenchorhynchus spp.,

Helicotylenchus spp. and Xiphinema spp. which constitute the greatest

proportion of biomass, were selected to represent the plant feeding
forms. The species included in these three and all other taxa groupings
are shown in Table 2,

Certain of the taxa groupings (Table 2) contain genera that do nect
agree with the taxa title. These goncrs wvere of similar size and Tood

habits to others in the taxa grouping and also occurred infrequently

and in low numbers. The values for the Predaceocus forms were based on



Table 2.

Taxa groupings used in comparisons of nematode number, bio-

mass and trophic level data obtained at the Cottonwood site.

Taxa grouping

Trophic level

Taxa contained within grouping

Tylenchorhynchus Plant feeding

Helicotylenchus

Xiphinema

Paratylenchus

Tylenchinae~
Psilenchinae

Pratylenchus

Dorylaim

Dorylaim

Mononchus

Rhabditida

Plant feeding

Plant feeding

Plant feeding

Plant feeding

Plant feeding

Plant feeding
(4o)

Predacious

(60)

Predacious

Saprophagous

Tylenchorhynchus robusteides (90)%; T.
nudus (6); T. maximus .(2); T. acutus
(1); Trophurus minnesotensis (1).

Helicotylenchus leiocephalus (87); H.
glissus (12); Heterodera larvae (2).

Xiphinema americanum (97); X. vuit-
tenezi (2); Longidorus crassus (1).

Paratylenchus vexans (6k); P. brevi-

hastatus (33); P. pesticus (2).

Tylenchus exiguus (49); T. parvissimus
T. plattensis (1); Ditylenchus caudatus
(6); D. microdens (2); Basiroides conu~
rus (13); Basiria graminophila (2);
Psilenchus eiegans {(2); P. hilarulus

(1).

Pratylenchus tenuis (85); P.
(15).

scribneri

Pungentus (23); Dorylaimellus (19);
Tylencholaimellus (19); Axonchium (16);
Belondira (10); Dorylaimoides (6); Ty-
lencholaimus (k)3 Leptonchus (2).

Eudorylaimus {L5); Aporcelaimellus (41);
Nygolaimus (10); Akrotonus (1); Meso-
dorylaimus (1}; Laimydorus (1) Solidens
(1); Discolaimium (1).

Mononchus papillatus (80); Tripyla
arenicola (20}.

Acrobeles (39); Cephalobus (27); Chilo-
placus (15); Eucephalobus (10); Plec-
tue (3); Cervidelius (23); sercbe - 0

Lol ey
(2); Aphelenchus (2); Wilsonema (1).

8Figure’ in parenthesis indicates the percentage composition of each
based on occurrences in permanent mounts of randomly selected indi-

viduals.
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two taxa groupings and the saprophagous on one (Table 2). Thus, the

analyses of variance (Tables A3-A5) arc directly applicable to the

saprophagous forms and, since the predaceous dorylaims comprised about

90% of the predacepus taxa, are also applicable to these forms.
Effects of grazing intensity, sampling depth and sampling date

on numbers of all taxa groupings are shown in Table AG. Effects of

grazing intensity and sampling date on the number of Tylenchorhynchus

spp., Helicotylenchus spp. and Xiphinema spp. are compared in Figs. 6,

7 and 8 respectively. Analyses of variance for these taxa groupings

are presented in Tables A7T-A9. The number of Tylenchorhynchus sPP.

was significantly higher in the grazed treatment on nearly all sampling
dates (Fig. 6), indicating a preference for grasses dominant in the
treatment or a shift in other envirommental conditions favorable to
this group. There was little obvious correlation between grazing in-

tensity and number of Helicotylenchus spp. (Fig. 7), although signifi-

cant treatment differences existed for some dates. Tt appears that
this group is well adapted to both grazing treatments.

Xiphinema spp. displayed a definite preference for the ungrazed
treatment (Fig. 8). Members of this group are much larger than the
preceding two and it is probable that they find the coarser-rooted A.
smithii easier to feed upon than the finer-rooted grasses dominant in
the grazed treatment. Xiphinema spp., particularly X. emericanunm, are
sensitive to perturbations in the enviromment [.73) and thus, enmvi-co
mental changes, beyond those of host that occur under heavy grazing,

may also account for the population differences. Two obvious changes
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would be an increase in soil biological activity through the addition
of cattle feces and an increase in soil compaction through trampling.
Effects of grazing intensity and sampling depth on numbers of

Tylenchorhynchus spp., Helicotylenchus spp. and Xiphinema spp. are

shown in Figs. 9, 10 and 11 for the July, 1970, sampling. Effects of
sampling depth are basically similar to those shown in Fig. 4, since
the majority of all three taxa occurred above 20 cm. An interesting
contrast was noted, however, in comparing Figs. 9 and 10. Thé Tylen-
chorhynchus spp. appear to be limited to primarily the upper 10 cm of

soil with the Helicotylenchus spp. beginning to predominate at or below

this level. This condition is especially apparent in the grazed treat-
ment (Table A6). Possible explanations include an apparent antagonism

between these two genera (22) and the preference of Tvlenchorhynchus

spp. for higher soll temperatures (19, 24, 34), Disruption of this
natural segregation through cultivation aids in explaining the low

numbers of both taxa in winter wheat (Triticum aestivum L.) fields

adjacent to the Cottonwood site (unpublished data). Preference of

Xiphinema spp. for conditions in the ungrazed treatment were again
apparent (Fig. 11).
Figures 12 and 13 show the effects of grazing intensity and sam-

pling depth on the biomass of Helicotylenchus spp. and Xiphinema spp.,

respectively, for the July, 1970, sampling. A comparison of Figs. 10
and 11 with 12 and 13 reveals the principal reason for the higher bio-
mass of plant feeding nematodes in fhe ungrazed treatment (Fig. 3) to be

the much larger size of the Xiphinema spp. For example, on the above
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sampling date 234,000 Helicotylenchus spp. weighed 256 ng whereas

only 41,000 Xiphinema spp. weighed 273 mg.

Other trophic levels were also studied and the effects of grazing
intensity and sampling date on the numbers of predaceous and sapropha-
gous forms are shown in Fig. 1. Initially, this figurc was preparcd
to show a possible predator-prey relationship and, on the basis of
numbers, it would appear that the saprophagous forms might provide a
sufficient Tood scurce. In addition, some ol the predacecus forms are
known to feed upon certain saprophagous nematodes (32). However, vhen
the biomass of predaceous and saprophagous forms is compared, (Figs.
15 and 16 respectively) it is apparent that the saprophagous forms
arc not the sole food source of the predators. The large biomass of
the predaceous forms in spite of their relatively low nuwmbers is due
to the large size of these aggressive nematodes., The biomass of the
predaceocus forms is nearly as large as that of the plant feeding {(rig. 3)
and plant feeders are probably also utilized as a Tood source. It thus
appears that the predators may be an important element in biclogical
control of plant feeding populations. However, predacecus nematodes
do not feed only on other nematodes. Enchytracid eggs, mites, mite
eggs, protozoa and oligochaetes are known to be preyed upon and no
doubt other soil-inhabiting animals. It is also possible that certain
of the forms included among the predaceous {(Table 2} are omnivorous
(10, 27, 30) and also fced upon plant material.

Tetal nematode biomass estimates obtained in the present study
are within the range of those reported iﬁ previous work (Table 3) in

spite of the wide diversity of habitats and extraction techniques.
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Table 3. A comparison of estimates of biomass of nematode populations
from several habitats with those obtained at the Cottonwond

site.
Bicomass Sampling

Habitat (g/m? wet wt) Country depth (cm)  Source
Grassland 5.0 Switzerland 15 {(26)
Grassland 8 - 17.8 Denmark 5 (18)
Juncus moor peat 0.48 - 0.75 England 6 (2)
Cultivated (wheat) 0.56 Soviet Union - {36)
Grassland 1.1 - 13.8 Canada 30 {(35)
Beech forest 4,1 Germany 25 (33)
Oak forest 15.2 Germany 25 (33)
Aspen forest 1.86 Sweden 2k ( )2
Pine forest 0.3 Sweden 2-1 { )a
Cld field 0.9 - 3.0 U.S8.A. 80 (5)
Cottonwood site 2.0 - 7.1 U.5.4. &0

8Sohlenius (personal communication).

Nematicide studies

Nematicide treatment significantly reduced nematode numbers in
field plots at the Cottonwood site (Table L). The analysis of variance
(Table A10) for data obtained on the second sampling date revealed g
significant treatment by depth interaction. As indicated in Fig, 1T,
the effectiveness of the nematicide rapidly diminished below 30 cm in
depth; however, this might be expected since the majority of roots,
which transport the nematicide, occur above 30 em. The nematicide was
generally more effective in reducing populations of Plant feeding forms
than those of other trophic levels (Table ). Significant reductions,
hﬁwever, did occur among predaceous and saprophagous forms, indicaling
that the chemical possesses substantial rhizosphere activity. Species

diversity was also reduced by nematicide treatment (Table 5). Nematode
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Table h. Effect of nematicide treatment on numbers of nenatodes in
heavily grazed range at the Cotionwood site.

frophic level

Sampling FPlant Sapro-
dale Depth (cm) feeding; Predaceous phusous
& July, Check 0-5 12662 2L 707
1972 5~10 864 123 116
Treated 0-5 169 123 309
5-10 Th 20 37
Percent 0~-5 87 50 67
reduction 5-10 91 84 68
t 0-5 L, Qokex 1.27 2.08%%
5-10 3.07%% 3. 56 FH oL hyEE
21 July,
1972P 0-5 2030 270 10LkL
5-10 1013 83 133
i 10-20 1169 T3 70
Check 20-30 456 16 39
30-40 237 1 1k
ko-50 78 L b3
50-60 5 3] L
0-5 222 Th 2h6
5-10 108 24 16
10-20 kg h 16
Treated 20-30 161 10 17
30-40 295 10 39
40-50 21k 8 53
50-60 73 2 16
0-5 89 3 76
£~10 &g T 8n
Percent 10-20 . 96 95 T
reduction 20-30 65 37 56
30-h0 — 9 -
40-50 - —-— -
50-60 -~ 75 Y
5 April, Check 0-10 Lglgt 551 1808
1973
Treated 0-10 892 264 868
Percent
reduction 82 52 52
t 6.97*%% .6.77*** T.10%%%

4Each value is mean of 5 replications,number/4.2cm diameter core to indicated depth.
bAnalysis of variance is shown in Table Al12.
CEach value is mean of 10 replications, number/6x6x10 cm block.

**Significant at .05 level.
**%Significant at .01 level.
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Table 5, Nematodes identified among randomly selected individuals from
check and nematicide treated plots at the Cottonwood site.

Check

Treated

Acrobeles ctenocephalus
Aphelenchus avenae
Aporcelaimellus obscuroides
Aporcelaimellus obscurus
Axonchium sp.

Bastiania sp.

Belondira apitica
Boleodorus similis
Cephalobus persegnis
Chiloplacus contractus
Discolaimus texanus
Ditylenchus micrcdenz
Dorylaimellus tenuidens
Eucephalobus oxyuroides
Eudorylaimus longicardius
Eudoryldimus miser
Helicotylenchus glissus
Helicotylenchus leiccephalug

Leptonchus obtusus
Mesodorylaimus sp.

Mononchus papillatus
Nygolaimus sp.

Plectus parietinus
Prismatolaimus sp.
Tylencholaimellus striatus
Tylencholaimellus sp.
Tylenchorhynchus nudus
Tylenchorhynchus robustoides

Tylenchus exiguus
Tylenchus parvissimus
Wilsonema sp.
Xiphinema americanum

Acrobeles ctenocevhalus
Acrobeloides minor
Aphelenchoirtes sp.
Aporcelaimellus conoides
Basiroides econurus
Belondira apitica
Lephalobus perscenis
Chiloplacus contractus
Fucephalobus oxyurcides
Fudoryleimus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Heterodera larvae

Mononchus papillatus
Paratylenchus brevihaztatus
Plectus parietinus
Pratylenchus tenuis
Tylencholaimellus sp.
Tylenchorhynchus robustoides
Tylenchus exiguus

Tylenchus fusiformis
Tylenchus parvissimus
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conirol appeared to be deteriorating on the final sampling date (Tabule
L), however, significant reductions did occur among all trophic levels.

Significant growth increases resulted on all clipping dates {Table
6). Figure 18 compares representative amounts of herbage from treated
and check plots obtained on the first clipping date.

Clipping weights were increased from 28 to 59% in treated plots
(Table 6). 1Initial clipping of half of the field plots was accomplished
with hand-powered clippers and consequently much of the crown material
was not removed. Electrically-powered clippers were used for all subse-
quent clippings and as indicated in Table 6 the overall amount of herb-
age obtained on the second clipping was substaniially greater. A
further indication of the increased vigor of plants iﬁ treated plots

was the U5% increase in weight of regrowth obtained or the final



Table 6. Effect of nematicide treatment on growth of range grasses
in heavily grazed range at the Cottonwood site.

a Percent

Clipping date Clipping weirght increase 3
6 July, 1972 " Check 52.52P :

Treated 83.24 59 2k, o7FE%
21 July, 1972 Check 109.05b

Treated 139.80 28 10.81%#%
26 September, 1972 Check 35.98°¢

Treated 52.35 k5 15.16%%%

8Total dry herbage weight in g/0.5m".
PEach value is mean of five replications.
CBach value is mean of ten replications.
¥%SignifTicant at .05 level.

¥¥¥Gipnificant at .01 level.



Fig,

18.

Effect of nematicide treatment on amounts of herbage
obtained on the initial clipping of field plots at the
Cottonwood site - treated on right.
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clipping date. The numbers of selected aboveground arthropods ex-
tracted from herbage on the second clipping was generally higher in
treated plots (Table 7), although no statistically significant dif-
ferences existed within taxa.

Results cobtained in greenhouse experiments substantiate those
obtained in field plots. In the initial greenhouse experiment (Table 8)
nematicide treatment significantly reduced nematode numbers among all
trophic levels and substantially improved the top and root growth of
treated grass (Fig. 19). 1In the second experiment nematode control
was again exceilent (Table 9) and clipping weights in treated pots
were iincreased by 31% (Table 10). The confined nature and consequent
more thorough nematicide coverage of plants in the greenhouse experiments
would explain the greater reduction in nematode numbers. Plants in
greenhouse experiments were watered and fertilized regularly and, since
it has been demonstrated that stresses in the physical environment in-
crease nematode injury to plants (25), clipping weight increases in
treated pots were generally not as great as those obtained in the field
study.

It is probable é portion of observed growth increases resulted from
insect control since Vydatéﬁ)is &n insecticide as well as a nematicide.
However, the peak bicmass of abovegroﬁnd arthropods at Cottonwood in
1970 was (.385 g/m2 (17), while in the present study the pesk nematode
biomass was 1,773 g/mg, or ubout 5 times greater Lthan the orthropods.

Thus, it is apparent that plant feeding nematodes not only oczupy a
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Table 7. Effect of nematicide treatment on numbers of selected above-
ground arthropods in heavily grazed range at the Cottonwood

site.
Arthropod taxa
L]
QO 15
3 3 3 v
ot = d «©
[ 3% o © ] 3
(4] [ 13 L] o3 t, ot
O o) = o o] S
[3] 't +3 o wl o Kol ja]
O = O ot (4] @ 9] ke
s} Kl Q 2y ot o E 2
a3 3] (o] - E £ [e] o
4 P e e 5 5 B 2
[+ 7 =1 Ay [ =] [ <1 m [43]
Check o8 117 6 4 0.5 0.2 0.6 0.5
Treated 21 126 14 5 0.5 0.2 0.8 0

8Extracted from herbage with Berlese funnels, each value is mean of
five replications (McDaniel, unpublished data).

Table 8. Effect of nematicide treatment on nematode numbers in soil
cores in greenhouse experiment I.

Trophic level

Plant feeding Predaceous Saprophagous
Initial a
population 8,448 1,352 9,580
Check 15,h62b 1,378 12,516
Treated 765 13k 1,436
Percent
reduction 95 90 89
t G.1h%*%% 6_70*** 5, 32%%%

8Bach value is mean of three replications.

bEach value is mean of six replications seven months after treatment.

¥%*Significant at .01 level.



Fig. 19. Effect of nematicide treatment on growth of range grasses
in soil cores in greenhouse experiment I. A. Top growth -
treated on right. B, Root growth - treated on right.



Table 9. Effect of nematicide treatment on nematcde numbers in soil
cores in greenhouse experiment IT.

Trophic level

Plant feeding Predaceous SaproPhagoﬁs
Check 6,733% 611 27,176
Treated 2ho 96 1,272
Percent
reduction 96 8l 95
t 5.61%%x b, gl xxx 6.13%%%

8Rach value is mean of six replications seven months after treatment,

¥¥¥Significant at .0l level,

Table 10. Effect of nematicide treatment on growth of range grasses
in soil cores in greenhouse experiment IT.

. Cumulative Root and
clipping weight crovi weight
Check 9.27% 10.87
Tresied 12.15 12.32
Percent inerease 31 13
t 2. TOo** 1.06

%Fach value is mean of =ix replications, dry wt in g.

%¥#¥3ignificant at .05 level.
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significant proportion of the jnvertebrate biomass at the Cottonwood

site, but also function as controllers of productivity in range.

Nematode intake studies

Data thus far presented, while demonstrating the importance of
nematodes, is deficient in one respect; it does not allow a direct com-
parison of nematode consumption with that of other consumers as is
necessary to quantify energy flow in an ecosystem study. In an attempt
to correct this deficiency a formula for estimating invertebrate intake
developed by Lewis (14) was modified to estimate intake for plant
feeding nematodes (Table 11). Metabolic rates were obtained from
published values (3, 6, 11, 12, 16) and corrected for the mean of soil
temperatures at 10 and 20 cm depths based on Cottonwood abiotic data
(15). The growing season was divided into three periods; April-June,
July-August and September-October, and the average plant feeding nema-
tode biomass for each period was obtained from the three years of data.
The next two values (Table 11), cal/ml O, and cal/g, were obtained from
Lewis (14). Activity requirement was included to compensate for the
nearly inactive condition of nematodes in a respirometer as compared
to those in soil actively feeding or moving about in search of a host.
The assimilation efficiency was obtained Trom Lewis (1L4). Calculations,
with the omission of constants, are shown in Table 12 for the grazed
and ungrazed treatment. Estimates of herbage net primary production
at Cottonwood in 1970 (1k4) for the various components are shown in

Table 13.
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Table 12. Calculations for estimation of intake in g/m2 for plant
feeding nematodes at the Cottonwood site.

Crazed
Date:
April - June: (3.5) x (0.3887) x ( )& x (218L) = 12.7
July - August: (7.L4) x (0.bob7) x ( Y& x (1L88) = 19.0
Sept. - October: (3.5) x (0.3529) x { )® x (146L) = _T.7
Total 39.4
Ungrazed
April - June: (3.5) x {0.5521) x ( y® x (2184) = 18.0
July - August: (7.4) x (0.6130) x ( y* x (1488) = 28.7
Sept. - October: ({3.5) x {0.u61k) x ( )® x (1L64) = 10.1
Total 56.8

80onstants: See Table 11.

Table 13.

Estimated net primary productivity for grazed and ungrazed
treatments st the Cottonwood site, 1970.

From Lewis (14).

Treatment
Component Grazed Ungrazed
Aboveground herbage ou7? 450
Aboveground crowns and stolons 33 10L
Belowground crowns 113 113
Roots 226 261

80ven dry weight in g/mz.
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Presence of an adequate food base for plant feeding nematodes in
terms of net root production is apparent {Table 13). A comparison of
estimated intake of primary producers by cattle, small mammal, bird

and insect populations with that for nematodes is shown in Table 1k.

Table 1h. Estimated intake of primary producers by cattle, small
mammal, bird, insect and nematode populations at the
Cottonwood site.?

Treatment Cattleb Small mammal Bird Insect Nematode
Grazed 22°¢ 0.3 0.10 3.9 39
Ungrazed 37 0.3 0.06 1.9 : 57

8411 values except those for nematodes were obtained from Lewis (1b).
bHypothetical cattle populations - based on moderate stocking rate.

CIntake in g/mg.

The comparatively high intake for plant feeding nematode popula~
tions (Table 1L} is due in part to their large biomass. The mean nema-
tode biomass for the grazed and ungrazgd treatments is 0.38 and 0.54
g/m? while that for cattle is 1.69 and 2.85 g/m°. Although the biomass
for cattle is higher, the metabolic rate for nemato@es is much higher,
as would be expected on the basis of their much smaller size (12), and
conseéuently their intake is greater. It should also be kept in mind
when interpreting Table 14 that nematodes are indigenous and cattle
are introduced. Thus, it might be expected that nematode populations

are more officient in utilizing the available food sources. A possible
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deficiency of the formula in Table 11 is the assumption that nemalodes
were active throughout the entire April-October period. While precipi-
tation was above normal for all of the sampling years (Lewis, personal

communication), it is possible that either soil moisture or soil tem-

perature may at times have been at levels that would limit nematode
activity. B8tudies designed to determine the effects of soil moisture
and temperature on nematode populations native to the Cottonwood site

are currently underway.
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CONCLUSIONS

Results presented demonstrate that soil inhabiting nemestodes con-
stitute a significant Proportion of the consumer biomass at the Cotton-
wood site. Biomass of plant feeding forms was significantly greater
in the ungrazed treatment due mainly to the high numbers of dagger

nematode, Xiphinema americanum. Biomass of predaceous forms was also

greater in the ungrazed treatment and overall nearly equaled that of
the plant feeding forms, thus indicating their potential as agents of
biological control. Bjiomass of saprorhagous forms was considerably
less than that of the other trophic levels and also showed little
treatment response.

An inverse relationship between numbers of Tylenchorhynchus spp.

and Helicotylenchus spp. was noted in the grazed treatment. Tylen-
chorhynchus spp. appeared nearly limited to the upper 10 cm of soil

with Helicotylenchus spp. Predominating with increasing depth, indi-~

cating a possible antagonistic relgtionship between these taxa.

The diversity of‘taxa was found to decrease with increasing sam-
prling depth, a response attributed to a decrease in variety of food
sources. Total number of nematodes also decreased with increasing
sampling depth and approximately 70% of the nematodes occurred above
20 cm.

Nematicide treatment of range grasses in field and grecnhouse
studies significantly reduced nematode populations, increwsed above-
ground herbage weight, and further, provided a demonstration of the

importance of nematodes as controllers of productivity in range.
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A formula was used to estimate nematcde intake at the Cottonwood
site and, surprisingly, plant feeding nematodes were found to consume
more range grass than cattle., In addition, comparisons of nematode
intake with that of several other consumer populations indicated that
nematodes are major consumers at the Cottonwobd site. The large bio-
mass, high metabolic rate and indigenous nature of the nematode popu-
lations were suggested as probable reasons for the high intake.

Overall, it is apparent that soil inhabiting nematodes constitute
a significant pathway of energy flow in a grassland ecosystem. They
also are probably responsible for a significant proportion of the below-
ground nutrient recycling.

Results of the present study are not applicable to Cottonwood

alone since several surveys (unpublished data) have shown the exist-

ence of equally high nematode numbers throughout the range area of
western South Dakota. In addition, Thorne (31) has commented on the
general distribution of nematode species in prairie sod in the Nor£hern
Great Plains. Assuming that nematodes could be controlled, and, further,
that what they now consume could be made available to cattle, it appears
that the carrying capacity of the range could be doubled. ZEconomic
benefits of such a situation are obvicus, however, the reverse is true
under present conditions and in terms of economic loss plant feeding
nematodes in range appear to be a major biotic agent of plant disease
in the Northern Great Plains.

An obvious response to the above is to ask what can be done about

nematodes in range. One of the first things that might be done is to
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follow grazing recommendations. Certain of the desirable range grass
species rapidly disappear under heavy grazing, probably because they
cannot tolerate high populations of cattle grazing on shoots and high
numbers of nematodes grazing on roots. Nematicide treatment is not

now economically feasible and with presently available chemicals may
be ecologically undesirable, Interseeding nematode resistant or teler-
ant grasses (providing they could be found)} might alsc provide an
answer. At present there is little interseeding of grasses in South
Dakota range, apparently because of a previous lack of success. One

of the reasons for previous failures may well be due to nematodes.
Another possibility is a management regime that wbuld operate.to the
advantage of cattle and disadvantage to nematodes. Nematode numbers,
taxa and biomass data of the type presented in this study for a greater
variety of range conditions might provide the basis for such a regime.
Whatever the answer might be, continued research on nematodes in range

is Justified.
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APPENDIX A
APPENDIX TABLES
Table Al. Influence of grazing intensity and sampling depth on species
encountered among randomly selected individuals at the
Cottonwoed site.

Date: July and Qctober 1971, March 1972

Depth: 0-5 em

Sxazed

Ungrazed

Acrobeles complexus
Acrobeles ctenocephalus
Acrobeloides sp.
Aphelenchoides centralis
Aporcelaimellus clamus
Aporcelaimellus conoides
Aporcelaimellus obscurus
Axonchium micans
Boleodorus acutus
Cephalobus persegnis
Cervidellus sp.
Chiloplacus contractus
Dilylenchus microdens
Dorylaimellus sp.
Eucephalobus oxyuroides
Eudorylaimus monohystera
Eudorylaimus conicaudatus
Eudorylaimus loacuticauda
Helicotylenchus glissus
Helicotylenchus leiocephalus
Labronemsa rapax
Laimydorus flexus
Mesodorylaimus pseudobastiani

Nygolaimus paratenuis
Paratylenchus vexans
Plectus parietinus
Pratylenchus tenuis
Prismatolaimus sp.
Solidens vulgaris
Thonus major

Thonus nothus

Tripyla arenicols
Tylencholaimellus sp.
Tylencholainus proxinus
Tylenchorhynchus robustoi-rcs
Tylenchus exiguus
Iylenchus parvissimus
Xiphinemsa americanum
Xiphinema vuittenezi
Vilsonema sp.

Acrobeles complexus
Acrobeles ctenocevhalus
Aphelenchus avenae
Aporcelaimellus conoides
Aporcelaimellus obscurocides
Aporcelaimellus obscurus
Aporcelaimellus porcus
Axonchium micans

Axonchium solitare
Belondira apitica
Boleodorus thylactus
Cephalobus persegnis
Dityienchus caudatus
Ditylenchus microdens
Dorylaimellus tenuidens
Buceptialobus oxyurcides
Eudorylaimus acuticauda
Eudorylaimus longicardius
Eudorylaimus modestus
Eudorylaimus sodakns
Helicotylenchus leiocephalus
Heterodera sp.

Laimyderus flexus
Leptonchus sp.

Longidorus crassus
Monhystera sp.

Mononchus papillatus
Nygolaimus macrobrachyurus
Paratylenchus vexans
Plectus parietinus
Pungentus monohystera
Tripyla arenicola
Tylencholaimellus striatus
Tvloinchelaivel us ~u

?ylenehorhynchﬂ%ﬂéjutus
Tylenchorhynchus robustoides
Tylenchus exiguus

Xiphinema americanun

Xiphinema vuittenezi




Table Al. Continued.

Lo

Date: July and October 1971, March 1972

Depth: S-10 cm

Grazed

Ungrazed

Acrobeles complexus
Akrotonus vigor
Aporcelaimellus obscuroides
Aporcelaimellus obscurus
Aporcelaimellus porcus
Axonchium micans

Boleodorus acutus
Cephalobus persegnis
Ditylenchus microdens
Dorylaimellus sp.
Kudorylaimus miser
Helicotylenchus glissus
Helicotylenchus leiocephalus

Leptonchus obtusus
Paratylenchus pesticus
Paraiylenchus vexans
Pratyleochus seribneri
Prismatolaimus sp.
Tylenclolaimellus striatus
Tylencirorhynchus maximus
Tylenchorhynchus robustoides

Tylenchus exiguus
Xiphinema americanum

Acrobeles complexus
Akrotonus vigor
Aporcelaimellus obseurcides
Aporcelaimellus obscurus
Axonchium mijcans

Cephalobus persegnis
Dorylaimellus sp.
Eucephalcbus oxyroides
Fudorylainmus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Heterodera sp.

Longidorus crassus
Mononchus papiilatus
Nygolainus nacrobrachyurus
Nyegolaimus parilloides
Nygolaimus parabrachvurus
Nygolaimus paratenuis
Paratylenchus vex:a:s
Prismatoiaimus sp.
Pungentus monohysters
Tylencholaimel' s sp.
Tylenchorhynehu. acutus
Tviercnexvionchus nudus
Tyitencioorbyachus robustoides
Tylenchus exisuus

Xiphinema americanum
Xiphinema vuittenezi

Date: July and October 1971, March 1972

Depth: 10-20 cm

Aerobeles sp.

Akrotonus vieor
Aporcelaimellus obscurus
Axonchium

Bastiania sp.

Belondira apitica

Acrcheles conplaruvs

Akratonus vigor
Aporcelaimellus obscu.us

‘Belondira apitica

Boleodorus acutus
Cephalobus persegnis




Table Al. Continued.
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Grazed

Ungragzed

Lephalobus persegnis
Cervidellus sp.

Ditylenchus sp.
Dorylaimellus nodochordus
Dorylaimellus tenuidens
Fudorylaimus miser
Helicotylenchus glissus
Helicotylenchus leiocephalus
Paratylenchus vexans
Pratylenchus hexincisus
Pratylenchus scribneri
Tylencholaimellus striatus
Tylencholaimus proximus
Tylenchorhynchus robustoides
Tylenchus exiguus

Tylenchus fusiformis
Iylenchus parvissimus
Xiphinema americanum

Date: July and October 1971

Depth: 20-30 em

Aporcelaimellus obscurus
Basiroides conurus
Ehiloplacus contractus
Dorylaiinellus tenuidens
Dorylaimellius sp.
Eucephalobus oxyuroides
Eudorylaimus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Nygolaimus macrobrachyurus
Trophurus minnesotensis
Tylencholaimellus sp.
Tylenchorhynchus acutus
Tylenchus exiguus
Tylencebus fusiformis
Tylenclius parvissirus
Xiphincma americanum

Ditylenchus caudatus
Dorylaimellus sp.
Eudorylaimus dubius
Eudorylaimus miser
Helicotylenchus glissus
Helicotylenchus leiccephalus
Longidorus crassus

Mononchus papillatus
Nygolaimuz macrobrachyurus
Paratylencnus brevihastatus
Paratylenchus vexans
Pungentus monohystera
Tripyla arenicocla
Tylencholaimellui striatus
Tylenchorhynehus nudus
Tyienchorhynchus robustoides
Tylenchus exiguus

Xiphinema americanum

Aporcelaimellus sp.
Cephalobuc persegnis

Lenechus glissus
Helicotylenchus leiocephalus
Longidorus crassus
Nygolaimus parabrachyurus
Paratylenchus vexans
Pungentus :.onohystera
Pratylenchus scribneri
Psilenchug hilarulus
Tylenchort:nchus robustoides
Tylenchus exiguus

Tylenchus sp.

Zirhioo vmoriconun




Table Al. Continued.
Date: July and October 1972

Depth: 30-L0 om

51

Crazed

Ungrazed

Acrobeles complexus
Aporcelaimellus obscuroides
Aporcelaimellus obscurus
Lephialobus persesnis
Chiloplacus sp.
Dorylaimellus tenuidens
Eudorylaimus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Paratylenchus brevihastatus
Pratylenchus tenuis
Trophurus minnesotensis
Iylenchus exiguus

Iylenchus parvissimus
Iyienchus plattensis
Xiphinema americanum

Date: July and October 1971

Depth: L40-50 em

Acrobeles sp.
Aporcelaimellus obscuroides
Basiroides conurus
Lephalobus persecnis
Dorylaimellus sp.
Euderylaimus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Paratylenchus brevihastatus
Paratylenchus vexans
Pratylenchus sceribneri
Trophurus minnesotensis
Iylencholuirellus sp.
Tylenchius exigius

Iylenchus parvissimus
Xiphinema smericanum

Acrobeles complexus
Aporcelaimellus cbaecuroides
Basirvldes conurus
Cephalobus persecnis
Chiloplacus contracius
Ditylenchus caudatus
Helicotylenchus glissus
Helicotvlenchus leiocephalus

Pratylenchus tenuis
Pungentus monchystera
Tylencholaimellus sp,
Tylenchus exiguns
Iylenchus parvi:simus
Kiphipena americoanus

Acrobeles sp.

Aphelenchus sp.
Aporcelaimellus obscuroides
Aporcelaimellus chscurus
Basiroides conurus
Cephalobus persesnis
Chiloplacus contractus
Ditylenchus caudatus
Eudorylaimus sp.
Helicotylenchus £lissus
Helicotylenchus leiocephalus
Paraty?-nclus vexans

Psiten, ]

Pungeirag MONODVET 2 G
Tylenchorhynchus robustoides
Tylencir:« exiguus

Xiphincma americanum

P




Table Al. Continued.

Date: July and Qectober 1971

Depth: 50-60 em

Grazed

Ungrazed

Acrobeles sp.
Acrobeloides sp.
Aporcelaimellus ohscurus
Basiroides conurus
Cephalobus persesgnis
Cervidellus serricephalus
Chiloplacus contractus
Dorylaimellus tenuidens
Dorylaimoides teres
Fudorylaimus sp.
Helicotylenchus leiocephalus

Nothotylenchus sp.
Paratvlenchus brevihastatus
Tylenchus exiguus
Yylenchus parvissimus
Tylenchus plattensis
Wilsonema sp.

Xiphinema americanum

Aporcelaimellus sp.
Basiria grominophila
Basiroides ccnurus
Cephalobus persegnis
Ditylenchus ecaudatus
Fudorylaimus sp.
Helicotylenchus glissus
Helicotylenchus leiocephalus
Plectus sp.

Trophurus minnesotensis
Tylencholaimellus sp.
Iylenchus exiguus
Iylenchus parvigsimus




Table A2. Effect of grazing intensity, sampling date and sampling
depth on numbers and biomass of rlant feeding, predaceocus
and saprophagous nematodes at the Cottonwood site.

July, 1970
Grazed
Plant Feeding Predaceous Saprovhaoous
Depth (cm) Number Biomass HNumber Ricmass Number Liomass
0-5 1,097,800% 0.1429® 378,200 0.3468 849,000 0.0675
5~10 1,078,200 0.1238 139,800 0.1282 337,000 0.0268
10-20 1,397,200  0.1692 142,800 0.1306 157,000 0.0125
20-30 876,200 0.0820 34,800 0.0318 92,000 0.0073
30-ko 346,800 0.0282 22,200 0.0203 50,000 0.0040
40-50 233,400 0.0219 51,600 0.0472 42,000 0.0033
50-60 68,400  0.0093 33,600 0.0307 66,000 0.0052
Total 5,098,000  0.5773 803,000 0.7356 1,593,000 0.1266
Grand Total: 7,49k, 000
1.4395
Ungrazed
) Plant Feeding Predaceous Saprophagous
Depth {cm) Number Biomass HNumtor Biomass Number Biomass
0-5 1,055,000  0.1361 332,500 0.3050 830,000 0.066C
5-10 1,049,800  0.283% 173,700 0.1538 273,000 0Q.0217
10-20 1,527,600 0.2261 146,500 0.1378 284,000 0.0226
20-30 536,400  0.0375 39,600 0.0969 69,000 0.0055
30-ko 559,200  0.0389 25,800 0.0236 58,000 0.00L6
Lo-50 610,400  0.0389 36,600 0.0335 48,000 0.0038
50-60 357,400  0.0123 15,600 0.01L43 37,000 0.C029
Total 5,595,800  0.7839 772,200 0.7699 1,599,000 0.1271

Grand Total: 7,967,000
1.6809

8avg. of six replications - number/n2.

PDry weight in g/m2.



Table A2. C

August, 1970

ontinued.

Grazed
_ Plant Feeding Predaceous Saprovhagous
Depth (cm) Number Biomass Number  Bicmass Number  Dicrass
0-5 1,531,200% 0.1471P 185,300 0.1703 598,500 0.0h76
5-10 504,000  0.0558 136,500 0.12L8 147,000 0.0117
10-20 T4T,400  0.0865 175,600 0.1627 100,000 0.008G
20-30 600,200 0.0611 73,800 0.0675 51,000 0.0041
30-40 418,800 0.0349 31,200 0.0285 60,000 0.00k8
40-50 181,000  0.0098 15,000 0,0137 23,000 0.0018
50-60 . 59,000 0.0048 15,000 0.0137 23,000 0.0018
Total L,0k1,600 0.4000 632,400 0.5807 1,002,500 0.0798
Grand Total: 5,676,500
1.0605
Ungrazed
_ Plant Feeding Predaceous Saprophagous
Depth (em) Number Biomass Number  EBiomass Number _ Biomass _
0-5 799,800 010612 122,200 0.1130 685,000 0.0547
5-10 835,900 0.112% 154,100 0.1417 164,000 0.0130
10-20 923,800 0.1k97 122,200 0.1130 101,000 0.o008C
20-30 652,200  0.0585 80,600 0.074d 33,000 0.00:6
30-40 359,400  0.0%05 61,600 0.0569 33,000 0.0026
Lo~50 241,000 0.0151 15,000 0.0137 36,000 0.0029
50-60 12,600 0.0161 50,400 0.0h461 28,000 o0.00p22
Total 3,954,700  0.4535 606,300 0.5588 1,083,000 0.0860
Grand Total: 5,64h,000
1.0983

dAveg. of six replications -~ number/m®.

bpyy weight in g/m°.



Table A2. Continued.

-September, 1970

Grazed
) ‘ Plant Feeding Predacecus Savrophagous N
Depth (cm) Number Biomass Number Biomass Fumber  Bimmoss
0~5 691,100% 0.0791° 147,400 0.1358 €8l ,500 0.054L
5-10 196,300  0.0452 73,200 0.0673 103,000 0.0082
10-20 830,000 0.0437 52,800 0.0486 100,000 0.G080
20-30 416,200 0.0348 22,800 0.0208 43,000 0.00323
30-k0 245,800  0.02i6 13,200 0.0121 20,000 0.00i6
Lo-50 71,600  0.0058 11,400 0.010k4 38,000 0.0030
50--60 . U5,600 0.0017 2,400 0.0021 61,000 0.0047
Total 2,496,600 0.2349 323,200 0.2970 1,047,500 0.0832
Grand Total: 3,867,300
0.6151
Ungrazed
Plant Feeding Predaceous Saprophagous .
Depth {cm) Tumber Biomass Number Biomass Number Biomuss
0-5 648,400 0.0453 136,100 0.1273 489,500 0.0389
5-10 541,500 0.0467 117,000 0.1073 glk,500  0.0075
10--20 999,600  0.1173 110,400 0.2009 205,000 0.0102
2030 610,200  0.0716 49,800 0.0455 77,000 0.0061L
30-ho 646,200  0.0563 28,800 0.0263 46,000 0.0037
Lo~50 319,800 0.0226 19,200 0.0176 49,000 0.0039
50-60 95,600  0.0047 5,400 0.0049 32,000 0.0025
Total © 3,861,300 0.3645 L66,700 0.4298 992,000 0.0788

Grand Total: 5,320,000
0.8731

oy
dAvg. of six replications - numtor/m©.

bDry weight in g/me.



Table A2. Continued.

April, 1971

Grazed
L Plant Feeding Predacecus Sapropharcus

Depth (cm; hmber Bicmass Number Bicinass Number Biomassg
0-10 1,990,000% 0.1815P 231,200 0.213h 795,000 0.0632
10-20 328,000 0.0276 3,200 0.0029 12,000 0.0010
20-30 163,000  0.0063 0 0.0000 32,000 0.0025
30-4o 159,000 0.0063 0 0.0000 47,000 0.0037
ko-50 26,000  0.0008 0 0.0000 11,000 0.0009
50~60 35,000  0.0008 0 0.0000 32,000 0.0025
Total 2,701,000 0.2233 234,500 0.2163 929,000 0.0729
Grand Total: 3,864,400

0.5125

Ungrazed
i __Plant Feeding Predaceocus Saprophagous

Depth (cm) Number Biomass Number Biomuss Number  Biomass
0-10 1,127,000  0.2148 329,000 0.3092 1,093,000 0.0869
10-20 569,200  0.0703 32,800 0.0305 58,000 0.00L46
20-30 151,000 0.0062 0 0.0000 b, 000 0.0035
30--40 358,600  0.0154 2,400 0.o00p2 38,000 0.0030
4o-50 166,000  0.0067 0 0.0000 21,000 0.0017
50-60 85,000 0.003L 0 0.0000 17,000 0.0014
Total 2,k56,800 0.3168 36L,200 0.34190 1,271,000 0.1011
Grand Total: 4,092,000

0.7598

8Avg. of six replications — number/mg.

bDry weight in g/me.
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Table A2. Continued,

July, 1971
Grazed
Plant Feeding Predacesus Saprophngous

Depth {ecnm) Number Biomass Number Ricmass Mimboer Biomass
0-5 1,041,9002 0.0734° 127,600 0.1180 1,071,000 0.0851
5-10 559,800 0.0365 61,200 0.0560 208,500 0.0166
10-20 1,012,600  0.0553 hr,h00 0.0433 173,000 0.0138
20-30 919,000 0.0697 27,000 0.0247 75,000 0.0060
30-Lo 510,200  0.0315 31,800 0.0291 Th,000 0.0059
he-50 322,000  0.0196 13,000 0.0161 52,000 0.0041
50-60 169,000  0.C066 9,000 0.0082 30,000 0.002h
Total 4,534,500  0.2926 322,000 0.2954 1,683,500 0.1339
Grand Total: 6,540,000

0.7219

Ungrazed
_ ) Plant Feeding Predae¢eous Saprophapgous

Depth (cm) Number Bicmass Number Biomass Number Bicmass
0-5 696,200 0.0706 205,800 0.1958 847,500 0.067h
5-10 594,700  0.0431 49,300 o0.0k61 211,500 0.0168
10-20 926,800  0.0911 88,200 0.0829 157,000 0.0125
20~-30 584,200  0.0455 37,800 0.0353 57,000 0.0045
30-40 617,400  0.0390 36,600 0.0335 64,000 0.0051
ho-50 491,800 0.0288 13,200 0.0121 83,000 0.0066
50560 191,600  0.0103 14,400 0.0132 33,000 0.0026
Total h,102,700 0.3284 h4s5,300 0.4189 1,453,000 0.1155

Grand Total: 6,001,000
0.8628

8Avg. of eight réplications - number/m<.

bDry weight in g/m°.



Table A2.
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Continued.

Ocbober, 1971

Grazed
Plant Feedins Predacecus Saprophugous

Depch {cm) Number Biomass  Number Biomass Mimber Biomusg
0-5 1,272,500% 0.0088P 195,000 0.1783 791,000 0.0629
5-10 665,500  0.07T46 114,300 0.1045 139,000 0.0111
10-20 1,251,600  0.1766 119,400 0.1092 102,000 0.0081
20-30 691,400  0,0822 45,600 0.0k17 69,000 0.0055
30-h0 337,000 0.0265 15,000 0.0137 k3,000 0.0034
h0-50 173,200 0.0095 7,800 ©.007 31,000 0.0025
50-60 58,000 0.0013 0 0 20,000 0.0016
Total k,569,200  0.4%696 497,100 C.hs5ks 1,195,000 0.0951

Crand Totai: 6,161,300

1.0192
Ungrazed
Plant Yeeding Predaceous Saprophagous

Depth {cm) Number Tiomass Humber Bionass Humber Rionass
0-5 299,900 0.0592 209,100 0.1988 829,500 0.0659
5-10 695,600  0.1502 168,900 0.1593 184,000 0.01h6
106-20 1,283,800 0.2855 197,200 0.1838 185,000 0.0147
20-30 787,400  0.113%4 92,600 0,086k 47,000 0.0037
30--40 336,400  0.0278 18,600 0.0170 38,000 0.0030
Lo-50 179,800 0.0123 7,200 0.0066 27,000 0.0021
50-60 187,800 0.0088 1,200 0.0011 14,000 0.0011
Total 3,770,700  0.6572 694,800 0.6530 1,324,500 0.1051

Grand Total: 5,790,000
1.4153

#Avg. of eight replications ~ number /m<.

bDry weight in g/m?.
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Table A2. Continued.

Murch, 1972

Grazed
Plant Feeding Predaceous Saprovhagous
Depth (cm) Number Biomass Number Riomass [iumnbes Biomass
0-5 1,180,500% 0.0933° 220,000 0.2001 677,500 0.0539
5-10 785,500  0.102h 123,000 2.1733 125,500 0.0100
10-20 1,290,400 0.1757 125,600 0.1170 116,000 0.0092
20-30 641,000  0.0715 30,000 0.027h 36,000 0.0029
30-40 255,600  0.0170 11,400 0.010k 39,000 0.0031
hQ-r 149,800 0.0083 13,200 0.01s1 23,000 0.0022
50~60 43,600  0.003} 11,400 0.010L 5,030 0.000%
Total 4,356,400  0.4716 534,600 0.5017 1,027,000 0.0817
Grand Total: 5,918,000
1.0550
Unegrazed
. Plant Feeding Predaceous Saprophagous
Depth (em} umber Biomass Number Biomuss 0 Nuber Biomass
0-5 931,300  0.1205 327,700 0.3173 575,000 0.0ks7
5-10 910,200  0.22k8 214,300 0.2026 190,000 0.0151
10-~20 1,035,800 0.2283 198,200 0.1870 73,000 0.0058
20-30 663,600 0.1366 130,400 0.1198 k8,000 0.0038
20-40 612,800  0.0463 19,200 0.0176 19,000 0.0015
40-50 308,600 0.0152 5,400 0.00Lg 34,000 0.0027
50-60 99,200  0.0039 1,800 0.0016 42,000 0.0033

Total 4,561,500  0.7756 897,000 0.8508 981,000 0.0779

Grand Total: 6,439,500
1.7043

2Aveg. of six replications - number/m<.

bDry weight in g/m°,
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Table A2. Continued.

June, 1972
Grazed
_ Plant Feeding Predaceous Saprophagous
Depth (cm) Number Biomass Number Biomass Number  Biomass
0-5 1,241,9008 0.1123° 300,100 0.2792 1,061,000 0.0843
5-10 1,199,700 0.0994 133,800 0.1236 197,500 0.0157
10-20 1,088,000 0.1243 62,000 0.0573 80,000 0,006k
20-30 635,000 0.0732 48,000 0.0439 62,000 0.00k9
30-40 461,600  0.0LLT 38,400 0.0355 50,000 0.0040
40-50 211,600 0.0137 11,400 0.0104 68,000 0.005%
50~-60 60,400 0.0036 9,600 ©0.0088 49,000 0.0039
Total 4,898,200 0.hk712 603,300 0.5587 1.567,500 0.12L6
Grand Total: 7,069,000
1.1545
Ungrazed
_ Plant Feeding Predaceous Saprophagous
Depth {cm) Number Biomass Number Biomass Numher Biomass
0-5 581,200 0.0716 219,800 0.2068 567,000 0.0451
5-10 527,300  0.1291 83,700 0.0797 140,000 0.0111
10-20 668,400  0.1770 185,600 0.180k 123,000 0.0098
20-30 525,800  0.1102 77,200 0.0737 13,000 0.0010
30~-40 321,400 0.039)k 24,600 0.0225 36,000 0.0029
ho-50 367,800 0.0251 7,200 0.0066 25,000 0.0020
50-60 143,600 0.011hb 5,400 0.00L9 11,000 0.0009
Total 3,135,500  0.5638 603,500 0.5746 915,000 0.0728

Grand Total: L,65L,000
1.211°2

Bivg. of six replications -~ number/m2.

bDry weight in g/m2.
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Table A2. Continued.

July, 1972
Grazed
Plant Feeding Predaceous Saprophasous

Depth {em) Number Biomass Number Biomass Number  Biomass
0-5 1,785,100% 0.1343° 268,900 0.2517 1,254,000 0.0997
5-10 768,700 0.0632 125,300 0.1159 205,500 0.0163
10-20 783,000  0.0624 82,000 o0.0762 73,000 0.0058
20-30 610,200  0.037h 30,800 0.028h 58,000 0.0046
30~40 394,800 0.0232 24,200 0.022h 32,000 0.0025
L0-50 399,000  0.0188 13,000 0,01.65 19,000 0.0032
50-60 152,800  0.0095 16,200 0.01h8 21,020 0.0017
Total 4,893,600 0.3.88 565,400 0.5259 1,683,500 0.1338
Grand Total: 7,142,500

1.0085

Ungrazed
_ . Plant Feeding Predaceous Saproephagous

Depth {om) Number Biomass Number Biomass Nunber Bicmass
0-5 752,700  0.0917 290,300 0.2728 679,000 0.0540
5-10 986,200 0.3045 178,800 0.1687 179,000 0.01h2
10-20 1,123,200  0.2380 158,800 0.1520 158,000 0.0126
20-30 207,200  0.1148 134,800 0.1301 54,000 0.0043
30-L0 654,000 0.0736 45,000 o0.0k19 25,000 0.0020
Lo-50 Thh,600  0.0469 23,400 o0.021} 13,000 0.0010
50~60 383,200 0.0166 10,800 0.0099 19,000 0.0015
Total 5,551,100  0.8861 841,900 0.7968 1,127,000 0.0896

Grand Total: 7,520,000
1.7725

ZAvg. of eight replications - number/m°.

bDry weight in g/m2.
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Table AZ2. Continued.

September, 1972

Grazed
' Plant Feeding Predaceous Saprophasous

Depth {cm) Number Biomass Number Bilomass Number Iionass
0~5 1,138,900% 0.1023° 249,600 0.2343 976,000 0.0776
5-10 648,700  0.0791 123,300 0.1159 113,500 (©.0090
10-20 832,800 0.0925 100,200 0.0946 116,000 0.0092
20-30 688,200 0.0468 53,800 0.0508 65,000 0.0052
30-40 329,200  0.0159 30,800 6.0344 36,000 0.0029
40-50 189,660  0.0145 5,400  0.0053 62,000 0.00h9
50~60 147,000  0.0030 0 0 16,000 0.0013
Total 3.974,400 0.3541 567,100 0.5353 1,384,500 0.1101
Grand Total: 5,926,000

0.9995

Ungrarzed
__Plant Feeding Predaceous Saprophagous

Depth (cm) Number Biomass Number Biomass Number Biomass
0-5 363,600 0.0412 165,900 0.1586 575,500 0.0L458
5-10 578,100 0.1030  140,%00 0.1336 131,500 0.0105
10-20 775,400  0.1314 175,600 0.1718 71,000 0.0056
20-30 543,400  0.0460 49,600 0.0473 46,000 0.0037
30-h0 285,200  0.0255 39,800 0.0400 30,000 0.002k
L0-50 226,800 0.0107 10,200 0.0097 16,000 0.0013
50-60 100,000  0.0046 0 0 45,000 0.0036
Total 2,872,500 0.3624 581,500 0.5610 915,000 0.0729

Grand Total: L,369,000
0.9963

%Avg. of six replications - number/m2.

bpry weight in g/m2.



Table A3. The analysis of variance for 1970 nematode number and

biomass data by trephic levels.

Numbers
Source ar ss ms iy Sign.
Treatment (Trt) 1 18773.37 18773.37 0.65 s
Date (Da) 2 1320343.00 660171.30 22.99 %%
Depth {De) 6 19005020.00  3167503.00  110.31  *%%
Trophic (Trp) 2 10922080.00  5h61039.00  190.19  #¥%
Trt x Da 2 78720.78 39360.39 1.37 NS
Trt x De 6 L461217.30 76869.55 2.68 %%
Da x De 12 1310693.00 109224 ko 3,80 s
Trt x Trp 2 572hl 78 28622.39 1.00 NS
Da x Trp L £659868.70 1L7L967.20 €.09  #u¥
De x Trp 12 56811418.00 L73451.50 16.49  ®xx
Tri x Da x De 12 258776.60 2156L .71 0.75 NS
Trt x Da x Trp L 178902.20 Uy125.56 1.56 NS
Trt x De x Trp 12 L88479.90 Lo706.66 1.4%2 QNS
Da x De x Trp 2Lk 1218904.00 50787.68 1.77 %
Trt x Da x De x Trp 2h 65148%.10 27145.17 0.95 NS
Error 630 28713.52
Biomass
Source af Ss ms F Sign
Treatment (Trt) 1 85281.07 85281.07 3.07 *
Date (Da) 2 27877M8.00  1393874.00  50.17  %*x
Depth (De) 6 18364320.00 3060721.00 110,17  *%x
Trophic (Trp) 2 9716697.00 L8583L8.00  17h.87 %
Trt x Da po 100781. 60 50390. 82 1.81 ns
Trt x De 6 8911L4k.80 148524 .10 5.35  ®#%
Da x De 12 294L653.00 245387.70 8.83  #x=x
 Trt x Trp 2 104050.60 52025. 31 1.87 NS
Da x Trp i 954603.10 238650.80 8.59  #x%#
De x Trp 12 6812333.00 567694 .40 20.43  *uw
Trt x Da x De 12 307704. 00+ 25642.00 0.92 NS
Trt x Da x Trp- 4 78779. 4k 1969L .86 0.71 NS
Trt x De x Trp 12 628679.60 52389.97 1.89 %%
Da x De x Trp- 2L 2922907.00 121787.80 4.38  wxw
Trt x Da x De x Trp 24 459587.40 191L9,L48 0.69 NS
Error 630 27782.75

NS: Nonsignificant at .10 level.
*: Bignificant at .10 level.

¥%*: BSignificant at .05 level.

#%¥: Significant at .01 level.

(29
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Table AL, The analysis of variance for 1971 nematode number and

biomass data by trophie levels.

Numbers
Source af 53 ns F Sign.
Treatment (Trt) 1 26133.33 26133.33 1.07 NS
Date (Da) 2 1779015.00 889507.70 36.Lkp  wEx
Depth (De) 5 1b139780.00 2827955.00  115.78  ***
Trophic (Trp) 2 8096411.00 LokB205.00 165.7L  *¥x
Trt x Da 2 19303.72 9651.86 0.40 1us
Trt x De 5 431140.80 86228.16 3.53 k%
Da x De 10 509547, 30 59954 .73 2,45 i
Trt x Trp 2 155862, 00 77931.00 3.19 *
Da x Trp L 88035k .20 220088.60 9.01  #x%
De x Trp 10 4155994.00 415599.40 17.02  #*x
Trt x Da x De 10 60939.17 6093.92 0.25 NS
Trt x Da x Trp h 56976.11 lh2uh .03 0.58 N8
Trt x De x Trp 10 108171k.00 108171.40 h.oh3y o oxxx
Da x De x Trp 20 997176.10 49858.81 2,04 xxx
Trt x Da X De x Trp 20 311185.30 15559.27 0.64 NS
Error 678 2hh2l .53

Biomass
Source af SsS mns F Sign.
Treatment (Trt) 1 381938.90 381938.90 16.79  *¥x
Date (Da) 2 L208916.00 2104L458.00 92.52  *%#
Depth (De) 5 10597790.00 211955%.00 93.18  **x
Trophic (Trp) 2 h27hs62.00 2137281.00 03.96  **¥
Trt x Da 2 121497.60 60TL8.79 2.67 *
Trt x De 5 269237.30 538h7.45 2.37 *%
Da x De 10  3L474480.00 3h7h48.00 15.27  ®**
Trt x Trp 2 183387.50 91693.7T 4,03 *¥
Da x Trp L 1582676.00 395668.90 17.39  *%#
De x Trp 10 3735111.00 373511.10 16,2 xex
Trt x Da x De 10 521660.00 52116.00 2.29 e
Trt x Da x Trp 4 65933.56 16483.39 0.72 ©S
Trt x De x Trp 10 3698LL, 20 36984 Lo 1.63 *
Da x De x Trp 20  2655328.00 132766.40 5.8  xx#%
Trt x Da x De x Trp 20 36537L4.90 18268.75 0.80 NS
Error 678 22746, 2l

NS: Nonsignificant at .10 level.
*¥: Significant at .10 level.

*¥%: Significant at .05 level.

*¥%¥: Significant at .0l level.



Table AS5. The analysis of variance for 1972
biomass data by Lrophic levels,

65

nematode nunber and

Numbers
Source daf 53 ms ¥ Sign.
Treatment (Trt) 1 375448, 60 375448, 60 20.52  ¥R¥
Date (Da) 3 538693.90 1795640 .60 9.81  xxx
Depth (De) 6 30476430.00  5079L06.00 277.50  *#x
Trophic (Trp) 2 1549762.00  7T48811.00 L423.48 %
Trt x Da 3 299879.00 99959.66 5.h6  #xx
Tri x De 6 2895979.00 482663, 20 26.38  wxx
Da x De 13 '758855.70 L2158.65 2.30  #x%
Trt x Trp 2 338510.90 169255. 50 G.25  Fux
Da, x Trp 6 565522.90 k253,81 5.15 %%
De x Trp 12 910h4265.00 758688.70 L1.46  #x=
Trt x Da x De 18 862493.90 47916.33 2.62  %x%
Trt x Da x Trp 6 208553.80 34758.97 1.90 #*
Trt x De x Trp 12 1774756.00 147896.30 8.08  *ux
Da x De x Trp 36 683006.10 18972.39 1.04 Ns
Trt x Da x De x Trp 36 730836.80 20301.02 1.11 NS
Error 923 18298, 00

Biomass
Source daf 85 ms F Sign.
Treatment (Trt) 1 1213514.00 121351L.00 Wi, 03  xxx
Date (Da) 3 365769, 60 321923.290 11.68  *%=
Depth (De) 6 35608530.00 5934755.00 215.31  #%#
Trophic (Trp) 2 17312hLk0.00  8656218.00 31k,05  *xs
Trt x Da 3 10495L5.00 3498L8,30 12.69  #x%
Trt x De 6  2643658.00 Lh0609.70 15.99  *%%
Da x De 18  1220357.00 66797.61 2.b6  =%x
Trt x Trp 2 1089012.00 544506.00 19.75  *x%
Da x Trp 6 710785.20 118464 .20 4,30  xx=
De x Trp 12 17660220.00 1L71685.00 53.39 %%
Trt x Da x De 18  1528674.00 84926, 31 3.08  x¥x
Trt x Da x Trp 6 735356.80 122559.50 T
Trt x De x Trp 12 1390923.00 115910.30 h,21  wew
Da x De x Trp 36 1134428.00 31511.89 1.14 NS
Trt x Da x De x Trp 36 1519465.00 L2207.36 1.53 *¥
Error 923 27563.35

NS:
*:
#¥.
LTI

Nonsignificant at .10 level.
.10 level.
.05 level.
.01 level.

Significant at
Significant at
Significart at



Table A6.
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The effects of grazing intensity, sampling doate and sampling
derth on numbers - -of nematodes at the Cotionwoond site.

Taxa grouping
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[—ﬁ g ny [SHAY] - Py [an] = 41
Depth_(em)
July, 0-5 579%  Lhg2 22 619 10 10 1234 16 1698
1970 5-10 294 1068 1Lk 345 L4y 78  Ls6 6 674
10-20 37 824 120 220 51 50 238 0 157
Grazed 20-30 9 463 84 272 19 6 58 0 92
30-ho 0 17T 64 901 0 0 37 0 50
40-50 0 7L 55 73 0 0 86 0 L2
50-60 0 13 19 1h 0 0 56 0 66
0-5 312 368 156 729 62 51 1080 17 1660
5-10 306 k19 260 5SLT 3206 o 579 0 5h6
10-20 100 2hs 365 LOL 223 3 219 17 28k
Ungrazed 20-30 14 147 206 137 8 0 61 3 €9
30-40 0 219 161 159 3 0 43 0 58
40~50 0 201 181 204 0 0 61 0 L8
________ 50-60_ 0 _.33_%243 7L _0 _0 _ 26__0 _ 37
August, 0-5 2092 206 87 hiz o 26 596 13 1197
1970 5~10 160 219 167 199 7 T4  hss a 294
, 10-20 L 317 9% 158 13 53 271 13 100
Grazed 20-30 4] 362 66 123 0 0 123 0 91
30-40 0 214 80 104 0 0 52 0 €0
L0-50 0 37 97 37 0 0 25 0 23
50--60 0 6 23 20 0 0 25 Q0 23
0-5 287 7h 687 362 33 T 374 20 1376
5-10 567 Lo LB1 2L1 1k6 0 Lo2 13 328
10-20 130 g0 328 150 1kt N 187 10 101
Ungrazed 20-30 6 237 224 117 13 b 128 L 33
30-k0 b 201 L0 66 l 6 a6 i 33
Lo-50 L 70 56 101 0 0 25 0 36
50-60 10 20 13 66 0 0 84 0 28
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Table A6. Continued.
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e m Py Il B [a ] - x
Depth (em)
September, 0--% 9h8 17T 23 172 1k 23 hé3 17 1369
1970 5-10 53 71 W 23 0 &  23h 6 206
10-20 3 206 83 188 I 9 53 3 100
Grazed 20-30 0 22k 35 139 0 3 38 0 ha
30-40 0 180 1% k3 0 0 2 0 20
L0-50 0 21 20 23 0 0 19 0 38
50-60 0 3 17 24 0 0 I 0 61
0-5 100 & Lol 625 1L o 377 L6 979
5-10 71 g4 211 S5h1 14 0 380 6 189
10-20 0 200 371 265 GO o 184 0 204
Ungrazed 20~-30 0 324 100 123 30 0 83 0 77
30-k0 0 391 53 183 0 0 L8 0 L6
Lo-50 3 127 82 95 o) 0 32 0 L9
_______ 50-60 o0 1b_ 25 53_._0 _0Q _ 9_ _0. _32
April, 0-10 230 808 93 683 Y 29 357 17T T95
1971 10-20 12 15k 14 1ho T 0 H 0 12
20-30 o 20 12 131 0 0 0 0 32
Grazed 30-40 0 23 17 119 0 0 0 0 W
L40-50 0 3 1k 9 0 0 0 0 11
50-60 0 3 25 7 0 0 0 ) 32
0-10 84 166 108 W13 184 0 L35 68 1093
10-20 30 103 128 222 6L 3 48 k 58
20-~30 0 23 g 119 0 0 0 0 Ll
Ungrazed 30-Lk0 0 s6 1k 287 0 0 L 0 38
Lo-50 0 35 6 125 0 0 0 0 21,
50--60 0 12 g 64 0 0 0 0 17




Table A6. Continued.
“ " Taxa miouping
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Depth (em)
July,
1971 0~5 859 1 589 kho 0 27 387 23 21he
5-10 238 10k 359 333 0 L 20k 0 k17
10-20 L 1L9 339 467 15 7 79 0 173
Grazed 20-30 25 310 95 450 19 2 45 0 75
30-40 6 99 L3 337 b 0 53 0] Th
Lo-50 2 84 ko 182 0 2 30 0 52
50-60 0 16 88 59 0 0 15 0 30
0-5 126 95 387 531 57 L k81 123 1695
5-10 193 10k 266 536 32 Yy 136 17 he3
10-20 83 122 267 3k2 6L 2 117 18 157
Ungrazed 20-30 0 180 95 272 1k 2 53 6 ST
30-h0 0 184 104 305 0 0 61 0 64
Lo-50 0 14 13 326 0 0 o2 0 83
——— __ . 5060 _ _O0__?2 _9 138 o0 _0_ _24_0_ 33
October, 0-5 78k 98 514 872 b 13 650 0 1582
1971 5--10 111 hob 299 303 k9 13 381 0 279
10-20 I k82 197 350 128 11 199 0 102
Grazed 20-30 0 367 70 180 38 6 76 0 69
30-40 0 91 38 187 11 0 25 0 L3
Lo-50" 0 18 22 1k6 2 0 i3 0 31
50-60 0 0. 27 31 0 0 0 0 20
0-5 120 0 240 459 L3 0 Loz 123 1659
5-10 98 67 362 36 3328 17 L33 78 368
10-20 58 .75 hLsh 219 33 22 282 28 185
Ungrazed 20=-30 0 224 232 157 7 25 131 1k 47
30-h0 0 133 29 136 6 20 31 0 38
L40~-50 0 56 13 100 2 l 12 0 27
50~ 60 0 6 2 175 4 0 2 0 1L
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Tabie A6. Continued.
9 “ Waxna srouping
o |
[¥] K i3]
o} [&] 3 1 @ u
ks =] L o o 3 o
K=l (] [4] o o ~ 3 o]
[ — o jolre | @ [&] o (7] Lo
O = i PR £ o =] =] o
K FE) 4 K3 © [ pe o FE]
[} o] s 0o o — o3 & el
o (3] 42 oW -t L — = s
[1}] o ] @ — L L Y (o] o]
s @ Moowma 0 " 3 5 &
'51 o [V W 5t A, a = i
Depth_(cm),
Mavch, 0-5 835 79 250 967 11 11 520 128 1355
1972 5-10 Ler 201 260 362 130 17 335 45 251
10~-20 125 551 152 286 107 0 181 17 116
Grazed 20-30 51 273 66 192 36 3 50 0 36
30-40 5 69 52 126 3 3 19 0 39
40-50 0 25 41 75 0 0 22 0 28
50-60 0 3 11 22 0 0 19 0 5
0-5 305 o7L 160 - 753 123 0 619 284 1150
5-10 200 250 295 360 U496 5 536 107 380
10-20 98 3090 153 150 222 o 252 k1 T3
Ungrazed 20-20 14 212 93 139 122 o 209 5 48
30-40 0 255 59 279 7 0 32 0 19
4050 3 63 25 21L 0 0 9 0 3k
- - - _.50-60_ _ _0O_ _ﬁw_&_ﬂp_g_g__luﬁ__ﬂ
June, 0-5 528 33 82 1kks 30 1T 872 77 2122
1972 5-10 550 200 105 1315 54 11 411 21 395
10-2G 95 256 718 517 90 1k 95 5 80
Grazed 20~-30 9 298 70 192 3b 0 80 0 62
30-40 3 214 37T 175 Q 0] 59 3 50
40-50 0 4s 17 139 3 0 19 0 68
50-60 0 5 35 1h 0 0 16 0 49
0-5 139 38 129 568 53 5 576 94 113h
5-10 250 39 107 277 304 0 1G4 51 280
10-20 6h 67 97 164 210 0 166 86 123
Ungrazed 20-30 g 161 78 127 116 0 87 25 13
30-40 0 169 39 78 19 0 L1 0 36
40-50 0 133 115 109 6 0 12 0 25
50-60 0 56 28 53 3 0 9 0 11
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Table A6. Continued.

e

Taxa grouping
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Depth_(em)
July, 0-5 1100 13 573 1sht 38 k738 95 2508
1972 5-10 156 57 flh 390 56 12 381 22 W11
10-20 32 150 278 248 25 2 120 10 73
Grazed 20-30 6 159 169 2hé 5 6 L8 2 58
30-h0 2 85 75 216 2 0 37 2 32
ho-50 0 46 94 245 o 0 30 0 Lo
50-60 0 28 136 18 0 0 27 0 21
0~5 150 8 kL3 524 75 L 771 118 1358
5~10 195 59 3067 383 73 0 56 B4 358
10-20 53 170 366 185 280 0 173 55 158
Ungrazed 20-30 b 232 321 203 94 0 133 25 Sk
30-k0 2 263 192 126 L5 0 65 6 25
40-50 0 2h1 237 2Lk 7 0 39 0 13
— e __ 5060 _ _. 0_ _98_ 172 _14s 2 0 _18 _ Oo_ _19
September, 0-5 757 52 150 1028 24 0 667 99 1952
1972 5-10 309 202 70 W79 101 6 1326 51 227
10-20 26 197 81 Loy 59 10 127 2k 116
Grazed 20~30 29 18T 75 366 ! 0 68 13 65
30-L40 0 52 58 210 0 0 23 21 36
40-50 3 i9 78 75 13 0 L 3 62
50-60 0 6 114 27 0 0 0 0 16
0-5 154 67 111 239 9 0 368 111 1151
5-10 129 12 188 370 190 6 328 84 263
10-20 39 145 136 267 129 3 11 o 71
Ungrazed 20-30 19 116 168 193 25 0 56 16 W6
30-40 3 100 62 101 12 0 18 29 30
L0-50 0 45 64 113 0 0 12 3 16
5060 0 23 16 61 0 0 0 0 45

&Number of nemafodes/lOO cc of soil.
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Table AT. The analysis of variance for 1970 nematode number data
by taxun.
Tylenchorhynchus spp.
Source af SS ms ¥ Sign.
Month (M) 2 168557.5 L8, 7 2.39 *
Treatment (T) 1 123771.4 123771.4 3.52 *
Depth (D) 6 2570582.0 he8hio.3 12.17 * %%
Mx T 2 39902.7 19951.4% .57 NS
Mx D 12 602092.9 5017h. 4 1.43 NS
" ¥ D 6 1326993.0 221165.5 6.28 ® %
M x T x D 12 617031.0 51419.2 1.46 NS
irror 210 7390047.0 35190.7
Helicotylenchus spp.
Source ar 5SS ms ¥ Sign.
Month (M} 2 38711k.4 193557.2 ik.59 % i
Treatment (T} 1 T4845.0 748k5, 0 5.6k *%
Depth (D) 6 51012h.6 85020.8 6.k *k*
MxT 2 138609.6 69304.8 5,22 2%
Mx D 12 482702.6 Loo2s.2 3.03 el
Tx D 6 184195.2 30699.2 2.31 *%
MxTxD 12 134772.8 11231.1 .85 NS
Error 210 2785335.0 13263.5
Xiphinema spp.

Scurce darf ss ms i Sigzn.
Month (M) 2 11625.3 5812.7 16.18 *R%
Treatment (7T) 1 20152.4 20152.4 56.10 %% %
Depth (D) 6 56525. T 9420.9 26.23 k%%
MxT 2 4235.6 2117.8 5.90 R #
MxD 12 25969.3 2164,1 6.02 *EH
T x D 6 35802.6 5967.1 16.61 *R%
MxTxD 12 13852.4 115k, 4 3.21 ¥
Error 210 75432.0 359.2

NS: HNonsignificant at .10 level.

*: Significant at .10 level.
¥%: GSignificant at .05 level.
HHK.

Significant at .01 level.
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Table A8, The analysis of variance for 1971 nematode number data
by taxa. :
Tylenchorhynchus spp.
Source af S5 ms F Sign.
Month (M) 2 129603.6 65801.8 3.28 *
Treatment {T) 1 143737.3 183737.3 T.29 *%
Depth (D) 5 1390L49.0 278089.7 1h.11 * %%
MxT 2 b1r76.2 20888.1 1.06 NS
MxD 10 2665724 26657.2 1.35 NS
TxD 5 780480 4 1545097.9 T.092 *% %
MxTxD 10 2136772.8 213567.3 1.5 it}
R(MID) 36 10%h29. 5 10706, N
P(RMID) 190 2304282, 0 12127.8 1,62 B
Helicotylenchus spp.
Source daf S5 ms F Sizn,
Month (M) 2 59138.1 29569.0 1.10 NS
Treatment {T) 1 157641.1 1576k1.1 5.97 ®*
Depth (D) 5 184860.8 36972.2 1.38 NS
MxT 2 110010.2 55005.1 2.05 NS
M x D 10 T717933.7 T1793.4 2.67 *%*
TxD 5 225113.8 45002.8 1.68 NS
MxTx?D 10 50166L.6 50166.5 1.87 *
R{MTD) 36 966823.5 26856.2
P{RMTD) 190 3629817.0 191043
Xiphinema spp.
Source af ss ms ¥ Sign
Month {M) 2 34251.7 17125.9 26.91 Ex
Treatment (T) 1 22901.8 22901.8 35.99 *% ¥
Depth (D) 5 40035.2 8007.0 12.58 ®X%
Mx T 2 9535.7 L767.9 7.9 *xx
Mx D 10 T0L88.3 7048,8 11.08 R
T xD 5 21125.9 Lops,2 6.64 BR*
Mx™TxD 10 298L45.6 2984.6 h.69 ®H %
Error 226 1h3803.8 636.3

NS: Nonsignificant at .10 level.
¥: Significant at .10 level.
¥%: Significant at .05 level.
¥%%: Significant at .01 level.
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Table A9. The analysis of wvariance for 1972 nonvieode number data

bu teia,
Tylenchorhynchus spp.
Source af S5 ms ¥ Sign.
Month (M) 3 15888.6 50096.2 .38 NG
Treatment (T) 1 189778.6 189778.6 31.60 XXX
Depth (D) 6 1779507.0 206584 .5 49.38 XH %
Mx T 3 1208.6 L02.9 .07 N3
M x D 18 157350.9 87h1,7 1.46 %
T x D 6 £33156.9 106359.5 17,71 Kt
MxTxD 18 12175k.9 Crin LB 1,13 s
Irror 308 1849540, 4 G006 3
Source ' df S5 ms F Sign,
Month (M) 3 37700.3 12566.8 3.16 *%
Treatment {7T) 1 0.9 0.9 .00 NS
Depth (D} 6 301A01.7 50266.9 12.65 *ER
MxT 3 27678.1 9226.0 2.32 *
MxD 18 138841.3 T713.4 1.94 *%
T x D 6 6943k, 5 11i572.4 2.91 *E¥*
MxTxD 18 41143,1 22857 .58 NS
Error 308 1224053.6 307h,2
Xiphinema spp.
Source af 55 ms F Sign.
Month (M) 3 30575.8 10191.9 6. 48 *a%
Treatment (T) 1 104665.0 104665.0 66.51 R K
Depth (D) 6 436358.9 72726.5 h6.22 #EF
Mx T 3 37493.9 12498.0 7.94 *%E
MxD 18 80k28.9 LLe8.3 2.84 %% *
T x D 6 1932h6.9 32207.8 20.h47 *k%
MxTx?D 18 95133.7 5285.2 3.36 XXk
Error 308 L8LERS. 8 1573.6

NS: Nonsignificant at .10 level.
*#: Significant at .10 level.
¥%: Significant at .05 level.
**#%; Gignificant at .01 level.
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Table AlO. The analysis of variance for data obiained on July 21, 1972
sampling in the nevaticide stily at the Cottorweod site.

Plant fTeeding

Source af 85 ms F Sign,
Total 70 21265.98
Total reduction L6 20548,97 W6, 71
Mu-Ym 1 12327.88 12327.88
Treatment (T) 1 2054, 46 205408 50.09 kb
Replications (R) 4 7043 17.60 0.59 NS
Depth (D) 6 2613.87 L35.6h 21.75 xR
T x R . H 16h.37 41,09 1,38 15
Tx D 6 2316.10 Wi, s 16,71 TR
RxD 2k 501,83 20,90 Q.70 NS
Remainder 2 717.01 29,87
Predacecus

Source df Ss ms F Sign.
Total 70 8275.02
Total reduction L6 7888.77 171.50
Mu-Ym i 3630. 46 3630.46
Treatment (T) 1 194 .45 194 .15 16.16 K
Replications (R) Y 16.22 k.06 0.25 Hs
Depth (D) 6 3395.60 565.93 57,65 %
T x R N 48,58 12.1 0.76 s
T x D 6 366.25 61.04 3.79 B¥
RxD 24 237.20 9.88 0.61 uS
Renainder 24 386.25 16.09

Saprophagous
Source df S5 ms F Sign.
Total 70 1614k .92
Total reduction hé 15827.38 - 34k, o7
Mu-Ym 1 6587.83 6587.83
Trealment (T) 1 648.28 648.28 28.17 Rk
Replications (R) L 03.18 23.29 1.76 IS
Depth (D) 6 68s52.72 11bk2.12 86,57 &= xux
T x R Y 94 .75 23.69 1.79 s
T x D 6 1204,22 200.70 15.17 4%
RxD 24 346. k0 1h.43 1.09 i3
Remainder 2L 317.54 13.23

NS: DNonsignificant at .10 level.
%*: Significant at .10 level.

¥¥%¥:; GSignificant at .05 level.

¥¥%¥%: Significant at .01 level.
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APPENDIX B
FIELD DATA
Nematode Data
The nematode data were collected at the Cottonwood Site on the invertebrate
form NREL-30. These data are catalogued under the US/IBP Grassland Biome
designation of A2U3094. Examples of the data form and data follow. For
the nematode data the column for HOST was used for the depth of the core

in which the nematodes were found.



IBP GRASSLAND BIOME

E)
é U.S. INTERNATIONAL BIOLOGICAL PROBRAM

FIELD DATA SHEET - INVERTEBRATE
w - - m (1] w wn

>{3 | Z smic|[8|2|3(2] 2 m|vielZ o

1 |m - miwoi O » |lO] =» o x z m o Jor’

. - »ir] - o |v]| A m - c o w | m >

» DATE - r by - o DRY
- - Jinje | 2|2 = ~< mim| Q1™ |wr
- L] m » N = (@] v Q ™ = *
. z |3t m m|lo |9
m Day| Mo | Ye [ |™ »n | m
DATA TYPE
0! Aboveground Biomass
02 Litter
03 Belowground Biomass
10 Vertebrate - Live Trapping
i1 Vertebrate - Snap Trapping
I2 Vertebrate - Collection
20 Avian Flush Census
21  Avian Road Count
22 Avian Road Count Summary
23 Avian Collection « Internal
24 Avian Collection - External
25 Avian Collection - Plumage
30 Invertebrate
40 Microbiology - Decomposition
41 Microbiotogy - Nitrogen
42 Microbiology - Biomass
43 Microbiology - Root Decomposition
44 Micrebiology - Raspiration
TE TROPHIC
0l Ale 9 Unknown
02 Bison | Piant faading (tissue)
03 Bridger 2 Plant feeding (sap)
04 Cottonwood 3 Plant Teeding {pollen
05 Dickinson and nectar)
06 Hays 4 Plant feading (seed)
07 Hopland S Predator
08 Jornada [ Parasitoid
09 Osage 7 Parasite
10 Pantex 8 Scavenger
Il Pawnee 9 Non-feeding stage
TREATMENT LIFE STAGE
| Ungrazed 00 Undetoermineo
2 Lightly grazed 10 Aduit
3 Moderately grazed 20 Pupar
4 Heavily grazed 30 Egg
5  Grazed 1969, 40 Nymph or Larva
ungrazed 1970 41 Nymph or Larva, oarly

6 41 Nymph or Larva, middle
7 43 Nymph or Larva, late
8 50 Instar
9 St Instar, Ist

52 lestar, 2nd
53 lnstar, 3rd

NREL-30 NATURAL RESOURCE ECOLOGY LABORATORY - COLORADO STATE UNIVERSITY - FHONE (303) 491-5571 - FORT

COLLINS, COLORADC 80521

i W ¥ s, LMt s

HO'3M "ON




77

sap KAWPLE (0F nATaw®
1 z 3 4 5 “

l?34?678901?3“567H901?34567ﬁQH1?345b7ﬂ901d3b5076901k345h70901d3

3I9N4JDS03097052 2.03 Z0-30 MON MUN MONFAY QU 0
1904JDS0309705%2 2.03 cU=30 HHA RHA Ou Fa
2904J0S030970%2  2.03 Jog=af TYL TYL TyLku- 04U 0
2904JNSN3067057 2.03 3040 1YL TYL HELLEI GU e
3904.NSO3097052 a3 Ig=40 1YL il ParxkPE> 04 2b
1904JNS0309705%¢ 2.03 Ip-an 1YL FTrL fYEEX] Ou i

Jp-40 DOR LUN xikAME G t
3p-40 TYL TYL PRASCH ou 0

3904J0503097052 2.03
3904J05030970572 2.03

9044050309705 2.03 Ig-a0 DOK DUk BLu 00 Sh
I504JNS0300705%2 2.03 Qu=40 NMON MON MONEAY 00 0O
AGpoaJNSO3067057 2.03 30=40 HHA WHA Ju e
0044090306705 2.03 40=-=0 TYL TYL 1yL{u—= QO i
2904J050309705%2 2.03 4u-b0 TYL 1y nELLEL QU 0
3G04JNS030670%2 2.03 40=-50 TyL CrI rPakPES U0 b
A904JNS03097052 2.03 au=50 TYL iYL TYEEX] 0o G
3904JNSNI0970%F 2.03 4p-50 DOF LUN XIPAME QU 0
3904405030970 ~.03 qu=--0 TYiL Tre PrASU<  0U (
3904.J0S0309705%2 2.03 Gu=50 LDOR DUR BUD Gu ca
2904J0503097052 2.03 40=w20 MUN MUN MUNFAP U0 0
1904JDSN3097052 ~2.03 40=%0 KHA RMA v Gk
3904J0S03097052 2.03 =60 TyL Tyl TyLCow LU 0
1904JNS03097057 203 =60 TYL TYL HELLEI 00 1]

So=60 TYL (=] PakPES  OU i
Sp=-~0 TYL TyL TYELA] Gu (1

3904J0503067057 2.03
3604J0SN3067052 2403

NNF\J&U"N-’\)NN"UN'\!-’I’JWF\‘N!\."\}'\.'\S'\}’I'iJ’?'UT\"\JNT\.‘!'\J-'\; FoS A VA ST VLA WA IR DI A S SN

A904JDS0309705< 2.03 HO=60 UOK LON X[PAME ou 0
2904J0S03007052 2.03 5o0=-60 TYL TYL PrRASCH OO 0
3904J0S03087052 2.03 sy=60 DOK UOR EUD ou 0
3904J0SN3097057 2.03 S0=60 MON mMON MONRAP QU 0
39064JDS03097057 <203 S0-A0 KHA KNA (U 4k
2G04 IDS03097052 2.03 00=-0% TYL T¥yL TYLRUH OU i1l9
3904JNS03067052 2.03 00=-0% TyL TyL HELLETD 0u 24
1904JDNS030970%2 Z.03 00=05 TYL CRI PaHPES DU 24
3904J0503097052 2.03 00-05 TyL Tyl TYEEXI (U i)
3904J0S0O3097052 2.03 00-0% LOKF LON XIFaME Gy 0
3904JDS03067052 2.03 00-05 TyL TyYL rPRaSCH  OU 0
3604JDS0309T70H2 2.03 00=-0% DOR Duw BUD Ou 425
390440503097052 2.03 00-05 MON MON MONPEAP QU 75
3904J4D0503097052 2.03 00=-05% HHA RHA 00 919
3904JDS03097052 ~2.03 05-10 TyL TyL TYLwKRO= 00 26
3904J0S030970%2 2.03 0u=10 TYL TYL HELLET VU %
3504J40503097052 2.03 05=10 1YL CKR1 PARPES 00 1%
3904JDS030970%2 2.03 2 0o-10 TYL TYL TYEEX! Qu V)
3904JD503097052 2.03 2 05-10 PDOR LUM XIFAME 0V 0
3904JD503097052 2.03 2 05-10 TYyL TyL PRASCH U 0
2604J0DS03097052 2.03 2 05-10 DOR DOR EUL 00 3ee
3604JN503007062 2.03 5 05-10 MON MUN MONFAP 00 0
19N04J0S0309705¢ 2.03 8 05-10 KRA RAA Uu 24



A904JdNSN309 705,
3904J0150309705¢
39044050309 705¢
904JNSN3097052
I904JNSO309T092
1906 JNS03097052
I904JNS0305705
3904050309705 ¢
3904JNSN3097052
3904J0S03007052
2904405830570
3904 JDSN3087052
A904JDS03097057
A904JNSO309 7052
3I904JDSN3097057
G04aJdDSO30970%2
I904J4NSH309T0R2
3904J1'S03097052
AQ04JNS0309700
AGH4INSHI0TON?
39044N5030970%2
3904J05030970%2
3904J0DSN309704,
I9064J0SN309 700,
3904J050309705¢
3904JDSA30970%,
3904JN503097002
A904J0DS030970%2
gNaJNSO3ne7052
3604J0S0309705¢
I904JDSN3097052
3GN4JNDSQ03097052
39n4JDSN3057052
3904JDS03097052
3904J0S0309705¢2
3G04JNSN306700¢
A9044DSN308705%2
3904J0503097052
3604JDSN3097052
3904J0S03067052
39064UDS030970%¢
A304JDSN3097052
3I8N4JDNSN3097052
3I904JN503007052
2904J40S03097052
A3044D0503097052
3904J0503097052
2904J05030970%2
3904JDS03097052
3604JdDS03097002
3804JDS03097052
3904J050309705¢2

2«03
203
203
2403
2.3
03
2«03
2e03
2«03
2.03
£a03
7«03
2.03
2.03
2.6
d.ob
2.6
2«06
2+006
?.Ot‘
2.06
2ett
2. 06
2.06
2.06
2.06
2.06
2a.06E
2.06
Z2.06
eiob
2.06
2.06
2«06
Zalb
2«06
2.06
2.00
2e06
2.06
2«06
2.06
2.06
.06
2.06
2.06
2e(lE
2.06
2086
2006

RN T TNV TN NN TN AN RN T YN )N DA

loe=20
10=70
10=-20
10~720
lo=-20
1o-21
10=¢20
1u=-¢2¢
10-20
20=4nN
2u=30
2lU=44
2u=-230
2u=10
20=-30
Zu=30
Q0~-08
00=-0%
Qu=-0%
00=-95
00=-uU5
Du=-05%
Du=-05
00=-0%
QU=0%
09-10
O5=10
05=10
Ob~10
Ob=1t
Ub=-10
ODo=11
05-10Q
Do=-10
10=-20
lo-20
10-20
10=-20
La=-20
10-¢0
10=¢0
10=-20
10-20
20=30
20-30
20-30
2c0-30
20-30
2i~30
20-30
20=30
20=-30

TyL
Tyi
TyL
TyL
110K
TyL

1sOw

MON
HHA
TYL
TyL
TyYL
TyL
(VRO L
TYL
LOK
TyL
TYL
TrL
TYo
Lok
Tyl
DOF
O
RHEA
TYL
TYL
TYL
Tyt
18]
TyL
LOk
MON
FhA
TYL
TYL
TrL
TYL
LUK
TYL
LOw
MON
HHA
TYL
Tyl
TYL
TYL
LOR
TYL

-DOR

MON
KHA

TrL
Ty
CH1
Tyl
UM
TyL
LrUr
MOIN
A
TYL
Fye
CHl
1TyL
(.U
TyL
U=
TYL
PYL
(wl
TypL
iLUN
TyL
LUK
MUN
A
Tyl
TrYL
Cwl
TYL
L UN
TYL
DOUR
MON
HA
YL
TyL
(]
TYL
LON
TYL
DUR
MON
HHA
TYL
TYL
CRI
TYL
LN
TYL
DUR
MON
Fra

VYL e
RELLE L
PhorHEES
Tyrbal
XIPAME
BRASCD
Eub)

MUNE 4 ¥

TYLRU:
HELLE]
PakkFts
TYEE ~ ]
£lrame
FRASCw
tup

FYLRO
HELLe
FAREES
TYEEX]
X1 amg
FhaSCw
cul

MONB &

TYL RO
HELLET
HARPE S
TYEEA]
AlbAakr
FrAS{-
tuib

MUONP AP

FYL W~
HELLE L
FAREFES
TYeexl
Xikatr
PRASCRK
£ Un

MONKF AR

TYLRO=
HELLE I
PARFPES
TYEEXT
AIPAME
FRASCH
EUD

MONP AR

{0
Ou
vo
o
Du
oo
vv
PRV}
ou
0u
0v
Od
tu
Lu
0o
Y
0o
04
Iy
uu
a0
00
oo
ou
00
G
Du
0u
ou
au
Qo
o0
0u
)
Ou
Ou
0o
0u
ao
0o
ou
Gu
ou
00
00
00
Gu
co
oo
04
0y
0o

(
5SS
949
Jab
0

§]
173

99
1
£9Y
48
397
0
o4
)
fF7o

48
127
149

75

24

78



1604JPS03097052
3IGNM4JSN3097092
3904UDSN3097052
3904JDS0309705¢
3904JDS03097052
3904J05030970%2
29044NSN3007052
3604J0SN30G705¢
360440803097 052
1904JDSN309704H7
3504JNS03057052
3904JNS03097052
3904UDSN3097052
3904J05S03067002
2904 UNSH30G7052
3904JUDS03097052
3904UNS03097052
1904J0S03097052
3904JNS030097052
3304JNS030670%¢
3904JDSN3097052
3504JDS03097052
1904J0S030097052
3904JDS03097052
1904UHSNINGTS2
1604JNS0309705¢
2504JDSN3067052
3%04JDS03097052
3A9N4JNSN309 7052
3G04UDSN3097052
1904JNS03097052
2904JNS 03097052
2904U0S03067052
3504JDS03097052
3904JDS503097052
3904JN503097052
3904J0SN3NBT052
IGN6INSN30G 7052
3504503097052
3504JNDSN3097052
1904J0D503097052
3904JDS03067052
1904J0503097052
39044DS03097052
3904J0503097052
3904JDS03097052
390440503067052
3904JDS03097052
3504JDS03097052
3904JDS030970%2
3904J0503097052
3904JD503097052
3904JDSN309705¢2
3904JDS03097052

7t
Pe 0t
2.06
c. 006
.06
ety
2.00
F.06
2e 00
2«06
200
2eN6
2016
f« 00
2+ 080
206
B-Oh
2alb
2016
2006
.08
2«06
2,06
2.06
2e 06
206
2.07
2407
2407
2407
2«07
2e07
207
2.07
2.07
2e07
2e0)7
2.07
207
2.07
2.07
2e07
207
2.07
2.07
2.07
2.07
2e07
.07
2e07
2.07
207

TLT!\JT\JT\)NF\."NNCKUW'\:T\JT\JNN\J'\J’ILf-'\)'\i"\."\}'\)"\.ﬂ'\lTU"'\"\JN‘-'\.-?\)"\.‘\ T RNV RS ey e

Al=ayg
30=-40
Au=-al
30=-40
30=-40
eI
30=-40
Jup-an
3~=al
4u=o4
4(=-%0
41=50
40=90
40=-%0
4 (-0
40=50
4(~20
4(~%0
HYO=60
5(-60
Sli=H0
Si{=60
S4=60
Su=-6{0
50-~60
Hi=6H10
“Wi=h(
00=-n%
gn=-0%
Qu-nN5
00=-0%
0G~-0%
00=-0%
00=-0%
00-05
00-05%
UH~-10
05-1u
05-10
0s=-10
OnH=10
05=-10
05=10
us-140
0s-10
lo-20
1=-20
10-20
10~-20
10=-20
10=-20
10-20
lu-70
19=-20

iYL
TyL
L
TYL
Lk
TYL
1O
MON
HHA
TyL
Tri
TyL
TYL
LUk
TYL
Lok
MON
HHA
YL
TrL
TyL
TYL
DOH
1YL
Lor
i ON
24 o8]
TYL
TYL
TyL
TYL
Ok
TYL
(101
tmON
HKHA
TYL
TYL
TYL
TyL
UvOR
TYL
LUOK
it
HHA
TrL
Tyi
TyL
TYL
UGk
TYL
DOH
MON
HHA

TrL
TyL
C~1
TYL
L ON
TYL
OuR
M N
fere s
1YL
Tri
]
TrL
Lun
TYL
LUk
MUN
Ferd 8
TYL
TYL
(I
TYL
L UM
TYL
piidpd
Pl )i
A
Tyl
TYL
CHI
Tyl
[V
TyL
(ORr
MUN
HrHA
TYL
TYL
TRl
TyL
LUMN
TYL
Do
MUN
Fra
TYL
TYL
CrI
TYL
Lun
Tri
LOUR
MUN
A

TYLr
RELLE
Pakke S
TYyekFxl
X+ amMe
PRASCR
e

MU L P

TYLHU-
HelLe d
PaArFES
TYFEXRT
X1Ppame
FHLS(A
Eun

MUNE o

TYLRUOR
Hetit ]
PawrFEs
Tyeeal
XIPaME
PHASCH
st

Mt p P

TYLO-
HELLET
PARPES
TYFEXIL
rAlrAamr
Pk n SO~
eEul

MONP AW

TYLrO=
HeLLF 1
FakiFES
Tyetxi
XIFAME
HHASCRH
t U

MG AD

TYLROR
HELLEI
PARFES
TYFEXT
XIFAME
PkaSCwH
tuy

MONPAF

oy
uu
06
vu
RV,
Ou
ou
00
ou
ou
o
Gu
Ou
00
Uu
Ou
ou
oo
vy
bu
(VR Y]
GO
Qv
0u
LYAY!
ou
Ou
iy
Gu
0o
00
(u
g
uu
{0
ou
KRV
Ju
gu
(VRV]
00
ou
au
Gu
00
oo
]
Gu
Qu
o
(V]
ou
UG
vu

425
0
4 B
(]
O
o

79



3504J050309705%2
3904503097052
35804JDS03097052
3904JDS03097052
3904JDS03097052
3904UDS030970%2
3604 JDS03097052
A3904JD50309 /057
304JDS03097052
A904JDS03097052
3604JDS03097002
3904JDS503097052
3904JDS03097052
3904JD50309 05,
3904J00503097052
3904JD503097052
3904JD0503097052
390440503087052
3904JDSN3097052
3IG04J0SO300T00H2
3604dDS030670%2
3504J40S03097052
3904J0503097052
3904JDS03097052
3904JDS03007052
3904J0S030%705¢
3904J02S030970%2
35904J4DS03097052
3904JDS03097052
3904JDSN3097052
390440S03097052
3904JDS03097052
3904JNS0309705%2
3904J05030970%2
3904JDS03097052

390420503007052

?.OT
?.07
07
2+07
2«07
2«07
?.07
2.07
e
2.07
2a07
2.07
ZeN7
?.O?
e 07
2.07
.07
207
2407
2.07
2.07
2.07
2.07
2.07
2.07
2e 07
2'0‘]
2.07
2.07
2407
2.07
2«07
2-07
207
é'o?
2407

DUV T PNNANNNYNYN T TN U YN T TN NN NN N

20-30
cU=30
20=140
20=130
cu-30
20=-30
20-30
2= 30
20-130
30-a0
30=40
30-40
3u=a0
Ju=40
30=-40
30=40
30=40
30=~40
40=-50
40=%0
4yU=-50
40=-90
40=50
40=-50
40-50
40-50
40=-50
H0~-60
50=-60
50=-60
S0=60
50=60
S50=-60
50-60
H0-60
40-50

TYL
TyL
TyL
1YL
LUOK
1YL
VOR
MON
HHA
1YL
TYL
TYL
1YL
(W19
1YL
vor
MON
kHA
TyL
1yL
Tyl
TYL
LUR
TYL
(31814
MON
RHA
TYL
TYL
TYL
FYL
O
TYL
LDOR
MON
KA

TYL
TYL
Cixl]
TYL
LunN
TrL
Dow
MU
HirA
TyL
TrL
Cwl
TyL
LUN
TrL
Dur
MU
HHA
TryL
TryL
Crl
TrL
LUk
TrL
Luw
MU
Hra
TyL
Tyl
Crl
TyL
Luin
TYL
Dur
MUN
KA

TYLrO
HELLE ]
FParkEy
TYbeA]
X 1P amE
PRASUR
EuUn

MONF & #

TYLwO=
HELLE T
PARPES
TYt+RI
XiruamE
PHRASOR
t Ui

MUONF AP

FYL U
HELLET
PAKKFES
TYEEX]
XIPAME
PRASCR
EuD

MONPF AR

TYLROK
HELLE]
PARPES
TYFEA]
XIFAME
PAS(CA
EuD

MONPAR

00
(VRV}
gu
ou
Gv
ou
Q0
Uu
0o
v
0
00
0
Ou
Y]
oo
ou
ou
0u
1Y)
0u
00
ou
vy
00
a0
Uu
(]
Q0
0u
00
0o
uu
Ou
0u
0u

127

24

127

80



	IBP251_Page_01.tif
	IBP251_Page_02.tif
	IBP251_Page_03.tif
	IBP251_Page_04.tif
	IBP251_Page_05.tif
	IBP251_Page_06.tif
	IBP251_Page_07.tif
	IBP251_Page_08.tif
	IBP251_Page_09.tif
	IBP251_Page_10.tif
	IBP251_Page_11.tif
	IBP251_Page_12.tif
	IBP251_Page_13.tif
	IBP251_Page_14.tif
	IBP251_Page_15.tif
	IBP251_Page_16.tif
	IBP251_Page_17.tif
	IBP251_Page_18.tif
	IBP251_Page_19.tif
	IBP251_Page_20.tif
	IBP251_Page_21.tif
	IBP251_Page_22.tif
	IBP251_Page_23.tif
	IBP251_Page_24.tif
	IBP251_Page_25.tif
	IBP251_Page_26.tif
	IBP251_Page_27.tif
	IBP251_Page_28.tif
	IBP251_Page_29.tif
	IBP251_Page_30.tif
	IBP251_Page_31.tif
	IBP251_Page_32.tif
	IBP251_Page_33.tif
	IBP251_Page_34.tif
	IBP251_Page_35.tif
	IBP251_Page_36.tif
	IBP251_Page_37.tif
	IBP251_Page_38.tif
	IBP251_Page_39.tif
	IBP251_Page_40.tif
	IBP251_Page_41.tif
	IBP251_Page_42.tif
	IBP251_Page_43.tif
	IBP251_Page_44.tif
	IBP251_Page_45.tif
	IBP251_Page_46.tif
	IBP251_Page_47.tif
	IBP251_Page_48.tif
	IBP251_Page_49.tif
	IBP251_Page_50.tif
	IBP251_Page_51.tif
	IBP251_Page_52.tif
	IBP251_Page_53.tif
	IBP251_Page_54.tif
	IBP251_Page_55.tif
	IBP251_Page_56.tif
	IBP251_Page_57.tif
	IBP251_Page_58.tif
	IBP251_Page_59.tif
	IBP251_Page_60.tif
	IBP251_Page_61.tif
	IBP251_Page_62.tif
	IBP251_Page_63.tif
	IBP251_Page_64.tif
	IBP251_Page_65.tif
	IBP251_Page_66.tif
	IBP251_Page_67.tif
	IBP251_Page_68.tif
	IBP251_Page_69.tif
	IBP251_Page_70.tif
	IBP251_Page_71.tif
	IBP251_Page_72.tif
	IBP251_Page_73.tif
	IBP251_Page_74.tif
	IBP251_Page_75.tif
	IBP251_Page_76.tif
	IBP251_Page_77.tif
	IBP251_Page_78.tif
	IBP251_Page_79.tif
	IBP251_Page_80.tif
	IBP251_Page_81.tif
	IBP251_Page_82.tif
	IBP251_Page_83.tif
	IBP251_Page_84.tif

