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Nematode Community Structure of Forest Woodlots: III. 
Ordinations of Taxonomic Groups and Biomass t 
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Abstract: Nematode communities of 18 Indiana mixed hardwood stands were comprised of  an average of 23% 
tylenchid species, 31% dorylaimid species, and 46% species of six other orders. Based on total numbers of 
individuals present the stands averaged 42% tylenchids, 20% dorylaimids, and 38% individuals of other orders. 
Ordination of  the sites using data only for tylenchid species gave an even distribution of sites, indicating little effect 
of site disturbances on tylenchid populations. By contrast an ordination using data for dorylaimid species showed a 
high degree ofd issimilarity between reference sites indicating that disturbances at some sites had drastically affected 
the dorylaimid fauna. An ordination utilizing biomass of all species present was very similar to the ordination based 
on data for dorylaimid species only. Key Words: Indiana hardwood stands; Tylenchida; Dorylaimida; Rhabditida; 
Teratocephalida; Araeolaimida, Monhysterida; Chromadorida; Enoplida. 

Within recent years interest has increased in 
the study of nematode faunas of natural 
hab i t a t s  (8,9,14,16,17,18) because such 
knowledge is an essential step in the evaluation 
of the role of nematodes in the soil (5,18). 
Several techniques have been suggested for 
analysis of nematode faunas, including Yeates' 
(18) technique for indicating relative diversity 
and relative abundance of species; and the 
clustering techniques used by the present 
authors and by Schmitt and Norton (6,8,9,14). 

Previous papers of this series (8,9) 
demonstrated by two different clustering 
techniques that nematode communities in 
mixed hardwood stands can be related to forest 
types ,  successional stages of the tree 
communities, and to major soil characteristics. 
Of the techniques used, community ordination 
gave the most information regarding the 
relationships. It was thought that a more 
mean ingfu l  i n t e r p r e t a t i o n  of intersite 
relationships might be made if additional 
information regarding the taxonomic structure 
of the nematode communities were obtained, 
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and if further ordinations were performed in 
which taxonomically related groups of 
nematodes were analyzed separately. Moreover, 
in view of an increasing emphasis on a 
consideration of biomass in decomposer 
processes (4,13,17), an additional ordination 
utilizing total biomass of each species in the 
community would provide information on 
relative species importance when biomass is a 
major consideration in an ecological study. 

MATERIALS AND METHODS 

Analysis o f  taxonomic structure and biomass: 
Details of the study area of 18 Indiana 
mixed hardwood stands of varying plant 
composition, soils, physiography, and past 
management practices has been given (9). Site 
characteristics are summarized in Table 1. 
Methods for sampling each site three times 
during each of 2 yr, for processing, identifying, 
and counting specimens, as well as a list of all 
species recovered, have been given elsewhere 
(8,9). In the present study, a Fortran IV 
computer program was written to sum the total 
numbers of species and individuals belonging 
to the Tylenchida, the Dorylaimida, and to a 
third group comprising the six remaining 
o r d e r s  r e p r e s e n t e d  ( R h a b d i t i d a ,  
T e r a t o c e p h a l i d a ,  A r a e o l a i m i d a ,  
M o n h y s t e r i d a ,  C h r o m a d o r i d a ,  a n d  
Enoplida). A second computer  program was 



written to calculate the volume and fresh 
weight of  each species (based on the adult)  
using Andrgssy 's  ( l)  method,  and to  calculate 
the total volume and weight of  individuals o f  
each species at each site. 

Ordinations: Community ordination (3), a 
technique utilizing quantitative data on density, 
frequency, and dominance, whereby sites are 
arrayed in a multidimensional order, was 
discussed previously (6,8). Separate ordinations 
based on species density and frequency were 
c a l c u l a t e d  fo r  the  orders Tylenchida, 
Dorylaimida, and the group comprised of  
species o f  the six orders named above. Another 
ordination was performed which utilized the 
total biomass of  each species (in all orders) 
present at the sites in developing the 
similarity-dissimilarity matrix. All ordinations 
were calculated utilizing the computer program 
ORDCOM written by R. L. Giese of  the Purdue 
Entomology Department. 

RESULTS AND DISCUSSION 

Taxonomic structure based on species 
composition: For the 18 sites, the average 
composition included 23% tylenchid species, 
31% dorylaimid species, and 46% species 
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belonging to the six other orders. The 
percentage of  tylenchid species was highest at 
site R, Wabash River, where they comprised 
31% of  the total species. Sites I, Livestock, and 
P, Black locust ,  also had a higher than average 
percentage of  tylenchid species with 30% and 
28% respectively. Tylenchid species were the 
smallest percent (19%) of  the total species at 
sites L, Higley Woods ,  and M, Bramer  26. 

The highest percent value for the dorylaimid 
species (36%) occurred at the following four 
sites: A, Stewart Hillside; C, Stewart Stream; M, 
Bramer 26; and O, Bramer 550. Dorylaimid 
species represented the smallest percent of  the 
total at sites P (21%), I (23%), and R (24%) 
where tylenchid species attained their highest 
percent o f  the total species. 

Species in the group comprised of  the 
remaining six orders attained their highest 
percent of  the total at site P (52%) and E, 
Leitner North, (51%). Their lowest value was 
31% of  the total at sites H, McCormick  East, 
and Q, Open Oaks. 

A comparison of  the genera and the number 
of  species within a given genus found in forest 
soils o f  central Germany by Bassus (2) and 
those found in the woodlots in Indiana show a 
remarkable similarity. The almost nonexistent 

TABLE 1. Characteristics of 18 Tippecanoe County, Indiana, forest woodlot sites. All of the sites except C and 
G are as described by MacLean (1 I). 

Site 

Code Name Hectares Management 
Soil 

Dominant tree Soil type drainage 
species rank a 

A Stewart Hillside 16.30 Natural Sugar Maple Russell silt loam 2 
B Stewart Beech 16.30 Natural Beech-Sugar Maple Miami silt loam 2 
C Stewart Stream 16.30 Natural Beech-Sugar Maple Miami silt loam 2 
D Leitner South 2.88 Cut-grazed Mixed Brookston silty clay loam 5 
E Leitner North 2.88 Cut Sugar Maple Fincasfle silt loam 3 
F McCormick West 11.39 Cut Mixed Brookston silty clay loam 5 
G McCormick Ditch 11.39 Cut Mixed Brookston silty clay loam 5 
H McCormick East 11.39 Cut Sugar Maple Miami silt loam 2 
I Livestock 4.27 Grazed b Mixed Brookston silt loam 5 
J Workman 1.40 Grazed Sugar M a p l e  Brookston silt loam 5 
K Cason 2.57 Grazed Beech-Sugar Maple Cope silt loam 4 
L Higley 3.04 Cut Sugar Maple Fincastle silt loam 3 
M Bramer 26 3.20 Natural Oak-Maple Fincastle silt loam 3 
N Starrett 1.57 Cut Mixed Cope silt loam 4 
O Bramer 550 4.18 Cut-grazed Mixed Fincastle silt loam 3 
P Black Locust 3.21 Cut Black Locust Russell silt loam 2 
Q Open Oaks 3.42 Grazcdb, c White Oak Fox loam 1 
R Wabash River 1.67 Flooded b Silver Maple- Genessee silty clay loam 2 

Cottonwood 

aBased on Indiana Soil Profile Ranking. Ranges from excessively-drained (1) 
bRecent (within 1-4 yr of this study). 
CData available for 1968 only. 

to very poorly-drained (5). 
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dorylaimid fauna in the German forest is an 
outstanding difference, Yuen (19) also observed 
that dorylaimid genera, which were a constant 
feature of a regenerated English woodland, 
were not listed by Bassus (2). She suggested 
that the differences may indicate more 
h e t e r o g e n e i t y  b e t w e e n  s imilar ,  bu t  
geographically isolated, habitats than previously 
realized (12). 

Taxonomic structure based on numbers of 
individuals of each species: The nematode 
community structure at the 18 sites based on 
total individuals counted (mean number, 1.8 
million m - z )  averaged 42% tylenchids, 20% 
dorylaimids, and 38% for the other six orders. 

The tylenchids reached their highest value at 
site P, Black Locust, where they accounted for 
56% of the nematode population and their 
lowest value at site F, McCormick West, where 
they were only 29% of the total population. 
The dory la imids  reached their highest 

proportion at site L, Higley Woods, where 
they were 35% of the total population. The 
lowest values for dorylaimids were at site I, 
Livestock, and P, Black Locust, at 4% and 5% 
respectively. Counts of individuals belonging to 
the other orders were highest at site F, 
McCormick West, where they were 54% of the 
population and lowest at site M, Bramer 26, 
where they accounted for 23% of the total 
population. 

Ordination of members of the order 
Tylenchida: The results of the ordination based 
on the members of the order Tylenchida are 
presented in Fig. 1. Although the distribution 
of the sites in the ordination is the result of the 
combined influence of 35 tylenchid species, the 
large numbers of Tylenchus spp. 1 and 5, 
T y l e n c h o r h y n c h u s  s i l va t icus ,  and 
Helicotylenchus platyurus at the sites exerted 
the greatest influence in determining the 
position of each site in the ordination. The 
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FIG. I. Ordination of the nematode order Tylenchida at 18 forest sites in Tippecanoe County, Indiana. X-Y 
plane. Circle size depicts relative numbers of Tylenchus spp. 1 and 5, Helicotylenchus platyurus, and 
Tylenchorhynchus silvaticus which were dominant throughout the sites. 
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relationships among the sites can be largely 
explained by these four species that represent 
62% of the total number of tylenchids. 

Site A, Stewart Hillside, the low X-axis 
reference site, was where Tylenchus spp. 1 and 
5 reached their highest numbers.  Site D, 
Leitner South, was the most dissimilar to site 
A and thus became the high X-axis reference 
site. Site D was one of the sites that was very 
poor  in tylenchid species. H.platyurus was the 
dominant tylenchid species at site D. Sites with 
high numbers of Tylenchorhynchus silvaticus 
are near the low end of the X-axis (showing a 
closer relationship to sites dominated by 
Tylenchus sp. 1 and 5), and sites dominated by 
H. platyurus are near site D on the high end of 
the X-axis. 

The distribution of the sites along the X-axis 
shows a gradient from well-drained sites with 
sugar maple, white oak, and hickory at the low 
end toward sites that are very poorly-drained 
and have a mixture of hydromesophytic tree 
species. Site P, Black Locust, was the only site 
which showed exception to this gradient, but 
site P has shown a closer relationship to the 
poorly-drained, hydro-mesophytic sites in all 
ordinations (8). 

The distribution of the sites on the Y-axis 
can be explained largely by the relationship 
between Tylenchorhynchus silvattcus and H. 
platyurus. Site J, Workman Woods, the low 
Y-axis reference site, was where T. silvaticus 
reached its highest numbers. Site P, Black 
Locust, the high Y-axis reference site, is where 
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FIG. 2. Ordination of the nematode order Dorylaimida at 18 forest sites in Tippecanoe County, Indiana. X-Y 
plane. Circle size depicts relative numbers of Xiphinema americanum, Tylenchola#nus sp. 1, and Mesodorylaimus 
sp. 4 which were dominant throughout the sites. 
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H. platyurus attained its highest numbers. If we 
consider site P to be more characteristic of the 
poorly-drained sites with hydro-mesophytic 
tree species, then the gradient here is from that 
type community at the high end of the Y-axis 
toward sites that are imperfectly-drained but 
with higher percentages of  sugar maple and 
white oak. 

There appear to be three distinct tylenchid 
communities represented in this ordination. 
The first is where Tylenchus spp. 1 and 5 are 
the dominants, and they are found at the 
well-drained sites that have higher percentages 
of  oak and hickory. The second is where 
Tylenchorhynchus silvaticus is the major 
dominant, and Tylenchus sp. 1 and 5 are also 
p r e sen t  in fairly large numbers. This 
community, dominated by T. silvaticus, is 
found at the imperfectly-drained, disturbed 
sites where sugar maple is the dominant tree 
species, but white ash and red elm are also well 
represented. The third tylenchid community is 
dominated by Helicotylenchus platyurus with 

Tylenchus spp. 1 and 5 present. The H. 
platyurus community is found associated with 
the poorly-drained, disturbed sites that have a 
mixture of  hydro-mesophytic tree species. 
White or black ash are two of the common tree 
species at these poorly-drained sites, and Yuen 
(19) also found the distribution of two species 
of Helicotylenchus to coincide with the 
distribution of the ash in a reclaimed woodland. 

Sites N and O, almost centrally located in 
the ordination, are representative of areas 
where the three tylenchid communities overlap. 
Although Tylenchus spp. 1 and 5 are the major 
dominants at site N, T. silvaticus and H. 
platyurus are also well represented. H. 
platyurus is the major dominant at site O, but 
again the other three species are well 
represented. 

These two sites occur on poorly-drained 
soils that are representative of the"first step 
down" toward very poorly drained soils (15). 
They both have a mixture of  tree species and 
are representatives of the transitional forest 
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FIG. 3. Ordination of the nematode orders Rhabditida, Teratocephalida, Araeolaimida, Monhysterida, 
Chromadorida, and Enoplida at 18 forest sites in Tippecanoe County, Indiana. X-Y plane. 



community (7). Site N is in a later stage of 
transition than O, as indicated by the presence 
of more of the climax species such as beech, 
sugar maple, basswood, and hickory. Site O is 
still in an earlier stage as indicated by the 
presence of such hydro-mesophytic species as 
swamp white oak, red elm, and cottonwood. 

Ordination of the members of the order 
Dorylaimida: The results of  the ordination 
based on the Dorylaimida are presented in Fig. 
2. Again, the ordination includes 60 dorylaimid 
species, but can best be explained by the 
dominant species found at the different sites. 
These four species (Aporcelaimellus obscurus, 
Mesodorylaimus sp. 4, Tylencholaimus sp. 1, 
and Xiphimena americanum) represent 33% of 
dorylaimids in this ordination. 

Site P, Black Locust, was the most dissimilar 
with regard to dorylaimid fauna and thus the 
low X-axis  r e f e r e n c e  site. Xiphinema 
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americanum was the dominant dorylaimid 
species at site P, which was also characterized 
by having the fewest number of dorylaimids. 
Site B, Stewart Beech, was the high X-axis 
reference site and contained the largest number 
of  dorylaimids. Xiphinema americanum and 
Tylencholaimus sp. 1 were the dominant 
dorylaimid species at site B. 

The poor dorylaimid fauna at site P and its 
selection as the low X-axis reference site 
resulted in a grouping of  most sites toward the 
high end of the axis. Sites poor in dorylaimid 
fauna are at the low end of this group whereas 
sites with larger numbers of  dorylaimids are at 
the high end. Sites with Tylencholaimus sp. 1 as 
the dominant dorylaimid species are nearest site 
B at the high end of the X-axis. 

Site I, Livestock, the low Y-axis reference 
site, also had a very poor dorylaimid fauna. 
Aporcelaimellus obscurus and Mesodorylaimus 
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FIG. 4. Ordination based on species biomass at 18 forest sites in Tippecanoe County, Indiana. X-Y plane. 
Circle size represents total nematode biomass. 
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sp. 4 were the dominant species there. Site L, 
Higley Woods, the high Y-axis reference site, 
was where X. americanum reached its highest 
numbers. The other sites are spread out more 
on the Y-axis than they were on the X-axis, but 
they still fall toward the high end. 

The disturbed, poorly-drained sites D and K, 
and the periodically flooded site R, on the 
Wabash River, show the most similarity to site 
I. The relationship of sites in the X-Y plane is 
similar to that for the other ordinations (8) 
with regard to tree species and soil types. This 
was unexpected inasmuch as the dorylaimids 
comprised only 20% of the average total 
nematode population. But the most striking 
feature of this ordination is the length of the 
two axes, indicating the high degree of 
dissimilarity between the reference sites. This 
is the greatest dissimilarity found in any of the 
ordinations and when compared to the 
ordination based on tylenchid nematodes, 
indicates that the disturbances at sites I (heavily 
grazed) and P (cut over) have had a much more 
drastic effect on the dorylaimid fauna than on 
the tylenchid fauna. Most tylenchid species 
have maintained themselves at these two sites 
even though Helicotylenchus platyurus is the 
major dominant,  but the dorylaimids have 
become a very small percentage of the 
nematode population (5% at site P and 4% at 
site I), in contrast to an average of about 20% 
at the other sites. The findings that tylenchid 
nematodes are a major portion of the total 
population in disturbed areas, whereas 
dorylaimids constitute only a very small 
portion of the total population, are similar to 
findings for cultivated fields (J. M. and V. R. 
Ferris, unpublished) and in a disturbed 
grassland by Yuen (19). 

Ordination of members of the remaining 
orders: An ordination based on the 66 species 
of the remaining six orders was performed. The 
results are depicted in Fig. 3. The location of 
the sites can be explained somewhat by the 
dominant species at each site. Members of the 
order Rhabditida were the most numerous of 
the species in this group and probably exerted 
the greatest influence on the ordination. 

Site I, Livestock, the low X-axis reference 
site, was very dissimilar to all other sites, as 
evidenced by the clustering of the other sites at 
the high end of the axis. The large number of 
Mesodiplogaster sp. 1 at site I (8) were 
undoubtedly responsible for this degree of 
dissimilarity. Site E, Leitner North, the high 
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X-axis site, was characterized by having three 
codominant species, Mesorhabditis sp. 1, 
Rhabditis sp. 5, and Eucephalobus oxyuroides, 
although they all occurred in relatively low 
numbers. 

Site F, McCormick West, the low Y.axis 
reference site, was where Rhabditis sp. 5 
attained its highest numbers and was the 
dominant species. Site K, Cason Woods, was the 
high Y-axis reference site. Rhabditis sp. 7 was 
the dominant species and was present in large 
numbers. This resulted in most sites grouping in 
the lower portion of the Y-axis toward site F. 

The general duster of sites is in the lower 
right portion of the X-Y plane indicating the 
high degree of dissimilarity between the other 
sites and sites I and K. Attempts to correlate 
the position of the sites in this ordination with 
known physical or floristic factors proved 
fruitless. The many species represented in these 
diverse orders do not respond similarly to the 
same environmental factors. These species also 
represent a large number of bacterial feeders 
that fluctuate radically in numbers depending 
on available food material. The large number of 
Mesodiplogaster sp. 1 at site I in the spring of 
1968 when cattle were being grazed and their 
subsequent drastic decrease in numbers (8) 
after the cattle were removed is a good 
example. Many other species are predators on 
nematodes or other small soil organisms. 

Ordination based on biomass: Results of the 
ordination utilizing total biomass for each 
species at each site is presented in Fig. 4. The 
most striking feature of this ordination is its 
similarity to the dorylaimid ordination (Fig. 2). 
The low reference sites on the X and Y axes are 
the same, and site L has moved from the high 
Y-axis reference site to the high X-axis 
reference site. Site M is the new high reference 
site on the Y axis. The main cluster of sites is at 
the high end of the X-Y plane and is similar to 
that for the dorylaimid ordination but 
somewhat tighter. The use of the biomass of 
each species in this ordination was expected to 
show an increase in the importance of some of 
the larger dorylaimids and larger members of 
the other orders, but the high degree of 
similarity between the dorylaimid ordination 
and the biomass ordination was not expected. 

The distribution of the sites along the X-axis 
appears to be due mainly to the importance of 
X. americanum. Site P at the low end is poor in 
dorylaimid fauna in general and also in numbers 
of X. americanum. Site L at the high X-axis 



point is where X. americanum reached its 
tfighest numbers. Site I, the low Y-axis 
reference site, has a relatively high total 
biomass, but this is probably the result of the 
high numbers of Mesodiplogaster sp. 1 since it 
appears to have little in common with most of 
the other sites. 

Site B, Stewart Beech, in the upper portion 
of the X-Y plane had the highest total biomass 
at 2,126 mg m -2. This is not too surprising 
since site B also had the most nematodes and 
the largest number of  dorylaimids. Site P, Black 
Locust, the site with the smallest total biomass 
value at 1,038 mg m -z ,  had high numbers of 
Helicotylenchus platyurus, but it was very poor 
in dorylaimid fauna. The average total biomass 
for the 18 sites was 1,729 mg m -2.  

These figures for total live biomass are 
within the range of those obtained by 
Overgaard-Nielson (12). Andr~ssy (1) considers 
the figures of  Overgaard-Nielson to be high 
since the latter treated the nematodes as a 
cylinder of equal diam at either end. Although 
A n d r ~ s s y ' s  f o r m u l a  t akes  th is  in to  
consideration, the total nematode biomass 
obtained in the present study was also probably 
high since we based calculations on counts of 
both adults and juveniles. 

CONCLUSIONS 

At most of these forest sites the tylenchid 
nematodes outnumbered the dorylaimid fauna 
in individuals, although more dorylaimid 
species were present. The dorylaimid fauna was 
very poor at the highly disturbed sites I and P 
where tylenchid nematodes occurred in high 
numbers. The percentage of  the total nematode 
community comprised of individuals belonging 
to the rest of the orders combined was fairly 
consistent at most sites. 

The ordinations of the separate orders of 
nematodes depict the compositional differences 
of the communities at the sites. Although the 
tylenchid ordination reflects differences in 
c o m m u n i t y  s t ruc tu re ,  the fairly even 
distribution of the sites in the X-Y plane 
indicates relationships in which no one site or a 
few sites are highly dissimilar to all other sites. 
However, the distribution of the sites in the 
X-Y plane of the dorylaimid ordination shows a 
high degree of dissimilarity between the highly 
disturbed sites I and P and the remaining sites. 
This indicates that dorylaimids are very 
sensitive to site disturbance. The ordination 
utilizing total biomass of  all species showed a 
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remarkable degree of similarity to the 
ordination of the dorylaimid nematodes 
indicating the influence of this group, which 
includes many of the larger nematode species. 

A few generalizations are possible using the 
terminology of modern ecological theory with 
respect to r- and K- selection (10). It would 
appear that the dorylaimid species are the "K 
strategists" of  the nematodes in forest habitats. 
Although we know little about the life histories 
of most dorylaimid species, they appear to be 
adapted to specialized habitats of undisturbed 
areas, they tend to be large, and many have 
relatively long life spans with few offspring per 
individual (unpublished, our laboratory). By 
contrast, many of the species (such as 
rhabditids) used in the ordination of Fig. 3, 
must be considered extreme "r strategists," 
which tend to build up rapidly under a variety 
of  e n v i r o n m e n t a l  conditions, exploiting 
temporary situations. The tylenchids as a group 
are neither extreme "K strategists" nor extreme 
"r strategists." Many tylenchid species seem 
able to compete well in stable habitats and also 
to retain the ability to utilize disturbed areas, as 
indicated by the distribution of sites in the 
ordination. The fact that the dorylaimid 
nematodes as a group are much more sensitive 
to disturbances in the forest habitats than are 
tylenchid nematodes, makes the dorylaimids 
more valuable as indicators of  ecological 
change. 
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Mass Culturing of  Ditylenchus dipsaci 
to Yield Large Quantities of Inoculum ~ 

L. R. FAULKNER, D. B. BOWER, D. W. EVANS, 
and J. H. ELGIN, J R .  2 

Abstract: Methods are described for rearing large quantities of Ditylenchus dipsaci on alfalfa tissues. Nematodes 
and alfalfa seed were disinfected and nematodes were reared in quantities sufficient to provide a continuous supply 
of inoculum for our alfalfa-breeding program. Nematodes reproduced best in darkness at 20-25 C. Cultures reached 
maximum numbers in 3-6 wk. Key Words: tissue culture, alfalfa, stem nematode, Medicago sativa. 

Studies of host resistance to plant parasitic 
nematodes require large numbers of the 
specific nematode in question. Most breeding 
programs have depended on field infestations 
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or greenhouse cultures as primary sources of 
nematode inoculum. During the past 3 yr, in 
our search for stem-nematode-resistant 
alfalfa, Medicago sativa L., adapted to the 
irrigated regions of the Pacific Northwest, we 
have reared in culture, and have used for 
inoculations, more than 300 million stem 
nematodes, Ditylenchus dipsaci (K~ihn) 
Filipjev. Rearing this nematode in tissue 
culture is not new (4, 5, 6, 7), but the practical 
production of large numbers of the nematode 
in monoxenic culture for use in a resistance 
breeding program has not previously received 
attention. 

We initially followed, with some success, 
the procedures described in the literature for 
isolating and culturing pure populations of 
nematodes (3, 4, 5, 6). However, we were not 
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