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Pc~g~· A. ~li<ldendorf 

R ll tf.{cr:; tr n i\·crsi t)' 

~t 11.ldt•n•\orf. Pl'J.rg~· A. t R tlt)!crs \.; .• x~,,- Bruns \\·i<·k, N .J.) 
Trophi~ rclittion~hi1,s and 1,hosphorus budt,!l'l of an ohl-fiel<i 
s,,it c<:o::-,·~tl'm. fl\it~hc-son :\l~n,c,rial Fort.?st Bull. 2(-1):6-1-l. 
1971 .. -.\n. l•xplorator_)' stud~- \vas made of the food ,veh r~la• 
tion:.-hips an,l 11hos1>lt<>rus budget of an olcl~fil•ld soil ecosys­
tem utilizing radioiosotopl's. Pho:-phorus32 ,vas injt!ctcd 
into the dominant !orb, rag,,·eed (.4nibrosia arte111isiifolia). 
Suh:;equently its movement througl1 the copious external 
stem flo,,· of rag,,·ecd and ,·arious soil faunal groups ,,·as 
recor\\~d. 

The radioisotope was detected in macroarthropods and 
carth,\·orn1s but not in microarthoropods. Large l,ut cons1s­
tent variabilit.)' occurred in radioisotope uptake by the 
t'auna. A eomplex of environmental and ph~siological fac­
tors contributed to this variabilit.Y ,,·hich has only infre­
quentl1· been reported for such studies. Differences in radio­
isotope uptake cur,·es of the ,·arious soil animal groups \\·ere 
used to h)•pothcsize their trophic relationships. 

Stem flo,v ma~· add significant amounts of phosphorus to 
the soil as compared to the total amounts found in the soil 
rauna populations. After six ,veektl, ho\,·ever. the bulk of the 
isotope still resided in the rag\veed tissues. 

Integrated studies ·of terrestial ecos~·stems are 
essential to an ultin1ate u11derstanding of their dy. 
namics under natural and disturbed conditions. Basic 
,vork on the structure and functional processes of 
ecos:rstems. hO\\·ever, is far from complete. Most re­
search bas been done on segments of ecosystems 
dealing ,vith such aspects as prin1ar~· productivit~~ 
(\Vbittaker and \Vood"vcll 1968), floral divcrsit~· 
(\\inittaker 1965), and energy flo,,· (Odun1, Connell, 
and Davenport (1962). The ad\·ent of radionuclide 
tagging techniques has greatl}· facilitated studies of 
mineral cycling (Olson, Peters, and Anderson 1969) 
and food ,veb relationships (\\'iegert, Odum, and 
Schnell 1967). These studies ha,·e rarel:!,· dealt ,vith 
detritus-based ecosystems such as the soil. Ho,vever, 
since primacy- consumption of n~t producti\·ity is 
relati\·el)· small (Bray 1961, 196-!), n1ost of the organic 
matter produced each year ultimatel~· enters the soil 
system (?.I alone and Swartout 1969). The soil also is a 
reser,·oir for vast quantjties of essential nutrients 
(Peters, ·Olson, and Anderson 1969 ). Consequen tll·, 
the soil ecos.}•stem pla1,·s a major role in ene11:,ry and 
mineral flo,v. This is a preliminar~- stud~· of certain 

· functional aspects of the soil ecosl-·stem. 

Comprehensive research on the soil food ,veb has 
only infrequently been tried {Reichle and Crossley 
1965). Trophic relationships of detritus.feeding or• 
ganisms have largely been inf erred from direct ob­
servation of the feeding patterns of indi,·idual groups 
(\Vatl,,·ork 1958; Engelmann 1961l. Yet, radionuclide 
tagging techniques ha,•e yielded much more infor• 
mation on food web structure than direct observation 
alone. Their use in broad trophic studies has been 

largely restrictecl to abov-e-grot1nd s~·stcms (Odum 
and Kucnzler 1963; de la Crui and \'\i'icgcrt 1967; 
Rose. ~1onk, and \\.ie~ert 1969). Since the cfficienc)· 
and versatility of this technique is no\v recognized 
(\Viegert and Odum 1969), its usefulness. in. an inte• 
grated tropl1ic stud)· of soil organisms is_· strongll· 
suggested. · · 

The first objecti,·e was to test the adaptability of 
the radionuclide tagging technique in delineating a 
soil food web ,vith phosphorus 32. Organisms of vari• 
ous trophic levels appear to exhibit characteristic 
radioisotope uptake curves as sho\vn by previous 
studies in autotroph-based food complexes. Such up­
take curves were calculated here for a soil ecosystem 
and utilized in interpreting trophic positions of the . 
particular faunal groups involved. 

Secondly, I made a brief examination of a phos­
phorus budget in an old-field soil system. Entire. 
mineral cycles are defined in terms of the paths of 
movement of the mineral, storage reservoirs, and 
rates of transfer between various ecosystem com-·_ 
partments (Rice 1965). ity objecti,·e, however, \vas 
simply to evaluate the importance of several broad 
routes of P32 movement in the soil-rag,veed system 
of an old field. Observations by Shure (1969 J revealed 
that a great quantity of moisture collects on the 
stem surfaces of ragweed (Ambrosia artemi.siifolia 
L.), a dominant forb of the study area, and flo,,·s 
do,,·n the stem. This stem flo,v contains de\v, trans• 
piration moisture, extrametabolites, and various 
minerals exuded b)· the plant. The role of stem flo\v 
in the mineral and hydrological cycle of an old field 
is as )'et little understood. Consequently, the magni­
tude of P32 in the stem flow relati\·e to that in the 
soil fauna and rag\\•eed plants was measured. 

In short, the objective of this stud~· ,vas to examine 
the following functional characteristics of an old­
field soil ecosystem: 1) trophic relationships of the 
soil food web using radioisotope methodology; 2) 
distribution of the radionuclide in the soil-ragweed 
s}·ste1n. · 

• 

.Materials and methocss 

PKEPABATION OF THE STUDY AREA 

The study area as described by Shure (1969) ,vas . 
located in a field adjacent to the William L. Hutche­
son iiemorial Forest in East l\1illstone, Ne,v Jersey. 
In earl}· spring of 1969, a 80.5 x 30.5 m area of this 
{icld ,,·as culti,·ated to a depth of 15 cm and aban• 
do11ed. Su1>sequentl)·, a dense gro,,·th of rag,\'eed 
(A1i,brosia a·rtem~criifolia L.) dominated the vegeta• 
tion. This common annuJI is a pioneer species in11ad-
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ing fields the first year after distL1rbance (Bard 1952) 
In earl)· July four plots 2m2 ,\·ere chosen for L1ni~ 
Cormit:. of rag\\,'eed density. f.-letal sheets \Vere placed 
at the boundaries to a depth of about 25 cm to recluce 
migration of the soil animals in and out of the plots. 

The radioisotope P32 ,vas applied to the rag\veed, 
utilizing the "stem ,veil method., (\Viegert and Linde­
borg 1964) modified b~- Shure (1969). On At1gust 1, 
1969, t\\·ent~;~eight rag\veed plants ,,·ere randoml~· 
selected in each plot and indi,·iduall)· labeled \\'ith 
25 uCi of P32 as Na2HP3204 in aqueous solution. 
Theda)· ,vas sunny, and P32 acti,·it:r throughout the 
plants indicated that the plants absorbed the isotope 
very rapictly. A total of 168 plants ,\·as laheled ovP.r 
an area of 12 m2. That is, 4200 uCi \Vere applied or 
350uci/m2. 

T, ... ·o randoml)· selected plots \Vere utilized as con­
. trols. The other t\vo plots were used to measure the 
quantity and P32 concentration of the stem flow. In 
order to intercept this liquid, large plastic tape \\·ells 
(volume 15 cc) ,,·ere applied to the tagged rap·eed 
stems. They were placed above the "labeling \vells" to 
prevent contamination. 

SOIL FAUNA SAMPLING 

Samples of the fauna ,vere collected on da)·s 5, 12, 
19, 26, and 39 after labeling. On each date annelids, 
macroarthropods and microarthropods ,vere removed 
using one of t,vo types of samples. Each technique 
sampled a specific category of organisms as follo\vs. 

· Macroarthropods and earthworms \,·ere hand sorted 
from a 25 cm2 b~- 5 cm deep soil sample removed fron1 
each plot. The animals \vere killed immediately in 
10% formalin, poured into an ultra-fine sie\·e (270 
meshes/inch; 53 micron opening) to be \Vashed \\-·ith 
0.1 N HCl and individually placed in numbered plan­
~hets. The acid wash \Vas used to remove an}· P32 
adsorbed to bod~· surfaces. 

Microarthropods \vere extracted using the Berlese 
funnel method. Three soil cores \,·ere taken from each 
plot (volume 115 cc, height 5 cm) ,,·i-th a cylindrical 
steel corer (South,,·ood 1966). The samples \\·ere con• 
tained in polyeth)·lene cylinders ,,·hich fit both into 
the corer and the extractor.1 The latter ,vas modeled 
after a small funnel extractor Y:ith an air condition­
ing unit described by llacfadyen (1961). A constant 
temperature-humidity gradient ,,·as maintained. 
Air above the cores ,vas kept at 35°C and 0% relative 
humidit3o·, below the cores 15°C and 95% relati,:e 
humidity. The collecting jars beneath the funnels 
\\·ere partially filled with 10% formalin in which the 
animals ,vere collected, killed, and fixed. The cores 
,,·ere kept for one week in the Berlese apparatus to 
assure efficient extraction of microarthropods. The 
organisms were then \\·ashed with acid and stored in 
70% alcohol until sorted. The)· ,vere identified and 
counted with the aid of a binocular microscope and 
r,Iaced into numbered tared planchets. 

1 Built by Dr. H. T. Streu and associates, Department ot 
J,;ntomology and Economic ZoolOb'}', Rutgers-The State 
Universit)·, New Brunswick, Ne,v Jerse)·. • 

Hand ancl RPrlPse sa.rnples ,,·erP taken from ever~· 
labeled ra:-,r\\,eed plot as ,veil as nearb)· non-l:1.l>eled 
soil on each sampling date. Tl1e radioacti\·it~· of these 
latter samples served to differentiate tagged from 
untagged samples. 

All samples, once in planchets, were Q\·en•dried for 
·24 hours at 100°C. The sam1>les "'·ere then counted in 
groups of 50 in a gas flO\\~ detector(Nuclear Chicago-
1\Ioclel =10-19) \\·ith an automatic planchet cl1anger and 
printout. Tl1e instrL1ment \vas operated in the Geiger­
!lllt1ller region using Q gas (1.3% b11tane. 9S.7'1'c heli• 
um) and a micromil ,vindo,v \\"ith a densit\· less than • 
150 g/m2. All samples ,\·ere counted once for 10 min-
utes and subsequentl)· \veighed using an Oertling 
balance (~Iodel R20) sensitive to 0.1 mg. 

Counts ,..-ere corrected for background. efficienc1·, 
and ph~·sical decay to da~: 0. The}· are expressed as 
acti,·it~· densities in disintegrations per minute per 
milligram o\·en-dry \\'eight (dpm/mg). Self-absol'p­
tion corrections \\·ere not made. Most or the samples 
were equal to or Jess than 10-12 mg/cm2 in. thickness. 
Because P32 has such a high energy particle. self­
absorption at these thicknesses is generall)· less than 
5% (\\·ang 1969). Geometry differences in samples 
v-·ere also ignored. · 

Three rag\veed plants , .... ·ere removed on da1·s 5 and 
26, and the leaves, flo,,·ers, sterns and roots of each 
\\o·eighed separate!~·- Three subsample~ or each of 
these organs from each plant \V.cre dried. \\·eighed, 
and assa~·ed for radioactivity. 

Stem flo,v ,vas collected from the stem ,\·ell plots 
earl)· in tl1e morning on thirteen da:rs throughottt the 
stud~· period. A h~·podermic needle ,\·as 11sed to ex­
tract the liql1id from the stem ,,·ells. Stein flO\\. from 
se,·en plants ,vas consolidated into one san1ple, n1ak~ 
ing four samples per plot. Filter paper ,,·as used to 
remo\·e coarse debris from the liqtiid and the ,·olume 
of the sample re.corded. A 4-cc subsample of each ,vas 
pipet~ed into a planchet, evaporated \\·ith an infrared 
lamp, and the residue assayed for radioacti,·it)·. 

Results 

UPTAKE OF f42BYTBE SOIL FAUNA 

Proportio>i of each popl1latio1i tagged 

Sufficient isotope \Va~ introd11ced into the plants 
to insure that at least some proportion of the earth­
,vorm, and macroarthropod populations eventually 
became labeled (Figures I and 2). 

Increasing proportions of earth,\·orm. H1·menop­
tera, and Chilopoda populations ,,·ere tagged over 
time. Ho,\·e"·er, the percentage labeled or Diplopoda 
and Coleoptera (adults and larvae) \\"as n1ore erratic 
throughout the study. llemiptera (n)·mph~, \\"~t·c the 
only n1acroarthropod group that \\·as eoniti~tentl)· not 
labeled. Like\vise, no radioacti,·ity ,,·as detected in 
the microarthropods including 1\carina, Collembola. 
Th)·sanura. SymJ>hyla, and small Diptera (lar,·ae). 
\~·hilc occasional samples ,\·ould have $On1e 1·atlio-_.,_ 
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Figure 1. Percentage of total invertebrates.collected that 
\\·ere labeled ,,·ith p32 on a gi,·~n samplingda.v. 

Table 1. Numbers per meter2 of soil ir'lvertebrates in 
experimel'\tat plots. Data for handpicked samples. 

Taxonomic Day 

group 
5 12 19 26 39 

Earthworms 112 67 22 13 352 

Coleoptera 13 22 16 29 16 
CSatvae) 

Coleoptera 8 16 26 22 3 
ladults) 

Hymenoptera 16 67 10 282 23 

Chilapoda 13 26 22 13 4· 

Diplopoda 21 27 10 · 13 13 
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Figure 2. Percentage of total invertebrates collected that 
were labeled \Vith P3Z on a given sampling da}•. 

Variability of activity densities 

The acti,·ity densities of labeled individuals of 
populations from the handpicked samples ,,·ere not 
randoml~~ distributed (Table 3). The high degree of 
variabilit)· involved in these skewed distributions 
was measured by a coefficient of vari~tion (C. V.): 

s y = mean · . 
C.V. = y (lOO%! where s = standard de,·iation 

None of the C.V. means among populcitions (Table 4) 
' . 

Table 2. Numbers per meter2 of soil invertebrates in 
experimentaf plots. Data for Berlese samples. 

Taxonomic Day 

troup 
5 12 19 26 39 

Acsrina 3196 5344 2655 4786 6360 

· Collembola 860 885 1114 . S57 2163 
. 

Thysanura 327 819 983 459 491 

Symphyla 163 32 0 0 131 
. 

Hemiptera 459 524 :rl1 360 327 
• 

Cnymphs) 
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Table 3. List of activity densities of individuals 

from major soil in ... ertebrate populations.a 
Activity densities are arranged in sequence. 

Taxonomic 
group 

Earthworms 

Coleoptera 
(larvae) 

· Coleoptera 
(adults) 

Ac::tivity 
density 
(dpm/mg) 

6 
8 

17 
17 
20 
20 
27 
38 
39 
73 
99 

113 
146 
344 
346 

23 
54 
89 

222 
293 

11,995 

26 
79 

187 
425 
566 

1,532 
2,282 
3,387 

Taxonomic 
group 

Hymenoptera 

Chilopoda 

Diplopoda 

Activity 
density 
(dpm/mg) 

161 
. 222 
504 
522 
691 
774 
796 
843 
887 
887 
909 

1,296 
1,365 
1,935 
6,517 

111 
371 
491 
600 
677 
812 
981 

1,205 
8,886 
, 

4 
5 

· 19 
38 
77 

•Data presented for earthworms, Coleoptera (larvae), Cole­
optera (adu!ts), and Chilopoda were collected on day 19; 
for Hymenoptera, day 12; for Oiplopoda, day 5. 

are significantl)· different (t = .74, P) .50), indicating 
that although the variability is large, it is fair!~· con­
stant. 

An analysis of variance (ANOV A) \\·a:; performed 
.. on the log10 or the individual activity densities of a 
· particular taxonomic group for each sample day and 
··plot treatment. Frequently the greatest source of 
variability was due to plot•to•plot variation. In some 
cases these differences ,vere even greater than those 
expected due to chance alone. Inadequate sample 
size in handpicked samples also occurred \\'ith less 
abundant groups and populations that migrated from 
the top few inches of the soil during periods of envi .. 
ronmental stress associated, for instance. ,vith too 
much or too little moisture. This accounts for miss• 
ing data of particular groups on certain sample da)·s. 

p.12 UJJt(tke c·,trves oft he tagged soil fa1t1ta 

Six major taxonomic grou1>s dominated the hand-

Table 4. Mean coefficients of variation (C.V .)a for 
activity densities of individuals from major soil 

invertebrate papu lat ions. 

Taxonomic 
group 

Earthworms 

Coleoptera 
(larvae, 

Coleoptera 
(adults, 

Hymenoptera 

Chilopoda 

Diplopoda 

Mean C.V. for all 
groups througho~t 
study (C.V,±s,b 

Mean C.V. 
for group 
(C.V. + s)b -
1.55 + .48 -
1.36 + .35 

. -
1.44 + .49 -
1.28 + .26 -
1.04 ± .81 

1.07±.10 

1.29 ± .43 

Number of 
observations 

146 

27 

15 

93 

19 

17 

317 

acoefficient of variation (C.V.) s/y where v = mean activity 
density of group on a particular day and s = one standard 
deviation of the mean. 

bWhere s = one standard deviation of overall average C.V. 

take of the isotope, the log10 of the activit)' densi• 
ties of the tagged indi,·iduals in each taxonomic cate• 
gory \,·as grouped according to the da)'S on \\·hich the:; 
were collected. A randomized unbalanced ANOVA 
(Steel and To1·rie 1960) ,,·ith three sources of kno,vn 
variabilit~· (days, groups .. ,vithin-days, and orga­
n,sms-,vithin-groups) ,,·as performed~ Table 5 sho,vs 

· there \\·ere significant differences over time and 
bet\\·een groups. 

The expected differences over time reflect the 
graclual influx of P32 into the soil fa1.1na. Of greater 
interest are the differences bet,,·een the grot1ps at 
each ti111e period. These differences can be used to 
infer the actual trophic position of the particular 
animal. From these uptake curves (Figure 3) several 
major differences are notable. 

Hymenoptera became very highly labeled man\" 
times faster than all other groups. The,· initiall~· 
acqui1·ed a heavy concentration of P32, co~tinued to 
accumulate the isotope througho1.tt tl1e stud)·, and at . 

Table 5. Analysis of variance table of lo91 o activity 
densities of major soil invertebrate population, 

collected on successive sampling days. 

Source of variation 

. . 

Total 

Days 

Groups (days) 

Organisms (groups (days)) 

Degrees 
of 

freedom 

317 

4 

25 

289 

Sum of Mean F 
squares square value 

264.31 

86.04 21.51 8.62•• 

62.41 2.50 6.23•• 

t 15.86 .40 

1,ickcd samples. To ana1)·ze differences in tl1eir u1>· ••Significant at .005 level. 
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Figure 3. A\·erage actiYit~· densit~· tdpm/mg) of major soil 
invertebrate populations on fi\·e sarnpling days. ~umber of 
obsen·ations for each Population on a particular da)· is vari­
able. 

all times maintained acti\·it,· densities an order of • 

n1agnitude greater tl1an all otl1er gro\1ps. Earth-
,,-orms, Coleo1>tera (adults), and Diplopoda main­
tained rclati,·el~· lo,\· Jlopulation le\·cls of the isotope 
and tended to peak later in the stud~·- The uptake 
curve for Coleoptera larvae ,vas higher than the adult 
curve. and the lar\·al population reached its maxi­
n1um concentration later than the adults. 

Addition oj'PS-:l to the soil by stemjlo1fJ 

Radioacti\·it~· of stem flo\v in t()rms of dpm/micro­
liter \\·as highly dependent upon the amount of rain• 

· fall that occurred 24 hours preceding collection. In 
order to elin1inate the covaria11t effect of t·ain dilu­
tion, an anal~·sis of the P3Z concentration of the stem 
flo,v included data for rainless da,·s only. Significant • • 

decreases occurred o\·er time in the isotopic concen-
tration of thi:; liquid (Figure 4). 

Of greater interest is the impact of the P32 in this 
liquid on the soil Sl·stem. Figure 5 contrasts the P32 
le\·els of se\·eral of the animal groups in control \·er­
sus stem "·el\ plots. The results of these comparisons 
are not clt!ar-cut; ho\,·e\·er, there are several points of 
interest. In t,vo situations ,,·hen .sample size hap­
pened to be exccptionall~· large, the eontr~I plot levels 
,\"ere significantly hi~hcr than in the stem ,,·e\l plots 
(earth,\·orm~ on da)· 5. H)·n1enoptera on da)· 26). Also 
the radioacti\·ity bod~· burdens ,,·ere higher in man~· 
cases in control plots than those in the stem ,veil· 
plots although not significantl)· so. This trend. indi-
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Figure 4. A,·erage activity densit:r tdpm/uliter)·ot stem Clow 
r~mo\·cd from stem ,,·ell plots of 13 days throughout the 
stud~·- Each point represents the mean of eight samples. 

cates that stem flo,v ma~- ha,·e an important role in 
addition of pl1osphorus to the soil mineral pool. per-· 
haps augn1enting the amount available to the fauna. 
Although the data are not conclusive, employment of 
a more extensi,·e sampling program could easily 
determine the reality of these trends. 

pa2 budget aitd dispersal 

• .\ budget for the instantaneous distribution of P32 
in ,·arious compartments of the old fietd soil s~·stem. 
is presented for da)·s 5 and 26 (Figure 6J. Most of the 

. original isotope remained \\"ithin the plants on both 
da~·s; ho,,·e,·er, a deficit of 16% existed by da~· 26. 
That is. approximately 1/6 of the P32 ,vas unaccount­
ed for at this time, presumably -los~ mainly to the 
soil sink and some,,·hat to abo,·e-ground herbivo~·. 

Stem flo,\· and soil fauna fractions contained a 
relati,·el)· minute amount of the total P32 in the 
stud)· area. A ratl1er large increase occurred in three 
,\·eeks "·ithin these fractions, but they still contained 
less than 1q of the total P32 injected into the s)·stem. 
The stem flo,,·, interestingl)· enough, contained a 
larger portion of the i:;otope than the o,·crall faunal 
fraction. This observation supports the suggestion 
that stem Clo,,· may carr)· fairly large amounts of 
phosphorus into·the soil. · · 
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Figure 5. Average activit~· density (log dpm/mg) of four 
invertebr.ate populations removed from control and stem 
well plots on five sampling days. Number of obser\"ation.s 
for each point is variable. Least significant interval (LSIJ 
around each mean. 

The budget is pres~nted for these da)·s onl~· since 
rag\\"eed data were collected at the.se t,\·o times. An 
average value for the rag\·veed at all times \\·ould be 
inaccurate, since acti,·it~· densities in the plant tissue 
change significantll,· o,·er time (Shure and Pearson 
1969}. 

The several components of this ecos~·stem ha\·e 
characteristic ranges of isotope concentration per n1g 
of body tissue (Table 6J. The large differences be­
t\veen indi\·idual fractions of the s)·stem primaril~· 
reflect dilution of the isotope as it mo,·es through 
various tro1>hic levels of the soil system. Reduction in 
P32 concentration \\·as recorded in movement to 
soil-inhabiting herbi,·ores such as ants as \\·ell as in 
transfer to the sapro,·ore component. Dilution of 
P32 as it is c)·cled through sapro\·ore and predator 
levels has been obser\·ed elsewhere (\Viegert et al. 
1967; Shure 1969). 

Discussion 

UPTAKE OF p32 B\"THE SOIL FAUNA 

Variobility i1z l~J>tc,ke ond body b11rde11s 

~Ian~; f,tc:tors go\·~rnecl P32 uptake b~· soil faun,l 
from the en'l;ironment. Consequcntl)·, onl~· a per­
centage of some po(>ulations \vas taggecl and \\'ithi11 
tl1e lal,cled J>art of the populations much indiviclt1:1I 
\':tri;tl,ilit:r in P32 concentration \Vas observed . • 

Dll)' S 99.8911 
Day 26 83.SZI 

• 

Day 5 0.111 
______ .,;;.D~ay;..26 ro_._10_, _____ _ 

Day 5 0.031 
Day 26 0.321 

DEFICIT 

ST!M FLOW"• 

Day 5 
Day 26 

0.081 
0.481 

(contained mai~ly in litter ,an4 eoil) 

Day S ----
Day 26 15.68\ 

•aaaed on ~Qn~ol plot data only. 

••cay 26 ateca flow value based on total acClDNlaUon 
to that dav. 

' ' ' 

Figure 6. Percentage or the total p32 present in the indi­
vidual eco.s)·:;tem compartments on days 5 and 26. 

Entire popt1lations or indi\·iduals \\"ithin a popt1la­
tion n1a~· not he tuggecl fo~ the f ollo\ving reasons: 

1. ltl-'~1ifficietlf is()fope itl tlte soil systen,: During 
the earlier 11art of the stud~·. many soil animals re­
mained untaggecl (Figures 1 and 2) until P32 gradu­
all)· became a\·ailable from additions b~· stem flo,..-. 
root exudation, and d)·ing rag\\·eed lea,;es and root$. 

2. Food habits: Hemiptera (n3,·mphs) \\'ere consis­
tentl~· un taggecl. suggesting tl1at they did not feed on 
the tagged plan ts or organic matter of the s)·stem. 

Table 6. Range of activity densities recorded throughout 
the study for various components of the ecosystem. 

ecosystem component 

Ragweed plants 

Soil faunil 

Herbivores (arthropods) 
Predators 

Nematodes 

Saprovores (arthropods and 
earthllVOrmsJ 

Stem flov-,1 

Range of activity 
. density 

(dpm/mgJ 

103.104 · 

101.102 
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3. /}ts1,.t.tici(·1,t s,11111,lt• si:z(,: F,)r le~~ itl.lun,l,lnt 
~rot11,~. ~-' 111 ()It.• size \\"it:- t1~t1:1l I~· s n1 a 11. 1·11e c l1a nee 
c.•xi::;t::; t>f ~a1111>li11g :-:e,·t:r:11 t111l:1belt-cl ,111i111,tl~ froi11 
l lit'~l' 11011-r;1ntlo111l~· cli:-t rillttlctl 1,or>ttl .. 1t io11~. Err~ttic 
ct1r,·t's of l •t•rre11 t ~1ge l)f J)lll>ll lat io11 I a l,~lecl l l-'igt1 rc 2 t 
,,·ere tl1l•rc.•ft.1re ol,~er\·ec.l i11 cert.\i n grotlflS. · 

-t. ~:tJ"t•ct , if. Sitl c,I l bi,, ;11 ,,.-:s: )I itro~l rth l"(.ltJo<I~ di<I 
not ,,p1,e,lr to be tag~t•d. If in f.ict t l1e)· \\·ere labcletl, 
their bio111.1$::; ,,·cighec.l i11 n1icro~ran1s (Block 196(i; 
::\lcBra)·el\ Reicl1lc, and Shanks 1969) ,,·ould still 
cc.)11tai11 onl~· a s111all a1not1nt of radioacti,·it)·. Back­
grottnd 11oi~e ,vot1ld re11tlcr the Geige1·-l\luller detector 
ii1~ensiti,·e to :,uch Io,,· I(.',·cls. 

\
1ariabilit)· in acti,·it)· densit)· an1ong labeled por­

tions of the populatio11s ,,·as probalJl}· due to a fe,,· 
additional factors. 

5. No'11-ra11doni dist1ib1ltion o.t· the isotope i1l the 
soil syste111: liigh le,·els of P32 occur n1ainl~· ,,·ithin 
the vicinit)· of the labeled plant roots and litter. Phos• 
phorus is relati,·el)· in1mobile, 110,,·e,·er (De,·lin 1966), 
and the isotope probabl)· did not diffuse random))· . 
throughout the entire ~oil s~·~te111 of the plots. 

6. Dist tib1,tio1t of a11ii11ols relati,·e to psi di$t1ib1,­
tio11: The animals are usuall~· not randoml}· distrib­
uted and their area of mo,·ement and feeding relative · 
to the differential distribution of the isotope prob­
abl)· great\)· affects tlte ultin1ate concentration in 
their tissues.. 

These last t\vo factors contribute to tl1C? 1nicroen­
,·ironn1ental ,·ariabilit)' found bet\,·ecn plot~ in this 
study. 

7. Variatio1l i1i i,idit·idz,al n,et,1bolic rates: Uptake 
and exc1·etion rates for radionuelides are dependent 
upon man~: factors including bod)· size, age (Eber­
hardt and ~akatani 1969), and the 1>h)·siological state 
of the animal (Bre)·me)·er and Odum 1969,. 

Large but constant ,·ariabilit}· in radionuclide up­
take and retention l1as been reported for several 
plant and anin1al populations exposed to fallou-t. 
Ho,,·e,·er, the coefficients of variation are Io,ver than 
those reported here (Eberhardt 1964J. Although sam­
ple size ,•.-a~ frequentl)· ver)· small in tl1is stud~·. the 
coefficient of variation is not redt1ced in the t'e,\· 
cases ,,·here .sample size \\·as quite large. Thus the 
factors listed al>o,·e probabl)· contributed largely to 
the great variabilit~· of the indi,·idual acti\·it)· densi­
ties. Eberhardt and Nakatani (1969) ha\·e studied 
sources for ,·ariabilit~· observed in radionuclide bod:-· 
burdens in nature and found that microenviron- · 
mental variabilit)' is greater than ,·ariabilit)· among 
incli,·iduals and the latter larger than experimental 
error. The plot-to-plot ,·ariabilit~· obser\·ed here sup­
ports this h:-·pothesis. 

TROPHIC RELATIO~SHIPS OF THE SOIL FAUNA 
. 

Soil organisms ma)· have become tagged h)· inges-
• 

tion or labeled roots, tagged detritus, tagged soil and 

hu111t1s, another ta).{gcd anin1al or its feces. 

The uptake cur,·es for tagged organisms of ,·ariou::; 
taxonon1ic groups reflect their trophic positions. The 
,·er)· hca,·~· p;J2 concentration found in the H),·n1enop­
tera suggest::; that n1ost of them \\'ere feeding directl~· 
on exudations, li\'ing ,·cgctati,·c parts, or fallen 
Jea,·('s of the lal1elccl rag,veed. Earth\\'Orms, Coleop­
tera <adu)t~), and Diplopoda disJJlaying Io,ver le\·cls 
and dela~;ed peaks in P32 concentration \verc prob­
a bl~· feeding on a source not immediately labeled, 
that is, the organic detritus and soil particles. Earth­
\\'Ortns and Diplopoda are ,,·ell kno,\·n for their role 
in fragmentation of organic matter (Blo,ver 1955; 
Ra,\· and Loft)· 1963; Hoffman and Payne 1969). Ho,v­
e,·er, the feeding patterns of beetles are varied. A· 
majority of beetles collected ,,·ere the large darkling 
beetles (Tenebrionidae). ~lost species of this family 
are described as scavengers of decaying vegetable -
matter (Comstock 1930; Imms 1934; Ross 1965). Ela­
teridae (click beetles), Curculionidae (weevils), and . 
Staph~·linidae (ro,·e beetles) ,\·ere also found. Species· 
of the former t,\·o families are phytophagous \\"hile 
those of the latter are scavengers, although some are 
said to be predators (Imms 1934; Swain 1948; Ross 
1965 ,. These three groups ,,·ere relatively uncommon, 

- and the Coleoptera (adult) uptake curve seems most 
strongly influenced by the saprovores of thifJ order. 

. Coleoptera (lar,·ae) are also quite varied in their 
food habits. The)· frequentl~· have food preferences 
similar to the adults, although they may utilize a 
different species or a different part of the food source 
(Ross 1965). Ho,,·e,·ert man)· are predaceous as larvae. 
becoming sapro,·ores or berbi\·ores after metamor­
phosis (lmms 193-l; S,vain 1948). Differences \\·ere 
obser,·ed in the uptake cur,·es for larvae and adults. 
Since so little taxonomic separation of families ,vas 
done here, onl)· a preliminary hypothesis for these 
differences can he offered. Assuming that manJ· of 
the larvae ,,·ere predators, the differences bet,,·een 
the uptake cur\·es of adults and larvae may reflect 
changes in trophic position occurring with metamor­
phosis. Centipedes are also predators (Fenton 1947) 
and, because thel· concentrated the radioisotope to 
such a degree, n1ay have been utilizing the highly 
labeled H~·menoptera as a major food source. 

p32 MOVE.\IEJt.'T THROUGH THE SOU.-RAGWEED SYS1'£.\I 

The results here suggest that stem flo,v may be an 
important mechanism for transport of minerals and 
· \\·ater in a rag\,•eed field. The distribution of phos­
phorus in the soil bl· stem flo,\· however is not ran­
dom. Because of the immobility of phosphorus, it 
probabl~· tends to accumulate where it is deposited in 
the ,·icinit,r in1rnediatelj· surrounding the rag\,·eed 
plants. · 

Stem flo\v is generally not an important route in 
mo\'en1ent of elements in forested ecos1·stems (\Val­
ier and Olson 1967; Thomas 1969). Various paths in 
a mineral C)·cle probably change significantly as suc­
ce~sion occurs, and stem flo,v may be of decreasing 
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. importance in mineral transport during tl1e later 
stages of succession. 

The significance of the bodies of the soil fauna in 
the maintenance or elements in upper soil layers has 
been suggested (Nielson 1949; Sha,v 1968). The re­
sults. ho,vev~r, tend to dispute this h)·pothesis since · 
only a negligible amount of P32 resided in the entire 
faunal population. Similarly, Crossle)· (1963) founcl. 
onl~· minute amounts of Csl37 and Sr90 in the soil 
fauna relati\·e to the total amount in the medium. 
\\"itkamp and Frank (1969) den1onst1·ated that n1illi­
pede5 maximal)~· accumulated a mere 0.7% of the 
total Csl37 content of a soil-litter microcosm. Most 
likell· the soil fauna are of much greater importance 
in the breakdO\\"n and decomposition of organic mat­
ter than in mineral storage. 
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