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ABSTRACT 

~ecen t  progress and current status are reported for research 

concerned with mineral element dynamics in soil arthropod food chains. 

Research i s  performed within the larger context of terrestrial  decom- 

pn5 i  t i n n  systems, i n  which soil arthropods may a c t  as regulators of 

nutrient dynamics during decomposition. Research i s  measuring rates 

of nutrient accumulation and excretion by using radioactive tracer 

techniques with radioacti.ve analogs of nutrients. Experimental measure- 

ment o f .  radioacti ve tracer excretion. and nutrient element pool s are 

reported for soi 1 microarthropods ,. usi,ng new methods of counti,ng and 

mi croprobe. elemental analysi s .  Research on arthropod-fungal relations 

i s  uti..lizing' high-efficiency extract-ion followed by dissection of 

13 x 13 cm soi.1 bl.ocks.. A. two-component excretion model i s  reported 

for Cobalt-60 in earthworms:(Eiseniafoetida):, demonstrating that no 

assimi.lation-of cobalt occurs from,the mineral soil fraction b u t  i s  

entirely from.organic matter. Co1,lection of data sets on soil arthropod 

comuniti es and abundances i s  completed. 



INTRODUCTION 

This Annual Report describes current status of research projects 

investigating the dynamics of soil and l i t t e r  arthropod food chains. 

The central focus of the research i s  on the measurement of elemental 

flows along soil arthropod food chains, with emphasis on mineral ele- 

ment or nutrient flows. Research i s  oriented towards the broader 

context of the regulation o f  terrestrial decomposition by arthropods. 

Decomposition i s  a generalized ecosystem process which governs:hutrient 

regenerati on in terrestrial ecosystems, thereby 1 imi t i n g  primary pro- 

duction .and governi,ng rates of mineral cycl ing within . ecosystems. I t  

has been demonstrated that soi 1 fauna , i ncl udi,ng soi 1 arthropods, per- 

form a regulatory function in the decomposition process. Research 

reported here is  concerned w i t h  quantifying the movement of materials, 

particularly mineral nutrients, along food chains in soil systems. The 

interactions between activit ies of soil fauna, accumulation and release 

of nutrients ' by soi.1. microbes, ' nutrient release from decomposing organic 

matter, and nutrient mobilization for p l a n t  uptake are being investiga- 

ted in laboratory and field studies. 

The general process of decompos i.ti on of organic matter releases 

nutrients for assimilati.on .by. roots. Decomposing organic matter i s  

a major- nutrient reservoi r in. many terrestrial ecosystems.. That nu- 

t r ient mobilization in soiel systems results from a complex interaction 

i s  now. emerging. . . Bi 01 ogi cal processes. such as root exudation, mycorrhi - 
zal activit ies,  microbi.al 'immobilization, microbial nitrogen fixation 



and faunal feeding in t e rac t  t o  regulate nutr ient  ava i l ab i l i t y  f o r  

uptake by vegetation. . . I t  i s  becoming generally accepted t h a t  so i l  

arthropods can regulate nu t r i en t  release during decomposition, a1 - 
though the.exact  mechani.sms a.re. not ye t  c l ea r  (Crossley 1977)': Use. 

of pest ic ides  t o  exclude .soil  arthropods has. been shown to  decrease 

rates, of nut.rient release from decomposing leaf  l i t t e r  (Crossley and 

Wi tkamp 1964, Wi tkamp and .Crossley ,1966, Lee 1974, Croom .and Ragsdale 

1976) or  woody.l:i,.tter (Abbott ,1980). More recently,  f i e l d  and lab- 

oratory resea.rch .has demonstrated tha t  arthropod a c t i v i t i e s  may s t i -  

mulate fungal, growth t o  the ex tent .  t ha t  some elements (especial ly  P)  
- 

exhibi t  enhanced' reten.tion during decomposition (Douce and Cross1 ey MS, 

Seastedt and Crossley 1980, \ h i  t t aker  e t  -- a1. 1979). current  research 

i sa t t empt ing  t o  demonstrate in te rac t ions  between so i l  arthropods and 

mycorrhizal fungi. These fungi are  symbionts with plant roots and 

have been shown to  be of major. importance i n  plant nutr i t ion (Marx et 
a1 . 1970). Plants whose. roots possess mycorrhiz'al fungi perform marked- - 
ly  be t te r  in nutrient-poor s o i l s .  I f  so i l  fauna feed upon the mycorrhi- 

zal fungi, they ,may. be influencing the uptake o.f nutr ients  by plants.  I t  

i s  not c lear  whether such feeding. m i g h t  reduce nutr ient ,  uptake by plants 

due t o :  destruction of mycorrhizae, enhance uptake due to  stimulation of 

myco.rrhiza1 growth ,. o.r si:mply .be a consequence of Ca metabol i c  pathways 

in fungal hyphae and' s.oil: . microarthropods. , .  (Cromack' e t  ' a1 . 1977). 

The need f o r  u.nderstanding of so i l  processes and t h e i r  regulation 

i s  becoming c r i t i c a l  because of anthropogenic influences on so i l  systems. 



These external infl uences may modi fy rates of decomposition or 1 eachi ng , 

or a1 ter  the organic matter regime in soi 1 s.  ~ n t h r o ~ o ~ e n i c  influences 

range from generalized atomspheric or regional ones such as .acid preci- 

pi t a t i  on t o  1 ocal'i zed' processes. Planned re1 eases of various types of 

waste materials. into soi 1 systems i s  increasing (Porter 1978). To some, 

soil disposal i.s viewed as the only a1 ternative remaining fo r  various 

types of waste. One viewpoint holds that soil systems constitute a 

varied. set- of enzymes capable of decomposing a wide variety of residues. 

Proper use of soicl systems for waste disposal wi 1'1 req.uire a 'broader un- 

derstanding of the manner in which they operate, and the consequences 

of, such disposal t o  other systems (for example, aquatic systems drain- 

ing the soils or accumulating their exports). The research reported 

here i s  thereby contributing t o  the basic understanding of the decomposi- 

tion process, and i s  providing information which will be useful in evalu- 

ating technological impacts on soil systems. 

Results are reported under two subprojects. The f i r s t  i s  concerned 

with laboratory and field studies of nutrient relations between arthropods 

in food chains and with their fungal food base and the substrate associated 

with i t .  The second subproject i s  concerned with research on granitic 

outcrop areas. The la t te r  subproject i s  s t i l l  in a synthesis phase. Three 

manuscripts have been prepared and are in local review. The major activity 

durSng this reporting period . 
, 

has occurred under the f i r s t  subproject, where 

most of the research effort i s  in the process of data collection as of this 

writing. 



We regard the open literature as ou r  major reporting medium. 

( able 1 .1  i s t s  dub1 ications, reports in press, and manuscripts prepared 

du r ing  the current period. Table 2 1 i s t s  reprints of pub1 ications and 

manuscripts submitted as technical reports, which accompany this Annual 

Report. Brief descriptions will be given for these research efforts, 

since Lt~e detal l ed reports are avai lab l e ' in the accmrnpany.i ng documerits . 
Table 3 l i s t s  presentations based entirely o r  in part upon work performed 

under this Contract. 



Tab1 e 1. Publ i ca t i  ons , Theses and Manuscripts Prepared During the 

~urr6nt Contract Period. 

Publ ished 

Seastedt,  T. R . ,  Aruna.Kothari and D. A,. Crossley, J r .  1980. A 
simp1 i f ied  gel atine: embedding technfque fo r  sectioning 

. l i t t e r  and so i l  samples. Pedobiol. 20:55-59.. 

In Press 

Abbott, David.T. and D.. A. Crossley, J r .  1980. Improved methods f o r  
measuring radioactfve t racer .  accumulati'on and excretion by mic- 
roarthropods , with appl icat ions fo r  a mite species,. ' Tyrophagus 
longior (.Acari nay Acari'dae) . Ann. E n t .  Soc. Arne,rt 

B'lumberg, A .  Y .  and D .  A.  Crossley, J r .  1980. Comparison of soi l .  
surface arthropod.' populations in conventional ti 1 lage ,. no- 
t i l l a g e  and s l d  f i e l d  systems. Env. E n t .  

Seastedt, T.. R., Lou.is .Mame1 i and Krista Gridley. ' 1980. . Arthropod 
.. use of invertebrate carri.on. Arner. Mid1 . Nat. 

Stinner,  Benjamin R. and D.. A. Crossley;. J r .  1980. Comparison of 
mineral element cycl ing ' under t i  11 and no-ti l ' l  practices:  
An experimental approach ' t o  agroecosystems analysis . Proc. 
Int .  Cong. Soil ,Zoology. 

Yates, Les l i eR .  and D. A. Crossley, J r .  1980. Cesium-134 and strontium- 
85 .  turnover. ra tes  'in ttie centipede' Scolopocry~tops ' nigridia  McNei 11 . 
Pedobiol . 

Manuscripts i n  Local ' ~ e v i e w  
(Not submi t ted ' : for '  pub1 icat ion as yet . ) .  

Haines, B .  L . ,  . J .  V .  Nabho1.z and S. Di~Boi s .  Rainfall element. content and. 
dc id i  Ly fr.ul11 4/30/76 Lu -2/17/78, ALl~el~s, Geurmy id .  

Nabholz, J .  Vincent,. D .  A,. Crossley, J r .  and G .  Ronnie Best. An inex.pensive 
weir and proportional nutr ient  sampler for .miniature watershed 
ecosys terns. 

Nabholz, J .  Vincent and D .  A .  Crossley, J r .  The nutr ient  budgets of 
rock outcrop ecosystems and t h e i r  response t o  selected pertur- 
bations. 



Table 1 (continued) 

Theses Completed 
( P a r t i a l l y  supported. under t h i  s cont rac t , )  

B l  umberg, A.  Y . 1979.. Comparison of  s o i  1 su r face  arthropod popul a- 
t i o n s  i n  conventional t i l l a g e ,  n o - t i l l a g e  and o l d  f i e l d  sys-  
tems. MS Thes is ,  .Universi ty of  Georgia. 96 p.. 

Weems, D. C.  1980. The e f f e c t s  of n o - t i l l  farming on the abundance 
and di ve r s i  t y  of so i  1 m i  croarthropods.  MS Thes is ,  Uni ve r s i  t y  
of  Georgia. 89 p. 



TABLE 2 .  Reprints of Publications and Technical Reports Accompanying 

t h i s  <Annual Report. 

Reprints 

Seastedt,. T.  R . ,  Aruna. Kothari. and D .  A .  Crossley, J r .  1980. A 
simp1i.fied gelat tne embedding technique f o r  sectioning 1 i t t e r  
and soi l  samp.les. Pedobiol'ogia 20: 55-59. 

Technical Reports 

Number T i t l e  

DOE/EV/00641-38 Improved methods fo r  measuring radioactive t r ace r  
accumulation and excretion by microarthropods, 
w i t h  applications f o r  a mite species, Tyrophagus 
longior (Acarina, Acari dae) . 

DOE/EV/00641-39 Arthropod use of invertebrate carrion 

DOE/ ~~ /00641-40  Comparison of mineral element cycling under t i l l  
and no- t i l l  practices:  An experimental approach 
t o  agroecosys tern analysi s . 

DOE/EV/00641-41 Comparison of soi 1 surface arthropod populations 
i n  conventional t i l l a g e ,  no-ti l lage and old f i e l d  
sys tems . 

DOE/EV/00641-42 Rainfall element content and ac id i ty  from 4130176 
t o  2/17/78, Athens, Georgia. 



TABLE 3. Papers Presented Based in Part on Research Funded Under 

This ,Contract. 

Blumberg, A.  Y. Comparison of pitfall  catches of arthropods in no- 
t i1 lage, conventional t i  1 lage and old field systems. South- 
eastern Branch Meeting, Entomological Society of America, 
Biloxi, Mississippi, January 28-30, 1980. 
(Winner of Award, Student Contest). 

Blumberg, A.  Y .  and D. A,. .  Crossl.ey, J r .  Soil, arthropods in no- 
t i l lage and conventional t i l lage systems. Poster Session, 
Annual Meeting, Ecological Society of America, Tucson, Ariz. 
August - 3-8, 1980. 

Crossley, D .  A .  J r .  Regulation of nutrient cycling in fore-sts by 
arthropods : Invited seminar, Michigan State Uni versi ty , 
March 10, 1980. 

Seastedt, T.  R . ,  C .  M .  Tate and D.  A. Crossley, J r .  Decomposition 
rates and nutrient contents of arthropod remains in forest 
l i t t e r .  Annual Meeting, Ecological Society of America, Tucson, 
Arizona, August 3-8, 1980. 



Subproject (1) : Nutrient element accumulation and turnover in soi 1 

arthropod food chains. 

The elemental contents (or concentrations) in soi 1 arthropods - 

result from a balance between intakes and losses. Research conducted 

under this subproject has included measurement of elemental pools in 

arthropods and their foods (Gist and Crossley 1975, Crossley 1977), 

rates of elemental turnover by various elements of the soil fauna, 

and model development and evaluation (Webster and Crossley 1978) t o  

estimate rates of elemental flow. Also, we have investigated phenom- 

ena i n  influencing. food chai.n dynamics, s~ich as eoprophagy (Webb 1977) 

and mi.gration (Best -- e t  a1 . 1978). An important part, of the research 

has been the appl ication of radioisotope techniques to'measure nutrient 

dynamics (Abbot t  a n d .  ~rossley::.1980, Yates and Crossley 1980). 

Research can be conveniently subdivided between microarthropods 

(principal ly mites. .and col lembol'ans) and macroarthropods (mi 11 i pedes 

and others), since different techntques are required for the two 

groups. Elemental. contents for macroarthropods can be measured w i t h  

conventi ona'l methods ( T l  ame photometry, atomic absorption spectro- 

photometry, plasma emission spectrometry). Turnover rates can be 

measured with radioi sotopes , using we1 1 -establ i shed whole-body 

counting techniques (Yates. and Crossley 1980, for example). For 

mi croarthropods., speci a1 techn.i ques are newssary because of the 

,small size of the o,rgani ;mi.. Electron microprobe techniques have 

been .uti 1 ized for elemental analysis. of microarthropods (Todd '  -- e t  'a1 . 
1978). For radioisotope studies, special .handli,ng techniques, have 



been devised ( A b b o t t  and Crossley 1980). Recently we have begun 
'. . 

to.  develop information on .microarthropod-fungal re1 ations , using 

elemental analysis , radioisotope techniques , and. microscopic exam- 

ination of .fie1 d-col lected soi 1 samples (Seastedt, Kothari and Cros- 

sley 1980). 

Results of the research conducted under this subproject are 

routinely reported in open-1 i terature pub1 ication. I n  the follow- 

ing paragraphs we surmarize the current status of projects, and 

briefly.summarize recent'progress. Where possible reference i s  

ma.de t o  recent' pub1.i cation, manuscri pts prepared t o  technical reports. 

Re'search under this subproject i s  active a t ' the  moment; most projects 

are no t .  ready for  detailed reporting. 

Radioisotope. Turnover by Microarthropods 

D. A. Crossley, Jr .  and.D. T.  Abbot t  

Summary of progress: A manuscript was accepted for publication 

which describes thet~chniquescurrently being used (DOE/EV/00641-38, 

Improved Methods for Measuring Radioactive Tracer Accumulation and 

Excretion by Microarthropods, with ications f o r  a Mite Species, 

Tyr,ophagus longior (Acarina, Acaridae).). ,Radioisotope retention 

5 1 measurements of 8 5 ~ r .  and C r i n  Tyrophagus longior were f i t  t o  1 

and 2 carnponent mndel's.. The ha'lf-time..for the rapid cornpane~it o f  . , 

both radioisotopes was about 10 hours, with assimilation of 8 5 ~ r  being 

about 62%. The identification of 5 1 ~ r  turnover as the rate of g u t  

clearance, as with macroarthropods s l ~ h  as mi.11 epedes and cri ckets , 



i s  s t i  11 tentative for the microarthropod .Tyrophagus. An inexpensive 

di sposabl e culture chamber for measuring radioisotope retention for 

microarthropods was described along with detai ls  of methodology. An 

ongoing research project i s  using these techniques for measuring 3 2 ~  

turnover by col lembolans (s ine1 la  curvi seta)  . 

Mi croarthropod - Fungal Re1 ations 

D. A. Crossley, J r . ,  Francis Farrar, Louise Lanier, and T. R .  Seastedt 

Sumary of progress: The nutrient .and mineral element re1 ations 

between microarthropods, fungi and decomposing substrates have been 

investigated using several approaches. Direct examination of intact 

soi.1' samples has been utilized. and the results reported in a recent 

pub1 i cati.on (-Seastedt , Kothari. and Crossley 1980). This general ap- 

proach -- di rect examination of soil. for  mi.te-fungal associations -- 
i s  currently being pursued in a f ield ,sampling proj,ect. We have de- 

veloped a sample extraction procedure which will extract microarthropods 

from. a 13 x 13 cm sample ( 2  cm .thick.) into a collecting .grid of 20 x 20 

cells .  The collection t h u s  yields information on the precise location 

of microarthropods in the sample block. Dissection of the sample block 

then provides locations of organic debris, fungal growths and roots 

with which the microarthropods ;ere associated. This method i s  proving 

highly workable and . i s  yje'lding excel lent results on both horizontal and 

vertical associations. ( A  complete anal'ysi-s should be available for the 

next Annual Report). The method compl iments the gelati ne embedding 



technique. The embedding- technique provides more detai.1 ed i nforma-. 

t ion on associations,  but the extraction technique provides quanti- 

f ica t ion .  

Nutrient concentrations in microarthropods have been measured 

using electron microprobe techniques (Cromack -- e t  a l .  1977). We a re  

continuing these analyses using' developmental stages of various mite::, 

and col 1 embol an species and t h e i r  food substrates.  Research has. been 

temporari.ly suspended due t o  f a i lu re  of the EDAX analyzer in the 

Uni versi t y  of Georgia' s Electron Microscopy Laboratory ( the unit .  i s 

being repai red).. In the meantime ,. we have made arrangementsfor analyses 

t o ,  be performed by Dr. Clayton Gist ,  Oak Ridge Associated Universit ies.  

Dr. Gist has access . to  a si-milar instrument there.  

A'major new research project has been i n i t i a t e d  to.measure the 

possible enhancement of fungal. nutr ient  retention by feedi,ng a c t i v i t i e s  

of mi croarthropods. Some recent research . ( ~ e a s t e d t  and Crossley 1980, 

Douce and Crossley MS) has suggested t h a t  stimulation of fungal nutr ient  

retention. due t o  microarthropod a c t i v i t i e s  may be more s igni f icant  than 

the comminution e f fec t  reported by Crossley'and Witkamp (1964) and 

Witkamp and Crossley (1966). In the l a t t e r  case, leaf  l i t t e r  tagged . . 

with cesium-134 was found t o  lose. t r ace r  a t  a much slower ra te  when 

arthropods enhanced nutr ient  retention. Phosphorus 1 o s s  was accelerated 

by mi croarthropods , b u t .  .other nutr ients  increased i n concentration when 

1 i t t e r  contained mi croarthropods. Precipitation and throughfall  nutr ient  

inputs in to  l i t t e r  appear t o  be responsible f o r  the increased concentra- 

t ions.  Microarthropods stimulate fungal populations which then retain 



more of the nutrients received in throughfall. Litter without micro- 

arthropods 1 acks this retentive property, possi bTy because fungal. 

hyphae become. senescent without grazi ng pressure. ( Phosphorus con- 

centrations are low in throughfall; thus, i t s  behavior differs from 

that of other nutri.ents examined: Ca, K, Mg). We are investigating 

-the effects of microarthropods on. nutrient dynamics of .forest 1 i t t e r  

i.n a field experiment. Plywood shelters have been constructed t o  

prevent throughfall from reaching a set of l i  tterbags placed on the 
. . 

forest 'floor. .We:-. then are able t o  add nutrients a t  known concentra- 

tions in simulated rainfall,  t o  replicates with and without soil 

arthropods. Thus we can test  whether the presence of  soil fauna will 

enhance or depress nutrient retention by leaf l i t t e r .  Originally, we 

had intended t o  incorporatciradioactive 8 5 ~ r  into the experiment (see 

las t  year's Proposal),. b u t  have delayed that addition because of 

equi pment fai 1 ure. Li tterbags have been routinely col lected in this 

experiment, their  contents dried, ground and prepared for elemental 

analysis. However, .results are no t  ready for, reporting a t  this time. 

We plan t o  ini t ia te  an experiment using 8 5 ~ r  this a u t u m n ,  a t  about the 

time of leaf drop. 

Radioisotope Turnover by Macroarthropods 

D.  A. -~ross ley ,  Jr .  

Studies of rates .of. elemental. accumulation .and loss by macroarthropods 

continue t o  be essential t o  the understanding of the impact of arthropods 

on soil processes. Unlike the microarth~sopods, the larger arthropods tend 



t o  be consumers of large amounts of raw organic matter. They are 

much more amenable t o  d i r ec t  measurement of nutr ient  accumulation 

and excretion than are  m i  croarthropods . Previously we have i nvesti - 
gated nutr ient  turnover by such diverse and important forms as mi l l i -  

pedes (Webb 1977) , centipedes (Yates and Cross1 ey 1980) 'and cr icke ts  

(Webster and Crossley ,1978). During the current contract period we 

ha,ve had two manuscripts~accepted.which deal with nutr ient  and weight 

dynamics of macroarthropods (Seastedt,  Mamel i and Grid1 ey 1980; Yates 

and Crossley 1980. See Tab.le 1). Also, we have begun investigations of 

s tab le  isotope accumulation by cr ickets  (Acheta domesticus) in 1 ab- 

oratory cultures under control led condftions (1979 Proposal ) . That 

research i s  ongoing and not ready fo r  f ina l  analysis and reporting. 

Turnover of. Cobal t-60 by Earthworms 

D. A. Crossley, J r . ,  E. R .  Blood and R .  T. Seastedt 

Summary: Current research i s  using experimental measurements of 

6 0 ~ o  turnover by earthworms t o  generate conceptual and working models 

of elemental accumulation by earthworms. Results t o  date indicate low 

assimilation and. slow tu.rnover r a t e s ,  properties t o  be expected f o r  

pal 1 utants such as heavy. metal's. Research wi.11 continue. towards deve- 

.lopment of model s addressing the value of .earthworms as biological 

monitors for  soi 1 pol.lutants. 

Introduction: The ,importance of earthworms in soi 1 systems has 

1ong.been recognized. Earthworms are  invertebrates but not, of course, 

arthropods. Nevertheless, they occupy an important niche in soi 1 sys- 



tems and f a l l  within the purview of research performed under t h i s  

contra,ct. Earthworms di rec t ly  a f f ec t  soi 1s by channel ing and mixing 

superfi c i  a1 and deeper 1 ayers , consuming organi c matter, and redi s- 

t r ibut ing elements within the so i l  column. They l ink ab io t i c  ( s o i l )  

with b io t ic  (food chain) properties o f  s o i l s .  Recently, i n t e re s t  

has developed .I.n deslgnl.ng conpo$t"l ng systems f o r  muni ci.pal wastes 

with earthworms as .key components. Questions have ar isen about the 

possible redis t r ibut ion .of heavy metals in these systems,, and the 

signi fican'ce .of such pol 1 utants i n  compostj.,ng systems general ly  

(Hartenstein 1978). More recently,  an EPA workshop (Sta tes  -- e t  a1 . 
1980) proposed the use.of earthworms as biological monitors for  

pollutants in t e r r e s t r i a l  ecosystems. Laboratory and f ie1 d s tudies  

have shown t h a t  earthworms are  capable of accumulating .heavy metals 

from. soi.1 and sewage'.sludge. Gish and Christensen ,(1973), Van Hook 

(1974) and Ireland .(1975) have shown tha t  earthworms are  capable of 

accumulatin.g.Cd, Ni, Zn and Pb from s o i l .  ~ i g h e r  levels  of these 

elements were found in earthworms.that in. the surrounding s o i l s ,  

usua1,ly wtien soi-1 concentrations were re1 at ively-  1 ow. Ire1 and (1975) 

found earthworms. had higher concentrations i.n s o i . 1 ~  with high Zn and 

Pb, b u t  were lower than soi.1. concentrations when so i l  levels  were low. 

Hartenstein -- e t  a l .  (1980) found'thatEiserii+ foetida accumulated Cd, ' 

N i  , Pb, Z n ,  Ag and Cr fr.om., sewage .sludge, b u t  only. Cd continued t o  

accumulate (increase in concentration) throughout the experiment. 



Also, Cd was the only element which was concentrated above exposure 

levels .  Unl i ke, Ireland 's  study, no correlation.,  was observed between 

exposure dose and accumulation (except fo r  Cd). Other important vari- 

ables. affect ing such experimental resu l t s  include organic  matter, clay 

content and microbial . a c t i v i t i e s  in substrates ,  a1 1 of which a f fec t  

the avai labi 1 i t y  of metals. Crossley -- e t  a1 . ( 1970) exposed earthworms 

t o  organic 1 i t t e r  or  soi 1 containing 13'cs. Earthworms could assimi l a t e  

the radioactive t r ace r  only from organic matter,  not from so i l  alone. 

Research - reported here was i n i t i a t e d  t o  devel op information on 

the assimilation and turnover. of 6 0 ~ o  by a comnon earthworm (Eisenia 

foe t i  da) , to  he1 p in .devel opi,ng predictive model s ,  of elemental accumul a- 

t ion by earthworms.. Clearly, i f  earthworms. a re  t o  be used .as biologi - 
cal mo.ni.tors fo r  pol 1 utants , bet te r  information must be obtained about 

the dynamics of accumulation and turnover. Cobal-t i s  a t race  micro- 

nutr ient  which shares. many aspects of nonessential heavy metals. Cobalt 

i t s e l f  i s  a dominant component of f l y  ash and coal ash, and thus may 

become increasingly important as a pollutant.  

Methods : Soi 1 and manure obtained local ly  were. each tagged w i t h  

6 0 ~ o  as follows: One hundred grams of each were a i r  dr ied,  homogenized 

by hand mixfng, and tagged w i t h  20 ml 602 solution containing 1 uCi 6 0 ~ o ~ 1 2 .  

Both substrates were thoroughly mixed to  provide even d is t r ibut ion  of 

' radioisotope. Samples revealed concentrations of 0.151 uCi .g-l in manure 
. r 

and 0.070 u ~ i , . ~ - l  in s o i l  (oven dry w t )  . Eisenia fbetida were obtained 

local:.ly. Ten worms were. placed. on. radioactive soi 1 and 10 on radioactive 



manure, f a r  48' hrs. ' Five additional earthworms were exposed t o  radio- 

active manure f o r  5 days. After the exposure period, earthworms were 

maintained individual ly  i n petr i  di shes containing nonradioactive man- 

ure. After each counting, earthworms were transferred t o  new petr i  

dishes t o  minimize reingestion of radioactive excreta. A71 experimental 

units were kept a t  an enviionmental temperature of 22' C .  Radioactive 

6 0 ~ ~  was measured in a 3 x 3 in .  Th-activated NaI we1 1 type s c i n t i l l a -  

t ion crystal  connected to. a mu1 t i  channel analyzer. Individual worms 

were cleared. of debri s and counted i n  glass tubes. 

Results: Eisenia exposed to  tagged so i l  rapidly becamcradio- 
60 acttve., reaching levels  of 4.1 x lo-' uCi C O . ~ - '  (dry weight) a f t e r  

48 hrs. Additional exposure times of 3 days did not increase the 

radioact ivi ty  of the earthworms; the level reached a f t e r  48 hrs. was 

maximal. Once transferred t o  nonradioactive s o i l ,  earthworms l o s t  radio- 

ac t iv i ty  rapidly (Figure I ) ,  and in a manner which can be described by 

a s ingle  component exponential equation of the form 

where A t  : i s  the radioact ivi ty  a t  time t (dpm per earthworm) 

A, i s  the i n i t i a l -  radioact ivi ty  

b i s  the loss: r a t e  coeff ic ient  (hr-l) 

t i s  time (hours) 

The mean value f o r  the loss ra te  coeff ic ient  b was 0.256(+ 0.0048, n = l )  . . 

per hour (Table 4 ) .  The 1,inearity of the curve (F-igure 1) suggests 

tha t  l i t t l e  o r  no 6 0 ~ ~  was assimilated from the s o i l .  The observed 



60 Figure.  1 .' Retention o f  . Co by earthworms (Eisenia f oe t i da )  

removed t o  nonradioact i  ve so i  1 , f o l l  owing 48 hrs  i n  tagged so i  1 . 
Rapid  1 oss and 1 i ,near i  t y  suggest t h a t  no 6 0 ~ o  became ass imi  1 ated 

and loss  observed was due t o  gut  clearance o f  nonassimilated mate r ia l .  





Table 4. Values for: parameters of model s describing retention of 
'. 

6 0 ~ o  by Ei senia faetida,.i n nonradioactive substrates 

fol 1 owing exposure to radioactive soi 1. or radioactive 

manure. Parameters defined in text. 

Parameter Soil (N=7) Manure (N=6) 

"correlation coefficient 



radioact ivi ty  presumably was due t o  the tagged so i l  in the, guts 

of the earthworms, and the rapid decrease i n  radioact ivi ty  was due 

t o  gut voidance. Simil'ar interpretat ions were made fo r  137 ear th-  

worms (Octolasium lacteum) containing 137~s-tagged so i l  by Crossley 

e t  a l .  (1971). The half-time fo r  gut clearance (log, 2/b) f o r  -- 
Eisenia ' foet ida i s  estimated t o  be 2.71 hr, only s l igh t ly  d i f fe rent  

from the 3 hr gut clearance time reported by Hartenstein -- e t  a l .  

( 1980). 

These resu1 . t~ .  permit calculation of so i l  turnover by Eisenia 

under laboratory conditions. Earthworms. reached an equil i brium 1 eve1 

of -1.37 x uCi per earthworm.. A t  t h i s  pdint intake of radidactive 

so i l  i s  balanced by turnover: 

where I = ra te  of ingesti-on (uCi per hr) 
-1 

b = loss  r a t e  coeff ic ient  ( h r  ) 

Q = equi.1 i brium concentration (.uCi per earthworm) 

The ra te  of ingest ion thus c a l c u l a t e d i  s 120 y g . d-' , or 53% of the  

l i v e  weight of the earthworms per day. '.This i s  almost twice the ra te  

(29%) reported by Crossley ' e t  -- 'a1 . (,1971) for 'oc to l  asium, b u t  the experi - 
ments differed in many fac tors ,  includi.ng- s i ze  of organisms and experi- 

mental temperature. 

Earthworms whi.ch accumulated radioact ivi ty  from manure were 

transferred t o  non-tagged manure, and l o s t  radioact ivi ty  in a pattern 



descri'bed by a two-component retention curve (Figure 2 ) .  This 

curve can be described by the equation 

-b t -b t 
At  = Ao(ple 1 + P2e 2 ) 

where At  = radioact ivi ty  a t  time t 

= i n i t i a l  r a d i 0 a c t i v i . t ~  

P1 = proportion of r a d i ~ a c t i v i  t y  lost a t  r a t e  hl 

P2 = proportion of radioact ivi ty  l o s t  a t  ra te  b2 

( p l  + P2 = 1) 

1 = i n i t i a l ,  rapid loss ra te  component 

b2 = f i n a l ,  s l o w l o s s  r a t e  component, 

Values for  the i n i t i a l  parameters were obtained by substracting the 

f inal  component from the f i r s t  one, in a manner analogous t o  the 

stripping method f o r  graph,ically separating mixtures of radioisotopes 

w i t h .  d i f fe rent  ha161 ives (Chase' and Rabinowitz 1962). Values a re  

gi.ven in Table 4. 

Discussion: Experimental resu l t s  suggest .  t ha t  Cobalt i s  assimilated ' 

a t  a low ra te  ( l e s s  than 10% of ingestion) and excreted . slowly, . with a 

half-time. fo r  turnover of about 1:00 hours., These findings a re  consistent 

w i t h  reports for  other elements in earthworms and f o r  t e r r e s t r i a l  sapro- 

phytic invertebrates in general .. Assimi 1 a t i  on from :s.oi.l i t s e l f  appears 

to: be ni.1; organic .matter should be the major ,. i f  not the only, source 

of cobalt f o r  earthwormsi These r e su l t s  could be affected by abio t ic  

factors  such as so i l  type. .Most heavy metals a re  associated w i t h  the 



Figure  2 .  Retent ion  o f  6 0 ~ o  by' earthworms i ~ i s e n i a  f o e t i d a )  

fo1 lowing 48 hrs exposure t o  tagged  manure be fo re  t r a n s f e r  t o  non- 

r a d i o a c t i v e  food.  Parameters  bl and b2 exp la ined  i n  t e x t .  





organic fraction.of soi l ,  compounds which are refractory. and resis- 

tant t o  mobiliqation. Some elements (Hg, possibly Pb) may become 

more readily available due t o  microbial transformations. Soil mois- 

ture, seasonality and other biotic regimes may influence earthworm 

uptake and retention of pol-.l utants in. the soi 1 .  

The two-component. curve of cobalt-60. retention also i s  typical 

of elemental retention by saprophytic terrestrial invertebrates 

(Crossley 1977). The general interpretation for these curves i s  that 

the f i r s t ,  short component represents loss of unassimilated material 

due t o  g u t  clearance and the second, slower component represents the 

excretion of assimi1,ated. tracer. The similarity of the short component 

for manure and the single component for soil sugests that this 

interpretation i s correct for 6 0 ~ o  i n  Ei seni a .  Previously , such an 

interpretation has been made in experiments. with insects (Van Hook. 

and Cross1ey1969) and for retention of 1 3 7 ~ s  by earthworms.. (Crossley 

e t  a l .  19.71). I-n establishing the value for the short component, the -- 
longer component" i s  strjpped from i t  graphical:ly, in a manner similar 

t o  the. technique used 'for. separating mixtures of radioisotope species 

w i t h  different decay rates. Examination of Figure ( 2 )  shows t h a t  the 

crude, uncorrected loss rate i s  much closer t o  the si.ngle component sys- 

tem (Figure 1) than i..s the corrected rate. T h a t  i s ,  the loss rate coef- 

ficient cal.c"lated from the f i r s t  points in Figure ( 2 )  i s  0.262 hr-l,  . < 

a value closely resembling the r a t e  0.256 hr- '  obtained in the soil 
. . 

experiment. 1 f '  the second component i s  s.tri pped out., the. rate of 0.262 



hr-' becomes 0.424 hr-' (Table 4 ) .  We have re-examined some ear l ier  

experimental data, and posed the tentative hypothesis t h a t  excretion 

of assimilated tracer i s  delayed enough t h a t  curve stripping may be 

inappropriate for estimating the shorter component, in some cases. 

This effect would be true and valid where excretion rates are much 

slower than g u t  turnover rates, and where assimilation i s  low. Both 

are true for 6 0 ~ o  in Eisenia. Previously, Goldstein and Elwood (1971) 

and Kowal (1971) objected t o  accumulation models based on the stripping 

method because those models are biologically unrealistic. The models 

require that assimilation be instantaneous, with ingested tracer 

instantly divided into two pools (assimilated and non-assimi lated) . 
Webster and Crossley (1978) showed t h a t  the Goldstein-Elwood model 

produced identical results in simulations of accumulation by insects, 

however. I t  would appear, then, that further model development should 

incorporate a time-lag for excretion of assimilated radionuclides. 

Simulations are now being performed for cobalt accumulation under 

the conditions of parameters 1 isted in Table ( 4 ) .  Results are not 

completed, b u t  i t  appears t h a t  Eisenia i s  n o t  likely t o  concentrate b u ~ o  

above levels found in soil or manure. The longer component, with a half- 

l i f e  of about 100 hours, suggests that earthworms would equilibrate 

( t o  95% of equilibrium) af ter  abou t  500 hours or 25 days. With low 

assimilation, the concentration of 6 0 ~ o  in Eisenia would be lower than 

concentrations in manure or soi l .  The interpretation of elemental 

concentrations in earthworms, as a means of  biological monitoring of 



pol 1 utants, wi 11 requi re more infomati  on about the abiotic and 

biot ic  factors which might a l t e r  rates of elemental assimilation 

or turnover. 

Development of Arthropod Data Sets 

D.  A .  Crossley, J r . ,  A .  Y .  Blumberg and D .  C .  Weems 

This e f fo r t  was begun two years ago a t  the suggestion of dn 
C 

anonymous external reviewer, who f e l t  that  the research described 

above was documenting rates of flcw b u t  not population s izes  or 

elemental pools for  so i l  arthropods. He questioned that  nutrient 

budgets could be computed unless pool sizes were known. We responded 

tha t  we have access to  previous data se t s  (e.g.  Duke and Crossley 

1975, Crossley -- e t  a1 . 1975) and also have access t o  data se t s  de- 

~e loped in other research projects. However, we agreed with the 

merit of the crit icism and began l a s t  year to  accumulate new data se t s  

on soi l  arthropod communities. All f i e ld  work for  that ' invest igat ion 

i s  now completed and some of the work on population and community 

structure has been written for  publication. Analysis of elemental 

content of the saniples i s  not completed, so that  laboratory work will 

continue. I t  should be completed th i s  summer or early autumn. 

In l a s t  year ' s  Annual Report - we described the advantages of 

working in the no-t i l l  agroecosystem project operated by the Univer- 

s i t y  of Georgia's Ins t i tu te  of Ecology. This system has the advantage 

of relatively uniform vegetation and known soi l  structure.  In addition 



n u t r i e n t  i n f o rma t i on  regard ing  uptake by vege ta t i on  and m o b i l i z a t i o n  

du r i ng  decomposit ion i s  be ing  developed on t h a t  p r o j e c t ,  o b v i a t i n g  

t h e  need t o  make those measurements as a  p a r t  of t h i s  p r o j e c t .  The 

i n f o r m a t i o n  w i l l  be a v a i l a b l e  f o r  ou r  use i n  i n t e r p r e t i n g  t h e  r e s u l t s  

f roll1 o u r  a r th ropod s tud ies .  

Three types o f  d a m  s e t s  have been developed: n 

(1) Sampling o f  arthropods i n  vege ta t i on  w i t h  bumper t r aps .  

The need f o r  a  r ap id ,  e f f e c t i v e  sampl ing system emerged d u r i n g  o u r  

g r a n i t i c  ou t c rop  s tud ies ,  when we at tempted t o  eva lua ted  t h e  e f f e c t i v e -  

ness o f  t he  i n s e c t i c i d e  a p p l i c a t i o n s  we were us ing  as p e r t u r b a t i o n s .  

We needed t o  determine whether r a t e s  o f  r e i n v a s i o n  were so h i g h  as t o  

make t h e  i n s e c t i c i d e  t rea tments  i n e f f e c t i v e .  We dev ised a  s e t  o f  

o b s t a c l e  t r a p s  ("bumper t r aps , "  see l a s t  y e a r ' s  Annual Repor t )  and 

have now completed e v a l u a t i o n  o f  t h e i r  e f fec t i veness  by t r a p p i n g  i n  

l a r g e ,  un i f o rm  areas of vege ta t i on  such as c rop  systems. A l l  samples 

were completed l a s t  summer and catches were so r t ed  and da ta  coded 

d u r i n g  t h e  p a s t  w i n t e r .  We have n o t  completed a n a l y s i s  o f  t he  data.  

We i n t e n d  t o  produce a p u b l i c a t i o n  d e s c r i b i n g  t h e  t r a p p i n g  system 

and e v a l u a t i n g  i t s  e f f e c t i v e n e s s  a t  t h e  f i r s t  oppo r tun i t y .  I t  i s  

e v i d e n t  f rom t h e  data t h a t  t h e  system i s  success fu l  i n  c a p t u r i n g  a 

l a r g e  v a r i e t y  o f  f l y i n g  i n s e c t s ;  i t  should become a va luab le  survey 

t o o l .  

( 2 )  Soi 1  sur face  ar thropods.  A year- long-  survey o f  s o i l  - su r f ace  

a r th ropods  (macroarthropods) was performed w i t h  a  s e t  o f  p i  t f a l  1  t r a p s  



(Gist and Crossley 1973). Results of the population and community 

survey are given in a technical repolrt accompanying th i s  Report and 

wi 11 not be repeated here (pOE/EV/00641-41, Comparison of soi 1 sur- 
3 

face arthropod populations in conventional t i l l a g e ,  no-tillage and 

old f i e ld  systems). I 
A s e t  of automatic p i t f a l l  traps was designed t o  yield hourly 

0 

separation of collections on a 24-hr basis. 'Traps were designed 

and constructed, b u t  completed too l a t e  fo r  inclusion in the yearly 

survey of soi l  surface arthropods reported above. The automatic 

p i t f a l l  traps are  now being f i e ld  tested. The resul ts  will be in- 

cluded in next year ' s  Annual Report. The design will be published 

providing i t  i s  successful. 

( 3 )  Ricroarthropod data se ts .  We accumulated an annual data 

s e t  of microarthropods in broad categories (numbers per m2 for  

Col lembola, other insecta,  inmature Ori batei , adult Ori batei , 

Mesostigmata, Prostigmata and Asigmata) in the agroecosystem mentioned 

above. Some early resul ts  were presented in a Technical Report 

accompanying t hi s Annual Report (DOE/EV/00641-40, Conipari son of 

mineral element cycling undej t i l l  and no-t i l l  practices: An experi- 

mental approach Lo agroecosystem analysis) .  This enti  re data s e t  has 

been tabulated, analyzed, and i s  the subject of a Master's Thesis now 

in final typing (See Table 3 ) .  Next yea\- 's annual  report will provide 

a complete summary of the data se t  and an interpretation of the resu l t s .  

We emphasize tha t  the collection of these data se ts  i s  completed, 



and ye do n o t  a n t i c i p a t e  more a c t i v i t y  of  t h i s  t ype  un less in format i .on 

becomes necessary on ano ther  t ype  o f  ecosystem. 

Subpro jec t  ( 2 ) :  M ine ra l  Element Cyc l i nq  and t r o p h i c  dynamics 

i n   rani ti c o u t c r o ~  svs tems . 

D. A. Cruss ley,  Jr. .A 

I 
T h i s  research has been petformed i n  smal l  depress ion communit ies 

on g r a n i t i c  outcrops,  us i ng  t h e  communities as smal l  i s l a n d  ecosystems. 

A l l  f i e l d  work l and  analyses a r e  completed. Two manuscr ip ts  were com- 

p l e t e d  and repo r ted  l a s t  year ,  b u t  have n o t  y e t  been pub l i shed .  An 

a d d i t i o n a l  manuscr ip t  has been completed t h i s  year ,  and i s  i nc l uded  

as a Technica l  Report  accompanying t h i s  Annual Report  (DOE/EV/00641- 

42, Rain ' fa l l  element con ten t  and a c i d i t y  f rom 4/30/76 t o  2/17/78, 

Athens, Georg ia) .  Except f o r  manuscr ip t  p r e p a r a t i o n  and r e v i s i o n ,  we 

do n o t  a n t i c i p a t e  more a c t i v i t y  under t h i s  subp ro jec t .  
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