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This report was prepared as an account of work sponsored by the 

United s t a t e s  ~overnment. Neither the United States  nor the United 

States  Department of Energy, nor any of t h e i r  employees, nor any of the i r  

contractors,  subcontractors, or the i r  employees, makes any.warranty, ex- 

press or implied, or  assumes any legal l i a b i l i t y  or  responsibi l i ty  f o r  

the accuracy, completeness or useful ness of any information, app'aratus , 

product or  process disclosed, nor represents tha t  i t s  use would not 

infringe privately owned r ights .  



ABSTRACT 

This repor t  describes progress i n  research on s o i l  and l i t t e r  

arth'ropod food cha'i ns, concerning measurement of nu t r i en t  flow' usi,ng 

radioisotope techniques and invest igat ions  of the  ro l e  of soi  1 arthropods 

as  regulators  of the ecosystem-level processes of decomposition and 

mineralization of nu t r ien t s .  Both laboratory and f i e1  d research a r e  

described. Current progress in  laboratory measurement of rad io t racer  

turnover by predaceous macroarthropods i s  reported,  as well a s  s t a t u s  

of reasearch w i  t h  microarthropod turnover of radi oac t i  ve t racers .  

Implication's of' r e su l t s  a r e  evaluated i n  context of cur ren t  understanding 

of nu t r i en t  flows along arthropod food chains. The in te rac t ions  of s o i l  

fauna and mycorrhizal fungi a r e  under f i e l d  and laboratory invest igat ion.  

Field work has been completed on g r a n i t i c  outcrop pro jec t s ,  and a synthesis  

of r e s u l t s  i s  summarized. Input-output budgets revealed t h a t  g r a n i t i c  

outcrop is land ecosystems a r e  e s sen t i a l l y  in  balance a s  regards nutrient  

flows. The ecosystems showed a strong res i s tance  component of s t a b i l i t y ,  

as opposed t o  r e s i l i ence ,  following an applied chemical pertllrhation and 

a natural one (drought) .  



I NTRODUCT I ON 

This Annual Progress Report describes res'earch on the movement 

of nutr ient  elements through so i l  arthropod food chains. The research 

projects a re  organi zed around the decomposi ti on process, a general i zed 

ecosystem-level process which regulates ecosystem function. Soil fauna, 

and- par t icular ly so i l  arthropods, are  believed to  perform a controll ing 

function on the decotr~posi t ion process i t s e l f .  Radioactive t racer  tech- 

.'ui ques have been .an important ,aspect of th i s  research ,. ,as we1 1 as sys tems 

model ing and analyti cai methods. Field 1 aboratory projects are being 

- pursued. 

Soil and decomposing organic matter associated with i t  serve as 

the major nutr ient  reservoir in most temperate t e r r e s t r i a l  ecosystems. 

Nutrients released from the decomposing organic matter become available 

fo r  uptake by vegetation or loss.  If  decomposition i s  excessively rapid,  

mineralization of nutr ients  may exceed the storage capacity of exchange 

s i t e s  i n  the so i l ' . o r  plant uptake mechanisms, and nutr.ients may be leached' 

from the system. I f  decomposi t ion i s  slowed, rates  of plant growth may 

be retarded. Decomposition i s  produced by the ac t iv i  t i e s  of microf 1 ora 

and fauna associated w i t h  the ecosystem. Microfloral blooms may immobolize 

nutrients and retard leaching '1 osses. Faunal ac t iv i  t i e s  may influence 

e i the r  rates  of loss from organic matter or  microbial immobi 1 izat ion 'of 

nutrients.  other biological processes may modify nutr ient  avai 1 a b i l i t y .  

External influences', i  ncl u d i  ng anthropogeni c ones, may modify rates  

of decomposition, ra tes  of leaching, or nutr ient  holding capacity of the 



s o i l .  These influences may range from general ,  widespread developments 

such as acid r a i n f a l l  t o  local ized processes. Planned re leases  of waste 

mater ia ls  from various sources i n to  soi 1 systems a r e  evident ly  increasing 

(Por te r  1978). Since atmospheric, f resh water and marine disposal of many 

types of techno1 ogi cal byproducts have been cur ta i . led ,  soi  1' disposal seems 

the  only remaining a l t e rna t i ve .  The use of s o i l  systems as. a varied s e t  

of enzymes f o r  destroying various tox ic  mater ia ls  may become a.planned 

a c t i v i t y  in  fu ture  technological systems. ~ l e a ' r l y ,  mater ia ls  must fa1 1 

within the range of the  a b i l i t y  of s o i l  systems t o  immobi 1 i z e  o r  detoxify,  

and regulating o r  control l ing pa r t s  of the  so i l  system must remain funct ional .  

The importance ,of s o i l  fauna as regulators  i s  now beginning t o  be 

accepted. Research i s demonstrating t h a t  soi  1 fauna regulate  re1 ease of 

nu t r i en t s ,  e i t h e r  d i r e c t l y  o r  i n  concert  w i t h  microflora,  and by e i t h e r  

accelera t ing o r  re tarding r a t e s  of nu t r i en t  re lease  (Malone and Reichle 

1973, Seastedt  and 'Crossley MS). Experimental approaches including appl i -  

ca t ions  of pes t i c ides  have demonstrated t h a t  decomposition r a t e s  a r e  sur.- . . 

pressed (Witkamp and Crossley 1966, Lee 1974, Croom and Ragsdale 1976). 

Theoretical approaches invol v i  ng 'systems analyses have eval uated soi  1 

arthropods i n  a regulatory ro l e  (Douce and Webb 1978). In te rac t ions  of 

. . ' b i o t i c  and a b i o t i c  parameters in  decomposition regulation have been 

quan t i f i ed ,  as  well as  demonstrations of the  a b i l i t y  of s o i l  fauna t o  

enhance microbi a1 entrapment of leachable nu t r ien t s  (Seastedt  1979, 

Whi t t a k e r  -- e t  a l .  1979). 

Radioisotope techniques have continued t o  be an important par t  of 

this '  research. The use of radioact ive  t r ace r s  cons t i t u t e s  the  major method 

for .  ident i fying the dynamics of nu t r i en t  exchange and flow processes. Not 

only can pathways.of movement be i d e n t i f i e d ,  b u t  r a t e s  of flow may be 



reaiii ly- measured. Research w i t h  radi oacti ve t racers  has an. addi'tiona'l 

benefit  in tha t  work adds to  information about the behavior of radioactive 

materials in the environment. The environmental behavior of radioactive 

pol lutants ,  especially f i ss ion  products, has experienced a reawaki,ng in 

in te res t .  These materials and nutr ients  are  analogs of each other, '  so 

tha t  knowledge. of '  nutr ient  flows helps to  understand the movement of 

radioactive pol lutants .  A n d ,  1 i ke nutr ients ,  the soi 1 system may serve 

as a reservoir fo r  these materials under the regulation of biological 

agents . 
Thus, the importance of the research described i n  t h i s  Annual Report 

l i e s  in i t s  re lat ion to  technology, and technological impacts upon the 

decomposition process i n  general. The i nformation i s  developed and described 

i n  a context of basic research, b u t  the applications ' a r e  s igni f icant  i n  

terms of providing the necessary base f o r  i n t e l l i g e n t  decisions about tech- 

nological implementations. 

Results are reported unaer two subprojects. The f i r s t  concerns the 

use of radioactive t racers  to measure nutr ient  flows along so i l  arthropod 

food chains. Current resu l t s  describe radiotracer retention by macroarth- 

ropods and microarthropods in laboratory experiments. Work w i t h  micro- 

f lora l  -faunal interact ions i s  described, as we1 1 as f i e l d  sampling for  

nutr ient  analysis of arthropod communities. The second subproject concerns 

f i e l d  sampling fo r  nutr ient  analysis of arthropod communities. The second 

subproject concerns f ield research uri yrani t i c  outcrop areas ,  in which the 

s~liall island ecosystems occurring there have been t reated with perturbations. 

Nutrient responses of the ecosystems to perturbations have been recorded 



and evaluated. This work i s  nearing completion. 

'Accompanying t h i s  Annual Report are  several technical reports 

(manuscripts f o r  open-1 i terature  publ i ca t i  on) and repri 'nts of work 

published during the current contract 'period. These materials provide 

fur ther  de ta i l s  of the research summarized here. As i s  customary, open 

1 i terature  publ i ca t i  on i s  our major reporting mechanism. 



Subproject (1) : Radi otracer  s tudies  of nutr ient  element accumulation 

and turnover i n  soi 1-1 i t t e r  arthropod food chains. 

D. A'. Crossley, J r . ,  David T .  Abbott and Timothy R .  Seastedt 

Research conducted under th i s  subproject i s  concerned with several 

aspects of nutr ient  flow along so i l  arthropod food chains. The use of 

radioactive t racers  to  measure nutr ient  accumulation has been a promi.nent 

research topic ,  although other aspects a re  important: .measurement of nu-  

t r i e n t  pools in fauna and substrates  ( d i s t  and Crossley 1975a, Crossley 

1977a), ra tes  of radiotracer turnover by' faunal components (Nabhol z and 

Crossley 1978), phenomena influenci,ng Yood chain dynamics such as copro- 

phagy (Webb 1977) o r  migration (Best -- e t  a l .  1978), model devel.opment and 

evaluation (Webster and Crossley 1978), and refinement and development of 

method01 ogies (Seas t ed t  and Crossley 1978). The. general hypothesis, gui d i ,ng  

the research i s  t h a t  so i l  fauna regul'ate rates  of ecosystem-level processes, 

and in par t icu lar ,  t ha t  so i l  arthropods regulate the, general process of 

l i t t e r  decomposition and nutr ient  mineralization. Assessing nutr ient  flow 

along food chains w i t h i n  a given system provides a means of evaluating the 

proportion of nutr ient  input which actually passes along the food chains. 

In some systems t h i s  amount may be s igni f icant .  Gist  and Crossley (1975b) 

estimated calcium flow through a l i t t e r  arthropod food web to be about half 

of annual cal cium release through decomposition. In other systems fauna 

may process less  calcium (Cornaby e t  a1 . 1975, Douce and Cr-ussley - msl, and 

quant i ta t ive food chain passage of other elements may be lower. Indirect  

e f fec ts  of so i l  fauna as ca t a ly t i c  agents in mineralization or regulators 



of microbial immobi 1 izat ion of nutrients may exceed d i r ec t  e f fec ts  of 

the fauna' upon the decomposi t ion process (C'ross ley 1977b). In any event 

the accumulation and movement of nutri'ents i n  arthropod food chains can 

be .used as a basi'c means of evaluati,ng t h e i r  par t ic ipat ion in the process 

of l i t t e r  decomposition and nutr ient  mineralization. 

Radioactive t racers  have proved to be valuable aids fo r  the measurement 

of nutr ient  turnover and retention in soi 1 fauna. The, genera'i ized model 

assumes tha t  nutr ient  content of fauna i s  the r e su l t  of intakes and losses 

(Webster and Crossley 1978). Radioactive t racers  are 'used to  estimate 

rates  of assimi 1 ation and biological turnover. Other methods (flame photo- 

metry, mi croprobe techniques) measure whole-body elemental' contents. Intakes 

a re  estimates as those necessary t o  make up nutr ient  losses due to  turnover 

and mortaii ty. The predicted intake rates  are subject to  ver i f ica t ion ,  using 

radioactive t racers  (Webster and Crossley 1978). Systems model i,ng technl'ques 

are  invaiuable in extending laboratory resu l t s  t o  f i e l d  data se ts .  

Results of work under t h i s  subproject are  routinely reported in open 

1 i terature  pub1 i c a t ~ o n .  Since the l a s t  contract period two publications' 

pertinent to  t h i 5  c ~ ~ b p r o j e c t  have been published: 

Best, G.  Ronnie, J .  Vincent Nabholz, J .  Ojasti and D. A.  Crossley, J r .  

1978. Response of microarthropod populations t o  naphthalene i n  

three contrasting habitats.  Pedobiologia 18: 189-201. 

Todd, Robert L . ,  Prakitson Sihanonth, D. A. Crossley, Jr. and Kermit 

Cromack , J r .  1978. E lemental analysis of t e r r e s t r i  a1 mi crofl  ora 

and fauna with an electron microbeam technique. pp. 265-244 - in 

D. A. Adriano and I .  L .  Brisbin, J r .  (eds j ,  "Environmental Chemistry 



and Cyc i i ng '~ rocesses ,  " . U. S! DOE Tech. nform. Cent,, 

Spri,ngfi,el d ,  Va.. ,. CONF-760429, 

Reprints of these publ i.cati ons accompany this Annual Kepoyt. 

Two manuscripts have been prepared f o r '  publ i cati,on, base.d on work 

performed under th i s  subcont'ract: 

T'. R .  Seastedt, A.runa Kothari and D. A. Crossley, J r .  A simp1i.- 

f i e$  gelat i  ne embeddi.,ng technique fo r  secti.oni.ng 1 i t t e r  and 

so i l  samples. Pedobio1,ogia ( in  press).  

Yates, Leslie R .  and. D. A. Crossley, J r .  Cesi~um-134 and Strontium-85 

turnover ra tes  i n  the centipede Scolopocryptops n'iqridi.a McNei 11. 

Copi.es of these manuscripts a1 so accompany thi s Annual Report. 

Current research progress i s  summarized as fol 1 ows : 

Radioactive t racer  accumulation and turnover by soi 1 macroarthropods. 

Recent research has been concerned with radiotracer turnover by predaceous 

members of the larger  so i l  fauna, i n  contrast  t o  work with the saprophagous 

forms described i.n l a s t  yea r ' s  Annual Report. Recently (,Nabhol z and Crossley 

1978) we published. resu'lts of experiments on turnover and retention of 

radiocesium by wolf spiders (Pardosa lapidi'cina). This year we report  work 

w i t h  centipedes. These arthropods were found to  rank second only to  spiders 

as important predators in a fo res t  f loor  system (Yates 1977). We studied 

i,ngestion, assimilation and turnover of cesium-134 and strontium-85 i n  

the centipede Solopocrytops niqr ldia ,  an abundant speci'es i n  fo res t s  of 

the southeastern United States .  

Bi.ol,ogical elimination of t racers  was evaluated in the context of 

a general i zed retention model descri bed by the equation: 



where Qt i s  body radioact ivi ty  a t  any time t, Q0 i s  the i n i t i a l  

radiiactivi ty (t=Oj , p2 and p l  are proportions of input e i the r  assimilated 

or  remaining unassimilated ( p 2  + p l  1 bl  represents the ra te  of loss 

of non-assimilated radioactivity '  from the gut,  and b2 represents the ra te  

of excre,tion of assimi 1 ated radioactivity.  

Radiocesium retention curves fo r  three d i f fe rent  ,age-cl asses of 

centipedes a re  shown i n  Figures 1, 2 and 3 .  Radiocesium values for  para- 

meters of the general retention model are  shown in Table 1. In common w i t h  

other s tudies  of radiocesi urn retention by arthropods, ra tes  fo r  gut clearance 

( b l )  were much higher than rates  fo r  elimination of assimilated radiocesium 

( b 2 )  Assimi la t ion fract ions were h i g h ;  p2  suggests tha t  more than 60% of 

the ingested amount of t racer  became assimilated. Rates ' for  both g u t  clear- 

ance and excretion of assimilated t racer  decreased with ,age of centipede, 

b u t  t h i s  i s  more l i  kely a size-dependent' than an age-dependent phenomenon. 

Figures 4 through 6 i l l u s t r a t e  retention of strontium-85 by the three 

d i f fe rent  age classes of centipedes. Table 2 gives values for  radiostronti  um 

parameters o f  the grlneral retention. model elescr-i bed above. Again , rates  of 

g u t  clearance ( b l )  great ly  exceeded rates  of excre t ion . (b2) .  The f r i c t i o n  

of radiostrontium assimi 1 ated ranged from 50% to  60% of the i,ngested amount. 

The bi o1,ogi cal interpretat ion of. the' 'two component re ten t i  on model 

depends upon the ident i f ica t ion  of p2 with assimilation and b1 w i t h ,  g u t  

turnover, a point developed and argued by Webster and Crossley (1978). 



Figure 1. Cesium-134 retenti.on curye for  age class  0 ( l e s s  

than one year old)  centipedes, .  Scol opocryptops n i g r i  d i  - a, 

Shown are means - + two standard er rors .  N = 6 .  
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Figure 2.  Cesium-134 retention curve for  age class  1 (.one 

year old)  centipedes, Solopocryptops niqridia.  Shown a re  

means - + two standard errors .  N = 6. 





Figure 3. Cesium- 134 reten.ti.on curve for age cl ass. 2 (two 

years o l d  or older) centipedes, Scolopocryptops nigridia. 

Shown are means f_ two standard errors.' 'N = 6.' 
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Figure  4. Strontium-85 r e t e n t i o n  curve f o r  ' ,age c l a s s  0 (1 e s s .  

than one y e a r  o l d ) ,  c e n t i p e d e s ,  Scol opocryptop's n i g r i  di  a. Shown 

a r e  means + two s t a n d a r d  e r r o r s .  N = 6. 
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Figure 5. Stronti,um-85 retenti.on curve f o r  ,age class 1 (.one 

year old) centipedes,. Scol opocryptops nigridi.a. Shown are 

means - + one standard error; ' N = 6.. 
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Figure 6. Strontium-85 retention curve for age class 2 (two 

years or older) centipedes, Scol opocrpytops niqri d i a .  Shown 

are means - + two standard errors. N = 6. 
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- 
Tab le  1. Radi oces i  um va lues f o r  pqrameters of t he  genera l  two-component r e t e n t i o n  

model f o r  t h r e e  age c lasses  o f  Scolopocryptops n i g r i d i a ' ;  Means + s tandard  

e r r o r s .  (Symbols exp la i ned  i n  t e x t ) .  

AGE-CLASS 0 . AGE-CLASS 1 AGE-CLASS 2 . 

b i  ( h r s  - I )  0.047 + 0.0120 0.0156 + 0.0020 0.0155 + 0.0010 

P, ( % I  20.4 - + 2.07 32.5 - + 2.11 34.0 - + 1.02 

I' 

b2 ( h r s  -1) 0.0016 + 0.000046 0.00081 + 0.000055 0.00059 + 0.000025 



Tabl.2 2. Radi o s t r o n t i  urn values f o r  pqranleters of t he  general ' two-comp'onent re ten t i ,on  

model f o r  t h ree  age clas.ses o f  Scolopocryptops n i g r i d i a .  Means + standard 

e r r o r s .  (Synbol s exp la ined i.n t e x t ) ,  

AGE-CLASS 0 AGE-CLASS 1 AGE-CLASS 2 

bl (h rs  - l j  

VL 

bq (h rs  0.0033 + 0.00021 0.0022 - t 0.00014 0.0018 + 0.00011 



A strong argument f o r  the interpretat ion of bl as gut turnover r a t e  . . 

includes the observation t h a t ,  fo r  a given arthropod ' species, radio- 

t racers  with widely varying p2 and b2 exhibi t  s imilar  ra tes  fo r  bl  

(Van Hook and Crossley 1969). T h u s  we would expect tha t  the rates  

bl  f o r  radiostrontium and radiocesium in - S.  nigr idia  would be s imi lar ,  

a t  l eas t  within age classes. Tables 1 and 2 show tha t  t h i s  i s  not 

the case; the rates  bl seem more charac ter i s t ic  of radiotracer than of 

age class.  Thus i t  would appear tha t  radiotracer i s  being voided w i t h  

feces a t  ra tes  which d i f f e r  f o r  the two types of t racers .  Alternatively,  

assimi l a t i  on mechanisms or  internal physiological properties may d i f f e r  

fo r  these el'ements, enough tha t  the two-component model i s  less  adequate. 

Results of these experiments are  discussed i n  greater  detai l  in a 

manuscript. (Yates and Crossley) accompanying t h i s  Annual Report. 

Radi otracer  re ten t i  on by m i  croarthropods,. The m i  croarthropods of 

soi 1-Tit ter  systems, par t icu lar ly  mites and col lembolans, maintain im- 
. . 

pressi ve population s izes .  ~ a r i  i e r  soi 1 ecologists (e .  g. Jacot 1940) 

ascribed considerable importance t o  microarthropods i n  di rec t ly  and in- 

d i rec t ly  affecting decomposition ra tes .  Experimental work with these 

arthropods has proven to  be d i f f i c u l t  t o  perform and resu l t s  are  d i f f i c u l t  

to  verify. Most assessments have been based on attempts to  construct en- 

ergy budgets (Englemann 1966, Mi tchel l  and Parkinson 1976'). These assess- 

r n ~ n t s  tend t o  f a l l  short  because of inadequate information about energy 

transformations in so i l  systems. Often workers ascribe almost a l l  C02 

evolution from soi 1 to  the' respiration of microbes, leaving 1 i t t l e  t o  be 

derived from ronts o r  from fauna. Nutrient budgets, in contrast ,  show t h a t  



fauna consume a- considerable port ion of the annual disappearance 'of  

l i t t e r  inputs and associated microflora. Furthek experi'mentaf evidence 

about the s , ignif i  cance of mi croarthropods i s  derived from excl usi.on ex- 

periments, i n  which m i  croarthropod populations a r e  reduced w i t h  chemical 

treatments (Kurcheva 1964, Wi tkamp and Crossley 1966, Lee 1974, Best - e.t 

a1 . 1978, Douce and Crossley E) . Often such experiments demonstrate - 

s i g n i f i c a n t  s h i f t s  i n  disappearance of 1 i t t e r  o r  mineralization r a t e s ,  

suggesting t h a t  s o i l  fauna a r e  performing a major regulatory role .  

We are  attempting t o  develop data on nu t r i en t  turnover by micro- 

arthropods, following the  same general procedures a s  used f o r  macroarth- 

ropods. Ea r l i e r  we (Kowal and Crossley 1971) and o thers  (McBrayer and 

Rei chle 1971) reported r e s u l t s  of experiments i n  which arthropods were 

a1 lowed continued access t o  radioact ive  t r a c e r s ,  and moael parameters 

were evaluated from uptake curves. Data required t h a t  arthropods be 

s ac r i f i c ed  sequenti a1 ly.  Such experiments yie lded 1 arge vari  a t ions  i n  

r e s u l t s ,  due t o  several  f a c to r s  d i f f i c u l t  t o  control .  Be t te r  techniques 

fol  1 ow the  procedures used fo r  macroarthropods , t h a t  i s  , s ing le  feedi ngs 

upon r a a l o a c t ~ v e  tood w i t h  subsequent repeated measurements of the same 

individuals .  Single-tagging experiments have the  advantage t h a t  model 

parameters can be l a t e r  validated in uptake experiments (Webster and 

Crossley 1978). 

The technique we a r e  now using continues t o  y i e l d  good res111 t s .  

Mi croarthropods a r e  a1 1 owed access t o  food materi a1 s tagged . . w i t h  high 

concentrat ions (mCi/,mg r a t e s )  of radioact ive  t r ace r s .  For maintenance 

and counti,ng, individual  ' m i  croarthropods a r e  kept in  BEEM capsules (small 

p l a s t i c  capsules)  l ined w i t h  a moistened p l a s t e r  of Paris-charcoal, '  (9: 1) 



Figure 7. BEEM Capsule. 
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mixture' (Figure 7): Food materials are added a'nd the capsules wi.th. 

mi croarthropods are maintained in 'envi ronmental chambers. A t  the time 

of counting, microarthropods are transferred t o  fresh BEEM capsules. 

In t h i s  manner changes in radi .0act ivi . t~ of individual m i  croarthropods 

are easi  ly  fol lowed. 

Ongoing research i s  currently u t i  1 izing a species of acarid mite., 

Tyrophagus longior as an experimental species. Figures 8 and 9 and 

Table 3 i l l u s t r a t e  some current resu l t s .  In these experiments mites 

were fed dried activated yeast  tagged wi t h  strontium-85 o r  chromi um-51. 

Untagged dried activated yeast  was used as a standard Tood source in BEEM 

cul ture  capsules. Experiments were mai ntained i n  envi ronment chambers 

a t  30' C .  Counting was performed w i t h  the aid of a 3 x 3 i n .  Nal (TI.) 

well crystal  detector connected to  a Packard 410A gamma spectrometer. 

Results for  s t ront i  um showed (Figure 8 j  a two-component retent i  on sys- 

tem yi.elding parameters which can be interpreted i n  the context of the 

general retention model, given fo r  macroarthrbpods. Assimi la t ion values 

were high (above 60%) and rates  were sa t i s f ac to r i  ly measured. Retention 

experiments wi t h  chromi urn-51 y ie lded '  l e s s  sa t i s fac tory  information ( F i g -  

ure 9 ) .  Prevlously (Van Hook and Crossley 1969, Webster and Crossley 

1978) we have shown tha t  chromium i s  v i r tua l ly  unassimilated i n  cr ickets .  

In those i.nsects the turnover ra te  f o r  chromium-51 approximated the g u t  

clearance ra te  ( b l )  f o r  other radioactive t racers .  Such a simi i a r i  ty 

ex i s t s  f o r  8 5 ~ r  and 5 1 ~ r  in Tyrophagus longior (Table 3) b u t  the data 

f o r  radiochromi um show large variation. These experiments are  continuing. 

Eventual validation may be performed by analysis of Ca content of mites 



and yeast.  Knowlqdge .of .turnover rates for  radiotracers and e'leme.ntal 

content of yeast  should yield a prediction of elemental contents of the 

mites, which can then be compared with measured values. 



Figure 8. Retenti on of Strontium-85 by mi t e s  (Tyrophagus 

lonqior) .  Values shown a r e  means + two standard errors..  





F i g u r e  9. R e t e n t i o n  o f  Chromium-51 by mi t e s  (Tyrophagus 

l o n g i o r ) .  Values a r e  means - + two s tanaa rd  e r r o r s .  





Table 3. Values f o r  parameters o f  t he  general r e t e n t i o n  model 

f o r  Chrorni urn-51 and S t r o n t i  urn-85 i n  t h e  m i te  Tyrophagus l o n g i o r .  

va lue  are  means. 

Parameter S t ron t i .  urn-85 Chromi um-5.1 

pl ( p r o p o r t i o n )  

kl (days - ' j  

p  ( p r o p o r t i  on j 2 0.62 - - 

r ( c o r r e l a t i o n  
c o e f f i  c i  e n t j  



Nutrient re lat ions between so i l  fauna and mycorrhizae. Last year 

we began investigations on attempts to  measure nutr ient  t ransfer  between 

mycorrhi zal fungi and soi 1 arthropods. Mycorrhi zal fungi are plant Sym- 

b i o n t ~ ,  l i t e r a l l y  "fungus roots" ,  which have been demonstrated to  have 

great  importance i n  piant nutr i t ion (Marx e t  a l .  1970). Plants whose 

roots possess mycorrhizal associations perform markedly be t te r  in nutrient- 

poor soi 1s. In reforestation projects ,  inoculations w i t h  mycorrhi zae may 

effect ively be used as substi tues f o r  f e r t i l i z a t i o n  programs. Mycorrhizae 

receive carbohydrates from plants ,  and in t u r n  increase nutr ient  uptake by 

plants.  The amount of primary production shunted to  mycorrhizae i s  not 

we1 1 know, b u t  minimal estimates now suggest . . t ha t  about" 30% 'of primary pro- 

duction appears i n  fungal, growth. Ecologists who use the harvest method to  

estimate net PP  i n  fo res t s  thus may be underesfimati,ng 'PP by a considerable 

amount (Biever, pers. comm.). Recently, small' mammals have been shown to  

consume mycorrhizal fruit i ,ng bodies, and probably a c t  as vectors of spores 

(Maser -- e t  a l .  1978). I f  soi l  fauna feed upon the hyphae of mycorrhize, they 

may regulate nutr ient  uptake by plants. Last year we reported experimental 

taggi ng of fungal hyphae ' of mycorrhi zal species ,  using radios t ront i  um and 

radiocesium tracers .  This research i s  s t i  11 proceeding.. 

We have also begun looki.,ng a t  -- in s i  t u  mi crof lora and fauna i n  

soi 1 sections,  with a view t o  demonstrating spec i f ic  interact ions between 

mi croflora and fauna. A manuscript . (Seastedt ,  Kothari and Crossley) accom- 

panyi,ng th i s  Annual Report describes refined and simp1 i f i e d  methods f o r  

embedding and sectioning soi 1 cores. i cation of the technique has 

suggested tha t  the calci  um-rich exoskeletons of dead ori  bati d mi tes  are 



rapidly invaded by fungal hyphae. The observation has prompted sonle 

new research on decomposition and nutr ient  loss  by arthropod remai ns. 

Details of the sampling device and f i r s t  r e su l t s  are, given i n  the ac- 

companying manuscript (Seastedt e t  a1 . ) . 
Reassessment of arthropod. data se t s .  We have begun a s e t  of fi-eld 

collections to  update and extend exis t ing data s e t s  on arthropod c~mmunities 

in s o i l s  and in vegetation. During l a s t  yea r ' s  review an external reviewer 

noted tha t  e f f o r t s  in t h i s  project  were devoted pr imar i ly ' to  measurements of 

rates.  He questioned tha t  bu,dgets could be done for  nutr ients  unless nu-  

t r i e n t  pools could be measured as well. We responded'that we sti.11 have ac- 

cess t o  previ.ous data s e t s  on herbivores (Crossley 'e t  - - .  a l .  1975, Duke and . 

Crossley 1975) and so i l  fauna (Gist  and Crossley 1975aj ,' and fur ther ,  we 

have access t o  data s e t s  developed on other projects.  St111, the cr i t ic isms 

have merit and accord1 ngiy , we have begun accumulati,ng new data s e t s  on soi 1 

arthropod communities. These s e t s  wi.11 consis t  of ' individuals per species,  

weights of individuals,  and nutr ient  contents, together with appropriate 

collection data. They will  be accumulated over a two-year period. 

Collections of arthropods in vegetation began l a s t  year w i t h  attempts 

to  evaluate effectiveness of insect ic ide applications in the g ran i t i c  out- 

crop project described below. Questions were raised about rates  of' rein- 

vasion of treated island ecosystems. We devised 'a s e t  of obstacle traps 

("butnper t raps")  to samp'le flying insects  above the is1 and ecosystems. 

Catches were encouraging and we are  expanding us,age of the technique. 

(Forest entomol.ogi s t s  have used window sash t raps ,  suspended i n  t rees  



as a method f o r  col'lecting flyi,ng i.nsects for  many years.. Disadvan- 

tages of tne t raps are  tha t  col'lections are re1ati.ye.j' not '  absolute, and 

they are  expensive to  construct and maintai,n ( ~ o u l  ion e t  a1 ., 1970'). We 

have overcome these d i f f icu l  t i e s  by '(-1) usi,ng i.iiexpens.ive. pl a s t j c  par ts  

and ( 2 )  sampl i,ng in lower yegetation'where catches' are  more reidi ly com- 

pared t o  the actual arthropod communi ty  on vegetation). 

~ u a n t i  f i  cat i  on of the bumper trappi,ng technique req yi..re.s a re1 a t i  ye- 

ly large expanse of uniform vegetation. Such an area i s  avai labie  in a 
r; 

s e t  of agroecosystem experiments a t  the Horseshoe 'Bend faci  1 i ty , operated 

by the Ins t i tu t e  of Ecology a t  the University of Geqrgia campus. We are  

operating t raps i n  t ha t  area,  and making simul taneous D-Vac col'lections 

of arthropods i n  vegetation. Details of the. trappi,ng procedures, and 

resu l t s  of trappi,ng, w i  11 be given i n  l a t e r  Reports. 

Soi 1 arthropod communities are being sampled w i  th high-effi ciency 

extractor  methods (Merchant and Crossl ey 1970, Seas t ed t  and Crossl ey 1978) 

fo r  microarthropods. The macroarthropod data s e t  i s  being developed with 

pi t f a l l  trapping methods (Gist  and Crossley 1973). 

We are  reassessing procedures fo r  nutr ient  analysis of arthropod 

col lections.  Currently, analysis . i s  based upon flame photometry or  

atomic absorption spectrometry. If  feas ib le ,  we intend to  use the in- 

ducti vely coupled plasma emission spectrograph (ICP) housed i n  the 

Ins t i tu t e  of Eco1,ogy a t  ttie University of Georgia for  future analysi's of 

macroarthropod samples. A t  present, we are comparing methods of digestion 

and analysis f o r  the ICP with the procedures used fo r  AA or flame photo- 



metry. For  m i  croar thropods , the  m i  crop robe (an energy d i  spe rs i  ve X-ray 

ana lyzer )  w i  11 cont inue as the  method o f  choice,  as descr ibed i n  a ' r ecen t  

p u b l i c a t i o n  (Todd -- e t  a l .  1978). 



Subproject  (2 )  : Minera l  element c y c l  i n g  and t r o p h i c  dynamics 

i n  g r a n i t i c  outcrop systems. 

D. A. Crossley, J r .  and J. V incent  Nabholz 

The o b j e c t i v e s  o f  t h i s  work have centered around t h e  use of t h e  small  

depression communities on g r a n i t i c  outcrops as small ,  i s l a n d  ecosystems. 

I n i t i a l l y  we s tud ied  r a t i o a c t i v e  fa1  l o u t  and n u t r i e n t  element movement through 

food chains i n  these systems (Crossley e t  a1 . 1975, Duke and Crossley 1975). 

We have completed a s e t  o f  f i e l d  experiments examining f u n c t i o n a l  p r o p e r t i e s  

of these ecosystems. Per tu rba t ions  werz used t o  eva luate  systems s t a b i l i t y  

c h a r a c t e r i s t i c s  ( res i s tance  t o  p e r t u r b a t i o n  and r e s i  1,ience f o l  lowing per turba-  

ti on). 

Th is  year  we have synthesized r e s u l t s ,  i n  the  form o f  two manuscripts 

f o r  o p e n - l i t e r a t u r e  p u b l i c a t i o n :  

The n u t r i e n t  budgets o f  rock  outc rop ecosystems and t h e i r  response t o  

se lec ted pe r tu rba t ions .  J .  Vincent  Nabholz and D. A. Crossley, J r .  

An inexpensive w e i r  and.proport iona1 sampler f o r  min' iature watershed . . . - 

ecosystems. J .  V incent  Nabholz, D. A. Crossley, J r .  and, G. Ronnie 

Best. 

Copies o f  these manuscripts accompany t h i s  Annual Report. 
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