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To overcome the differences inherent in working with individual 

ni i croarthropods , previous workers have measured radioactive t racer  

;~ccurnula tion through timc instead of turnover 1.a t e .  Kowal (196?)  ust!d 

4 5 Ca tagged pine nesdl es as a  food base in ci!l tvres  of C u l  t r o r i  b u l  - a 

juncta --- (Michael ) (Acarina: Ori b a t e i ) .  Groups of mites were col lected 

(with Beri ese methcds) from reg1 ic; ted cul tures  through time, d r i ed ,  an(:  

counted f o r  radioaci ivi  t y .  Ingestion and excretion r a t e  paranieters wer3r! 

cr, timated frorn the uptake curves thus generated. Simi 1ar  ~rietnods 

( s e r i a l  s a c r i f i c e  of rep1 icated radioact ive cul t u res )  :.rere used in 

rzicroarthropoci experiments by Kcwal and Crossley (1971) and rllcBrayer and 

Reichle (1371) and in f i e l d  experinients by Coleman and McGinnis (1979' 

and Carter and Crzgg (1977) .  The d a t a  provided by such experiments a r?  

inherently var iab le ,  and a r e  not amenable to the de ta i led  analysis  

possible with data from single-tagging experiments. I n  p a r t i c u l a r ,  

separation o f  ra tes  into two o r  more components, or the measurement o f  

ass imi la t ion ,  i s  not feas ib le .  Gist  and Crossley (1975) measured t u r n -  
8 5 over of Sr by or i  batid mites using repeated counting, b u t  only a f t e r  

the mi tes  w r e  mai.ntained for  many days on radioact ive food. 

I n  t h i s  paper we report, a  simple b u t  successful technique.for 

repeated counti ng of i ndi v i 'dual  mi cl-oarthropgds . Mi ter; (Tvrophaqus 

long- io r  (Gervai s )  , Fami ~ c a r i d a e )  were given br ief  a.ccess t3  radio- 

ac t ive ly  tagged food and then confined in individual rnicrocul tu re  

capsules.  The en t i  re capslli e  could be counted fo r  r ad ioac t iv i ty ,  a f t 2 r  

:./hi ch the mi t e  was t ransferred to  a  f resh mi crccul ture  capsule.  Hand1 in$ 

of individual mi tes was thus reduced t o  a rninimunl. 



Mate r i a l  s and Methods 

Acari d ir~i t e s  were i  sol  a t e d  frcm cul t u r e s  o f  col  1 embo.13ns ( S  -- i nel l (I 

c a r v i s 2 t a  Prook) where tney  c c c a r r e d  a s  con taminan t s .  T h e  n i t e s  

( T y r o p h a g u ~  -- -.- j o n y o i r )  --- were main ta ined  i n  pure cu1 t u r e  i n  s n ~ a l l  ( 3 . 5  cr.1 

d i a )  a c r y l i c  p l a s t i c  c u l t u r e  d i s h e s  c o n t a i n i n g  a 9 : l  mix tu re  of  p l a s t e r  

of  Pa r i  s and a c t i v a t e d .  char toa ' l  a s  a s u b s t r a t e .  Commercial ly a v a i  l i t i ~ l  e 

a c t i v a t e d  y e a s t  was used a s  food .  f o r  t h e  m i t e s .  Tagged food was p re -  

pared by mixing t o  a p a s t e  t h e  a c t i v a t e d  y e a s t  w i t h  e i t h e r  jlcr io lu i : io~i  

(0 .7  uCi p e r  mg y e a s t )  o r  s o l u t i o n  ( 3 . 0  u C i  pe r  mg) and a l lowing  

excess  mo i s tu re  t o  e v a p o r a t e  o v e r n i g h t .  The m i t e s  were then al lowed ad 

: i b .  a c c e s s  t o  t h e  tagged food o v e r n i g h t  and assayed  f o r  r a d i o a c t i v i t y  --- 

t h e  n e x t  morning. 

To coun t  m i  t e s  f o r  r ad i0ac t iv . i  t y  and t o  m i n t a i n  them dur ing  t h p  

expe r imen t ,  .i nd iv idca l  m i  t ~ s  were p laced  i n  i n d i v i d u a l  microcu'l t g r e  
K c a p s u l e s .  The 11!icrocu1 ture c a p s u l e s  c o n s i s t e d  o f  Seem micro t i s s u e  

iiiibedding capsul  e s ,  t o  which a ~ i i l a l l  amount of  t h e  p l a s t s r  o f  P a r i s -  

cilarcoal mix tu re  had been added a s  a s u b s t r a t e  ( F i g u r e . - 1 ) .  Small f r a g -  

rilen t s  of  u ~ l l a b e l e d  a c t i v a t e d  y e a s t  were added.  Fol lowing t h e  i n i  t i a l  

coun t ing  f o r  r a d i o a c t i v i t y ,  t ; ~ e  m i  c rocul  t u r e  c a p s u l e s  conta in!  ng m i t e s  

were s t o r e d  i n  a.n env i ronmen ta l ly  c o n t r o l  l e d  chamber a t  30 C. For  

subsequent  counts  o f  r a d i o a c t i v i t y  , t h e  fo l lowing  procedure  was f o l  lowed 

Fi rs t ,  new mi c rocul  t u r e  c a p s u l e s  :were prepared and y e a s t  was added.  

Then, m i t e s  were t r a n s f e r r e d  t o  t h e  new m i c r o c u l t u r e  c a p s u l e s  us ing  a 

came l s -ha i r  bt-ush. Ca.re was taken t o  i n s u r e  t h a t  none of t h e  o l d  y e a s t  

o r  de t rS  tus from the o l d  microcul t u r e  c a p s u l e  was t r a n s f e r r e d ,  so  t h a t  



any excreted radio i so tope was 1 e f t  behind. The new nli crocui ture  ~ s p -  

sules were then counted fo r  r ad ioac t iv i ty ,  and returned to  the envirt.n- 

mentally controlled chamber. With t h i s  procedure handling and conta81i- 

nation problems were kept to a minimum. 

Counting f o r  rad ioac t iv i ty  was performed with a NaI(T1 ) 7 . 0  x 7 . 6  

crn we1 1 c rys ta l  ( 2 . 5  cm d i a )  detector  connected to a Packard 410A mu1 t i  - 

channel analyzer ,  with a window s e t  to contain the energy range of the 

pr inciple  ganma emission. Fach microcul tu re  c a p s u l g  was placzd in a 25 

rrm dia t e s t  tube f o r  counting. Separate experiments were performed 

using 8 5 ~ r  and " ~ r .  For ana lys is ,  counts taken a t  each time interval  

were corrected f o r  radioactive decay. Then, each count was normalized 

by expressing i t  as a percentage of the i n i t i a l  count. Rates of excre- 

t ion were calculated by using l e a s t  squares regression analysis  fo r  each 

individual mite.  



Resul ts . .and Discussion 

The r e s u l t s  of re tan t i sn  experiments k i t h  ' ' ~ r  and R55r in Tyro- 

5 1 
pilagus Ionyior a r e  stlown in Figure 2 .  Ni tes excreted Cr rapidly and 

" ~ r  slowly. Van Hook and Crossley (1969) and Webster and Crossley 

( i978)  be1 ieved t h a t  5 1 ~ r  was v i r t u a l l y  unassinli l a ted  in c r icke ts  
3 1 (Acheta --- -.---- domes t i  CI JS  L . ) , and tha t  1 oss o f  Cr represented gut cl earance 

only. Retentior: of 5 1 ~ r  may be described by the equation: 

where R i  i s  percentage retent-ion a t  any time t ,  100 i s  the i n i t i a l  

percentage, e i; the base o f  the natural logari  thrns, t i s  time, and k i s  

the elinlinstion coe f f i c i en t .  For the ' l ~ r  data in Figure 2,  k i s  0.0603 

per hr.  The ha1 f-time for. turnover ( T ~ )  t h a t  i s ,  the time required $0 

elirninate 50% of the ingested r ad ioac t iv i ty ,  i s  given by: 

- log 2 
Tb  - 

5 1 For Cr tile half-t'ii.!:e f o r  turnover was 11.5 hrs .  

Retenticn of "s,- showed an i n i t i a l  rapid arop followed by a slorie~- 

phase, s q g e i t i n g  tha t  a two-component curve might be f i t  t'o the d a t a  

(Figure 2 ) .  I n  t h i s  procedure a s t r a i g h t  l i n e  i s  f i t  to .%he t a i l  c f  the 

curve and extrapolated back t o  the o r ig in .  The i n i t i a l  data points ,?r? 

then corrected by subtraction o f  the f i r s t  compenent, to yi2ld a second. 

rapid component (Figure 2 ) .  Such a two-component retent ion curve ma:/ be 

described by an equation o f  the. form; 
-k. t -k t 

t 
= loo(pl o 1 + pp e 2 ). ( 3 )  

where R i z  9ercentage retent ion a t  any time t ,  109 i s  the in i  t a l  t 

perceatage, and p2 are proportions ( p l  + s2 1 = 1) of the two components 



being el iniinated d t  r a t e s  k i  and k2, respect ively,  and e  i s  the base o f  

tire r i ~ t u r a l  lcgari  thrlls. iial F-times f o r  turnover (Tb; and Tbe j can be 

ca:ctilated f o r  tile r a t e s  k ,  and k2, using e q u a t i ~ n  ( 2 ) .  Table 1 ore- 
A 

i en t s  values f o r  the parameters fo r  8 5 ~ r  by - T .  lonqior 

according to t h e  model of equation ( 3 ) .  

The i nter-pret3 tion pri2vi ously offered for  two-component r e t en t i  on 

curves fo r  ingested radioisotopes.  in arthropods has been t n a t  the 

shor te r  conpone.nt represen.ts loss of nonassinli 1 a ted t r ace r  from the ( j i l t ,  

whereas the longer c0mponen.t represents excretion of  t r ace r  which h a s  

become assinii lated. The  f r ac t ion  p 2 ,  the proportion moving a t  the 

1 cnger ra t e ,  thus represents the f rac t ion  of inses ted t r ace r  which has 

been ass  iaii 1 a-ted (Webs t e r  and Cross1 ey 1978). Areong the evidence. 

slipporting t h i s  contention i s  the s . imilar i ty  between the loss  r a t e  ( k )  

f o r  j l c r  end the r a t e  ( k i )  f o r  turnover of the nore rapid componei~t o f  

other  radioisotopes (Van Hook znd Crossley 1969) .  Such a s imi l a r i ty  

between k f o r  ' ' ~ r  and k1 o r  8 5 ~ r  i s  evident frilm data obtdined fo r  

Tyroph?g:~s 1 ongi or - (6.0603 vs . 0.0730, Tab1 e 1 ) .  i t  thus appears tha t  
- .  

T.  .- longior - has a moderately high assilnilation r a t e  fo r  ingested 8 5 ~ r  

( 6 2 % ,  T a b l e  1) 2 n d  i r ~ a t  the half-tiir;e . for  g u t  clearance i s  ra ther  slow 

(13-11 h r s . ,  Table 1 ) .  However, the data fo r  5 1 ~ r  retent ion a r e  not 

en t i r e ly  1 i n e a r  and the intercept.. o f  the regression 1 ine  with the origir: 

i s  a t  about, 697; ra ther  than 100%. With additioval data a two-component 
.ti1 retent ion curve niight appear fo r  Cr as well .  Thus the iden t i f i ca t ion  

of gut clearance r a t e  fo r  the turnover r a t e  of 5 1 ~ i -  should be t en ta t ive .  
85 The Sr excretion r a t e  fo r  - T. longior i s  slower than the ra tes  reported 

by Gist  and Crossley (1975) f o r  or iba t id  mites (0.115 per day for  1. 



longior  vs. 0.. 200 f o r  o r i  hatid mites maintained 9t l g O c ) .  Slow tilrnover 

of Sr m i g h t  be expected f o r  o r iba t ids ,  s ince those ini t es  have a c a l -  

careous exoskeleton (bJa1 lwork 1971) .  The slow turnover o f  8 5 ~ r  by - T 

longior indy be a :.resu'l t o f  the high reproductive i:(pendi ture  of ' t h i s  " r  

ipec ia l  i s t "  mi t e .  The  assiinilation value fo r  8 5 ~ r  in or i  batids (91%) 

given by Gist  and Crossley (1975) i s  probably unt*eal is t ical ly  high, 

since the r n i t ~ s  were fed f o r  several days on radioact ive food rather  

than receiving 3 brief  exposure. The 62% value found f o r  - ' 7 .  longior 

(Table 1) i s  probably more r e a l i s t i c  and compares favorably with the 63:'. 

assiinilation reported f o r  - Eupterotegaeus ros t r a tus  Higgins and Woolley 

by Carter and Cragg ( 1 9 7 7 ) .  

The experimental procedures described here seem appl icabl e t o  o t h e r  

microarthropods i n  addition to  a t a r id  mites. Ke have been p a r t i a l l y  

successful using the microcul ture  caosul es f o r  o r i  batid mites and 

col 1 enbolans, the 1 a t t e r  requi r i  rlg some adroi tness  in t ransfer r ing  %;-:ern 

between mi crocul tur?  capsul e s .  
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F i g u r e  1. P I  as t i c  m i  crocul t u r e  capsui e , 

showing a t t a c h e d  l i d  and p l a s t e r  of  P a r i s -  

charcoal subs t r a t e .  



Figure 2 .  Retention o f  8 5 ~ r  and 5 1 ~ r  by Tyrophagus 

1 onqi o r .  ~ o t s  represen t  8 5 ~ r ,  c rosses  ' ' ~ r .  

Shown are means - + 1 standard e r r o r .  For 8 5 ~ r -  

n = 6 ,  f o r  5 1 ~ r ,  n = 5. 



Tab1 e 1. Paranieters f o r  models descr ib ing  r e t e n t i o n  of rad io isotopes by _Ty_rophagus - --- l o n g i o r  

0 2 
~ ~ l a i n t a i n e d  a t  33 C .  n  = number of mi tes,  r = c o e f f i c i e n t  o f  determinat ion.  

Other pat-a~~reters 2xplained i n  t ex t .  

T r 
L 

Radioisotope 1 1 P2 n 
bl 

( h r - I  ) ( h r s )  

*not  appl i cab1 e 




