
This dissertation has been 64—9563 
m icrofilm ed exactly as received

GILES, J r .,  Robert Hayes, 1933- 
THE ECOLOGY O F A SM A LL FORESTED W ATER
SHED TR EA TED  W ITH  TH E INSECTICIDE  

35
M ALATHIO N-S .

The Ohio State U n iversity , P h .D ., 1964 
A gricu ltu re, fo r e s tr y  and w ild life

U niversity M icrofilm s, Inc., A nn  A rbor, M ichigan





I
I



THE ECOLOGY OF A SMALL FORESTED WATERSHED 

TREATED WITH THE INSECTICIDE MALATHION-S3^

DISSERTATION

P resented  In  P a r t i a l  F u l f i l l m e n t  o f  th e  R equirem ents f o r  

th e  Degree D octor o f  P h ilo so p h y  in  the  G raduate  

School o f  th e  Ohio S ta te  U n iv e r s i t y

By

ROBERT HAYES GILES, J R . ,  B .S . ,  M .S.

i r f r ih W r

The Ohio S ta te  U n iv e r s i t y  
1964

Approved by

Departm ent o f  Zoology



CONTENTS

PAGE

ACKNOWLEDGEMENTS . . . . ...............................................................................  M i

LIST OF TABLES..................................................................................................... v

LIST OF F IG U R E S ................................................................................................. xi

JUSTIFICATION: NEED FOR RESEARCH ON THE ECOLOGICAL EFFECTS

OF INSECTICIDES ........................................................................................  1

OBJECTIVES AND SCOPE ........................................................................................  8

MALATHION IN FOREST INSECT CONTROL .........................................................  M

MA LATH I O N ..............................................................................................................  13

DESCRIPTION OF STUDY A R E A ........................................................................... 28

DISSERTATION ORGANIZATION ........................................................................... k5

PHENOLOGY.............................................................................................................. ^7

TRACER PLOT S T U D IE S ........................................................................................  52

LABORATORY PROCEDURES FOR BIOLOGICAL SAMPLE PREPARATION . . .  58

TREATMENT OF THE STUDY A R E A ....................................................................... 63

EFFECTS OF MALATHION ON SEGMENTS OF THE B I O T A ...............................  70

SOIL B I O T A ...........................................    71
INSECTS AND OTHER ARTHROPODS .........................................................  112
S N A IL S .......................................................................................................... 183
FISH AND AQUATICS.................................................................................... 185
REPTILES AND AMPHIBIANS ....................................................................... 212
B IR DS..............................................................................................................  225
MAMMALS.......................................................................................................... 239
VEGETATION................................................................................................. 305

DISPERSAL S T U D IE S .....................      308

DISCUSSION..............................................................................................................  37^

SUMMARY....................................................................................................................... 377

LITERATURE CITED ................................................................................................. 379

APPENDIX..................................................................................................................  kOO

AUTOBIOGRAPHY.......................................   *tl8

i i



ACKNOWLEDGMENTS

The ba lanced  e co lo g y  o f  humans and t h e f r  re s o u rc e s , a s a t i s 

f a c t o r y  but complex i n t e r a c t i o n  among a g e n c ie s ,  p e o p le ,  and funds has 

made th e  re se a rc h  re p o r te d  h e r e in  p o s s ib le .  The w r i t e r  assumes a 

dominant r o le  o n ly  as he ta k e s  f u l l  r e s p o n s i b i l i t y  f o r  th e  r e s u l t s  

and thoughts  p re s e n te d .

Im p o rta n t  agents  in  th e  f u n c t io n in g  c y c le  have been: The Ohio

C o o p e ra t iv e  W i l d l i f e  Research U n it  w i t h  i t s  c o o p e ra to rs  in c lu d in g  The 

Ohio S ta te  U n i v e r s i t y ,  th e  Ohio D iv is io n  o f  W i l d l i f e ,  th e  U. S. F is h  

and W i l d l i f e  S e r v ic e ,  Bureau o f  S p o rt  F is h e r ie s  and W i l d l i f e ,

W i I d l i f e  Management I n s t i t u t e ,  and the Winous P o in t Research 

C om m ittee . The U n it  g ra n te d  me a f e l lo w s h ip  f o r  t|»e d u r a t io n  o f  the  

study .

The U. S. A tom ic  Energy Commission p ro v id e d  a g ra n t  through  

c o n tra c t  number AT (11—1 ) —967 (1 960 -63 ) f o r  a study o f  "New T ra c e r

Techniques f o r  E v a lu a t in g  th e  E f f e c t s  o f  an In s e c t ic id e  on th e  Ecology

o f  a Fores t Fauna." D r. V in c en t S c h u ltz ,  Environmental Sciences  

B ranch , D iv is io n  o f  B io lo g y  and M e d ic in e ,  A .E .C .  has been v e ry  

h e l p f u l .  I am most g r a t e f u l  f o r  t h e i r  s u p p o r t .  The a s s is ta n c e  o f  The 

Ohio S ta te  U n iv e r s i t y  Research F o undatio n  in  th e  a d m in is t r a t io n  o f  

t h i s  c o n t r a c t  (R .F .  1207) was a p p r e c ia te d .

The s t a f f  and f a c i l i t i e s  o f  th e  C e n tra l  S ta te s  F o re s t  Experim ent  

S t a t i o n ,  U. S. F o re s t  S e r v ic e ,  have been b e n e f i c i a l .  Generous 

p e rm is s io n  to  use th e  s tudy  a re a  and d a ta  on th e  a re a  is  g r e a t l y  

a p p r e c ia te d .  P a r t i c u l a r  thanks  a r e  due M r. E . A . Johnson and M r. 

Ronald Z .  W hipkey. D r .  Dave D o n ley , P r o je c t  L e a d e r ,  C e n tra l  S ta te s

i i i



i v

D iv is ion of Forest Insect Research, provided much valuable advice. The 

cooperation of the Muskingum Watershed Conservancy D is t r ic t  and i ts  

s t a f f  has been exemplary.

The counsel and energetic  assistance of Unit Leader Dr. Tony J. 

P e te r le ,  my major professor throughout these studies and research, 

have been invaluable. I deeply appreciate his in te res t and 

enthusiasm fo r  the study. For the pro ject he obtained special 

t ra in in g  a t Oak Ridge and did pre lim inary  laboratory studies fo r  

the handling of malathion and sample-plot organisms fo r  rad ia tion  

counts. He handled adm in is tra tive  correspondence fo r  the p ro je c t .

His help in reading and e d it in g  th is  d iss e rta t io n  is appreciated.

My reading committee consisted of Dr. George W. Ware, J r . ,

Dr. David Stansberpr, and Dr. Tony J. P e te r le ,  Chairman.

Dr. Lee Eberhardt, b io s ta t is t ic ia n ,  o ffered valuable advice. Mr. 

Larry E. FI inn, pro ject laboratory a s s is ta n t,  contributed s ig n i f ic a n t ly  

to the study. Mr. Richard White, graduate student, The Ohio State  

U n iv e rs ity , id e n t i f ie d ,  counted, and recorded a l l  arthropods. Mr. 

Timothy G. D ilw orth, pro ject f ie ld  a s s is tan t, conducted most o f the 

bird  counts and was very helpful in a l l  aspects o f the study.

I am without words to  express my thanks to my w ife  Mary Wilson 

whose in te re s t ,  encouragement, advice, and support have been 

necessary and appreciated. Most o f  the a r t  work presented is that of  

my brother George R. G iles  o f Lynchburg, V i r g in ia .  For his s k i l l  and 

in te re s t I am very g ra te fu l .  I wish to  thank Unit secretary , Miss 

Sharon A. M i l l e r ,  fo r  her assistance.



LIST OF TABLES

T a b le  Page

351. R a d io a c t iv i t y  o f  a m a la th io n -S  chromatogram ...............................  15

352 . R a d io a c t iv i t y  o f  a m a la th io n -S  chromatogram ...............................  16

3 . Basal a re a  o f  t im b e r  on th e  s tudy  a r e a ..............................................  32

k .  L i s t  o f  some v e g e ta t io n  o f  th e  s tudy  a r e a .........................................  39

5 .  S o i l  sample a n a ly s e s  from  w atersh ed  no. 1 ........................................  k2

6 . S o i l  sample a n a ly s e s  from w atersh ed  no. 2 ........................................  **3

7 .  Summary o f  sam pling  and o b s e r v a t io n a l  te c h n iq u e s  .....................  kS

8 .  Comparison o f  b i o lo g ic a l  e v e n ts ,  1961 and 1962   50

9 .  Summary o f  t r a c e r  p l o t  s pr ay  d a t a ..................................   55

10. Summary o f  t r e a tm e n t  methods and d e s c r ip t io n s  .............................. 67

11. S o i l  b a c t e r i a l  and fu n g a l p o p u l a t i o n s .................................................  I k

12. A rth ro p o d s  e x t r a c te d  from t r a c e r  p l o t  ny lon  bags ...................  8k

13. Summary o f  T a b le  1 2 ..............................................................................................  85

1*+. A rth ro pods  e x t r a c te d  from ny lo n  bags in  1962   86

15. C o r r e l a t i o n  c o e f f i c i e n t s  by s o i l  a r th ro p o d s  and

e n v iro n m e n ta l f a c to r s  ..................................................................................... 90

16. R eg ress ion  c o e f f i c i e n t s  f o r  s o i l  a r th ro p o d s  and

e n v iro n m e n ta l f a c to r s  ..................................................................................... 92

17. S o i l  a r th ro p o d s  p re s e n t  a t  th e  crash  s i t e  a f t e r  77 days . . 95

18. L i s t  o f  c ryp to zo a n  board specimens c o l le c t e d  .............................  98

19. C ryptozoans under t r a c e r  p l o t  bo ard s , 1961   100

20 . C ryptozoans under s tudy  a re a  boards 1961 -62  ..................................  101

21 . Earthworms observed under c ry p to zo a  b o ard s , 1961 -6 2  . . . .  106

22 . Earthworms reco vered  from  t r a c e r  p lo t s  ............................................  107

23 . Earthworm e x p u ls io n s  on s tudy  a r e a ,  1962   109
v



vi

Table Page

24. Contingency tab le  o f Table 2 3 .............................................................  109

25. Summary of results  of random sweep n e tt in g , 22 June 1961 . 119

26. Summary o f sweep net results  1962 ....................................................  122

27. R ad ioactiv ity  o f sweep netted arthropods ................................... 125

28. Sweep net samples from tracer  p l o t s .........................    127

29. Summary of Table 2 8 ................................................................................... 129

30. Results o f l ig h t  trap c o lle c t io n s , 1961-62   131

31. R ad ioactiv ity  of l ig h t  trap samples, 1 9 6 1 ..................................  136

32. R ad ioactiv ity  and size of major insect fam ilies  sampled

by 1 ight t r a p ............................................................................................  143

33. Arthropods collected by molasses traps on trac e r  p lots  . . 146

34. R ad ioactiv ity  and s ize  of N it id u lid a e  populations .................  151

35. R ad ioactiv ity  of arthropods from molasses traps . .................  152

36. Arthropods collected from trac er  p lo t s ticky  boards

28 August to 4 September 1 9 6 1 ...................................   157

37. Arthropods collected from trac er  p lo t s ticky  boards

4 September to 14 September 1961   159

38. Number o f arthropod fam ilies  on some trac er  p lots  not

found on o t h e r s ....................................... * .............................................. 161

39. Arthropods sampled by f l y  paper tree  bands  .........................  164

40. R ad ioactiv ity  of arthropods from catch cloths .......................... 168

41. E ffe c t  o f  malathion on Chironomidae, Chalcidoidea, and

to ta l catch c loth  samples ..................................................................  174

42. R ad ioactiv ity  o f catch c lo th  arthropods a f te r  15 May

t r e a tm e n t .....................................................................................................  177



v i  i

T a b le  Page

4 3 . R a d i o a c t i v i t y  o f  a r th ro p o d s  c o l l e c t e d  in  sunken cans,

1962    180

4 4 . A rth ro p o d s  c o l l e c t e d  a t  random, 1961 -6 2  .............................................. 181

4 5 . Summary o f  s tu d ie s  o f  m a la th io n  t o x i c i t y  to  f i s h .........................  186

4 6 . Comparison o f  e v a p o r a t io n  and p r e c i p i t a t i o n  w a te r  sample

a n a l y s e s .................................................................................................................... 195

4 7 . In s e c ts  c o l l e c t e d  from  th e  pond o f  s tream  No. 1, 3 hr

p o s t - t r e a t m e n t ................................................................................................ . 205

4 8 . A rth ro p o d s  c o l l e c t e d  from  a s tream  d r i f t  n e t ,  1962 . . . .  207

4 9 . E f f e c t  o f  m a l a t h i o n - S ^  on f i s h  in  bu ckets  on th e  t r a c e r

p l o t s .............................................................................................................................. 209

50 . C h e c k l is t  o f  r e p t i l e s  and am phib ians  ....................................................  215

5 1 . Salam ander p o p u la t io n s  under t a r  papers  ............................................... 218

52 . Summary o f  box t u r t l e  c a p tu re s  . . . . .  ...........................................  220

5 3 . R a d i o a c t i v i t y  o f  box t u r t l e  t i s s u e .........................................................  223

5 4 . Summary o f  s tu d ie s  o f  m a la th io n  t o x i c i t y  to  b i r d s  ...................... 227

5 5 . B reed in g  b i r d s  o f  th e  s tu d y  a r e a ..............................................................  232

5 6 . C h e c k l is t  o f  b i r d s  o f  th e  s tudy  a r e a ....................................................  233

5 7 . R a d i o a c t i v i t y  o f  b i r d  organs and t i s s u e ............................................... 238

5 8 . Animal a c t i v i t y  measured from  ground h o le s  in  a q u a d ra t  . . 266

59 . Summary o f  types  and i n t e n s i t y  o f  t r a p p in g  programs and

shrew c a p t u r e s ..................................................................................................... 270

6 0 . Summary o f  shrew c a p tu re s  a t  s p e c i f i c  lo c a t io n s  ...........................  276

6 1 . Comparison o f  shrew p o p u la t io n s  a s s o c ia te d  w i t h  v a r io u s

env i ronm ental f a c t o r s ...................................................................................... 277



vi i i

Table Page

62. Corre lation c o e ff ic ie n ts  of shrew, mice, and chipmunk

p o p u la t io n s ............................................................    278

63. P a r t ia l  regression c o e ff ic ie n ts  fo r  m u ltip le  regressions

of mammal observations on nine environmental factors . . 280

6k. Summary of shrew captives pre - and p o s t - t r e a tm e n t .................  281

6 5 . R ad ioactiv ity  of shrew tissue and organs ................................... 282

66. Comparison of the means of the to ta l number o f  mice

trapped at each trap site grouped according to

environmental factors ........................................................................... 291

6 7 . R ad ioactiv ity  of mice confined on the trac e r  p lots  . . . .  29^

68. Summary of number of times individual chipmunks were

captured in 1961-62 ......................................................................  296

69. Comparison of the means of to ta l chipmunks trapped at

each trap s i te  having common environmental factors  . . . 298

70. R ad ioactiv ity  of a chipmunk caged on a tracer p lo t  30

d a y s .............................................................................................................. 299

71. R ad ioactiv ity  of a chipmunk caged on a trac e r  p lo t fo r

62 d a y s .........................................................................................................  299

72. Mammal ec to - and e n d o -p a ra s ite s ...............................................  305

73. R ad ioactiv ity  o f  spray assessment discs from the 25 May

treatment, watershed no. 1    . 327

7k. R ad ioactiv ity  o f spray assessment discs from the 25 May

treatment, watershed no. 2 .............................................................. 328

75- Comparison of methods o f  assessing spray drop let sizes ’’

and actual rates o f app lica tion  on paper cards .................. 331



i x

T a b le  Page

7 6 . V e g e t a t iv e  s t r a t a  d e n s i t y  r a t in g s  and TFR v a lu e s ,

w ate rsh ed  no. 1 ............................................................................................  342

7 7 . V e g e t a t iv e  s t r a t a  d e n s i t y  r a t in g s  and TFR v a lu e s ,

w ate rsh ed  no. 2 . . . .............................................................................  343

7 8 . P a r t i a l  re g re s s io n  c o e f f i c i e n t s  f o r  m u l t i p l e  re g re s s io n s

o f  in s e c t i c i d e  d e p o s i t io n  on v e g e t a t i v e  s t r a t a  d e n s i t i e s .  345

7 9 . P r o p o r t io n a l  in f lu e n c e  o f  f o r e s t  s t r a t a  on th e  amounts o f

i n s e c t i c i d e  a c t u a l l y  re a c h in g  th e  ground ...................................  346

8 0 . A i r  samples from two lo c a t io n s  on 15 and 25 M a y ................  350

8 1 . D i s t r i b u t i o n  o f  m a la th io n -S ^ * ’ under th e  shrub canopy . . . 356

8 2 . D i s t r i b u t i o n  o f  m a l a t h i o n - S ^  w i t h i n  th e  l i t t e r  and s o i l

o f  t r a c e r  p l o t .............................................  357

8 3 . D i s t r i b u t i o n  o f  ma1a th io n -S ^ 5  th roug h  v a ry in g  la y e r s  o f

l e a v e s ................................................................................................................  359

8 4 .  D i s t r i b u t i o n  o f  m a la th io n -S ^ * ’ in  s o i l .........................................  360

8 5 .  R a d i o a c t i v i t y  o f  t r a c e r  p l o t  c ry p to z o a  boards . . . . . . .  361

358 6 . In t e r n a l  movement o f  m a la th io n -S  w i t h i n  th e  s o i l

measured from  s t a k e s .............................................................................  366

8 7 . M echan ica l s o i l  a n a ly s is  o f  s o i l  near p la n e  c rash  s i t e  . . 371

8 8 . R a d i o a c t i v i t y  o f  s o i l  cores  ta k e n  n ea r  th e  c ras h  . . . . .  372

Append i x 
T a b le s

1. L i s t  o f  t r e e  and p l a n t  n a m e s ..............................................................  401

2 . L i s t  o f  v e r t e b r a t e  names .  ......................................................................  402



X

Append i x
Tables Page

3. Corre lation c o e ff ic ie n t  m atrix  fo r some c h arac te r is tics

of the 46 grid in tersections of the study area ...................  403

4. Checklist o f the a r th ro p o d s ...................................................................  404

5. Phenologically comparable dates ..........................................................  412

6. O ribatid  mites collected from nylon bags, 1962   413

7. Non-oribatid mites collected from nylon bags, 1962 . . . .  4 l4

8. Collembola collected from nylon bags, 1962   415



LIST OF FIGURES

F i g u re
Number Page

1. L o c a t io n  o f  th e  s tu d y  a re a  in  Tuscarawas C ounty , Ohio . . 28

2 .  A e r i a l  ph o to g rap h  o f  s tu d y  a re a  and v i c i n i t y .......................  29

3. T o p o g ra p h ic  map o f  th e  s tu d y  a r e a ................................................  30

4 .  V e g e t a t iv e  t r a n s e c t  ............................................................................................  33

5 . V e g e t a t iv e  t r a n s e c t  d e s c r i p t io n  .............................................................. 35

6 . Seasonal photographs  o f  s tu d y  a r e a ........................................................  36

7 . Seasonal ph otographs  o f  s tu d y  a r e a ........................................................  37

8 . Seasonal ph otographs  o f  s tu d y  a r e a ........................................................  38

9 .  Comparisons o f  p l a n t  g row th  f o r  p h e n o lo g ic a l  c o r r e l a t i o n  . 48

10. Comparison o f  d a te s  o f  b i o lo g ic a l  e v e n ts  ........................................  51

11. Map o f  t r a c e r  p l o t s ........................................................................................... 53

12. P r o t e c t i v e  c lo t h in g  and sp ra y  equipm ent used on th e

t r a c e r  p l o t s  .......................................................................................................... 54

13. L a b o ra to ry  a p p a ra tu s  ............................................................................................  62

14. A i r c r a f t  used w i t h  bo th  t r e a t m e n t s ................................................  66

15. B e r le s e  f u n n e l s .............................................................................................  82

16. Comparison o f  1962 m ite  p o p u l a t i o n s ...................................................  88

17. Comparison o f  1962 C o llem b o la  p o p u la t io n s  ....................................  89

18. R ecovery r a te s  o f  a r th ro p o d  p o p u la t io n s  in  n y lo n  bags . . 93

19. T h ys a n u ra , s p id e r s ,  and C o lle m b o la  under c ry p to z o a  b o ard s ,

1962 ..................................................................................................................................  1 03

2 0 . T o ta l  c ryp to zo a n s  under boards in  1 9 6 1 -6 2  .................................... 104

2 1 . L o c a t io n  o f  fauna  1 sam p lin g  d e v i c e s ...........................................  118

2 2 . T o ta l  a r th ro p o d s  c o l l e c t e d  by sweep n e ts ,  1962 ........................... 121

x i



xi i

Figure
Number Page

23. Insect b lack lig h t t r a p s ........................................................   130

24. Light trap samples o f G e o m e tr id a e ........................................... 135

25. Response o f molasses trap arthropods to malathion . . . .  148

26. N it id u lid a e  populations in molasses traps, 1962   150

27. Mean d a i ly  insects sampled by tracer p lo t s ticky  boards . 160

28. Mean to ta l and number o f midges and chalcid f l i e s

collected on catch c lo ths, 1962   175

29. Total arthropods and Sciaridae measured from trac e r  p lo t

catch trays , 1961   178

30. Relationship of r a in f a l l ,  streamflow, and ra d io a c t iv ity

of water from stream no. I ,  1962 ................................................  199

31. Diagram of snake and box t u r t le  t r a p ......................................  214

32. Diagram of t u r t le  numbering system .................................................  219

33. Locations o f re p t i le s  on the study a r e a .............................. 221

3k. Transect fo r  bird population s t u d i e s ......................................  231

35. Breeding t e r r i to r y  map of birds o f the study area . . . .  234

36. Map of Ruffed Grouse a c t i v i t y ...................................................  236

37. Trapping patterns used in home range s t u d i e s ....................  250

38. Vegetation of area on which home range was studied . . . .  251

39. Location o f  a set o f random trapping s ta tio n s , 1961 . . 254

40. Diagram of one o f 46 standard sampling r o s e t t e s ............ 255

41. Live traps used in the s t u d y .......................................................  258

42. Route used d a i ly  fo r  trapping and f ie ld  observations . . . 261

43. Wire funnel used fo r  handling m am m als .................................  263



x i i i

F i gure
Number Page

4 4 . Mammal a c t i v i t y  as measured from  fe e d in g  a lo n g  a

t r a n s e c t ..................................................................................................................  267

4 5 .  Number o f  t im es  in d iv id u a l  mice w ere  t ra p p e d ,  1961-62  . . 285

4 6 .  Summary o f  response o f  m ice to  v a r io u s  t r a p  p lacem ent

p a t t e r n s ..................................................................................................................  286

4 7 .  In f lu e n c e  o f  t r a p  spac ing  on t r a p p in g  success in  shrews,

m ic e , and c h i p m u n k s ....................................................................................  287

4 8 .  Comparison o f  e s t im a te d  mouse and chipmunk p o p u la t io n s

by w atersh ed  and y e a r ................................................................................ 289

4 9 . C u m u la t iv e  number o f  m ice and chipmunks 11 removed" from

th e  s tudy  a r e a ...................................................................................................  293

5 0 .  Chipmunk p o p u la t io n  e s t im a te  by th e  method o f  p r o je c t io n

o f  fre q u e n c y  o f  c a p tu re  o f  l i v e  a n im a ls  and summations . 295

51 . L o ca t io n s  o f  woodchuck b u r r o w s ..................................................................  303

5 2 . D is p e rs a l o f  th e  15 May a p p l ic a t io n  as measured from

d i s c s .......................................................................................................................  323

5 3 . D is p e rs a l o f  th e  15 May a p p l i c a t i o n  as measured from

green c a r d s .....................................................................   334

5 4 . D is p e rs a l o f  th e  25 May a p p l i c a t i o n  as measured by

maximum and mean r a d i o a c t i v i t y  o f  c a r d s ...................................  335

55 . Comparison o f  d is p e r s a l  o f  th e  25 May a p p l i c a t i o n  as

measured by mean, maximum, and c o r re c te d  maximum 

r a d i o a c t i v i t y  o f  d is c s  ................................................................................ 336

56 . D is p e rs a l  o f  th e  25 May a p p l i c a t i o n  as measured from  mean

and maximum r a d i o a c t i v i t y  o f  a l l  assessment p o in ts  . . . 337



xi v

Figure
Number Page

57. One-day "ra inout"  o f insectic ide  from the fo res t from the

25 May a p p l i c a t io n ...............................................................................  339

58. Three-day "ra inout"  of insectic ide  from the fo res t from

the 25 May a p p l i c a t io n ......................................................................  3^0

59. R ad ioactiv ity  o f  a i r  samples from the 15 May

a p p l i c a t i o n ............................................................................................  351

60. R ad ioactiv ity  of a i r  samples from the 25 May

a p p l i c a t i o n ............................................................................................  352

61. Location o f suspended glass discs in trees along a

transect and v e r t ic a l  d is t r ib u t io n  o f spray ......................  353

62. Method fo r  measuring spray d is t r ib u t io n  under the shrub

c an o p y .........................................................................................................  355

63- V a r ia b i l i t y  o f ra d io a c t iv ity  over trac e r  p lo t  cryptozoa

b o a r d s .........................................................................................................  362

6*+. Topographic map and cross-sections o f the area around the

plane c r a s h ............................................................................................  367

6 5 . D is tr ib u t io n  of insectic ide  around the plane crash . . . .  369

66. Cross-section of the so il below the crash s i te  showing

insectic ide  movement ........................................................................... 373



JUSTIFICATION: NEED FOR RESEARCH ON THE
ECOLOGICAL EFFECTS OF INSECTICIDES

THE PROBLEM

One o f  man's g r e a t e s t  problems is  m is ta k in g  th e  p e rc e p tu a l w o rld  

f o r  t o t a l  r e a l i t y .  Man e a s i l y  p e rc e iv e s  th e  economic im portance o f  

in s e c ts  -  t h e i r  b e n e f i t s  and d e s t r u c t io n .  He encourages o r  manages 

th e  b e n e f ic i a l  ones f o r  in c re a sed  b e n e f i t s ,  d e s tro y s  harm ful ones in  

o r d e r  to  d ecrease  economic loss  and annoyance. In s e c t ic id e s ,  a lo n g  

w i th  c u l t u r a l  and b i o lo g ic a l  c o n t r o ls ,  have been a m ajor e f f e c t i v e  

to o l  in  red u c in g  e f f e c t s  o f  harm fu l in s e c ts .  They have , however, 

produced many obvious e f f e c t s  on o th e r  forms o f  a n im a ls  and on 

p la n t s  e s s e n t ia l  to  s a t i s f a c t o r y  e c o lo g ic a l  fu n c t io n  o f  com m unities  

and to  man w i t h i n  th es e  com m unities . Less obvious  e f f e c t s  on p la n ts  

and a n im a ls ,  long o v e r lo o k e d  by competent e c o lo g is t s ,  a r e  be ing  

d is c o v e re d  a t  a r a te  which causes th o u g h t fu l  p eo p le  to  be a larm ed  

o v e r  th e  rem ain ing  unknown. E n g l is h  (1 9 5 5 :2 8 0 )  s ta te d  t h a t  " w h i le  

we may d e p lo re  m is ta ke s  t h a t  have been made, we cannot j o i n  w h o le 

h e a r te d ly  those  who a r e  a lw ays  a f r a i d  o f  u p s e t t in g  th e  'b a la n c e  o f  

n a t u r e 1. . . .  Man is  in t e r e s t e d  in  u p s e t t in g  th e  b a la n c e  o f  n a tu re  in  

h is  own f a v o r . "  Such a s ta te m e n t may be as a rg u m e n ta t iv e  as r e a l .  

N e v e r th e le s s ,  i t  is  { incom patib le  w i t h  A ld o  L e o p o ld 's  (19^9 ) concept  

o f  a land e t h i c ,  o f  man l i v i n g  in  harmony w?th n a tu r e ;  i t  d e n ie s  th e  

in te rd e p e n d en ce  o f  man w i t h  h is  t o t a l  n a tu r a l  e n v iro n m e n t ,  and in  

p a r t  e x p la in s  th e  e c o lo g ic a l  unawareness and d is r e g a r d  t h a t  has 

c h a r a c te r iz e d  some use o f  in s e c t ic id e s .



The e ffe c ts  of pest con tro l, besides spectacular expected ones, 

have been subtle and have in d ire c t ly  touched almost everyone. The 

eco lo g is t,  unable to maintain current studies on the e ffe c ts  of 

insectic ides since the explosive use o f DDT and other organic com

pounds beginning in the mid 19^0's, has generalized on the e ffe c ts  of 

insectic ides from ex is t in g  ecological p r in c ip le s . Economic facts  

and ecological g e n e ra lit ie s  have been in opposition, and the la t t e r  

have met with l i t t l e  acceptance.

There is widespread speculation among ecologists and conser

v a t io n is ts  that elements o f nature and th e ir  dynamic in te r r e la t io n 

ships may be so adversely a ffected  by insectic ides that problems 

even greater than the one fo r  which the toxicant was used may a r is e .  

Aldo Leopold (1953:1^7) presented the wise saw that "To keep every 

cog and wheel is the f i r s t  precaution of In te l l ig e n t  t in k e r in g ."

This a t t i tu d e  is also re flected  by Cottam (1960:^5) who said, 

"Preservation and conservation is fa r  b e tte r  than costly  re s to ra t io n ."  

These a tt itu d e s  are in d ire c t  opposition to that of F. C. Bowden 

(Worthington, 1959:1100) who, unable to quote any case where the 

secondary trouble had resulted in greater economic loss than the 

primary one, concluded th a t ,  on the whole, there was always a net 

gain from in sectic id e  use.

O b je c t iv ity  in resolving a problem which deals with aesthetics  

as well as economics is very d i f f i c u l t .  Emotionalism seems to be one 

o f the metabolites o f  applied in sectic id es . Such d isquie t is ,  in 

large p a r t ,  fear o f the unknown immediate and a f te r  e f fe c ts  of the 

use of an apparent boon to mankind. The resu lts  o f studies to date



h e lp  l i t t l e ;  th e y  ask  more q u e s t io n s  than th e y  answ er. In s e c t ic id e  

u se , as y e t ,  has few  answers t h a t  f a l l  in t o  c a te g o r ie s  p f  b la c k  o r  

w h ite  -  use o r  do not use; in s e c t ic id e  e f f e c t s  on th e  n a tu r a l  

ecosystem  a r e  a zone o f  g ra y .  I t  is  obvious t h a t  much re s e a rc h  is  

needed, bu t i t  is  u n r e a l i s t i c  to  e x p e c t a m ora to rium  on in s e c t ic id e  

use u n t i l  man's s c i e n t i s t - s e r v a n t s  have p ro v id e d  a l l  answers to  

q u e s t io n s  about s a fe  use. I t  is  r e a l i s t i c  to  r e q u ir e  t h a t  a l l  a v a i l 

a b le  knowledge be used to  d e c id e  w h eth er an in s e c t ic id e  is  needed, 

and i f  so , w hich one; t h a t  c a u t io n  be used in  b a la n c in g  known e f f e c t s  

w i t h  p o t e n t i a l  h a za rd s ;  and t h a t  use be in  a method, a rea , season, 

t im e ,  q u a n t i t y ,  and fo r m u la t io n  t h a t  w i l l  p r o v id e  minimum hazards  to  

man and h is  e n v iro n m e n t. Such an i d e a l i s t i c  s i t u a t i o n  seems o n ly  

p o s s ib le  in  a w e l l - in f o r m e d ,  c o n s e r v a t io n -e d u c a te d ,  d e m o c ra t ic  s o c ie ty  

t h a t  has p ro v id e d  f o r  i t s e l f  a t e c h n i c a l l y  com petent m anageria l  

o r g a n iz a t io n  w i t h  p o l i c y  and a u t h o r i t y .

W idespread and in t e n s iv e  programs o f  in s e c t i c i d e  use have caused 

many p e o p le  concern o v e r  t h e i r  p o s s ib le  e c o lo g ic a l  e f f e c t s .  I t  is  

d i f f i c u l t  to  a p p r a is e  w h eth er  an a p p l i c a t i o n  is  w idespread  when 

an a i r c r a f t  sprays  a ton o r  when 1000 p e o p le  each use 2 pounds o f  

p o ison  in  t h e i r  g a rd en s . N e v e r th e le s s ,  w i t h i n  undeterm ined l i m i t s ,  

any in s e c t ic id e  use c r e a te s  a new env ironm ent p r o p o r t io n a l  t o  th e  

r a t e  and a re a  o v e r  which i t  is  used. R e s u lts  have been and w i l l  

c o n t in u e  t o  be chem ical p o l l u t i o n  o f  man's e n v iro n m e n t.

Most e c o lo g is t s  w i l l  a d m it  t h e i r  i n a b i l i t y  to  say w h eth er  th e  

we11-documented re p o r ts  o f  w i l d l i f e  losses  from  i n s e c t i c i d a l  programs  

a r e  s i g n i f i c a n t  o r  n o t .  The immense problem s o f  d e t e c t in g  and
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measuring e ffe c ts  o f insectic ides are compounded by problems of

evaluation of s ign ificance of changes in terms that can be equated to

human mental and physical hea lth , to  economics, to  recreation , and

to aesthetics . The expression of s ign ificance w i l l  be produced by

experienced s c ie n t is ts  working w ith  wise s p e c ia lis ts  in the f ie ld s  to

which ecological loss must be equated. Ecological techniques,

knowledge, and wisdom are not yet a v a i la b le  fo r  the task.

George (1957:11) explored the problem o f the re la tionsh ip  and

expression o f ecological e f fe c ts  o f  insectic ides on humans. He stated

(1957:39) that so fa r  as he knew,

. . . t h e r e  has been no thorough study done on any s ingle  
area over a reasonably long period of time. A funda
mental population study dealing w ith  known marked in 
d iv iduals  over a period o f time is long overdue. U ntil  
a study of th is  nature is undertaken, there w i l l  be no 
answer to charges that the b io t ic  balance o f an area is 
being seriously  upset. The in te ra c tio n  o f b io t ic  changes 
in h a b ita t ,  population density , biogeochemical cycles, 
food change, e tc .  is  not an easy matter to study. Results 
w i l l  not be forthcoming in a s ingle  year or even, in 
some cases, several years. Yet eventua lly  fundamental 
studies o f  th is  nature must be done unless we are to  
continue in a s ta te  o f ignorance, possibly dangerous 
i gnorance.

George (1957:35 f f )  and Leedy (1959) outlined research needs that  

combine laboratory and f ie ld  studies.

Hickey (1961), Glen (195*0, Beard (1960:21), Wallace (1960:67),  

DeWitt and George ( i960:**), Hoffman and Drooz (1953:187), and 

Linduska (1952:147), pointed out the major problems o f d iagnostic  

work on the e f fe c ts  o f insectic ides . "Attempts to work out the 

e f fe c t  o f  an in sec tic id a l treatment on a whole ecological system have 

seldom been carried  out. This type o f research requires h ighly



o rg a n iz e d  team w o rk , and i t  is  b e s e t  by sam p lin g  problem s t h a t  a r e  

o f t e n  q u i t e  d i f f i c u l t  to  r e s o lv e "  (H ic k e y ,  1 9 6 1 :2 5 ) .  Y eager (1 9 5 6 :2 6 4 )  

s ta te d  t h a t  even though s e v e ra l  thousand t i t l e s  a r e  a v a i l a b l e  on 

e f f e c t s  o f  in s e c t ic id e s  on w i l d l i f e ,  e v a lu a t io n  o f  such lo sses  is  

p r e s e n t ly  im p o s s ib le .  He a t t r i b u t e d  i n a b i l i t y  o f  th e  a n a ly s t  to  

" t h e  la c k  o f  r e s u l t s  from  c o n t r o l l e d  e x p e r im e n ta t io n ."

The p o s s ib le  d e t r im e n ta l  e c o lo g ic a l  e f f e c t s  o f  an in s e c t i c i d e  

a p p l i c a t i o n  g lean ed  from  th e  l i t e r a t u r e  and based on e c o lo g ic a l  

p r i n c i p l e s  is  a m a z in g ly  com plex; few  e f f e c t s  a r e  m u tu a l ly  e x c lu s iv e .

The b a s ic  e f f e c t  is  th e  r e d u c t io n  in  e f f i c i e n c y  o f  th e  ecosystem  

fo l lo w in g  reduced e n erg y  and n u t r i e n t  c y c l in g  r a t e s .  Anim al popu

l a t i o n  changes, in c re a s e s  in  some, d e c rea s e s  in  o t h e r s ,  o ccu r from  

d i r e c t  and secondary  m o r t a l i t y ;  reduced r e p r o d u c t iv e  p o t e n t i a l  and 

s u r v iv a l  o f  young; in c re a s e d  s u s c e p t i b i l i t y  to  p r e d a t io n ;  s e le c t i o n  

f o r  in s e c t i c i d e  r e s is t a n c e ;  and a l t e r e d  b e h a v io r  p a t t e r n s  in c lu d in g  

f e e d in g .  E l to n  (1 9 5 8 :1 4 2 )  has re p o r te d  reduced crop  p r o d u c t i v i t y  

f o l lo w in g  use o f  in s e c t i c i d e s ,  p ro b a b ly  due t o  a l t e r e d  m e ta b o l ic  

a c t i v i t y  o f  th e  s o i l  community.

These e f f e c t s  c l e a r l y  i n d ic a t e  th e  c o m p le x i ty  o f  th e  p ro b lem ,  

th e  needs f o r  c o n f i r m a t io n  o r  r e f u t a t i o n  o f  each i te m , and th e  gaps 

in  knowledge o f  n a tu r a l  f i e l d  b io lo g y  and th e  e f f e c t s  o f  u n n a tu ra l  

f a c t o r s  upon l i f e .

Among th e  l e a s t  known e f f e c t s  o f  in s e c t ic id e s  a r e  c h r o n ic  o r  

lo n g -ra h g e  e f f e c t s  o f  re p e a te d  s u b le th a l  exposure  o f  a n im a ls  t o  

in s e c t ic id e s  (G eorge , 1 9 5 7 :2 4 ) .  L i t t l e  is  known abou t th e  re a l  

d i f f e r e n c e  between t o x i c i t y  and h a z a rd . The prob lem  is  e s p e c i a l l y



acute in aquatic environments where low d i lu t io n s  of leached and

eroded poisons enter the streams (T a rzw e ll, 1959:139). Animals tend to

s u ffe r  m orbid ity , not m o r ta l i ty ,  and the a f te r e f fe c ts  on growth,

reproduction, and normal behavior and la te r  death are unknown. See

Cottam ( I9 6 0 :MO, DeWitt, e t  a K  (1960:2 ), Zavon (1958:12), and

DeWitt and George (1960:16).

A. C. Worrell (Conservation Foundation, 1959:22) stated that:

. . . t h e r e  is no va lid  way to resolve these c o n f l ic t in g  
valuations in a q u a n tita t iv e  measurement o f the public  
in te r e s t . . . . I t  may not always be possible to show that  
a p a r t ic u la r  use o f pestic ides is completely ben e fic ia l  
or even that i t  represents the best compromise o f in *  
te re s ts .

He contended that major pestic ide  decisions are l i k e ly  to  be s a t is 

fac to ry  i f  the process followed in making them conforms to the 

fo llow ing c r i t e r i a :  ( l )  bringing a l l  a v a i la b le  facts  to bear on the

decis ion, (2) considering the value preferences of the p u b lic , (3) 

considering leg it im ate  public  in te re s ts , (k) protecting  resources 

and organisms that w i l l  be harmed needlessly, (5) investigating  the 

the pestic ides and th e ir  to ta l  e f fe c ts ,  (6) educating the public  

to dangers and proper use o f poisons, and (7) protecting  the public  

from worthless pestic ides or misrepresentation o f e f fe c ts .

Additional l im ita t io n s  might be that app lications  be made w ith the 

safest a v a i la b le  m ateria ls  and methods where there is an emergency 

need, and where less d ra s t ic  controls cannot be reasonably employed. 

Though some a lte rn a te  methods may be more costly  than in sec tic id es ,  

George (1959:253) contended that the public  w i l l  genera lly  support 

the sa fer operation. Hickey (1961:18) said that i f  a l l  hypotheses
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abou t an in s e c t  c o n tr o l  program a r e  t r u e ,  then w i l d l i f e  lo ss  may 

s im p ly  be a p a r t  o f  th e  p r ic e  t h a t  s o c ie ty  has to  pay in  th e  long run .

Many q u e s t io n s  have been ra is e d  about th e  uses and e f f e c t s  o f

i n s e c t i  c id e s .

These a r e  q u e s t io n s  w hich an e n l ig h te n e d  c i t i z e n r y
is  e n t i t l e d  to  as k  bu t n o t a lw ays  a b le  to  ju d g e .  In  th e
modern te c h n o lo g ic a l  w o r ld ,  we s t i l l  want th e  te c h n ic a l  
e f f i c i e n c y  o f  m a n ag e ria l government w i t h  th e  t r a d i t i o n a l  
r e s p o n s i b i l i t i e s  o f  p u b l ic  s e rv a n ts  in  a democracy.
What appears  to  be la c k in g  in  in s e c t - c o n t r o l  m ach inery  o f  
some s t a te s  is  an a d m in i s t r a t i v e  r e a l i z a t i o n  o f  th e  
em o tio n a l im pact o f  modern in s e c t ic id e s  on th e  p u b l ic  
m ind, an a le r t n e s s  to  a l l  th e  q u e s t io n s  t h a t  a r e  
p u z z l in g  c o n s e rv a t io n  minded p e o p le ,  a w i l l i n g n e s s  to  
a d m it t h a t  w i l d l i f e  losses  a r e  ta k in g  p la c e  under  
c e r t a i n  c o n d i t io n s ,  and a sense o f  r e s p o n s i b i l i t y  to  show 
e x a c t ly  how th e s e  losses  a r e  b e in g  kept to  a minimum and why 
th e s e  lo sses  a r e  j u s t i f i e d .  When th e s e  a r e  la c k in g ,  p u b l ic  
f e a r s  re g a rd in g  an en tre n c h e d  bu rea u crac y  a r e  bound to  
mount (H ic k e y ,  1 9 6 1 :1 5 ) .

O nly  w i t h i n  th e  atm osphere o f  th e s e  t r a i t s  can sound, p ro g re s s iv e

re se a rch  on in s e c t ic id e s  and e co lo g y  be conducted .



OBJECTIVES AND SCOPE

The ob jectives of th is  study were (1) to determine the e ffe c ts  of  

an a e r ia l  app lica tion  of malathion to one of two ad jo in ing , forested  

watersheds, and (2) to develop techniques fo r  the f ie ld  study o f an 

isotope-labeled in sec tic id e  tha t w i l l  permit (a) the rapid location  

of the insectic ide  and i ts  metabolites In le tha l and sub-lethal 

q u an tit ie s  w ith in  the ecosystem; (b) the determination o f the e ffe c ts  

o f the in sectic id e  on species in te ra c tio n  such as predator-prey  

re la t io n s ;  and (c) the study o f s o i1-w a te r-in s e c t ic id e  re la tions  

w ith in  the watersheds.

F u lf i l lm e n t  o f these ob jectives was sought in three pro ject  

subdivisions. Sub-project I ,  Faunal Studies, concentrated on 

measurement of population d ifferences before and a f t e r  spraying. 

Sub-project I I ,  Preparation and A pplication  o f an Isotope-Labeled  

In se c tic id e , dea lt  w ith  the methodology o f  preparation , acquis it ion  

a p p lic a t io n , and measurement o f q u an tit ies  o f m a la th io n -S ^ .  

Sub-project I I I ,  Fate of the In sectic id e  Following A pp lication ,  

studied the d is t r ib u t io n  and re -d is t r ib u t io n  of malathion and i t s  

e ffe c ts  w ith in  the ecosystem.

The f ie ld  and laboratory p ro jec t was conducted during 2 years. 

Some factors  which lim ited  the scope o f the pro ject were funds; 

time required to cover the study area; a v a i l a b i l i t y  o f competent, 

q u a l i f ie d  assis tants; and l im ita t io n s  in e x is t in g  techniques and 

the a b i l i t y  to develop new ones to  obtain needed information.

C rite r ia  for the study area were: remote, forested, essentia lly  

natural, having streams, and preferably with stream gaging and

8



and m e te o r o lo g ic a l  equ ipm ent in  o p e r a t io n .  A s tu d y  o f  two 2 0 -a c r e  

w ate rsh ed s  w i t h  t h e i r  in c l u s iv e  p o p u la t io n s  was a d o p te d . The reasons  

f o r  t h i s  s e le c t i o n  w e re : (1 )  th e  c o s t  and ad eq u ate  s u p e r v is io n  o f

in t e n s iv e  s tu d ie s  on sm all p l o t s  o v e r  a la r g e  a re a  w ere  p r o h i b i t i v e ,  

e s p e c i a l l y  in  l i g h t  o f  e x i s t i n g ,  q u e s t io n a b ly -a c c u r a te  fauna  1 

sam p lin g  and census te c h n iq u e s ;  (2 )  th e  w a te rsh ed  was b e l ie v e d  to  

be th e  s m a l le s t  p r a c t i c a l l y  m anageable n a tu r a l  land u n i t  w i t h  some 

fa u n a l i s o l a t i o n  and p o t e n t ia l ly - m e a s u r a b le  fa u n a l i n t e r a c t i o n s ;

(3 )  the  watersheds s e le c te d  were the  la rg e s t  areas  p r a c t ic a l  fo r  

study w ith  the  tim e and funds a v a i l a b le  to  meet the  o b je c t iv e s  o f  

the  p r o je c t ;  (4 )  these areas  were considered the  s m a lle s t  s u i ta b le  

fo r  a ty p ic a l  a e r ia l  a p p l ic a t io n  from which might be d e te c te d  the  

p o s s ib le  cu m ula tive  o r  i n t e r - r e l a t e d  e f f e c t s  on an in s e c t ic id e  on 

w id e -ra n g in g  mammals, b i r d s ,  and r e p t i l e s .  The t r e a te d  area  

p ro b ab ly  responded to  th e  in s e c t ic id e  tre a tm e n t more n e a r ly  l i k e  

a small p u b l ic  o r  p r iv a t e  woodland p a rk  than a f o r e s t .

J u s t i f i c a t i o n s  f o r  a d jo in in g  t r e a tm e n t  and n o n - t re a tm e n t  a re a s  

w e re :  (1 )  g e n e r a l l y ,  th e  c lo s e r  th e  a re a s  were to  each o t h e r ,  th e

more homogeneous th e y  w e re ,  (2 )  t r a v e l  t im e  between a re a s  was 

m in im al a l lo w in g  o b s e r v a t io n s  to  be made on bo th  a re a s  w i th o u t  t im e -  

la p s e  v a r i a b l e s ,  (3 )  i f  c o n ta m in a t io n  o f  th e  check a r e a  o c c u rre d  in  

amounts d e c re a s in g  w i t h  d is ta n c e  from  th e  t r e a t e d  a r e a ,  and i f  

e f f e c t s  w ere  observed in  d e c re a s in g  m agnitu de  w i t h  d is ta n c e  from  th e  

a r e a ,  f u r t h e r  c r e d i b i l i t y  would be l e n t  to  c o n c lu s io n s  ab o u t e f f e c t ,  

however s l i g h t .  Both s p a t ia l  g r a d ie n t s  as w e l l  as tem pora l g r a d ie n ts  

o f  m eas u rab le  in f lu e n c e  w ere  t h e o r e t i c a l l y  p o s s ib le .
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The general approach to the problem was, there fo re , to study 

as in tensive ly  as possible the ecology o f two ad jo in ing , forested  

watersheds fo r  1 year; to spray a e r ia l ly  one o f  these in the spring 

of the second year w ith m a la th ion -S ^; and observe the e ffe c ts  of 

the insectic ide  and i ts  d is t r ib u t io n  w ith in  the ecosystem as 

compared to the untreated watershed.



MALATHI ON IN FOREST INSECT CONTROL

F o re s t  in s e c ts  a cco u n t f o r  a lo ss  o f  o n e - f o u r t h  o f  th e  annual 

p r o d u c t io n  o f  f o r e s t  p ro d u c ts  in  th e  U n ite d  S ta te s  (N a t io n a l  Academy 

o f  S c ie n c e ,  1 9 6 2 :3 0 ) .  B e n e d ic t  ( 1 9 5 9 :2 4 5 -4 6 )  d e s c r ib e d  th e  broad  

ty p e s  o f  lo s s e s .  C ra ig h e ad  and H u tc h in s  ( 1 9 5 1 : 5 ) ,  P re b b le  (1 9 5 9 :2 5 5 )  

and Y u i l l  and I s l e r  (1 9 5 9 :2 6 3 )  o u t l in e d  th e  f o r e s t  in s e c t  t h r e a t  

and th e  h i s t o r y  o f  th e  deve lopm ent o f  f o r e s t  in s e c t  c o n t r o l .  Forbes  

and Meyer ( 1 9 5 6 : 8 : 3 )  and B e n e d ic t  (1 9 5 9 :2 4 7 )  d isc u s s ed  c o s ts .

In s e c t  damage has begun to  ta k e  in c re a s in g ly  r e a l i s t i c  form as 

human demands fo r  f o r e s t  products and consequent cost p er  f o r e s t -  

product u n i t ,  in c lu d in g  r e c r e a t io n ,  have increased; as new f o r e s t  

com position has developed fo l lo w in g  h a rv e s t ;  and as f o r e s t  management, 

e s p e c ia l l y  on th e  small f o r e s t ,  has f a l l e n  behind u t i l i z a t i o n .  Losses 

a re  g re a t  because in s e c t  a t ta c k s  occur o v e r iw id e  areas  in v o lv in g  

many ownerships th a t  a re  not u n ite d  in  a c o o p e ra t iv e  c o n tro l e f f o r t .

As l a t e  as 1959 , l i t t l e  work had been done w ith  m ala th io n  in  

fo r e s ts  and th e  compound was considered o n ly  prom is ing ( Y u i l l  and 

I s l e r ,  1 9 5 9 :2 6 4 ) .  Though less  to x ic  to  in s e c ts  than DDT, th e  most 

w id e ly  used f o r e s t  in s e c t ic id e ,  i t  has th e  advantages o f  being  

e s s e n t i a l l y  n o n to x ic  to  warm blooded an im als a t  p re s c r ib e d  a p p l ic a t io n  

r a te s .  I t  has most f r e q u e n t ly  been used on c o n i f e r s .  Schuder 

( I 9 6 0 )  rep o rted  on i t s  use a g a in s t  th e  bagworm (T h y r id o p te ry x  

ephemeraeforro?s) . Stephenson (1 9 5 8 :2 1 0 )  using i t  a g a in s t  Nantucket  

p in e  moths (R hvacionia  f r u s t r a n a ) a t ta c k in g  l o b l o l l y  (Pinus ta e d a ) 

and sh o rt l e a f  p in e  (Pinus echi n a ta ) p la n t a t io n s ,  found t re e s
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protected w ith a water emulsion of 0.5% malathion grew 2.1 f t  t a l l e r  

than controls. Michelbacher (195*0 found that n ico tine  rather than 

malathion allowed natural agents to function in walnut aphid 

(Chromaphis juqlandicola) control in C a l i fo rn ia .  Four per cent 

dust o f  malathion gave control o f rose chafer (Macrodactylus 

subspinosus) on walnut trees (JugIans sp.) during June 1953 and a 

rapid k i l l  o f a heavy b l is t e r  beetle  (Epicauta sp.) in fes ta t io n  on 

mimosa trees (Acacia sp.) (T inger, J. H ., pers. correspondence, I960 ).  

Used as a dip to prevent d e te r io ra t io n  o f pulp s ticks a t the m i l l ,  i t  

was not as e f fe c t iv e  as other insectic ides tested (Neel, 1958:8).

When malathion is applied to pecan (Juqlans sp.) trees a t no more 

than 12.5 lbs. actual per acre, pecans can be marketed immediately.

As w ith  most foodstuffs , an 8 ppm tolerance is set by the U. S. 

Department o f A g ricu ltu re  (1963a and 1963b).



MALATHION

CHARACTERISTICS

M a l a t h i o n ,  0 ,  O -d im e th y l  d i t h io p h o s p h a t e  o f  d i e t h y l  m e rc a p to -  

s u c c i n a t e ,  ( C j qH i gOgPSj) is  a broad spectrum , g e n e ra l  purpose ,  

r e s i d u a l  o rg a n o -p h o s p h a te  i n s e c t i c i d e  and a c a r i c i d e .  I t  i s  a c o n t a c t  

and stomach p o is o n  and k i l l s  by some vapor  o r  fu m ig a n t  a c t i o n  

(Robb, 1 9 5 8 : 1 4 ) .  I t  was o r i g i n a l l y  c a l l e d  compound 4049  and

m a la th o n .  M a la t h io n  was in t ro d u c e d  in  1950 ( M a r t i n ,  1953) and

r e le a s e d  t o  th e  g e n e ra l  p u b l i c  in  1953 by American Cyanamid Company 

a f t e r  t e s t s  b e g in n in g  in  1949 (A n o n . ,  1 9 5 3 a ) .

The chemical  s t r u c t u r e  i s :

S 0
CH 0 || ||

3 P-S-CHCOC H 
/  | 2 5

CH 0 I
3 CH COC H

2 \ \  2 5 
0

( F i s h e r ,  1 9 5 6 :7 3 )

Some o f  th e  p h y s ic a l  and chemical p r o p e r t i e s  o f  m a la t h io n  which  

be a r  on i t s  use in  t h i s  s tu d y  a r e :  y e l l o w i s h  t o  brown o i l  w i t h  a

s t r o n g  g a r l i c  o d o r ,  w a t e r  s o l u b i l i t y  o f  145 ppm, vapor  t e n s io n  o f  

a bou t  10 ^ mm/30° ,  m i s c i b l e  w i t h  most o r g a n i c  s o l v e n t s ,  t e c h n i c a l  

grade  o f  95 t o  98% a c t i v e  i n g r e d i e n t s ,  r a p id  h y d r o l i z a t i o n  above  

pH 7 - 0  o r  be low pH 5 . 0  and r e l a t i v e  s t a b i l i t y  between pH 4  and 7 

( N o r r i  s ejt a j_ . , 1 9 5 4 : 5 7 2 ) ,  s t a b i l i t y  in  aqueous s o l u t i o n  b u f f e r e d  

a t  pH 5 . 2 6  ( M a r t i n ,  1 9 5 3 : 1 5 2 ) ,  and c o m p a t i b i l i t y  w i t h  most s p ra y
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m ater ia ls .  I t s  molecular weight is 330.3. Extensive reviews have 

been prepared by Frear (1955), Metcalf  (1955), Negherbon (1959), and 

S p i l l e r  (1961). S p i t i e r ' s  review based on 658 c i ted technical  

references is most complete.

Malathion ranks second only to parathion in world production of 

organo-phosphates (M etcalf, 1959).

CHEMICAL BREAKDOWN

Krueger and O'Brien (1959) stated that there are 12 in vivo  

malathion m etabolites, only e ight o f which have been described.

Perry (1960:220) found 10 in vivo metabolites; 6 were named. In 

v i t r o . there are 10 metabolites (Seume and O'Brien, 1960:37).

S p i l l e r  (1961:251) reported seven d is t in c t  compounds, products of  

breakdown, found in urine and droppings. In v i t r o  or in v iv o , the 

pictu re  of  insect ic ide  breakdown is yet incomplete. This hiatus  

presents c r i t i c a l  l im i ta t ions  to the tracing of malathion and i ts  

byproducts throughout an ecosystem. At present, the known natural  

in v i t r o  byproducts appear to be nontoxic; there is no evidence that  

unknown metabolites are any d i f f e r e n t .  These compounds and th e i r  

present and future  role in the ecosystem can only be studied as a 

g roup.

In v i t r o  malathion is hydrolized read i ly  by acid (widespread in 

the forest  ecosystem) c h ie f ly  to 0, O-dimethylphosphorothionic acid 

(Mattson and Sedlak, 1960:110). Cook and Yip (1958:^11) explained 

that  the mono-acid d e r iv a t iv e  is formed by the removal of one alcohol 

group from the diethyl succinate port ion of  the malathion molecule.
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I n f r a r e d  h e a t  causes i s o m e r i z a t i o n  o f  m a la t h io n  t o  S-methyl  

t h i o l  phosphate  (isoma l a t h i o n )  ( O ' B r i e n ,  1 9 5 6 : 4 8 9 ) .

CHROMATOGRAM STUDIES

Using th e  methods o f  Cook ( 1 9 5 4 ) ,  paper  chromatograms were  

p r e p a r e d  o f  4  ;ug o f  m a l a t h i o n - S ^ 5  a f t e r  s u b j e c t i n g  th e  l i q u i d  to  

u l t r a v i o l e t  l i g h t .  T a b l e  1 p r e s e n ts  th e  r e s u l t s .

T a b l e  1. -  R a d i o a c t i v i t y  o f  4  jug o f  m a la t h io n  and i t s  m e t a b o l i t e s  as  
measured from 25 n*n d ia m e t e r  d is c s  from a pa pe r  chromatogram.

Samp1e 
Number

L o c a t i  on 
on S t r i p  

? n mm

A pprox im ate  
Rp V a lu e

Rad i o a c t  i v i  t y  
i n n e t  cpm

i
1 0 -2 5 0 . 1 4 1 .7
2 2 5 - 5 0 0 . 2 8 1 .6
3 5 0 -7 5 0 .4 3 1 .5
4 7 5 -1 0 0 0 .5 7 1 .8

2 . 75 1 00-125 0.71
6 1 2 5 -1 5 0 0 . 8 6 - 4 .1
7 150-175 1 . 0 0 z 1 .7

^ S i g n i f i c a n t  a t  th e  10% le v e l  
^Rp o f  m a la t h io n  is  0 .9 3

A n o th e r  chromatogram was

o f  c o n f id e n c e  

p re p a re d  o f  a 40  jug m a la th io n -S ^ -*  sample

exposed t o  a sunlamp f o r  42  h r .  The r e s u l t s  a r e  in  T a b l e  2 .

These s t u d i e s  i n d i c a t e  t h a t  th e  s u l f u r - 3 5  was d i s t r i b u t e d  

th ro u g h o u t  th e  m e t a b o l i t e s  but  t h a t  c e r t a i n  o f  them had h ig h e r  

q u a n t i t i e s  o f  th e  r a d i o n u c l i d e  than  o t h e r s .  The measure o f  r a d i o 

a c t i v i t y  in  segments o f  th e  ecosystem t h e r e f o r e  may v a r y  due t o  

a d s o r p t i o n  and a b s o r p t io n  as w e l l  as t o  d i f f e r e n t i a l  u p ta k e  o r
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Table 2. -  Radioact iv i ty  of  40 ;ug o f  malathion and i t s  metabolites as 
measured from 25 mm diameter discs from a paper chromatograph.

Samp1e 
Number

Location of  
disc on 

s t r ip  
i n mm

Approximate 
Rp Value

R adioact iv i ty  
i n

Net cpm

1 0-25 0.08 1.5*
2 25-50 0.16 10.6
3 50-75 0.24 128.3
4 75-100 0.33 147.7
5 100-125 0.41 61.5
6 125-150 0.49 1996.0
7 150-175 0.57 4998.0
8 175-200 0.65 2494.0
9 200-225 0.73 163.5

10 225-250 0.82 3.5

*Not s ig n i f ic a n t  at the 10% level of  confidence; a l l  others 
s igni f i c a n t .

segration of  metabolites. For example, 10 volumes of  metabolite A 

having a unit  cpm of  10 are equivalent  to 1 volume of  metabolite 6 

having a unit  cpm of 100.

MECHANISMS OF ACTION

The mechanism of action of  malathion jjn vivo has received 

intensive study. Malathion is generally  considered an a n t i 

chol inesterase but as S p i l l e r  (1961:257) explained: " I t  is now

c lear  that  pure malathion i t s e l f  is not an ant ichol inesterase;  rather  

i t  is converted to an a c t iv e  ant ichol inesterase by the animal."

Before discussing th is  transformation and act ion ,  the fol lowing b r ie f  

review of  the cholinesterase system may be of value in understanding 

the mode of  act ion of  the poison.
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In  mammals s t i m u l a t i o n s  from an e x t e r n a l  source  ( e . £ .  touch )  o r  

i n t e r n a l  source  (muscle  o r  g u t )  a r e  r e la y e d  by th e  so m a t ic  and 

autonom ic  nervous systems r e s p e c t i v e l y  t o  th e  c e n t r a l  nervous system.  

T h i s  r e l a y  is  accom plished e l e c t r i c a l l y  a lon g  an axon by in te r c h a n g e  

o f  p o s i t i v e  sodium ions on th e  o u t s i d e  and n e g a t i v e  po tass ium  ions on 

th e  i n s i d e  o f  th e  axon s h e a th .  T h is  wave o f  r e v e r s e  p o l a r i z a t i o n  

p ro g re s s e s  t o  a neurom uscu lar  j u n c t i o n ,  th e  e n d - p l a t e ,  between th e  

axon and th e  e f f e c t o r  c e l l ,  a m usc le ,  and r e le a s e s  a c e t y l c h o l i n e

(A C h ) . ACh d i f f u s e s  a c ro ss  th e  gap and causes th e  muscle  t o  c o n t r a c t .  

(See O ' B r i e n ,  I 9 6 0 . )

ACh c rosses  th e  gap and i n i t i a t e s  e v e n ts  le a d in g  t o  a f r e s h  

im p u ls e .  I f  a l lo w e d  t o  p e r s i s t ,  i t  would c o n t in u e  i t s  s t i m u l a t i o n  and 

d e s t r o y  th e  r e q u i r e d  p r o p o r t i o n a l i t y  between in p u t  s t im u lu s  and e v e n t .  

ACh is  r a p i d l y  h y d r o l i z e d  by th e  s p e c i f i c  c a t a l y s t  a c e t y l c h o l i n e s t e r a s e  

(AChE) t o  c h o l i n e  and th e  a c e t a t e  io n .  AChE is  u n i v e r s a l l y  p r e s e n t  in  

n e rv e  and muscle  t i s s u e  and is  l o c a l i z e d  a t  n e u r o n ic  s u r f a c e s .

Normal s y n a p t i c  f u n c t i o n i n g  depends on i t s  p r e s e n c e .  The p resen ce  o f  

an a n t i -A C h E  i n t e r f e r e s  w i t h  a c e t y c h o l i n e  from h y d r o l y s i s  by 

a t ta c h m e n t  o f  a phosphoryl  group t o  AChE. ACh accu m u la te s  and i t s  

a c t i o n  i s  th e r e b y  p ro lo n g e d  and i n t e n s i f i e d .  E xpected  symptoms o f  

t h i s  p ro lo n g e d  a c t i o n  in  mammals a r e  c h a r a c t e r i s t i c  o f  c h o l i n e r g i c  

i n t o x i c a t i o n ,  namely:  M u s c a r i n ic  and n i c o t i n i c  r e a c t i o n s ,  v a so 

d i l a t a t i o n ,  f e e l i n g  o f  warm th ,  bounding p u l s e ,  p r o f u s e  s w e a t in g ,  

s a l i v a t i o n  and l a c r i m a t i o n ,  nausea and v o m i t i n g ,  i n s p i r a t o r y  

d i f f i c u l t y  and s l i g h t  cough, w i t h  d e a th  r e s u l t i n g  e v e n t u a l l y  from  

r e s p i r a t o r y  f a i l u r e .  O 'B r i e n  (1 9 5 6 : 4 8 9 )  noted a n o m a l ies  in  h is
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experiments on the e f fec ts  of malathion on cockroach cholinesterase  

a c t i v i t y .  Cholinesterase showed a preliminary sharp depression and 

then rose unt i l  death of cockroaches.

Malathion i t s e l f ,  once believed to be an ant icholinesterase, is 

now known to be converted in vivo to an ant icholinesterase, malaoxon 

(S p i l l e r ,  1961:257) the oxygen analog of malathion 0,0  dimethyl 

S - ( l , 2  dicarboethoxyethyl phosphorathiolate) (O'Brien, 1957:79). 

Matsummura and Brown (1961:1177) showed the points of enzymatic 

hydrolysis of malathion to malaoxon as:

c h 3o . o c h 3 c h 3o  o c h 3
\  /  \  /

Pj=  S P =  0
S  ^  H Z  PHOSPHATASE S

C H - C H 2 d e to x ify in g  C H - C H 2

0 = c c = o A®ENTSj 0 = 0  c = 0
I I  ) I I
0 0 0 0
| - *  l i  CARBOXYESTERASE=^^--tl_-^t |— — |

c2H5 c2h5 c2h5c2h5
MALATHION MALAOXON

S p i l l e r  (1961:257) suspected previous erroneous conclusions were due 

to malathion impuri t ies, aging of stock solutions, and other causes.

Brown and Brown (1956:679), O'Brien (1956:^89; 1957:79), and Spen

cer and O'Brien (1957:265) report on the e f fec ts  of malathion on 

carbohydrate metabolism. The results are not conclusive.

ACTION WITH INSECTS

Malathion, invarying degrees, is toxic to insects. Per se i t
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is  g e n e r a l l y  a poor  I n h i b i t o r  o f  c h o l i n e s t e r a s e  but  i t s  h ig h  in s e c t  

t o x i c i t y  is  th e  r e s u l t  o f  m e ta b o l is m  t o  malaoxon w i t h i n  i n s e c t s ,  

p a r t i c u l a r l y  in  m idgut  and fa tb o d y  ( O ' B r i e n ,  1 9 5 7 : 1 6 2 ) .  Spencer and 

O 'B r i e n  ( 1 9 5 7 :2 6 5 )  r e p o r te d  t h a t  m a la t h io n  i n i t i a l l y  produced a 

marked i n h i b i t i o n  o f  c h o l i n e s t e r a s e  in  po isoned f l i e s ,  but  by the  

t im e  d e a th  o c c u r r e d  th e  c h o l i n e s t e r a s e  was l a r g e l y  r e a c t i v a t e d ,  and 

t h e r e f o r e  i n h i b i t i o n  o f  t h i s  enzyme may not  be th e  cause o f  d e a th .

They noted a la c k  o f  e v id e n c e  on t im e - c o u r s e  o f  c h o l i n e s t e r a s e  

i n h i b i t i o n  in  p o is o n in g  in s e c t s  by t y p i c a l  a n t i c h o l i n e s t e r a s e s .  

R e s p i r a t o r y  p a t t e r n s  in  m a la th io n -p o is o n e d  in s e c t s  a r e  a l s o  u n l i k e  

thos e  o b t a i n e d  w i t h  use o f  o t h e r  o r g a n o -p h o s p h a te s . O th e r  u n e x p la in e d  

m a la t h io n  a c t i v i t y  and in s e c t  c o n v e rs io n  mechanisms a r e  r e p o r t e d .  

L e w a l le n  (19 59 )  found t h a t  r e s i s t a n t  s t r a i n s  o f  Cui ex  t a r s a 1? s 

mosquitoes  c o n v e r te d  m a la t h io n  t o  malaoxon as d id  th e  s u s c e p t i b l e  

s t r a i n  (L e w a l le n  1 9 5 9 : 7 6 7 ) .  Weidhaas ( 1 9 5 9 : ^ 5 ~ ^ 6 )  f a i l e d  t o  show 

t h a t  a s t r a i n  o f  ma1a t h i o n - r e s i s t a n t  h o u s e f l i e s  had deve loped  a mono

a c i d  d e r i v a t i v e  c o n v e rs io n  mechanism f o r  d e t o x i f y i n g  m a la t h io n .  

M a l a t h i o n  had no s t r i k i n g  e f f e c t  on h o u s e f l y  o r  cockroach g l y c o l y s i s  

nor d i d  i t  have i n h i b i t o r y  e f f e c t  on a c id o g e n e s i s ,  l a c t a t e  

p r o d u c t i o n ,  o r  phosphorous i n c o r p o r a t i o n  ( O ' B r i e n ,  1 9 5 7 : 8 0 - 8 1 ) .

P e r r y  ( 1 9 6 0 : 2 7 0 )  accounted  in  p a r t  f o r  some o f  th e s e  a n o m a l ie s .

In  th e  American roach e n z y m a t ic  h y d r o l y s i s  is  le s s  r a p id  than  

a c t i v a t i o n  o r  o x i d a t i o n ,  t h e r e b y  a l l o w i n g  th e  l e t h a l  a c c u m u la t io n  

o f  m alaoxon.  D e g ra d a t io n  o f  m a la t h io n  is  e x t e n s i s v e  in  th e  roach ,  

however ,  th ro u g h  th e  pathways o f  phosphatases  a t t a c k i n g  P-S-C  bonds 

w hich  a r e  predom inant  and c a r b o x y e s te r a s e s  a t t a c k i n g  th e  COOC2 H5



20

moiety. More metabolites are produced by houseflies than cockroaches 

in th e ir  degradation o f malathion. This degradation and rapid 

excretion involves hydrolysis of the d iethyl succinate nucleus 

and of the P-S and S-C bonds.

ACTION WITHIN MAMMALS

Metcalf  (1955:297) stated that ' 'unfortunately, the biochemical 

processes in the Insecta and Mammalia, insofar as they a f fe c t  the 

action of  the organic phosphorus compounds, are remarkably s im i la r . "

In the case*of malathion, there is a d iffe rence  in the metabolism 

o f malathion by insects and mammals which makes i t  tox ic  to the 

former, v i r t u a l l y  non-toxic to the la t t e r .  The carbohydrate cycle 

does not seem to be re lated to the in sec tic id a l action o f the 

compound. Malathion was a lte re d  quickly by ra t l i v e r  homogenates 

whereas none o f  11 other phosphates was a lte red  under the same 

conditions. Cook et aj_. (1958:399) commented that th is  d e to x if ic a t io n  

o f malathion by l i v e r  may make i t  unavailable to the blood plasma 

choli nesterases.

Studies with P^  labeled malathion have shown that  large  

amounts of malathion-derived material are excreted by mice in the 

urine and are la rge ly  compounds not extractab le  by chloroform. The 

per cent o f  the administered dosage recovered in the urine ranged 

from 73 to 20 (average 46%) fo r  the 5 day period of  d a i ly  dosage of  

the animals. No great e f f o r t s  were made to obtain qu an t i ta t iv e  

recovery of  a l l  the ur ine.  Urinary excret ion o f  P ^  f a l l s  o f f  

rapid ly  a f t e r  in terper i toneal  in je c t ion  but is measurable a f t e r
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9 6  hr  (M at tso n  and S e d la k ,  1 9 6 0 : 1 0 7 ) .

M a l a t h i o n  is  a c t i v a t e d  in  th e  mouse l i v e r ,  l e s s  in  th e  h e a r t ,

and perhaps  in  th e  t e s t i s ,  by o x i d a t i o n  t o  malaoxon. Malaoxon

h y d r o l i z e s  o r  degrades v i g o r o u s l y  in  th e  l i v e r ,  k id n e y ,  and lung .

The low t o x i c i t y  o f  m a la t h io n  t o  small mammals is  due to

. . . t h e  v ig o ro u s  h y d r o l y t i c  d e g r a d a t io n  o f  e i t h e r  m a la th io n  
o r  malaoxon a t  th e  c a r b o x y l i c  e s t e r  l i n k .  T h is  h y d r o l y s i s  
o u t s t r i p s  th e  process  o f  malaoxon a c c u m u la t io n  caused by 
o x i d a t i o n  o f  m a l a t h i o n .  In  th e  c o c k ro ac h ,  a c t i v a t i o n  is  
much more r a p id  th a n  h y d r o l y s i s ,  and malaoxon presumably  
accu m u la tes  s t e a d i l y  t o  a l e t h a l  l e v e l  ( O ' B r i e n ,  1 9 5 7 : 1 6 3 ) .

The p re s en ce  o r  absence o f  ba la nc e d  a c t i v a t i n g  o r  d e g ra d in g

systems w i t h i n  th e s e  organisms t h e r e f o r e  seems t o  account  f o r  the

much g r e a t e r  t o x i c i t y  o f  m a la t h io n  t o  in s e c t s  th a n  t o  mammals.

In  summary, some o f  th e  reasons p r e s e n te d  f o r  th e  low mammalian

t o x i c i t y  o f  m a la t h io n  even though a c t i v a t e d  t o  malaoxon a r e  ( l )  r a p id

d e t o x i f i c a t i o n  by th e  l i v e r ,  k id n e y ,  and lung making i t  u n a v a i l a b l e

t o  th e  blood c h o l i n e s t e r a s e s ,  and (2 )  e x t e n s i v e  m e t a b o l i c  h y d r o l y s i s

and r a p id  e x c r e t i o n  p ro c e e d in g  f a s t e r  than  o x i d a t i o n  and l e t h a l

a c c u m u la t io n s .

MALATHION LONGEVITY

Gu nther  and B l i n n  (1 9 5 6 r 168—6 9 )  e x p l a i n e d  t h a t  r e s id u e s  

tend  t o  d is a p p e a r  o r  lo se  t h e i r  a n a l y t i c a l  i d e n t i t y  a t  a c o n s ta n t  

r a t e  wh ich  is  a f u n c t i o n  o f  c o n c e n t r a t i o n .  The f r a c t i o n a l  

e x p o n e n t i a l  de c rea s e s  w i t h  t i m e ,  o r  h a l f - l i v e s ,  a r e  independent  o f  

i n i t i a l  c o n c e n t r a t i o n  o r  m agnitude  o f  th e  d e p o s i t  and a r e  a f i x e d  

c h a r a c t e r i s t i c  o f  th e  i n s e c t i c i d e  on o r  in  a p a r t i c u l a r  s u b s t r a t e .
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They also commented (1956:176) that In general,  the fates of

pers is t ing  residues seem to involve simple mechanical losses as

well as degradation losses. Such mechanical losses include v o l a t i l 

i za t io n ,  sloughing o f f ,  washing o f f  by r a i n f a l l ,  and others.

Shankland (1958:70) l is te d  possible insect ic ide  fates:  adsorbed and 

deactivated, retained and act ivated l a t e r ,  washed o f f ,  blown away, 

evaporated, or metabolized.

Hornstein e£ a K  (1955) stated that "the lower the vapor pressure 

of  the insect ic ide ,  the more slowly i t  is replaced at  the surface, and

in turn the greater the f rac t io n  of  the insect ic ide  that may be rendered

unavailable by decomposition." Malathion had the lowest vapor 

pressure of  the insectic ides studied by these men and the least  

t o x ic i t y  o f  the compounds tested. They found that  the addit ion of  

chlorinated terphenyls prolonged the effect iveness o f  the residues.

Since most studies of  malathion residues have been made with  

f r u i t s  and vegetables they w i l l  not be presented here. Negherbon 

(1959) and S p i l l e r  (1961:275-280) presented summaries of  longevity  

studies. Westlake and Butler  (1953) reported, fo r  instance, that  no 

more than a trace of  malathion was found on snap beans, cucumbers, 

and broccoli 6 days a f t e r  being sprayed with from 2.5  to 9.75 lb /acre  

of malathion.

Matsumura (1960:453) reported that  d iss ipat ion of  malathion on 

the kidney bean, Phaseolus v u lg a r is , took place very rapidly  during 

the f i r s t  3 days and reached a plateau of  persistence. The rapid 

degradation in the f i r s t  3 days was due to evaporation of  the 

i n i t i a l  deposit.  In the persistence stage, d iss ipa t ion  was not due



t o  m i g r a t i o n ,  m e t a b o l i c  a l t e r a t i o n ,  o r  p l a n t  growth but  to  

e v a p o r a t i o n .

Smith  e_t aj_. , (195*0  found t h a t  on l e t t u c e ,  r e s id u e  d e c l i n e s

w ere  due t o  chemical changes as w e l l  as v o l a t i l i z a t i o n .

In  g e n e r a l ,  th e  l o n g e v i t y  and c o n s e q u e n t ly  th e  e f f e c t i v e n e s s  

o f  m a la t h io n  v a r i e s  w i d e l y  depending upon f a c t o r s  o f  th e  e n v i ro n m e n t ,  

a l l  o f  w h ich  can have some e f f e c t  on t h i s  c h a r a c t e r i s t i c  (S ha nk la n d ,  

1 9 5 8 : 7 0 ) .

EFFECTS OF WEATHER ON MALATHION

M a la t h io n  is  re co g n ize d  as be in g  a v e ry  u n s t a b le  i n s e c t i c i d e .

In  g e n e ra l  i t  may be s a id  t h a t  r e s id u e s  f a l l  t o  le s s  than  1 ppm

in  7 t o  1^ days under normal w e a th e r  c o n d i t i o n s  and dosage l e v e l s  

(DeOng, 1 9 5 6 ) .  The speed w i t h  wh ich  t h i s  occurs  and c o n s e q u e n t ly  

th e  e f f e c t s  o f  th e  i n s e c t i c i d e  a r e  d i r e c t l y  r e l a t e d  t o  w e a t h e r ,  

p a r t i c u l a r l y  t o  e x t re m e s .  M i s t r i c  (195*+) has made comprehensive  

s t u d i e s  o f  th e  e f f e c t s  o f  w e a th e r  on m a la t h io n  in  c o t t o n  in s e c t  p e s t  

c o n t r o l .  G e n e r a l i z a t i o n s  from h is  r e s u l t s  must be made c a u t i o u s l y  fo  

i n t e r p r e t i n g  w e a th e r  e f f e c t s  in  th e  f o r e s t  e n v i r o n m e n t .  M i s t r i c  

(195*+: 187) b e l i e v e d  t h a t  c l i m a t i c  c o n d i t i o n s  a r e  one o f  th e  most 

im p o r ta n t  f o r c e s  a f f e c t i n g  i n s e c t i c i d e  t o x i c i t y .

W eather  e f f e c t s  v a r y  w i t h  th e  o t h e r  f a c t o r s  a f f e c t i n g  t o x i c i t y :  

method o f  a p p l i c a t i o n ;  dosage; f o r m u l a t i o n ;  t im in g  o f  a p p l i c a t i o n ;  

v a r i a t i o n s  in  in s e c t  l i f e  s t a g e ,  m orphology,  p h y s i o l o g y ,  and g e n e t ic s  

r a t e  o f  p l a n t  g row th ;  chemical  n a t u r e  o f  t h e  s u r f a c e  t o  which  

a p p l i e d ;  and methods o f  r e c o r d in g  i n f e s t a t i o n  f o l l o w i n g  a t r e a t m e n t
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(M is tr ic ,  1954:?87). Increased dosages of insectic ides above those 

required to give good immediate control do not increase the period 

of  residual effect iveness (M is t r ic ,  1954:184).

i f  Insect ic ida l  spray appl ications have become thoroughly dry 

before i t  rains, the effect iveness of  the appl icat ion is not 

g rea t ly  reduced by r a in fa l l  (M is t r ic ,  1954:19). Smith e ta j_ .  

(195^:184) reported that a heavy rain 2 days a f t e r  appl icat ion  

grea t ly  reduced malathion residues on the vegetables they were 

studying.

Dew alone did not g rea t ly  reduce the to x ic i t y  of  insect ic ides.  

Dew may have a re la t ion  to act ion of  other c l im at ic  factors such 

as sunl ight ,  high temperatures, wind, and rain  (M is t r ic ,  195^:194).  

Smith et  aj_. (1954:184) seemed to suspect dew decreased poison 

residues.

Atkins and Anderson (195^:970 stated that "a high temperature 

(90° F) and a low humidity (30%) wi l l  substantially increase the 

m orta lity  in te rv a l ."

Malathion is most e f f e c t i v e  in the re la t iv e  humidity range of  

35 to 85%. The humidity range is not as c r i t i c a l  as that  of  

temperature (M is t r ic ,  1954:194).

Malathion is most e f f e c t i v e  in the range of  70° to 90° F 

(M is t r ic ,  195^:19*0. Sunlight e f fec ts  are d i f f i c u l t  to  separate 

from temperature e f fe c ts .  Intense sunl ight reduces the effect iveness  

of  insectic ides (M is t r ic ,  195^:19*0. Hightower's studies (1959:840) 

indicated heat alone (100° F and over fo r  4 to 6 hr in absence of  

l i g h t )  has l i t t l e  or no e f fe c t  on residual to x ic i t y  of  malathion for
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b o l l  w e e v i l s .  Heat  p lu s  n a t u r a l  l i g h t  ( a p p r o x im a t e ly  1 3 ,0 0 0  f t -  

c a n d le s )  a d v e r s e l y  a f f e c t e d  r e s id u e  t o x i c i t y .  Chemical a d d i t i v e s  

a r e  a v a i l a b l e  t o  reduce u l t r a v i o l e t  d e t o x i f i c a t i o n  (Shank land ,  

1 9 5 8 : 1 2 ) ,  though th e y  were  not used in  t h i s  s tu d y .

SYSTEMIC ACTION

M a la t h io n  e x h i b i t s  c h a r a c t e r i s t i c s  o f  o n ly  a m i ld  s y s te m ic  

p o is o n .  Negherbon ( 1 9 5 9 : 4 5 2 )  s t a t e d  t h a t  th e  po ison  p e n e t r a t e s  

th ro u g h  p l a n t  le a v e s ;  when le a v e s  a r e  sprayed on one s i d e ,  in s e c ts  

a r e  k i l l e d  on th e  o t h e r .  T h e re  seems t o  be a 50% r e d u c t io n  in  

e f f e c t i v e n e s s  in c u r r e d  w i t h  passage th ro u g h  le a v e s .  S o l u b i l i t y  in  

w a t e r  appears  t o  be th e  l i m i t i n g  f a c t o r  in  e f f i c i e n t  t r a n s l o c a t i o n  

and c o n s e q u e n t ly  in  d e t e r m i n in g  s y s te m ic  p o is o n in g  a c t i v i t y .

M a la t h io n  has been shown t o  p e n e t r a t e  i n t o  bean stems but w i t h  o n ly  

a l i m i t e d  d e gree  o f  a b s o r p t i o n  and t r a n s 1o c a t i o n  ( M e t c a l f ,  1 9 6 0 : 4 0 5 ) .  

I t  may be s a i d ,  t h e r e f o r e ,  t h a t  m a la t h io n  is  m i l d l y  s y s te m ic  and 

t h a t  in  t h i s  r o l e  i t s  e f f e c t i v e n e s s  i s  reduced.

PHYTOTOXICITY

T h e re  is  some e v id e n c e  o f  p h y t o t o x i c i t y  o f  m a la th io n  to  a 

l i m i t e d  number o f  crop and o rnam enta l p la n t s  (Hard and Ross, 1954;  

M a r t i n ,  1 9 5 3 :1 5 2 ;  C low er and M a tth y ss e , 1 9 5 4 :7 3 5 ;  S chud er, 1 9 6 0 :3 3 ;  

and S p i l l e r ,  1 9 6 1 : 2 7 1 ) .

APPLICATION CONSIDERATIONS

The p r i n c i p l e  m a la th io n  fo r m u la t io n s  a r e  5 lb / g a l  e m u l s i f i a b l e
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concentrate, 25% wettable powder, and k to 5% dusts (Anon., 1957).

M ul t ip le  appl icat ions,  as might be expected from the short l i f e  

of  malathion, provided be t te r  contro l .  Clower and Matthysse (195*0 

presented results of  experiments with the formulation selected for  

use in th is  project  — malathion, water, xylene, and em uls i f ie r  

T r i to n  X-100.

ASSAY

Determinations of  the presence of  malathion are made by gas 

and paper chromatography, an infrared method (Upham, I960 ) ,  and by 

color im etr ic  techniques for  plants (Norris , et £ l_ ., 1958). Measures 

of  isotope-labeled malathion are made by standard radiological  

i nstruments.

REASONS FOR SELECTION

The Division o f  Entomology, Central States Forest Experiment 

Stat ion ,  U. S. Forest Service, Delaware, Ohio,was requested to  

suggest a typical insect ic ide  that was being used and would l i k e ly  

continue to be used in forest  insect pest control .  Malathion was 

selected as best meeting the objectives o f  th is  study. I t  has 

been extensively investigated and is well known. Malathion has been 

successfully labeled with P ^  and S ^ .  I t  has acar ic ida l  as well  

as broad insect ic idal  properties and is p o te n t ia l ly  useful as an 

a e r ia l  broadcast spray fo r  large areas fo r  control o f  the gypsy moth 

(Porthetr ia  d ispar)(Brown. 1961). I t s  low mammalian t o x ic i t y  permits 

evaluation o f  the impact of  i t s  e f fec ts  on lower animal forms on the
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ecosystem . T h is  c h a r a c t e r i s t i c  has a l s o  been r e s p o n s ib le  f o r  

c o n s e r v a t i o n i s t s  recommending i t  t o  r e p la c e  more t o x i c  compounds. I t s  

s h o r t  r e s i d u a l  t o x i c i t y  a l lo w s  e v a l u a t i o n  o f  a c u te  t o x i c i t y  and 

secondary  p o is o n in g  o n l y ,  e l i m i n a t i n g  th e  many v a r i a b l e s  o f  c h r o n ic  

e f f e c t s .  D eW it t  e t  a jk  ( 1 9 6 0 : 5 )  s t a t e d  t h a t  " . . . t h e  q u a n t i t i e s  o f  

m a la t h io n  r e q u i r e d  t o  produce d e a th  from c h r o n ic  p o is o n in g  were  

a p p r e c i a b l y  g r e a t e r  th a n  thos e  r e q u i r e d  t o  produce immediate  k i l l s . "  

I t s  s h o r t  t o x i c  l i f e  p r e s e n t s  p o s s i b i l i t i e s  f o r  m easur ing and 

p r o j e c t i n g  o r  p r e d i c t i n g  e f f e c t s  on p o p u la t i o n s  w h ich  would be 

im p o s s ib le  in  th e  p e r io d  o f  s tudy  w i t h  more s t a b l e  compounds. I t s  

s h o r t  e f f e c t i v e  span a l s o  s i m p l i f i e s  th e  measurement o f  th e  e f f e c t s  

s in c e  l o n g - r e s i d u e  compounds have c u m u la t iv e  e f f e c t s  t h a t  become 

more complex w i t h  d u r a t i o n  o f  i n f l u e n c e .  I t  p e r m i t s  s tudy  o f  e f f e c t s  

t h a t  do not  have d e a th  as an end p o i n t .  S tudy o f  th e  breakdown 

p r o d u c t s ,  th e  n o n to x ic  r e s id u e s  o r  m e t a b o l i t e s  and t h e i r  e f f e c t s ,  is  

a l s o  p o s s i b l e .



DESCRI PTION OF STUDY AREA 

LOCATION

The 41.5 acre study area is located with in  a 160 acre U. S.

Forest Service watershed management research area owned by the 

Muskingum Watershed Conservancy D is t r i c t .  I t  is in unglaciated 

Tuscarawas County, Ohio,Sections k and 5 in F a i r f i e l d  Township, 

Township 5 North, Range 1 West of the U. S. M i l i t a r y  Survey 

(Peters, 1330) on land formerly known as the Krantz property (Fig. l ) .  

The approximate center of the area is intersected by pa ra l le l

Fig. 1. Location of the study area in Tuscarawas Co., Ohio, U.S.A.
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4C° 3^41 75" and m e r id ia n  8 1 °  2 V  75" and is  6 . 5  m i le s  from Dover,  

O h io ,  and 1 .5  m i le s  by road n o r th w e s t  o f  Dover,  Dam.

SIZE AND TOPOGRAPHY

Two w atersheds  c o n s t i t u t e  the  s tudy  a r e a .  Watershed no. 1 

c o n ta in s  2 3 . 4  a c r e s ;  no. 2 18.1 a c r e s .  The small p e r e n n ia l  streams  

o f  th e s e  lands j o i n  and f l o w  i n t o  the  Tuscarawas R i v e r  0 . 5  m i l e  below  

t h e i r  j u n c t i o n .  Slopes o f  the  wate rshed  range from 5 t o  50%. The 

range in  e l e v a t i o n  is from 2 9 0 . 2  m t o  3 5 4 .5  m (952 t o  1163 f t ) ,

6 4 . 3  m (211 f t ) .  F i g .  2 shows th e  r e l a t i o n s  o f  the  f o r e s t  t o  o t h e r  

land uses.  A to p o g r a p h ic  map is  shown in  F i g .  3.

F i g .  2. A e r i a l  photographs o f  the  160 a c re  f o r e s t  t r a c t  in  wh ich  the  
s tudy  a rea  was lo c a t e d .  Watersheds a r e  l e f t  o f  c e n t e r ;  the  Tuscarawas  
R i v e r  f lows southward in  the  r i g h t  h a l f  o f  the  p i c t u r e s :  Z o a r v i l l e  is
in the upper r i g h t  c o r n e r .  The p h o to ,  CNK-2V-22,  is  by the  S o i l  
C o n s e rv a t io n  S e r v i c e ,  taken  12 September 5 8 . S c a le :  1 : 2 0 , 0 0 0  o r  1 in
e qua ls  0 .3 2  m i l e s .
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DOVER WATERSHEDS

-as.

CONTOUR INTERVAL 5 FT. 

SCALE

mm
100 FT

■ i n

■US'

Fig. 3. Topographic map of the Dover, Ohio, study area. Watershed 
no. 1 is with in  the southern boundary; no. 2 w ith in  the northern 
boundary.
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The w ate rsh ed  boundary map in  F i g .  3 used th ro u g h o u t  th e  s tu d y ,  

was p re p a re d  by R. E. M a rs to n ,  L. W. H i l l ,  and R. Z .  Whipkey o f  the  

C e n t r a l  S t a t e s  F o r e s t  E x pe r im e nt  S t a t i o n ,  U. S. F o r e s t  S e r v i c e ,  in  

January  I9 6 0  u s in g  a t r a n s i t  and s t e e l  t a p e .  The two m a jo r  w a t e r  

channel l i n e s  were added in  J u l y  1961 from d a ta  o b ta i n e d  by us ing  

a s t a f f  compass, s t e e l  t a p e ,  and range p o l e .

PRECIPITATION AND TEMPERATURE

A summary o f  the  t o t a l  p r e c i p i t a t i o n  and a v e ra g e  te m p e ra tu re  

re co rd  f o r  1961 o b ta in e d  from th e  Dover Dam and New P h i l a d e l p h i a ,  

O h i o , s t a t i o n s  (U. S. W e a th e r  Bureau,  1961) a r e  as f o l l o w s ;  J a n u a ry ,  

1 .4 5  i n . ,  2 1 . 9 °  F; F e b r u a r y ,  3 . 4 4  i n . ,  3 2 . 0 °  F; March ,  3 . 3 8  i n . ,  

4 1 . 2 °  F; A p r i l ,  5 . 9 6  i n . ,  4 3 . 3 °  F; May, 2 . 0 6  i n . ,  5 9 . 8 °  F; June,

5 . 0 5  i n . ,  6 7 . 2 °  F; J u l y ,  7 - 4 6  i n . ,  7 2 . 1 °  F; A u g u s t ,  1 .8 3  i n . ,

7 2 . 4 °  F; Septem ber,  2 . 1 2  i n . ,  6 8 . 5 °  F; O c to b e r ,  2 . 1 6  i n . ,  5 4 . 1 °  F; 

November, 3 . 3 4  i n . ,  4 1 . 5 °  F; and December, 2 . 1 8  i n . ,  3 0 . 2 °  F. The 

t o t a l  annual p r e c i p i t a t i o n  was 4 0 . 4 4  i n .  and th e  a v e r a g e  te m p e ra tu r e  

was 4 9 . 9 °  F.

VEGETATION

The s tu d y  a r e a  is  in  th e  dec iduous f o r e s t  biome and C a r o l i n i a n  

b i o t i c  p r o v i n c e .  I t  i s  covered by a v e g e t a t i v e l y  complex second  

g ro w th ,  advanced hardwood f o r e s t  composed o f  y e l l o w  p o p l a r ' ,  w h i t e

' s c i e n t i f i c  names o f  t r e e s  and p l a n t s  not  r e p o r t e d  in  T a b l e  4  a r e  
r e p o r t e d  in  A ppend ix  T a b l e  1.
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oak, red oak, red maple, black oak, and others. See Table 3.

Table 3. -  Square feet  of  basal area per acre for  species of  trees on 
the Dover, Ohio,watersheds no. 1 and 2, w in ter ,  1959 and 60, as 
measured by personnel of the Central States Forest Experiment Stat ion,  
IISFS.

Species Watershed No. 1 Watershed No. 2

Ye1 low poplar 20.38 14.14
Whi te oak 11.48 10.12
Red oak 10.26 9.99
Red maple 9.68 4.77
Black oak 6.81 8.22
Beech 3.74 5.77
Sassafras 3.45 4.29
Cherry 2.26 2.39
Elm 0.33 0.43
Mi seellaneous 3.84 6 .5 3

Total 72.23 66.65

The area is in a zone that was once large ly  an oak-hickory-chestnut  

fo re s t ,  though chestnuts la rge ly  disappeared in the e a r ly  1940's due 

to chestnut b l igh t  (Endothia p a r a s i t ic a ) .  Timber stocking is about 

70 f t  of  basal area/acre and about 6500 fbm/acre. S i te  indices 

fo r  oaks and yellow poplar in the area are: black oak -  Wellston s i l t

loam, 18% slope, 7 6 ; Keene s i l t  loam, 10% slope, 7 6 ; Muskingum s i l t  

loam, 22% slope, 69; red oak -  Muskingum s i l t  loam, 24% slope, 71; 

yellow poplar -  Wellston s i l t  loam, 28% slope, 98 (H. P. G a r r i t t ,

Soil  Conservation Service, pers, correspondence 24 June 1963).

Figures 4 and 5 depict  the t ree and shrub layers of  a transect  

observed between watershed no. 1, stake 23* and watershed no. 2, 

stake 8. Here inaf te r ,  locations w i l l  be designated by hyphenated



F ig ,  k.  A vege ta t ive  t ransec t  from gr id  stake 1-23 to 2 -8  showing a l l  woody stems 10 or more f t  t a l l .  
Trees w i t h in  t ransect  35 or more f t  t a l l  are shown w i th  black crowns; crowns in te resected  by the 
t ransec t  are shown in w h i te .  Horizonta l  scale -  1 i n . :1 6 0  f t ;  v e r t i c a l  sca le -  1 i n , : 4 0  f t .  Species 
composition is shown in F ig .  5.
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1-23 TO 
1-13

1-13 TO 
I-IO

1-10 TO 
1-6

1-6 TO 
2 -3

2 -3  TO 
2 -7

2 -7  TO 
2-6

I l l~S FT 

6-10 FT 

11-20 FT 

21 FT. 0  OVER

TULIP POPLAR

VIBURNUM

CHERRY

DOGWOOD

SASSAFRAS

WHITE OAK

SASSAFRAS

TUL P POPLAR

SASSAFRAS 

VIBURNUM 

TULIP POPLAR 

OOSWOOD 

ALT. DOGWOOD 

RED OAK

TULIP POPLAR 

DOGWOOD 

BLACK GUM 

SAS8AFRAS 

VIBURNUM 

POISON IVY

SPICEBUSH

BLACKBERRY

SAS8AFRASS

VIBURNUM

TULIP POPLAR

DOGWOOD

DOGWOOD

BLACK GUM

RED OAK

SO 6 0  7 0  80 90  100

Fig. 5. Frequency and height of  trees and shrubs in the transect 
shown in Fig. k.  Numbers to the l e f t  indicate locat ion; those at  the 
bottom represent numbers of stems (logarithmic scale).
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numbers, I ” 2 3 , m eaning w ate rsh ed  no. 1 , g r id  s ta k e  23 . S take

lo c a t io n s  a r e  shown in  maps th ro u g h o u t t h i s  p u b l i c a t i o n .  The t r a n s e c t  

w h ich  was 1 m w id e  and in c lu d e d  0 .1 3  a c re s  was ta k e n  not o n ly  to  

d e s c r ib e  th e  v e g e t a t io n  o f  th e  a r e a ,  but a ls o  to  show th e  p o s s ib le  

e f f e c t s  o f  th e  canopy d e n s i t y  on th e  q u a n t i t y  o f  s p ra y  re ac h in g  

th e  f o r e s t  f l o o r .

The shrub l a y e r  c o n s is t s  p r i m a r i l y  o f  s a s s a f r a s ,  s p ic e b u sh ,  

s a p l i n g s  o f  th e  s p e c ie s  in  T a b l e  3 ,  and m a p l e - l e a f  v iburnum. A 

system o f  permanent p i c t u r e  p o i n t s  was e s t a b l i s h e d .  F ig u r e s  6 ,  7 ,  

and 8 ta k e n  from th e s e  p o i n t s  show m a jo r  ground and s h r u b - l a y e r  

v e g e t a t i v e  c h a r a c t e r i s t i c s  and seasonal  changes.

Ground c o v e r  v a r ie s  w id e ly  th ro u g h o u t th e  a re a  from  dense  

f e r n  and May a p p le  t o  com ple te  absence o f  herbaceous p l a n t s .  The 

f e r n s ,  g ra s s e s ,  and seasonal w i l d - f l o w e r i n g  p e r e n n ia ls  p re s e n t  a r e  

common to  n o r th e a s te r n  hardwood f o r e s t s .  Some o f  th e  more common 

herbs and shrubs a r e  l i s t e d  in  T a b le  h.
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Fig. 6 A. Xeric  ridge, northeastern boundary of  Dover, Ohio, 
watershed no. 2, Apr i l  1961. B. Same location,  July 1962.
C. Watershed no. 2, April  1961. D. Same location,  September 
1961. E. Watershed no. 2, February 1962. F. Same location,  
July 1962.
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F i g .  7 . A. Dover ,  Ohio, w a te rsh ed  no. ! ,  A p r i l  1961. B. Same 
l o c a t i o n ,  August 1961. C. W e ste rn  r id g e  boundary o f  w a te rsh ed  
no. I ,  A p r i l  1961. D. Same l o c a t i o n ,  J u ly  1962.



Fig. 8. A. Stream, bridge and gauging stations on Dover, Ohio, 
watershed no. 1, February 1962. B. Same location,  July 1962.
C. Watershed no. 2, April  1961. D. Same location, August 1961.
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T a b l e  4 .  -  A p a r t i a l  l i s t  o f  herbaceous and shrub v e g e t a t i o n  on the
D o v e r ,  O h io ,  w a te r s h e d ,  1 9 6 1 -6 2  (Based on F e r n a l d ,  1 9 5 0 ) .

Common Name Sci e n t  i f i  c Name

Abundant May Apple
W i ld  S a s p a r i 1 l a  
G r e a t  T r i  1 1 i urn 
W i ld  G i nger  
Poi son Iv y  
V i r g i n i a  C re e p e r  
G r e e n b r i a r  
C h r is tm a s  Fern

M o d e r a t e 1y 
abundant

J a c k - i  n - t h e - p u l p i  t  
C i n q u e f o i 1 
B edstraw  
W i Id  Geran i  urn 
V i o l e t s  
Rue Anemone 
Jewe1weed 
B la c k  Cohosh 
B1ood ro o t  
Bur M a r i g o l d  
M a id e n h a i r  Fern  
F a l s e  Solomon Seal  
B l a c k b e r r i  es 
R a s p b e rr i  es 
G rape

P r e s e n t  Royal Fern  
S p le e n w o r t  
B o t t l e b r u s h  
Y e l l o w  Bead L i l y  
E a s t e r n  T r o u t  L i l y  
Solomon Seal
Downy R a t t l e s n a k e  P l a i n t a i n
Pokeweed
Hepat i ca
Wood Anemone
Saxi f r a g e
G o oseberry
W i ld  V i r g i n i a n  S t r a w b e r r y
Queen A n n 's  Lace
W i ld  In d ig o
Y e l l o w  Oxa1 is
Wood S o r r e l
I n d i a n  P ip e
B lue  B e r r y
Deer  B e r r y

Podophy11um p e lta tu m  
A r a l i  a nud i c a u l i  s 
T r i  11 i um grand i f  1 orum 
Asa rum canadense  
Rhus to x i  codendron  
P a r th e n o c i ssus qui n q u e f o i? a 
Sm?lax sp.
P o ly s t  i chum a c r o s t  i cho? des

A risaem a a t ro ru b e n s  
P o t e n t i 1 la  sp.
Ga1 tum sp.
G eran i um sp.
V i o l a  sp.
Anemone11 a t h a l i  c t r o id e s  
Im p a t ie n s  sp.
C im? c i fu g a  racemosa 
Sanqui n a r ia  canadensi s 
Bidens sp.
Ad i antum pedatum  
S m i1a c i  na racemosa 
Rubus sp.
Rubus s p .
V i t i s  sp.

Osmunda r e q a 1 i s 
Asplen? um s p .
H y s t r i x  p a t u la  
C l i n t o n i a  b o r e a I i s  
E r y th r o n i  um am eri canum 
S m ila c i  na t r i  f o l i a  
Goodyera pubescens  
P h y to ia c c a  amer? cana 
H e p a t? ca am eri cana 
Anemone qui n q u e f o i ia  
Saxi f r a q a  sp.
R ibes sp.
F r a g a r ia  v i  r q in ia n a  
Daucus c a r o ta  
B a p t is ia  t ?n c t o r ia  
O x a l i  s s t r i  e ta  
O x a l is  sp .
Monot ropa uni f l o r a  
V a c c in iu m  sp.
V a c c in iu m  stam?neum
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Table k. -  Continued

Common Name S c ie n t i f i c  Name

Present Lousewort Pedicularis  canadensis
Partridge Berry M itche l la  repens
Bluet Houstonia caerulea
Cardinal Flower Lobe1i a ca rd i na1i s
Goldenrod Solidaqo sp.
Asters Aster sp.
Yellow Star Flower T r ie n t a l i s  borealis
Carolinian Rose Rosa Carolina

Shrubs and Dogwood Cornus f lo r id a
Smal 1 Alte rnate  Leaf Dogwood Cornus a l t e r n i f o l i a
T rees Spi cebush Lindera benzoin

Maple Leaf Viburnum Viburnum acer i fo l ium
Elderberry Sambucus sp.
Witch Hazel Hamamelis sp.
Hornbeam Carpinus carol ini ana

GEOLOGY

The study area is immaturely dissected by headwaters stream 

erosion and is typical of  the unglaciated section o f  the Alleghany 

Plateau of  eastern Ohio. I t  is underlain with the Alleghany series  

of the Pennsylvanian system and is 11 miles from the edge of  

Pleistocene g la c ia t io n .

The composition o f  the endemic aquatic fauna o'iF the study area 

and lower regions is a re f le c t io n  of  the e f fec ts  o f  Pleistocene  

g lac ia l  barr ie rs  and b a r r ie r  changes that  supported, isolated,  and 

then mixed the fauna of  the p re h is to r ic  stream and r iv e r  environs.

SOILS

The so i ls  are those commonly of  the forests  of  eastern Ohio and



in c l u d e  those  o f  th e  Johnsburg ,  Muskingum, W e l l s t o n ,  and Z a n e s v i l l e  

s e r i e s .

Two 1 i n .  d i a m e t e r  3 i n .  c o re  samples were  ta k e n  a t  each g r i d  

p o i n t  in  1961. A Beckman p o r t a b l e  pH m e te r  was used t o  make d e t e r 

m in a t io n s  o f  th e  pH o f  th e  top  o n e - f o u r t h  inch and th e  1 .7 5  t o  2 in .  

l a y e r  o f  th e  h o r i z o n .  These o b s e r v a t i o n s  a r e  p r e s e n te d  in  composite  

T a b l e s  5 and 6 .  In  1962 f i v e  t r o w e l  scoops were  c o l l e c t e d  5 f t  

f rom around each numbered s t a k e ,  mixed t h o r o u g h ly  in  a p l a s t i c  

b ucket  and a 0.2*+ 1 ( 0 . 5  p i n t )  sample c o l l e c t e d  in  a p l a s t i c  bag.

These samples were  processed by th e  S o i l s  T e s t i n g  L a b o r a t o r y ,  Department  

o f  Agronomy, Columbus, O h io .  R e s u l ts  o f  some o f  th e  t e s t s  a r e  a l s o  

shown in  T a b le s  5 and 6 .

C o lo r  and t e x t u r e  a r e  coded in  T a b le s  5 and 6 es f o l l o w s :

C o lo r  Code No. 1. l i g h t  g r a y i s h  brown
2 .  g r a y i s h  brown
3 .  v e r y  d a r k  g r a y i s h  brown
*+. v e r y  d a r k  g ra y

T e x t u r e  Code No. 1. s i l t  loam
2 .  sandy loam
3 .  s i 1t y  c l a y  1oam

A sp ect  o r  d i r e c t i o n  wh ich  a s lo p e  fa c e s  is  coded as 1, n o r t h - f a c i n g ,

2 ,  s o u t h - f a c i n g .
x '

C o r r e l a t i o n s  between s o i l  f a c t o r s  and o t h e r  f a c t o r s  o f  th e  

e n v iro n m e n t  and b i o t a  w i l l  be p r e s e n te d  in  l a t e r  s e c t i o n s .

C o r r e l a t i o n  c o e f f i c i e n t s  o f  p a i r s  o f  *+6 o b s e r v a t i o n s  o f  s o i l ,  

to p o g ra p h y ,  and p h y s io g ra p h y  and v e g e t a t i v e  d e n s i t y  ( T a b le  77)  a r e  

shown in  A ppend ix  T a b l e  3 .  S in ce  1 . 0  i n d i c a t e s  p e r f e c t  p o s i t i v e  

c o r r e l a t i o n ,  th e  f a r t h e r  th e  r  v a lu e s  a r e  from 1 . 0 ,  t h e  le s s  is  th e



Table 5. -  Results o f analyses o f soil samples taken from Dover, Ohio, watershed no. 1 in 1961 and 1962.

Location
number

pH Upper 
0.25 in.  

Elevation Sol 1 of  A 
in f t .  pH Horizon

pH Per cent 
1 . 75- 2 . 0  in. organic  

of A matter  
Horizon

lb /acre  lb /acre  
ava i lab le  ava i lab le  
phosphorus potassium

Di stance 
from 

water  
in f t . Aspect

Soil
color

Soil
texture

1-1 136 6 .5 60 54 35 18 165 10 2 1 1
1-2 158 12 .0 41 40 55 10 165 170 1 4 2
1-3 213 10 .0 46 42 70 120 177 360 1 3 2
1-4 223 10.5 44 48 50 80 160 350 1 2 2
1-5 160 10.5 43 41 40 47 135 10 1 1 2
1 - 6 154 9 .0 43 45 45 18 174 60 2 2 2
1-7 192 11.0 43 43 50 20 132 240 2 1 2
1 - 8 220 9 .0 40 41 86 15 120 270 2 4 2
1-9 171 12.0 40 43 78 9 156 10 2 2 2
1-10 175 5 .0 58 52 79 90 384 10 1 4 2
1-11 225 8 . 0 37 40 45 49 120 340 1 2 2
1-12 286 6.5 52 50 86 80 270 590 1 3 2
1-13 227 5 .5 53 51 69 125 324 400 1 3 3
1-14 198 5 .0 56 53 64 80 378 240 1 2 2
1-15 193 2 . 0 55 55 66 35 414 210 2 3 2
1-16 232 2 . 0 63 54 68 24 363 340 2 3 2
1-17 290 10 .0 47 45 55 24 258 510 2 3 2
1-18 298 7 .0 55 44 35 35 246 630 2 2 1
1-19 267 2 . 0 57 63 89 52 444 480 2 4 2
1-20 250 2 . 0 54 54 55 54 354 410 2 4 2
1-21 263 2 . 0 56 47 74 54 384 410 1 4 2
1-22 273 5.5 54 53 35 54 282 530 1 2 2
1-23 295 5 .0 51 50 69 25 300 660 1 3 2



Table 6. - Results of analyses of so il samples taken from Dover, Ohio, watershed no. 2 in 1961 and 1962.

pH Upper pH Di s tance
(3.25 in. 1 .7 5 -2 .0  in . Per cent l b / a c r e l b / a c r e from

Locat ion E lev a t io n Soil o f  A o f  A o rg a n ic a v a i l a b l e a v a i l a b l e water Soil Soil
number in f t , pH Horizon Horizon m a t t e r phosphorus p o ta s s i  um in f t . Aspect c o lo r t e x t u r e

2-1 110 7.5 4.5 4 .4 35 30 141 10 2 2 1
2-2 125 9 .0 4 .5 4.1 35 12 217 50 2 2 2
2-3 152 5.5 4 .8 4.5 35 17 264 160 1 2 1
2-4 282 6 .5 5.1 5.2 68 34 222 510 1 4 1
2-5 214 2 .0 6 .0 5 .4 55 37 330 310 1 4 2
2-6 157 7.5 4.5 4 .6 50 47 258 n o  • 1 2 2
2-7 159 9 .0 4 .4 4 .2 50 20 147 100 2 1 2
2-8 218 10.0 4 .0 3 .8 35 9 96 330 2 2 2
2-9 191 8 .0 4 .7 4 .5 40 30 141 160 2 2 2
2-10 173 5.5 5.3 4 .9 50 27 336 60 2 2 1
2-11 219 2 .0 4 .7 4.5 92 210 462 260 1 3 1
2-12 287 0.0 6.2 6.3 69 100 480 460 1 3 1
2-13 311 5.5 5 .7 4.5 88 65 369 650 1 3 1
2-14 300 2 .0 6 .0 5 .6 64 100 369 500 1 2 1
2-15 272 2 .0 5.7 5 .8 74 120 288 330 1 3 1
2-16 223 7 .0 5.3 4.3 57 65 264 220 2 3 2
2-17 223 10.0 4.1 4 .2 55 37 240 260 2 2 2
2-18 272 14.0 3.7 4 .0 78 29 141 400 2 4 2
2-19 294 5.5 4.5 4.5 59 34 252 550 2 • 2 1
2-20 273 4 .0 5.9 5.5 66 40 369 450 2 3 1
2-21 283 4 .0 5.7 4 .8  ^ 65 100 306 420 2 2 1
2-22 302 2 .0 5 .9 5 .8 66 100 462 490 I 3 1
2-23 316 4 .0 6 .0 5 .2 79 57 276 620 1 4 1



corre la t ion  (Snedecor, 1956:162). Outstanding is the lack of  strong 

pos i t ive  correlat ions in any o f  the factors except between e levation  

and distance from permanent water. There is a strong negative 

corre la t ion  of  pH and lb /acre  o f  a v a i lab le  phosphorus. Lack of  

corre la t ion  may be simply a re f le c t io n  of  inadequate or abnormal 

sampling. However, i t  may r e f le c t  the true conditions w i th in  the 

fo re s t .  I f  such is the case, read i ly  measured soil  factors  are  

independent of  each other.



D I S S E R T A T I  ON O R G A N IZA T I  ON

When c o o r d in a t e  r e l a t i o n s h i p s  a r e  recognized  between members o f  

the  fauna o r  o f  s e v e r a l  e c o l o g i c a l  f a c t o r s ,  the  i m p o s s i b i l i t y  o f  a 

s a t i s f a c t o r y  1 , 2 , 3 ; a ,  b ,  c ,  m a nus c r ip t  o r g a n i z a t i o n  is  e v i d e n t .

The methods and p rocedures  in  p r e p a r in g  and t r e a t i n g  th e  t r a c e r  

p l o t s  and the  s tudy  a re a s  a r e  d e s c r ib e d  s e p a r a t e l y  a l th o u g h  they  

a p p ly  t o  a l l  a s p e c ts  o f  th e  p r o j e c t .  Methods and procedures  used 

in  s tu d y in g  i n d i v i d u a l  fauna 1 segments o r  e c o l o g i c a l  f a c t o r s  w i l l  be 

d e s c r ib e d  under th e  t o t a l  t r e a t m e n t  o f  each segment o r  f a c t o r  and 

a r e  l i s t e d  in  T a b le  7 .  Some sampling methods were used f o r  two 

o r  more fauna l  groups.

Faunal segments a r e  c o n s id e re d  s e p a r a t e l y  f o r  ease o f  p r e 

s e n t a t i o n ,  coherency ,  and b r e v i t y .  They a r e  p re s e n te d  in  the  o r d e r  

o f  in c r e a s in g  consumer le v e l  and th e  g e n e r a l l y  conceived  l o w e r - t o -  

h ig h e r  l i f e  forms.

C h r o n o l o g i c a l l y ,  th e  o r g a n i z a t i o n  used is  unsound a l s o ,  but i t  

seems t o  most n e a r l y  s a t i s f y  th e  m a jor  purpose o f  th e  s t u d y — t o  v iew  

th e  i n t e g r a t e d  e f f e c t s  o f  th e  i n s e c t i c i d e  on th e  fa u n a .

A summary o f  sampling and o b s e r v a t i o n a l  te c h n iq u e s  is  p re s en ted  

in  T a b le  7 . A r th ro p o d s  w i t h  t h e i r  common o r  d e s c r i p t i v e  names 

(based on L a f fo o n ,  I 9 6 0 )  a r e  p re s e n te d  in  Appendix  T a b l e  4 .

**5
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Table 7. -  Summary of  sampling and observational techniques used to 
study fauna of  the Dover, Ohio, watersheds, 1961 and 62.

S o i1 micro and D i l lu t io n  p la te  counts
macro fauna Soil CO2 output 

Berlese funnel extractions  
from nylon bags 

Cryptozoan oak boards

Insects and Light traps
Invertebrates Sweep nets

Earthworm KMnÔ  extractions  
Molasses traps 
Suspended st icky boards 
Stream d r i f t  nets 
Stream bottom quadrats 
Cryptozoan oak boards 
Tree trunk st icky bands 
Random col lect ing

Hoi 1usks Random col lect ing  
Quadrat counts

Amphibi ans Roofing f e l t  quadrats 
Random observations 
Stream side counts 
Sherman trap counts

Reptiles Random capture and marking of  
tu r t le s

Snake and t u r t l e  d r i f t  fence traps 
Random capturing and marking o f  snakes 
Roofing f e l t  quadrats 
E le c t r ic  blanket

Bi rds Early  morning transects  
Breeding bird observations 
Random observations

Mamma 1s Cat traps
Sherman l iv e  traps 
Transect wires for  mammal holes 
Mammal holes under drop boards 
P la s t ic  t i l e  dropping boards 
Feeding a c t i v i t y  along hole 

transects  
Large mammal burrow counts

Fish Cages and buckets



PHENO LO G Y

Phenology is  a s tu d y  o f  th e  seasonal  r e c u r r e n c e  and n a t u r a l  

phenomena. The v e g e t a t i v e  changes o f  th e  s tudy a r e a s  were  examined  

in  o r d e r  t o  d e r i v e  an index  f o r  comparing fa u n a l  o b s e r v a t i o n s  not  

c h r o n o l o g i c a l l y  but  phenol og i ca 1 1 y , J.*®. • * as r e l a t e d  t o  th e  annual  

v e g e t a t i v e  s ta g e  o f  g row th  and development  o f  the  f o r e s t .  P l a n t s ,  

co n s id e re d  good i n t e g r a t o r s  o f  th e  a b i o t i c  f a c t o r s ,  were s e l e c t e d  

as th e  b e s t  i n d i c a t o r s  o f  b e t w e e n -y e a r  seasonal  s i m i l a r i t y .

In  1961,  2 m i l a c r e  p l o t s  were e s t a b l i s h e d  n ear  p o i n t s  2 - 4  

and 2 - 3  on th e  d i v i d e  between th e  two w a te r s h e d s .  Measurements o f  

p l a n t s  w i t h i n  th e s e  p l o t s  w ere  made th ro u g h o u t  th e  summer. On 

seven d a t e s ,  measurements in  mm were made o f  th e  l e a f  o r  c e n t e r  

l e a f l e t  b la d e  le n g th s  o f  s a s p a r i l l a ,  maple l e a f  v iburnum , red oak ,  

w h i t e  o a k ,  American e lm ,  beech,  V i r g i n i a  c r e e p e r ,  and g r e a t  t r i I l i u m .  

A ls o  measured were  C h r is tm a s  f e r n  f ro n d  l e n g t h ,  May a p p le  l e a f  

d i a m e t e r ,  and new stem grow th  o f  red and w h i t e  oa k s .

A p p r o x im a te ly  30 le a v e s  o r  stems o f  each s p e c ie s  in  each p l o t  

were  s e l e c t e d  f o r  measurement.  N a t u r a l  v a r i a t i o n  w i t h i n  th e  sample  

and f a i l u r e  t o  s e l e c t  e x a c t l y  th e  same items each t im e  produced  

o n l y  f o u r  i tems t h a t  seemed m e an in g fu l  and w o r th y  o f  c o n t i n u i n g  in  

1962. The r e s u l t s  a r e  shown in  F i g .  9 -  The 1961 red oak  measure

ments in  F i g .  9 show e r r o n e o u s ly  d e c r e a s in g  stem s i z e  as th e  

season p r o g re s s e d .  T h is  was caused by improper  s a m p l in g .  In  1962,  

measured items were  marked e i t h e r  w i t h  w h i t e  s t r i n g s  (stems and 

l e a v e s )  o r  r i b b o n - a n d - w i r e  f l a g s  (May a p p l e s )  so th e  same p o p u l a t i o n
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same p o p u l a t i o n  could  be r e p e a t e d l y  ob se rv ed .

Throughout  both y e a r s  o f  s t u d y ,  random f i e l d  notes  were taken  

on v e g e t a t i v e  e v e n t s .  A f t e r  e l i m i n a t i n g  q u e s t i o n a b l e  o b s e r v a t i o n s ,  

a sequence o f  e v e n ts  f o r  which t h e r e  were  o b s e r v a t i o n s  in  both  

y e a r s  was d e v e lo p e d .  T h is  is  shown in  T a b l e  8 . P r i o r  t o  8  May 1962 

th e  season was l a t e ,  j_ .e .  , s i m i l a r  e v e n ts  occured a bout  k  days l a t e r  

than  th e y  had th e  p r e v io u s  y e a r .  A f t e r  8  May 1962 ( t h e  f i r s t  r a i n  o f  

a d r y  s p r in g  season) th e  season was about  12 days e a r l i e r  th a n  in  

1961. T h is  is  shown g r a p h i c a l l y  in  F i g .  10. F i g .  9 i n d i c a t e s  an 

e a r l i e r  i n i t i a t i o n  o f  stem, grow th  in  1962 than  in  1961. T h is  does 

not r e f u t e  th e  d a t a  o f  F i g .  10 bu t  is  b e l i e v e d  t o  be th e  r e s u l t  o f  

s lo w ,  g ra d u a l  grow th  o f  o n l y  3 s p e c ie s  as compared t o  the  more 

s p e c t a c u l a r  changes o f  o v e r  13 m a jo r  v e g e t a t i v e  e v e n t s .  Based on 

F i g .  10 b e tw e e n -y e a r  comparisons o f  comparable  d a te s  were  made. A 

c h r o n o l o g i c a l - p h e n o l o g i c a l  c a le n d a r  was c o n s t r u c te d  (Appendix  T a b le  

5 ) .  T h is  t a b l e  was used th ro u g h o u t  th e  s tu d y  f o r  b e tw e e n -y e a r  fa u n a l  

p o p u l a t i o n  com parisons.
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Table 8 . -  Dates and between-year time d i f f e r e n t i a l s  of  comparable 
biological events in 1961 and 1962 on the Dover, Ohio, study area.  
See Fig. 16.

Observation
Date
1961

Date
1962

1962 
Days 

Earl ie r

Season
Days
Later

1. Profuse blood root bloom h-25 k-29 k

2 . F i r s t  tent  c a te r p i l la r s 5-1 5-5 k

3. Bloodroot bloom f a l l 5-3 5-7 k

h. Morel 1 mushroom decline 5-3 5-7 k

5. Anemone bloom abundant 5-*+ 5-8 h

6 . Phlox blooming 5-15 5-10 5

7. Tu l ip  poplar "flower" f a l l 6-11 5-25 17

8 . Cardinal f lower bloom 6-17 6-5 12

9. Hickory nut f a l l  (2-19) 7-10 6-21 20

10 . Saspari l la  f r u i t in g 7-10 7-2 8

11 . Blackberries ripening 7-31 7-15 16

12 . Saspari1 la on wane 8-5 7~2k 12

13. Blueberries ripening 8 -k 7-26 9
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TRACER PLOT STUDIES

In order to develop techniques fo r  use of  the isotopic t racer  

method on the large watershed, four p lo ts ,  each 0,1 acre in s ize ,  

were selected fo r  hand appl icat ion of  m a l a t h i o n - S ^ 5 .  F i f t y  yards 

from the eastern boundary of  watershed no. 1 four plots each 6.1 x

66.5 m (20 x 218 f t )  were staked out as shown in F ig. 11. The area 

was encircled with 16 ga. wire  to which were fastened radia t ion  

warning signs and red p la s t ic  ribbons.

The spray apparatus shown in Fig.  12 was developed to simulate 

as nearly as possible an ae r ia l  app l ica t ion .  A Kim Fast-O-Matic  

pressure gauge, Harsh Instrument Co., Skokie, 111.,  Range 0 to 160 ps i ,  

was insta l led  in a Hudson Climax 335-B sprayer. The 11.3 1 (3 gal)  

brass tank could be charged to 40 ps i .  The 1.82 m (6 f t )  long 

sprayer extension and boom were made of  1.6  cm (0.625  i r j  galvanized 

iron pipe. The boom was f i t t e d  with a T and 2 L jo in ts  and two 

Teejet  8001, 1/4 T nozzles. A l l  jo in ts  were caulked. A pressure 

release was operated at  the junction of  the 0 .9  m (3 f t )  long 

corrugated rubber hose and the pipe. The nozzles were 50.8 cm 

(20 in . )  apart and at a height of  40 cm cast a swath 1.65 m (65 in . )

wide. A s tr ing was dangled from the boom to indicate the proper

spray height of  40 to 45 cm (16 to 18 in . )  above the canopy. Wires 

were strung throughout the areas to indicate the center of  each 

spray swath. The appl icat ion  could have been made more uniform by 

using only one nozzle though i t  would have taken longer. The 

undergrowth frequently  caused pauses that  produced over-concen-

tra t ions  of  spray although the spray release was closed.
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F i g .  11. T o pograph ic  map o f  th e  Dover,  Oh io ,  t r a c e r  p l o t s  sprayed  
w i t h  a hand s p r a y e r  in  1961. A c t i v i t y  and amount o f  i n s e c t i c i d e  
a p p l i e d  a t  numbered s ta k e s  was measured from one f r o s t e d  g la s s  d i s c .  
P l o t s  were  20 x 218 f t .
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Fig. 12. The w r i t e r  in 
protect ive  clothing used 
while spraying the tracer  
plots with the apparatus 
shown in the insert .

The data on the t racer  p lot  appl icat ions is presented in 

Table 9. Spraying time was about 15 min per p lo t .  The results  

are shown i n Fig.  11.

The appropriate formulations (exclusive of m ala th ion -S^)  were 

mixed the night before and stored 8 hr in gallon s ize glass ja rs .

The radioactive insectic ide had been emptied from i ts  sealed glass 

shipment v ia ls  into small glass ja r s .  Each was poured into the 

tank ju s t  p r io r  to appl icat ion .  The w r i t e r  used protect ive  clothing  

shown in Fig. 12 during the appl icat ion.

Cages and faunal sampling devices were placed throughout the 

plots near numbered stakes. One frosted glass disc was placed at  

each stake to measure spray d is t r ib u t io n .  Portable G-M tube readings 

were taken post-spray on the vegetation and ground. These observations
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T a b le  9 .  -  Summary o f  in f o r m a t io n  on the  t r a c e r  p l o t  spray  t r e a t m e n t s ,  
Dover ,  Oh io ,  1961.

T r a c e r  P lo t s

Date and t im e: 29 August 1961, 8 : 4 0  a .m .  EST
Area t r e a t e d : 2 , 0 .1  a c r e  p l o t s
Dimensions o f  each p l o t : 218 x 20  f t
R a t e -m a la th io n : 2 l b / a c r e
Volume o f  f o r m u l a t i o n  p e r  p l o t : 1 gal Ion
Volume o f  f o r m u l a t i o n  p e r  a c re : 10 ga l  / a c r e
Spray ta n k  p r e s s u re : 2 0  ps i

P l o t  1 -  c o n t r o l  -  c a r r i e r
X y le n e : 4 5 . 4  g
T r i t o n  X -1 5 5  e m u l s i f i e r : 11 . 8  g
Di s t  i 1 led  w a t e r : up t o  1 g a 1
pH: 6 . 5
Per  cent  o f  a r e a  sprayed : 92%

P l o t  2 -  T re a tm e n t
Mai a t h i  on: 9 1 . 4  g
X y 1ene: 4 5 . 4  g
T r i t o n  X -1 5 5 : 1 1 . 8  g
Di s t i 1 led  w a te r : up t o  1 g a 1

pH : 5 . 8
A c t i v i t y  o f  m a la th ion -S ^-* : 3 . 0 me
Per  c e n t  o f  a r e a  sprayed: 100%

P l o t  3 “ C o n tro l  -  no t r e a t m e n t  

P l o t  4  -  T re a tm e n t
M a la t h i  on: 91 . 4  g
X y le n e : 4 5 . 4  g
T r i t o n  X -1 5 5 : 1 1 . 8  g
Di s t i 1 led  w a t e r : up t o  1 ga l

pH :
6 .1

A c t i v i t y  o f  malath ion-S^-* : 1 4 .8  me.
Per  c en t  o f  a r e a  sprayed: 85%
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are reported under the sections on dispersal and e f fec ts  on vegetation.

Desirable results  were obtained with both 14.8 and 3 .0  me 

appl icat ions ,  but the l a t t e r  was considered low for  d e f in i t i v e  work. 

Based on th is ,  1.0 curie  of  malathion-S^S was ordered to apply at  

the rate o f  4 .5  mc/acre to watershed no. 1 in 1962.

An attempt was made to trap a number of  mammals and re p t i le s

from the forest  around the study area,  place them in wire  cages on

the t racer  p lo t  and observe them there a f t e r  the p lo t  treatment.

This approach was very unsatis factory because of  the problems of  

uncertainty of  the dates of  isotope a r r i v a l  and treatment, un

d e s i r a b i l i t y  of  holding animals a long time before spray, uncertainty  

of trapping success, uncertainty of  wild animal response to confine

ment and treatment, constant p o s s ib i l i t y  of escapes, and lo g is t ic a l  

problems including supplying cages fo r  a l l  animals caught and 

watering and feeding animals spread over a 0.5  acre area.

Many cages were b u i l t  of  0.63 cm (0.25 in . )  hardware c lo th ,

0.91 x 0.91 x 0 .30  m (3 x 3 x 1 f t )  fo r  mice, chipmunks, and box 

t u r t l e s .  The opossum cages had dimensions of  1.83 x 0.91 x 0.46 m 

(6 x 3 x 1,5 f t ) ,  with a l l  edges fastened by hog-rings. For the 

most part  the cages were sa t is fac to ry .  They were made larger  than 

laboratory cages to allow f ree  movement, space fo r  natural l i t t e r  

nests and water, and movement over var iab le  spray d is t r ib u t io n .

Free-running dogs and a f a l l i n g  t ree  collapsed four cages and 

allowed escape of  the te s t  animals. Two others escaped due to 

carelessness o f  the caretaker. A l l  together the caging experiments 

were an expensive and only s l ig h t ly  s a t is fac to ry  endeavor to conduct
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a l a b o r a t o r y  s tu d y  in  th e  f i e l d .  They were  o f  v a l u e ,  however, in  

a l l o w i n g  th e  prob lem  o f  b i o l o g i c a l  sample p r e p a r a t i o n  t o  be i n v e s t i 

g a te d  b e f o r e  th e  f i n a l  t r e a t m e n t ,  and p r o v id e d  d i r e c t i o n  f o r  

l a b e l i n g ,  taxonom ic  w o rk ,  s a f e t y  p r e c a u t i o n s ,  and a d d i t i o n a l  fa u n a l  

s am pling  p r e c a u t io n s  t o  be t a k e n .  They d i d  p r o v i d e  th e  d i r e c t i v e  

f o r  th e  amount o f  m a la th io n -S ^ S  f o r  th e  f i n a l  s p r a y .



LABORATORY PROCEDURES FOR BIOLOG ICAL SAMPLE PREPARATION
I

Specimens collected in the f i e l d  were put in preservat ive ,  a i r  

dried (e.g. insects) ,  frozen (e .g . b i rd s ) ,  or brought to the lab

oratory in p la s t ic  bags and processed w i th in  8 hr a f t e r  co l lec t ion .  

Each co l lect ion  was given a number corresponding to the month, day, 

and co l lec t ion  number fo r  that  day. A 21.6 x 7 .6  cm (8 .5  x 3 in . )  

mimeographed form was prepared fo r  each numbered sample. The form 

included number, locat ion, descript ion,  date received by taxonomist, , 

date received by laboratory, date counted, and disposal of  sample. 

These, were accumulated chronological ly on a pin f i l e .

Malathion-S^ was prepared by the method described in the 

Appendix.

The techniques given by Jeffay e t  aj_. ( i960) were used with  

the fol lowing modifications to determine the radioactive su l fu r  in 

the sample. Because of  weak beta emission of  low amounts of

S35 used and high background counts, a l l  materia ls  had to be 

processed with in  the laboratory. Readings with the Geiger-Mueller  

(GM) survey meter were gross. A Nuclear-Chicago' Model 2612P 

Alpha-Beta Portable Survey Meter  with P16 probe having a D35 mica 

end window was used.

The co l le c t io n ,  e .g .  a shrew, was posted in the lab, and 

costal c a r t i la g e  and t i b i a l  caps removed. These we.e placed sep

a ra te ly  on a numbered piece o f  paper towel and placed in the fume

*Nuclear-Chicago Co. , Des Pla ines, I l l i n o i s .
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hood on f i b e r  g la s s  s creen  d r y i n g  r a c k s .  When judged  a i r  d r y  

(24  hr  o r  lo n g e r )  th e  sample was removed, p la c e d  in  a weighed 50  ml 

P y re x  b e a k e r ,  and th e  two re -w e ig h e d  t o  th e  n e a r e s t  0 .1  mg. To t h i s  

a bout  5 ml P i r i e ' s  re a g e n t  was added,  a t  l e a s t  t o  c o v e r  th e  sample .  

P i r i e ' s  re ag en t  was p re p a re d  as o t h e r  r e a g e n ts  by th e  O .S .U .  

L a b o r a t o r y  Supply  by a d d in g  3 volumes o f  c o n c e n t r a te d  n i t r i c  a c i d  

t o  1 volume o f  60% p e r c h l o r i c  a c i d .  O n e - f o u r t h  o f  t h i s  m ix t u r e  was 

removed, s a t u r a t e d  w i t h  50  t o  60  g o f  magnesium n i t r a t e  p e r  100  ml 

and mixed w i t h  th e  re m a in in g  a c i d  m i x t u r e .  The b e a k e r  was p la c e d  

d i r e c t l y  on a hot  p l a t e  s e t  a t  121°  ( 2 50 °  F)  and e v a p o r a te d  t o  

d r y n e s s .  The beakers  were  s w i r l e d  s e v e r a l  t im e s  d u r i n g  e v a p o r a t i o n .  

When d r y ,  th e y  were  removed, coo led  s l i g h t l y ,  and enough d i s t i l l e d  

w a t e r  ( a p p r o x im a t e ly  5 m l ) added t o  d i s s o l v e  the  r e s i d u e .  Then  

5 ml o f  hot  0.1  N NajSO^ (sodium s u l f a t e )  was added,  f o l lo w e d  by 

3 ml o f  hot  1 . 0  N BaCl (bar ium  c h l o r i d e ) .  A u to m a t ic  b u r e t t e s  were  

used. The s o l u t i o n s  were  heated  t o  encourage l a r g e  c r y s t a l s .  The  

r e s u l t i n g  s o l u t i o n  and p r e c i p i t a t e  o f  bar ium  s u l f a t e  were  f i l t e r e d  

th ro u g h  M i l l i p o r e ^  w h i t e  f i l t e r  p a pers  (HAWP0 2500 25 mm d i a m e t e r ,  

p o re  s i z e  0 . 4 5  m i c r o n ) .  The beakers  were  r in s e d  and w a t e r  poured  

i n t o  to w e r s .

A b a t t e r y  o f  5 f i l t e r  tow ers  ( M i l l i p o r e  F i l t e r  Corp. Py rex  

hydrosol  m i c r o a n a l y s i s  f i l t e r  h o l d e r ,  No. X X I 00 2 5 0 0 . )  w i t h  s c i n t e r e d  

g l a s s  bases and f i l t e r  f l a s k s  ( F i g .  13) were  a t t a c h e d  t o  a vacuum

M i l l i p o r e  F i l t e r  C o r p . ,  B e d fo rd ,  M a s s a c h u s e t ts .
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pump. F i l t r a t i o n  required approximately 3 min. Towers were rinsed 

while  s t i l l  under vacuum with d i s t i l l e d  HjO from a p la s t ic  wash b o t t le ,  

then with 95% ethyl a lcohol.  When a l l  the solution had been removed, 

the tower was removed and the damp f i l t e r s  and prec ip i ta tes  were 

p a r t i a l l y  dried on a 151 mm diameter Coors porcelain Buchner funnel 

l ined with l ig h t  weight c lear  sheet p la s t ic  in which small holes had 

been pierced to allow l ig h t  suction from beneath fo r  nine f i l t e r s  at 

once. When curling had ju s t  begun, the f i l t e r  paper was removed with  

forceps and placed in an aluminum planchet. Prec ip i ta tes  were 

prepared for  counting under the assumptions of  absorption phenomena 

of  i n f i n i t e l y  th ick  samples.

Much d i f f i c u l t y  was found in obtaining f l a t  whole pre c ip i ta te s .

The f i l t e r s  frequently  curled and the dry p r e c ip i ta te  cracked, chipped, 

and flaked o f f  creating many counting i r r e g u la r i t i e s  ranging from 

i r regu la r  surface geometry to actual loss of small portions of  

the samples. A l l  1961 and ear ly  1962 samples were counted under 

these conditions since no solut ion to the problem had been found or 

recommended by consultants.

The technique of  Weatherford and Larson (1959:1931) was adopted 

as the best method fo r  preparing a smooth, f l a t ,  permanent sample 

for  counting. Aluminum planchetS1were nearly  f i l l e d  with acetone, the 

p a r t i a l l y  dried f i l t e r  and p r e c ip i ta te  were placed in the center 

of the planchet, and several more drops of  acetone added. The 

ce l lu lose  acetate formed from the dissolved f i l t e r  t i g h t l y  adhered 

the p re c ip i ta te  to the planchet. .Five planchets were dr ied for  

1 hr or more under a Petr i  dish. The counting area was bas ica l ly
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u n a l t e r e d  from th e  s p e c i f i c  a r e a  deve loped  d u r in g  f i l t r a t i o n .  F in a l  

d r y i n g  was done in  an oven a t  10 0°  C f o r  15 min.

T h ic kn e ss  o f  th e  c e l l u l o s e  a c e t a t e  im m e d ia te ly  below th e  

p r e c i p i t a t e  may v a r y  +  0 . 7  mg/cm , an i n s i g n i f i c a n t  v a r i a t i o n  

i n f l u e n c i n g  back s c a t t e r  in  r e l a t i o n  t o  th e  p r e v i o u s l y  adopted  

t e c h n iq u e s  o f  d r y ,  i r r e g u l a r  f i l t e r  and t a p e - h e l d  f i l t e r .  The 

back s c a t t e r  f a c t o r  in c l u d i n g  a b s o r p t io n  by th e  c e l l u l o s e  a c e t a t e ,  

is  1 . 2 7 + 0 * 0 2  (W e a th e r fo rd  and L a rs o n ,  1959) wh ich  is  e q u i v a l e n t  

t o  an e r r o r  o f  about  1 . 6% in  th e  e s t i m a t i o n  o f  c o u n t in g  e f f i c i e n c y .

P re pa re d  samples were  p la c e d  on d e t e r g e n t - w a s h e d ,  p r e c o u n t e d -  

f o r - b a c k g r o u n d , aluminum p l a n c h e t  h o ld e r s  and p la c e d  in  th e  lo a d in g  

magazine  o f  a N u c le a r - C h ic a g o  I n c .  Model C -11 5  Low Background  

A u to m a t ic  Sample Changer ,  h av ing  a t h i n  end-window c o u n te r  w i t h  

c o s m ic - r a y  s h i e l d .  The s i g n a l s  o f  th e  d e t e c t o r  c o n t r o l  u n i t  were  

m o n i to re d  by N u c le a r -C h ic a g o  Model 181A Decade S c a l e r  and recorded  

by N u c le a r -C h ic a g o  Model C111B Time I n t e r v a l  P r i n t e r .  T h e r e  has 

been r a is e d  a t  th e  t im e  o f  t h i s  w r i t i n g  some doubt o f  th e  a c c u ra c y  

o f  p r e s e t - f o r - t i m e  d e t e r m i n a t i o n s  o f  r a d i o a c t i v i t y  o f  l o w - a c t i v i t y  

samples .  L a t e r  w o rk e rs  should  check th e  s t a t i s t i c s  o f  c om puta t io n  

o f  cpm us in g  t h i s  approach ( j a r r e t t ,  1 9 ^ 6 ) .  The re m a in de r  o f  t h i s  

d i s s e r t a t i o n  is  based on th e  assum pt ion  t h a t  th e  cpm re a d in g s  

o b ta in e d  a r e  s u f f i c i e n t l y  v a l i d  so as not  t o  a f f e c t  c o n c lu s io n s .  

R e s u l ts  o b ta in e d  a r e  b e l i e v e d  t o  be c o n s e r v a t i v e .  The c o u n t in g  

system used,  not  showing a Q-gas c y l i n d e r  on th e  low er  l e f t ,  is  

shown in  F i g .  13.

O p e r a t io n  o f  th e  system , based on p l a t e a u s  o b t a i n e d ,  was a t
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Fig. 13. A. Automatic sample changer, scaler,  and timer used in 
determining sample ra d io a c t iv i ty  in the Dover, Ohio, laboratory;
B. Arrangement of the battery of f i l t e r  towers and apparatus for  
p re c ip i ta te  preparation.

1350 vo l ts .  A separate l ine for the system was run from the main 

e le c t r ic a l  system of Dover, Ohio, to provide as nearly stable voltage 

as was obtainable.

Sample numbers and other descript ive data were w r i t te n  on the 

t imer tape before each run. When complete, the data was entered 

with carbon copy in a data book and the tapes f i l e d  by date in 

separate envelopes. The carbon copy of  each completed data sheet 

was sent to the Ohio Cooperative W i ld l i f e  Research Unit ,  the 

orig ina l  retained for  analysis . Over 3000 samples were thus processed.



TREATMENT OF THE STUDY AREA

To in c r e a s e  a c c u ra c y  and s a f e t y  o f  a e r i a l  s p r a y in g  o v e r  f o r e s t e d ,  

r o l l i n g  t e r r a i n ,  f o u r  a p p l i c a t i o n s  o f  a p p r o x im a t e ly  50  gal each  

were  p lanned f o r  w a te rsh ed  no. 1. T h is  d e v i a t e s  from th e  p l a n  o f  

h av ing  a t y p i c a l  f o r e s t  a p p l i c a t i o n ,  bu t  th e  d i f f e r e n c e s  d i d  not  

a p p e a r  t o  be s i g n i f i c a n t  in  v ie w  o f  th e  a d v a n ta g e s .  The small  

a t y p i c a l  s i z e  o f  th e  f o r e s t ,  th e  need f o r  com ple te  c o v e ra g e ,  th e  

need f o r  p r e v e n t i o n  o f  w id e s p re a d  c o n t a m in a t io n ,  e s p e c i a l l y  o f  th e  

a d j o i n i n g  un tre a te d ,  a r e a ,  p r e v e n te d  an e n t i r e l y  t y p i c a l  a p p l i c a t i o n .

SELECTION OF TIME

A d a t e  was s e l e c t e d  t h a t  a p p ro x im a te d  a t y p i c a l  e a r l y - f o l i a g e  

a p p l i c a t i o n  o f  i n s e c t i c i d e  t o  a f o r e s t ,  and a l lo w e d  a f o l i a g e  

c o n d i t i o n  t h a t  would p e r m i t  enough sub-canopy a p p l i c a t i o n  t o  a l l o w  

assessment o f  e f f e c t s  in a l l  s t r a t a  o f  th e  f o r e s t .  The t e n t h  o f  

May was s e l e c t e d  as th e  most d e s i r a b l e  d a t e  but  d e la y s  o c c u r r e d .

A v e r y  e a r l y  a p p l i c a t i o n  was d e s i r e d  t o  reduce therm al  c u r r e n t s  

o v e r  th e  a r e a .  The 25 May 1962 f l i g h t  was d e la y e d  o v e r  1 h r  because  

o f  fog  a t  th e  a i r p o r t .  When a l l  p r e p a r a t i o n s  were  made, a p p ro v a l  f o r  

th e  f l i g h t s  were  radioed from th e  s tu d y  a r e a  t o  th e  a i r p o r t  by 

Mr.  W. D. B a te s ,  an o f f i c e r  o f  th e  Ohio D i v i s i o n  o f  W i l d l i f e .

MARKING OF AREA

Mark !nq s  f o r  T re s p a s s e r s

A month p r i o r  t o  th e  1962 s p ra y  d a t e ,  a 16 ga .  g a lv a n i z e d  

w i r e  was s t ru n g  8  t o  1 0 m ( 2 0  t o  30  f t )  o u t s i d e  o f  th e  b o unda r ie s

63
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of  watershed no. 1. Along the chest-high wire were hung, a l t e r 

nate ly ,  radia t ion hazard signs and no trespassing signs every 12 m 

(kO f t ) .  Between the signs were attached p la s t ic  ribbons to increase 

the v i s i b i l i t y  of  the w ire ,  t h i s  marking and fencing was not
i

adequate to prevent bold or non-observant mushroom hunters from 

entering the area before the spray. Under more hazardous conditions,  

where people might frequent the area, more elaborate marking and 

fencing would be required.

Markinqs for  Pi lo t  

A 127 cm x 15.2 m (50 in. x 50 f t )  ro l l  of  blaze-orange paper 

was cut into ten 63.5 cm x 3.05 m (25 »n. x 10 f t )  panels. These 

were spaced evenly around the boundaries of  the watershed to be 

t reated.  On the day o f  the f l i g h t ,  only one was seen from the a i r  

through the moderately dense fo l ia g e .  Panels retained th e i r  color  

and strength through several rains but would only be of  value as 

markers where there was l i t t l e  or no canopy fo l ia g e ,  or in very 

open forests.

Rubber 63.5 cm (25 in . )  diameter paddle balloons^ were used to 

mark the area. The morning of the appl icat ion  they were t ied  to 

l ightweight cotton s t r in g ,  released to r ise  above the canopy and 

secured. Balloons could not be in f la ted  more than 2 days p r io r  

to spray since helium escaped from them. Wind act ion above the 

canopy burst a l l  tes t  ballons wi th in  36 hr of  t h e i r  placement

^No. 2516, Eagle Rubber Company, A s h v i l le ,  Ohio
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above th e  canopy. A c l u s t e r  o f  f o u r  b a l lo o n s  was run up above the  

c e n t e r  o f  th e  a r e a .

The p i l o t  r e p o r te d  a f t e r  th e  spray  jo b  t h a t  th e  a r e a  was v e ry  

w e l l  marked; t h a t  r e d ,  y e l l o w  and orange b a l lo o n s  used t o  mark  

d i f f e r e n t  boundar ies  were th e  most v i s i b l e  m a rk e rs .  P in k ,  b l u e ,  

and green were u n s a t i s f a c t o r y .

APPLICATION

A l i n e r  was sought t o  p r e v e n t  the  c o n ta m in a t io n  o f  the  ta n k  

o f  th e  commercial spray  p la n e  which was t o  be used w i t h  r a d i o a c t i v e  

i n s e c t i c i d e .  Rubber, p o l y e t h e l e n e ,  and v i n y l - c o a t e d  ny lon  l i n e r s  

were c o n s id e re d .  None were  s u i t a b l e .  Cost e s t im a t e s  were equal t o  

those  f o r  replacement  o f  a s ta n d a rd  ta n k .  The i n s t a l l a t i o n  o f  a 

common 55 gal drum o r  b a r r e l  w i t h i n  the  p la n e  was cons id ered  

p r a c t  i cal .

Approval  was ga ined t o  use a p la n e  o f  th e  Ohio A g r i c u l t u r a l  

E xper im ent  S t a t i o n .  The e x i s t i n g  i n s t a l l e d  ta n k  was used w i t h o u t  

m o d i f i c a t i o n .  Mr .  Jack J .  E g g sp u e h le r ,  D i r e c t o r ,  The Ohio S t a t e  

U n i v e r s i t y  School o f  A v i a t i o n ,  was th e  p i l o t  o f  th e  f i r s t  f l i g h t .  

Mr. Vernon A. V i c k ,  pi l o t  w i t h  A ero  A c t i v i t i e s ,  I n c . ,  Bowling  

G reen ,  Ohio, f l e w  th e  second, complete  a p p l i c a t i o n  us ing  a n o th e r  

E xper im ent  S t a t i o n  p l a n e .

The f i r s t  f l i g h t  was made a t  8 : 3 2  am, 15 May 1962. The p la n e  

f l e w  n o r th w e st  o v e r  th e  dams a lo n g  th e  n o r t h e a s t  boundary o f  

w atersh ed  no. 1 and crashed a t  th e  end o f  th e  f i r s t  swath a t  a 

p o i n t  near  1 -1 7 .  (See F i g .  ]k )  P e r t i n e n t  d a ta  f o r  th e  two f l i g h t s
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Fig. 1^. A. A Piper J-3 was used for  the i n i t i a l  spray f l i g h t .
B. The plane crashed at the end of one swath f l i g h t ;  C. The cockpit 
was wrecked; D. Spray drained from the ruptured tank at this  point;
E. The f in a l  appl icat ion was performed with a Piper P-18; F. S t r ip -  
pable paint was used to reduce the contamination from the malathion-  
S35.
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a r e  shown in  T a b le  10.

T a b l e  10. -  Summary o f  in f o r m a t i o n  o f  th e  two 1962 a e r i a l  a p p l i c a t i o n s  
o f  ma1a t h i o n - S ^  t o  th e  D over ,  O h io ,  w a te rs h e d s .

Crash F I i q h t

D ate  and t im e :
A rea  t r e a t e d :
R a t e - m a la t h io n :
Volume o f  f o r m u l a t i o n  p e r  a c r e :  
Number o f  loads:
T o t a l  volume o f  each lo ad :
T o t a l  volume t o  be a p p l i e d :
M a ia t h io n  p e r  load:
X y le n e  p e r  lo ad :
T r i t o n  X -1 5 5  e m u l s i f i e r  p e r  load :  
M a l a t h i o n - S ^  in  lo ad :
W a te r  p e r  lo ad :
E s t im a te d  amount a p p l i e d :  
E s t im a te d  amount e n t e r i n g  s o i l  

a t  c ras h  s i t e :
Type a i r c r a f t :

15 May 1962 8 : 3 2  am 
1 s p ra y  swath (a p p ro x .  4  a c r e s )  
unknown (2  l b / a c r e  p la n n e d )
10 g a l /a c re
4 planned, 1 executed
5 8 . 5  ga l  f o r m u l a t i o n
234 gal  f o r m u l a t i o n
1 1 . 7  16 (premium g r a d e - a c t u a l )
1.41 lb
0 . 3 8  lb
4 . 9 8  g; 263 me 
5 5 . 1  gal  
10 t o  20  ga l

3 0  t o  40  gal  
P i p e r  J - 3

Fi na l  F I i  qht

D ate  and t im e ;
A rea  t r e a t e d :
R a t e - m a la t h  ion :
Volume o f  f o r m u l a t i o n  p e r  a c r e :  
Number o f  lo ad s :
T o t a l  volume o f  each lo ad :
T o t a l  volume t o  be a p p l i e d :
Mai a t h i  on p e r  lo ad :
X y le n e  p e r  lo ad :
T r i t o n  X - l 5 5 _ emul s i f i e r  p e r  lo ad :  
M a la th io n -S ^ - *  p e r  lo ad :

T o t a l  m a la th io n -S ^ -*  a p p l i e d  
f i  na l f 1 i g h t :

W a te r  p e r  lo ad :  
pH:
Grams m a l a t h i o n - S35 p e r  a c r e :  
A c t i v i t y  in  cpm p e r  10 lambda 

(0 .0 1  m l )  f o r m u l a t i o n ;  13 May 
1962:

A c t i v i t y  in  cpm p e r  0 .01  ml
f o r m u l a t i o n ,  26 F e b r u a r y  1963:  

Type a i  r c r a f t :

25 May 1962 6 : 4 0  am t o  8 : 2 5  am 
2 3 - 4  a c re s
2 l b / a c r e  
5 gal
3 loads  
39 gal  
117 gal
15.6  lb  (premium g r a d e - a c t u a l )
1 . 8 6  lb
0 . 5  lb
4 . 9 8  g ,  263 me; 4 . 9 2  g ,  2 6 0  me; 
5 . 0 2  g ,  265 me

1 4 .9 2  g ,  7 8 8  me
3 5 . 6  gal  
App r o x . 8  
0.638  g

3 5 0 0 cpm

323 +  6 . 4 4  cpm
P i p e r  P - 1 8 ,  Lycoming 150 h . p .
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Table 10. -  Continued.

Tank descript ion: Aero-dynne 110 gal Fiberglass
Pump: Geared-type, 3 bladed fan

mounted on l e f t  side
Spray nozzles and l ines: 20 nozzles on boom 8 to  12 in.

spacing, 1/8 in. f 1o a t in g ' type
K nozzle, diaphragm check, 466
valves, 0.75 in. boom diameter

Output: 2 .5  g a l /a c re ,  35 f t  swath
Pressure: 25 1b psi
Speed: about 75 mph

Most o f  the insect ic ide  a t  the crash was confined to the a irplane

and to the ground under the plane. About 30 gal of formulation

leaked from the cracked spray tank onto an area of  about 1 m . 

Sampling a c t i v i t i e s  wi th in  the area w i l l  be described under sections 

on s o i l ,  d ispersal ,  soil  fauna, and vegetat ion.

A f te r  the crash, three unused loads of  malathion formulation were 

re-d ivided and addit ional components procured to a l low appl icat ion  

of 2 lb /acre  o f  the remaining 788 me of  m a la th ion -S^ ,  The volume 

of formulation applied was reduced from 10 ga l /acre  to 5 ga l /acre  to 

meet the capacity of  the second plane.

The second f l i g h t  was made in three tuns from a local a i r p o r t .

Two men remained at  the dams in protect ive  suits  to take needed

sfemples. E le c t r ic  a i r  samplers were operated by project  personnel at

two nearby farm houses.

Safety Precautions and Equipment 

A l l  transfers of  radioactive malathion were made or supervised 

by The Ohio State Universi ty  radiat ion safety o f f ic e r s .
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P r o t e c t i v e  c l o t h i n g  worn by personne l  on the  a r e a  d u r i n g  the  

a p p l i c a t i o n  c o n s is te d  o f  ru bb er  c o v e r a l l s ,  rubber  g l o v e s ,  gas masks,  

and p l a s t i c  hoods o r  h a t s .  A t r o p i n e  s y r in g e s  were a v a i l a b l e  in  a 

f i  r s t  a i d  ki t .

Four hours a f t e r  the  a p p l i c a t i o n  o n ly  c o v e r a l l s  were worn.

These and a l l  o t h e r  f i e l d  c l o t h e s  were  donned e v e r y  morning in a 

shower room c o n t r u c te d  f o r  th e  p r o j e c t  a t  th e  l a b o r a t o r y .  Every  

e v e n in g  a l l  f i e l d  w o rkers  came t o  th e  l a b o r a t o r y ,  to o k  showers,  

and made com ple te  c l o t h e s  changes. Laundry  o f  f i e l d  c l o t h e s  was 

done d a i l y  f o r  1 week a f t e r  th e  s p ra y ;  t h e n ,  one t o  two t im e s  p e r  

week. In  the  f i e l d ,  p r e c a u t io n s  were  ta k e n  t o  a v o id  i n g e s t i o n  o f  

p l a n t s ,  s o i l ,  o r  w a t e r ,  and unnecessary  s k in  c o n ta c t  w i t h  s o i l .

Throughout  th e  1962 s tu d y  N u c le a r - C h i c a g o ,  I n c .  f i l m  badges 

w ere  worn f o r  m o n i t o r in g  body exposure  t o  r a d i a t i o n .  A l l  r e p o r t s  

were  f o r  z e r o  measure’d e x p o s u re .

No ad v e rs e  p u b l i c  s e n t im e n t  was a g a i n s t  th e  t r e a t m e n t  o f  the  

s tu d y  a r e a  w i t h  an i s o t o p e .  P r o j e c t  news r e le a s e s  were  s e n t  from  

The Ohio  S t a t e  U n i v e r s i t y .  A m agazine a r t i c l e  appeared  in  the  

Ohio C o n s e r v a t io n  B u l l e t i n  ( J a n . ,  1962,  p2^—26 pa s s im ) .  S e v e ra l  

p r e - s p r a y  to u r s  were  conducted f o r  h igh  school s c ie n c e  c la s s e s  and 

o t h e r  groups and i n d i v i d u a l s .  Speeches were  made t o  lo c a l  c i t i z e n ,  

s c h o o l ,  and church groups and s e v e r a l  newspaper a r t i c l e s  w i t h  

p i c t u r e s  were  used t o  p r e v e n t  lo c a l  o p p o s i t i o n  t o  th e  re s e a rc h  

methods employed.



EFFECTS OF MALATHION ON SEGMENTS OF THE BIOTA

There are two purposes fo r  the l i t e r a tu r e  reviews preceding 

each faunal segment portion of th is  chapter. The f i r s t  is the 

generally  accepted attempt to  have the work progress from past obser

vations and knowledge. The second is speculative. Early  in pro ject  

planning i t  was considered that i t  might be possible to p re d ic t ,  by an 

in tensive l i t e r a tu r e  review, the resu lts  o f a malathion app lica tion  to 

the biota o f  a forested watershed. Malathion is one of the best 

studied in sectic ides , a fa c t  which gave some credence to the proposal. 

I f  an accurate pred ic tion  could be made, the study would indicate  that  

other insectic ides might be evaluated s im ila r ly  fo r  great b e n e f it .  

C orrelations between ce rta in  reported with  observed e f fe c ts  would 

strengthen the knowledge o f insectic ide  a c tion . Relationships might 

be found that would suggest research data most needed fo r  appraisals  

o f the ecological e f fe c ts  o f  insectic ides . Ind ica tor organisms might 

be found that would show average e f fe c ts ,  others that would show 

extremes.

I f  an accurate predict ion could not be made, the l i t e r a t u r e  study 

would indicate that  predict ion of ecological e f fe c ts  fol lowing in s e c t i 

cide appl icat ion  based on current reported toxicological and entomo

logical research is u n l ik e ly .  I f  predictions by ecologists are 

un l ike ly  for  in tensively  studied insectic ides such as malathion £ a  

309U reference bibliography by R. A. A1verson(1957) and a 323 page 

bibl iography, (Anon., 1 9 6 0 ) then predictions fo r  less-wel1-known 

poisons would seem presently  impossible. An attempt was made to 

v e r i fy  or re fu te  the p o s s ib i l i t y  o f  an accurate predic t ion.
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SOIL BIOTA

B o lle n  (1 9 6 1 :8 7 )  in  a re v ie w  o f  th e  e f f e c t s  o f  p e s t ic id e s  on 

m ic ro -o rg a n is m s , concluded t h a t  th e  e f f e c t s  o f  in s e c t ic id e s  a p p l ie d  

a t  normal o r  recommended f i e l d  r a te s  a r e  not g r e a t  enough to  cause  

r e d u c t io n  in  s o i l  f e r t i l i t y .  He suggested (1 9 6 1 :7 1 )  t h a t  r e s u l t s

S p i l l e r  (1 9 6 1 :3 1 6 )  re p o r te d  t h a t  m a la th io n  was t o x i c  to  v e g e ta 

t i v e  s tag es  o f  fo u r  o f  f i v e  s p e c ie s  o f  E ntom ophthora . a fungus harm ful 

to  s p o tte d  a l f a l f a  a p h id s .  In s e c t ic id e s  do not a f f e c t  spores o f  JE. 

v ? r u le n t a  and i f  o t h e r  s p e c ie s  a r e  s i m i l a r  i t  is  l i k e l y  t h a t  p re s e n t  

i n s e c t i c i d a l  programs do not have a d v e rs e  e f f e c t s  upon s u r v iv a l  o f  

th e s e  b e n e f i c i a l  f u n g i .

M icrobes  account f o r  a t  l e a s t  p a r t  o f  th e  ra p id  decom pos ition  o f  

th e  OP compounds l i k e  p a r a th io n  ( B o l le n ,  1 9 6 1 :7 2 ) .  P a r a th io n  has a 

s t im u la t o r y  e f f e c t  on s o i l  b a c t e r ia  n i t r i f i e r  and n i t ro g e n  f i x e r s .  

E x c es s iv e  amounts, however, a r e  i n h i b i t o r y  (B o l le n ,  1 9 6 1 :8 6 ) .

In  a l e t t e r  da ted  14 May 1962 , Wayne I .  Jensen, B a c t e r i o l o g i s t ,

U. S. F is h  and W i l d l i f e  S e r v ic e ,  Brigham C i t y ,  U ta h ,  commented on 

s tu d ie s  w i t h  m a la th io n  s a y in g ,  " . . . p r e l i m i n a r y  la b o r a to r y  ex p e rim e n ts

Haddock's  (1 9 6 2 )  work on th e  e f f e c t  o f  m a la th io n  on T e n d ip e d id a e  

la r v a e  (m idges) as th e y  r e l a t e  t o  b o tu l is m  p o is o n in g  in  w a te r fo w l  

p re s e n te d  th e  p o s s i b i l i t y  t h a t  m a la th io n  no t o n ly  reduces one

observed in  th e  la b o r a to r y  cannot be a p p l ie d  w i t h  c o n fid e n c e  in  the

f i e l d .

j js u g g e s te d J  t h a t  10 ppm o f  m a la th io n  ( i n  a p a r t i c u l a r  medium and under  

 co n t r o l le d  c o n d i t io n s )  i n h ib i t e d  th e  g e rm in a t io n  o f  C1o s t e r i d ? urn

b o t u l ?numb o t u l ?num typ e  C s p o r e s ."
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e f f e c t i v e  C lostr id ium  substra te  but may a lso  reduce the spore 

germinat ion.

Bacteria and Fung?

In order to obtain measures o f malathion e ffe c ts  on the micro

biota and to c o rre la te  these e ffe c ts  w ith  soil carbon dioxide output, 

eight soil and le a f  l i t t e r  cores were taken from the surface 3 to 5 in. 

a t  each of e ight grid s ites  in both watersheds. Samples were taken 

with a 6 f t  long 1 in . diameter King tube pressed in to the ground by 

hand a t the side o f each small mammal trap a t central grid s ite s .

The post-spray sample was taken a t the back o f the trap , approximately 

15 cm (6 in . )  from the pre-treatment sample hole. Soils  a t approx

imately the same e levation  were combined in 1 1 (qyart) polyethylene  

bags, t ie d  and stored approximately 1 week before cultures were made. 

The pre-treatment samples taken May 23 were in storage 3 days longer 

than the post-treatment samples. The f i r s t  d i l lu t io n  was made w ith in  

1 week a f te r  the spray ap p lica t io n . Mr. Joseph T. P a r is i ,  Graduate 

Assistant in Microbiology, The Ohio State U n iv e rs ity , was employed 

to process the so il samples, make p la tes , and count colonies.

Moisture content o f samples was obtained by weighing three  

samples o f 5 to  10 g each, placing them in a 175°  oven fo r  k5 min. 

and reweighing.

The d i lu t io n -p la te  method described by Johnson, e t  a K  (1959:5-6) 

was used with  only minor m odifications. Two media, Czapek-Dox agar 

and trypticase-soy agar were used.

There are several inherent weaknesses o f th is  method, but i t  was
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ju dged  b e s t f o r  th e  g o a ls  o f  th e  t o t a l  p r o j e c t .  O n ly  10 to  20% o f  

th e  t o t a l  b a c t e r i a l  s o i l  p o p u la t io n  is  n o rm a lly  o b ta in e d  on d i l u t i o n  

p l a t e s .  Pel c z a r  and Reid (1 9 5 8 :4 7 6 )  re p o r te d  19 x 1 O'* b a c t e r ia  

p re s e n t  p e r  g o f  dec iduous f o r e s t  s o i l .  In  t h i s  s tu d y  p o p u la t io n s  

ranged from  5 .3  x 10^ to  4 0 .0  x 10^ p e r  g o f  s o i l .  Fungi ranged from  

1 5 .7  x  105 to  3 5 .0  x  10^ p e r  g o f  s o i l .  C o lo n ie s  w ere  f r e q u e n t ly  

i n d i s t i n c t .  B a c t e r ia  and fu n g i have d iv e r s e  c u l t u r a l  re q u ire m e n ts ,  

some perhaps in c o m p a t ib le  w i t h  th e  two media used. S in c e  fu n g i grow 

s lo w ly ,  no a t te m p t  was made t o  d i s t i n g u i s h  between th e  b a c t e r i a  and 

fu n g i on th e  t r y p t ic a s e - s o y  a g a r  medium.

Two typ es  o f  c o lo n ie s  w ere  c o u n ted , t y p ic a l  b a c t e r i a ]  c o lo n ie s  and 

t y p ic a l  mold c o lo n ie s .  The l a t t e r  in c lu d e d  bo th  t r u e ,  m olds, e . g .

Pen? c ? 11ium s p p . ,  and members o f  th e  O rd e r  A c t in o m y c e ta le s .

The d i l u t i o n s  o f  1 x  10"^ produced so few  c o lo n ie s  p e r  p l a t e  

(0  to  7 )  th e  r e s u l t s  w ere  c o n s id e re d  i n s i g n i f i c a n t  and a r e  not  

re p o r te d  h e re .  T a b le  11 p re s e n ts  th e  p o p u la t io n s  d e te rm in e d  from  

a 1 x 10 “ 5 So i l  d i l u t i o n .

A fo r m u la t io n  o f  m a la th io n  e q u iv a le n t  t o  t h a t  used in  th e  spray  

was p re p a re d  from  6 .2 0  g o f  95% te c h n ic a l  m a la th io n ,  3 .0 0  g X y le n e ,

0 .8 0  g T r i t o n  X -1 5 5 ,  and 116 g d i s t i l l e d  w a t e r .  One ml o f  th e  1 :1 0 0 0  

d i l u t i o n  o f  each s o i l  sample was p la c e d  in  each o f  2 s t e r i l e  p e t r i  

d is h e s .  F i f t e e n  to  20 ml o f  C zapek-D ox a g a r  was poured in t o  each  

p l a t e .  A f t e r  th e  a g a r  had s o l i d i f i e d ,  a s t e r i l e  f i l t e r  p a p e r  d is k  was 

s a tu r a te d  w i t h  th e  m a la th io n  f o r m u la t io n  and p la c e d  on th e  s u r fa c e  o f
I

one o f  th e  a g a r  p l a t e s  o f  each  s o i l  sam ple . These p l a t e s  w ere  in c u 

bated  a t  room te m p e ra tu re  f o r  4  d ays .
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Table 11. -  Bacteria l and fungal populations in units o f  100 thousand 
as measured in Dover, Ohio, soil p la te  counts on two media at a d i lu 
t io n  o f 1 x 10 '5 in 1962.

Water
shed 
Samp1e 
Number

*
Trypticase-Soy Medium 

Bacteria  
pre-spray post-spray

Czapek-Oox Medium 
Bacteria Fungi 

pre-spray post-spray pre-spray post-spray

1-1 16.5 23.0 27.0 29.3 26.0 11.3

1-2 12.0 5 .0 11.3 9 .3 20.3 7.7

1-3 13.3 17.3 29.3 35.0 19.0 23.3

1-4 5.3 13.7 1*0.0 33.3 26.5 18.0

X 11.8 15.4 27.4 27.1 22.9 15.1

s2 22.2 56.9 140.2 140.7 14.8 48.3

2-1 21.0 19.7 36.5 33.3 35.0 10.3

2-2 16.3 23.7 26.3 39.0 23.3 20.7

2-3 32.5 27.5 26.0 36.7 24.0 19 - 7

2-4 9 .7 5.3 15.0 9 .0 15.7 13.7

X 19.9 19.0 25.9 29.5 24.5 16.1

s2 92.3 94.2 77.1 192.3 63.1 24.5
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F t e s t s  o f  d i f f e r e n c e s  between th e  means o f  a r e a s ,  th e  means o f  

p r e -  and p o s t -s p r a y  c o lo n ie s ,  and means o f  media used in d ic a te d  no 

s i g n i f i c a n t  d i f f e r e n c e s .  T h e r e f o r e ,  b a c t e r i a l  p o p u la t io n s  w ere  not  

a f f e c t e d  by th e  m a la th io n .

T h e re  was some s u g g e s t io n  t h a t  th e r e  had been a re d u c t io n  in  th e  

fu n g a l p o p u la t io n  in  th e  p o s t -s p ra y e d  sam ples . However, th e  d i f f e r 

ences in  th e  numbers o f  c o lo n ie s  in  th e  p r e -  and p o s t -s p ra y e d  samples  

w ere no t s i g n i f i c a n t  and can be accounted  f o r  by p l a t i n g  and d i l u t i o n  

e r r o r s .  A ls o ,  th e  d i s t i n c t i o n  between b a c t e r i a l  and fu n g a l c o lo n ie s  

was d i f f i c u l t  to  make, e s p e c i a l l y  in  th e  s u b -s u r fa c e  c o lo n ie s .  As a 

r e s u l t ,  th e  c o n c lu s io n  is  t h a t  th e  m a la th io n  a f f e c t e d  n e i t h e r  th e  

b a c t e r i a l  nor fu n g a l p o p u la t io n .  The r e s u l t s  o f  th e  d is k  e x p e r im e n t  

f u r t h e r  s u b s t a n t ia t e  t h i s  c o n c lu s io n .

Carbon Pi o x id e  O u tp u t o f  So?1

The e v o lu t io n  o f  carbon d io x id e  from  th e  s o i l  was s tu d ie d  as a 

gross  i n d ic a t o r  o f  th e  e f f e c t s  o f  m a la th io n  on th e  m ic r o b io lo g ic a l  

a c t i v i t y  o f  th e  s o i l .  The e f f e c t s  o f  m a la th io n  on th e  s o i l  fauna  is  

a q u e s t io n  p e r t i n e n t  t o  th e  e n e rg y  base o f  th e  f o r e s t  ecosystem . I t  

p o s s ib ly  in f lu e n c e s  bo th  p r e s e n t  and f u t u r e  s o i l  c o n d i t io n s  and 

c o n s e q u e n tly  s o i l ,  w a t e r ,  p l a n t ,  and an im al in t e r a c t i o n s  w i t h i n  the  

s tu d y  a r e a s .

E a r ly  in  th e  s tu d y  th e  te c h n iq u e  o f  W a l l i s  and W i ld e  (1 9 5 7 )  was 

a tte m p te d  f o r  m easuring  s o i l  CO2 o u tp u t  by c o l l e c t i n g  th e  gas in  NaOH 

u s in g  a p o r t a b le  e l e c t r i c  vacuum pump. A w a te r p r o o f  plywood tw o-w heel  

c a r t  was b u i l t  in  w h ich  was mounted t h e i r  suggested u n i t  o f  an
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e le c t r ic ,  battery  operated, emergency automobile windshield wiper 

motor, 12 v storage b a tte ry , te s t  tubes and glass funnels. The plan 

was to take the cart to  several selected areas in each watershed, 

c o lle c t  the CO2 fo r  approximately 1 hr, bring the tes t tubes to the 

lab and t i t r a t e  to obtain q u an tit ies  o f CO2 evolved. The technique 

was found unsatis factory.

Two s ite s ,  one in each watershed, were selected on about the same 

e levation  and in as nearly a l ik e  vegetation and so il as was possible  

from inspection. At each s i te  f iv e  14 in . long pieces o f  used k in . 

steel b o ile r  pipe were driven w ith  a hammer 12 in . in to  the ground 

5 f t .  apart along a l in e .  The inside diameter o f the tubes was 9.1 cm 

(3 .6  i n . ) .  The area from which CO2 was collected was 65.01 cm^. 

Hammering the tubes into the ground cracked a small quantity  o f  

encrusted carbonates and iron oxide in to the tubes. This was assumed 

equal in a l l  cases since the pieces were cut from the same pipe. More 

accurate work could have been done w ith  new pipe w ith  a sharpened 

cutting  edge. W ithin each tube a 25 mm x 50 mm p la s t ic  v ia l  containing  

10 ml o f  1 N NaOH was placed with  i ts  p la s t ic  snap-on cap removed. The 

absorbing surface o f the NaOH was k9 mm2 . A 17.5 x 17.5 cm (7 x 7 in . )  

square o f polyethylene was placed over the exposed end of the pipe and 

secured w ith  a heavy rubber band. The v ia l  was l e f t  in the closed 

chamber fo r  approximately 2k hrs, removed, capped, and t i t r a t e d  in the 

lab w ith in  kS hrs fo llow ing the procedures o u tl in e  by W a ll is  and Wilde 

(1957:^60). The f iv e  tubes were averaged to provide an estimate o f the 

CO2 from each watershed. No real d iffe rence  was detected between 

areas.
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A f t e r  th e  f i e l d  w ork  on CO2 was c o m p le te d , E lk a n  and Moore (1 9 62 )  

re p o r te d  a method o f  CO2 measurement t h a t  appears  v e ry  s a t i s f a c t o r y  and 

would have been s u i t a b l e  f o r  th e  purposes o f  t h i s  s tu d y .

F o r t u n a t e l y ,  m a la th io n ,  p a r a t h io n ,  and o th e r  o r g a n ic  phosphorus  

compounds ap p e a r  t o  in v o lv e  no hazard  th ro u g h  th e  a c c u m u la t io n  o f  

re s id u e s  in  th e  s o i l  (Woodward, 1 9 5 3 ) .  M i s t r i c  (195**: 16) commented 

t h a t  th e  o r g a n ic  phosphorus compounds do n o t a c cu m u la te  in  th e  s o i l  

in  any harm fu l am ounts. He s a id ,  " I t  is  i n t e r e s t i n g  to  n o te  t h a t  

th e s e  d a ta  on s o i l  re s id u e s  correspond c lo s e ly  to  th o se  o b ta in e d  from  

th e  r e s id u a l  t o x i c i t i e s  o f  th e s e  in s e c t ic id e s  to  in s e c t s . "  S o lu 

b i l i t y  is  a f a c t o r  in  p e r c o la t io n  o r  t r a n s f e r  o f  in s e c t ic id e s  in t o  

s o i l s  (B o s w e l l ,  1 9 5 3 :2 5 0 ) .  M a la t h io n 's  low s o l u b i l i t y  would t h e r e 

f o r e  d e c re a s e  i t s  zone o f  in f lu e n c e  in  th e  s o i l .  Boswell (1 9 53 :2 **9 )  

a ls o  noted  t h a t  when a p p l ie d  to  a e r i a l  p a r ts  o f  p l a n t s ,  in s e c t ic id e s  

o f  low s t a b i l i t y  do no t a ccu m u la te  as r a p i d l y  in  th e  s o i l  as when 

a p p l ie d  d i r e c t l y  to  th e  s o i l .  He suggested  t h a t  even a t  1 l b /a c r e  

e v e r y  few  y e a r s ,  i t  seems u n l i k e l y  t h a t  even DDT (w h ich  is  v e ry  

p e r s i s t e n t )  sprayed on a f o r e s t  w i l l  a ccu m u la te  t o  a harm fu l d e g re e .

H a r t e n s t e in  (1 9 5 9 )  s tu d ie d  th e  e f f e c t s  o f  2 l b / a c r e  o f  

m a la th io n  o f  th e  s o i l  fauna  o f  a hardwood f o r e s t .  He s ta te d  

(1 9 5 9 :9 9 )  t h a t  " m a la th io n  was i n e f f e c t i v e  in  r e g u la t in g  s o i l  m ic r o 

a r th ro p o d  d e n s i t y . . .T he  d a ta  in d ic a te d  s i m i l a r  t re n d s  in  p o p u la t io n  

b e h a v io r  in  th e  p l o t s  w h ich  w ere  t r e a t e d  w i t h  m a la th io n  as th e  

d i l u e n t  and th e  c o n t r o l s . "  He suspected  t h a t  r a i n f a l l  d u r in g  th e  

f i r s t  month a f t e r  s p ra y  caused th e  h y d r o l i z a t i o n  o f  th e  m a la th io n .  

S p i l l e r  (1 9 6 1 :2 8 9 )  re p o r te d  com ple te  C o lle m b o la  c o n t r o l  a t  1 l b / a c r e .
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Hartenstein stated (1959:93),

there are many factors involved in the regulation o f soil 
microarthropod density . The natural factors include ra in 
f a l l ,  predation, inherent changes in fecundity, quantity  
and q u a l i ty  o f food, and competition. The use of in s e c t i
cides presents an additional fac to r  that can be o f impor
tance.

Ripper's (1956:^31) comments are of note: Collembola and acari

play an important role in the production o f humus and f e r t i l i t y  o f the 

s o i l .  Most investigators agree that the balance o f arthropod popula

tions is considerably a ffected  by insectic ides; imbalances do occur. 

Though some workers conclude that c u lt iv a t io n  has a much more 

permanent influence on the balance than insectic ides do, others are 

concerned that adverse long-term e ffe c ts  on f e r t i l i t y  might occur 

as a resu lt  of general decimation and imbalance.

Resistance w ith in  insects provides the p o s s ib i l i ty  fo r  the main

tenance o f a functional soil fauna.

Nylon Bags

The fauna of forest le a f  l i t t e r  has been studied in tens ive ly  by 

many workers. Recently, e f fe c ts  o f radioactive waste disposal and 

fa l lo u t  on the soil ecosystem have been c r i t i c a l l y  studied (Schultz  

and Klement, 1963). Since the importance of the so il fauna in l i t t e r  

breakdown, humus formation, and energy and nu tr ien t cycling w ith in  

an ecosystem is so grea t, knowledge o f th e ir  populations and factors  

e ffe c t in g  populations is essential fo r  the health o f  the ecological 

community upon which man is dependent.

Ripper (1956:404) stated that

since the interdependence of the various arthropod species 
comes to an equ ilib rium , a 'b a lan ce ',  a removal o f  one o r ,
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more f r e q u e n t ly ,  o f  s e v e ra l  s p e c ie s  by th e  a p p l i c a t io n  o f  
p e s t ic id e s  can have p ro found in f lu e n c e  on th e  o th e r  a r th ro p o d s  
p r e s e n t .

H a r te n s te in  (1 9 6 0 :3 6 0 )  re p o r te d  t h a t  th e  use o f  DDT a t  1 l b / a c r e ,  

m a la th io n  a t  2 l b / a c r e ,  and s a v ic id e  ( th e  v e h ic le  used t o  c a r r y  DDT 

and m a la th io n  and r e p r e s e n t in g  a c o n t r o l )  d id  not r e s u l t  in  any  

p o p u la t io n  b e h a v io r  d i f f e r e n t  from t h a t  in  th e  u n tr e a te d  c o n tro l  

p l o t s  in  a New Y o rk  hardwood f o r e s t .  He s ta te d  (1 9 6 0 :3 6 1 )  t h a t  

m a la th io n  a t  a r a te  s l i g h t l y  h ig h e r  than  t h a t  used in  p r a c t ic e  is  

" i n e f f e c t i v e  in  red u c in g  o r  in c r e a s in g  b e n e f ic i a l  s o i l  m ic r o a r t h r o 

pods, j . . e .  i n e f f e c t i v e  in  u p s e t t in g  a 'b a la n c e  o f  n a t u r e ' " .

Auerbach and C ro s s le y  (1 9 6 0 :2 8 2 )  concluded t h a t  s in c e  most 

a r th ro p o d s  a re  in  th e  top p o r t io n  o f  th e  s o i l  ( H a r t e n s t e in ,  1 9 5 9 :1 3 ) ,  

w e ig h t  d i f f e r e n c e s  in  samples due to  v a ry in g  amounts o f  deeper s o i l s  

have l i t t l e  e f f e c t .  In  t h e i r  work th e y  ignored  d i f f e r e n c e s  between  

d ry  w e ig h t  o f  samples s in c e  th e y  were o f  s i m i l a r  volume and s u r fa c e  

a r e a .

Host methods f o r  e x t r a c t i n g  an im a ls  from  s o i l  a r e  in a c c u r a te .  

H a r te n s te in  (1 9 5 9 :2 9 )  re p o r te d  t h a t  B e r le s e  fu n n e ls  w ere  from 70  

t o  100% e f f i c i e n t .  Auerbach and C ro s s le y  (1 9 6 0 :2 7 9 -8 0 )  rev iew ed th e  

developm ents  in  th e  use o f  B e r le s e  and T u l lg r e n  fu n n e ls  f o r  q u a n t i t a 

t i v e  s o i l  a r th ro p o d  s t u d ie s .  They concluded t h a t  f o r  m ic ro a r th ro p o d s ,  

p a r t i c u l a r l y  m ite s  and C o lle m b o la ,  a funn e l d e v ic e  is  most p r a c t i c a l  

( 1 9 6 0 :2 7 9 ) .

H a r te n s te in  (1 9 5 9 :2 9 )  s ta te d  t h a t

where co m p a ra t ive  q u a n t i t a t i v e  s tu d ie s  a r e  b e in g  p u rsued ,  
th e  p e rc e n ta g e  re c o v e ry  is  no t as im p o rta n t  as an a c c u ra te  
c o n s ta n t  p r o p o r t io n  re c o v e ry  from  each fu n n e l a t  each  
c o l l e c t i o n  d a te .
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A homemade core sampler l ik e  that used by Hartenstein (1959:12) 

was unsatis factory.

Like others who have studied soil arthropods the w r i te r  was 

unable to adequately handle mathematically, the non-randomly occurring  

aggregations w ith  excessive variances (Hartenstein, 1961:191;

Crossley and Bohnsack, 1960:635)- Hartenstein (1961:19*0 found that  

Collembola and mite populations f i t  a negative binomial d is tr ib u t io n  

in 28 out o f 31 te s ts , but th is  treatment was inadequate to explain  

the cause of the spatia l arrangement observed. He said: "The whole

community is c losely  re lated and contagious d is t r ib u t io n  is 

evidenced." The w r i te r  was unw illing  to accept the assumptions of 

B e a l l 's  (195*0 transformations o f  data that would have been required  

to  compare estimated means o f populations in d i f fe r e n t  lo c a l i t ie s  or 

those exposed to d i f fe r e n t  treatments, and to estimate population  

means and th e ir  experimental errors  over the period of the study.

In order to sample the microfauna as accurate ly  as possible and 

avoid some sampling problems, nylon bags were selected as a device 

that would provide a near-constant volume, area, lo catio n , and 

habi t a t .

In 1962, bags s im ila r  to those o f  Crossley and Bohnsack ( i9 6 0 ) ,  

Shanks and Olson (1961) and Crossley and Hoglund (1962) were used 

to study the arthropods of the fo res t l i t t e r .  Nylon net o f the type 

used in dress-making was sewn into 23 x 23 cm ( 9 x 9  in . )  bags.

Shanks and Olson (1961:19*0 used 2 .3  mm hole nylon mesh bags, kO x 60 

cm, w ith  a 50g le a f  l i t t e r  sample. Crossley and Hoglund (1962) used 

a 1 dm2 bag w ith  2 .5  g (dry weight) o f deciduous leaves.
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The bag measured th e  a r th ro p o d s  t h a t  could be e x t r a c te d  from  th e  

3 mm h o le  s i z e  o f  th e  mesh o f  th e  bags. A f t e r  th e  f i r s t  a r th ro p o d  

e x t r a c t i o n ,  th e  bags e s s e n t i a l l y  measured th e  ' 'r e c h a rg e "  a b i l i t y  o f  

th e  fauna s u rro u n d in g  each bag. Changes were expected  to  be e v id e n t  

in  th e  rech arg e  p o p u la t io n s  o f  th e  bag e n v iro n m e n t.

The m o d if ie d  B e r le s e  fu n n e ls  in  F ig .  15 a re  5 .5  in .  d ia m e te r  

g a lv a n iz e d  fu n n e ls  w i t h  a p ie c e  o f  0 .2 5  in .  hardware c lo t h  s o ld e re d  

a t  th e  top o f  th e  spout to  ho ld  sam ples. F o r ty  w a t t  l ig h t b u lb s  

2 in .  from th e  top o f  th e  fu n n e l were used. S h e ll  v i a l s  c o n ta in in g  

95% a lc o h o l and 5% g l y c e r in  were p la c e d  under th e  fu n n e ls  and he ld  

in  p la c e  w i t h  a p ie c e  o f  aluminum f o i l  w h ich  a ls o  p re v e n te d  the  

p o s s ib le  escape o f  a r th ro p o d s  moving downward away from th e  h e a t ,  

l i g h t ,  and d ry n e s s . Samples w ere  l e f t  under th e  l i g h t s  c o n t in u o u s ly  

f o r  9 to  12 h r  f o r  e x t r a c t i o n .

In  e a r l y  s p r in g  a 1 0 .5  cm (^ .1 2  i n . )  in  d ia m e te r  1 7 .8  cm 

(7 i n . )  t a l l  f r u i t  can was used to  c u t c i r c u l a r  8 5 .2  cm ( 1 3 . 2  in .  ) 

l i t t e r  and s o i l  cores (a p p ro x im a te ly  190 cc ) to  f i l l  th e  bags. The 

hand was p lace d  under th e  core  w h ich  was removed w i t h  th e  can from  

th e  f o r e s t  f l o o r .  The core  was p la c e d  in s id e  th e  bag as n e a r ly  

u n d is tu rb e d  as p o s s ib le .  The bag was th en  sewn shut and re p la c e d  in  

th e  d e p re s s io n  from w hich  th e  sample came. S in ce  co re s  were taken  

15 cm (6  i n . )  from each o f  th e  10 g r id  s ta k e s  in  each s tudy  a r e a ,  

n e i t h e r  lo c a t io n  o f  th e  bag nor r e p la c in g  i t  was d i f f i c u l t .  Bags were  

numbered most s a t i s f a c t o r i l y  by in k  on a t h i n  square  o f  wood tacked  

in s id e  each bag. Some were i d e n t i f i e d  w i t h  window screen  numbered 

ta c ks  d r iv e n  th ro u g h  th e  n e t  c o rn e r  in to  a sm all b lo c k  o f  wood.
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Fig. 15. A battery  of Berlese-type funnels were used in Dover, Ohio, 
in I 96I and 1962 for  extract ing arthropods from samples of  forest  
lea f  l i t t e r  enclosed in a nylon net bag such as shown in the lower 
r igh t .  Arthropods in bags moved into the funnels away from the l igh t  
and heat and f e l l  into the v ia ls  of alcohol and glycerine below.
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Bags were removed p e r i o d i c a l l y ,  p la c e d  in  sm all p o ly e th y le n e  

bags and c a r r i e d  in  a pack t o  th e  la b  w here th e y  w ere  p la c e d  in  th e  

B e r le s e  fu n n e ls  w i t h i n  12 h r  from  t im e  o f  re m o va l. They w ere  " e x 

t r a c t e d "  and v i a l s  c o n ta in in g  a r th ro p o d s  w ere  numbered, la b e le d ,  and 

s e n t  t o  OSU w here th e y  w ere  examined under a d i s e c t in g  m ic ro s co p e ,  

i d e n t i f i e d  by m a jo r  g ro u p s , and co u n ted . The n y lo n  bags w i t h  t h e i r  

l i t t e r  w ere  re tu rn e d  w i t h i n  2** h r  to  th e  e x a c t  spot from  w hich  

th e y  w ere  removed.

Losses in  w e ig h t  o f  th e  l i t t e r  w i t h i n  th e  bags, p a r t i a l l y  

a t t r i b u t a b l e  t o  l i t t e r  breakdown by a r th r o p o d s ,  f u n g i ,  and o th e r  

a g e n ts ,  a r e  l a r g e l y  due t o  h a n d l in g  f o r  e x t r a c t i o n  p u rp o s e s - -s im p ly  

b re a k in g  o f  th e  le a v e s  and th e  lo ss  o f  sm all l e a f  p a r t i c l e s  and s o i l  

in  th e  p l a s t i c  bags and fu n n e ls .  R e g a rd le s s  o f  th e  lo ss  o f  s u i t a b l e  

h a b i t a t  f o r  a r th ro p o d s  th e  r a t e  o f  d e c re a s e  is  b e l ie v e d  c o n s ta n t  

and com parisons o f  p o p u la t io n s  between a re a s  would not be a f f e c t e d .

In  1961 on th e  t r a c e r  p l o t s ,  o n ly  e ig h t  ny lo n  bags w ere used,  

two a t  s ta k e  no. 11 in  each p l o t .  The r e s u l t s  a r e  shown in  T a b le  

12 and T a b le  13. The a v e ra g e  number o f  a n im a ls  e x t r a c t e d  from  each  

bag was **8. In s p e c t io n  o f  th e  d a ta  in d ic a t e s  t h a t  th e r e  a r e  re a l  

d i f f e r e n c e s  in  th e  p o p u la t io n s  a f t e r  s p r a y ,  _i_.e  ̂ , th e  s p ra y  had an 

e f f e c t .  A lth o u g h  th e  d a ta  a r e  no t n o rm a lly  d i s t r i b u t e d ,  th e  v a r ia n c e  

r a t i o s  in d ic a t e  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  p o p u la t io n s .

T a b le  14 summarizes th e  forms c o l l e c t e d  and i d e n t i f i e d  from  

n y lo n  bags in  1962. From th e s e  a summary was p re p a re d  f o r  30 m a jo r  

gro u p s . Of th e s e  groups o n ly  t h r e e  had a t o t a l  count o f  o v e r  35 

i n d iv id u a ls  and had i n d iv id u a ls  re p re s e n te d  on a l l  e x t r a c t i o n  d a te s .
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Table 12. -  Total number of arthropods and mollusks extracted by Berlese 
funnels from nylon net bags containing le a f  l i t t e r ,  Dover, Ohio, tracer  
p lo ts ,  1961.

Species

Pre

1

Spray 
Plot 1 

2

(8-24-61)
Number

3 4

Post

1

Spray
Plot

2

(9 -4-61)
Number

3 4

Collembola 9 11 19 8 57 12 53 21

Mites -  Oribatids 2 17 6 7 14 5 3 4

Others 2 9 41 11 9 1 4 1

Diptera larvae 1 1 1 1 1 1

Hemiptera nymphs 1 3 8 2

Coleoptera larvae 1 5 1 1 3 1

Staphyli nidae 1

Pselaphidae 1 1

Leoididae 1

Centipede 3 1 1 2

Pseudoscorp i on 1 3 1 2

Protura 3 1

Arachnida 1

Psocioptera 1

Diplopoda 1

Psocoptera 1

Phalangida 1

Snail 1 -
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T a b l e  13. -  Summary o f  T a b l e  12 w i t h  sample c h a r a c t e r i s t i c s .

P re  T re a tm e n t Post T re a tm e n t
C o n tro l  P lo t s  T re a tm e n t  P lo t s  C o n tro l  T re a tm e n t

T o ta l  number o f  
taxonomi c groups

T o ta l  number o f  
i n d 1vi d u a ls

Mean number o f  
in d iv id u a ls  p e r  
p I o t

S2 *

Number o f  groups  
not p re s e n t  in  
same sample  
p e r i  od

10

101

10.1 

195

8

76

9 . 5

100

13

155

1 1 .9

895

10

5A

5 A  

32
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Table ]k.  -  Summary of arthropods collected by modified Berlese 
funnel extractions from 10 nylon bags f i l l e d  w ith  le a f  l i t t e r  in 
each Dover, Ohio, watershed, 1962.

Order and Fami1y

INSECTA
Protura

Thysanura

Collembola

Orthoptera
G ry ll idae  (nymphs)

Psocoptera

Thysanoptera

Hemiptera
Dipsocoridae (nymphs)

Homoptera
Aphididae

Coleoptera
Carabidae 
P t i 1i idae 
Scaphidi idae 
Staphylinidae  
Searabaeidae 
Pselaphidae 
Curculionidae 
Larvae

Lepidoptera
C ate rp i1lars

Diptera
Cecidomyiidae 
La rvae

Hymenoptera
Chalcidoidea

Formi cidae

Diplopoda

Chilopoda

Acarina
O ribatid  mites 
Non-oribatid  mites

Pauropoda

Araneida

Symphyla

Phalangida

Pseudoscorp i on i da
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The m ath em atics  f o r  h a n d l in g  such p o p u la t io n s  have no t been 

a d e q u a te ly  deve lop ed  ( H a r t e n s t e in ,  1 9 6 1 ) .  Because o f  th e s e  

d i f f i c u l t i e s ,  th e  d a ta  from  o n ly  th e  m ite  and C o lle m b o la  c o l l e c t i o n s  

a r e  p re s e n te d  in  A p p en d ix  T a b le s  6 ,  7,  and 8 and F ig s .  16 and 17.

The sharp drop in  m ite  p o p u la t io n s  on th e  t r e a t e d  a re a  t h a t  

exceeds th e  drop in  th e  c o n t r o l  a re a  k  days a f t e r  s p ra y  seems 

u n l i k e l y  t o  be c o i n c i d e n t a l .  Y e t  no su re  s ta te m e n t  o f  in s e c t ic id e  

e f f e c t  may be made s in c e  a s i m i l a r  d ro p ,  though no t o f  th e  same 

m a g n itu d e , occurs  on 19 J u ly .  The a p p a re n t  n a tu r a l  d i f f e r e n c e s  

between th e  m ite s  o f  th e  two w a te rsh ed s  p r i o r  t o  t r e a tm e n t  (w a te r 

shed no. 1 s u p p o r t in g  l a r g e r  p o p u la t io n s )  a r e  no t p re s e n t  a f t e r  

t r e a t m e n t .  Some s u p p re s s io n  o f  p o p u la t io n s  in  th e  t r e a t e d  a re a  

is  i nd i ca t e d .

C o llem b o la n  p o p u la t io n s  show abou t a 75% r e d u c t io n  from  a 

norm o f  a p p r o x im a te ly  200 in d iv id u a ls  in  th e  sam ple , bu t re c o v e r  

w i t h i n  15 days a f t e r  th e  in s e c t i c i d e  t r e a tm e n t .

I t  is  concluded t h a t  m a la th i  on does have some e f f e c t  on th e  

abundant m ic ro  fa u n a ,  th e  m ite s  and C o l le m b o la ,  o f  th e  n y lo n  bag 

e n v iro n m e n t ,  t h a t  a lm o s t com ple te  re c o v e ry  ta k e s  p la c e  w i t h i n  2 

w eeks, and t h a t  th e r e  is  in c o n c lu s iv e  e v id e n c e  t h a t  p o p u la t io n s  on 

th e  t r e a t e d  a re a  rem ain s l i g h t l y  suppressed f o r  a b o u t 2 months.

In  o r d e r  to  s tu d y  th e  p o s s ib le  c o r r e l a t i o n s  o f  s o i l  a r th ro p o d  

abundance w i t h  f a c t p r s  o f  t h e i r  e n v iro n m e n t ,  T a b le  15 was p re p a re d .  

The la c k  o f  la r g e  p o s i t i v e  o r  n e g a t iv e  c o r r e l a t i o n s  in d ic a te s  t h e i r  

p o p u la t io n  s i z e  as measured from  n y lo n  bags is  independent o f  th e  

measures made o f  t h e i r  h a b i t a t  c h a r a c t e r i s t i c s .  M u l t i p l e  re g re s s io n
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Table 15. -  Correlation c o e ff ic ie n ts ,  r , fo r  soil arthropods sampled from nylon bags with factors of 
the environment.

01 stance Cover Density Ratinq
Organi c from

Elevation pH Matter Phosphorus Potassium water Tree Shrub Herb

O ribatid  Mi tes 0.117 -0 .079 0.265 -0 .348 -0.009 0.197 0.344 -0.089 -0 .397

Non-Oribatid Mites 0.165 -0 .124 0.258 -0 .350 0.168 0.239 -0 .169 0.163 -0 .228

Collembola -0 .422 0.332 -0.271 -0 .008 -0 .366 -0 .340 -0 .074 0.323 -0 .008
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c a lc u l a t i o n s  (S n ed e co r , 1956) o f  each a r th ro p o d  group on n in e  e n v i r o n 

m enta l f a c t o r s  suggests  t h a t  a p r e d i c t i v e  e q u a t io n  o f  p o p u la t io n s  

based on en v iro n m e n t is  im p o s s ib le  and t h a t  e x c e p t  f o r  th e  case o f  th e  

s tro n g  n e g a t iv e  r e l a t i o n s h i p  o f  phosphorus to  n o n - o r ib a t id  m ite  

p o p u la t io n s  (T a b le  1 6 ) ,  th e  r e l a t i o n s h i p  o f  b| = b£ = . . .  bg

p ro b a b ly  does e x i s t .

A s tu d y  was conducted to  v e r i f y  th e  t im e  r e q u ir e d  f o r  p o p u la t io n  

re ch a rg e  o f  th e  n y lo n  bags and to  a id  in  f u r t h e r  w ork  w i t h  t h i s  

sam p lin g  d e v ic e .  Bags a t  th e  10 s i t e s  in  w a te rsh ed  no. 1 w ere  used 

f o r  th e  t e s t s .  Bags w ere  l e f t  in  th e  f i e l d  f o r  p r o g r e s s iv e ly  lo n g e r  

p e r io d s  a f t e r  each t y p ic a l  e x t r a c t i o n .  The s tu d y  was conducted between  

30 J u ly  and 15 August 1962. The r e s u l t s  a r e  shown in  F ig .  18. S in ce  

m ite s  and C o llem b o la  compose 75 to  96% o f  th e  s o i l  a r th ro p o d s  

(C ro s s le y  and B o h n s a c k ,1 9 6 0 :6 3 6 )  o n ly  th e s e  form s w ere  co u n ted .

The v a r i a b i l i t y  o f  th e  samples even under n e a r -s ta n d a r d  c o n d i t io n s  

is  a t  once a p p a r e n t .  The low p o p u la t io n s  o c c u r r in g  a f t e r  th e  bags 

w ere  in  p la c e  12 hr cannot be e x p la in e d .  I t  is  i n t e r e s t i n g  to  n o te ,  

how ever, t h a t  t h i s  was th e  o n ly  t im e  bags were p ic k e d  up a t  n i g h t .

The 12 h r  p e r io d  was from  9 : 3 0  am t o  9 : 3 0  pm. T h e re  may be a 

b e h a v io ra l  f a c t o r  h e r e ,  n o t y e t  r e p o r te d .  N orm alcy o f  th e  p o p u la t io n  

is  in  q u e s t io n .  P o p u la t io n s  a r e  no t c o r r e l a t e d  w i t h  th e  w e ig h t  o f  

s u b s t r a t e .  C o r r e l a t i o n  c o e f f i c i e n t s  o f  l i t t e r  w e ig h t  w i t h  o r i b a t i d  

m ite s  was 0 .0 1 ,  w i t h  n o n - o r ib a t id  m ite s  - 0 . 0 2 ,  and w i t h  C o lle m b o la  

0 .0 6 .  T h is  is  in  acco rd  w i t h  th e  r e s u l t s  o f  C ro s s le y  and Bohnsack  

( 1 9 6 0 : 6 2 9 ) .  A lth o u g h  th e  p e r io d  o f  t h i s  s tu d y  was w i th o u t  r a i n  o r  

o t h e r  m a jo r  c l i m a t i c  change, th e  h u m id i ty  o f  th e  e v e n in g s  and amount



Table 16. -  P a r t ia l reg ress ion  c o e f f ic ie n ts  fo r  m u lt ip le  regressions o f m ites  and collem bola as dependent v a r ia b le s  on environm ental fa c to rs  as 
independent v a r ia b le s , Dover, Ohio, watersheds 1962.

Arthropod Sum Hean
Standard
D ev ia tion »o

E le va tio n
b l

Organic 
pH H a tte r 
b2 b3

Phosphorus
b4

Potassium

b5

Dl stance 
from 

w ater
b6

Cover D ens ity  Rating

Tree Shrub Herb 
b7 b8 bg F

O rib a tid  H ite s 2361 124.3 46.1 192.7 -0.518 -0 .724 I I . I 6 6 3 -0.373*1 -0.092 0.246 7.750 4.464 -20.059* 1.517

N on-O riba tid  H ite s 4119 216.8 60.6 77.843 0.316 2.940 8.742 -0 .9 8 2 1 0.223 0.087 -10.652 24.797** -18 .4433 1.782

Collembola 4891 257.4 124.9 I065.03 -3 .74 63 3.618 -24.383 1.2963 -0.526 0.9893 4.260 30.051 -18.027 0.901

'a t  18 degrees o f'fre e d o m , a te s t  in d ic a te s  observa tion  s ig n if ic a n t  a t  the 5% le ve l o f  con fidnece ; ^ s ig n if ic a n t  a t the 10% le v e l;  ^ s ig n if ic a n t  
a t the 20% le v e l;  s ig n if ic a n t  a t the  30% le v e l.
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F i g .  18. A com parison o f  the  re c o v e ry  r a te s  o f  m ic ro a r th ro p o d  
p o p u la t io n s  in  10 n y lo n  bags c o n ta in in g  l e a f  l i t t e r  and s o i l  p la c e d  
th ro u g h o u t D o ver, O h io , w a te rsh ed  no. 1, August 1962.
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o f  overcast during the afternoon are believed s ig n if ic a n t  in 

influencing the d e s i r a b i l i t y  o f the nylon bag habitat during i ts  

time in place and i ts  condition a t the time o f removal fo r  ex tra c t io n .  

Weather is thought to r e s t r ic t  the recovery o f  the population to a 

norm, but once th is  has been established i t  appears f a i r l y  s tab le .

F ig . 18 indicates that nylon bags should be l e f t  in position  a t least  

72 hr to allow populations to reach a norm, a carrying capacity fo r  

the fauna of the nylon bag m icro -hab ita t.

On 31 July 1962 a study was conducted of the soil arthropods 

around the plane crash. Based on ra d io a c t iv ity  measured by the 

portable  counter as presented la te r  in Fig. 64 three core samples of  

le a f  l i t t e r  and the A so il horizon, 10.5 cm in diameter (as described 

fo r  nylon bags), were taken in areas o f 0 .5 mr/hr and over, 0 .4  to 0.5  

m r/hr, and less than 0 .4  m r/hr. These samples were placed in p la s t ic  

bags and returned to  the laboratory where they were extracted in 

Berlese funnels fo r  about 10 hr. The l i t t e r  samples were replaced in 

p la s t ic  bags and la te r  sub-sampled fo r  radioactive determination by 

the p re c ip ita t io n  method. The resu lts  are shown in Table 17.

This tab le  shows, again, wide v a r ia b i l i t y  between and among 

samples. There is a tendency toward reduced to ta l populations o f  soil  

arthropods close to  the crashed plane. The high insectic ide  concen

tra t io n s  here are so fa r  removed from normal applications that the 

resu lts  have l i t t l e  value other than simply to recognize that in high 

concentrations, the formulation does reduce so il faunal populations fo r  

over 60 days, and perhaps longer. Because o f the large amounts o f  

insectic ide  involved, the breakdown may not have been complete and
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T a b le  17. -  S o i l  a r th ro p o d s  p r e s e n t  in  th e  upper 2 
f l o o r  a t  th e  D o ver, O h io , a r e a  p la n e  c ras h  s i t e  77 
crash  on 15 May 1962.

in .  o f  th e  
days a f t e r

f o r e s t  
th e

Coord i n a te  
L o c a t io n s  o f  core  
samples in  p la n e  
c ra s h  g r id

W e ig h t o f  
c o re  sample  
i n g rams

.CPM/g o f  
processed  
samp1e

IA
(A E
0) IA*-> 10 . —

.— (A > C t-
4) ID 4)

ID 4-> ID cn 4->
i- -a 1— 4->
3 — s; (A O —
C -u -o 4}
ID ID i_ .— >— —
i/l -O ID o 4-4 ID ««-
> • ■C O <D 4-> O
•C l_ -M CA 4) o
I— o o Q_ CO I-  cn

0. 5 +- m r /h r
4 - 5-1

2
3

T o ta l
Mean

1 8 .2
2 4 .8
2 3 .7
7 6 .7  
1 9 .2

7.6238
0 .8 6 3 4

16.8776

2
4
3
9
3

2
2
2

0 . 1  1 
0 .1 6  
0 .2 5  
0 .1 8

0 . 4  to  0 .5  m r /h r  
4 - 4 . 5 - 1  

2 
3

T o t a l
Mean

0 .0 5  t o  0 .1  m r /h r  
4 -2 -1  

2 
3

T o t a l
Mean

1 2 .3
1 5 .6  
1 2 .9  
4 0 .8
1 3 .6

6 .7  
8.1 

15.6 
3 0 .4  
10.1

1 .3 0 4 4  
0 .7 8 2 4  
0.3822

0 .5 1 8 4
0 .2 6 1 4
0 .4 9 6 4

4
4

2
3
3

3
3
2
8
3

2
5
6 

13
4

2
2

0 .5 7  
0 .1 9  
0 .1 6  
0 .2 9

0 .4 5
1 . 1 1
0 .4 5
0.66
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actual malathion may have s t i l l  been acting on the soil fauna.

Cryptozoa Boards 

Four seasoned oak boards 20 x 285 mm (5 -5 /8  x 11-1/4  i n . ) ,

400 cm  ̂ in area were placed (Fig. 21) 2 .4  m (8 f t )  from each 61 m 

(200 f t )  grid  stake. Boards were placed on the moist soil a f te r  the 

top loose l i t t e r  had been scraped away. Cole (1946) used the technique 

to compare cryptozoans o f  d i f fe r e n t  types o f  h a b ita t .  He spaced 369 

boards 1 m apart. This study u t i l iz e d  92 boards in each watershed or 

184 boards. As described by Cole (1946:54) animals seen on the ground 

or on the under surface o f the board were counted a f t e r  quickly  

turning the board on edge, insects quickly disappeared, so larger  

forms were counted f i r s t  during cursory observations, smaller ones 

were counted as the surfaces were system atically  examined. The 

surfaces were genera lly  shaded from d ire c t  sunlight by the w r i te r 's  

body but l ig h t  was needed in the dense fo res t to make observations. 

(Cole, 1946:54). The boards were replaced in th e ir  o r ig in a l position .  

During the study several boards became a cc id en ta lly  displaced but 

s im ila r  populations formed a f t e r  replacement. Numbers o f ants and 

termites were estimated; each board was examined approximately I min. 

i t  required two people, a recorder and an observer, to examine a l l  

184 boards in 1 day (6 hr a f i e ld ) .  The w r i te r  made a l l  cryptozoan 

board observations. Several specimens were collected during 

observations and id e n t if ie d  by the taxonomist. The lim ited  number 

o f forms and a s ingle  observer made observations very r e l ia b le .  

Observations are general in that only gross faunal categories were 

recorded, e .g . a l l  centipedes of several types were simply recorded
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as " c e n t ip e d e s " ,  s n a i l s  and s lu g s  w ere  combined as " s n a i l s " .  

C ryp to zo an s  under a l l  fo u r  boards (1600  cm ) were t o t a l e d .  The  

te m p o ra ry  d is tu rb a n c e  o f  t u r n in g  th e  boards was no t c o n s id e re d  to  

a f f e c t  th e  c o u n ts . S pec ies  c o l l e c t e d  and i d e n t i f i e d  under th e  boards  

a r e  shown in  T a b le  18.

U n l ik e  C o le  (1 9 4 6 :5 *0  mammal d is tu r b a n c e  was ta b u la te d  as a 

s e p a ra te  o b s e r v a t io n  and used as a n o th e r  index  o f  mammalian a c t i v i t y .  

These o b s e r v a t io n s  a r e  re p o r te d  under mammalian s t u d ie s .  Earthworms  

and sa lam a n d ers , a ls o  c o u n ted , a r e  re p o r te d  under those  t i t l e s .

G re a t  d i f f i c u l t y  was found c o u n t in g  a n t s ,  C o l le m b o la ,  and m ite s  

(C o le  1 9 4 6 :5 4 ) .  They c o u ld  n o t be counted w i t h  any deg ree  o f  con

f id e n c e .  Numbers o f  a n t s ,  u s u a l ly  in  la r g e  c o lo n ie s ,  w ere  e s t im a te d .  

C ole  (1 9 4 6 :5 4 )  found t h a t  th e  " p res e n c e  o r  absence o f  groups o f  a n ts  

as la r g e  as 25 may, how ever, be used as a c r i t e r i o n  o f  a n t  abundance  

f o r  s t a t i s t i c a l  p u rp o s e s ."  M ite s  and C o llem b o la  o c c u rre d  in  

abundance on th e  a re a  as seen from  l i t t e r  bag s t u d ie s .  Under a bo ard ,  

how ever, r a r e l y  more than  3 t o  5 w ere  seen . Though th e  board method 

does not p ro v id e  a r e l i a b l e  census, o r  b a s is  f o r  t o t a l  p o p u la t io n  

e s t im a t e ,  i t  does p r o v id e  an in d ex  and was used e n t i r e l y  f o r  t h i s  

p u rp o s e . E n v iro n m e n ta l f a c t o r s  on any day w hich  caused d i f f e r e n c e s  

in  observed a n im a ls  and th o s e  a c t u a l l y  p re s e n t  w ere  assumed equal  

on t r e a t e d  and c o n t r o l  a r e a s .

Two v e ry  ob v ious  r e l a t i o n s  w ere  n o te d . Thysanura  were a lm o s t  

a lw ay s  observed w i t h  b re e d in g  c o lo n ie s  o f  b la c k  a n ts  though th e y  

w ere no t observed  under boards h a v in g  s i m i l a r  n o n -b re e d in g  c o lo n ie s .  

C rypto zoans  w ere  much le s s  abundant under boards a f t e r  p e r io d s  o f
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Table 18. -  Invertebrates collected from under cryptozoa boards on 
the Dover, Ohio, watersheds, 1961 and 1962, and id e n t if ie d  in the 
laboratory.

Insecta

Collembola
Entomobryidae

Orthoptera
G ry llac r id id ae

Centhophl1 us

Hemiptera
Lygaei dae

Neuroptera
Chrysopidae

Chrysopa

Coleoptera
Carabidae

Pterost i chus 
Tenebri onidae 
Ela teridae

Diptera
larvae

Chilopoda
Lithobi idae

Diplopoda
Polydesmidae

Hoi Iusca
Limacidae (slug)

Symphyla

Araneida
Thomi sidae 
Gnaphosidae

Isopoda
T r i choni scidae

Tri choni scus

Lepidoptera
Pyralidae ( la rva )

Hymenoptera
Formi ci dae



99

p ro lo n g e d  d ry n e s s . C o le  (19^*6) d id  no t c o n s id e r  th e  board a community  

f o r  he d e te c te d  l i t t l e  s p e c ie s  i n t e r a c t i o n  o r  " i n t e r i o r  i n t r a s p e c i f i c  

i n t e g r a t i o n "  among th e  c r y p to z o a .

A rth ro p o d s  and m o llu s k s  observed  under 10 boards in  each t r a c e r  

p l o t  a r e  re p o r te d  in  T a b le  19. I t  appears  t h a t  even though fo u r  

p o p u la t io n s  de cr ea se d i n  th e  t r e a t e d  a r e a ,  to  o n ly  one o f  th e s e ,  the  

C o lle m b o la ,  can any de g re e  o f  c o n f id e n c e  be a t ta c h e d .  In  o n ly  one 

c a se , th e  m o l lu s k s ,  d id  a d e c re a s e  o c c u r  and t h i s  cou ld  e a s i l y  be 

due to  chance. The c o n t r o l  a re a  t o t a l  p o p u la t io n s  in c re a s e d  282%, 

w h i le  in  th e  same p e r io d  th e  t r e a t e d  a re a  p o p u la t io n s  in c re a s e d  o n ly  

176%. The c o n tr o l  a re a  p o p u la t io n s  in c re a s e d  1 .6  t im e s  more than  d id  

th e  t r e a t e d  a r e a  p o p u la t io n s .

R e s u lts  o f  th e  1961 and 1962 o b s e r v a t io n s  o f  th e  fauna  under  

c ry p to z o a  boards a r e  summarized in  T a b le  2 0 . W h i le  th e r e  w ere  In 

groups observed  under b o a rd s , o n ly  C o l le m b o la ,  th y s a n u ra ,  and 

a ra c h n id s  were p re s e n t  in  numbers la r g e  enough to  g iv e  an o b s e rv e r  

any c o n f id e n c e  in  i n t e r p r e t i n g  changes observed w i t h  t im e .  O th e r  

forms w ere  so v a r i a b l e  and so p o o r ly  re p re s e n te d  in  samples t h a t  

th e y  w ere  no t examined e x c e p t  in  t o t a l  p o p u la t io n  response.

A nts  were reco rd ed  where counted as in d iv id u a ls  o r  as c o lo n ie s .

By o n ly  com paring p resen ce  o r  absence a t  s ta k e s  in  each w ate rsh ed  no 

change is  a p p a re n t  between t r e a tm e n t  and c o n t r o l .  A n ts  o c c u rre d  a t  

between 13 and 21 s ta k e s  in  each w a te rs h e d . A c tu a l  numbers 

( i n d i v i d u a l s  p lu s  e s t im a te d  c o lo n y  s i z e )  w ere  v a lu e le s s  because o f  

t h e i r  h ig h  v a r ia n c e s .

C o llem b o la  ( F ig .  19) a p p ea r  t o  be in f lu e n c e d  by th e  t r e a tm e n t .
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Table 19. -  Sura o f  the cryptozoans observed under ten 400 cm̂  oak 
boards in each o f four 0.1 acre p lo ts  near Dover, Ohio. Plots 1 and 
3 were contro ls , 2 and 4 were treated w ith  2 lb /ac re  o f malathion in 
10 g a l/acre  o f formulation on 29 August 1961.

Taxa

Dates

Pre-treatment 
28 August 

Treatment Control

Post-treatment 
5 September 

Treatment Control

Collerabola 21 9 13 11

Centipedes 4 2 1 2

Spiders 15 11 19 13

Thysanura 9 9 58 64

Ants 4 6 4 20

Earthworms 0 1 1 2

H ill ip ed e s 1 1 2 5

Snails and Slugs it 2 1 1

Cri ckets 0 1 1 2

Beetles 0 3 4 5

1sopods 1 0 0 2

Total Indiv iduals 59 45 104 127



*
Table 20, -  Cryptozoans under 92-400 cm oak boards in each watershed. Four boards were located 15 f t  from each o f the 23 grid  
stakes in  each o f the Dover, Ohio, watersheds, 1961-62.

6-2-61  
Watershed 
1 2

Pre Spray

7-17-61 
Watershed 
1 2

4-30-62  
Watershed 
1 2

5-11-62  
Watershed 
1 2

6-11-62  
Watershed 
1 2

Post Spray

7-20-62  
Watershed 
1 2

8-24-62  
Watershed 
1 2

Species

Ants 8 160 370 540 1276 2871 2612 1376 2440 2148 3012 3683 2216
Coliembola 1 Off 71 30 83 66 5! 34 29 40 1 2 3 13
Thysanura 0 72 64 65 66 45 59 124 106 57 102 191 133
Mi tes 2 0 0 26 58 14 8 13 15 9 13 2 1
Beetles (Coleoptera) 4 15 9 11 6 7 9 7 6 29 12 13 7
Centipede 25 44 10 16 11 15 12 13

1
8 6 8 5 3

M illip e d e 2 k 5 7 6 4 4 3 3 4 1 0
Spiders (Arachnlda) 24 32 33 90 45 29 28 50 52 48 39 37 46
Cricket 0 10 14 3 0 0 1 4 1 6 12 14 4
U n id en tified  Larvae 5 5 5 2 20 6 10 59 7 28 3 1 2
Earthworms 20 13 8 9 16 9 9 5 2 0 1 0 0
Mollusks (Slugs and Snails) 8 13 4 19 26 12 20 14 15 6 9 9 3

Total (excluding ants) 194 279 182 331 320 192 194 319 255 193 205 276 212

10
1
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The s im i la r i ty  o f the populations in the two watersheds before t r e a t 

ment and the reversal post-treatment supports th is  observation. 

Populations had not recovered w ith in  3 months a f te r  spray. This could 

have been caused by the prolonged dry period o f the summer.

Thysanura numbers in F ig . 19 are thought to have been s l ig h t ly  

depressed a f te r  treatment. Populations are so variab le  th is  is 

d i f f i c u l t  to support. M ite observations were so uncertain that they 

were ignored.

No s ig n if ic a n t  abnormal changes were noted in beetles , centipedes, 

m illipedes , spiders, c r ic k e ts , or isopods. M illipedes and spiders 

(F ig. 19) were very nearly a l ik e  in between-watershed population  

comparisons. There were 30% more centipedes in watershed no. 1 than 

no. 2 .

A comparison of the to ta l number o f indiv iduals  (exclusive of  

ants and term ites) on each watershed is presented in F ig . 20, 

although such summations are not e n t i r e ly  s a t is fa c to ry .  Wide ranges 

in numbers occurred in 1961 and 1962.

In summary there appear to have been Peal e f fe c ts  on Collembola, 

minor e ffe c ts  on Thysanura, and other populations remained unchanged. 

There was no evidence o f  population imbalances; no forms unduly 

increased post-spray in the cryptozoan board h a b ita t .

Earthworms

The importance o f earthworms in aerating and c u lt iv a t in g  s o i l ,  

increasing porosity , improving so il texture  and watershed p roperties ,  

serving as prey, converting vegetable matter to  reusable products fo r
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p l a n t s ,  and many o t h e r  a c t i v i t i e s  a r e  e s s e n t ia l  in  th e  f o r e s t  s o i l  

community. Hopkins and K i r k  (1 9 5 7 )  commented t h a t  most in s e c t ic id e s  

a r e  po isonous to  earthworm s i f  a p p l ie d  t o  th e  a re a  o f  fe e d in g .  They  

found th e  9 6  h r  LD5 0  earthworm s t o  be 3 7 .9  l b / a c r e  o f  4% m a la th io n  

d u s t ( 1 9 5 7 : 7 0 0 ) .

Hyche (1 9 5 6 :4 1 0 )  re p o r te d  t h a t  m a la th io n  was v e ry  e f f e c t i v e  as  

an a c a r id e ,  and t h a t  i t  was h ig h ly  t o x i c  to  earthworm s a t  c o n c e n t r a t io n s  

o f  1 and 2 . 5% e m u ls io n s .

C ry p to zo a n  B oards.

Earthworms observed  under c ry p to z o a n  boards a r e  re p o r te d  in  

T a b le  2 1 . A lth o u g h  a com parison o f  p re  and p o s t - t r e a t m e n t  p o p u la t io n s  

on th e  t r e a t e d  a re a  w i t h  th o s e  on th e  c o n tr o l  a re a  in d ic a t e s  o n ly  a 

68% s u r v i v a l ,  t h i s  o b s e r v a t io n  is  no t re a l  s in c e  an F t e s t  (F *  1 .4 )  

in d ic a t e s  no s i g n i f i c a n t  d i f f e r e n c e  between th e  earthw orm  p o p u la t io n s  

on th e  two w a te rsh ed s  be.fore s p ra y .  T h e re  is  no s i g n i f i c a n t  d i f f e r e n c e  

in  th o s e  p o p u la t io n s  p o s t s p ra y .  T h e re  a r e  no e f f e c t s  o f  m a la th io n  on 

earthworm s under c ry p to z o a n  bo ards .

The w ide  v a r i a t i o n s  in  numbers o f  worms observed  bo th  b e fo re  

and a f t e r  t r e a tm e n t  a r e  a t t r i b u t e d  t o  m o is tu re  d i f f e r e n c e s ;  th e  

earthworm s moved de ep e r  in t o  th e  s o i l  as th e  s u r fa c e  d r i e d .  They  

w ere  no lo n g e r  seen under th e  b o ard s . The c o r r e l a t e d  d e c l in e s  between  

th e  two w a te rsh ed s  in d ic a t e  no in s e c t i c i d e  e f f e c t s .
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Table 21. -  Total number o f indiv idual earthworms observed under 92 
400 cm2 oak cryptozoa boards located throughout the Dover, Ohio, 
watersheds, 1961 and 1962.

Date
Month -  Day -  Year Watershed No. 1 Watershed No. 2

Pre Treatment 
6-2-61 20 Ml

7-17-61 13 8
4-30-62 9 16
5 - 11-62 9 9

Total 51 33

Mean 12.75 11.0

S2 26.9 19.0

Post Treatment
6 - 11-62 5 2
7 - 20-62 0 1
8-24-62 0 0

Total 5 3

Mean 1.7 1

Tracer P lot Studies 

Earthworms were purchased from a local f is h  b a it  dealer and 15 

were placed in each o f four 2 .8  1 (3 quart) galvanized cans. Each 

can was h a lf  fu l l  o f  moist top s o i l ,  decaying vegetation, and 

sphagnum in which the earthworms were purchased. One can was placed 

on each o f the four tracer p lots  1 day before the treatment. Many 

worms escaped or were taken by predators w ith in  7 days post-spray. 

Results are shown in Table 22 and suggest in sec tic id e  e f fe c ts .
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T a b le  2 2 . -  Numbers 
2 r a in s )  from  Dover

o f  earthworm s reco vered  
, O h io , t r a c e r  p l o t  cans

on k  Septem ber 61
0

( a f t e r

P lo t  Number Dead A1 i ve T o ta l

T - l 5 8 13

T - 2 0 0 0

T - 3 9 5

T - i f 10 0 10

Of 7 earthw orm  samples p ro c e s s e d , 3 had s i g n i f i c a n t l y  h ig h  r a d io 

a c t i v i t y :  0 .0 0 2 ,  0 .0 0 5 ,  and 0 .0 0 9  cpm/mg. T h is  re p re s e n ts  a c t i v i t y

accum ula ted  by l i v i n g  worms w i t h i n  6  days a f t e r  s p ra y .

E x p u ls io n

Two c e n t r a l  a re a s  s i m i l a r  in  s o i l  m o is tu r e ,  v e g e t a t i o n ,  and 

a p p a re n t  earthw orm  a c t i v i t y  w ere  s e le c t e d ,  one in  each w a te rs h e d .  A 

q u a d ra t  s i t e  was s e le c t e d ,  th e  l i t t e r  removed by hand down t o  th e  s o i l ,  

and a m^ s t r i n g - o u t  1 ined q u a d ra t  was sampled on each d a t e .

Potass ium  p erm an ganate , an earthw orm  e x p e l l a n t ,  about 30 g 

(1 o z )  in  3 .1 8  1 (1 g a l )  o f  w a te r  (Evans and G u i ld ,  19*+7) was a p p l ie d  

e v e n ly  o v e r  th e  c le a re d  q u a d ra t  in  a w a te r  s p r i n k l i n g  can . Earthworms  

began em erging from  th e  s o i l  in  1 m in . a f t e r  a p p l i c a t i o n  and c o n t in u e d  

f o r  ab o u t 15 m in . Those seen w ere removed from  th e  p l o t ,  c o u n te d , and 

r e tu rn e d  to  th e  l i t t e r  n e a r  th e  p l o t .

Svendsen (1 9 5 5 )  in  t e s t s  o f  th e  e x t r a c t i o n  method found t h a t  

h a n d p ic k in g  a la r g e  s o i l  sample in  th e  la b o r a t o r y  y ie ld e d  more e a r t h 

worms than  th e  e x p e l l e n t  m ethod. The te c h n iq u e  is  b e l ie v e d  to  be
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su itab le  fo r the purposes intended, j_.e:. assaying e ffe c ts  o f malathion 

on earthworm populations in s im ila r  s o i ls ,  in s im ila r  areas, the same 

time each day.

Samples were taken f i r s t  in watershed no. 2, usually  during the 

afternoon o f the date indicated. Each new quadrat on subsequent dates 

was simply moved several fe e t  u p h ill from the las t spot used. Results 

of extractions are shown in Table 23. An F te s t  of heterogeneity  

between the populations o f both watersheds indicates that natural real 

differences e x is t  between the populations of the two watersheds. 

Calculations of chi-square are fo r  a 2 x 2 contingency table  (Table 24) 

o f the population sums, y ie lds  0.14. Therefore, there is no s ig n i

f ic a n t  d iffe rence  between the p re -  and post-treatment populations and 

the insectic ide  had no e f fe c t  on the earthworm.

On 29 May 1962, 4 days a f te r  treatment, samples were taken on both 

watersheds which yielded 4 earthworms on watershed no. 1 ; 8 on watershed 

no. 2. These d i f f e r  g re a tly  from established pre-spray p a tte rn . On 

the next day, 3 quadrats were taken a t  each s i te  y ie ld in g  to ta ls  fo r  

areas 1 and 2 o f respective ly , 88 and 21. These data confirmed the 

expected negative earthworm e ffe c ts  and showed the v a r ia b i l i t y  o f  

the earthworm samples w ith in  several fe e t  o f each other that can be 

caused by s o i l ,  geological s t ra ta ,  and moisture re la t io n s . These 

post spray samples showed inadequate previous sampling s ize  of  

placement, but suggested that earthworm populations measured by 

properly s t r a t i f i e d  random samples w i l l  not have large variances.

The c o rre la t io n  c o e ff ic ie n t  ( r )  between earthworm population under 

cryptozoan boards and that obtained from the expulsion method was 0 . 9 8 .
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T a b le  2 3 . -  Earthworms e x p e l le d  from  1 m q u a d ra ts  on the  D o v er, O h io ,  
w a te rs h e d s ,  1 9 6 2 , by a p o tass iu m  perm anganate s o lu t io n .

Date  
Month -  Day

Number o f  
W atershed no. 1

earthworm s
W atershed no. 2

5 -7 41 16
5 - 1 0 23 14
5 -1 4 26 11
5 - 2 2 32 11

T o ta l 122 52
Mean 3 0 .5 1 3 . 0
s 2 6 3 . 0 6 . 0

5 - 2 5  -  -  ■ -  -  Spray D ate  -  -  -  -

5 -2 9 4 8
6 -1 33 0

33 1
22 20

6 - 1 2 5 4
7 -1 4 26 11
7 -2 5 3 16

T o ta l 126 60
Mean 1 8 . 0 8 . 6
s 2 1 8 6 .7 5 7 .3

T a b le  24 . -  A 
t e s t s  between

c o n tin g e n c y  t a b le  c o n s tru c te d  from T a b le  23 f o r  c h i-s q u a re  
p r e -  and p o s t - t r e a t m e n t  earthw orm  p o p u la t io n s .

W atershed 1 W atershed  2 T o ta l

P r e - t r e a t m e n t 122 52 174

P o s t - t  rea tm en t 126 60 186

T o ta l 248 112  360

*  0 .1 4  "X? a t  th e  10% le v e l  o f  c o n f id e n c e  f o r  1 d . f .  is  2 . 7 .
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This is a very crude estimate of c o rre la t io n , fo r  dates were not the 

same and the two sampling methods, hardly comparable. The great 

po s it iv e  c o rre la t io n  simply indicates substantiation o f the expulsion 

method data by the cryptozoan boards.

A f te r  the treatment earthworms expelled were collected in 10% 

alcoho l, returned to the laboratory and counted. On 29 May specimens 

from watershed no. 1 had a c t iv i t y  of 0.061 cpm/mg, those on watershed 

no. 2 had 0.037 cpm/mg. No s ig n if ic a n t  ra d io a c t iv ity  was observed in 

specimens collected on 1 June 1962 and 12 June 1962. However, though 

not s ig n if ic a n t ,  earthworms from watershed no. 1 had a 1.0 net cpm 

while  those from watershed no. 2 had no measurable a c t iv i t y .  On 25 

July 1962 levels  of a c t iv i t y  in worms from both areas were s ig n if ic a n t  

at the 10% level o f confidence. Those from watershed no. 1 had 

0.230 cpm/mg; those from watershed no. 2, 0.019 cpm/mg.

During the earthworm ex trac tio n s , many white threadworms 

(nematode and Coleoptera larvae) were observed before and a f t e r  the 

spray but no counts were made. S p i l le r  (1961:312) reported some 

action o f malathion on plant pest nematodes, also some antihe lm inth ic  

action on hens fed excessive doses.

On 25 July 1962 "grunting" earthworms was attempted as a 

c o lle c t io n  technique (Naggiar, 1962:17). Meter square p lo ts  were la id  

out as fo r  KMnO  ̂ ex trac tion  in both areas. In the center o f each an 

18 in . long 0.75 x 0.75 in . hardwood stake was driven w ith  a hatchet 

u n ti l  only k to  5 in . o f wood was exposed. The side o f  the hatchet 

head was rubbed across the top o f the stake in long, even strokes for  

10 min. producing a p ig - l ik e  grunting noise and strong ground
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v i b r a t i o n s .  No earthworm s w ere  c o l l e c t e d  in  th e  w a te rsh ed  no. 1 p l o t ,  

and o n ly  2 in  p l o t  2 ,  though KMnOj  ̂ used im m e d ia te ly  a f t e r  th e  g r u n t in g  

in  bo th  p l o t s  e x p e l le d  3 in  no. 1; 16 in  no. 2 .  The te c h n iq u e  was 

i n e f f e e t  i ve .

Summary and C o n c lu s io n  

C ryp to zo an  boards s t u d i e s ,  crude  e s t im a te s  o f  earthw orm  popu

l a t i o n s ,  in d ic a te d  no e f f e c t s  by m a la th io n  on earthw orm  p o p u la t io n .  

T h is  o b s e r v a t io n  was s u b s t a n t ia t e d  by more a c c u ra te  p o tass ium  

perm anganate e x p u ls io n s  in  m* q u a d ra ts .  " G r u n t in g "  is  an i n e f f e c t i v e  

te c h n iq u e  under th e  c o n d i t io n s  o f  t h i s  s tu d y .  Q u a n t i t i e s  o f  r a d io 

a c t i v e  s u l f u r  in  earthw orm  bo d ies  in c re a s e d  w i t h  t im e .

Decomposi t  ion  and Pi sappearanee  Stud ?es  

The e f f e c t  m a la th io n  m ig h t have on r e t a r d in g  o r  p r e v e n t in g  decom

p o s i t io n  o r  in s e c t  a t t a c k  on an im al and p l a n t  m a t te r  was in v e s t ig a t e d .  

I t  was h y p o th e s ize d  t h a t  i f  scaven g er and c a rn iv o ro u s  in s e c ts  were  

d e s t r o y e d ,  t h e i r  dead b i r d  o r  mammal p re y  would rem ain on th e  a re a  

lo n g e r  than  on u n t r e a te d  a r e a s .  T h is  r e t a r d a t i o n  in  energy  f lo w  c ou ld  

c o n c e iv a b ly  be a s i g n i f i c a n t  e f f e c t  o f  an i n s e c t i c i d e  on an ecosystem .

F i v e ,  k  in .  cube cages o f  0 .2 5  in .  hardw are c lo t h  w ere  p la c e d  in  

a l i n e  up th e  c e n te r  o f  each w a te rs h e d . Each c lo s e d  numbered cage  

c o n ta in e d  a weighed (15  t o  25 g ) p ie c e  o f  m o is t  le a n  b e e f  and an inch  

cube (5  to  15 g ) o f  a p p le .  R ed u c tio n  in  th e  w e ig h t  o f  th e  samples was 

e x p e c te d  t o  be le s s  on th e  in s e c t ic id e ,  t r e a t e d  a r e a s .

The s tu d y  was u n su cce s s fu l and abandoned when a f t e r  1 week th e  

samples had s im p ly  d r ie d  and showed no s ig n s  o f  in s e c t  a t t a c k .  A f t e r
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2 weeks, ants had begun to carry away small pieces of dried apple. 

Weight loss of a dead mouse in a te s t  tube may be another possible  

approach to assessing insectic ide  e f fe c ts  on carrion-feeders .

Even the most s k i l le d  observers have had great d i f f i c u l t y  in 

f ind ing  dead birds and animals placed a f ie ld  to determine recovery- 

e ff ic ie n c y .  Mice and shrews found dead in traps were placed on 

nearby p la s t ic  t i l e s .  Without exception they had disappeared w ith in  

2b hr. These observations point out the im p ra c t ic a lity  o f evaluating  

insectic ide  e ffec ts  on w i l d l i f e  on the basis o f numbers o f observed 

dead animals. Insectic ide  e f fe c ts  must be measured, conversely, 

by the disappearance o f known l iv e  animals.

INSECTS AND OTHER ARTHROPODS

Malathion is highly tox ic  to many insects. I t  is one-fourth  

to one-th ird  as insec tic id a l as parathion and is highly tox ic  to  

c erta in  phytophagous mites, mammalian and avian l ic e ,  aphids, scale 

insects, f l i e s  and many other insects both sucking and chewing 

(M artin , 1953:152; Negherbon, 1959:^51). Negherbon (1959) l is te d  

many insects upon which malathion has been tested. S p i l le r  (1961:289) 

l is te d  e ffe c ts  on Acarina and Insecta. Most crop pests w i l l  not
t

be r e - l is te d  here in d e t a i l .  LD in mg/kg varies from about 0.7550
to 120 fo r  a wide v a r ie ty  o f  insects. E ffec ts  are known fo r:  house

f l i e s 1 (Lindquist and Fay, 1956); horse bot f l i e s  (Hoffman, R. A . ,

'"Common Names o f Insects" (Laffoon, J. L . ,  I960) was used fo r  
th is  l i s t .
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I 9 6 0 ) ;  b la c k  f l i e s  and a q u a t ic  f l y  l a r v a e ,  (Lea and D a lm a t,  195**: 1 3 9 ) ;  

H a r le q u in  bug (P e te rs o n ,  195**); lawn in s e c ts  such as f l e a s ,  l e a f -  

h o p p ers , l e a f  bugs, and m ite s  (V ance , 1 9 5 6 ) ;  m osquitoes  ( G j u l l i n  and 

P e t e r ,  1 9 5 6 :8 6 ) ;  cockroaches (H o rn s te i  n et^ aJL , 1955: **83) ; mange m ite s  

(Webb and Shepherd , 1 9 5 9 ) ;  p l a n t  m ite s  ( R i s t i c h ,  1956 , and H i n t z ,

1 9 5 3 );  garden c e n t ip e d e s  (H o w i t t  and B u l lo c k ,  1955:2**7) th e  garden  

m i l l i p e d e  (H en nenberry  and T a y l o r ,  1 9 6 1 ) .  I t  is  im p o s s ib le  to  

g e n e r a l i z e  on th e  e f f e c t s  o f  m a la th io n  on th e  heterogenou s  p o p u la t io n  

o f  a m ixed hardwood f o r e s t .  I n s e c t i c i d a l  e f f e c t i v e n e s s  v a r ie s  not 

o n ly  between but w i t h i n  in s e c t  o r d e r s  -  even w i t h i n  s p e c ie s .  D i f f e r 

ence in  s u s c e p t i b i l i t y  is  due n o t o n ly  to  in h e re n t  in s e c t  c h a r a c t e r -
l

i s t i c s ,  bu t to  b e h a v io ra l  p a t t e r n s  ( S p i l l e r ,  1 9 6 1 :3 0 3 ) .

W ith  reg ard  to  b e n e f i c i a l  in s e c t s ,  m a la th io n  has been shown 

h ig h ly  t o x i c  to  bees (Anderson and T u f t ,  1952; A tk in s  and A nderson ,  

195**:972; Johansen, 195**:716; L e ib erm an , ert a j_ . , 195**). In  com parison  

w i t h  o t h e r  a c a r i c i d e s ,  i n s e c t i c i d e s ,  and f u n g ic id e s ,  th e  o rg a n o -  

p h osphates  as a group p r e s e n t  th e  g r e a t e s t  hazard  to  b e n e f i c i a l  

in s e c ts  ( S p i l l e r ,  1 9 6 1 :3 1 5 ;  H a r r ie s  and V a lc a r c e ,  1 9 5 5 :6 1 ** ) .

The e f f e c t  on in s e c ts  o f  an a e r i a l  a p p l i c a t i o n  o f  2 l b / a c r e  t o  a 

m ixed hardwood f o r e s t  cannot be p r e d ic t e d .  E f f e c t  w i l l  range from  

none to  n e a r -c o m p le te  e x t e r m in a t io n  o f  s p e c ie s  on th e  a r e a .  V a r ia t io n s  

o f  e f f e c t  w i l l  o c c u r  no t o n ly  between s p e c ie s  but w i t h i n  s p e c ie s  as 

a p p l i c a t i o n  r a te s  v a ry  w i t h  e n v iro n m e n ta l  f a c t o r s .  In s e c t i c i d e  e f f e c t s  

on c e r t a i n  p o p u la t io n s  a r e  ex p e c te d  t o  be obscured by d r a s t i c  p r e d a t o r -  

p r e y -h o s t  - p a r a s i t e  s h i f t s  caused by th e  i n s e c t i c i d e .  N a tu r a l  p o p u la 

t i o n  r e s is ta n c e  and im m ediate  re ch a rg e  and s t a b i l i z a t i o n  o f  p o p u la t io n s
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w i l l  be dynamic forces acting to obscure insec tic id a l e f fe c ts .  Egg 

and la rval stages, unmeasured by sampling techniques, may be e ffec te d ,  

the resu lts  of which w i l l  be postponed or w i l l  remain unrecognized. 

Aquatic populations may be e ffected  w ith  subsequent e ffe c ts  on insect 

la rva , eggs, and la te r ,  adu lts . The resu lt  is a multi-dimensional 

web of action and in terac tio n  between and w ith in  species and th e ir  

natural environment and an unnatural environmental hazard, malathion 

in sectic id e .

The 1nsect Fauna

The complexity of the insect fauna of the deciduous forest and 

i t s  ecology can hardly be over exaggerated. One o f the greatest 

problems o f studying the e ffe c ts  o f any unnatural environmental 

factors  on the ecology o f an area is simply to enumerate q u a l i ta t iv e ly  

and q u a n t ita t iv e ly  the natural inhabitants o f the area. Though 

working out in te r re la t io n s  is extremely d i f f i c u l t ,  the f i r s t  step of 

f ind ing  out what organisms are present to in te ra c t is at present 

la rger than can be taken. There are , fo r  example, no techniques 

a v a ila b le  fo r  ex trac ting  a l l  organisms (e .g . snails  and r o t i fe r s )  

from a given sample o f  s o i l ;  some extractions are destructive  fo r  

some forms, in e f f ic ie n t  fo r  others. Each insect group and l i f e  stage 

requires a d i f fe r e n t  sampling technique. The sampling problems are 

enormous and vary fo r  each study need. Shenefelt and Jones (I960)  

presented some o f the problems o f fo res t insect surveys.

Sampling methods and in te n s ity  fo r  th is  study were balanced among 

the factors o f av a i la b le  broad-spectrum sampling techniques, re la t iv e
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im po rtance  o f  th e  in s e c ts  as r e la t e d  t o  o th e r  fa u n a ]  segm ents, t im e  

a v a i l a b l e  f o r  s a m p lin g , r a t e  a t  w h ich  th e  ta x o n o m is t  cou ld  count and 

i d e n t i f y  th e  specim ens, and r a t e  a t  w h ich  th e  r a d i o a c t i v i t y  o f  i d e n t i 

f i e d  specimens c ou ld  be m easured. The f i r s t  y e a r  was spent in  

d e v e lo p in g  te c h n iq u e s ,  p r e p a r in g  a c o l l e c t i o n ,  and e x t a b l i s h i n g  

p o p u la t io n  com parisons between a r e a s .  The b a la n c e  o f  e f f o r t  f o r  th e  

1962 s tu d y  was o b ta in e d  e m p i r i c a l l y .  M o r r is  ( 1 9 6 0 : 2 5 * 0 ,  re v ie w in g  

s tu d ie s  o f  t o t a l  in s e c t  p o p u la t io n s  o v e r  la r g e  a r e a s ,  commented t h a t  

o f  th r e e  m a jo r  s tu d ie s  by s t a t i s t i c a l l y - o r i e n t e d  a u th o r s ,  th e  

s o p h is t ic a te d  s t r a t i f i c a t i o n  and optimum d e s ig n  w i t h  re s p e c t  t o  a re a  

w ere d is re g a rd e d  f o r  th e  a r b i t r a r y  c h o ice  o f  th e  s m a l le s t  sam pling  

un i t .

The purpose o f  th e  in s e c t  s tu d y  was to  d is c o v e r  what e f f e c t s  an

a e r i a l  t r e a tm e n t  o f  2 l b / a c r e  o f  m a la th io n  would have on in s e c t

p o p u la t io n s  o f  a dec iduous  f o r e s t .  S in ce  th e  in s e c t i c i d e  has a s h o r t

h a l f - l i f e ,  i n t e r e s t  was no t o n ly  in  d i r e c t  e f f e c t s  such as numbers

o f  in s e c ts  k i l l e d ,  bu t in  p r e d a t o r - p r e y  b a la n c e  d i s r u p t io n  as expressed

in  re m a in in g  in s e c t  p o p u la t io n s  and in  speed o f  p o p u la t io n  re c o v e ry .

The approach to  th e  prob lem  was much l i k e  t h a t  o f  L a g ie r  (1 9 * *9 :5 0 ) .

U nbiased r a t h e r  th an  random samples w ere  th e  o b j e c t i v e ,  and most

samples f o r  b e tw e e n -a re a  com parisons w ere  ta k e n  in  e c o l o g i c a l l y  and

g e o g r a p h ic a l ly  s i m i l a r  e n v iro n m e n ts .  M o r r is  (1 9 6 0 :2 5 5 )  p ro v id e d  some

j u i s t i f i  c a t io n  f o r  t h i s  approach:

. . .m o s t  o f  th e  o b je c t i v e s  o f  in s e c t  sam pling  do n o t r e q u ir e  
s t r i c t  ra n d o m iz a t io n ,  a t  l e a s t  in  re g ard  to  a r e a ,  and th e  
a d d i t io n a l  expense t h a t  i t  imposes is  t h e r e f o r e  n o t a lw ays  
j u s t  i f l e d .
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He commented that in biology there is s t i l l  uncerta inty  as to whether 

a serious s ta t is t ic a l  v io la t io n  results  w ith  the use of random theory 

w ith  unbiased or systematic data. Roving versus permanent p lots  

were considered fo r  a l l  sampling techniques but a f te r  try ing  roving 

sweep sample p lots in 1961, the cost was p ro h ib it iv e  and the great 

v a r ia b i l i t y  even in s im ila r  areas made required sample sizes too grea t.

The sampling devices used fo r  insect sampling are summarized in 

Table 7• Some random sampling was-done to make as complete as possible  

a checklis t o f insects fo r  the area. Hoffman and Merkel (19^*8) and 

Hoffman and Linduska (19^9:105) in DDT e ffe c ts -s tu d ies  used t re e - ja r r in g  

onto sheets and cloth  bottom traps under trees fo r  arboreal species; 

l ig h t  traps, f l y  traps, box-area traps, and adhesive boards fo r  

f ly in g  insects; traps baited w ith  f is h  or molasses, and modified 

Berlese funnels fo r ground insects; and sweep net samples and general 

observation fo r  other insects.

That samples of insects are not true functions o f  population  

size  has become established fa c t .  Light trap  samples, fo r  example, 

are incapable o f sampling larva and pupal stages of insects and th e ir  

effectiveness varies w ith  temperature, barometric pressure, moisture 

on fo l ia g e ,  and vegetative stage (in fluencing the distance that  

l ig h t  is v is ib le ) .  DeLong (1932) concluded that sweep samples were 

good only fo r q u a l i ta t iv e  sampling since sample sizes were influenced  

by l ig h t ,  temperature, shadow of the sampler, humidity, height o f  

sweep above ground, vegetative d iffe ren ces , wind, and number and 

length of sweeps. Since then, however, sweep samples have been used 

extensively  fo r  population indices or estimates.
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The p r a c t i c e  o f  S h e n e fe l t  and Jones (1 9 6 0 :1 6 )  was fo l lo w e d  in  

sam p lin g  h a b i t a t  n ic h e s  f o r  p o p u la t io n s  r a t h e r  th an  sam p lin g  f o r  

in d iv id u a l  s p e c ie s .  Over a long enough p e r io d  and u s in g  as many 

te c h n iq u e s  as p o s s ib le ,  t h i s  approach  was b e l ie v e d  most e f f i c i e n t  

f o r  th e  purposes o f  th e  s tu d y .  I t  was e a r l y  re c o g n ize d  t h a t  l a r v a l ,  

p u p a l ,  b e e t l e ,  and ground forms o f  l i f e  were in a d e q u a te ly  sampled. 

L o c a t io n s  o f  in s e c t  sam p lin g  d e v ic e s  used a r e  shown in  F ig .  21 .

B e tw e en -y e a r  v a r i a t i o n s  in  in s e c t  p o p u la t io n s  w ere  e xp ected  and 

d id  o c c u r  though th e y  w ere  n o t r a d ic a l  (S h e n e fe l t  and Jones, 1 9 6 0 :6 ) .

The e n t i r e  in s e c t  p i c t u r e  shou ld  g r a d u a l l y  change as th e  f o r e s t  

becomes more m ature  bu t w i t h i n  th e  2 y e a r  s tu d y  p e r io d ,  t h i s  change 

was unm easurab le .

No su b -s a m p lin g  o f  in s e c t  ca tch e s  was done as by Hoffman e t  a l . 

( 1 9 4 9 : 6 ) .  A l l  in s e c ts  c o l l e c t e d  w ere  i d e n t i f i e d ,  co u n te d , re c o rd e d ,  

and t a b u la t e d .

Sweep N et Samples

Though DeLong (1 9 3 2 )  c o n s id e re d  in s e c t  sweeping to  be u n s u i ta b le  

f o r  in s e c t  p o p u la t io n  e s t im a t e s ,  l a t e r  w o rk e rs  have used i t  e x t e n 

s i v e l y ,  p r i m a r i l y  f o r  la c k  o f  a b e t t e r  d e v ic e .  C ro s s le y  and Howden 

(1 9 6 0 :1 3 )  used 10 sweeps as a s in g le  sample f o r  e s t im a t in g  in s e c t  

biomass in  a s tu d y  on e f f e c t s  o f  gamma r a d i a t i o n  on w i ld  in s e c t  

p o p u la t io n s .  They observed  though ( 1 9 6 0 : 1 4 ) ,  t h a t  " th e  la r g e  

s ta n d a rd  e r r o r s  a t ta c h e d  to  th e  e s t im a te s  [ o f  b iom assJ[ suggest t h a t  

b e t t e r  sam pling  methods a r e  needed i f  d i f f e r e n c e s  between y e a rs  a r e  

t o  be d e m o n s tra te d ."  They found t h a t  th e  10-sweep method gave a
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DOVER WATERSHEDS

NB NBNB

NBNB NB
WATERSHED NO. 2

NBNB

NBNBNB

NB NB

watershed mo. i

NBNB NB

100 FT.

Fig . 21. Location of fauna I sampling devices on the Dover, Ohio, 
watershed in 1962. Four cryptozoan boards were a t every c irc led  
number; V -v e rt ica l s ticky  board trees; S-ground s ticky  boards; 
M-molasses traps; SN-sweep net l in e ;  C-catch cloths o f f  watershed 
no. 1 and at a l l  numbers in watershed no. 1; L - l ig h t  trap; B-adhesive 
bands; and NB-nylon bags.
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“ re a s o n a b le  a p p ro x im a t io n  o f  th e  number o f  in s e c ts  on one square  

m e te r  o f  v e g e t a t io n '1 ( 1 9 6 0 : 1 1 ) .

T ig n e r  (1 9 6 0 :3 3 )  used 100 sweeps o v e r  i n s e c t i c i d e  t r e a t e d  f i e l d s  

to  assess e f f e c t s .

A com m ercial in s e c t  sweep n e t  o f  m a r q u is e t te  n e t t i n g ,  3 0 .5  cm 

(12  i n . )  d ia m e te r ,  0 .6 6  m (26  i n . )  long bag, and 0 .91  m (3 6  i n . )  

h an d le  was used. V e ry  sm all in s e c ts  w ere  observed to  escape from  th e  

n e t .  Sweeps o f  ground v e g e t a t io n  in  u n i t s  o f  10 up to  50 w ere  ta k en  

in  1961 bu t no s a t i s f a c t o r y  method was s e le c te d  f o r  o b ta in in g  in s e c t  

counts  s u i t a b l e  f o r  b e tw e e n -a re a  com parisons. R ain  and d i f f e r e n c e s  in  

v e g e t a t io n  w ere  th e  m a jo r  v a r i a b l e  p ro d u c e rs .  Even sweeping th e  

"same" a re a s  was im p o s s ib le  s in c e  th e  s u c c u le n t  v e g e t a t io n  d id  not  

c o m p le te ly  re c o v e r  from  damage caused by w a lk in g  th ro u g h  i t ,  and 

many le a v e s  w ere  broken o r  removed by th e  sweeping n e t .

T r i a l s  in  1961 w ere  u n s a t i s f a c t o r y .  O n ly  one c o l l e c t i o n  was 

made in  1961 t h a t  was c o n s id e re d  w o rth y  o f  r e p o r t in g .  One-hundred  

sweeps in  v e g e t a t io n  w ere  ta k e n  a t  random in  groups o f  10 t o  15 

sweeps a t  a t im e  in  each w a te rs h e d .  T a b le  25 summarizes th e  r e s u l t s .

T a b le  25 . -  Summary o f  r e s u l t s  o f  100 random sweeps w i t h  a n e t  in  each  
D o v e r, O h io ,  w a te rsh ed  on 22 June 1961.

W atershed 1 W atershed 2

T o ta l  number o f  in d iv id u a l  a r th ro p o d s 352 191

T o ta l  number o f  f a m i l i e s  o r  ta x a 67 39

F a m i l ie s  re p re s e n te d  t h a t  w ere  not  
found in  th e  o t h e r  w a te rsh ed k8 19
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In watershed no. 1 there were 172% more fa m il ie s , 184% higher 

density , and a greater v a r ie ty  o f fa m il ie s . Of the 67 fam ilies  in 

watershed no. 1, 71% were not collected in watershed no. 2. Watershed 

no. 2 had only 48% of i ts  39 fam ilies  not represented in the large  

c o llec t io n  on watershed no. 1.

In 1962 the following method of sweep sampling was adopted. An 

area was selected near 1-6 in which the shrubs were low, dense, and 

varied but where they were open enough to allow sweeping the net 

across an 8 f t  wide path. A 42 f t  white c loth  tape was tied  in a 

s tra ig h t  l in e  between two shrubs. W ithin th is  distance were taken 

30 vigorous sweeps, approximately one sweep fo r  every step. A 

habitat nearly l ik e  that in watershed no. 1 was selected near 2-7 and 

marked the same way. Sweeping shrubs was more s a t is fac to ry  since the 

habitat was not destroyed by the sampling device and the vegetation  

was r e la t iv e ly  constant. The number of sweeps or area was not 

planned; the method was adapted to f i t  the ex is t in g  conditions. I t  

allowed comparable samples to be taken from both areas w ith  inherent 

differences becoming evident in pre-spray samples taken w ith in  the 

same year.

Arthropods collected by sweep nets in 1962 were noticeably reduced 

a f t e r  treatment. E ffects  were pers is ten t fo r over 7 days a f t e r  t r e a t 

ment. F ig. 22 is based on to ta l arthropods collected by sweep net 

sampling. Two unusual observations were omitted from the 24 May data; 

101 Psocoptera and 152 Chironomidae. Again i t  can be seen from Table 

26 that figures were so low and variab le  that accurate measures of 

e f fe c t  are impossible. Sample ra d io a c t iv ity  is shown in Table 27.
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a long a permanent t r a n s e c t  in each Dover, Ohio, watershed,  1962.



Table 26. -  Results of 1962 sweep net samples taken along two established transects on the Dover, Ohio,
watersheds.

Orders and Hay 7 Hay 11 May 1^ May 2*+ June 1 June 13 July 2 July 13 July 26 Aug. J
fam ilies  1 2 1 2 1 2 1 2 1 2 1  2 1 2 1  2 1  2 1 2

Orthoptera
Phasmatidae

Psocoptera

Hemiptera 
Hi ridae  
Reduvi idae 
Tingidae  
He i d idae 
Lygaeidae

Homoptera 
Cercopldae 
C icadel1idae 
FuIgoridae  
Psyl1idae 
Aphididae

Neuroptera
Hemerobi idae 
Chrysopidae

101

2k k
2
3

1 3 
5

k 8 
12

13

3

1

3 5 
5 20 
1 1 
2 1

1 1

5
2

3
11

MN»

1
3

2
1

Coleoptera
Staphylinidae  
Orthoperldae 12

1



Table 26. -  Continued,

May 7 
1 2

Coleoptera  ( c o n t . )  
Canthar idae  
Lycidae 
E l a t e r i d a e  
L a t h r i d i i d a e  
Mycetophagidae 
Mordel1idae 
A ) l e c u l i d a e  
MeI andryidae 
Anobi idae 
Chrysomelidae 
Curcu l ion idae  1
P h a l ac r i dae

Lepidopte ra  (Macro) 
(Micro)

Diptera  
TI pu l i dae  
Chi ronomidae 
S imul i idae  1
Cu l i c id ae  
Bibionidae  
Mycetophi1idae 
S c i a r i d a e  3 2
Cecidomyiidae 
S t ra t iomyi dae  
Empididae

May 11 May 14 May 24
1 2  1 2  1 2

1

3

2 1 

1

1 1 

2
1 152 10

5 5 3 4 4
2

2

June 1 June 13 Ju ly  2 July 13 July 26 Aug. 7 
1 2 1 2  1 2 1  2 1  2 1 2

2
1
1
1
1

1 2

1 1

1 1

3 1 4

8
2

1

1
13
5

6 2

1 5
1

10

123



Table 26. -  Continued.

May 7 May 11 May \k  May I k  June 1 June 13 July 2 July 13 July 26 Aug. 7 
1 2 1 2 1 2 1 2 1 2 1  2 1 2 1  2 1  2 1 2

Otptera (cont.)
Phoridae 1 1 2 1 1
PipunculIdae 1

Acalypterates 2 20 2 1 2 it 5 2 k
Calypterates 1 1

Hymenoptera
Tenthredlnldae 1 1 2
1chneumonidae 1
Braconidae 2 1 2 3 3 1 2 3
Chalcldidae 1 1
Cynipidae 1 4

Chrysididae 1
FormicIdae 2 1 2 1 2 1 3 1 1
Sphecidae 1 1 1

Phalangida 2 1 1 1 1

Araneida 1 1 5 2 1 1 6 15 12 1 6 7

Total 19 6 53 19 16 k 287 21 5 2 23 11 52 26 59 it5 it8 22 3*t 29
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T a b le  27 . -  R a d i o a c t i v i t y  in  cpm/mg o f  a i r  d r ie d  sample o f  a r th ro p o d s  
c o l l e c t e d  in  30 sweeps a lo n g  perm anent t r a n s e c t  on th e  D over, O h io ,  
w a te rs h e d s . Counts w ere  o n ly  made o f  f a m i ly  samples w e ig h in g  o v e r  
0 .2  mg.

D ate
W atershed

No.
F a m ily  o r  Group C o rre c te d  T o ta l  A c t i v i t y  

cpm/mg

11 May 1962 1 E l a t e r i d a e 0 .0 9 6
C i c a d e l1 id ae 0 .3 0 7

2 A ra n e id a 0 . 13**
2k  May 1962 1 Chi ronomidae 0

C a n th a r id a e 0 .2 8 9
A c a ly p t e r a t e s 0
B ib io n id a e 0 .3 6 5
A ra n e id a 0
P so c o p te ra 0 .0 3 9
Reduvi i dae 0

28 May 1962 2 T i p u l i  dae 6 .4 2
C a n th a r id a e 0
B i b ion i dae 0

1 June 1962 1 C a n th a r id a e 0
13 June 1962 1 C erc o p id ae 0.321

2 C a ly p t e r a t e s 0 .2 5 0
C i c a d e ] 1 i dae 0 .1 1 5
Mi c r o le p id o p t e r a 0
P halang i da 0 .0 9 6

2 J u ly  1962 1 C a n th a r id a e 0
C erc o p id a e 0
A rane i da 0

2 E l a t e r i d a e 0 .0 8 9
C erco p id ae 0
A 1 1e c u l i  dae 0
Lyci dae 0
Sphecidae 0
P h a la n g id a 0 .3 2 0

13 J u ly  1962 1 C ercop i dae 0 .4 2 2
C i c a d e l1 i dae 0
C hrysopi dae 0 .3 2 6
Formi c i dae 0 .3 2 6
A ra n e id a 0
A r c t  i id ae 0 .1 3 4

2 C hrysopi dae 0 .1 9 2
P h a la n g id a 0
A ra n e id a 0.11 5
Cercop i dae 0
Formi c i dae 0 .3 0 7
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Tracer Plots

The proximity o f the trac e r  p lo ts  allowed much insect population  

interchange between treated and control pl ots .  Results o f  studies on 

the tracer p lots  are shown in Table 28 and summarized in Table 29.

Samples were usually not large enough fo r  radio-assay. Sweep 

samples taken on the trac e r  p lo ts  on 31 August y ielded:

Plot 1 8 .9  mg sample -  0 cpm/mg
2 22.1 mg -  O.k cpm/mg
3 16.3 mg -  1.08 cpm/mg
k 11.0 mg -  0 cpm/mg

The a c t iv i t y  in insects on p lo t  no. 3 and lack o f a c t iv i t y  on no. k is

probably accounted fo r  by insect movement.

Light Traps

An u l t r a v io le t  l ig h t  insect trap  manufactured by Gardner 

Manufacturing Co. o f Horicon, Wisconsin (Model IT —1B) was used fo r  

sampling large q u an tit ies  o f  insects on the two watersheds. The trap  

w ith  a 15 watt General E le c t r ic  Black Light fluorescent lamp was 

operated f i r s t  by two 6 v Ray-o-vac b a tte r ie s  in se ries , la te r  by a 

12 v storage battery  to which was attached with a l l ig a t o r  clamps a 

DC to AC power converter, Terado Model 50167 w ith  110 v AC output,

60 CT., k2 w continuous, 52 w in te rm itte n t current (Terado Co.,

1068 Raymond Avenue, St. Paul 8, M inn .) .

The l ig h t  trap un it shown in F ig . 23 was moved about the area in 

1961 in a crate w ith two 8 in . rubber-rim wheels. I t  was a lte rnated  

between permanent spots in watershed no. 1 and no. 2 every week so 

that samples were taken from each watershed every other week. The 

trap was operated fo r  1 hr between 8:30 and 12 pm EST. The resu lts  of
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T a b le  2 8 . -  A rth ro p o d s  c o l l e c t e d  by sweep n e t ,  20 sweeps in  th e  shrub  
l a y e r  p e r  p l o t ,  from  th e  t r e a t e d  and c o n t r o l  t r a c e r  p l o t s ,  D o ver, O h io ,  
8 - 2 9 ,  8 - 3 1 ,  and 9 - 4 ,  1961 . The samples w ere  ta k e n  j u s t  p r i o r  to  
a p p l i c a t i o n  and 2 t o  6 days a f t e r  th e  t r e a tm e n t .  F a m ily  groups a r e  
numbered f o r  T a b le  29 .

O rd e r  and F a m i1y

8 -2 9  
P lo t s  2 and 

Combi ned

D ates:

3
1

Month
8-31

2 3

-Day

4 1

9

2

-4

3 4

1 . PS0C0PTERA 1

2. EPHEMEROPTERA 1

C0LE0PTERA
3. C ara b id a e 1
4 . P h a la c r id a e 1
5 . C hryso m elidae 1
6 . A n th r i  b id a e 1

LEPi DOPTERA
7. M ic r o le p id o p t e r a 1 2

H0M0PTERA
8 . Ci c a d e l1 id a e 3 1 3 5 7 2
9 . F u lg o r id a e 3 2 2

HEMIPTERA
10. Reduvi id ae I 1
11 . T i  ng idae 1 1
12. N ab idae 1
13. Mi r id a e 4 1
14. P e n ta to m id a e 1

DlPTERA
15. M y c e to p h i1 id ae 5 1 2 I 1 1 1 6
16. S c ia r id a e 2 3 7 2 3 2 3 3 2
17. P h o r id a e I 3 1 3
18. Dot ich o p o d id a e 1 1 1
19. C u l i  c id a e 1
20 . L a u x a n i id a e 2 1 2 3 1
21 . A c a 1y p t e r a t e s 3 1 5 I 3
22 . D ro s o p h i1 i dae 1 2 1 1
23 . Cecidomyi id ae 2
2 4 . Chi ronomidae 1 3 1 4
25 . S p h a e ro c e r id a e 1 1
26 . Em pld idae 1 1
2 7 . T i p u l i d a e 5
2 8 . P sychodidae 2



Table 28. -  Continued.
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Dates: Month-Day
8-29 8-31 9-4

Plots 2 and 3
Order and Fami 1 y Combined I 2 3 4 1 2  3 4

HYMENOPTERA
29. 1chneumonidae 3 1
30. Chalcidldae 1 1 1 1
31. Braconidae 1
32. Diapri idae 1 1
33. Formlcidae 3 1 1 3
34. Cynipidae 1
35. P latygasteridae 1
36. Vespidae 1

37. ARANEIDA 10 2 2 1  1 2 1  1  4

CMCM 14 20 16 9 24 34

Total indiv iduals  sampled , Treatment p lots 42 43
Control p lots 31 40

Total Orders sampled, Treatment plots 4 7
Control p lots 8 6

Total Families sampled, Treatment p lots 11 18
Control p lots 17 15
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T ab le  29. -  Summary o f  arthropods c o l le c te d  by 40 net sweeps in  Dover, 
Ohio, co ntro l (C) and t re a te d  (T) p lo ts  in  3 days in  1961. See Table  
28 .

Fami1y
Group Number 
From T a b le  28

8 -2 9
Date and P lo t  
8-31 9 -4

C T C T C

1 1
2 1
3 1
4 1
5 1
6 1
7 1 2
8 6 1 2 12
9 3 2 2

10 1 1
11 1 1
12 1
13 4 1
14 1
15 5 3 2 6 2
16 2 1 0 5 5 5
17 3 1 3 1
18 1 1 1
19 1
20 4 4 1
21 3 5 2 3
22 3 2
23 2 5
24 1 1 3
25 1 1
26 I
27 5
28 2
29 3 1
30 2 2
31 1
32 1 I
33 3 4 1
34 1
35 12 16 1 14
36 1 17
37 10 3 3 5 3

T o ta l 47 42 31 43 37
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F ig . 23. Insect b lack ligh t trap  
used throughout the study, the  
cart was used to move the trap  
between areas.

the 1961 and 1962 sampling of Lepidoptera, a representative order, are 

presented in Table 30.

In 1962, two of the above traps, one per area, were used. The 

trap was started in watershed no. 2 and a carbon te trac h lo r id e  

(C Cl^) saturated rag added to the co llecting  can. No. 1 was then 

turned on and poison added. At the end of the hour, the w r i te r  

would spray the insects on the green b a ff les  w ith  about 2 cc of 

C Cl^ and would spray about 1 cc in to the c o llec t in g  container, turn  

o f f  the l ig h t ,  w ait u n ti l  no large moths could be heard f lu t te r in g ,  

remove the c o lle c t in g  can and empty i t  in to  a cyanide ja r  on a piece 

of paper. The traps were operated at the same time except that no. 2 

was started and stopped 5 to 10 min. sooner than no. 1. Varia tions  

between samples caused by climate were believed eliminated by th is  

method. The collections were brought to the laboratory in numbered 

cyanide ja r s ,  l e f t  over n ight, then packaged and sent to the 

taxonomist.
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T a b le  30. -  R esu lts  o f  l i g h t  t ra p  c o l le c t io n s  o f  le p id o p te ra  In sec ts  
In  Dover, Ohio, watershed no. 1 and 2 in  1961 and 1962. Trapping  
p e rio d  wa$ 1 hour on the n ig h t  o f  the  c o l le c t io n .

D ate
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1961 May 3 1 13 8 82 7
May 25 1 8 1 11 46 12 18
June 20 1 2 2 11 6 1 3
J u ly  6 1 1 1 3 1 1 56 4
August k 1 1 28 3 10 71 1
May 18 2 13 30
June 7 2 1 13 1 27 3 4
J u ly  1 2 1 21 2 26 32 59 2 11
J u ly  28 2 2 I k 2 9 112 6 3
August 12 2 1 11 11 262 2

T962 May 3 1 3 12 18
2 5 11 7

11 1 1 3 1 1
2 1 7 k 1

13 1 k 12 18
2 1 3 1 9 18

1^ 1 9 13 32
2 1 1 8 19 18

23 1 5 17 35 26
2 k 32 69 70

2k I 1 6 45 40
2 3 11 41 39

25 1 1 1 6 25 8
2 k 12 31 45

27 1 2 1 k 8 8
2 6 22 8 19

29 1 2 24 32
1 7 42 33 68

29 2 71 62 93
2 5 23 22 35

June 6 1 7 10 23 21
2 6 6 13 11
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M o r r is  (1 9 6 0 :2 4 7 )  p o in te d  o u t  t h a t  an in d e x  o f  in s e c t  abundance  

was o f  l i t t l e  v a lu e  due to  th e  r e l a t i o n  o f  f a c t o r s  o t h e r  than  d e n s i t y .  

The r e s u l t  o f  l i g h t  t r a p p in g ,  f o r  exam p le , is  a fu n c t io n  o f  th e  pop

u l a t i o n  a v a i l a b l e  to  t r a p p in g ,  th e  a c t i v i t y  o f  t h a t  p o p u la t io n ,  and 

m e te o r o lo g ic a l  f a c t o r s .  K ing and Hind (1 9 6 0 :5 2 4 )  concluded t h a t  l i g h t  

t r a p  c a tc h  depends on th e  a c t i v i t y  o f  th e  p o p u la t io n  a t  th e  t im e  o f  

sam p lin g  and , s e c o n d a r i ly ,  th e  s i z e  o f  th e  p o p u la t io n .  He s ta te d  th e  

c a tc h ,  C, was equal t o  AP, where A was a c t i v i t y ,  and P was th e  p a r t  o f
i

th e  c a tc h  w hich  is  th e  r e s u l t  o f  th e  p o p u la t io n  l e v e l .  A ,  th e  

a c t i v i t y ,  is  th e  p r o p o r t io n  o f  t o t a l  a c t i v i t y  not supressed by th e  

a g g re g a te  e f f e c t s  o f  w e a th e r  components, s in c e  f l i g h t  response o f  th e  

a v a i l a b l e  p o p u la t io n  is  a lm o s t e n t i r e l y  th e  r e s u l t  o f  c u r r e n t  w e a th e r .  

H o l l in g s w o r th  e t  a l .  ( 1 9 6 1 : 3 0 8 ) ,  f o r  exam ple , found wind reduced th e  

c a tc h  in  l i g h t  t r a p s .  B a r r  e t  £ [ .  (1 9 6 3 )  d isc u ss ed  o t h e r  v a r i a b l e s .

S in ce  a l l  th e s e  v a r i a b le s  a r e  n e a r ly  im p o s s ib le  t o  a n a ly z e ,  an 

a c c u r a te  b e tw e e n -a re a  o r  b e f o r e - a n d - a f t e r  com parison by l i g h t  

t r a p p in g  is  p o s s ib le  by w o rk in g  a f i x e d  a re a  a t  i d e n t i c a l  t im e s .  I t  

is  t h e r e f o r e  p o s s ib le  t o  d is r e g a r d  p o p u la t io n  changes and a ls o  

a c t i v i t y  v a r i a t i o n  s in c e  t h i s  is  o b l i t e r a t e d  by w o rk in g  w i t h  many 

v a r i a b l e  s p e c ie s .  T ra p  c a tc h  is  a v a l i d  u n i t  f o r  com paring d i f f e r 

ences between in s e c t  p o p u la t io n  c o m p o s it io n  and d e n s i t y  as th e y  a re  

e f f e c t e d  by t r e a t m e n t .  I f  a n o th e r  component H, th e  c h a r a c te r  

o f  th e  h a b i t a t  ( p r i m a r i l y  v e g e t a t i o n ) ,  is  added to  th e  e q u a t io n ,  then  

C s APH and th e  d i f f e r e n c e s  in  t r a p  c a tc h e s  due to  d i f f e r e n t  lo c a t io n s  

and a t  d i f f e r e n t  t im e s  can be negated  and com parisons made more v a l i d .  

In  t h i s  s tu d y  th e s e  in h e r e n t  d i f f e r e n c e s  rem ain p r o p o r t i o n a t e l y
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constant, since the same trap s ites  were always used and sampling 

was during n ear-iden tica l times.

Tracer Plots

The l ig h t  trap was operated in the trave l lane between tracer  

plots  2 and 3 in 1961 before and a f te r  the treatment. The results  

in to ta l numbers o f  arthropods collected on each date (month-day) were: 

8-20, 37; 8-28,350; 9 -1 ,  214; 9 -4 . 93; and 9 -7 , 89. The f lu c tu a tio n  

could be due to changes in population, temperature, a c t iv i t y  or other  

causes. The sampling radius o f the trap was too great to pake i t  of 

service in th is  part o f the study.

1962 Data

The l ig h t  trap data o f 1962 best show the insec tic id a l e f fe c ts  of 

malathion. The Geometridae in F ig . 24 show the drop and rapid 

recovery o f  population. I t  is th is  rapid recovery that is masked by 

other sampling devices such as the molasses traps and s ticky  boards 

that are l e f t  in place several days. Of the 112 fam ily  groups 

sampled some o f those showing notable reductions a f t e r  treatment 

were Cantharidae, Phalaeniidae, M icrolepidoptera, T ip u lid a e , and 

Cecidomyiidae.

R ad ioactiv ity  o f these groups is shown in Table 31. Such radio

a c t iv i t y  indicates sub-lethal exposure to malathion, and acqu is ition  

of S^5 contamination from the hab ita t or from feeding. I t  is 

important a t th is  point to  consider the findings of Schmidt and 

Weidhaas (1961) w ith  radioactive organophosphates (none were 

m alathion). The concentration o f insectic ide  required to k i l l
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Table 31. -  R ad ioactiv ity  o f insects collected in the l ig h t  traps,  
Dover, Ohio, watersheds, 1962, pre and post-spray app lica tio n . A dash 
represents no observation; 0, no s ig n if ic a n t  a c t iv i t y  above background.

Order Family Date

Radioactivi ty  

Watershed 1

i n cpm/mg 

Watershed 2

Ephemeroptera 5-23 - 0

Orthoptera
B la tt idae 5-29 - 0

Psocoptera 5-23 3.500 0
5-24 0 -

Hemi ptera
Corixidae 5-23 - 0

5-29 0 0
Pentatomidae 5-3 - 0

5-24 0 0
Reduvi idae 6-22 0.0959 -

Homoptera
Membracidae 7-12 0.134 -
Cercopidae 5-23 0 -

6-22 0 -
C icadel1idae 5-24 0 -

5-27 0 -
5-29 0 -
7-12 - 0

Fulgoridae 5-23 - 0
5-24 0 -
5-25 1.582 -

Neuroptera
Corydalidae 5-29 0 -

6-22 0 0.015
S ia lidae 5-25 - 0

6-6 0.058 -
Chrysopidae 5-29 0 -

Coleoptera
Ci ci ndelidae 6-22 - 0
Carabidae 5-13 0 0

5-14 0 0
5-23 - 0
5-24 0 -
5-29 0 0
5-29 - 0
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T a b le  31* -  C o n tin u e d .

O rd e r  Fam i1y Date

R a d io a c t i  v t t y  

W atershed 1

i n cpm/mg 

W atershed 2

C o le o p te ra  (C o n tin u e d )  
C ara b id a e 6 -2 2 0 0

7 -1 2 0 0
Hal I p i i  dae 5 -1 3 0 .2 2 8 0
D y ti  sc id a e 5 -1 3 0 -

7 -1 2 - 0
Gyr in i  dae 5 -1 3 0 0

5-1** 0 0
H y d ro p h i1 i dae 6 -2 2 - 0
S i lp h id a e 5 -1 3 0 .0 1 8 -

5-11* 0 0 .0 1 5
5 -2 3 - 0
5 -2 7 - 0 .0 3 5

Cantha r id a e 5 -1 3 0 0 .0 1 8
5-11* 0 0
5 -2 3 0 .0 7 0 0
5 -2 l* 0 0
5 -2 5 - 0
5 -2 7 0 -
5 -2 9 0 0 .1 0 3
5 -2 9 0 0 .0 3 4
6 -2 2 0 0
7 -1 2 0 .2 5 0 0

Lam pyridae 5 -1 3 - 0
6 -2 2 - 0

E 1a t e r i  dae 5 -1 3 0 -

5 -2 3 0 0
5 -2 4 - 0
5 -2 5 - 0
5 -2 9 - 0

H e te r o c e r id a e 5 -1 3 - 0 .3 8 5
E r o t y l i  dae 5 -1 4 - 0
M ycetophagidae 5 -2 9 - 0
P y ro c h ro id a e 5 -2 5 - 0 .0 8 8

5 -2 9 0 mm

6 -2 2 0.061 0
7 -1 2 0 . 2 1 1 0

T e n e b r? oni dae 5 -1 3 0 0
6 -2 2 0 0 .0 7 7

A 1 le c u l id a e 5 -2 4 1 .0 1 5 -
M e la n d ry id a e 5 -2 9 - 0
B o s tr i  c h id ae 5 -1 3 - 0
T rog i dae 5 -2 9 - 0

5 -1 3 0 .2 6 3 0
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Table 31. -  Continued.

Order Family Date
Radioactivi ty  

Watershed 1
in cpm/mg 

Watershed 2

Coleoptera (Continued)
Scarabaeidae 5-11 0 0

5-13 0 0
5-14 0 0
5-23 0.018 0
5-24 0 0
5-25 0.464 0
5-27 - 0.018
5-29 - 0.015
5-29 - 0
6-22 0.055 0.006

Cerambyci dae 5-23 - 0
5-24 - 0
5-29 - 0
7-12 - 0.004-

Mecoptera
Bi ttacidae 5-29 0 0

6-22 - 0.019

Trichoptera
5-14 - 0
5-23 0 0
5-24 0 0.493
5-25 - 0
5-29 0 0
6-14 0 -

6-22 0.062 0
7-12 0 0.019

Lepidoptera
Lepidoptera (u n id en tif ied ) 5-29 0 -
Microlepidoptera 5-3 0 0

5-13 0.053 0
5-14 0 0
5-23 0.018 0
5-24 0.018 0
5-25 1.858 0
5-27 0.070 0.018
5-29 0 0
5-29 0.017 0
6-6 0.058 0
6-22 0 0
7-12 0.009 0
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O rd er F a m ily Date

R a d io a c t iv i  ty  

W atershed 1

i n cpm/mg 

W atershed 2

L e p id o p te ra  (C o n tin u e d )  
Sphi ng idae 5 -2 7 0

7 -1 2 0. 002 -

Ci th e ro n i  id ae 5 -2 4 0 -

5 -2 5 0 .0 1 7 -
5 -2 7 0 -
7 -1 2 0 -

A r e t  i i dae 5 - H 0 0
5 -1 3 - 0
5 -1 4 - 0 .0 2 9
5 -2 3 0 .0 0 5 0
5 -2 5 0 .2 5 8 0
5 -2 7 0 .0 8 8 0 .0 1 8
5 -2 9 0 0
5 -2 9 0 -

6 -6 0 .0 0 6 0
6 -1 4 - 0
6 -2 2 0 .0 0 5 6 0 .0 0 4
7 -1 2 0 .0 1 9 0. 01 0

N O ctu idae  (P h a la e n id a e ) 5 -3 0 -

5-11 0 0
5 -1 3 0 0
5 -1 4 0 0
5 -2 3 0 0
5 -2 4 0 . 0 0 7 0 .0 4 4
5 -2 5 0.241 0 .0 1 8
5 -2 7 0 .0 3 5 0 .0 1 8
5 -2 9 - 0 .0 1 3
6 - 6 0.01 0 0
6 -1 4 0 0
6 -2 2 0 0 .0 1 9
7 -1 2 - 0 .0 0 4

Notodont i dae 5 -1 3 - 0
5 -1 4 0 -

Las i ocampi dae 6 -2 2 0 0.01 0
G eom etridae 5 -3 0 2 .0

5-11 0 0
5 -1 3 0 .0 1 8 0 .0 1 8
5 -1 4 0 .0 5 8 0
5 -2 3 0 .0 1 8 0
5 -2 4 0 0
5 -2 5 0 0 .4 0 3
5 -2 7 0 .0 1 8 0 .0 3 5
5 -2 9 0 .0 1 7 0 .0 1 4



Table 31. *  Continued.

Order Family Date
Radioacti vi ty  

Watershed 1
i n cpm/mg 
Watershed 2

Lepidoptera
Geometridae (Continued) 6-6 0 0

6-14 0 0
6-22 0.1253 0
7-12 - 0.019

Diptera
Acalypterates 5-29 - 0.026
Calypterates 5-23 - 0

5-24 - 0
5-25 0 -
5-27 - 0

Tipu lidae 5-13 0 -
5-14 0 0
5-24 0.070 0
5-25 - 0
5-27 - 0
5-29 0 0
5-29 - 0
6-6 0.115 -
6-22 0.019 0
7-12 - 0

Chi ronomidae 5-27 - 0
5-29 0.187 0

Culicidae 5-13 0
5-14 0 -

Bibionidae 5-25 1.256 0
5-27 1.015 0
5-29 0 0

Myceiophi1idae 5-13 0 -
5-14 0 0
5-24 0 -
5-25 1.634 0
6-22 0 -

Sciaridae 5-13 0 -
5-14 0 0
6-22 0.055 -

Cecidomyi idae 5-24 0 -
6-22 0 -
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T a b le  31 . -  C o n tin u ed .

R a d io a c t iv i t y  in  cpm/mg 
O rd er F a m ily  Date W atershed 1 W atershed 2

R h ag io n id ae  6 -2 2  0 0
Em pididae 5 -1 3  0 0

5 -1 4  0 0
5 -2 3  -  0
5-25  -  0.368
5 -27  0
6-22  0

S y rp h id ae  5 -2 7  0

Hymenoptera
Ichneumonidae 5-11 -  0

5 -1 3  -  0
5 -2 3  0 0
5 -2 4  -  0
5 -2 5  -  0
5 -2 9  0 0
5 -2 9  0
6-6  0
6 - 2 2  -  0 .0 1 9
7 -1 2  -  0

B racon idae  7 -1 2  -  0
F o rm ic id a e  5 -1 4  -  0
Hymenoptera (Bees) 5 -2 5  -  0 .1 2 3

P h a lan g id a  6 - 6  0 .0 7 7
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mosquito larvae did not necessarily r e f le c t  the amount of insectic ide  

that entered the insect. Presence o f  cannot be equated to  

contact with in sec tic id e . R ad ioactiv ity  in insects may represent the 

o rig in a l in sec tic id e , i t s  m etabolites, or both, and a t a spe c if ic  

time an equilibrium  between the amount taken up and that excreted 

(Schmidt and Weidhaas, 1958:643).

The reason fo r  the presence o f radioactive su lfu r  in a sample 

taken on 13 May p r io r  to any 1961 applications is unclear. I t  

probably represents a contaminated sample.

In F ig. 24 (based on Table 32) ra d io a c t iv ity  corresponds, as 

would be expected, negatively  w ith  population s ize , in th is  case 

watershed no. 2 seems to  have a higher population o f geometers. The 

normal d iffe rence  was rap id ly  regained a f t e r  the treatment.

Molasses Traps 

Molasses traps were made o f No. 10 (about 3 I )  t in  cans 

suspended by 16 ga. w ire  b a ils  from several inches to 2 f t  above 

the ground. Only two traps were used in 1961 to decide on th e ir  

usefulness and to suggest sample s ize . In 6 days 770 arthropods 

were co llected . In 1962 three traps were put along a l in e  in the 

center o f each watershed. In each trap was placed a solution of one 

part black strap molasses (about 0.3 l )  and 10 parts  o f  water. The 

trap was l e f t  exposed and insects a ttra c te d  or f a l l in g  in were 

drowned. Insects were removed by s tra in in g  the solu tion in to  a ja r  

of 10% alcohol and replacing the solution in the can. Contents of  

three traps were combined in each watershed. Small qu an tit ies  of  

molasses were added three times during 1962 when the traps became
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T a b le  3 2 . -  L ig h t  t r a p  samples o f  abundant f a m i l i e s  c o l l e c t e d  from th e  
D over, O h io , w a te rsh ed s  in  1962 compared w i t h  t h e i r  r a d i o a c t i v i t y  in  
cpm/mg o f  sam ple.

Date
W atershed 1 

Number In d iv id u a ls cpm/mg
W atershed 2 

Number In d iv id u a ls cpm/mg

G eom etridae
5 -3 12 11
5-11 1 4
5 -1 3 12 0 .0 1 8 9 0 .0 1 8
5 -1 4 13 19
5 -2 3 35 0 .0 1 8 69
5 -2 4 45 0 41
5 -2 5 25 0 .4 0 3 31 0
5 -2 7 8 0 .0 1 8 8 0 .0 3 5
5 -2 9 24 0 62 0 .0 1 4
6 - 6 23 0 13 0
6 -1 4 3 2
6 -2 2 8 0 .1 2 5 3 22 0
7 -1 2 0 12 0 .0 1 9

A r e t id a e
5 - H 1 1
5 -1 3 0 1 0
5 - 1 4 0 1
5 -2 3 5 0 . 0 0 5 4
5 -2 4 0 3
5 -2 5 1 0 4 0 .2 5 8
5 -2 7 4 0 .0 8 8 6 0 .0 1 8
5 -2 9 2 0 0

7 5
6 - 6 7 0 .0 0 6 6 0
6 - 1 4 0 2
6 -2 2 14 0 .0 0 6 22 0 .0 0 4
7 -1 2 4 0 .0 1 9 26 0 .0 1 0
7 -2 7 12

Mi c r o le p id o p te r a
5 -3 18 7
5-11 1 1
5 -1 3 18 0 .0 5 3 18 0
5 - 1 4 32 18
5 -2 3 26 0 .0 1 8 70
5 - 2 4 44 0 .0 1 8 39
5 -2 5 8 0 45 1 .8 5 8
5 -2 7 8 0 . 0 7 0 19 0 .0 1 8
5 -2 9 32 0 .0 1 7 93 0

68 35
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Table 32. -  Continued.

Watershed 1 

Date Number Indiv iduals cpm/mg

Watershed 2 

Number Indiv iduals cpm/mg

Microlepidoptera (Cont.)
6 -6  21 0.058 11 0
6-14 1 1
6-22 73 0 187 0
7-12 48 0.009 126 0
7-27 67

d ilu te d  w ith  ra in  water or when the solution developed mucilaginous 

b acte ria . Trap a ttrac tiveness  fluctuated  widely w ith  stages of  

fermentation and l i f e  stages o f insects. Like other traps used, they 

re flected  populations c h a ra c te r is t ic  o f  th e ir  surrounding vegetation. 

Such traps, unlike the period ic  sampling of l ig h t  traps , may present 

a s ig n if ic a n t  decimating fac to r  to such insects as bees. For th is  

reason and due to large samples obtained, only s ix  were used, with  

some misgivings about over sampling in the 1962 study. They are 

an e f fe c t iv e  sampling technique fo r  a segment o f the insect fauna.

Tracer P lot Traps 

On each o f the four tracer p lo ts ,  a molasses trap was hung at  

stake no. 14. The proxim ity o f  the traps to each other was un

des irab le  due to  movement of insects between plots and in teractions  

of insects between traps and p lo ts . The location was selected to  

increase constancy o f s i t e  influence and e levation  on the trap  

co llections  and to study, p r im a r i ly ,  less m otile  forms. The results
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o f  th e  c o l l e c t i o n s  from fo u r  t r a p p in g  p e r io d s ,  each 3 ,  3 , **, and 10 

days long r e s p e c t iv e ly ,  a r e  summarized in  T a b le  33 . C o l le c t io n s  from  

p l o t s  1 and 3 a r e  grouped under C; p lo t s  2 and k  under T .

The p lo t s  were sprayed th e  m orning o f  29 August 1961. The  

molasses t r a p  had been em ptied  in  th e  l a t e  even ing  o f  28 A ugust. A 

sm all number o f  in s e c ts  u n doub ted ly  e n te re d  th e  t r a p  between th e  t im e  

o f  em ptying the  t r a p  and th e  tim e  o f  spray  to  p o s s ib ly  mask th e  spray  

e f f e c t s .

I t  has been re p o r te d  t h a t  th e  c o n tro l  p lo t s  were a ls o  contam in 

a te d  by d r i f t i n g  s p ra y . In  F ig .  25 t h i s  d r i f t  and th e  g e n era l  

m o b i l i t y  o f  in s e c ts  in  and through th e  t r e a t e d  a re a s  is  r e f l e c t e d  in  

t o t a l  p o p u la t io n  drops in  both  a r e a s .  The c o n tro l  p lo t s  re c o ve r  

more r a p id l y  and exceed p r e - t r e a t m e n t  l e v e l s .  Even i f  th e  two groups  

t h a t  showed such sharp in c re a s e s ,  th e  O ro s o p h i1 id ae  (2 1 5 )  and th e  

F o rm ic id a e  ( 1 1 0 ) ,  were e l im i n a t e d ,  th e  mean p o p u la t io n  would be 2 7 .7 ,  

s t i l l  above p r e - t r e a tm e n t  p o p u la t io n s .  T h is  3 .2  t o  b .2  f o ld  in c re a s e  

on c o n tr o l  p l o t s  o v e r  t r e a tm e n t  is  o f  i n t e r e s t  but is  u n e x p la in e d .

B e fo re  t re a tm e n t  both  groups o f  p lo t s  had s i x  ta x a  not re p re s e n te d  

in  th e  o t h e r .  A f t e r  sp ra y  th e  p o p u la t io n  began to  change. T h ere  were  

fe w e r  forms on th e  t r e a t e d  p lo t s  u n re p res en ted  in  th e  c o n t r o ls .  The  

t r e a t e d  p lo t s  had le s s  d i v e r s i t y  o f  p o p u la t io n s  than  th e  c o n t r o ls  and 

s i m i l a r i t y  was not reg a in ed  w i t h i n  17 days a f t e r  sp ra y  when th e  

molasses t ra p s  were no lo n g e r  o p e ra te d .  The a r th ro p o d  groups , m o s tly  

f a m i l i e s ,  t h a t  were re p re s e n te d  in  each p a i r  o f  p l o t s ,  but not r e p r e 

sented  in  th e  o th e r  p a i r ,  on th e  same d a te  a r e  as f o l lo w s :  28 A u g u st,

6 on th e  t r e a t e d  p l o t s ,  6 on th e  u n tre a te d  p l o t s ;  31 A u g u s t,  5 and 7;



Table 33. -  Insects and arthropods collected by molasses traps from 
the k Dover, O hio ,tracer p lo ts , 1961, l is te d  by date and treatment p lots  
T, or control p lo ts , C.

Dates and Plot Designation
Order and Fam?1y 28 August 31 August k September l*t September

T C T C T C T C

COLLEMBOLA 1 1 1 k

PSOCOPTERA 1 I

HOMOPTERA
Fulgoridae 1 1
Aphididae 1

HEMIPTERA
Mi ridae 1 1
Nymph 1
Ti ngidae 1

ORTHOPTERA
G ry l1idae 2

COLEOPTERA
Staphyli nidae 2 3 2 2 11 20 30
Ni t id u lid a e 2 3 1 3 17 13
Curculionidae 1
E ro ty l i  dae 1 2
Carabidae 3
S i I  phi dae k
Searabaeidae 1
Hydrophi1idae 1
P t i 1iidae 2
Chrysomelidae I
Leiodidae 1

MECOPTERA
Panorpidae 1 2 1

LEPIDOPTERA
Microlepidoptera 2 1 1 k 2
C a te rp i l ia r 1

DIPTERA
Larvae 26
Sciaridae k 2 k 2 1 2 10 25
Phoridae 1 1 1 3
Drosophi1idae k 2 5 67 215
Acalypterates 1 3 2 15



147

T a b le  3 3 . -  C o n tin u e d .

Dates and P lo t D e s ig n a t io n
O rd e r  and F a m ily 28 August 31 A ugust 4  Septem ber 14 September

T c T C T C T C

DIPTERA (C o n tin u e d )
C a ly p te r a te s 1 1
Chi ronomidae 1 1 5
M ycetophi 1 id ae 1 2 5 4 18
R h ag io n id ae 2
Cecidomyi id ae 2 6 2
Rhyphi dae 3 7
Lauxani idae 7 6
H eiom yzidae 17 9
T i p u l i d a e 3
Ce ra topogon i dae 4
Psychod i dae 1
Sciomyz i dae 1

HYMENOPTERA
1chneumoni dae 1 2 1
V e s p id ae

V espu la  a r e n a r ia
Fab. 1 4 1 4 21 16

Formi c id a e 10 4 2 1 49 26 11 0
B rac o n id a e 1
Cha1c i d o id ea 1
D ia p r i  id ae 1 1
C y n ip id a e 1
P la t y g a s t e r id a e 2 4
P r o c to t r u p id a e 1

PHALANG1 DA 1 22 3 3 2 3 1

PSEUDOSCORPION IDA 2

ARANE1 DA I I 2 1

TOTAL 51 47 17 20 13 93 218 512

M ean N o . I n d i v i d u a l s
P e r  Day 1 7 .0  1 5 .7  5 . 7  6 . 7  3 .3  2 3 .3  2 .1 .8 5 1 .2
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Fig. 25. Response of arthropod populations to malathion as measured 
by molasses traps on the Dover, Ohio, tracer p lo ts , 1961.
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4  Septem ber, 3 and 6 ; and 14 Septem ber, 7 and 18.

1962 M olasses T ra p  C o l le c t io n s

The r e s u l t s  o f  m olasses t r a p  c o l l e c t i o n s  o f  N i t i d u l i d a e ,  s a p -  

f e e d in g  b e e t le s ,  a r e  shown in  F i g .  26  (T a b le  3 4 ) .  T a b le  35 p re s e n ts  

th e  r a d i o a c t i v i t y  o f  in s e c t  f a m i l i e s  reco vered  from  th e  m olasses  

c o l l e c t i o n s .  T h e re  was no c o r r e l a t i o n  ( r  a 0 . 4 9 ,  t  = 1 .2 6 )  between  

in s e c ts  c o l l e c t e d  and th e  r a d i o a c t i v i t y  o f  th e  t r a p  s o lu t io n  o f  

m olasses and w a t e r .  Th us , r a d i o a c t i v i t y  is  a c h a r a c t e r i s t i c  o f  th e  

p o p u la t io n  and no t th e  r e s u l t s  o f  d i f f u s i o n  between in s e c ts  and 

sam pli ng f l u i d .

A g a in ,  o n ly  one f a m i ly  is  d iagram ed because o th e r s  sampled a r e  so 

few and v a r i a b l e  t h a t  no c o n c lu s io n  can be reached on in s e c t i c i d e  

e f f e c t s .  A f t e r  t r e a tm e n t  none show m a jo r  in c re a s e s  o r  d e c reas es  from  

p r e - s p r a y  p o p u la t io n s .  T h e re  w ere  69 f a m i ly  groups re p re s e n te d  in  th e  

d a t a .  The l a r g e s t  c o l l e c t i o n  in  any f a m i iy  was th e  385  in d iv id u a ls  

made o f  N i t i d u l i d a e .  Most o b s e r v a t io n s  from  th e  t r e e  t r a p s  in  each  

a re a  w ere  in  th e  range o f  1 t o  30 in d iv id u a ls  in  each w ate rsh ed  

w i t h i n  th e  12 c o l l e c t i o n  d a te s .

S e v e ra l o b s e r v a t io n s  can be made from  F i g .  2 6 .  R a d i o a c t i v i t y  

o f  in s e c ts  on w a te rs h e d  no . 1 , th e  t r e a t e d  a r e a ,  was h ig h e r  than  o f  

in s e c ts  on w a te rsh ed  no. 2 .  In s e c ts  on w a te rsh ed  no. 2 d id  have 

r a d i o a c t i v i t y  im m e d ia te ly  a f t e r  th e  s p ra y  b u t w h e th e r  t h i s  was due 

to  d r i f t  on th e  c o n t r o l  a r e a  o r  in te rc h a n g e  between a re a s  is  unknown. 

Lack o f  a c t i v i t y  l a t e r  in d ic a t e s  t h a t  th e r e  is  p r o b a b ly  l i t t l e  t r a n s f e r  

o f  in s e c ts  between a r e a s .  W hether r a d i o a c t i v i t y  o f  p o p u la t io n s  in
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Fig. 26, Comparison of the molasses trap populations of N it id u lid a e  beetles on Dover, Ohio, 
watersheds no. 1 and 2, 1962.
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T a b le  34 . -  R e s u lts  o f  1962 m olasses t r a p  c o l l e c t i o n s  o f  th e  in s e c t  
f a m i ly  N i t i d u l i d a e  and th e  r a d i o a c t i v i t y  o f  each sample in  c o r r e c te d  
cpm/mg. See F i g .  2 6 .

D ate
W atershed 1 

No. in d iv id u a ls cpm/mg
W atershed 2 

No. in d iv id u a ls cpm/mg

4 -2 7 1 0

5 - 4 27 15

5 -7 171 63

5-1 0 13 5

5 -1 3 121 11

5-21 82 0 .0 0 6 107 0

5 -2 4 21 0 .0 1 9 30 0 .0 1 9

5 - 3 0 52 0 .1 3 2 34

6 -5 8 4

6 -1 5 14 0 .2 6 5 2

7 -2 385 0 .0 1 9 23 0

7 -3 0 103 1
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Table 35. -  R ad ioactiv ity  in cpm/mg o f a i r  dry sample o f arthropods
from molasses traps on the Dover, Ohio, watersheds, 1962.

Fami1y Date
Location 

Watershed 1 Watershed 2

Pyrochroidae 7-2 0.038
6-5 0.395

Araneida 7-2 0.113
6-15 0

Silphidae 7-2 0.038
6-5 0.019
6-15 0

Ni t id u lid a e 7-2 0.019 0
6-14 0.265
5-30 0.132
5-21 0.006 0
6-15 0
5-24 0.019 0.019

Searabaeidae 7-2 0.002 0.076
5-21 0.053

Scolytidae 7-2 0

Formi cidae 7-2 0
6-14 0.057
6-5 0
6-15 0.009
5-21 0.211

Cerambycidae 7-2 0.019
6-14 0.057

1chneumonidae 7-2 0
5-30 0.075
6-5 0.414 0.038
6-15 0

Sphi ngidae 7-2 0.019

Staphylinidae 7-2 0.113
5-21 0
6-15 0.281

T rog i dae 7-2 0
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T a b le  3 5 . -  C o n t in u e d .

F a m i1y D ate
L o ca t i on 

W atershed 1 W atershed 2

E l a t e r i d a e 7 - 2 5 . 0
5 -3 0 0 .4 7 0
5 - 2 4 0 .2 5 0
6 -1 5 0 .0 5 6

T e n e b r io n id a e 7 -2 0 .0 9 5

P a n o rp 1dae 7 - 2 0 .1 8 9
6 - 1 4 0 .5 8 6
6 - 5 0
6 -1 5 0 .0 1 9

Lampyri dae 7 -2 0 .2 4 6

Vespi dae 7 -2 0 .0 1 9

B l a t t i d a e 6 - 1 4 0 .1 1 3
6 - 5 0 .1 3 2

P t i l o d a c t y l i d a e 6 -1 4 3 .3 0 8

G e o m e tr id a e 5 -3 0 0 .3 5 7
5-21 0

Bi b io n i  dae 5 -3 0 0

G r y 1 1 i dae 6 -5 0
6 -1 5 0

C a ra b id a e 6 - 5 0 .0 3 8

D ro s o p h i1 i dae 5-21 0

M ycetophi 1 id a e 5-21 0 .6 5 3

T i  p u l i  dae 5-21 0 .0 9 4
6 -1 5 0 .4 8 9
6 - 5 0 .0 5 6
5 - 2 4 0 .2 3 0

P h a la n g id a 5-21 0

E r o t y 1 i dae 5-21 0
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th is  study became less once i t  was acquired is not known. The large  

number o f  n i t id u l id s  caught up to 25 July (385) had r e la t iv e ly  low 

ra d io a c t iv ity  but th is  capture may have represented a hatch that had 

not yet had time to acquire the malathion breakdown products. Such 

animals eaten as prey would contribute to predators less a c t iv i t y  per 

un it volume of food.

Data from co llections  of molasses traps and other sampling 

devices is av a i la b le  fo r  in terested s c ie n t is ts .

Sticky Boards and Bands 

in 1961 and 1962 ten s ticky  or adhesive boards were hung on 

small wires a t eye level in shrubs throughout the two study areas 

at grid  points 1-1 , 6, 9, 15, and 20 and 2 -1 , 6, 10, 16, and 21. They

were made o f 12.7 x 20.32 x 0 .64 cm (5 x 8 x 1/4 in . )  unpainted 

e x te r io r  plywood and covered on both sides (except fo r  the 0 .5 x 5 in .

top edge) w ith  a th in  layer o f tree  tanglefoot (Tanglefoot Co.,

Grand Rapids, Michigan) applied w ith  a putty  k n ife . Later i t  was 

found that tanglefoot was in fe r io r  to "stickem" (Michel and Pel ton, 

Oakland, C a l i fo rn ia )  (Kaloostian, 1961). The boards were not 

painted but were natural wood color. Each board had a to ta l  

sampling area o f 484 cm (75 in . ) ,  They were carried  a f ie ld  and 

mailed to and from the taxonomist in wooden cases that kept them 

separated. The taxonomist, using a microscope, examined the boards. 

Under the microscope a board was supported on the points of four 

n a ils  driven through a s im ila r  s ize  but un-coated piece o f plywood.

The id e n t i f ic a t io n  was d i f f i c u l t ;  no specimens could be saved.
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In s e c ts  w ere  removed one by one as th e y  w ere  I d e n t i f i e d  and t a b u la t e d .  

The com ple te  boards w ere  r e tu r n e d ,  t a n g le f o o t  was re p le n is h e d  o r  

smoothed, and th en  th e y  w ere  re p la c e d  in  th e  f i e l d .  Two com ple te  

s e ts  o f  boards a l lo w e d  c o n tin u o u s  s a m p lin g ; as one was be in g  

counted  and r e tu r n e d ,  th e  o th e r  was in  p o s i t io n  sam p lin g  in s e c t s .

The boards and c a r r i e r  w ere  d e s c r ib e d  by S a i l e r  and Rozen (1 9 5 8 )  

and Rozen (p e r s .  c o r re s p o n d e n c e ) .  They hung th e  boards in  c i r c u l a r  

p l o t s  o f  9 . 2  t o  1 2 .2  m (3 0  t o  40  f t )  d ia m e te r  but recommended, based

on t h e i r  s tu d y ,  t h a t  a l i n e a r  a rrang em ent be made and more t r a p s  be

used in  s i m i l a r  s i t e s  ( 1 9 5 8 : 1 2 ) .

S a i l e r  and Rozen (1 9 5 8 :9 )  found t h a t  m a la th io n  reduced th e  c a tc h

o f  th e  i n i t i a l  s p ra y  p e r io d  s i g n i f i c a n t l y  more th a n  e i t h e r  DDT o r  

m e th o x y c h lo r . The p o p u la t io n  was depressed  more by 2 lb / a c r e  than  

by 1 lb .  They found t h a t  w i t h i n  6 weeks in s e c t  c a te g o r ie s  seemed to  

have made com ple te  re c o v e ry  though a t  5 days a f t e r  th e  t r e a t m e n t ,  

le a fh o p p e r s ,  m em bracids, and mi r id s  w ere  v i r t u a l l y  a b se n t from  a l l  

s p ra y  p l o t s .  Empid and d o l ic h o p o d id  f l i e s ,  c o c c i n e l 1 i d s , and 

c a n th a r id  b e e t le s  w ere  g r e a t l y  reduced bu t seldom e l im in a t e d  from  

any p l o t .

P a r a s i t e  s p e c ie s  such as th e  c h a lc id o id s ,  b r a c o n id s ,  and 
ichneumonids w ere  le s s  a f f e c t e d  than  th e  p r e d a to r s  w ere  
as s p e c ie s  d e v e lo p in g  in  th e  s o i l  and coprophagous form s  
such as saprom yzid  f l i e s  w ere  r e l a t i v e l y  u n d is tu r b e d .

They observed  t h a t  pupae o c c u r r in g  on th e  u n d e rs id e s  o f  le a v e s  and in

g a l l s  w ere  l i t t l e  e f f e c t e d .  " . . . T h e  r a t i o  o f  p a r a s i t e s  and p r e d a to r s

to  in s e c ts  hav in g  o t h e r  food h a b i ts  was normal in  A ugust £  th e  second

p o s t -s p r a y  sample [ in  th e  m a la th io n  1 lb .  p l o t s . . . "  S a i l e r  and
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Rozen (1958) removed some insect groups from ca lcu la tio n  since they 

were ev idently  unaffected and tended to mask changes in less frequently  

occurring species.

Tracer Plots

Only one s ticky  board was hung in each p lo t a t stake no. 17 and

changed p e r io d ic a l ly .  The results  are shown in Tables 36 and 37 and

Fig. 27. Since the area was sprayed on the morning o f 29 August, the 

records on the f i r s t  date are misleading. The m ajority  o f  the fam ilies  

were sampled by the boards on 28 August; they were in position over 

18 hrs. before the areas were sprayed. Assuming the pre-spray popula

tion  capable o f being sampled by th is  means was about 40 and the post

spray population about 9, then reduction was 78%. Since th is  device 

only samples highly mobile forms, the l i t t l e  d iffe rence  between the 

closely  spaced plots is e a s i ly  understood.

In Table 38 are shown the s tructura l changes that occurred in 

arthropod populations as they can be measured by th is  device. Not 

only was the loss in indiv iduals great but almost h a lf  of the

fam ilies  disappeared from the samples. Following the spray, fo r  the

duration of the 15 day sampling period, the follow ing forms did not 

reappear in the sample: Hemiptera -  Tingidae; Homoptera -  Cercopidae;

Coleoptera -  E ro ty lid ae , Cucujidae, Phalacridae, Chrysome1idae, 

Scolytidae; D iptera -  Psychodidae, A s i l id a e , C alyptera tes; and 

Acari na.

The Sciaridae, dark-winged fungus gnats; Cecidomyiidae, ga ll  

midges; and Phoridae, the hump-backed f l i e s  were a l l  reduced to at
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T a b le  36 . -  T o ta l  number o f  a r th ro p o d s  c o l l e c t e d  on s t i c k y  boards hung 
in  t r a c e r  p l o t s  28 to  30 August and 30  August t o  4  Septem ber 1961 near  
D o ve r, O h io .

28 -  30 August 30 August -  4  September

O rd e r  and F a m ily 1 2 3 4 1 2 3 4

PSOCOPTERA 1 3 1 3 1 2

THYSANOPTERA 1 2 1 1 1 2

HEMIPTERA 1
Mi r id a e 2 1
T i n g id a e 1 1

HOMOPTERA
C ercop i dae 1 1 1 1
C i c a d e l1 i dae 2 2 3 1
P sy1 1 i dae 1 1 1
A 1eyrod i dae 1 1 1 1

COLEOPTERA
S ta p h y l i  n ld a e 1 1
O r th o p e r i  dae 2 1 1
E l a t e r i d a e 1
E r o t y 1 i dae 1
Cucuj i dae 1
P h a lac r i  dae 1
C hryso m elidae 1 1
S c o ly t  i dae 1 1

LEPIDOPTERA
Mi c r o le p id o p t e r a 1 1

DIPTERA
Psychodidae 1
Chi ronomidae 1 3
M y c e to p h i1 id ae 1 1
S c ia r id a e 9 7 3 10 3 3 1
Cecidom yidae 14 10 2 9 2 3 4 2
As i 1 i dae 1
P h o rid a e 11 5 3 5 3 1
Lauxani i dae 1 1
A c a ly p t e r a t e 1 1
C a ly p t e r a t e 1

HYMENOPTERA
Myrmari dae 11 7 8 6 1 1 5
C h a lc id o id e a 2 1 5 1 1 3 3 1
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28 -  30 August 30 August -  4 September 

Order and Family 1 2  3 4 1 2  3 4

HYMENOPTERA (Continued)
Formicidae 1

ACARINA 1 1 1

ARANEIDA 2 1 1

Totals 60 50 32 48 18 12 11 16
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T a b l e  37 .  -  T o t a l  number o f  a r th r o p o d s  c o l l e c t e d  on s t i c k y  boards hung 
in  D ov e r ,  O h io ,  t r a c e r  p l o t s  4  t o  8 September and 8 t o  14 September  
1961 .

O rd e r  and F a m i ly
4

1
-  8 September  

2 3 4
8 -  
1

14
2

September  

3 4

COLLEMBOLA 1

PS0C0PTERA 1 1 1

THYSANOPTERA 1 1

HEMIPTERA
Mi r i d a e 1

H0M0PTERA
C i c a d e l 1 i dae 2
A l e y r o d id a e 1 2 1 1 1
P h y l l o x e r i d a e 6 2 1

C0LE0PTERA
S t a p h y l i  ni dae 3 3 2
O r t h o p e r i d a e 1 1 1 1

MECOPTERA
Panorpi  dae 1

LEPIDOPTERA
M i c r o l e p i d o p t e r a 1 1

DIPTERA
Chi ronomidae 1 3 2 2
M y c e to p h i1 i dae 1 1
S c i a r i d a e 3 5 4 1 1 1 1
Cecidomyi idae 6 5 7 7 3 2 4  6
Empi di dae 1
Phor idae 5 7 3 2 5 3 4 3
Lauxani i dae 2 1 1
Aca l  y p t e r a t e 2 1

HYMENOPTERA 1 2
Myrma r i d a e 3 1 1 6 3
C h a lc id o id e a 3 3 2 2 1
Formi c id a e 1

ARANE1 DA 1 1

2 9  3 0  1 9  2 0  1 6  21 1 9  2 2
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T a b l e  38 .  -  A summary o f  th e  f a m i l i e s  o f  a r th ro p o d s  t h a t  were  c o l l e c t e d  
in  one a r e a  but  not  c o l l e c t e d  in  th e  o t h e r  on the  D over ,  O h io ,  t r a c e r  
p l o t s ,  1961.

A rea 2 8 - 3 0  Aug.
Dates  o f  C o l l e c t i o n  

30 A ug . -* *  S e p t .  **-8 S e p t . 8 - l * t  S e p t .

T re a tm e nt 7 7

C o n t r o l 6 7 *+ 2

T o t a l  no. o f  
f a m i 1 ie s  in  
bo th  a re a s 31 17 19 18

l e a s t  o n e - f o u r t h  t h e i r  p r e - s p r a y  p o p u l a t i o n s .

On th e  o t h e r  hand, f o u r  s p e c ie s  appeared  t h a t  were  not  c o l l e c t e d  

b e f o r e  th e  t r e a t m e n t .  O f  th e s e  f o u r ,  t h r e e  were  r e p r e s e n te d  by o n ly  

one specimen.  F o rm ic id a e  appeared  on t r e a t e d  and c o n t r o l  p l o t s  a f t e r  

th e  s p r a y .  T h re e  u n i d e n t i f i e d  Hymenoptera appeared  on th e  t r e a t m e n t  

p l o t s  d u r in g  th e  l a s t  sam pl ing  p e r i o d .  These in c r e a s e s  a r e  c o n s id e re d  

t o  be chance c o l l e c t i o n s  not  r e p r e s e n t i n g  p o p u l a t i o n  resurgance  o r  

in v a s io n  f o l l o w i n g  a p p l i c a t i o n .  W hether  such a phenomenon occurs  

o v e r  a lo n g e r  p e r i o d  w i l l  be examined in  th e  1962 d a t a .

1961 -  1962 Data

S t i c k y  boards were  one o f  th e  most u n s a t i s f a c t o r y  o f  th e  d e v ic e s  

used t o  s tu d y  a r th r o p o d s .  B es ides  d is a d v a n ta g e s  o f  th e  f i e l d ,  

l a b o r a t o r y ,  and taxonom ic  t im e  spent  w i t h  th e  d i f f i c u l t - t o - h a n d l e  

b o a rd s ,  th e  r e s u l t s  were  n e a r l y  im p o s s ib le  t o  a n a l y z e .  The l a r g e s t  

sam p l in g  u n i t  was 9 . 0  i n d i v i d u a l s  p e r  d a y .  T h is  was f o r  73
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Chironomidae counted from f iv e  boards which had been in posit ion for  

8 days. The highest to ta l  capture was 94 Phoridae from f iv e  boards 

l e f t  in place 23 days. Host of  the counts for  72 family groups were 

below 1 per day per watershed. Analysis was impossible. Boards l e f t  

in place 10 days p r io r  to the treatment had the lowest count o f  any 

1962 sampling periods. Post treatment e f fe c ts ,  therefore ,  could not 

be measured. The larger orders represented were Coleoptera and 

Diptera. In 1961 there were 709 insects counted on s t icky boards 

from watershed no. I ;  561 from watershed no. 2. The faunal pro

d u c t iv i ty  or carrying capacity of  the two watersheds d i f f e r s  by 

about 1.25, the same as measured by other sampling devices.

Ve r t ic a l  Boards

In 1961, no attempt was made to ascertain the insect population 

of the forest canopy except as they might be a t t rac ted  by the 

sampling devices already in use.

In 1962 st icky boards were placed at  10 f t  in terva ls  from the 

ground into the canopies o f  three trees in the center of  each area.  

Tree locations are shown in Fig. 21. Climbing irons were used to 

attach a pulley by wire  to the highest point which could safe ly  be 

reached. Twisted wires served as hooks fo r  the boards which were 

held v e r t i c a l l y  6 to 10 cm (3 to 5 i n . )  away from a hemp rope. The 

boards were raised and lowered in the trees as on f la g -p o le  ropes. 

Maximum height attained was 60 f t ,  four trees had 50 f t  ropes, one had 

a 40 f t  rope. Davidson (1930) used a rope ladder and sweep net to 

show the d iss im i la r  insect s t ra ta  of the fo res t .
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R e s u l ts  from s t i c k y  boards suspended in  t r e e s  were  as u n s a t i s 

f a c t o r y  as r e s u l t s  from ground b o ard s .  Large  p o p u l a t i o n  in c re a s e s  

a f t e r  s p ra y  were e n c o u n te re d  a t  a l l  l e v e l s .  A l l  numbers f o r  i n d i v i d u a l  

f a m i l y  groups w ere  so low and v a r i a b l e  t h a t  no change could  be 

concluded w i t h  c o n f i d e n c e .  No 1961 d a t a  was a v a i l a b l e  f o r  v e r t i c a l  

s t i c k y  boards .  P o p u la t io n s  were  g e n e r a l l y  e q u a l l y  d i s t r i b u t e d  ex ce pt  

a t  60  f t  where s m a l l e r  numbers were  e v i d e n t .

T r e e  Bands

As a o n e - a t t e m p t  s am pl ing  te c h n iq u e ,  t r e e  bands o f  o r d i n a r y  f l y  

pa p e r  ( l a t e x  and m in e r a l  o i l  a d h e s iv e )  were  pu t  o u t  on t h r e e  t r e e s  

4  f t  from th e  ground on each w a te rsh ed  24 May 1962 and l e f t  u n t i l  

29 May 1962 ,  5 days (see F i g .  2 1 ) .  On w a te rsh ed  no. 1 a s a s s a f r a s ,  

an a s h ,  and a red oak  were  banded, numbers 1 t o  3 r e s p e c t i v e l y ;  on 

no. 2 ,  a m a p le ,  an a s h ,  and a red o a k ,  numbers 3 t o  6 r e s p e c t i v e l y ,  

were  banded. The specimens c o l l e c t e d  were  in  worse shape th a n  those  

on th e  s t i c k y  boards due t o  awkward h a n d l in g  p r o v i s i o n s .  R e s u l ts  

a r e  shown in  T a b l e  39 .

Because o f  l a c k  o f  knowledge o f  p r e  and p o s t - s p r a y  p o p u la t i o n s  

sampled by t h i s  d e v i c e ,  l i t t l e  can be s a id  about  th e  r e s u l t s .  I f  

th e  d i f f e r e n c e s  in  in s e c t  abundance between th e  two a r e a s  ho ld  as 

measured by t r e e  bands, th e  t o t a l  in s e c t  p o p u l a t i o n  was reduced by 

o v e r  40%. N o t a b le  d i f f e r e n c e s  a p p e a r  in  th e  d i p t e r a n  P h o r id a e ,  

Empididae, and S c i a r i d a e .

C atch  C lo th s

Catch c l o t h s  were  t o r n  in  0 .6 5  m (2 6  i n . )  s q u a r e s ,  0 .4 3 5  m
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Table 39. -  Arthropods sampled by t ree f l y  paper bands l e f t  In place 
1 day pre-spray and ** days post-spray, Dover, Ohio, 1962.

Order and Fami1y 1
Watershed
2 3

Location
1
Total

and Tree
Watershed

** 5 6
2
Total

PSOCOPTERA 2 2 1 1

HOMOPTERA
Ci cadet 1i dae 2 1 6 9 l* 3 2 9
Fulgoridae 1 1 2 1 1

COLEOPTERA
Staphyli  nidae 1 1
Cisidae 1 1

LEPIDOPTERA
Mi crolepidoptera 1 1 2 2 1 1 k

DIPTERA
Tipul idae 5 2 3 10 6 3 5
Chi ronomidae 10 7 18 35 11 10 22 *♦3
Ceratopogoni dae 1 1 2
Rhyphidae 2 2 3 7
Bibionidae 1 1 2
Sciaridae 11 21 51 83 67 51 80 198
Cecidomyiidae 2 2 7 11 1 2 3
Stratiomyidae 1 1
Empididae 1 1 2 k ** 5 2 11
Dot i chopodidae 1 1
Phoridae 26 6 9 *tl 23 9 27 59
Acalypterates 1 1 2 1 1 2
Calypterates 1 1 1 1

HYMENOPTERA
Braconi dae 1 1
Chalcididae 2 3 5 2 2
Formi cidae 1 1

P HA LANG 1 DA 3 3 7 3 10

Total 219 366
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( 4 . 6 9  f t  ) from unbleached m u s l in  o r  w h i t e  q u i l t i n g  c l o t h .  Two c l o t h s  

w ere  l a i d  h o r i z o n t a l l y  w i t h i n  4 . 5  m (15  f t )  o f  each sam pl ing  spot  and 

a l l  c o rn e rs  were  p inned  w i t h  heavy n a i 1s . The combined e f f e c t i v e  

s am pling  a r e a  o f  th e  c l o t h s  was 0 . 7 5  m^ (8 f t ^ ) . The l o c a t i o n  o f  the  

c l o t h s  a r e  shown in  F i g .  2 1 .  The sp a c in g  was des igned  t o  sample  

i n t e n s i v e l y  th e  in s e c ts  k i l l e d  on th e  t r e a t e d  a r e a ,  t o  d e te r m in e  

" b i o l o g i c a l l y "  th e  e x t e n t  o f  th e  s p ra y  e f f e c t  o f f  th e  t r e a t e d  a r e a ,  

and t o  c o r r e l a t e  measured s p ra y  d i s t r i b u t i o n  w i t h  s p ra y  e f f e c t .

A f t e r  th e  s p r a y ,  th e  c l o t h s  were  c l e a r e d  o f  in s e c t s  by f o u r  

p e o p le ,  two d o in g  th e  m a j o r i t y .  Two methods were  used,  bo th  o f  which  

a r e  b e l i e v e d  t o  produce n e a r -e q u a l  r e s u l t s .  The m ost-used method 

was t o  kneel b e f o r e  th e  c l o t h  and w i t h  a p a i r  o f  n e e d l e - p o i n t  

fo r c e p s  p i c k  each in s e c t  from th e  t r a y .  T h i s  was most e f f e c t i v e  when 

t h e r e  w ere  o n l y  a few in s e c t s  o r  when t r e e  d e b r i s  and d i r t  on th e  

c l o t h  was s l i g h t .  When d e b r i s  was g r e a t  and f i e l d  t im e  l i m i t e d ,  j_ .e .  

when a g iv e n  number o f  c l o t h s  must be p i c k e d ,  th e  c o r n e r s  were r a is e d  

in  d ia g o n a l  p a i r s  and th e  d e b r i s  c o l l e c t e d  near  th e  c e n t e r ,  then  

scooped i n t o  th e  square  p i l l  box in  wh ich  most c a tc h  c l o t h  c o l l e c t i o n s  

were  made. These boxes were  l a t e r  em pt ied  i n t o  a w h i t e  enamel t r a y  

in  th e  l a b o r a t o r y  and in s e c t s  s o r t e d  b e f o r e  be in g  s e n t  t o  the  t a x -  

o n o m is t .

An i n d e l i b l e  b l a c k  in k  cross  on th e  c l o t h  a id e d  in  exam in ing  and 

p i c k i n g  th e  c l o t h s .  A nts  and s p id e r s  were  a c t i v e  on many c l o t h s  and 

t h e i r  i n f l u e n c e  on th e  c o u n ts ,  though unknown, is  b e l i e v e d  t o  be s l i g h t  

when in s e c t  k i l l  was h i g h ,  but  in  th e  l a t t e r  days o f  i n s e c t i c i d e  

e f f e c t i v e n e s s ,  t h e i r  removal o f  k i l l e d  in s e c t s  could  r e a d i l y  account
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for  the low or even absence of  k i 11-evidence.

In th is  study the sampling in tens i ty  was too great ,  for  the 

manpower ava i lab le  could not co l le c t  insects from a l l  cloths in the 

time a va i lab le .  Two people working together for  companionship and 

safety on the 2 -c lo th  sampling spots required about 20 min. to c lear  

each sample spot. Some samples required addit ional laboratory time. 

N atu ra l ly ,  as insect k i l l  decreased, so did picking time, but a set 

walking time and 5 min. minimal observation time fo r  each cloth put 

severe l im i ts  on sampling in ten s i ty .  Another l im i ta t io n  of  the 

technique is the lack of  knowledge of  insects and the questionable 

conscientiousness of  untrained labor. This menial task required such 

laborers while many other c r i t i c a l  observations were being made.

During the f i r s t  day, a 2-man team of  trained and untrained 

personnel picked cloths, with occasional checks of  each other 's  

work. On the average, three insects (2 to k% e r ro r )  were overlooked 

by both observers. On one occasion a tray was picked, checked by 

the second observer, then i ts  contents of oak flowers, d i r t ,  e tc .  

were dumped into a box and examined la te r  by microscope. Four 

minute Hymenoptera had been overlooked. There is some bias in the 

catch c loth results  but i t  is s l ig h t  and assumed equal between 

compared samples. Later , a f t e r  checks were removed, there is no 

knowledge of  e f f ic ie n c y  of  c learing trays though i t  is assumed to 

be s im i la r  to checked work. The operation is t i r i n g ;  tedious; and a f t e r  

several hours, boring. I t  cannot be done u n t i l  cloths are dry from 

rai n or dew.

A better  approach to ascertain ing actual k i l l  would have been to
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reduce th e  f r e q u e n c y  o f  samples and in c r e a s e  th e  s i z e  o f  th e  a r e a  o f  

each sample .  Large  p l a s t i c  s h e e t s ,  i f  checked o f t e n  t o  a v o id  r a i n  o r  

wind damage, would be v e r y  s a t i s f a c t o r y .  By r a i s i n g  th e  c o rn e rs  

s l i g h t l y ,  a concave ,  t r a y - l i k e  s am pl ing  a r e a  could  be p r o v id e d .  In s e c ts  

could  be e a s i l y  removed from th e s e  and counted in  th e  l a b o r a t o r y .

Tw elve  0 .61  x 1 .2  m ( 2 x 4  f t )  wooden edge ,  c l o t h  bottom c a tc h  t r a y s  

w ere  used on th e  t r a c e r  p l o t  but  were  not  used l a t e r .

1962 S tu d ie s

T a b l e  40  p r e s e n ts  d a t a  on background counts o f  in s e c t s  from  

c a tc h  t r a y s  p r i o r  t o  a p p l i c a t i o n  o f  s p ra y  and shows p o s t - s p r a y  

r e s u l t s .  S even ty  f a m i l y  groups were  c o l l e c t e d  from c a tc h  c l o t h s  from  

th e  25 May a p p l i c a t i o n .  The mean number o f  in s e c t s  c o l l e c t e d  from  

a l l  c l o t h s  in  w a te rsh ed  no. 1 on 26 May was 7 1 . 9  (s^  -  2 1 2 0 . 6 ) ,  on 

28 May (a 2 day a c c u m u la t io n )  1 3 .7  (s^ z 4 4 . 5 ) ,  and on 30 May (a 

2 day a c c u m u la t io n )  2 1 . 7  (s^ r  3 0 1 . 5 ) .

On ly  two f a m i l y  groups were  abundant enough in  th e  c a tc h  t r a p  

sample f o r  any m e an in g fu l  p o p u l a t i o n  a n a l y s i s  (See T a b l e  41 and F i g .

2 8 ) .  T h e r e  was no c o r r e l a t i o n  between maximum cpm on g la s s  d is c s  

f rom  t h e  25 May f l i g h t  o r  27 May " r a i n o u t "  and th e  abundance o f  the  

d i p t e r a n  C h iro n o m id a e ,  midges o r  th e  hymenopteran C h a lc id o id e a  o r  

c h a l c i d  f l i e s .  T h is  p r e c lu d e s  a b io a s s a y  o f  spray  d i s t r i b u t i o n .

C atch  c l o t h  p a ra m e te rs  a r e  more a f u n c t i o n  o f  p o p u l a t i o n  s i z e  than  

t h e  q u a n t i t y  o f  i n s e c t i c i d e  f a l l i n g  w i t h i n  t h e  a r e a .  Even a g e n e ra l  

e x p r e s s io n  o f  m a la t h io n  e f f e c t i v e n e s s  on c e r t a i n  in s e c t  groups cannot  

be made based on c a tc h  c l o t h  d a t a  because p r e - t r e a t m e n t  p o p u la t i o n s
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Table 40. -  R ad ioactiv ity  in cpm/mg of a i r  dry sample of arthropods
collected from catch cloths on the Dover, Ohio, watersheds, 1962.

Date Location Family cpm/mg

20 May 1962 1-1 Chironomidae 0.468
Araneida 0
Fulgoridae 0.516
Phalangida 1.139

1-7 Chironomidae 0.7^8
Calypterates 0.392
N it id u l id a e  0

26 May 1962 1-1 Membracidae 0
Stratiomyidae 1.353
Carabidae 0.214
Calypterates 0.623
Acalypterates 2.100
Plecoptera 0

1-4 Formicidae 0
Ichneumonidae 4.592
Curculionidae 0.409
Acalypterates 0
P s y l l i id a e  0
Araneida 0
Stratiomyidae 0
Tipu l idae  0.854
Chrysomelidae 0.837
Microlepidoptera 0.943
Ela ter idae  0.107

1-5 Buprestidae 1.460
Tr ichoptera 0
Tenthredinidae 3.791
Calypterates 0.584
Hymenoptera (bees) 0.107
Scarabaeidae 0.160

1-6 Formicidae 1.193
Stratiomyidae 0
Chrysomelidae 0
Calypterates 1.602
Carabidae 0.214
Hymenoptera (bees) 3.364
Chironomidae 1.032

1-7 E la ter idae  0.531*
Araneida 1.139



T a b le  4 0 . -  C o n tin u e d .

D ate  L o c a t io n  F a m ily  cpm/mg

26 .May 1962 1 -7  F o rm ic id a e  1 .3 5 3
(C o n t in u e d )  Membracidae 0 .4 2 7

i - 8  Ichneumonidae 0
F o rm ic id a e  0
Ly g a e id ae  1 .0 8 6
S y rp h id a e  1 .0 6 8
E l a t e r i d a e  0

1 - 9  C a l y p t e r a t e s  0
A ra n e id a  0 . 4 9 8
Chironom idae  2 .261
F o rm ic id a e  0 .5 7 0

1 -1 0  S y r p h id a e  4 . 5 3 9
Oedemeridae 0 .6 0 5
C hryso m el idae  0 . 5 3 4
A c a l y p t e r a t e s  1 .7 2 7
C hironom idae  1.121
F o rm ic id a e  0 .6 2 3
S t r a t i o m y i d a e  0 .5 8 7
T a c h i n i d a e  0 .231
T r i c o p t e r a  0 . 5 7 0

1-11 P s y l l i i d a e  0 .6 2 3
C h i ronom i dae 1 .0 6 8
Hymenoptera (bees )  5 .7 3 2

1 - 1 4  Chironom idae  0 . 6 5 9
E m pid idae  0 .2 8 5
C a l y p t e r a t e s  0
F o rm ic id a e  0
C o c i n e l l i d a e  0 .6 7 6
S t r a t i o m y i d a e  1 .0 6 8
R e d u v i id a e  0 .7 1 2
E l a t e r i d a e  0 .1 0 7
Tab a n td ae  0 . 1 4 2
A c a l y p t e r a t e s  0 . 5 1 6
C a l y p t e r a t e s  0 .4 6 3
S t r a t i o m y i d a e  0 . 8 1 9
S y r p h id a e  0 .5 5 2
E l a t e r i d a e  0 .7 8 3
F o rm ic id a e  1 .0 3 2

1 -1 5 T i  ng idae  
P a n o rp id a e

0.890
0
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Date Location Family cpm/mg

26 May 1962 1-15 B it tacidae 1.157
(Continued) Bibionidae 0

Tipul idae 1.193
Stratiomidae 0.926
Calypterates 0
Tingidae 0.570
Ichneumonidae 0

1-16 Lygaeidae 0
Stratiomyidae 1.317
Cantharidae 2.261
Araneida 0.089
Bibionidae 2.225
Calypterates 0.249
Acalypterates 2.528
Microlepidoptera 0

1-20 T ipul idae 2.545
Syrphidae 0.445

1-21 Psocoptera 0
Formicidae 0
Stratiomyidae 0
Cerambycidae 0
T ipu l idae  0.285
Chironomidae 2.278

X -1 -2 -J *  Fulgoridae 1.638
Formicidae 1.406
Empididae 1.531
Lygaeidae 0.338
Calypterates 4.379
Acalypterates 12.585
Chironomidae 0
Scarabaeidae 0.356
Syrphidae 0.880
Cantharidae 0.267
Tingidae 3.311
Chrysomelidae 1.193
Chrysopidae 4.450
Tachinidae 0.125

X - l - 2 - 2 Formici dae 
Membracidae 
Tipul idae

0
0
0
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D ate  L o c a t io n  F a m ily  cpm/mg

26 May 1962 X - 1 - 2 - 3  C a l y p t e r a t e  0
(C o n t in u e d )  Sphec idae  0 .4 4 5

B u p r e s t id a e  0
Chironom idae  0 .3 3 8
P h a la n g ld a  0

X - 1 - 2 - 4  Ichneumonidae 0
T i p u l i d a e  0

X - i - i + - i  Curcu l i o n  id ae  0
C a r a b id a e  0
Membracidae 0

X - 1 - 4 - 2  C hryso m el idae  8 . 2 5 9

X - l - 2 0 - 1  Hymenoptera (bees)  0 .1 2 5

X - l - 2 0 - 2  M i c r o l e p i d o p t e r a  1 .9 7 6
Membracidae 0

X - 1 - 2 0 - 3  E l a t e r i d a e  0
F o rm ic id a e  0

X - 1 - 2 3 - 3  S c a ra b a e id a e  0 .0 5 3

2-1  Membracidae 0
S c a ra b a e id a e  0
T i p u l i d a e  0 . 3 5 6
Chironom idae  0 .5 8 7

2 - 2  T i p u l i d a e  0
Membracidae 0

2 - 6  C a l y p t e r a t e s  0
S t r a t i o m y i d a e  0 .7 6 5
P a n o rp id a e  0

2 - 1 0  C hironom idae  0 .1 2 5

2 - 1 7  S t r a t i o m y i d a e  0
Chironom idae  0 .1 6 0

X - 2 - 2 - 1  Chironom idae  0
C hrys o m e l ida e  1 .1 3 9
Ichneumonidae 0
A r a n e id a  0 .641
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Table 40. -  Continued.

Date Location Family cpm/mg

26 Hay 1962 X -2 -2 -2  Chironomidae 0
(Continued) Curculionidae 0

X-2 -2 -3  Formicidae 0
Hicrolepidoptera 1.513
Chironomidae 0

30 May 1962 1-1 Curculionidae 0 .187

1-2 Chrysomelidae 1.989
Bibionidae 2.839
Plecoptera 5.661
Stratiomyidae 2.023
Tenthredinidae 0.901
Membracidae 0
Tipul idae  4.097
Cantharidae 0.697
E la ter idae  0.153
Empidldae 4.454
Chironomidae 0.510

1-3 Cantharidae 1.377

1-4 Bibionidae 0
T ipul idae 0
Chi ronomidae 0

I -10 Braconidae 5.950
Bibionidae 0
Cantharidae 0
Mi ridae 1.071
Ichneumonidae 1.173

1-11 Formicidae 0

1-13 Empididae 0.595
Cantharidae 2.193
Chironomidae 0.595

1-14 Braconidae 0
Formicidae 0
Cantharidae 6.800
Chironomidae 8.007

1-16 Bi bionidae 0
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D ate  L o c a t io n  F a m ily  cpm/mg

30 May 1962 1 -1 9  T e n t h r e d i n i d a e  0
(C o n t in u e d )  L y g a e id a e  1 .1 7 9

C a n t h a r i d a e  2 .9 7 5
T f p u l i d a e  1 1 .0 5 0

1 - 2 0  B i b i o n i d a e  0
S t r a t i o m y i d a e  1 .8 3 6

1-21 C hironom idae  0

1 -2 2  F o rm ic id a e  1 .1 3 9

1 -2 3  B i b i o n i d a e  0

X - l - 2 - 1  Ch ironom idae  0 .8 3
Ichneumonidae 0.51
S t r a t i o m y i d a e  0
F o r m ic id a e  0 . 5 6
Ephem eroptera  0
C a r a b id a e  0
B? bi on idae  1. 05*+

X - l - 2 - 2  F o rm ic id a e  0
Chrysomel id ae  0.*+*+2
B i b i o n i d a e  1 .3 2 6
T i p u l i d a e  0

X - l - 2 - 3  C hironom idae  0

X - 1 - 2 - 4  B i b i o n i d a e  0

X - l - 2 - 5  F o rm ic id a e  0

* X  l o c a t i o n s  a r e  c l o t h s  p la c e d  a lo n g  l i n e s  p e r p e n d i c u l a r  t o  
w a te rs h e d  b o u n d a r ie s .  Subsequent numbers a r e :  w a t e r s h e d ,  l i n e ,  and
d i s t a n c e  in  50 f t  i n t e r v a l s  from th e  boundary.
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Table 41. -  E f fec t  of  malathion on the dipteran family Chironomidae, 
the hymenopteran superfamily Chalcidoidea and a l l  arthropods a f t e r  
the 25 May treatment as measured from to ta l  insects collected from 
catch trays ,  Dover, Ohio.

Date: Sampling stations common to Mean Variance
Month-Day a l l  three sampling dates X s2

1-1 1-5 1-10 1-14 1-15

Chi ronomidae

5-26 42 40 63 68 58 54.2 158.2

5-28 5 11 3 5 4 5.6 9 .8

5-30 25 13 22 27 2 106.8 17.8

Chalcidoidea

5-26 0 12 8 4 3 5 .4 21.8

5-28 0 0 0 1 0 0.2

5-30 0 1 0 0 0 0.2  •

Total

5-26 65 88 130 134 136 111.0 1039.8

5-28 20 13 10 5 7 11.0 34.5

5-30 28 18 31 33 5 24.0 134.5



175

I20H

I I O  —

9 0 -
(O
_J<
O
>
oz

8 0

M E A N
7 0 -

6 0 -
I I .o

5 0  -oc
U i
CD

CHIRONOMIDAE

4 0  -

3 0  -

20 -

IO
C HALCIDOIDEA

2 92 7 28

DATE I MONTH -  DAY

F i g .  28. Mean number o f  a r th ro p o d s  c o l l e c t e d  from a l l  c a tc h  c l o t h s  on 
th e  Dover,  O h io ,  w a te rsh ed  no. 1 as compared w i t h  t o t a l  number o f  
midges (C h ironom idae)  and c h a l c i d  f l i e s  ( C h a lc id o id e a )  c o l l e c t e d  a t  
f i v e  lo c a t i o n s  common t o  the  t h r e e  sample d a t e s ,  1962.
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above a sampling area were unknown.

There was close s im i l a r i t y  between to ta l  chalcids and the means 

of  to ta l  insects k i l l e d  but no indicator  organisms were evident.

On 18 May 1962, 3 days a f t e r  the spray, insects were collected  

from a few of the catch cloths. Numbers were much reduced. Only 

those found in quantity  were processed for  ra d io a c t iv i ty .  The 

e la te r id s  increased from 0.232 cpm/mg (Table k l )  to O.307  cpm/mg, and 

the chironomids increased from 0.508 to 1.299 cpm/mg. Others, the 

calypterates and syrphids had no measurable a c t i v i t y  above background. 

The chironomids collected a t  1-1 and 1-9 showed no a c t i v i t y  while  

those at  1-6 showed the r e la t iv e ly  high a c t i v i t y  of  1.299 cpm/mg. 

Dispersal maps indicate no measured insect ic ide  applied at point  

1-6. A c t iv i t y  of  dead insects does not corre la te  with measured 

insect ic ide  app l ica t ion .  Measures of  appl icat ion are erroneous 

(as w i l l  be discussed l a t e r ) ,  or insects contacting sprays may move 

over 200 f t  before the insect ic ide  is le th a l ,  or both.

The mean biomass of  insects collected on the k .7  f t ^  was k mg on 

the day a f t e r  treatment o f  the fo res t .  Expanded to the to ta l  acreage 

of the treatment area,  the removal w i th in  2k hours was about 2 .5  lb.

Tracer Plot Studies 

The results  of  catch t ray  studies on the t racer  plots are shown 

in Fig. 29. Again most populations were so low that  no s ig n i f ic a n t  

change could be detected. The Sciaridae, the dark-winged fungus 

gnats, were most abundant in the population. The cross-contamination 

of the treatment and control p lots  ( just  as in the f in a l  spray
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T a b l e  1*2. -  R a d i o a c t i v i t y  o f  in s e c t s  c o l l e c t e d  on 17 May 1962 from  
c a tc h  c l o t h s  w i t h i n  t h e  s p ra y  a r e a  a f t e r  th e  c r a s h - f l i g h t  on 15 May 
1962 on D over ,  O h io ,  w a te rs h e d  no. 1. On ly  those  in s e c t  f a m i l i e s  were  
counted t h a t  had a t o t a l  w e ig h t  o f  o v e r  0 . 2  mg/sample .

F a m i ly  o r  Super F a m i ly  cpm/mg o f  a i r  d r y  sample

Hymenoptera (bees) 2.**80
T e n t h r e d i  n id a e I . 262
C y n ip id a e 0 .7 8 3
Mi c r o l e p i d o p t e r a 0 .7 6 9
C h a lc id o id e a 0 . 6 9 6
P h o r id a e 0 .6 8 2
Chi ronomidae 0 .5 0 8
C a l y p t e r a t e s 0 .5 0 8
A c a 1y p t e r a t e s 0.1*06
S y rp h id a e 0 .3 6 3
1chneumonidae 0 . 31*8
E 1 a t e r i d a e 0 .2 3 2
Empid i dae 0 .2 0 3
C a r a b id a e 0.
Formi c i dae 0 .1 1 6

P 1e c o p t e r a No s i g n i f i c a n t
T i  n g id a e • 1
V e s p id a e 11

Bra con i dae i t

Cocci n e l 1 idae 11

Hi s t e r i  dae 11

S c i a r i d a e ••
P h a l a c r i d a e i i

H y d r o p h i1 idae
A ra n e id a I I
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ARTHROPODS
20 -100

SCIARIDAE

18- -90
TREATMENT

16- -80

14- -70

12- -60

TREATMENT
10- -50

4 0

•30CONTROL

4- -20
CONTROL

-10

28 29 30 31 I 84 14
JULY AUGUST

DATE

Fig. 29. Comparison of treated and control t racer  plot  Sciaridae and 
to ta l  arthropod populations as measured from the catch trays, Dover, 
Ohio, 1961.
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a p p l i c a t i o n )  does not  p e r m i t  c o n c lu s io n s  w i t h  g r e a t  c o n f id e n c e .  

A rth ro p o d s  were s t i l l  be ing k i l l e d  by the  i n s e c t i c i d e  2 weeks a f t e r  

the  spray  but losses were not g r e a t .  T h is  p e r io d  o f  k i l l  was much 

lo n g e r  than f o r  the  1962 s t u d ie s  and r e f l e c t s  h ig h e r  q u a n t i t i e s  o f  

i n s e c t i c i d e  in a s m a l le r  a r e a .

S p id e r  Web Counts  

The s p i n y - b e l 1 ied s p i d e r s ,  M ic r a th e n a  g r a c i l i s , o f  the  s u b fa m i ly  

G a s te r a c a n t h in a e  were the  most s t r i k i n g  in  appearance and t h e i r  webs 

con s p ic u o u s ly  abundant in  summer a f t e r  J u ly  on both  a r e a s .  Web counts  

o v e r  the  normal 2 m i l e  t r a p p in g  ro u te  ( F i g .  1+2) made a f t e r  spray
J

in d ic a t e d  i d e n t i c a l  p o p u la t io n s  and a c t i v i t y  o f  t h i s  s p id e r  in  the  

t r e a t e d  and c o n t r o l  a r e a .  P r e - t r e a t m e n t  (19 61 )  p o p u la t io n s  on both  

w atersheds  were judged s i m i l a r .  S ince  l a r g e  numbers o f  l i v e  s p id e r s  

were observed im m e d ia te ly  post  spray  on In s e c t  c a tc h  c l o t h s ,  f u r t h e r  

support  was added t o  th e  o b s e r v a t i o n  t h a t  m a la t h io n  had l i t t l e  o r  

no e f f e c t s  on s p i d e r  p o p u la t i o n s .

Sunken-Can Traps  

T i n  cans (about 3 0  were dug i n t o  the  ground so t h a t  the  

s u r f a c e  was le v e l  w i t h  t h e i r  to p s .  Though p r i m a r i l y  in tended f o r  

shrew s t u d i e s ,  these  were e f f e c t i v e  f o r  c a p t u r in g  ground a r th r o p o d s .  

They were used l a t e  in  the  s tu d y ,  so no q u a n t i t a t i v e  d a ta  is  

a v a i l a b l e  f o r  forms c o l l e c t e d .  T a b l e  1+3 p re s e n ts  th e  v a r i a b l e  r a d i o 

a c t i v i t y  o f  the  d i f f e r e n t  f a m i l i e s .  The w ide  d i f f e r e n c e s  can o n ly  

be e x p la in e d  in  the  ge n e ra l  terms o f  v a r i a b l e  b e h a v io r  p a t t e r n s  

i n c l u d i n g  l e a f - s u r f a c e  c o n ta c ts  and food h a b i t s .  I t  is  u n l i k e l y  t h a t
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Table ^3. -  R ad ioactiv ity  in cpm/mg of a i r  dry sample of insects
collected in sunken cans on p lo t  no. 1, Dover, Ohio, watershed no. 1,
1 August 1962.

Fami1y cpm/mg

Tenebrionidae 0.0819
Bla t t idae 0.0503
Araneida 0.0^38
G r y 11i dae 0.0395
Diplopoda 0.0352
Phalangida 0.0350
Geotropidae 0.0162
G r y l1 acrididae 0.0078
Carabidae 0.0073
Formi cidae 0
Ela ter idae 0
Cerambyci dae 0

th is  co l lec t ion ,  made more than 2 months a f t e r  the spray, involved 

arthropods that had received sub-lethal doses of malathion, but 

arthropods that had become radioactive through the food chain or 

by contact.

Misceilaneous Col lections  

Throughout the study individual insects were collected when i t  

was convenient or when an unusual specimen was found. Several times 

random sweeps were made, and insects were collected and tabulated as 

"miscellaneous" from improperly functioning sampling devices such as 

the l ig h t  trap for  periods when no q u an t i ta t ive  data could be 

obtained. The purpose of  these col lect ions was to add to the check

l i s t  o f  the area and to t ry  to detect fami l ies  o f  insects present that  

were not sampled by the various devices used. The l i s t  is presented 

in Table kk. The 1961 data is more precise and ind iv idua ls ,  where
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T a b le  M t. -  A rth ro p o d s  c o l l e c t e d  from  th e  D over, O h io , w a te rsh ed s  a t
random and by m is c e l la n e o u s  c o l l e c t i o n s  in  1961 and 1962.

S c i e n t i f i c  Name S c i e n t i f i c  Name

Odonata
Aeshnidae

O rth o p te ra  
G ry 11idae  
Phasmatidae  
T e t ig o n id a e  
G r y l la c r id id a e

Hem iptera
B la t t id a e
B elasto m atidae
Pentatomidae
C o r ix id a e

Benacus q r is e u s  Say 
Reduvi idae  

T ria tom a  
Lygaeidae  
Corei dae

Leptoqlossus

Homoptera
F u Ig o r id a e  
C i c a d e l1 Idae

C o leop tera
C i c in d e l i  dae

C?c in d e la  s e x q u tta ta  Fab. 
C arab idae  

Carabus 
Sphaeroderus  
P te r o s t i  chus 
Chlaen? us 
undeterm ined  

H is t e r id a e  
H yd ro ph i1idae  

Cymblodyta 
Leiod i dae 
S iIp h id a e  

Colon  
S ta p h y l i  n idae  

O n tho les tes  
undeterm i ned 

P selaph idae

C oleop tera  (C ontinued)
C an tharid ae  

Podabrus 
Lampyri dae 

E11ychn i a 
undetermi ned 

Lycidae
P ta te ro s

Endomychidae
Aphori s ta  vi t a t a  Fab.

Dyt i sci dae 
P t i lo d a c t y l i d a e  
H e te ro c e r id a e  
G eo trop idae  
E l a t e r i  dae 
E r o t y 1i dae 
C u rc u lio n id a e  
P t i 1 i id a e  
Ni t id u l id a e  
Cocci n e l 1 i dae

Anat is  qui decim punctata 01 i v . 
H elo td a e

Heloe a n q u s t ic a i1i s Say 
Scarabeidae  

Ateuchus  
Hopli a 

Cerambycidae 
Anoplodera  
Anthophy1 ax  

L a rv a , undetermined

Lepi doptera
P a p i1io n id a e

P a p i1ia  q laucus L in n .
Nymphali dae

Vanessa a t a la n t a  L in n .
A gari s t id a e  

A 1yp i a 
T hyat i r i  dae 

E u th y a t i  ra  
Geometridae  

D yo pteri s 
Gonodonti s 

Larvae -  undeterm ined  
Lycaenidae
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Table 44. -  Continued.

S c ie n t if ic  Name S c ie n t if ic  Name

Lepidoptera (Continued) Hymenoptera
Saturnidae Si r i cidae
A retidae Formi cidae
Noctuidae 1chneumonidae
Hi crolepidoptera Hali ctidae

Vespidae
Di ptera Apidae

Bombyli idae
Bombylius Plecoptera

Tachinidae
Syrphidae Tricop tera
Calypterates
T ipu lidae Class -  Arachnida
Chi ronomidae Phalangida
Mycetophyl1idae Acarina
Cecidomyi idae Araneida
Phori dae
La rvae Crustacea

1sopoda
Siphonaptera

Oali chopsyl1idae Diplopoda

Chilopoda

Symphala
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p o s s i b l e ,  were  i d e n t i f i e d  t o  genus and s p e c ie s .  A l th o u g h  1962 

comparisons a r e  between f a m i l i e s  o n l y ,  th e s e  t o t a l  r e s u l t s  a r e  

p r e s e n te d  t o  g i v e  some p i c t u r e  o f  th e  f a m i l y  c o m p o s i t io n .  The l i s t  

w i l l  un dou b ted ly  be in c re a s e d  by Ohio S t a t e  U n i v e r s i t y  i n v e s t i g a t o r  

James Gal f o r d  who s t u d i e d  th e  in s e c t s  o f  th e  same a r e a  in  1963-

S tudy o f  th e  A ppend ix  t a b l e  l i s t i n g  f a m i l i e s  and methods o f  

c a p t u r e  i n d i c a t e s  t h a t  t h e r e  were  f u l l y  12 f a m i l i e s  not  sampled by 

s y s t e m a t ic  methods. I t  I s  i n t e r e s t i n g  t o  no te  a l s o  t h a t  t h e r e  were  

two f a m i l i e s  c o l l e c t e d  from c a tc h  t r a y s  not  c o l l e c t e d  by any o t h e r  

method and t h r e e  f a m i l i e s  c o l l e c t e d  o n l y  on c a tc h  t r a y s  and a t  

random. These o b s e r v a t i o n s  i n d i c a t e  th e  r e l a t i v e  i n a b i l i t y  o f  

e c o l o g i s t s  t o  d e s c r i b e  t h e i r  u n i v e r s e ,  much less  t o  un ders tand  and 

e x p l a i n  i t s  i n t e r a c t i o n s .

SNAILS

T e r r e s t r i a l  s n a i l s  were  abundant on th e  a r e a  and were  v a r i e d  in  

s p e c ie s .  T h e i r  im portance  in  l i t t e r  breakdown, n u t r i e n t  r e c y c l i n g ,  

f e e d in g  on f u n g i ,  scaveng ing  on dead a n im a ls ,  and s e r v in g  as p re y  

g iv e s  them a s i g n i f i c a n t  r o l e  in  th e  ecosystem. T e r r e s t r i a l  s n a i l s  

a r e  r e l a t e v e l y  r e s i s t a n t  t o  many i n s e c t i c i d e s .  I f  th e  e f f e c t s  o f  

m a la t h io n  had been g r e a t ,  _i.'£* ^ad k i l l e d  a l a r g e  number o f  s n a i l s ,  

th e  s i g n i f i c a n c e  o f  t h i s  loss  would p r o b a b ly  not  be to o  g r e a t  due 

t o  r a p id  r e g e n e r a t i o n  o f  p o p u l a t i o n s .  Ingram (1 9 4 4 )  w r o te  o f  long  

egg l a y i n g  p e r io d s  and s u b te r r a n e a n  egg s i t e s .  The s u b te r r a n e a n  

n a t u r e  o f  most forms p r o v id e s  ample p r o t e c t e d  b re e d in g  s to c k  w i t h  

h ig h  r e p r o d u c t i v e  c a p a c i t i e s  t o  r a p i d l y  r e p la c e  l o s t  numbers.
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Since there are few known helminth parasites o f  birds and 

mammals with t e r r e s t r i a l  snails  as intermediate hosts, an insect ic ide  

would not be expected to a l t e r  s ig n i f ic a n t ly  the incidence of  

parasit ism by k i l l i n g  snails  as potentia l  intermediate hosts.

On 7 August 1962, 77 days post-spray, the l i t t e r  from two 

1 m̂  quadrats o f  forest  l i t t e r ,  one near 1-5, the other near 2 -3 ,  

was examined in white enamel pans. On watershed no. 1 three snails  

and three slugs were found: on watershed no. 2 f i v e  snails  and

three slugs were found.

Mollusks present on the study areas were id e n t i f ie d  by Hrs. C.

E. T a f t ,  Columbus, Ohio. They were:

Polygridae
Triodopsis a lbo labr is  (Say, 1816)
Triodopsis fraudulenta (P i lsbry ,  1894)
Triodopsis t r id e n ta ta  (Say, 1816)
Stenotrema stenotreroa ( P f e i f f e r ,  1842)

Hap 1ot remat i dae
Haplotrema concavum (Say, 1821)

Zoni t idae
Ventridens l iqera  (Say, 1821) or

i ntertextus (Binney, 1841)
Mesomphix sp.

Cionel1idae
Cionel ia lumbrica (Muller ,  177*0

Sampling devices fo r  s n a i ls ,  except by tediously examining the 

soil  quadrats, were not discovered from a l i t e r a t u r e  search, nor were 

any developed in th is  study. Strandine (19**l) indicated that  a 1 

quadrat contained from 0 to 11.5 Succinea oval is sna i ls .  With low 

dens it ies ,  large variances, and inadequate knowledge fo r  s t r a t i f i c a t i o n  

of the area to reduce sampling in te n s i ty ,  extensive studies on the
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m o l lu s k s  were  not  conducted .

One l i v e  s n a i l  was re co ve re d  from a 3 1 (3 q t . )  can on th e  t r a c e r  

p l o t  s tu d y  5 days a f t e r  s p r a y .  I t  had not  been p la c e d  t h e r e  but  was 

in  th e  s o i l  w i t h  earthworm s.  I t  r e p r e s e n ts  s l i g h t  e v id e n c e  o f  s u r v i v a l  

in  a c o n t a i n e r  known t o  have been sprayed w i t h  m a l a t h i o n .  One l i v e  

T r io d o p s i  s s n a i l  c o l l e c t e d  n e a r  1 -9  had an a c t i v i t y  o f  0 . 3 6  cpm/mg.

One a q u a t i c  s n a i l ,  p r o b a b ly  Physa s p . ,  from a bucket  on a 

t r e a t e d  p l o t  had no above-background r a d i a t i o n .

FISH AND AQUATICS 

A Review

M a la t h io n  is  re co g n ize d  as an i n s e c t i c i d e  hazardous t o  a q u a t i c  

l i f e ,  but  Henderson and P i c k e r i n g  (19 58 )  and Henderson et^ a_J_. ( I 9 6 0 :

8 4 )  commented t h a t  i t  is  le s s  hazardous than  most c h l o r i n a t e d  h ydro 

ca rb o n s ,  e x c e p t  BHC.

P a r k h u r s t  and Johnson ( 1 9 5 5 : 1 1 5 )  found t h a t  a g in g  as much as 

144 hr  " d i d  not  have any v e r y  im p o r ta n t  e f f e c t  upon t h e  t o x i c i t y  

o f  d i l u t e  s o l u t i o n s  o f  M a l a t h i o n  5 0 0 . "  T h e re  is  l i t t l e  o r  no oxygen  

demand by m a la t h io n  (Henderson e t  aj_. , 1 9 6 0 : 7 8 ) .  " W i t h  most o f  th e  

o r g a n i c  phosphorus compounds t h e r e  a r e  o n ly  m inor  in c r e a s e s  in  f i s h  

m o r t a l i t y  between th e  24  and 96 h r  p e r i o d s .  T h i s  i s  t o  be expe c te d  

w i t h  those  m a t e r i a l s  which h y d r o l i z e  v e r y  r a p i d l y  t o  le s s  t o x i c  

m a t e r i a l s "  ( T a r z w e l 1, 1 9 5 9 : 1 3 6 ) .

T a b l e  45 r e v e a ls  t h a t  t h e r e  a r e  w ide  v a r i a n c e s  in  th e  dosages  

r e q u i r e d  t o  k i l l  f i s h .  T a r z w e l 1 ( 1 9 5 9 : 1 3 7 )  d isc u s s e d  th e  i m p o s s i b i l i t y  

o f  j u d g i n g  th e  t o x i c i t y  o f  th e s e  m a t e r i a l s  t o  a l l  f i s h e s  on th e  b a s is



Table k5. -  Summary of some studies o f malathion to x ic i ty  to f is h .

Author Fish species Dosage E ffec t

Bodenstein, W. G. 
(pers, correspondence, 
unpub. data) Ent. 
Research D iv . ,  A g r i . 
Res. S e r . , U.S.D.A.

Cope, (1960:18)

Mummichog K i l l i f i s h ,  
Fundulus . heterocli  tus 
macrolepidatus

Sculpins, small 
cyprinids and 
suckers

1 lb /acre  
0.20 ppm

More toxic  than 1 ppm DDT at  
21-26° C 

Toxic symptoms-** to 6 hr, 
death 6 to 12 hr

Toxic 30 min. a f t e r  spray

Darsie and Corriden 
(1959:696)

Rainbow trout  
f inger  l ing ,  b lu e g i l l s ,  
sunfi sh

Goldfi sh 
Carp
Sea lamphrey larvae 
Fathead minnow, 
Pimephales promelas 
Raf.

Ocellated k i l l i f i s h ,  
Fundulus o c e l la r is  
Jordan and G i lb e r t

5 ppm

5
3
5

ppm
ppm
ppra

25 ppm 
23 ppm 
22 ppm

0.5  lb /acre

Toxic in less than 8 hr
Toxic in less than 1 hr
Toxic in less than 2** hr
60% m orta l i ty  
No e f fe c t

LD-50 2** hr 
LD-50 **8 hr 
LD-50 98 hr



Table 45. - Continued.

Author Fi sh  s p ec i es Dosage E f f e c t

Henderson e t  a l .  
(1960:79)

Fathead minnows 12.5 ppm (57% 
a c t i v e  i n g r e 
d i e n t s )
17 ppm (vhard 
water )

26 ppm ( s o f t  
water )

TLM-96 hr  p a r t i a l l y  due to  
xylene so lven t

TLM -  96 hr 

TLM -  96 hr

Hi l senhof f  (1959) Larvae o f  Tendipes 
plumosus

0.1 l b / a c r e  
0.75 l b / a c r e

Cons iderable  t o x i c i t y .
97% m o r t a l i t y  w i t h i n  7 days

Fathead minnow 20 l b / a c r e No t o x i c i t y

Hi l senh of f  (1962) Wa11-eyed p i ke 
f i n g e r l i n g s

5 lb a c t u a l / a c r e  
2 l b / a c r e

M o r t a l i t y  in aq ua r i a  t e s t s  
No m o r t a l i t y  in a qu a r i a  t e s t s

Katz (1961) Chinook salmon 
(Oncorhynchus 
k i s u t c h  and 
t shawytscha)

57% malathion
24.5 ppb 
23.9 ppb
23.6  ppb 
23.0 ppb

TLM -  24 hr 
TLM - 48 hr 
TLM -  72 hr 
TLM - 96 hr

Fathead minnow 12,500 ppb TLM - 96 hr

Blue g i 11 (Lepomis 
macrochi rus )

95 .0  ppb TLM -  96 hr



Table 45. -  Continued.

Author Fish species Dosage Effect

Katz (1961)(Continued)

Lewalien (1959:1-2)

McDuffie ( I960,  pers. 
correspondence)

Mulla (1961)

Parkhurst and Johnson 
(1955:113; also see 
Johnson, 1955)

Three-spine S t ic k le 
back (Gasterosteus 
aculeatus)

Surface feeding minnow, 
Gambusia a f f i n i s

Cyprinodon varieqatus 
( indenti f i  cation  
uncertai n)

Gambusia a f f i n i s

Fall  chinook salmon 
1.5  in. f inger l ings

5 ppt sa l i  ni ty 
94.0  ppb 
25 ppt sal ini ty 
76.9 ppb

0 .05 ppm 
(equivalent to 
approximate MLD 
fo r  f i e ld  control 
of Culex 
mosqui toes)

0 .2  lb /acre  
ae r ia l  granules 
0.25 lb /acre  
ground emulsion

high and low rates

Malathion 500 in 
formulation 
Test 1 - 0 . 1  ppm

TLM -  96 hr

TLM -  96 hr

24 hour % m orta l i ty
30 , 50 , 40; average m orta l i ty
40%

Toxi c
00
00

appreciable m o r ta l i ty  within  
48 hr of  exposure. "At the 
larvae dosages DDT and para-  
thion are somewhat safer  
than malathion."

K i l led  some in 24 hr,  nearly  
a l l  in 6 days at 44-48° F. 
C r i t ic a l  concentration range 
0.032 to 0.32 ppm.



Table 45. * Continued.

Author Fish s p ec i es Dosage E f f e c t

Pa r khurs t  and Johnson 
(Cont inued)

Fal l  chinook salmon 
(Conti nued)

Spr inge r  (1956:177)

S t e i n e r ,  L. F. (pers .  
cor respondence)  un
pub.  d a t a ,  Agr i .  Res. 
S e r . , Ent .  Res.  D i v . , 
U.S.D.A.

Ta rzwe l 1 (1959:137)

K i l l i f i s h

Black m o l l i e s ,  ye I low 
wags,  rosy barbs ,  
b lue  moons, f l a g  f i s h ,  
h e l l e r i e s ,  red moons, 
marble mol 1 ies, and 
black  moons

Libe r ty  mol 1ies

Rosy barbs  and 
yel low c r e s c e n t s

Dwarf gouramis and 
h e l l e r i e s

All  f i s h  t e s t e d

B l u e - g i l l  s u n f i s h

Tes t  2 -  0.087 
ppm and 0.1

0.17 ppm 
0 .15 ppm 
0.12 ppm

Higher than 0.1 
0.240 and 0.32 ppm 
( h ighes t  t e s t e d )

0 .2 l b / a c r e

0.15 t o  0.80 ppm 
(concre t e  ponds)

1.60 ppm

Withstood fo r  6 days

TLM -  24 hr 
TLM -  48 hr 
TLM -  96 hr

Toxic
Ki l l ed  n ea r ly  a l l  f i s h  w i t h i n  
24 hr

Complete k i l l  

No m o r t a l i t y

No m o r t a l i t y

1.20 and 2 . 0  ppm Some morta l i t y

1.20 ppm

2 . 0  ppm

0.78 l b / 0 . 3  acre* 
f t
0.095

Survi ved

Survi ved 

50% mortal  i t y  

TLM -  96 hr

00u>
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of  tests with one species. Henderson et  £j_. (1960:79) said, ,rThe 

96-hour TLm value for  an acetone solut ion of technical malathion to  

b lu e g i l ls  in soft water was 0.095  ppm as compared to 26 ppm for  

fathead minnows, a d i f ference of  over 270 t imes."  Resistance and 

s e n s i t iv i t y  vary widely not only between species but with factors of  

the environment, the formulation,  and the physiological s ta te  of  the 

f is h .  Haddock (1962:39) stated that conditions ex is t ing  at  d i f fe r e n t  

locations affected the results of his tests  on midge f l y  larvae.

Darsie and Corriden (1959:696) found no corre la t ion  between f ish  

sizes and m o r ta l i ty .  I t  is generally  agreed that forage f ish  are 

more resistant  to poisoning than game f ish .

The pharmacology of  the t o x ic i t y  of  malathion to f is h  has not 

been reported. General symptoms are: darkening skin, periods of  high

e x c i t a b i1i t y  with body tremors, complete loss of  equi l ib r ium , and 

extreme forward posit ion of  the pectoral and pe lv ic  f in s  (Henderson 

jst a_!_., 1960:78). Darsie and Corriden (1959:698) report that the 

caudal peduncal of  k i l l i f i s h  was bent l a t e r a l l y  and held that  way.

Weiss (1959) studied the e f fec ts  of  malathion o f  brain a c e ty l 

cholinesterase (AChE) o f  large mouth bass, Hicropterus salmoides; gold

f is h ,  Crassius auratus: golden shiners, Notemiqonus crysoleucas; and 

b lu e -g i l l  sunfish, Lepomis macrochirus. His exposure of  f is h  was 

analogous to a stream environ with  a "slug" of  poison. Both i n i t i a l  

in h ib i to ry  and recovery e f fec ts  were very rapid (1959:591). Recovery 

periods depend on the degree of  exposure, the insect ic ide  use4  and 

the f is h  species (Weiss, 1959:591). Bass recovered in 20 days from 

malathion poisoning but AChE a c t i v i t y  a f t e r  exposure to parathion was
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o n ly  60% o f  normal in  th e  same t im e .  Four t o  6 hr  o f  exposure  t o

m a la t h io n  were r e q u i r e d  t o  produce d e t e c t a b l e  enzyme i n h i b i t i o n  in

g o l d f i s h .  S h in e rs  exposed t o  0.1  mg/1 o f  m a la th io n  had reduced AChE

a c t i v i t y  be low th e  lower  l i m i t  o f  th e  normal range a f t e r  1 t o  2 h r .

I t  d id  not p e r s i s t  t h e r e  u n t i l  a f t e r  k  h r  o f  exp o s u re .  A f t e r  12 days ,

f i s h  had reco vered  t o  th e  lower  l i m i t  o f  th e  normal range .  B l u e - g i l l s

reached th e  normal range a t  th e  end o f  2 days .  W e is s '  s t u d i e s

(1 9 5 9 : 5 9 2 )  y i e l d  a t e c h n iq u e ,  th e  responses o f  f i s h - b r a i n  AChE i n

v i  v o , t h a t  p e r m i ts  assay  o f  c u r r e n t  o r  p a s t  low c o n c e n t r a t io n s  o f

organo-phosphorus  i n s e c t i c i d e  p o l l u t i o n .

The r e s u l t s  o f  l a b o r a t o r y  t e s t s  on th e  e f f e c t s  o f  po isons  on

a q u a t i c  b i o t a ,  T a r z w e l 1 ( 1 9 5 9 : 1 3 8 )  e x p l a i n e d ,  a r e  0 . 2  t o  0.1  th e

v a lu e s  ex pe c te d  under f i e l d  c o n d i t i o n s  o f  c o n t in u o u s  exposure  o f  an

o rga n ism .  He s t a t e d :

Much more re s e a r c h  is  needed b e f o r e  s a f e  c o n c e n t r a t i o n  o r  
a p p l i c a t i o n  r a te s  can be e s t a b l i s h e d  to  in s u r e  th e  p r o t e c 
t i o n  o f  the  a q u a t i c  b i o t a .  F u l l - s c a l e  f i e l d  t e s t s  a r e  
needed in  o r d e r  t o  e v a l u a t e  a l l  th e  v a r i a b l e s  wh ich  may 
a f f e c t  th e  t o x i c i t y  o f  th e s e  m a t e r i a l s  t o  a q u a t i c  l i f e  in  
o u r  la k e s  and s tream s.

W a te r  is  a un ique  fa u n a l  e nv ironm e nt  when t h i s  e n v iro n m e n t  is  

t r e a t e d  w i t h  an i n s e c t i c i d e .  In  a i r  o r  on la n d ,  p o isons  s e t t l e  o u t ,  

assume s t r a t a  o r  s u r f a c e s .  In  w a t e r  th e  e n v iro n m e n t  i s  t o t a l l y  

p o l l u t e d  t o  th e  e x t e n t  o f  th e  s o l u b i l i t y  and suspens ion  o f  th e  com

pound; fa u n a l  c o n t a c t  w i t h  th e  p o is o n  is  not  s p e c i f i c  but t o t a l .

B es ides  d i r e c t  a p p l i c a t i o n  o f  i n s e c t i c i d e s  t o  w a t e r  f o r  m osqui to  

and o t h e r  in s e c t  c o n t r o l ,  much w a t e r  is  con ta m in a te d  in  th e  process  o f  

s p r a y in g  a d j o i n i n g  la n d s .  F u r t h e r  p o l l u t i o n  oc c urs  as i n s e c t i c i d e s  a r e
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washed into waterways by runoff from treated lands. Vegetation and 

soil  conservation practices retard th is  secondary contamination of  

water. TarzwelI  (1959) stated some of  the problems of  water po l 

lu t ion from the drainage from in sect ic ide- t rea ted  lands. Hoffman 

( 1960: 60 ) said, though, that  "as yet no one has shown insect ic ide  

run-of f  from forests into streams in s u f f ic ie n t  amounts to show a 

measurable increase in the m o r ta l i ty  of bottom organisms above that  

caused d i r e c t ly  by the spraying." Results reported herein of  studies 

on dispersal w ith in  the soil  confirm Hoffman's statement about 

forest  run-off .

Many factors influence the runoff potentia l  of  insecticides on 

the forest watershed. They include the nature and depth of  humus and 

organic debris and the molecular in teract ion  of th is  with the insec

t ic id e  molecule, the amount and rate  of  r a in fa l l  immediately a f t e r  

appl icat ion and wi th in  the e f fe c t i v e  l i f e  of  the insect ic ide ,  the 

depth and nature of  impeding layers, and the hydrol ic  conditions of  

the forest s o i ls .  Whipkey (1962) characterized the hydrol ic conditibns 

of the forest  soi ls  as: those on slopes seldom reach saturat ion,

s t a t i c  water tables are exceptional,  very permeable in the root zone 

to water, hydrol ic conductiv ity  is d i f f i c u l t  to de f ine ,  e levation  

head is important, and turbulent f low may occur, at least for  short 

distances, because of e levat ion head and numerous large biological  

channel s.

Thornthwai te e t  £j_. ( i960:1015) found that water surplus (the 

amount of  water which f a l l s  over the watershed in excess o f  c l im at ic  

and vegetation and a f t e r  so i ls  have reached water-holding capacity)
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Is  r e s p o n s ib le  f o r  th e  r e d i s t r i b u t i o n  o f  r a d i o a c t i v e  s t r o n t iu m  in  the  

s o i l .  "On a lo ng te rm  b a s i s ,  th e  w a t e r  s u r p lu s  is  th e  p r i n c i p a l  agent  

a f f e c t i n g  th e  f l u x  o r  th e  d e t e n t i o n  o f  s t r o n t i u m  in  th e  s o i l  a t  a 

g iv e n  p l a c e "  ( T h o r n t h w a i t e  e t  a l . ,  1 9 6 0 : 1 0 1 8 ) .  A d m i t t e d l y ,  i t  is  

dangerous t o  g e n e r a l i z e  from such o b s e r v a t i o n s  t o  th e  f i e l d  o f  in s e c -  

t i c i d e - s o i 1 - w a t e r  r e l a t i o n s ,  but  t h i s  is  n e cessary  due t o  th e  p a u c i t y  

o f  i n f o r m a t i o n  on f o r e s t  i n s e c t i c i d e  movement. The normal h y d r o l i c  

c o n d i t i o n  o f  the  s lo p in g  f o r e s t  s o i l s  such as those  o f  th e  s tudy  

a r e a s  suggests  t h a t  w a t e r  s u r p lu s  is  r a r e .  W a te r  p o l l u t i o n  by in s e c 

t i c i d e s  a p p l i e d  t o  o ld  and m atu re  f o r e s t s  appears  t o  be from the  

f o l l o w i n g  p o s s i b l e  s o u rc e s :  n e t  f a l l - t h r o u g h  and channel i n t e r c e p t i o n ,

s u r f a c e  r u n - o f f  f rom s h i n g l e - a c t i o n  on s t ream  s i d e s ,  and i n f i l t r a t i o n  

i n t o  s u b - s u r f a c e  f l o w .  The l a t t e r  s o u rc e ,  when p r e s e n t ,  would be most 

i n f l u e n t i a l  o f  th e  t h r e e  m a jo r  s o u rc e s .  Whipkey (1 9 6 2 )  found t h a t  the  

lo w est  s o i l  zone o v e r l y i n g  w a te r - im p e d in g  s t r a t a  must be w e t te d  b e fo r e  

f l o w  in  th e  upper s o i l  zones w i l l  o c c u r .  S o l u b i l i t y  o f  th e  i n s e c t i c i d e  

and s o i l  m i n e r a l s ,  m o l e c u l a r  bonds w i t h  s o i l  p a r t i c l e s ,  s o i l  p o r o s i t y  

and th e  head o f  th e  r a i n f a l l  and g r a v i t y  f lo w s  -  a l l  would i n f l u e n c e  the  

i n s e c t i c i d e  burden o f  th e  w a t e r  and i t s  subsequent d is c h a r g e  i n t o  a 

c h a n n e l .  I t  is  now b e l i e v e d  t h a t  c o n t a m in a t io n  o f  ground w a t e r  by 

passage through  t r e a t e d  s o i l  does not  a p p e a r  p r o b a b le .

P as t  a t t e m p t s  t o  measure i n s e c t i c i d e  q u a n t i t i e s  in  s tream s have 

been l a r g e l y  u n su ccess fu l  due t o  th e  h igh  d i l u t i o n  r a t e s ,  s e p a r a t i o n  

o r  e v a p o r a t i o n  d i f f i c u l t i e s ,  and l i m i t e d  chemical  and b io a s s a y  

te c h n iq u e s  f o r  th e  smal l  amounts o f  i n s e c t i c i d e s  re c o v e r e d .
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Dover Studies 

Samples

From a small dammed ground seep below the t racer  plots and from 

the stream below the t racer  p lo ts ,  water samples were scooped into  

gallon size bo tt les .  T a f t  Sanitary Engineering Center, C incinnat i ,

Ohio, evaporated the water in large pans over heat. Total radio-  

a c t i v i t y  of  these samples, both pre and post treatment, was ve ry high, 

ranging around 1500 cpm. These values implied high levels of  back

ground r a d io a c t iv i ty '  in the water and stream sediments and e l im 

inated p o s s ib i l i t i e s  for  d i re c t  radioactive monitoring o f  S ^  j n the 

water.

Thus, i t  was necessary to iso la te  the su l fu r  from the water in 

order to determine the amount of  malathion or i t s  metabolites that  

were present. Evaporating the water was impractical because there  

were over 75 gal o f  water samples. Evaporation in a f l a t  sta in less  

steel pan was t r ie d  but besides the slowness of the procedure, even 

over heat, there was unknown v o l i t a l i z a t i o n  of the s u l fu r ,  d l f f i c u l t -  

to-remove crustaceous deposits formed on the pan, the last evaporated 

sample was impossible to remove e n t i r e ly ,  the clean-up of  the pan 

for  subsequent samples was d i f f i c u l t  and the remaining contami

nation was unknown. Two other concentration methods were t r i e d ,  the 

f lash  evaporator and a th ree -ba l l  Snyder column with  heat and vacuum.

'The observations were o f  t imely  in teres t  since they were ju s t  
following resumption of  in ternat ional  nuclear explosion tes ts .  Increas
ing f a l lo u t  w i l l  abrogate opportunit ies fo r  using isotopic  tracers for  
f i e l d  ecological studies.
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Both were  abandoned because t h e y  were  to o  t im e  consuming f o r  the  

l a r g e  volume o f  samples t o  be p ro c e s s e d ,  were  too  d i f f i c u l t  t o  c l e a n ,  

were im p o s s ib le  t o  empty e n t i r e l y ,  and were  p ro d u c in g  i n e q u a l i t i e s  

in  th e  f i n a l  samples,  e s p e c i a l l y  when th e  w a t e r  c o n ta in e d  suspended 

sol i d s .

A p r e c i p i t a t  ion method was f i n a l l y  a dopted .  The e n t i r e  g a l l o n  

sample was f i l t e r e d  once th roug h  two, 15 cm, No. 1 Whatman f i l t e r  

p a pers  in  a 151 mm p o r c e l a i n  Buchner fu n n e l  us in g  vacuum. T h is  

removed a l l  sed im ents  and w h i l e  changing th e  p i c t u r e  o f  in  the

w a t e r ,  i t  e s t a b l i s h e d  one c o n s ta n t  -  th e  s o l u b l e ,  f i l t e r a b l e  p o r t i o n  

o f  a l l  w a t e r  samples.  (W ater  samples from th e  s h a l l o w  s tream  

f r e q u e n t l y  had l a r g e  q u a n t i t i e s  o f  s i l t  and a l g a e  p r e s e n t  because  

o f  th e  d i s t u r b a n c e  caused by th e  sam pl ing  s c o o p . )

To th e  f i l t e r e d  sample was added 1 ml o f  P i r i e ' s  re a g e n t  which  

changed th e  pH from 6 . 8  t o  1 .5  and was b e l i e v e d  a d e q u a te  t o  encourage  

m o le c u l a r  breakdown o f  m a la t h io n  and many o f  i t s  m e t a b o l i t e s .  Use o f  

P i r i e ' s  re a g e n t  r e s u l t e d  in  l a r g e r  p r e c i p i t a t e s  than  p e r c h l o r i c  

a c i d  (60% C . P . )  in  t e s t s .  The a c i d i f i e d  sample was l e f t  u n d is tu r b e d  

f o r  2 k  h r  in  th e  same b o t t l e  in  wh ich  i t  was c o l l e c t e d .  A 100 ml 

sample ( 0 . 0 2 6  g a l )  was poured from th e  v i g o r o u s l y  shaken b o t t l e ,  

warmed, 5 ml 0 .1  N sodium s u l f a t e  and 10 ml o f  1 . 0  N bar ium  c h l o r i d e  

were  added,  and th e  sample f i l t e r e d  th roug h  the  m i l l i p o r e  f i l t e r s  

d e s c r ib e d  under th e  s e c t i o n  on " L a b o r a t o r y  P r o c e d u r e s " .  The sample  

was d r i e d ,  mounted on an a 1um inum »p ianchet , and r a d i o a c t i v i t y  o f  th e  

BaS350 ^  p r e c i p i t a t e  was d e t e r m in e d .

To e s t a b l i s h  a s t a n d a r d ,  500  Lambda ( 0 . 5  m l )  o f  r a d i o a c t i v e
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malathion formulation from load no. 2, 25 May 1962 f l i g h t ,  were added 

to 1 gal of d i s t i l l e d  water. The mean corrected to ta l  a c t i v i t y  of  

two samples prepared in the above manner was 5.2 cpm. There appeared 

to be no real d i f ference in th is  standard and one prepared from water 

collected from stream no. 1. One cpm is equivalent to 1.3 ppm of  

malathion in water.

Six va l id  samples were obtained from preliminary attempts to  

evaporate the water sample to obtain a concentrated quantity  of  solution  

that could be processed by the previously described standard method.

The results  are shown in Table **6 . The evaporation method and the 

mass p re c ip i ta t io n  methods corre late  exact ly  (r = 0 . 99 ) but the 

actual recovery rate using the evaporation method is much lower since 

the a c t i v i t y  was from 1 gal of  water. Evaporation appears to detect  

presence or absence b e t te r ,  but q u a n t i ta t iv e ly  i t  is d e f ic ie n t  by a 

fac tor  of  over 8 .

Table 46. -  Comparison of  the evaporation and p re c ip i ta t io n  methods 
fo r  determining ra d io a c t iv i ty  in Dover, Ohio, stream water samples, 
1962.

Date:
Month-day Time Location

R adioact iv i ty  o f  sample 
i n cpm 

Evaporation Standard 
Method Method

5-25 7:25 am in stream below dams 0 0 ■
5-25 7:40 am 1.3 0
5-25 8:25 am 8.7 6.9
5-25 9:55 am 3.9 3.7
5-25 10:00 pm Stream at  dam no. 1 18.1 15.9
6-1 3:00  pm Stream at dam no. 2 0 0
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A c t i v a t e d  Charcoal  

F o l lo w in g  th e  method o f  Van V a l i n  and Kal lm an (1 9 6 2 )  Nuchar  

(C -1 9 0  N Matheson,  Coleman, and B e l l ,  Norwood, O h io )  an a c t i v a t e d  

c h a rc o a l  was o b t a i n e d  and w a t e r  samples o f  known q u a n t i t i e s  o f  r a d i o 

a c t i v e  m a la t h io n  and s u l f u r i c  a c id  were  assayed us ing  t h i s  t e c h n iq u e ,  

m o d i f ie d  s l i g h t l y  f o r  i s o t o p i c  r a t h e r  than  c h ro m a to g ra p h ic  t e c h n iq u e s .

F i v e  g o f  Nuchar were  used but  th e  l a r g e  amount o f  f i l t r a t e  

could  not  be e a s i l y  handled f o r  c o u n t in g  o r  subsam pling .  Subsamples  

o f  th e  suspens ion  w i t h i n  th e  v i g o r o u s l y  shaken g a l l o n  b o t t l e s  were  

ta k e n  and c oun ted .  P a r t  o f  th e  reco rd s  in  th e  t e s t s  comparing  

e v a p o r a t i o n ,  p r e c i p i t a t i o n ,  and ch a rco a l  methods a r e  m is s in g .

Charcoal  a ppears  t o  be 3 t o  30 t im e s  more e f f e c t i v e  ( j_ .e .  r e s u l t s  in  

a h i g h e r  n e t  cpm p e r  u n i t  sample o f  i n s e c t i c i d e - c o n t a m i n a t e d  w a t e r )  

than  e i t h e r  o f  th e  p r e v i o u s l y  used w a t e r  a n a l y s i s  methods. I t  was 

not  e f f e c t i v e  in  a b s o r b in g  from H2 S^90 4  added t o  w a t e r .  The  

method needs f u r t h e r  s tu d y  but  use o f  a c t i v a t e d  c h a rc o a l  in  s i m i l a r  

f u t u r e  e x p e r im e n ta l  w a t e r  a n a l y s i s  seems j u s t i f i e d .

W a te r  a n a l y s i s  o f  th e  few samples c o l l e c t e d  f o l l o w i n g  th e  15 

May f l i g h t  show t h a t  a t  8 : 2 5  am, 7 m in .  b e f o r e  th e  one spray  swath,  

s tream  no. 1 had k . ]  cpm and s t ream  no. 2 had 5 . 6  cpm. V e ry  h igh  

c o n c e n t r a t io n s  were  in  th e  w a t e r  by 2 : 0 5 , 5 . 6  h r  a f t e r  a p p l i c a t i o n ,  

stream  no. 1 had 7 2 7 -3  cpm, and s t ream  2 had 6 5 7 . 5  cpm. By next  

m orn in g ,  9 : 3 5  am, s t ream  no. 1 had no d e t e c t a b l e  r a d i o a c t i v i t y .

W a te r  samples were  c o l l e c t e d  on 25 May 1962 th ro u g h  21 June 1962,  

in  c le a n  g a l l o n  g la s s  b o t t l e s .  J u s t  p r i o r  t o  and a t  h a l f - h o u r  

i n t e r v a l s  a f t e r  the  f i r s t  p la n e  pass o v e r  th e  a r e a ,  w a t e r  was c o l l e c t e d
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at  both dams and at  a point 300 f t  below the convergence of  the two 

streams. The pond and upper reaches of  stream no. 2 had been 

e n t i r e ly  covered on 2k May with a 15 x 40 f t  piece o f  p la s t ic  to 

prevent contamination. That contamination observed on 27 May was 

a f t e r  a 0 .2  in. rain on the previous afternoon which undoubtedly 

washed the contamination under the p la s t ic .

Disturbance of  the discharge from stream no. 1 by insect 

sampling caused e r r a t i c  changes in the water r a d io a c t iv i ty .  The 

mean cpm for  water samples taken at  15 and la te r  30 min. in tervals  

was 5 .0  4; 3.5 (estimated standard e r ro r )  or 2 to 11 ppm. This 

disturbance was also responsible for  i r r e g u la r i t i e s  observed in 

samples taken 300 f t  below the dams. The results  o f  the water 

sample analysis are presented in Fig. 30.

Fig. 30 also indicates a pos i t ive  corre la t ion  between occurrence 

of rain and peaks of  ra d io a c t iv i ty  in water. Stream flow usually  

increases fol lowing rains unless the r a in f a l l  is s l ig h t  and the 

ground very absorbent. I t  appears that to a point ,  the more rain  

there is ,  the greater w i l l  be the contamination o f  the water from 

the insect ic ide  on the ground. However, th is  contamination is o f fs e t  

by greater  d i lu t io n  by the stream and also by increased discharge 

ra te .  This quantity of  water would reduce both the amount and 

time of  exposure of  the fauna to secondary water contamination by 

insect ic ides.  The major i ty  of  the secondary contamination is 

thought to be d i r e c t ly  from the stream sides and from continued 

channel interception of  " ra in -ou t"  from overhead contaminated leaves.



C
P

M

.03-1

.02 -

.01-

I 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 2425 2726 28 29 30 31

MAY JU NE

DATE

Fig.  30 Re l a t i on sh i p  of  cumulat ive r a i n f a l l ,  d a t es  and q u a n t i t y  o f  r a i n f a l l ,  s t ream flow,  and r a d i o 
a c t i v i t y  of  water  samples from st ream no. 1, Dover, Ohio, s tudy a r e a ,  1962. Dates a r e  on loga r i t hmi c  
s c a l e .

IN
C

H
ES

 
OF

 
RA

IN
 

-1
9

6
2

6
6

1



200

The Aquatic Envi ronment and Methods of  Study 

The two small streams wi th in  the watersheds under study presented 

many complex problems of  sampling and analysis . Few studies have been 

reported of  investigat ions of  the fauna of  extreme headwaters known as 

the in term it tent  l o t i e  or brook environment (e .g . Stehr and Branson, 

1938). Most studies involve streams that a t  least fo r  part  of  the 

year exceed several feet  in width or ,  though more narrow, are unob

structed throughout th e i r  length. Populations are small in size and 

v a r ie ty ,  for  few animals can stand the stresses of  an environment with  

annual f luctuat ion  from near dryness to a foot of water, extreme 

crowding, and per iodic  sw if t  currents. The stream no. I of  watershed
1  2

no. 1 reaches a maximum flow of 38.51 f t  /sec /m i le  (the 0.79  f t  

stage) and minimum flow of  0.005  f t^ /sec /m i le^  ( 0.02  f t  stage) (Whipkey, 

1961:2).  Stream no. 2 is s im i la r  but ceases flow through the dam in 

mid-summer, although i t  maintains a 5 f t  wide by 15 f t  long pool. I t  

is es se n t ia l ly  dry throughout i t s  bed to with in  50 f t  above the dam 

during the summer. Stream no. 1 reta ins a year-around flow with  

running water fo r  over 75 f t  above the dam. The streams unite 15 f t  

below the dams and meander one-half  mile through a wooded bottom, an 

old rock road-culvert ,  and an overgrown pasture where i t  unites with  

another stream and flows 500 f t  in to the Tuscarawas River. Fish occur 

natu ra l ly  1000 f t  upstream from the r iv e r  but are blocked, except 

during f looding,  from fu r ther  progress by the cu lver t .

The streams and man-made pools serve as a food and water source 

for  t e r r e s t r i a l  forms. The water is a d is t in c t  environment and 

contains fauna t o t a l l y  d i f fe r e n t  from the general fo re s t ,  but yet is
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an i n t e g r a l  p a r t  o f  i t  and i t ' s  c h a r a c t e r ,  a t r a n s 1o c a t i o n  v e h i c l e  f o r

the  i n s e c t i c i d e ,  and a b r e e d in g  a r e a  f o r  t e r r e s t r i a l  i n s e c t s .

The l i t e r a t u r e  suggested some p o s s i b l e  e f f e c t s  on a q u a t i c s  and

c o n s e q u e n t ly  some approaches t o  t h e i r  s tu d y .  George (1 9 5 9 :2 5 3 )

s t r e s s e d  th e  need f o r  i n s e c t i c i d e  t r e a t m e n t  b e fo r e  i n f e s t a t i o n s  reach

th e  upper d r a in a g e s .  T h is  p r o v id e s  a fa u n a l  r e s e r v o i r  w i t h  c o n s ta n t

d i s c h a r g e  f o r  r a p id  r e p o p u l a t i o n .

B u r d ic k  e t  aj_. ( 1 9 6 0 : 1 7 )  r e p o r t e d  t h a t  th e  e f f e c t s  o f  S e v in  (a

carb am ate )  became p r o g r e s s i v e l y  g r e a t e r  downstream w i t h  r e d u c t io n s  in

w e ig h t  o f  a q u a t i c  in s e c t s  from **8 . 9  t o  92 .5% . These o b s e r v a t i o n s  a r e

th e  converse  o f  thos e  o f  Savage (1 9 ^ 9 : ^ 7 )  who concluded from a number

o f  s t u d i e s  w i t h  DDT t h a t :

The e f f e c t  o f  th e  po ison  r a p i d l y  d im in is h e s  as i t  is  
c a r r i e d  downstream from  th e  sprayed a r e a ,  p a r t i c u l a r l y  
i f  t h e r e  a r e  s t r e t c h e s  o f  q u i e t  w a t e r ,  b e a v er  dams, 
c u l v e r t s ,  o r  weed beds.

La n g fo rd  (1 9 ^ 9 :1 *0  s t a t e d  t h a t  minnows in  q u i e t  p o o ls  were  k i l l e d  but  

t h a t  k i l l  o f  f i s h  in  r a p id  w a t e r s  was n e g l i g i b l e  even though they  

fed  on d y in g  in s e c t s  b e in g  washed downstream. Savage ( 1 9 ^ 9 :3 9 )  

r e p o r te d  s u r f a c e  forms more a f f e c t e d  than  thos e  t o t a l l y  submerged.  

Haddock ( 1 9 6 2 : 5 3 )  s t a t e d  t h a t  submerged a q u a t i c  v e g e t a t i o n  tended to  

reduce th e  k i l l  o f  midge f l y  l a r v a e  when low c o n c e n t r a t i o n s  o f  

i n s e c t i c i d e s  were  used bu t  t h a t  i t  a l s o  seemed t o  p r o lo n g  th e  e f f e c t s  

o f  m a l a t h i o n .  The l i s t  o f  complex and i n t e r a c t i n g  v a r i a b l e s  i n f l u 

e n c in g  e f f e c t s  o f  i n s e c t i c i d e s  on a q u a t i c s  grows e a s i l y .  Above d i r e c t  

t o x i c i t y ,  e f f e c t s  o f  s t a r v a t i o n ,  p r e d a t i o n ,  seasons and l i f e  s ta g e s  

o f  s t re a m  f a u n a ,  a l l  th e  m e as ura b le  c h a r a c t e r i s t i c s  o f  w a t e r ,  the
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s t a b i l i t y  of  the watershed, the rate of  s i l t a t i o n ,  and other factors  

(some conceivably unknown) confound the in terpre ta t ion  of  e f fec ts  

observed.

S i l t a t i o n ,  for  example, in the pond of  stream no. 1 was extensive.  

This was p r im ar i ly  a result  of  s lu f f in g  of the sides of the pond 

formed by the stream-gauging dam. S i l t a t i o n  in the spring o f  the 

year was greatest during periods of  high flow which were b r ie f ,  with  

increased tu r b id i ty  usually last ing fo r  only a day. I f  s e t t l in g  of  the 

spray occurred or i f  i t  became bound to suspended solids or absorbed 

by algae, s i l t a t i o n  could have made i t  unavailable to many aquatic  

organisms but concentrated i t  for  such forms as the ol igochaetes.

The quanti t ies  of  s i l t  and the narrowness of  the stream presented 

many sampling problems out of  proportion to the possible results  of  

th e i r  analysis . No sa t is fac to ry  methods were devised in 1961. Any 

sampling attempts changed the environment so d r a s t ic a l ly  that  they 

were considered impractical.  Besides disturbing a r e la t iv e ly  large 

area with sweep nets or bottom samplers, the e n t i re  pool became 

cloudy a f t e r  the f i r s t  a c t i v i t y .  The extensive disturbance of  

wading was not acceptable; by sampling, small populations could be 

reduced beyond natural rapid recovery; s i l t  f i l l e d  even the large 

pores of  a s t ra ine r ;  sorting of animals under a microscope was not 

feas ib le  with the time and personnel av a i la b le .

S late  Quadrats

In an attempt to count aquatics without d isturbing th e i r  environ

ment or removing a port ion of  them, two pieces of  roofing s la te  were
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p la c e d  in  each pond on the  bottom w i t h  the  i n t e n t  o f  p e r i o d i c a l l y  

c o u n t in g  c r a y f i s h  and i n v e r t e b r a t e s  v i s i b l e  on them. Numbers were  

to o  few ,  s i l t a t i o n  too  r a p id  (o b s c u r in g  th e  u n d e rw ate r  q u a d ra t  

b o u n d a r ie s ) ,  and i d e n t i f i c a t i o n  o f  c e r t a i n  forms too  u n c e r t a i n  f o r  

th e  r e s u l t s  t o  be m e a n in g f u l .

S tream  Quadrats

In  1962 f o u r  0 . 5  x 1 m q u a d ra ts  were  o u t l i n e d  in  s tream  no. 1 

w i t h  s ta k e s  and s t r i n g  in  s e l e c t e d  good a q u a t i c  in s e c t  h a b i t a t  100  

f t  above th e  dam. P r i o r  t o  15 Hay th e  stones o f  two q u a d ra ts  were  

o v e r t u r n e d ,  s t i r r e d ,  and brushed w i t h  a v e g e t a b le  brush i n t o  a 

200 m e s h / in .  b o l t i n g  c l o t h  n e t  much 1 i k e  a S u rb e r  s q u a r e - f o o t  

s a m p le r .  P re s e n t  in  th e  samples were  2 S i a l i d a e ,  2 E p h e m e ro p te ra ,

1 S t a p h y l i n i d a e ,  4  C r u s ta c e a ,  13 P l e c o p t e r a ,  1 T r i c o p t e r a ,  and k  

l a r v a l  sa lam an ders .  T h is  l i s t  s im p ly  p r o v id e s  some idea  o f  the  

forms t h a t  m igh t  have been s u b je c te d  t o  the  p o is on  in  the  w a t e r .  

C a r ls o n  and Wenke (19 62 )  a r e  now s tu d y in g  e f f e c t s  o f  m a la t h io n  on 

immature May f l i e s  and c a d d i s f l i e s .  The samples were  in ad e q u a te  

f o r  reasons e x p la in e d  in  th e  p r e v io u s  s e c t i o n .  A f t e r  th e  d e l a y  

caused by th e  p la n e  c ras h  on 15 Hay i t  was im p o s s ib le  t o  t a k e  

p o s t - t r e a t m e n t  (25 Hay) samples s u i t a b l e  f o r  comparison w i t h  p r e 

t r e a t m e n t  samples. In s e c t  emergence and s tream  c o n d i t i o n  changes  

would have obscured i n s e c t i c i d e  e f f e c t s .  No p o s t - t r e a t m e n t  q u a d ra t  

s t u d i e s  were  made.

D r i f t  Nets and S t r a i n e r s  

F o r  th e  15 Hay s p r a y ,  d r i f t  n e ts  o f  200 m e s h / in .  g r i t  gauze were
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placed across stream no. 1 in 6 places but were unsatisfactory.  

F in a l ly ,  the flow of  stream no. 1 was strained through a tea s t ra iner  

for  3 hr a f t e r  spray. The results  are shown in Table 47. The mean 

deposition of  insect ic ide  as measured from glass discs around the 

pond was 48 cpm.

Within the f i r s t  hour a f t e r  spray a minimum of  1270 individuals  

passed through the dam's V. These were from the vegetat ion, a i r ,  

water surface, and with in  the water. The second hour a f t e r  spray 

640 individuals were collected from the water, a reduction of  50%.

By the end of the th i rd  hour the insects coming over the dam had 

dropped sharply; 598 were col lected.  A tota l  of  2509 insects were 

collected in 3 hr. This decrease is l in e a r .

The Chironomidae, Ceratopogonidae, Sciaridae, and Empididae 

forms constituted a major portion of  the co l lect ion  and th e i r  numbers- 

decrease follows the pattern for  the e n t i re  insect fauna collected.

No " ind ica to r  organism" j_ .e . , one that  was conspicuous, r e la t iv e ly  

small in number, and whose numbers para l le led  those o f  the e n t i re  

co l lect ion  was apparent.

The decreasing catch represented the rate a t  which the surface 

s tra ta  of  the pond and i t ' s  insect burden was discharged. Table 48 

represents the co l lect ion  o f  an immediate surface, sub-surface, and 

a e r ia l  k i l l  as well as dead or dying insects from the vegetation.

Twenty-f ive feet  above the dam a 6 in. high d r i f t  net trapped 

insects carr ied down toward the pond by the stream. The 3 hr 

co l lec t ion  thus described, therefore ,  represents the c o l lec t ion  from 

the pond-and-above community only.  Within the co l lec t ion  shown in
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T a b l e  k j . -  I n s e c t s  d r i f t i n g  from th e  pond 
no. 1 and c o l l e c t e d  in  a  food s t r a i n e r ,  25 
o c c u r re d  w i t h i n  the  f i r s t  3 hours .

o f  D over ,  O h io ,  
May 1962. The

stream  
m a jor  ki 1 1

O rd e r  and F a m i ly  o r  Super F a m i1y
8: 15-  
9: 15

Time
9 : 1 5 -

10 :15
1 0 : 1 5 -  
11 :15

Col 1embola 5
Ephemeroptera

Nymphs 12 6 5
A d u l t s 1

P le c o p t e r a
A d u l ts l

Psocoptera 1
Hemi p t e r a

Cori x id a e 1 1 2
Mi r i d a e I
Lygaei dae 1 2

Homoptera
Membraci dae 2 1
C i cade 11 i dae 1 I
F u lg o r i d a e 3

C o le o p te r a
S ta p h y 1 i n id a e k 1 6
C a n th a r id a e 2 1 1
Lampyri dae 1
B u p r e s t id a e 2
P h a l a c r i d a e 1
Horde 11 i dae 1
C hryso m el idae 1
C u r c u l i o n i d a e 1 2 1
S c o l y t i d a e 1 1

T r i  c h o p te ra
A d u l ts 1
Nymphs 1

Lepi d o p te ra
A g a r i  s t  i dae 1
Mi c r o l e p i d o p t e r a 12 5 3

Di p t e r a
T i p u l I d a e 18 11 5
Psychodidae 1
Chi ronomidae 502 218 233
C era topogoni  dae 20 11 1 0
Rhyphidae 1
Bi b io n i  dae b
Mycetophi  1 idae 15 8 10
S c i a r i d a e 65 38 30
C ec idom yi i  dae 165 52 k]
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Table 47 . -  Continued.

8:15-
Order and Family or Super Family 9:15

Time
9:15-

10:15
10:15-
11:15

Diptera (continued)
Stratiomyidae 14 13 6
Tabanidae 3 1
Empididae 155 75 58
Doli chopodiae 5 71 90
Phoridae 3
Pipunculidae 5 2
Syrphidae 1 3 3
Acalypterates 89 39 16
Calypterates 18 22 18

Hymenoptera
Tenthredi nidae 2 4 2
1chneumonidae 2 4
Braconidae 13 3 , 4
Chalcidoidea 101 31 29
Cynipidae 28 10 5
Formicidae 2 3
Sphecidae 1
Apidae 1

Number of  Groups 39 30 32

Total 1270 641 598

Total 2509
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T a b l e  4 8 .  -  A r th ro p o d s  c o l l e c t e d  on 26 Kay 1962 from a d r i f t  n e t  lo c a te d  
25 f t  above th e  dam a c ro s s  s t ream  no. 1, D over ,  O h io .  On ly  e i g h t  
i n d i v i d u a l s  were  c o l l e c t e d  from th e  n e t  p r e - s p r a y .

O rde r  and F a m i ly
D r i f t  n e t  25 f t  

above dam

C ol le m b o la 3
Ephemeroptera

Nymphs and a d u l t s 2
Hem i p t e r a

Mi r i d a e 1
Homoptera 1

Ci c a d e l 1 id ae
Nembrac? dae 2
F u l g o r i d a 3

C o le o p te r a
Hydrophi 1 i dae 1
S t a p h y 1in i d a e 10
C a n th a r id a e 2
M e l y r i  dae 1
C l e r i d a e 1
E l a t e r i d a e 1
B u p r e s t id a e 1
M o r d e l 1i dae 3
C hryso m el idae 2

L e p id o p te r a
Mi c r o l e p i d o p t e r a 5

D.i p t e r a
T i p u l i d a e 3
Psychod i dae 1
Chi r ion om ldae 229
Mycetophi  1 idae 10
S c i a r i d a e 15
Cecidomy?id a e 58
S t r a t i o m y i d a e 2
Em pid idae 43
D o I i  chopod i ae 73
S y rp h id a e 2
Sc iom yzidae 1
A c a l y p t e r a t e s 40
C a l y p t e r a t e s 23

Hymenoptera J
F o rm ic id a e
T e n t h r e d i  n id a e 13
B ra c on ida e 7
Cha1c id o i  dea 62
C y n ip id a e 15
Sphecidae 1

A r a n e id a 2
T o t a l 639

n 36
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Table 48, 639 individuals in 36 arthropod groups, there occur seven 

groups not represented in the above c o l lec t ion .  Fourteen groups in 

the 3 hr co l lect ion  are not represented in th is  d r i f t  net sample. 

Although the d r i f t  net had been l e f t  in place 28 hr, a smaller  

number and va r ie ty  of  insects were caught. This was due to the 

obstructions in the streams and the col lect ion  d i f f i c u l t i e s  at  the 

improperly functioning net.

A f te r  an immediate and xirast ic  k i l l ,  the large volumes of  dead 

insects in streams reduced rapid ly and was the re a f te r  a fac tor  of  the 

remaining insects (conversely, the d i re c t  k i l l  or knock-down potentia l  

of the insect ic ide)  and the surface area of the stream. This leads 

to the conclusion that the more e f fe c t i v e  the insect ic ide  in 

immediate insect k i l l  or knock-down, the less harmful w i l l  be the 

e f fec ts  on lo t i c  fauna feeding on dead or dying insects. This 

observation has management implicat ions, for  f is h ,  confronted with  

a r a f t  of  dead insects rapid ly  flushed past overhead, w i l l  have l i t t l e  

time to feed, whereas a few poisoned insects d r i f t e d  by over a long 

period would u l t im ate ly  provide more toxin to the f is h .

Tracer Plot Study

Some indications of  the e f fe c ts  of malathion on members o f  the 

aquatic fauna were obtained from f is h ,  crayf ish ,  and snails captured 

in nets from the lower stream, and placed in buckets o f  stream water 

on each of the t racer  p lo ts .  Twenty-four hours a f t e r  spraying, a l l  

but one of  the brook sticklebacks, Eucalia inconstans. were dead on 

the treated p lo ts .  Those on untreated plots and a l l  blacknose dace
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R h in ic h t h y s  a t r a t u l u s  and a mud minnow, Umbra 1i m i , were a l i v e  and in  

a p p a r e n t  normal h e a l t h .  Upon p r o c e s s in g  th e  f i s h ,  t h r e e  s t i c k l e b a c k s  

had a s i g n i f i c a n t  (10% l e v e l )  c o r r e c t e d  t o t a l  a c t i v i t y  o f  0 .0 2  cpm/mg 

o f  a i r  d r y  t i s s u e .  No o t h e r  samples examined (1 2 )  from th e  t r a c e r  

p l o t s  had l e v e l s  o f  a c t i v i t y  above background.

E i g h t  days a f t e r  th e  s p ra y  a p p l i c a t i o n  a d d i t i o n a l  f i s h  d i e d  as 

shown in  T a b l e  4 9 .  W hether  t h i s  d e a th  was a r e s u l t  o f  i n s e c t i c i d e  

w i t h i n  th e  w a t e r  o r  th e  u n n a tu r a l  e n v i  ronment o f  th e  bucket  is  not  

known.

From each o f  two buckets  in  t r a c e r  p l o t  no. 1, were  reco vered  

f o u r  dead c r a y f i s h .  O n ly  one showed r a d i a t i o n  ( 0 . 0 3  cpm/mg 

c o r r e c t e d  t o t a l  a c t i v i t y )  above background.

T a b l e  4 9 .  -  E f f e c t s  o f  m a l a t h i o n - S ^  on f i s h  in  bu ck e ts  on the  Dover,  
O h io ,  t r a c e r  p l o t s ,  1961.

P l o t  No. S pec ies
8 - 3 0  

dead a '1 i ve
9-

dead
-6

a l  i ve

Quant i t y  
o f

s o l u t  i on

T - l S t i  c k le b a c k 0 9 0 9 17 q t s .
B lacknose  Dace 0 4 2 2

T - 2 S t i c k l e b a c k 10 0 0 ° * 1 7 q t s .
B lacknose  Dace 0 5 3 2 *

T - 3 S t  i c k le b a c k 0 7 1 6 17 q t s .
B lacknose  Dace 0 4 3 1
Mud Minnow 0 1 0 1

T - 4 S t i  c k le b a c k 10 1 1 0 16 q t s .
B lacknose  Dace 0 6 6 0

One f i s h  d ie d  a t  th e  f i r s t  s t r a i n i n g  o f  w a t e r  in  th e  b u c k e t .
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Rosenthal (1961:191) reported that the rate  of  uptake of  

s u l fa te  is logari thmical ly  re lated to the a c t i v i t y  of  the isotope 

in water and is s im i la r  to that  of  C a ^  and Sr^O.

Cages

Four rectangular boxes 1 x 1 x 1.5 f t  o f  0.25 In. hardware c loth  

and wire corner fasteners were made and two placed in each pond 

several days p r io r  to spraying. Crayfish and f is h  were caught from 

the stream near the r iv e r  and placed in each cage. Four southern 

red -be l l ied  dace, Chrosomus erythroqaster Raf. 1920 l ived in pond 

no. 1 for  k days pre-spray and 7 days post-spray without apparent 

i 11-e f fe c ts .  They were removed and counted fo r  accumulated radio

a c t i v i t y .  None was found. Blacknose dace escaped from the cages but 

l ived in the ponds for  2 weeks a f t e r  spray. Those removed for  

monitoring exhibi ted no above-background radia t ion .  . Pond no. 1 was 

drained on 11 June 1962 and the f is h  reentered the stream from which 

they had come. No f is h  sampled had levels of  r a d io a c t iv i ty  above 

background. Crayfish,  Cambarus sc io tens is . escaped from cages in 

pond no. 2 but were seen d a i ly  pre and post-spray in the pond. Those 

in pond no. 1 were removed on two occasions to observe buildups of  

radioactive su l fu r  in th e i r  bodies. One showed above-background 

quant i t ies  of  0.01 cpm/mg. Another, 1 week post-spray, showed the 

high corrected to ta l  a c t i v i t y  of  1.6 cpm/mg of  dry t issue.

Conclusions

Halathion is tox ic  to f is h  though i t s  t o x ic i t y  varies widely with  

many factors .  Tox ic i ty  to stream organisms appears to be e n t i r e ly
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from  d i r e c t  f a l l .  No i n s e c t i c i d e  r u n - o f f  from f o r e s t s  has been 

shown. In s e c t  k i l l  was h ig h  but  decreased  r a p i d l y  w i t h i n  a p e r io d  

o f  3 h r .  Sampling o f  th e  fauna o f  headwater  i n t e r m i t t e n t  l o t i c  

e n v iro n m e n t  was d i f f i c u l t  and no s a t i s f a c t o r y  method was d e v is e d .  

S l a t e  q u a d r a t s ,  0 . 5  m q u a d r a t s ,  d r i f t  n e ts  and s t r a i n e r s ,  and cages 

were  used w i t h  o n l y  m ino r  success .  In  a smal l  s c a l e  s tu d y  on p l o t s  

in  1961, brook s t i c k l e b a c k s  were  v e r y  s e n s i t i v e  t o  m a la t h io n  w h i l e  

blac k no se  dace and mud minnow appeared  unharmed. C r a y f i s h  were  

e i t h e r  e x t r e m e ly  s u s c e p t i b l e  t o  th e  po ison  o r  d id  no t  t o l e r a t e  th e  

bucket  e n v i ro n m e n t ;  a l l  d i e d .  They c o n ta in e d  no r a d i o a c t i v i t y  so 

d e a th  was b e l i e v e d  the  r e s u l t  o f  an u n s a t i s f a c t o r y  h o ld in g  e n v i r o n 

ment .

F i s h  and c r a y f i s h  f r e e  and in  cages in  th e  pond were u n a f f e c t e d  

by th e  s pray  wh ich  v a r i e d  in  c o n c e n t r a t i o n  from 1 .5  t o  8 . 5  ppm on 

25 May 1962. A c o n c e n t r a t i o n  o f  6 . 5  ppm was observed on 21 June 

1962 a l th o u g h  a z e r o  c o n c e n t r a t i o n  was observed 10 days e a r l i e r .

L a b o ra to ry  s tu d ie s  o f  the  e f f e c t s  o f  m a la th io n  on a q u a t ic  fauna  

o f f e r  o n ly  s l i g h t  ev idence o f  the  e f f e c t s  o f  the  in s e c t ic id e  in  the  

n a tu ra l  environm ent. The e f f e c t s  observed in la b o ra to ry  te s ts  a re  

increased o r  a m e lio ra te d  by such n a tu ra l  fa c to rs  as amount and 

fo rm u la t io n  o f  in s e c t ic id e  a p p l ie d ,  amount reaching the f o r e s t  f lo o r  

and stream s u r fa c e ,  species  p re s e n t and t h e i r  b e h a v io r ,  l i f e  s tag e s ,  

ranges, re p ro d u c t iv e  p o t e n t i a l s ,  and the v ig o r  o f  in d iv id u a ls  and 

p o p u la t io n s ,  f lo w  r a te  o f  w a te r ,  volume o f  w a te r  in  r e la t io n  to  

s u rfa c e  a re a ,  subsurface recharge o f  stream f lo w ,  chemical and 

sediment in c lu d in g  m icroscop ic  organism burden, te m p e ra tu re , shading,
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bottom c h a rac te r is t ic s , oxygenation, and other fac to rs . The long 

l i s t  of fac to rs , th e ir  m u lt i - in te ra c t io n s , th e ir  obscure nature, 

and s l ig h t  hope of immediate c la r i f ic a t io n  suggests the need fo r  

fo r  caution in applications of insectic ides in and near water. The 

e ffe c ts  of an insectic ide  on aquatic fauna must be discovered and 

weighed; a m ost-suitable time and method o b je c t iv e ly  sought; and the 

expected results appraised before app lica tion  fo r  each individual 

environment treated . In the case of thi s study, the only conclusion 

that can be drawn is that there were no s ig n if ic a n t  observable or 

las ting  e f fe c ts  on the aquatic environment or i ts  fauna.

REPTILES AND AMPHIBIANS

Because of  th e i r  low population dens it ies ,  discontinuous d i s t r i 

bution, and secretiveness, the re p t i le s  and amphibians, as affected  

by insect ic ides,  have been poorly studied. St ickel (1951) reported 

on DDT e f fec ts  on box t u r t l e s ,  Fashingbauer (1957) reported on DDT 

e f fec ts  on wood frogs and Matschke (1961) made studies o f  spray 

e f fe c ts  on snakes and frogs in Alabama. Most reports on such e f fec ts  

are b r ie f  observations made in connection with study of other faunal 

segments.

Methods

Following the plan of  Imler (19^5) f iv e  snake traps with 20 f t  

long d r i f t  fences were constructed, three p a ra l le l  to the ridges and 

two perpendicular to the streams. To these were added traps for
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E a s t e r n  Box T u r t l e s  (T e r ra p e n e  c. c a r o l i  na ) .  ̂ See F i g .  31 .  These  

t r a p s  made no c a p t u r e s .  S in c e  th e  t r a p  has proved e f f e c t i v e  e ls e w h e r e ,  

i t s  i n e f f i c i e n c y  on t h i s  s tu d y  a r e a  is  thought  t o  be due t o  low 

r e p t i l e  d e n s i t y ,  low i n d i v i d u a l  sampling i n t e n s i t y  ( 2 0 , f t ) ,  low 

h e ig h t  o f  fenc e s  ( l  f t ) ,  and c l e a r  v i s i b i l i t y  o f  th e  e n t i r e  t r a p  to  

r e p t i l e s  ( u n l i k e  the  swamp a r e a  in  which Im l e r  used th e  d e v i c e ) .

The i n e f f e c t i v e n e s s  o f  the  a d a p t a t i o n  o f  the  t r a p  f o r  box 

t u r t l e s  i s  p a r t i a l l y  e x p l a i n e d  by th e  escape a f t e r  12 hr  o f  a t u r t l e  

p la c e d  i n s i d e  the  t r a p .  F o l lo w in g  t h i s  a * t - i n .  we ld  w i r e  fe n c e  

a d d i t i o n  was made t o  p r e v e n t  b u rrow ing  under the  fe n c e  and th e  top  

edges were tu rn e d  inward to  p r e v e n t  th e  t u r t l e s  c l im b i n g  o v e r .

Perhaps a b e t t e r  e n c lo s u r e  is  needed s in c e  a t u r t l e  in a t r a c e r  p l o t  

cage was observed hanging by i t s  f o r e c la w s  from th e  top  o f  a hardware  

c l o t h  cage 1 f t  from any s i d e  and o v e r  4  i n .  from th e  f l o o r .

On 5 August 1961 an a t t e m p t  was made t o  o b t a i n  an index o f  

r e p t i l e s  in  w ate rsh ed  no. 1 by use o f  an e l e c t r i c  b l a n k e t .  S in ce  

snakes respond p o s i t i v e l y  t o  hea t  i t  was b e l i e v e d  th e y  m igh t  be 

a t t r a c t e d  t o  a l a r g e  warm a r e a  a t  n i g h t .  A s i n g l e - b e d ,  t a n ,  5 *  8 f t  

G e ne ra l  E l e c t r i c  Co. e l e c t r i c  b l a n k e t  was plugged i n t o  a c o n v e r t e r  

a t t a c h e d  t o  a 12 v s to r a g e  b a t t e r y  and o p e r a te d  from 1 0 :5 0  pm to  

7 : 3 0  am. No r e p t i l e s  were  a t t r a c t e d .

The t e c h n iq u e  was not  t r i e d  a g a in  s in c e  th e  c o n v e r t e r  o v e rh e a te d  

a f t e r  p ro longe d  use.  I t  was a l s o  observed t h a t  t h e  b l a n k e t  became

^See T a b l e  5 0 ,  a c h e c k l i s t  o f  r e p t i l e s  and am phib ians  on th e  
s tu d y  a r e a ,  f o r  s c i e n t i f i c  names o f  r e p t i l e s  and a m p h ib ia n s .
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area,  1961 and 1962.
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T a b l e  50 .  -
watersheds

Snakes

T u r t 1es 

Frogs

Toads

S a 1amanders

C h e c k l i s t  o f  r e p t i l e s  and amphib ians on the  Dover,  Ohio ,  
1961- 6 2 .

B la c k  Rat Snake, E laphe o .  o b s o le ta  

E a s te r n  G a r t e r  Snake, Thamnophi s j>. si r t a l  i s 

N o r th e rn  W ater  Snake, N a t r ?x s_. s ipedon

E a s te r n  Box T u r t l e ,  T e r ra p e n e  c . c a r o l i  na

Wood F r o g , Rana s y 1 vat? ca

Green F ro g ,  Rana cl ami tans  m e l la n o ta  R a f .

American Toad, Bufo a .  am er?canus

Red-backed Salamander,  P 1ethodon c.  c in e re u s

S l im y  Salamander ,  P Ie thodon q. q l u t  i nosus

N o r th e rn  Dusky Salamander ,  Desmognathus f. fuscus R a f .

R e d -s p o t te d  Newt, D ie m ic ty lu s  v .  v i  r ide s c e ns

R ed -s p o t te d  Salamander ,  P s e u d o t r i t o n  r .  ruber  Sonnin i

N o r th e rn  T w o - l in e d  Salamander ,  Eurycea b. bi s i i  neata  
G reen
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moist and the temperature of the in te r -c o i l  space was equal to that  

of the s o i l ,  while the temperature along the coi ls  was 75° F. The 

e f fe c t i v e  heating area was not considered adequate for  the purpose.

The hum of the converter located only 6 f t  from the blanket may have 

had a repel lent  e f f e c t .  I t  is believed that the technique has 

p o s s ib i l i t i e s  for  obtaining indices of  w i ld ,  undisturbed r e p t i le  

populations over a short period of  t ime, when a d i r e c t - l i n e  power 

source is av a i la b le ,  and when a piece of  roofing metal can be used to  

conduct the warmth of the blanket co i ls  over a wider area,  or when a 

s im i la r  large-surface area e le c t r i c a l  warming device can be developed 

economi c a l l y .

Twenty-four pieces of  roofing f e l t ,  35 x 36 i n . ,  (V iska lt  No. 30 

saturated f e l t ,  F l in tk o te  Co.) were placed throughout the two water

sheds near select  grid s i tes  (average distance apart of  *f00 f t ) .  Their  

purpose was to provide a standard s ize she lter  and a t t r a c t i v e  sunning 

spots for  re p t i le s  and amphibians. These creatures are often found 

under such paper around old buildings. A f te r  leaving the tar-paper  

squares in place for  1 week they were looked under a t  least twice a 

week fo r  5 weeks pre and post-spray. No re p t i le s  or amphibians were 

discovered on or under any paper in more than 500 observations.

Salamanders

For the t r a c e r -p lo t  study, salamanders were collected from the 

stream and stream edges below the watersheds several days before 

spraying the t racer  p lo ts .  Three were placed in a 3 1 (3 quart)  t in  

can on each of  the four p lo ts .  Each can was one-fourth f u l l  o f  moist
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s o i l  and r o t t i n g  v e g e t a t i o n .  Some salamanders  escaped b e fo r e  an 

a 1u m in u m - fo i1 r e t a i n e r  was pressed  around th e  edges o f  th e  cans.

In  p l o t  T - 3  on 4  September 1961 t h e r e  was one l i v e  sa lam an der ,  

Desmognathus _f. f u s c u s . In  T - l  a 1 i ve P s e u d o t r i  ton  _r. ru b e r  was 

c o l l e c t e d .  These sa lamanders  had a t o t a l  a c t i v i t y  in  cpm/mg o f  0 .0 0 4  

and 0 .0 0 7  n e i t h e r  o f  w h ic h  were  s i g n i f i c a n t  a t  th e  10% l e v e l .  A l l  

salamanders  escaped from t r e a t e d  T - 2  but  in  T - 4  one dead and two l i v e  

salamanders  were found on 4  September 1961 ( 9 : 3 0  am a f t e r  two r a i n s ) .  

Salamanders were  covered by the  v e g e t a t i o n  and cou ld  have e a s i l y  

escaped th e  i n s e c t i c i d e .  In  the  case o f  s a la m a n d e rs ,  c o n t a c t  w i t h  

i n s e c t i c i d e  o r  con ta m in a te d  v e g e t a t i o n  appears  t o  be dependent  upon th e  

m u l t i p l e  f u n c t i o n s  o f  b e h a v io r ,  m o is t u r e  c o n d i t i o n s  o f  th e  s u b s t r a t e ,  

and a b s o r p t i v e  p r o p e r t i e s  o f  th e  ground c o v e r .

A f t e r  n o t i c i n g  on mamma 1 p l o t  3 on w ate rsh ed  no. 2 t h a t  

P Ie th o d o n  c i n e r e u s . the  Red-backed Sa lam ander ,  was abundant under  

6 i n .  by 12 i n .  p ie c e s  o f  r o o f i n g  f e l t ,  th e s e  f e l t s  were moved t o  the  

s tream  edges and banks as s ta n d a rd  en v iro n m e n ts  under  which t o  count  

sa lamanders  and thus no te  i n s e c t i c i d e  e f f e c t s .

Two smal l  papers  were  p la c e d  e v e r y  25 f t  b e s id e  o r  in  th e  s t ream  

on m o is t  leaves  and two were  p la c e d  on th e  d r i e r  s o i l  bank s e v e r a l  

f e e t  from the  s t re a m .  T h e re  were  12 s i t e s  in  each s t re a m ,  each s i t e  

h av ing  f o u r  p a p e r s .  O b s e r v a t io n s  were  c u r s o r y  in  t h a t  most sa lamanders  

c ould  not  be c a p tu re d  w i t h o u t  d e s t r o y i n g  th e  e n v i r o n m e n t .  S in c e  no 

e f f e c t s  on salamanders  had been observed on th e  t r a c e r  p l o t s ,  none were  

e x p e c te d  in  th e  f i n a l  a p p l i c a t i o n .  E f f e c t s  were  measured in  t o t a l  

numbers o f  sa lamanders  o b s e rv e d .  Most o b s e r v a t i o n s  were  o f
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Desmoqnathus f_. fuscus and are 1 is ted in Table 51 .

Table 51. -  Total number of  salamanders observed under 48 pieces of  
6 x 12 inch ta r  paper in and along beds of  streams 1 and 2, Dover, 
Ohio, 1962.

Date:
Month-day Stream 1 Stream 2

5-11 4 3

5-14 5 7
\

5-22 2 3

6-12 0 0

7-13 3 2

Only 15 salamanders were observed under cryptozoan boards during the 

e n t i re  study. No changes could be detected.

Toads and Frogs

American toads were present in the forest but were not abun

dant. Along the 2 mile trap l in e ,  an average of  three was seen each 

day. Toads were occasionally found in small mammal traps. No more 

than ten were caught in traps during the e n t i re  2 years study except 

on 16 Hay 1961 when seven were caught in 1 t rap -n ig h t .  I th ink th e i r  

entrance into traps is due more to chance than to "seeking" warmth or 

ba it - feed ing  insects. The only index of  toad abundance was the mean 

number seen per 2 miles o f  trap l in e .  No changes were noticed post 

spray, nor were population s h i f ts  into or out of the area detected.

A toad was collected from each study area 5 days post spray.

I t  was preserved in alcohol and 2 weeks la te r  was homogenized in a
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W ar ing  b l e n d o r ,  d r i e d ,  weighed and samples prepared  f o r  c o u n t in g .  

The ,.toad from w atersh ed  no. 1 had an a c t i v i t y  o f  0 .0 1 3  cpm/mg w h i l e  

th e  one from a r e a  2 had .0 0 2  cpm/mg. The a c t i v i t y  o f  the  toad was 

7 . 2  t im es  g r e a t e r  on th e  t r e a t e d  a r e a .  Toads seemed t o  behave  

no rma 1 1 y .

Box T u r t l e s

Box t u r t l e s  d is c o v e r e d  on o r  a lon g  the  t r a i l s  o f  the  g r i d  were

numbered as shown in F i g .  32 ,  and a record  kept  o f  t h e i r  sex ,  g e n e ra l  

c h a r a c t e r i  s t  i c s ,  and l o c a t i o n  (jh 10 f t ) .  T u r t l e  o b s e r v a t io n s  a r e  

p r e s e n te d  in  T a b le  52 and F i g .  33A. These p o p u la t i o n s  a r e  le s s  than  

the  73 to  7*t on a 30 a c re  t r a c t  r e p o r te d  by S t i c k l e  ( 1 9 5 1 : 1 6 2 ) .  

T u r t l e s  were d is c o v e re d  a t  a r a t e  o f  0 .1 2  p e r  f i e l d  day.

F i g .  32. -  Box t u r t l e s  were  
p e rm a n e n t ly  numbered by 
n o tc h in g  one o r  two scutes  
w i t h  a k n i f e .  T u r t l e  no. 73 
is  shown.
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Table 52. -  Summary of  random collect ions o f  box tu r t le s  in 1961 and 
1962 on the Dover, Ohio, study area.

Location Date Male
Recap
tures Female

Recap
tures Unknown

Recap
tures Total

Watershed 1 1961 6 2 2 5 15

1962 1 1 5 7

Watershed 2 1961 2 4 1 4 11

1962 1 1 4 1 7

Vi ci ni ty  of
Study Area 1961 1 1 2 4

1962 1 1 1 3

Total 9 4 9 3 21 1 47

Some box t u r t l e  movement data was obtained. T u r t le  no. 6 moved 

a minimum of  1310 f t  between 2 June 1961 and 5 July 1962 (398 days); 

no. 13 moved 730 f t  between 18 July 1961 and 13 July 1962 (360 days); 

no. 2 moved 710 f t  between 15 Hay 1961 and 8 July 1962 ( +̂18 days);

no. 7 moved 350 f t  between 5 June 1961 and 2 July 1961 (27 days);

no. 8 moved 325 f t  between 6 June 1961 and 5 September 1961 (91 days);

and no. 10A moved less than 100 f t  between 6 June 1961 and 13 October

1961 (130 days). See Fig. 33A.

On the day a f t e r  the second spray appl icat ion (26 May 1962) t u r 

t l e  no 48 was caught in a cat trap a t  1-10. I t  was the only t u r t l e  

trapped throughout the study. I t ' s  ra d io a c t iv i ty  was 0.06 mr/hr  

with higher carapace concentrations than on the plastron where the
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F ig *  33 .  A .L o c a t io n  o f  box t u r t l e s  found on the  Dover ,  Ohio, watersheds  
15 May 1961 t o  1 September 1962. B. O b s e rv a t io n s  o f  snakes in  I 9 6 I 
and 1962. E r e p r e s e n t s  E 1a p h e ; T ,  Thamnophi s ; N, Nat  r i  x ; and S, shed 
s k in s .
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a c t i v i t y  was background.

Box tu r t le s  were held in 3 x 3 x I f t  wire  cages on the tracer  

plots and fed garden vegetables for  a week p r io r  to treatment. They 

made no observable response to the poison. On 30 August 1961, 

tu r t le s  in T - l - 7 ,  T -2-7*  and T-2-29 cages were ac t ive .  On 6 Septem

ber, 1961 a l l  were ac t ive  and in apparent good health. On 13 

September, 4:00 pm, three tu r t le s  in the cages were k i l l e d ,  frozen,  

and la te r  processed. Results are in Table 53.
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T a b l e  53 .  ~ R a d i o a c t f v i t v  o f  box t u r t l e s  from D over ,  O h io ,  t r a c e r  
p l o t s  a f t e r  m a l a t h i o n - S ^  t r e a t m e n t  in  1961. * D e s ig n a t e s  a c t i v i t y  
s i g n i f i c a n t  a t  th e  10% l e v e l .

L o c a t io n D e s c r i p t i o n cpm/mg

T - l - 8  (be low and r i g h t  o f  8 ) Scapula 0
Li v e r 0

21 days p o s t - t r e a t m e n t P l a s t r o n 0.01 1 *
A c t i v i t y  in

a r e a  (cpm) 4 . 6 *

T - 2 - 8  (be lo w  and l e f t  o f  8 ) Scapu1 a 0 . 0 0 6
Li v e r 0 . 0 0 6 *

21 days p o s t - t r e a t m e n t P l a s t r o n 0. 0 1 3 *
A c t i v i t y  in

a rea (cpm) 9 0 9 . I *

T - 4 - 8  (be low  and r i g h t  o f  8 ) Scapula 0 . 0 0 2
Li v e r 0 . 0 0 9 *

21 days p o s t - t r e a t m e n t P l a s t r o n 0 .0 2 * * *
A c t i v i t y  in

a r e a  (cpm) 1 8 . 4 *

T - 2 - 2 6  (be low  26) Scapula 0 . 0 6 7 *
Li v e r 0 . 0 3 9 *

27 days p o s t - t r e a t m e n t K idney 0 . 0 3 3 *
P l a s t r o n 0 . 0 3 6 *
A c t i v i t y  in

a rea (cpm) 5 0 0 0 . 0 *
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Snakes

In 1961, four black rat  snakes were seen on the watersheds, two 

in each. Two were marked by cutt ing with scissors a notch in a 

caudal scale. There were no recaptures.

In 1962 more snakes and a greater  va r ie ty  were observed. Four 

rat snakes, f i v e  eastern gar ter  snakes, and one northern water snake 

were observed. Locations o f  snakes are shown in Fig. 33B.

Conclus ions

There appears to be no l i t e r a t u r e  on the e f fec ts  of  malathion 

on amphibians and r e p t i le s .  These animals are very d i f f i c u l t  to  

sample adequately. In the Dover fo re s t ,  traps, an e l e c t r i c  blanket  

and ta r  paper quadrats were in e f fe c t iv e  sampling devices fo r  r e p t i le s .  

Collect ing and marking indiv iduals  was the only feas ib le  study 

method. Indices based on time-distance-niches-inspected would have 

been of  greater  value and are feas ib le  for  a study in which re p t i le s  

are a major in te re s t .

Reptiles appeared unaffected by the insect ic ide .  Caged tu r t le s  

b u i l t  body loads of  proportional to the amount of spray delivered  

to t h e i r  area. The corre la t ion  c o e f f ic ie n t ,  r ,  between scapula cpm 

and cpm of  glass discs in the v i c i n i t y  was 0.99. More snakes were 

discovered in 1962 than 1961 w i th in  comparable periods on the same 

area. Snakes were observed a c t ive  on the treated watershed wi th in  

1 week post-spray.

Amphibians appeared unaffected by the insect ic ide .  Toads b u i l t  

high tota l  body loads o f  but whether due to dermal contamination
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and a b s o r p t io n  o r  i n g e s t i o n  is  unknown. No o b s e r v a b le  d i f f e r e n c e s  

were  noted in  toad o r  f r o g  p o p u la t i o n s  o r  b e h a v io r .  Sa lam anders ,  

sampled w i t h  success under t a r  p a p e r s ,  were  u n a f f e c t e d .

In  th e  w r i t e r ' s  o p i n i o n ,  th e  c r y p to fa u n a  would be u n a f f e c t e d  by 

even more t o x i c ,  s h o r t - t o x i c i t y  i n s e c t i c i d e s  a p p l i e d  a t  a r a t e  o f  no 

more than  10 g a l / a c r e  o f  f o r m u l a t i o n .  The g r e a t  a b s o r p t i v e  c a p a c i t i e s  

o f  t h e  f o r e s t  s o i l  make th e  i n s e c t i c i d e  u n a v a i l a b l e  t o  th e s e  form s.

S in c e  th e y  n o r m a l ly  remain  h idden  o r  i n a c t i v e  v e r y  e a r l y  o r  l a t e  in  

th e  day when a e r i a l  s p r a y in g  is  most s a t i s f a c t o r i l y  done,  chances f o r  

d i r e c t  c o n t a c t  a r e  l i m i t e d .  I n f l u e n c e  o f  an i n s e c t i c i d e  on t h e i r  food  

s u p p ly  is  a n o th e r  f a c t o r ,  however. I t  may be concluded from th e  r e s u l t s  

t h a t  an i n s e c t i c i d e  w i t h  t o x i c i t y  p e r s i s t i n g  le s s  than  2 weeks w i l l  

not d e p l e t e  food s u p p l i e s  o f  the  r e p t i l e s  a n d -a m p h ib ia n s  s u f f i c i e n t l y  

t o  cause n o t i c e a b l e  d e c rea s e s  in  t h e i r  p o p u l a t i o n s .

B I RDS

Li t e r a t u r e  Review  

R e s u l ts  o f  re s e a r c h  by D eW it t  (1 9 5 5 )  and o t h e r s  c o v e r  th e  c h r o n ic  

e f f e c t s  o f  o t h e r  i n s e c t i c i d e s  on b i r d s  and mammals. H i c k e y 's  r e p o r t  

( 1 9 6 1 : 8 - 9 )  t h a t  th e  1 .5  m i l l i o n  lb  o f  i n s e c t i c i d e  used in  W i s c o n s i n 's  

a g r i c u l t u r a l  and f o r e s t r y  o p e r a t i o n s  have s l i g h t  o v e r - a l l  d i r e c t  

e f f e c t  on b i r d  l i f e  reduces some c o n c e rn .  O f t e n ,  however ,  p o s s i b i l 

i t i e s  f o r  p o is o n in g  a r e  ta k e n  as p r o b a b i l i t i e s .  T h i s  a p p a r e n t l y  is  

not th e  case w i t h  m a la t h io n  f o r  i t  i s  g e n e r a l l y  r a te d  as s a f e  f o r  use 

w i t h  b i r d s .  D a r s ie  and C o r r i d e n  (1 9 5 9 )  c i t e d  s i x  r e fe r e n c e s  

a t t e s t i n g  t o  th e  n o n - t o x i c  n a t u r e  o f  th e  substance  t o  p o u l t r y .
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Negherbon (1959) summarized the known e f fec ts  on poultry .  Table 54 

is a summary o f  some reports on the e f fec ts  on birds. Dahm (in  

Metca l f ,  1957:110) suggested that malathion is poorly absorbed by 

the skin o f  birds and is unavailable fo r  absorption from the 

feathers. Malathion is unlike the other organo-phosphates which, in 

th is  respect, are more tox ic  to warm blooded animals than chlorinated  

hydrocarbons.

Sherman and Ross (1960:431) studied the e f fec ts  of  manure from 

malathion-fed chickens on house f l y  larvae. They found that the 

manure o f  chicks fed on a d ie t  of  1.102 ppm malathion in feed 

appeared to be more tox ic  to f l y  larvae than the manure from hens 

on the same d ie t .  In re la t ion  to the other m ater ia ls ,  malathion was 

r e la t i v e ly  in e f fe c t iv e .  In t h e i r  tests  malathion caused some mor

t a l i t y  or subclinical t o x ic i t y  which was expressed as poor growth or 

decreased egg production.

Malathion has been used fo r  poult ry  louse and mite control .

A f te r  one treatment of dust, control is evident for  a t  least 150 days 

(Rodriguez and Riehl ,  1961). Furman and Weinmann (1956:450) and Reid 

(1956) reported re in fes ta t ion  of  l i c e .  Residual ef fect iveness of  

roost sprays as determined by a r t i f i c i a l  re in fe s ta t io n  was la rgely  

dissipated w i th in  3 to 5 weeks.

Furman and Weinmann (1956:447) reported a 2% dip k i l l e d  25% of  

tested turkeys and a 4% dip k i l l e d  a l l  tested birds including a goose. 

Dead birds showed l i t t l e  overt pathology. " . . . S l i g h t  mottl ing o f  the 

l i v e r  and hyperemia of  the brain were suggestive o f  tox ic  e f fe c ts . "  

Negherbon (1959:462) reported that malathion does not penetrate



T ab le  51*. ■ Summary o f  some accounts o f  t o x i c i t y  o f  m a la th ion  to  b ird s

Author Species Dosage Effect

DeWitt e ta ] . .  ( i 960) Bob-whi te

Riuig-necked Pheasants

^00 mg/kg 

1600 mg/kg

Approximate lethal dose to 50 per cent or more 
of the subjects (chronic poisoning).

Bob-whi te 50 mg/kg Maximum concentration in d ie t permitting normal 
surv iva l.

Oicke et a l . (1955: 
3^2)

chi cken Exposure to feet for 10 weeks. 
Contamination of feed and 
water for 6 weeks

No harm.
On food, no harm and no repellent action.

Furman and Weinmann 
(1956: M*7)

laying hen 50 ppm in d iet for 10 days No reduction in egg production, or hatchabi1i t y , 
nor was o f f - f la v o r  detected.

domestic turkey 2% solution on manure and wire No tox ic ity  in 1-month-old turkeys.

turkey, chicken, 
goose

emulsion dip LD|00-2A hours.

Harding and Quigley 
(1956:867)

chicken h% dust at .5 and .25 lbs/ 
20 sq. f t

No effect on hatchability  of 500 eggs or no 
residue contamination on in te r io r  of 72 eggs.

Rodriguez and Riehl 
(1961)

chi cken 1 lb. dust per 20 f t  of pen. 
Dust added to dust baths

No e ffects . Good control for 150 days.

2
2

7
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chicken egg shell  and was not found in yolk or egg white. He 

reported (1959:^5*0 radiotracer  studies showed that 60% of  the 

malathion consumed o r a l ly  by hens was eliminated in the feces in 

2 to k days; 75% in 5 to 6 days. Of the excreted r a d io a c t iv i ty  97% 

was in the form of water soluble metabolites, degradation products. 

The maximum amount in tissues was less than 3% of  the amount fed.

The maximum amount of ra d io a c t iv i ty  from sprayed hens occurred in the 

feces 2k hr post treatment. Less than 12% of applied malathion was 

absorbed from the feathers.

Studies to date appear to be l imited to the Gall iformes. The 

questions are legion that must be answered for  the wi ld  birds of  the 

fo re s t ,  the major ity  o f  which are insectivorous with grea t ly  

d i f fe r e n t  behavior and physiology. George and Mitche l l  (19^7:789) 

pointed out that

they, being fed poisoned insects ju s t  subsequent to spraying,  
and not receiving s u f f ic ie n t  food l a t e r  through a scarc i ty  
of insect l i f e ,  would suf fe r  or succumb from DDT t o x ic i t y  
i t s e l f  or from a combination o f  weakness and t o x ic i t y .

Success of  birds in c o n f l ic t  with insectic ides is ameliorated by

some natura l ly -occurr ing phenomena. Odum and Norris (19^9:^17)

observed th a t 'b i rd s  tend to stay in t h e i r  niches and seek l i v e  prey

rather  than be a t t rac ted  to p i le s  of DDT k i l l e d  insects. Ants were

observed to carry away dead insects and may be an important fac tor  in

reducing the hazard to birds. On the other hand, recent investigat ions

of the Patuxent W i l d l i f e  Research Refuge, Laurel,  Maryland, indicate

that  sub-lethal doses of  insectic ides to birds may make them more

. . . I f  a large forested area were treated with DDT |jThis w i l l  
probably hold true for  other insect ic ides,  including mala
thion I a t  a rate  s u f f ic ie n t  to eradicate  the insect popu
la t io n  a t  the time when young are being fed in the nest that
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s u s c e p t i b l e  a t  a l a t e r  d a t e  t o  what would o r d i n a r i l y  be c o n s id e re d  a 

n o n - l e t h a l  dose.

S h o r t  r e s i d u a l  e f f e c t s  o f  m a la t h io n  would m in im iz e  dangers  o f  the  

p o is o n  t o  t r a n s i e n t s  o r  m i g r a t o r y  b i r d s .  A l th o u g h  s u b - l e t h a l  e f f e c t s  

a r e  not  known, i t  may be g e n e r a l i z e d  t h a t  a t  m odera te  r a t e s  o f  a e r i a l  

a p p l i c a t i o n ,  m a la t h io n  does no t  d i r e c t l y  harm w i l d  b i r d s .  No such 

g e n e r a l i z a t i o n  can be made a bout  secondary  e f f e c t s  o f  an a p p l i c a t i o n .  

The q u e s t io n  remains:  How and through  what channe ls  a r e  w i l d  b i r d

p o p u l a t i o n s  a f f e c t e d  by th e  removal o f  p a r t  o f  t h e i r  food supply?

Bi rd Study Limi t a t i o n s  and Cons?d e r a t  ions

Persona 1

In  t h i s  s tudy  th e  b i r d s  were  not  as w e l l  surveyed as were  mammals. 

In  1961 th e  w r i t e r  was not  f a m i l i a r  w i t h  th e  b i r d s  on th e  a r e a .

A p p a re n t  b i r d  abundance in c re a s e d  th ro u g h o u t  th e  y e a r ,  not o n l y  w i t h  

m i g r a t i o n  o r  p r o d u c t i o n ,  but  w i t h  th e  w r i t e r ’ s in c re a s e d  knowledge,  

s t u d y ,  and f a m i l i a r i t y  w i t h  th e  a r e a  and b i r d  h a b i t a t s .  The w r i t e r  

a l s o  d is c o v e r e d  in  1962 t h a t  he was d e a f  f o r  b i r d s  w i t h  v e r y  h igh  

f r e q u e n c y  c a l l s ,  add ing  f u r t h e r  t o  th e  inadequacy o f  th e  1961 d a t a .  

B es ides  th e s e  p e rs o n a l  s h o r tc o m in g s ,  the  woodland,  as in  most s t u d i e s ,  

was d i f f i c u l t  t o  s u rv ey  f o r  b i r d s .  The few b i r d s  o f  th e  shrub l a y e r  

cou ld  be r e a d i l y  seen; b i r d s  o f  th e  t r e e  canopy, however, some 60  

f t  o r  more above th e  o b s e r v e r  in  dense f o l i a g e ,  were  v e r y  d i f f i c u l t  

t o  l o c a t e  and i d e n t i f y .  Much i d e n t i f i c a t i o n  was by song a lo n e  and no 

re co rd  o f  a b i r d  was made b e f o r e  v o ic e  and name were  a s s o c i a t e d .  

D u p l i c a t i o n  o f  counts  o f  moving,  s i n g i n g  b i r d s ,  is  b e l i e v e d  t o  be
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small,  yet remains an unmeasured var iab le .

M obi l i ty

Lay (1958) pointed out the d i f f i c u l t y  of  studying highly mobile 

bird populations on small areas treated with insect ic ide .

The in terre la t ionsh ips  of  m ob i l i ty ,  t ime, area studied, space, 

t e r r i t o r y ,  behavior, insect ic ide  d ispersa l ,  and plant succession are 

exceedingly complex as they influence insect ic ide  e f fe c ts  on bird  

populations.

Populat ion Estimation

In 1961 several methods were t r ie d  over d i f fe r e n t  routes. The 

results were q u a l i ta t iv e  rather than q u an t i ta t ive  and are included 

only in the checkl is t of  birds seen in the area. Based on 1961 

studies, the fol lowing method was selected for  use in 1982. Using 

the route shown in Fig. 3^ a sample s t r ip  census ( P e t t i n g i l l ,  1956: 

290) was used to obtain a measure of  the birds on the two study areas.  

The surveys usually started 0.5  hr a f t e r  sunrise and were taken 

weekly. The l ine was marked with red p la s t ic  ribbons. Closer to the 

date of  spray counts were taken more frequently . A slow, continuous 

rate  was made as q u ie t ly  as possible with pauses every 5 to 10 paces. 

Approximately 1 hr was required per watershed. A l l  species seen and 

heard were recorded on maps of  the area. Permanent 200 f t  grid  

locations allowed great accuracy in recording locations o f  observed 

birds. Binoculars, 8 x 40 and 8 x 30, were used. In addit ion to the 

s t r i p  census, birds seen or heard at  night when operating insect l ig h t  

traps were recorded.
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F i g .  3̂ +. Permanent t r a n s e c t  
used in  1962 f o r  b i r d  pop
u l a t i o n  s t u d i e s  on the  Dover,  
O h io ,  w a te rs h e d s .

ERSHED9DOVI

Two g r o u n d - le v e l  4 x 15 f t  m is t  ne ts  were unsuccess fu l  in  cap

t u r i n g  b i r d s  f o r  r a d i o l o g i c a l  a n a l y s i s .  A 410 ga. shotgun was used 

t o  o b t a i n  samples f o r  p r o c e s s in g .  B i r d s  were shot o f f  the  a rea  f o r  

p r e - s p r a y  background counts on b i r d  t i s s u e .  Only a few b i r d s ,  those  

seen f i r s t  and not s e le c t e d  by s p e c ie s ,  were s h o t .  Numbers c o l l e c t e d  

were l i m i t e d  to  m in im iz e  t e r r i t o r i a l  change phenomena.

Resu1ts

The r e s u l t s  o f  s t u d i e s  a r e  shown in T a b le  55 and 56 and F i g .  35.  

No e f f e c t s  were observed from th e  15 May s i n g l e  swath s p ra y .  The 

a f t e r n o o n  f o l l o w i n g  the  second s p r a y ,  25 May, t h e r e  was n o ta b le  

s i l e n c e  o f  b i r d s  on the  t r e a t e d  and c o n t r o l  a rea  as compared to  a reas  

e a s t  o f  watershed no. 1 . T h is  s i l e n c e  was n o t i c e a b l e  f o r  2 days
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Table 55. -  Birds known breeding on the Dover, Ohio, study area in
1961 and 1962 (AOU Checklis t, 1957).

during which time i t  became less noticeable. Bird ca l ls  on the control  

area were more frequent than on the treated area and became normal 

more rapid ly . The dif ferences were noted by three observers. By the 

fourth day there was no noticeable d i f ference between areas. The 

reasons for  th is  silence are not known. A few birds were seen a l iv e  

on the treated area, but the to ta l  number ever seen during any I day, 

other than on bird-count days, was very small, rare ly  more than 10.

The silence could have been due to emigration, to some behavioral 

responses associated with the loss of  food, or to sub-lethal in s e c t i 

cide e f fe c ts .  Post-spray populations then became ,,normal,, and no 

differences could be measured between years, between areas, between 

treatments or before and a f t e r  spray.

Young birds were successfully reared in the contaminated area,  

eggs were hatched and re-nesting occurred (Kentucky Warblers, Acadian 

Flycatchers,  Wood Thrushes, Ye l low-b i l led  Cuckoo, Red-eyed Vireo,  

and probably Ti tmice, Chickadees, and Woodpeckers). These observa* 

t ions corre la te  with those of Hoffman and Linduska (19^9:108) who

Ruffed Grouse 
Y e l low -b i l led  Cuckoo 
Ruby-throated Hummingbird 
Red-bell ied Woodpecker 
Downy Woodpecker 
Acadian Flycatcher  
Wood Pewee 
Tufted Titmouse 
White-breasted Nuthatch

Blue-gray Gnatcatcher 
Red-eyed Vireo  
Cerulean Warbler 
Ovenbi rd
Kentucky Warbler 
Brown-headed Cowbird 
Scarlet  Tanager 
Cardinal
Rufous-sided Towhee
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T a b l e  56 .  -  C h e c k l i s t  o f  b i r d s  observed on th e  D over ,  O h io ,  s tudy  
a r e a s ,  1961 and 1962 (American Orni Choiogi s t 1 s U n io n ,  1 9 5 7 ) .  (F )
i n d i c a t e s  s p e c ie s  seen o n ly  in  f l i g h t  o v e r  th e  a r e a .

G r e a t  B lue  Heron (F)  
T u rk e y  V u l t u r e  (F)  
C o o p e r 's  Hawk 
R e d - t a i l e d  Hawk 
R u f fe d  Grouse  
Bob Whi te  
K i l l  d e e r  (F)
Woodcock 
Mourning Dove 
Y e l l o w - b i l l e d  Cuckoo 
B l a c k - b i l l e d  Cuckoo 
Screech Owl 
G r e a t  Horned Owl 
Whi p -pooi—w i 11 
Chimney S w i f t  (F )  
R u b y - th r o a te d  Hummingbird  
F 1 i c k e r
Pi l e a t e d  Woodpecker  
R e d - b e l l i e d  Woodpecker  
Y e l l o w - b e l l i e d  Sapsucker  
H a i r y  Woodpecker  
Downy Woodpecker  
G r e a t  C re s te d  F l y c a t c h e r  
E a s t e r n  Pheobe 
A ca d ia n  F l y c a t c h e r  
L e a s t  F l y c a t c h e r  
E a s t e r n  Wood Pewee 
Rough-wing Swal low (F)  
P u r p l e  M a r t i n  (F)
B lue  Jay 
Crow
B la c k -c a p p e d  Chickadee  
C a r o l i n a  C h ickadee  
T u f t e d  T i tm o use  
W h i t e - b r e a s t e d  N u th a tc h  
Brown C re e p e r

House Wren 
W i n t e r  Wren 
Robi n
Wood Thrush
H e rm it  Thrush
Sw ainson 's  Thrush
G ra y -c h e e k  Thrush
E a s t e r n  B lu e b i r d
B lu e - g r a y  G n a t c a tc h e r
Golden-crowned K i n g l e t
Ruby-crowned K i n g l e t
Cedar Waxwi ng
Y e l l o w - t h r o a t e d  V i r e o
Red-eyed V i r e o
B la c k  and W h i te  W a r b le r
M a g n o l ia  W a r b le r
M y r t l e  W a r b le r
B l a c k - t h r o a t e d  Green W a r b le r
C e ru le a n  W a r b le r
C h e s tn u t - s id e d  W a r b le r
B la c k  p o l l  W a r b le r
Ovenbi rd
Lous iana  W a t e r th r u s h  
Kentucky W a r b le r  
Y e l l o w - b r e a s t e d  Chat  
W i I s o n ' s  W a r b le r  
Canada W a r b le r  
Red-winged B l a c k b i r d  
Common G r a c k le  
Brown-headed Cowbi rd 
S c a r l e t  Tanager  
C ard i  nal
R o s e -b re a s te d  Grosbeak  
In d ig o  B unt in g  
P u r p le  F in c h  
A merican G o ld f i n c h  
R u fo u s -s id e d  Towhee
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WOOD THRUSH

ACADIAN \  ( 6 1  
FLYCATCHER  ̂v- /
#  WOOD THRUSH

22 ’

KENTUCKY
WARBLER

12)© WATERSHED NO. I

YELLOW-BILLED 
CUCKOO

100 FT.

Fig. 35* Breeding t e r r i t o r i e s  and known nest s i tes  of some birds of  
the Dover, Ohio, area, 1962. T e r r i to r y  centers are shown as: 1 and 2,
Ruffed Grouse; 3, Cardinal; k, Tufted Titmouse; 5, Wood Thrush; 6 and 
7, Ovenbird; 8 and 9, Scarlet Tanager; 10, 11, and 12, Acadian F ly 
catcher; 13, 14, and 15, Kentucky Warbler; 16, Towhee; 17, Wood Pewee; 
18 through 23, Red-eyed Vireo; 2k, Y e l low -b i l led  Cuckoo. Nesting sites, 
black dots, are labeled.
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t h a t  even though 1 l b / a c r e  o f  DDT caused a sharp drop in  in s e c t  

p o p u l a t i o n s ,  r e c o v e r y  was r a p id  and th e  te m p ora ry  lo ss  was o f  no r e a l  

consequence t o  b i r d s .  T i g n e r  ( 1 9 6 0 : 3 3 ) ,  s tu d y in g  th e  e f f e c t s  o f  an 

I n s e c t i c i d e  on p h e a s a n ts ,  s t a t e d  t h a t

A lo ss  o f  in s e c t  l i f e  in  a p a r t i c u l a r  f i e l d  should not  
s e r i o u s l y  a f f e c t  a d u l t  ph easants  o r  t h e i r  young, because  
th e y  would move t o  a nearby  f i e l d  where in s e c t s  a r e  abundant .  
However, i f  l a r g e  a r e a s  were  sprayed w i t h  th e  more t o x i c  
i n s e c t i c i d e s ,  such as p a r a t h i o n ,  a s e v e re  food s h o r ta g e  
would r e s u l t  w i t h  the  subsequent s t a r v a t i o n  o f  young b i r d s .

R u f fe d  Grouse

The R u f fe d  Grouse ,  Bonasa umbel 1 u s , was th e  o n l y  game b i r d  

b r e e d in g  on th e  a r e a .  (Woodcock and Bob W h i t e  were  o n ly  r e c o r d e d ) .  

S in c e  i t  was seen f r e q u e n t l y ,  is  a ground f e e d e r ,  has an im p o r ta n t  

r o l e  in  f o r e s t  e c o lo g y ,  and was thou ght  t o  s e rv e  as a good i n d i c a t o r  

o rg a n ism ,  i t  was s t u d i e d  more i n t e n s i v e l y  th a n  o t h e r  b i r d  s p e c ie s .  

D a te s ,  t i m e ,  and l o c a t i o n  o f  f lu s h e s  were r e c o rd e d .  These a r e  

p l o t t e d  in  F i g .  36 .  T ime and l o c a t i o n  were  c o r r e l a t e d  w i t h  a c t i v i t y  

o f  o b s e r v e r s  on th e  a r e a ,  not  b i r d  b e h a v io r .  B i r d s  s h i f t e d  l o c a t i o n s  

between y e a rs  but  d id  not  seem t o  s h i f t  a f t e r  s p r a y .

A newly  hatched covey was seen on th e  morning o f  th e  s p r a y ,  25 

May, on th e  r id g e  above 1 - 2 0 .  These young were  in  th e  c o n ta m in a te d  

a r e a  a t  th e  t im e  o f  s p r a y .  On 10 August 1962 a covey o f  e i g h t  b i r d s  

f lu s h e d  from below 1-21 were  b e l i e v e d  t o  be th e  same f a m i l y .  No 

a d v e rs e  i n s e c t i c i d a l  e f f e c t s  were  e v i d e n t .  Watershed no. 1 had 2

known grouse  n e s t s ,  w a te rsh ed  no. 2 ,  2 n e s t s .  A n e s t  100 f t  away from

th e  p la n e  c ras h  was d e s e r te d  im m e d ia te ly  a f t e r  th e  c r a s h ,  u n doub ted ly

due t o  th e  g r e a t  d i s t u r b a n c e  in  th e  a r e a .
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DOVER WATERSHEDSDOVER W ATER SH ED S

Fig. 36 . Ruffed Grouse flushing locations and direct ions observed in 
1961 (A) and 1962 (B) on the Dover, Ohio, watersheds. Dashed l ines 
represent grouse observed pre-spray; "N" represents nest locations.
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T h e re  were  f i v e  grouse " c e n t e r s 11 o r  a re a s  from which  b i r d s  were  

• f lu s h e d  in  1961 and 1962. Four  were  common t o  both y e a r s ;  t h e r e  

were  two le s s  in  1962. T h e re  is  no e v id e n c e  t h a t  grouse p o p u la t i o n s  

were  e f f e c t e d  by th e  s p ra y  e i t h e r  in  terms o f  s u r v i v a l  o r  a l t e r e d  

b e h a v iq r .

R a d i o a c t i v i t y  L e v e l s

S in c e  no dead o r  moribund b i r d s  were  found o r  o b s e rv e d ,  the  

r a d i o a c t i v i t y  l e v e l s  o f  c o l l e c t e d  b i r d s  is  b e l i e v e d  t o  r e p r e s e n t  

amounts o f  m a l a t h i o n ,  i t ' s  m e t a b o l i t e s ,  o r  b y -p r o d u c ts  encoun tered  

by b i r d s  in  t h e i r  normal a c t i v i t i e s  on th e  a re a s  ( T a b le  5 7 ) .

The a n o m a l ies  in  th e  d a ta  in  T a b l e  57 cannot be e x p l a i n e d .  

E s p e c i a l l y  i n t e r e s t i n g ,  but  u n e x p l a in e d ,  is  th e  q u a n t i t y  o f  a c t i v i t y  

in  th e  p r e - s p r a y  Downy Woodpecker and M y r t l e  W a r b l e r .  The post  

s p ra y  g i z z a r d s  and g i z z a r d  c o n te n ts  o f  th e  Red-eyed V i r e o  and A cad ian  

F l y c a t c h e r  a r e  i n t e r e s t i n g  in  t h e i r  mutual e x c l u s i v e n e s s .  The 

g i z z a r d  and i t ' s  c o n te n ts  have no a p p a re n t  c o n ta m in a t io n  exchange.  

E x t e r n a l  c o n ta m in a t io n  appears  h i g h e s t  o f  a l l  organs o r  s t r u c t u r e s .

W i l l a r d  (1960 ;  1 ^+8) s tu d y in g  gross b e ta  a c t i v i t y  o f  b i r d s  on th e  

W h i te  Oak Lake bed o f  Oak R id g e ,  Tennessee ,  found a c t i v i t y  on the  

f e a t h e r s  was v e r y  v a r i a b l e  and though some a c t i v i t y  cou ld  be washed 

o f f ,  i t  was no t  p o s s i b l e  t o  remove a l l  o f  i t .

In  summary, th e  m a la t h io n  d i d  a f f e c t  b i r d  b e h a v i o r ,  but  produced  

no d e t e c t a b l e  l a s t i n g  a d v e rs e  e f f e c t s .  The i n s e c t i c i d e  and i t ' s  

m e t a b o l i t e s  were  p r e s e n t  in  th e  body t i s s u e s  o f  b i r d s ,  but  were  so 

v a r i a b l e  in  q u a n t i t y  and l o c a t i o n  t h a t  no c o n c lu s io n  o t h e r  than  t h a t



Table 57. " R ad ioactiv ity  in cpm/mg of whole organs of birds collected pre-spray o f f  the study areas
and post-spray from watershed no. 1, Dover, Ohio, 1962.______________________________

Pre-spray, 11 May Post-spray . 11 June Post -spray, 3 August
Myrt le
Warbler

Downy 
Woodpecke r

Kentucky
Warbler

Acadian
Flycatcher

Hai ry 
Woodpecker

Red-eyed 
Vi reo

Acadian
Flycatcher

Wood
Pewee

1 . Feathers 0 0.0469 0 0.1134 0.0421 0 0.2112 0.1285'

2. Skin 0 0.0775 0 0.0699 0 0.1542 0.0443 0.0983

3. Liver 0 0.0097 - 0.0226 0.0151 0.0127 0.0145 0

4. G i zza rd 0.0110 0 0 0.0298 0.0108 0 0.0121 0.0054

5. Gizzard
Contents - - m mm - 0.0512 0 -

6. Heart 0 0.0089 0 0.0389 0.0140 0 0 0.0229

7. 1ntest i  ne 0.0076 0 - 0.0226 0.0162 0 0 -

8. T ib ia l  Caps 0.0151 0.0065 - - - 0 0 0.0894

9. Lungs 0 0.0251 - 0 0.0762 0 0 0

10. T rachaea 0 0 0 - 0.0654 0 0 -

11. Costal Facet 0 0 - - - 0.0497 - -

12. Brain 0 0 0 - - 0.0432 0 -

13. Pectorali  s 
major 0 0.0069 0 - - 0 0 -

14. Testes 0 0 - - - - - -
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i t  e n t e r e d  and remained in  th e  bo d ies  o f  th e  b i r d s  could  be reached.

MAMMALS

Mammals a r e  th e  most abundant l a r g e  a n im a ls  o f  th e  f o r e s t  and 

w i d e l y  i n f l u e n c e  th e  p l a n t - a n i m a l - a b i o t i c  i n t e r a c t i o n s  o f  the  f o r e s t .  

They p l a y  v a r y in g  p o s i t i v e  and n e g a t i v e  r o le s  in  the  deve lopment  and 

d i s s e m i n a t i o n  o f  f o r e s t  r e p r o d u c t io n ;  consume i n j u r i o u s  in s e c ts  and 

f u n g i ;  m ix ,  a e r a t e ,  and improve th e  w a t e r  r e t e n t i o n  p r o p e r t i e s  o f  the  

s o i l ;  s e rv e  as p r e y  f o r  l a r g e r  forms; and e n r i c h  th e  s o i l  by t h e i r  

e x c r e t a  and dead b o d ie s .

S t u d ie s  o f  w i l d  small mammal p o p u la t i o n s  a r e  becoming more and 

more c r i t i c a l  as needs in c r e a s e  f o r  knowledge o f  p o p u l a t i o n  dynamics  

and s o c i a l  s t r e s s ,  as p r im a r y  consumer fauna become e c o l o g i c a l l y  

more im p o r t a n t ,  and as th e  e f f e c t s  o f  p o t e n t i a l l y  harm fu l  a gents  such 

as i n s e c t i c i d e s ,  f i r e ,  and r a d i o a c t i v i t y  r e c e i v e  more c a r e f u l  

s c r u t  i n y .

Mammalian E f f e c t s  o f  M a i a t h i o n : A Review

Mammalian t o x i c i t y  o f  m a la t h io n  is  le s s  than  t h a t  o f  DDT and 

f a l l s  in  a c a te g o r y  a lo n g  w i t h  m e th o x y c h lo r , TDE, BHC and c h l o r t h i o n  

(George ,  1 9 5 7 : 2 3 ) .  I t  is  100 t im e s  le s s  t o x i c  than  p a r a t h i o n  and is  

r e p o r te d  t o  be th e  s a f e s t  o f  th e  o rg a n o -p h o s p h a te  i n s e c t i c i d e s .

Reported  LD^q ' s v a r y  w i d e l y .  Negherbon (19 59 )  l i s t e d  many 

o b s e r v a t i o n s .  M a r t i n  ( 1 9 5 3 : 1 5 2 )  s e t  a c u t e  o r a l  LD^q t o  r a t s  and mice  

as 4 8 0 -5 8 0 0  mg/kg;  M e t c a l f  ( 1 9 5 5 : 3 0 6 )  s t a t e d  t h a t  f o r  r a t s  th e  f i g u r e  

i s 1400 t o  5834  mg/kg. V a r i a t i o n s  a r e  due t o  d i f f e r e n c e s  in  m ale  and 

fe m a le  r e a c t io n s  and th e  degree  o f  p u r i t y  o f  th e  t e s t  m a t e r i a l .
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Zavon (1958:12) emphasized the importance of  the re la t ionship of  

feeding habits and n u tr i t io n a l  condition of  mammals to to x ic i t i e s  of  

poisons. Mammal species var ia t io n  is generally  small (Metcalf,  1955: 

306). *Golz and Shaffer  (1956:3) noted, that  acute oral t o x ic i t y  is 

inversely related to increasing grades of  malathion p u r i ty .

Barnes (1953:64) observed that  the approximate average single  

le thal oral dose to male rats is less than 1000 mg/kg.

Malathion, 99%, was fed to rats for  two years a t  rates 
as high as 5000 ppm without m orta l i ty  or t issue damage, 
although growth was decreased in males but not in females.
Growth rates were normal a t  1000 ppm, and ChE chol inester 
ase levels of  plasma and red c e l ls  were normal a t  100 ppm, 
moderately depressed a t  1000 ppm, and markedly depressed at  
5000 ppm. Some female animals survived the feeding of  
20,000 ppm (Metcalf ,  1955:309).

Metcalf  (1955:306) reported that dermal LD^q is greater  than 4000 

mg/kg for  rabbits. Chronic t o x ic i t y  and inhalat ion e f fec ts  are re

portedly low (Frear, 1955:82). Guinea pigs were not k i l l e d  by skin 

appl icat ion o f  up to 12,300 mg/kg o f  95% technical malathion. They 

suffered no primary skin i r r i t a t i o n  or gross evidence of  systemic 

to x ic i t y .  Malathion, 0.05 ml o f  95% technical ,  in the rat  eye pro

duced s l ig h t  symptoms which completely subsided in 24 hr. Eight-hour  

exposure o f  rats and mice to a near-saturated atmosphere resulted in 

excessive preening, depression, and labored breathing. One mouse 

died 30 min. a f t e r  termination of  exposure. A l l  survivors appeared 

to have made f u l l  recovery (Golz and Shaffer ,  1956:5).  The same 

investigators (1956:3) reported that  when symptoms less than a coma 

appeared, they were normally o f  short duration and unless death 

occurred in several hours, recovery was rapid and apparently complete.
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These symptoms in  smal l  mammals a r e  e x c e s s iv e  s a l i v a t i o n ,  d e p r e s s io n ,  

and t re m o rs .

The USDA made s t u d i e s  on th e  f a t e  o f  m a la th io n  a p p l i e d  t o  f o u r  

cows. They were  sprayed t w i c e ,  1 week a p a r t ,  2 w i t h  e m u ls io n s ,  2 w i t h  

suspensions each o f  0 . 5  and 1.0% c o n c e n t r a t i o n s .  Cows e x c r e te d  

m a la t h io n  ran g in g  from 0 . 0 8  t o  0 . 3 6  ppm in  a l l  samples o f  m i l k  ta k en  

5 hr  a f t e r  s p r a y i n g .  T ra c e s  were  found in  samples taken  a f t e r  1 day ,  

but a f t e r  3 and 7 d a y s ,  samples were  f r e e  o f  c o n t a m in a t io n .  The h i g h e r  

c o n c e n t r a t io n s  caused h e a v i e r  r e s id u e s  than  th e  lower  c o n c e n t r a t io n s  

and th e  suspensions caused h e a v i e r  r e s id u e s  than  th e  same c o n c e n t r a 

t i o n s  a p p l i e d  as  em uls ions  (C la b o r n ,  1 9 5 6 : 8 ) .  G o u ld in g  and T e r r i e r e  

( 1 9 5 9 : 3 4 1 )  r e p o r te d  t h a t  use o f  a 10% dust  c o n ta m in a te d  m i l k  w i t h  

m a la t h io n  f o r  60 days .  T h e i r  f i n d i n g s  s u p p o r t  th e  above s ta te m e n ts  

o f  m i l k  c o n t a m in a t io n .  G o lz  and S h a f f e r  ( 1 9 5 6 : 8 )  found t h a t  an 

em uls io n  f o r m u l a t i o n  a t  th e  r a t e  o f  0 . 2  mg/cm p e r  week a p p a r e n t l y  

reduced red blood c e l l  c o l i n e s t e r a s e  a c t i v i t y  in  cows t o  80% o f  the  

p r e - t r e a t m e n t  v a l u e .  S p ra y in g  and d ip p i n g  b e e f  c a t t l e  reduced ChE 

a c t i v i t y  d u r i n g  the  p e r io d  o f  a p p l i c a t i o n  w i t h  p r a c t i c a l  t o  com plete  

r e c o v e r y  a f t e r  3 months. No gross  e v id e n c e  o f  t o x i c i t y  was observed  

in  t e s t  a n im a ls .  L a t e r ,  however, R a d e l e f f  and Bushland (1 9 6 0 : 1 4 1 )  

found a minimum t o x i c  dose o f  o r a l l y  a d m in i s te r e d  m a la t h io n  f o r  

a d u l t  sheep and goats  o f  100 mg/kg.  For  4  day o ld  c a lv e s  i t  was 

20 mg/kg.  They found a maximum n o n - t o x i c  dose on c a lv e s  t o  be 10 

mg/kg anc* on sheep and c a t t l e ,  50 mg/kg. V a r y i n g  s prays  a p p l i e d  t o  

J e rs e y  cows t o  th e  p o i n t  o f  r u n o f f  r e s u l t e d  in  no s i g n i f i c a n t  ChE 

d e p r e s s io n  in  24 hr  a f t e r  s p r a y i n g .  Angora goats  d ippe d  in  95%
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technical malathion in varying formulations evidenced no observed 

e f fe c t  on ChE a c t i v i t y .  March e_t aj_. (1956:682), using P ^  as a 

radioactive t racer ,  discovered that  malathion was rapid ly  absorbed 

a f t e r  spraying cows and that e l im inat ion was rapid, the greatest  

amount being excreted in 2k hr. Residues were present up to 1^0 and 

237 days. Only 2.7% o f  the spray remained on the animals a f t e r  2 

weeks. Up to 2 ppm of  residue was found in bone, l i v e r ,  thyroid ,  

thymus, and pancreas. Highest residues, 3 to 18 ppm, were found in 

the hide. Claborn (1956:9) found no storage o f  malathion in the fa t  

of beef c a t t l e .  I f  th is  is true of other animals, i t  precludes the 

a v a i l a b i l i t y  of stored poison for  re - introduct ion into t h e i r  systems 

fol lowing periods of  stress.

Beck's studies ( l 953:571~72) on the e f fec ts  of malathion on boar 

spermatozoa showed that i t  had a weak in h ib i to ry  e f fe c t  on resp irat ion  

and glycolysis and that m o t i l i t y  was decreased.

G j u l l in  et (1955:508-09) found ma lath i on-sprayed a l f a l f a  fed 

to cows did not e f fe c t  the f la v o r  of milk . Objectionable odor in 

wheat treated with 8 ppm of malathion and stored 68 days was reported 

by Walker and Locke (1959). This presents a p o s s ib i l i t y  o f  the poison 

making some plant foods object ionable to mammals.

B. S. McGinnes, Leader, V i r g in ia  Cooperative W i l d l i f e  Research 

U nit ,  ( i960, pers. correspondence) suspected that  malathion k i l l e d  

immature wi ld  c o t tonta i l  rabbits when dusted on t h e i r  fu r .

Metcalf  (1955:306) elaborated on the symptoms of  malathion 

poisoning in humans.



243

The m u s c a r in ic  e f f e c t s  in  o r d e r  o f  t h e i r  appearance  a r e  
a n o r e x ia  and nausea,  f o l lo w e d  by v o m i t in g ,  abdominal cramps,  
s w e a t in g ,  s a l i v a t i o n ,  and in  some cases by p u p i l l a r y  con
s t  r i c t i o n . . . .The n i c o t i n i c  e f f e c t s  o f  t w i t c h i n g  th e  e y e l i d s  
and tongue a r e  e a r l y  symptoms and a r e  fo l lo w e d  by f a s c i c u l a -  
t i o n s  in  th e  muscles o f  t h e  fa c e  and neck and in  the  
e x t r a o c u l a r  m u s c le s ,  and th e n  by g e n e ra l  f a s c i c u l a t i o n s  and 
w eakness .

S i n g l e  a e r i a l  a p p l i c a t i o n s  o f  m a la t h io n  a t  0 . 4 6  l b / a c r e  produce  

human exposure  less  than  1 / 1 2 0 , 0 0 0  o f  the  LDj- q ' s o f  e x p e r im e n ta l  

a n im a ls  (C ap lan  cst aj_. , 1 9 5 6 : 3 3 2 ) .

P o p u la t io n  S tu d ie s  

Much emphasis was p la c e d  on th e  s tu d y  o f  mammals, though m a la 

t h i o n  was not  e x p e c te d  t o  be d i r e c t l y  t o x i c  t o  them in  the  quan t i  t y  

used.  Even young, wh ich  may be more s u s c e p t i b l e  t o  d i r e c t  p o is o n i n g ,  

would p r o b a b ly  be p r o t e c t e d  in  n e s ts  and burrows and be u n a f f e c t e d .

The i n t e r e s t  in  secondary  e f f e c t s  o f  th e  p o is o n  promoted th e  i n t e n s i v e  

mammalian s t u d i e s .  E f f e c t s  on mammals were  h y p o th e s iz e d  t o  be the  

r e s u l t  o f  food c h a in  d i s r u p t i o n ,  n e c e s s i t a t e d  f e e d i n g - b e h a v i o r  

changes, and i n t e r  and i n t r a - s p e c i f i c  c o n f l i c t  r e s u l t i n g  from home 

range s h i f t s .  I f  th e s e  e f f e c t s  o c c u r r e d ,  i n t e n s i v e  s t u d i e s  would be 

needed t o  d e t e c t  and measure them.

Mammalian response t o  an i n s e c t i c i d e  a p p l i c a t i o n  is  v a r i a b l e  due 

not  o n ly  t o  i n h e r e n t  t o l e r a n c e s  o f  some s p e c ie s  and i n d i v i d u a l s  but  

t o  th e  amount and mode o f  i n s e c t i c i d a l  c o n t a c t .  Mammals may c o n ta c t  

p o is o n  in  v a r y i n g  amounts by: ( 1 )  hav ing  i t  s e t t l e  d i r e c t l y  on them

a t  th e  t im e  o f  a p p l i c a t i o n ,  (2.) w a lk i n g  o v e r  o r  th roug h  c ontam ina ted  

ground and v e g e t a t i o n ,  (3 )  e a t i n g  c on ta m ina te d  v e g e t a t i o n ,  (4 )  

grooming a f t e r  d i r e c t  o r  i n d i r e c t  c o n ta m in a t io n  o f  f u r ,  ( 5 )  e a t i n g
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other poisoned animais or food, (6) drinking contaminated water, and 

(7) inhaling insect ic ide  p a r t ic le s .

The results  of  these contacts may range from immediate death to 

no e f fe c ts .  The intermediates include: ( l )  weakness with consequent

s u s c e p t ib i l i ty  to to predation, disease, and parasit ism, (2) storage 

w ith in  tissues with e f fec ts  gradually becoming evident or e f fec ts  

evident on discharge o f  the tissue load with in  the body as in the case 

of  stress-induced fa t  consumption, (3) passage of the poison through 

the placenta or milk  with a f fec ts  on young, (4) a l t e r a t io n  of  repro

ductive success, and (5) d isruption of  food chains with resultant  

changes in in te r  and in t r a -s p e c i f ic  competition and predation  

(Jackson, 1952:259). No attempt was made in th is  study to evaluate  

these e f fe c ts .  Population changes detected are an expression of  

th e i r  combined action. y
Determining the population size is the f i r s t  step in understanding 

the impact of  the population or i t s  loss in the community. Mammalian 

population estimates are d i f f i c u l t  to secure as indicated by Davis 

(1963). Rel iable  population models are not a v a i la b le  and many 

assumptions necessary in a t r a p - r e t  rap approach to estimates are 

in va l id .  These assumptions w i l l  be discussed in the section on pop

u la t ion  estimation.  Pa t r ic  (1958:17-21, 28) discussed at  length 

factors which may contr ibute to sampling e r ro r .  Some factors are 

b r i e f l y  reviewed here with comments on the conditions o f  th is  study 

to allow proper evaluation o f  the results  presented.

1. Presence of  the research worker. Regrettably no wi ldland  

study can excape th is  factor  and i t  must color in many ways ecological
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o b s e r v a t i o n s .  S in ce  mammals a r e  l a r g e l y  n o c t u r n a l ,  l i t t l e  c o n t a c t -  

i n f l u e n c e  was b e l i e v e d  e x e r t e d  on them. F i e l d  w o rkers  wore d rab  

c l o t h e s ,  r e f r a i n e d  from loud t a l k ,  and a t te m p te d  t o  be u n o b t r u s iv e .  

Paths  were  f o l lo w e d  f o r  much o f  th e  f i e l d  w o rk ,  no c u t t i n g  o r  o t h e r  

i n f l u e n c e s  were  e x e r t e d  e x c e p t  those  r e q u i r e d  in  moving and p l a c i n g  

sam pling  d e v ic e s  and in  o p e r a t i n g  them. T h is  is  t o  say t h a t  no 

g r e a t e r  and p r o b a b ly  le s s  i n f l u e n c e  was p la c e d  on th e  a r e a  and i t ' s  

fauna than  in  o t h e r  s i m i l a r  s t u d i e s  and t h a t  t h i s  i n f l u e n c e  should  

be c o n s id e re d  in  c o n s ta n t  p r o p o r t i o n  t o  th e  sam pl ing  e f f o r t  in  a l l  

sm al l  mammal s t u d i e s  where re a s o n a b le  s te p s  a r e  ta k en  t o  keep i n 

f l u e n c e  m in im a l .  T h is  v a r i a b l e  o f  i n v e s t i g a t o r - i n f 1uence can and 

should be o b j e c t i v e l y  s t u d i e d  l a t e r .

2 .  I n t e r -  and i n t r a - s p e c i f i c  v a r i a t i o n  in  c a p t u r e  r a t e .  The  

shrews,  f o r  exam ple ,  a r e  d i f f i c u l t  t o  c a p t u r e .  A d u l ts  and males a r e  

u s u a l l y  more f r e q u e n t l y  caught than  young o r  f e m a le s .  T r a p a b i l i t y  o f  

males and fem ales  v a r i e s  w i t h  seasons o f  m a t in g ,  n e s t  b u i l d i n g ,  and 

l i t t e r  t e n d i n g .  In  t h i s  s tu d y  no a t t e m p t  was made t o  account  f o r  

v a r i a b l e  i n d i v i d u a l  mammal t r a p a  b i 1 i t y .  P o p u la t io n s  o f  mammals 

e s t im a t e d  o r  d e te rm in e d  a r e  r e p o r te d  as e x p r e s s io n s  o f  t r a p p a b l e  

a n im a ls  o n l y .  H e r e i n a f t e r ,  r e f e r e n c e s  t o  mammal p o p u l a t i o n  s i z e  

w i l l  be o n l y  t o  t h a t  p o r t i o n  o f  th e  p o p u l a t i o n  t h a t  can be sampled,  

J . . e .  t r a p p e d ,  and w i l l  be m in im a l .  On ly  t h a t  p o r t i o n  o f  th e  pop

u l a t i o n  v u l n e r a b l e  t o  c a p t u r e  a t  l e a s t  once i s  a v a i l a b l e  f o r  s tu d y .

3 .  V a r i a t i o n s  in  t r a p p i n g  methods. T r a p p in g  methods were v a r i e d  

in  th e  f i r s t  y e a r  o f  s tu d y  t o  d e te r m in e  most e f f e c t i v e  methods t o  be 

used in  th e  c r i t i c a l  s e c o n d -y e a r .  V a r y in g  mammal response t o
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d i f fe r e n t  baits c le a r ly  points up the need for  constant sampling 

methods for  va l id  population indices.

4. Seasonal and weather va r ia t ions .  There seems to be some 

corre la t ion  between sampling results  and weather. Pa t r ic  (1958:21) 

stated, " I t  seems most l i k e l y  that small mammals, with th e i r  l imited  

size and high metabolic ra te ,  must pursue th e i r  spec i f ic  habits 

regardless of  normal weather v a r ia t io n . "  Getz (1961:169), however, 

reported that  small mammal trap response to weather conditions does 

vary .

5. In a b i l i t y  to d ist inguish between resident and non-resident  

mamma 1s .

6. S t a t i s t i c a l l y  inadequate samples.

7. E f fects  of  handling individual animals. P a t r ic  (1958:17) 

noted that  trapping arrests  animal a c t i v i t y ,  causes excitement, and 

occasional in ju ry .  Some mammals in th is  study injured th e i r  faces in 

t ry ing  to escape the metal traps. A l l  animals were toe-clipped or  

ear tagged so some in jury  occurred to a l l .  Golley (1961:333) 

speculated that  the imposition of trap stress on an already stressed 

adreno-p i tu i ta ry  system (as from an insect ic ide)  may influence  

reproductive a c t i v i t y  and survival and produce changes in population  

densi ty.

At leas t ,  an invest igator  studying the ecology of  
mammals by intensive 1ive-trapping should consider the 
p o s s ib i l i t y  that repeated handling may induce changes in 
the n a ta l i t y  and m o r ta l i ty  of  the sample from which he 
draws conclusions about the e n t i re  population (Golley,
1961:333).

Trap stress was assumed approximate!y equal in both treatment and
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c o n t r o l  a r e a  p o p u l a t i o n s ,  o b v i a t i n g  th e  need f o r  f u r t h e r  i n v e s t i g a t i o n  

o f  t h i s  f a c t o r  in  th e  s tu d y .

8 .  Removal o f  th e  sam pl ing  u n i t ,  th e  t r a p ,  by m a l f u n c t i o n ,

e s c a p e s ,  e x t ra n e o u s  s p r i n g i n g ,  o r  b a i t  lo s s .  T w ig s ,  a c o r n s ,  r a i n  and 

wind sprung some t r a p s .  In  t h i s  s tudy  m i l l i p e d e s  caused g r e a t e s t  loss  

o f  t r a p - n i g h t s  in  Hay and June ,  camel c r i c k e t s ,  R h a p h id o p h o r in a e ,  

r e p la c e d  th e  m i l l i p e d e  in  t h i s  f u n c t i o n  in  J u l y ,  A ugus t ,  and September,  

1961 and 1962. A nts  were  abundant but  p r e s e n te d  no r e a l  b a i t - remova1

prob lem  as th e y  have in  many o t h e r  smal l  mammal t r a p p i n g  s t u d i e s .

The Role  o f  Home Range i n T ra p  Spaci nq S e 1e c t  ? on

Home range is  th e  a r e a  t o  wh ich  an animal commonly r e s t r i c t s  i t s

a c t i v i t i e s  and o v e r  wh ich  i t  n o r m a l ly  t r a v e l s  (Hayne, 19^9:1 and 

P a t r i c ,  1 9 5 8 : 1 5 7 ) -  One o f  th e  most thorough  t r e a t m e n t s  o f  th e  s u b j e c t  

o f  the  r o l e  o f  home range in  t r a p  sp a c in g  s e l e c t i o n  is  t h a t  o f  

Calhoun and Casby ( 1 9 5 8 ) .  They r e c o g n iz e  th e  m e r i t  o f  H ayne 's  (19*+9) 

" c e n t e r  o f  a c t i v i t y "  concept  and h is  in d e x  o f  th e  r e l a t i v e  f re q u e n c y  

w i t h  which  an animal  is  found p e r  u n i t  a r e a  a t  d i f f e r e n t  r a d i i  from  

t h i s  c e n t e r .

Home range s t u d i e s  were  conducted in  o r d e r  t o  a s c e r t a i n  what  

s p e c ie s  and p r o p o r t i o n  o f  i n d i v i d u a l s  l i v e  t h e i r  e n t i r e  l i v e s  on 

th e  s tu d y  a r e a  and a r e  t o t a l l y  dependent upon th e  e c o l o g i c a l  c o n d i t i o n s  

t h e r e .  I t  seemed l i k e l y  t h a t  a p o r t i o n  o f  th e  s p e c ie s  p r e s e n t  m ight  

spend p a r t  o f  t h e i r  l i v e s  and perhaps th e  most s e n s i t i v e  s t a g e ,  in  

a n o t h e r  h a b i t a t ,  thus  be in g  much less  c l o s e l y  a s s o c i a t e d  w i t h  the  

t r e a t m e n t .  Home range s t u d i e s  were  a l s o  e s s e n t i a l  t o  m e an ing fu l
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evaluation of  the results  of  the r e la t iv e ly  wide-spread grid trap  

pattern f i n a l l y  selected. Hayne (1950:38) showed that a s ign i f ic a n t  

re la t ionship  exists  between the r e la t iv e  posit ion o f  traps to each 

other and population estimates and that there is no evidence of  a 

di f ference  between sexes in th is  re la t ionship .

Murray (1957:451), P a t r ic  (1958:27) ,  and others have evidence 

that traps block or r e s t r i c t  normal a c t i v i t i e s  and home range u t i l i 

za t ion ,  though Stickel (1954:11) found that in a wood lo t ,  traps did 

not block the t rave ls  of  transients on the area. Traps seem to 

influence small mammal d is t r ib u t io n  and add bias to home range deter 

minations and consequently to population estimates.

Stickel (1954:12) warned against the temptation to use data from 

a small number of  animals from traps o f  wide spacing to ca lculate  home 

range. rrThe more animals that are dropped out as a result  of  wide 

spacing, the more serious is the error  of  basing average home range 

calcula t ions on the data from the few remaining." Estimates are 

smaller at close spacing, greater  a t  widely spaced traps.

Home Range Studies in the Dover Watersheds 

Besides the need fo r  home range information to ca lculate  pop

u la t ion  sizes and obtain density estimates, a b r ie f  study o f  home range 

was conducted to help evaluate the results  of  the extensive grid  

pattern selected (200 f t )  fo r  the f in a l  study.

An e f f o r t  was made using a v a r ie ty  o f  g r id ,  l in e ,  and random 

trapping methods to prevent the development of  an an im al- to - t rap  

re la t ionship described by Hayne (1950:34, 38) and others. Three
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methods used a r e  p r e s e n te d  d i a g r a m a t i c a l l y  in  F i g .  37 .  A f o u r t h  

method, a s ta n d a rd  g r i d  w i t h  v a r y i n g  t r a p  i n t e r v a l s ,  was used. The  

ge n e ra l  appearance o f  th e  t r a p p i n g  a r e a  is  shown in  F i g .  38 .  Home 

range d a ta  a v a i l a b l e  from th e  ex tended  g r i d  and random t r a p p i n g  w i t h i n  

g r i d  b loc ks  was a l s o  s t u d i e d .

T ra p  Spacing

To s tudy  t r a p  sp a c in g  and t o  reach a c o n c lu s io n  about an adequate  

number o f  t r a p s  p e r  u n i t  a r e a  is  t o  s tu d y  sample s i z e .  S e v e ra l  im por

t a n t  f a c t o r s  have h in d e re d  th e  development  o f  s a t i s f a c t o r y  m a th e m a t ic a l  

models f o r  small mammal p o p u l a t i o n s .  These f a c t o r s  in c lu d e  w ide  

seasonal  f l u c t u a t i o n s  in  age and sex c la s s e s ;  m o b i le  p o p u l a t i o n s ;  

complex i n t e r a c t i o n s  between and w i t h i n  p o p u l a t i o n s ,  h a b i t a t s ,  and 

land t r e a t m e n t ;  and l a c k  o f  r e s t r i c t i o n  in  movements e x c e p t  in  th e  

case o f  i s l a n d s .

These f a c t o r s  a r e  l a r g e l y  r e s p o n s ib le  f o r  th e  d i f f i c u l t y  o f  

sam pling  such p o p u la t i o n s  f o r  as Cochran ( 1 9 5 3 ; l )  p o in t e d  o u t :  "when

th e  m a t e r i a l  i s  f a r  from u n i f o r m . . . th e  method by wh ich  th e  sample is  

o b ta i n e d  is  c r i t i c a l ,  and th e  s tu d y  o f  te c h n iq u e s  t h a t  ensure  a 

t r u s t w o r t h y  sample becomes i m p o r t a n t . "  As in  a l l  s am pl ing  prob lem s,  

th e  d e c i s i o n  must be reached on d e s i r e d  p r e c i s i o n  o f  measurement.

In  a s s e s s in g  th e  gross e f f e c t s  o f  an a p p l i c a t i o n  o f  m a la t h io n  t o  an 

ecosystem , a p r e c i s e  measurement is  needed. The more p r e c i s e  the  

measurement needs,  the  g r e a t e r  must be th e  sample .  T h is  s tudy  is  

des igned  t o  p r o v id e  r e s u l t s  f o r  a c o n c lu s io n  on w h e th e r  o r  not  

m a la t h io n  e f f e c t s  woodland small mammal p o p u la t i o n s  and t o  what
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A
Random -  200 f t  p lot  with 20 x 20 f t  
grid .  33 traps were randomly reset 
every night for 4 trap nights. 100 
per cent of the area was covered 
every trap night.

B

Double V Lines - Area was swept with  
progressively smaller "V" trap l ines.  
Trap spacing was 20 f t ,  distance  
between l ines, 60 f t .

C

Bracketing P ara l le i  1ines -  Trap l ines 
at 20 f t  in tervals  overlapped at the 
center, then passed to the fa r  side.  
Two 40 f t  "steps" and one 20 f t  step 
were used in 3 trap nights.

Fig. 37. Trapping patterns used in studying home range on plot  no. 1 
watershed no. 1, Dover, Ohio, study area, 1961.
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F i g .  38. V e g e t a t io n  o f  p l o t  no. 1, in  Dover, Oh io ,  watershed no. 1 
where in t e n s i v e  small  mammal t r a p p in g  was done in  1961.
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extent resu lts ,  I f  present, are evident. Based on needs and a study

of the physical l im i ta t ions  to sampling in te n s i ty ,  the trap spacing

recommended by Pa tr ic  (1958:189) was adopted.

P a t r ic  recommended for  sampling woodland sma11-mamma 1 populations

a trap l ine  of  "rosettes"  of  traps, each located 250 f t  apart .  This

distance was based on ava i lab le  home range data and the desire  to

e l im inate  most trapping s ta t ion in teract ion or competit ion for

indiv iduals .  He provided evidence that traps c losely  spaced in a

l ine  (e .g .  NACSM l ine)  do not have equal p ro b a b i l i ty  of  capturing an

animal; those on the ends capture more. He explained that traps set

0.5  mile apart have equal chances of capture; traps 0.5 yard apart

do not, since the end traps tend to "shie ld"  the inner traps. His

search was for  a minimum spacing between these two extremes at  which

each trap had equal p ro b ab i l i ty  of  capturing a small mammal. He

called th is  in terval o f  minimal spacing below which p ro b ab i l i ty  of

capture would be unequal the c r i t i c a l  trap in terval (CTl) (P a t r ic ,

1958:160). He explained fu r ther  that  CTl is ,

the minimum spacing at  which traps cease to compete fo r  a 
small mammal with a given cruising radius. This interval  
is exact ly  the width o f  the theoret ica l  home range (two 
times the cruising radius) because i f  the home range were 
s l ig h t ly  increased, two trapping stat ions would compete 
fo r  the small mammal (P a t r ic ,  1958:163).

The rosettes of  6 to 10 traps which he proposed i f  beyond the CTl

would provide an unbiased sample of  the mammal population of  the

habitat  in which i t  was placed since there are s u f f ic ie n t  traps to

provide a useful expression of  abundance at  each s ta t ion  and every

trap a t  the rosette th e o r e t ic a l ly  has an equal p ro b a b i l i ty  of

capturing a small mammal (P a t r ic ,  1958:189).
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A g r i d  system o f  r o s e t t e s  lo c a te d  200 f t  a p a r t  was s e le c t e d  as 

b e s t  m e et in g  th e  needs o f  t h i s  s tu d y .  See th e  map, F i g .  39 .  T h is  

system has th e  advantages  o f  ( l )  a l l o w i n g  th e  maximum number o f  t r a p s  

t h a t  can be checked once in  I man-day (2 )  be in g  an unbiased sample  

o f  each h a b i t a t  (3 )  e l i m i n a t i n g  m a jo r  t r a p - s t a t i o n  i n t e r a c t i o n  and 

c o m p e t i t io n  (4 )  p r o v i d i n g  some home range in f o r m a t i o n  (5 )  m e e t in g ,  f o r  

a l l  p r a c t i c a l  p u rp o s es ,  th e  c o n d i t i o n s  o f  a random sample o f  th e  

t r a p p a b l e  mammals in  th e  w a te r s h e d s ,  and (6 )  a l l o w i n g  between and 

w i t h i n - y e a r s  and a re a s  comparisons.

F o l lo w in g  the  recommendations o f  P a t r i c  ( 1 9 5 8 : 1 8 8 )  i t  was found  

t h a t  a r o s e t t e  o f  e i g h t  t r a p s  e q u a l l y  spaced in  a 5 f t  r a d iu s  c i r c l e  

around each g r i d  i n t e r s e c t i o n  t r a p p i n g  s t a t i o n  was v e ry  d e s i r a b l e .

See F i g .  kO. In  a s i n g l e  n i g h t  th e  t r a p s  may c a tc h  f i v e  a n im a ls  and 

one o r  more t r a p s  may be sprung w i t h o u t  c a p t u r e s .  Most o t h e r  

t r a p p i n g  program s, u s in g  one t o  t h r e e  t r a p s  a t  a s i n g l e  l o c a t i o n ,  

r e s t r i c t  th e  t r a p  response in  t h a t  l o c a t i o n  a f t e r  th e  a v a i l a b l e  

t r a p s  have been f i l l e d  o r  sprung .

S in ce  no more than  s i x  t r a p s  a t  a s i n g l e  s t a t i o n  in  t h i s  s tudy  

have e v e r  been sprung in  1 t r a p - n i g h t ,  i t  a ppears  t h i s  is  th e  minimum 

number o f  t r a p s  in  each r o s e t t e  needed t o  p r o v i d e  an unbiased sample  

o f  th e  t r a p p a b l e  p o p u l a t i o n  a t  any one l o c a t i o n .

E v a l u a t i o n  o f  th e  s e l e c t e d  g r i d  approach was a t te m p te d  by the  

use o f  randomly lo c a te d  r o s e t t e s  w i t h i n  each g r i d  b l o c k .  T h is  

amounted t o  p r o p o r t i o n a l  s t r a t i f i e d  random sam pling  o f  th e  s tu d y  a r e a .  

Random l o c a t i o n s  were  s e l e c t e d  by choosing from a t a b l e  o f  random 

numbers c o o r d i n a t e s  ( i n  f t )  from a g iv e n  c o r n e r  o f  each b l o c k .



25^

DOVER WATERSHEDS

20

©  —  ^ —©  —  — ©

WATERSHED NO. 2

25 2 4 23 22

28  
—  ©©  —

3 0 29

# - ©  —  © WATERSHED NO. |

100 FT.

Pig. 39. Location of  the B-l series of random trapping stations used 
in 1961 on the Dover, Ohio,watersheds in connection with two other  
series, and used exclusively  as random trap s i tes  in 1962. Blocks 
between standard 200 f t  grid markers are numbered for  designating 
animal trapping locations.
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S H E R M A N  R A T  T R A P

S H E R M A N  MOUSE  
T R A PDROPPING TILES,

CD

S T A K E
\

CRYPTOZOAN BOARD

F i g .  4 0 .  Sampling u n i t s  used around each o f  th e  46  g r i d  s ta ke s  in  
th e  two watersheds  o f  the  Dover,  O h io ,  s tudy  a re a  in  1961 and 1962.  
In  a d d i t i o n ,  one o r  two c a t  t r a p s  were p la c e d  w i t h i n  4 . 6  m (15 f t )  
o f  . th e  s t a k e .
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See Fig. 39. I t  appeared adequate that  trap location be accomplished 

by compass and pacing. Chaining of distances seemed tootime consuming 

fo r  the accuracy that was required. The trapping pattern es se n t ia l ly  

avoided animals whose home ranges overlapped the edges of  the water

sheds.

Four traps, two large and two small,  were set a l te r n a te ly  in a 

k f t  c i r c le  around the selected random sampling point  with doors 

pointing in one d irec t ion  to make checking easier .

I n i t i a l l y ,  random placement o f  trapping s i tes  was considered but 

re jected. The res t r ic t io n s  on placing a previously determined number 

of trap s i tes  imposed by adhering to sampling s t ra ta  such as e levation  

and aspect w i th in  each watershed and a minimum of  200 f t  between trap  

s i tes  were so r ig id  as to make the trap pattern e s s e n t ia l ly  a g r id .  

Since ( l )  a point of  o r ig in  fo r  the grid pattern was chosen without  

p r io r  knowledge of  the area (e s se n t ia l ly  a t  random), (2) for  a l l  

pract ica l  purposes the gridded s i tes  are w ith in  a few feet  of  where 

they would have been had they been located at random, and (3) the time 

and cost of  placing and operating randomly-placed traps seemed pro

h i b i t i v e ,  the grid system was selected. I t  is believed to approach 

the conditions o f  a s t r a t i f i e d  random sample.

Trappinq Methods and F ie ld  Procedure 

T raps

Mammals ranging in size from shrews to raccoons were studied.

The only other larger  wi ld  mammal, the w h i te - ta i le d  deer, occurred on 

the study area occasionally and e f fe c ts  on i t ,  i f  any, would be
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unmeasurab le .  Two s i z e s  o f  Sherman g a lv a n iz e d  l i v e  t r a p s  were used,

2 x 2 . 5  x  7 i n .  and 3 *  3 x 10 i n .  Sea la n d e r  and James (1958)  found  

t h i s  t r a p  th e  most e f f e c t i v e  o f  those s t u d i e d .  I t  has th e  adv a nta ge ,  

bes ides  e f f e c t i v e n e s s ,  o f  be ing  c o m m e rc ia l ly  a v a i l a b l e  (H. J .  Spencer  

and Sons, G a i n e s v i l l e ,  F l o r i d a )  and be ing  r e l a t i v e l y  e a s i l y  t r a n s 

p o r te d  i n t o  remote a r e a s .  The l a r g e r  Sherman t r a p  is  more c o s t l y  but  

can t r a p  mammals up t o  the  s i z e  o f  a chipmunk. Some chipmunks were  

caught in  s m a l le r  t r a p s  but  were t i g h t l y  c o n f in e d  and o f t e n  s u f f e r e d  

f  rom* " s h o c k " .

A t h i r d  s i z e  mammal t r a p  was used.. I t  was d e s c r ib e d  b r i e f l y

and p i c t u r e d  by A l l e n  (194-3:80) and is  known as the  B i o l o g i c a l  Survey

c a t  t r a p  (see F i g .  4 1 ) .  I t  w i l l  be r e f e r r e d  t o  as th e  ” c a t  t r a p ”

h e r e i n a f t e r .  The t r a p  d e s c r ib e d  by L inehan and L l e w e l l y n  (1957 )  would

have been more s a t i s f a c t o r y  and should be used in  s i m i l a r  f u t u r e  

s t u d i e s .  Welded 0 .5  i n .  woven w i r e  should  be used t o  cover  e i t h e r  

t r a p .  Raccoon and woodchuck can escape from s ta n d a rd  0 . 5  in .  hardware  

c l o t h  though th e  l a t t e r  is  s a t i s f a c t o r y  f o r  s q u i r r e l s ,  w e a s e l ,  c h i p 

munks, and r a b b i t s .  The cost  o f  r e p a i r i n g  damaged w i r e ,  a v o id in g  

animal lo s s e s ,  and ge n e ra l  t r a p  a d a p t a b i l i t y  j u s t i f y  th e  a d d i t i o n a l  

i n i t i a l  expense o f  welded w i r e .  Twenty a d d i t i o n a l  h e a v ie r  t r a p s  were  

o b ta in e d  e a r l y  in  1962. They were  e v e n ly  d i s t r i b u t e d  throughout  the  

a r e a .  A hardware c l o t h  b a i t  h o ld e r  p r o j e c t i n g  i n t o  th e  t r a p  from the  

r e a r  reduced b a i t  loss and t r a p  c lo s u r e  due t o  u n d e r - t h e - t r a p  a c t i v i t y  

o f  mammals t o  secure  b a i t  w i t h o u t  e n t e r i n g .  A p i e c e  o f  screen w i r e  

was p la c e d  in  th e  bottom o f  th e  t r a p  on top o f  th e  hardware c l o t h  t o  

stop  weasel p r e d a t i o n  o n 'c a p t u r e d  chipmunks and r a b b i t s  th rough the
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Fig. 4l . The Biological Survey "cat trap" was used to capture large 
animals on the Dover, Ohio, watersheds in 1961 and 1962. A trapped 
cottonta i l  rabbit is shown here. A Sherman rat trap is in the r ight  
f ron t ,  a Sherman mouse trap r ight  of center.
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0 . 5  i n .  w i r e  mesh. I n f r e q u e n t  c a p t u r e  o f  opossum and raccoons  

r e q u i r e d  re p la c e m e nt  o f  t h i s  w i r e  wh ich  was l o o s e l y  wedged, u n fa s te n e d ,  

t o  th e  bo ttom . The c l o s i n g  door  o f  th e  l a r g e  Sherman t r a p s  o c c a s io n 

a l l y  s t r i p p e d  th e  s k in  from o r  snipped th e  t i p  o f  th e  t a i l  o f f  e s c a p in g  

chipmunks. Two e s c a p in g  chipmunks were  k i l l e d  by th e  f a l l i n g  door o f  

th e  c a t  t r a p .

In  g e n e ra l  i t  may be s a id  t h a t  th e  t rap s '  used were  e f f e c t i v e  in  

c a p t u r i n g  a n im a ls .  T h e i r  e f f e c t i v e n e s s  depended not  so much on s k i l l  

o f  s e t t i n g  them o r  th e  s e n s i t i v e n e s s  o f  t h e i r  t r i g g e r  mechanisms but  

on th e  b a i t s  used. In  t h i s  s tu d y ,  i t  was d e s i r a b l e  t h a t  in  th e  t r a p s  

t h e r e  be not  o n l y  an a t t r a c t a n t  as p a r t  o f  th e  b a i t  but  a l s o  a 

s u r v i v a l  food s in c e  a n im a ls  may remain  in  a t r a p  f o r  24  h r .  Corn 

seemed t o  be b es t  f o r  th e  l a t t e r  pu rp ose .

From 15 May t o  18 May 1961,  1072 t r a p - n i g h t s  were  a c cu m u la te d .

B a i t  was a m ix t u r e  o f  equal p a r t s  crunchy peanut  b u t t e r  and r o l l e d  

o a t s .  The t r a p s  to o k  40  a n im a ls  o f  3 s p e c ie s .  From 22 May t o  25 May 

1076 t r a p - n i g h t s  to o k  87  a n im a ls  o f  4  s p e c ie s .  The change in  th e  

t r a p p i n g  success was a t t r i b u t e d  t o  a new b a i t  m i x t u r e  o f  2 . 5  p a r t s  

(by volume) peanut  b u t t e r ,  4  p a r t s  r o l l e d  o a t s ,  2 p a r t s  c racked  c o rn ,

2 p a r t s  s e e d le s s  r a i s i n s ,  and 0 . 5  p a r t  bacon g r e a s e .

Whole corn g r a i n s  p la c e d  in  th e  t r a p s  f o r  ‘ ' s u r v i v a l  food"  

f r e q u e n t l y  became wedged under th e  t r e a d l e  and r e s u l t e d  in  loss  o f  

t r a p - n i g h t s .  Cracked corn mixed in  th e  peanut  b u t t e r  seemed t o  s e rv e  

the  same purpose and reduced t h i s  p rob lem .

D u r in g  10 t o  20  O c to b er  1961 a 1 a c r e  p l o t  was t ra p p e d  w i t h i n  

2 - 1 6 ,  17, 2 0 ,  and 21 us in g  a 6 .1  m (2 0  f t )  g r i d  w i t h  a l t e r n a t e  t r a p s
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containing the standard ba i t  mixture, and the mixture to which had 

been added k drops of o i l  of anise per l i t e r  of  mixture. There were 

kO captures in the 806 trap -n ights .  An F test  indicates there is no 

s ig n i f ic a n t  d if ference  between the capture of  the two baits  (F was 

1.81; F at 0.05 p ro b ab i l i ty  for  k d . f .  is 6 .39 ) .

Just p r io r  to the spray appl icat ion in 1962 l imited studies were 

conducted with a r t i f i c i a l  f lavor ing of  a standard peanut butter  bait  

mixture. I t  was found that  0.25 teaspoon of  pure almond ex trac t  (o i l  

of b i t t e r  almonds) added to 2 cups of standard ba i t  mixture was most 

e f fe c t iv e .

In the la te  spring and summer, baits became covered with a heavy 

growth of  mold. Only during the f i r s t  week were baits t o t a l l y  co l 

lected and replaced. Replacement of baits a f t e r  th is  was done period

ic a l l y  as they became dry, excessively molded, or depleted by insects.  

Old baits  were not collected but discarded wi th in  the v ic in i t y  of  the 

t rap .  No attempt was made a t  prebait ing to overcome trap shyness 

(Lesl ie et aj_. , 1953:1^2) .

When only rodents were caught using ear and whole-kernel corn, 

in the cat traps, addit ional ba it  of Purina Fox Chow Checkers (Ralston 

Purina Co., St.  Louis, Missouri) was used in each trap. Sanderson 

(1961:21) found that of  the baits he tested, th is  was the most 

e f fe c t i v e  in capturing opossum.

In an e f f o r t  to fu r ther  test  the influence of ba it ing on the 

capture of the larger mammals, a scent mixture was prepared by 

leaving a j a r  of 50 small f ish  and a dry beaver castor in the forest  

to decompose for  a week. The f lu id s  were poured onto a piece of
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c o t t o n  which was p lac e d  a t  the  back o f  each c a t  t r a p  w i t h  an e a r  o f  

c o r n ,  d u r in g  th e  2h J u ly  1962 t r a p  p e r i o d .  Comparing the  c a tc h  o f  the  

l a s t  p r e v io u s  t r a p  week (17 J u ly  1962) us ing  corn o n ly  t h e r e  appears  

no s i g n i f i c a n t  d i f f e r e n c e  between c a p tu re s  e x c e p t  t h a t  a w e a s e l ,  the  

o n ly  one in  1962, was caught On the  f i s h  scent  b a i t .  Chipmunk 

c a p tu re s  were reduced 52%.

B a i t s  a r e  e x t r e m e ly  im p o r ta n t  v a r i a b l e s  in the  measure o f  small  

mammal p o p u l a t i o n s .  Much re s e a rc h  is y e t  needed in t h i s  one a s p e c t  o f  

mammal sampling t e c h n iq u e .  A nother  q u e s t io n ,  y e t  unanswerab le  i s ,  what  

is th e  in f l u e n c e  on rodents  o f  the  annual a d d i t i o n  o f  k  bushels  o f  e a r  

corn and 6 q u a r ts  o f  peanut b u t t e r  b a i t ,  q u a l i t y  fo o d ,  to  a kO a c re  

area?

F i e l d  Procedure

The t r a p s  were examined in  the  same o r d e r  e v e r y  day as shown in 

Fig.  *+2.

F i g .  k2.  Route n o rm a l ly  taken  
f o r  t r a p p in g  and o b s e r v a t io n s  
a t  permanent g r i d  s i t e s  and 
r e p t i l e  t r a p s  on the  Dover,  
O h io ,  w a te rs h e d s ,  1961 and 
13 6 2 .

DOVER WATERSHEDS
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A l l  observations were made by the w r i t e r  except during the l a t t e r  

part  of 1962 when Hr. Dilworth checked traps. Equipment carr ied was: 

b a i t ,  trap cover, 3 sizes of  holding funnels, extra  trap springs,  

p l ie r s ,  thermometer, penci ls ,  data cards, scissors, forceps, tags and 

tagging p l i e r s ,  a n t is e p t ic ,  anaesthesia and hypodermic k i t ,  15 lb 

spring scales and lunch. Host items were carr ied in a home-make 

canvas vest with ample f i t t e d  pockets.

A l l  closed Sherman traps were cautiously examined. Those empty 

were reset,  rebaited i f  needed, and replaced. Those containing mice 

or shrews were emptied into a white 15 x 10 in. co l lect ing  bag. They 

were confined by the r ight  hand then removed by grasping th e i r  skin 

behind the neck with two f ingers .  Chipmunks were occasionally  

handled in th is  manner but with some hazard of  t h e i r  b i t ing  the 

observer.

Chipmunks and other mammals caught in the cat traps were removed 

by placing a burlap bag over the cage top and sides. The cloth  

adapter to a wire holding funnel (Fig. 43) was placed over the closed 

door. When the door was raised and held open with the same hand 

holding the adapter, the other hand repulsed the animal from the trap  

in to the funnel.  The adapter was wedged into the funnel to hold the 

animal motionless as i t  was examined and e i th e r  tagged or toe-clipped.

Rabbits were removed by hand from the trap or dropped into a burlap

bag fo r  handling. Hardware c loth  (0 .5  in. mesh) was used fo r  the 

holding funnel for  chipmunks; 1 in. chicken wire was used fo r  funnels 

fo r  opossum, s q u ir re ls ,  and raccoons.

Hice and chipmunks were numbered by toe -c l ipping one or two toes.
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F i g .  ^3 .  Chipmunks, f l y i n g  s q u i r r e l s ,  and w ease ls  were handled  
in  a w i r e  f u n n e l .  The l a r g e  w h i t e  c l o t h ,  sewed t o  the  funne l  is  
an a d a p t e r  f o r  th e  open ing o f  th e  t r a p s .  The c l o t h  was fo rc e d  
in  behind th e  animal o r  a t r a p p i n g  bag was used as shown h e re .  
T a g g in g ,  s e x in g ,  and w e ig h in g  was done w i t h  th e  animal  in  the  
f u n n e l .  The numbered s t a k e  is  g r i d  l o c a t i o n  1 -2 3 ,  Dover,  Ohio .
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Fore-toes represented un its ,  1-8; hind toes, tens, 10-100 (Baumgartner, 

1940). By clipping only two toes, only one on each foot ,  and omitt ing  

a l l  9 's ,  131 d i f fe r e n t  individuals could be marked. Dog-nail trimmers 

(Resco Co., Detro i t  27, Michigan) were t r ie d  during the f i r s t  week of  

trapping but did not provide as rapid and clean a cut as sharp, 

pointed, moderate weight scissors. "Negastat" a topical veter inary  

s ty p t ic ,  b a c te r ic id a l ,  fung ic ida l ,  and protozoacida1 solution supplied 

by Corn States Laboratories In c . ,  Omaha, Nebraska, was used on a l l  toes 

clipped.-  The non-breakable p la s t ic  4-oz bott les  were handy for  f i e ld  

use. The only disadvantage found with i ts  use was that i t  was corro

sive to clothing and equipment. This presented no problem when the 

b o t t le  was capped t i g h t l y  and the l iqu id  used with care.

One monel metal tag (National Band and Tag Co.,  721 York S t . ,  

Newport, Ky.) Sty le  4-1005, Size 1, was used through the center base 

of the r ight  ear of  chipmunks, fore-edge of the r ight  ear of  weasels, 

rabbits and opposums. Style  4-1005, Size 3 tags were used on ground

hogs and raccoons. Forceps were used to hold chipmunk ears through 

the funnel for  tagging. Several chipmunks are known to have lost  

tags as evidenced from c i r c u la r  ear scars.

Myotol anesthesia (pentobarbital sodium with Sinan produced by 

Warren-Teed Products Co., Columbus 8, Ohio) was carr ied for  use with  

skunks but none were trapped.

Traps were set s ens i t ive ly  but f i rm ly  enough to prevent frequent  

closure without captures. A t rap-n ight  normally consisted o f  a 24 hr 

period of  a v a i l a b i l i t y  to capture or hold an animal. Since traps were 

always checked in the same order, the f i r s t  traps were operated from
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a p p r o x im a te ly  8 am t o  8 am; those a t  th e  end o f  the  l i n e ,  4  pm to  

4  pm. Traps  not counted in  the  t o t a l  t r a p  n ig h ts  in c lu d e d  those  sprung 

by w ind ,  l e a v e s ,  i n s e c t s ,  m i l l i p e d e s ,  escap ing  a n im a ls ,  those  o v e r 

t u r n e d ,  and those hav ing  an o b j e c t  wedged under the  t r e a d l e  making them 

i n o p e ra b le .

Mammal A c t ? v i t y  

H ole  L ines

Four 300 f t  long p ie c e s  o f  16 ga.  w i r e  were s taked  across  the

n o r th  and south  f a c in g  s lo p e  o f  each w a te rs h e d .  The one on the

s o u t h fa c in g  s lo p e  o f  wa te rshed  no. 1 was ne a r  1 -1 6  and 1 -1 9 ;  n o r th  

s lo p e ,  1 -2  and 1 -4 ;  in  watershed  no. 2 on th e  south  s lo p e ,  2 - 7  and 

2 - 8 ;  n o r th  s lo p e ,  2 - 5  and 2 - 1 1 .  A board 0 . 4 4  m ( 1 . 4 5  f t )  long was 

moved a lo n g  th e  l i n e  t o  d e s c r i b e  an a r e a  0.01 a c r e  in  s i z e  in  which  

a l l  mammal ho les  were t a b u l a t e d  in  f o u r  s i z e s .  In s p e c t i o n  o f  the  

f o u r  l i n e s  took  35 min. The r e s u l t s  a r e  in  T a b le  58 .  T h e re  appears  

t o  be a decrease  o f  about  150% in  mammal bu rrow ing a c t i v i t y  w i t h i n  

the  a re a  t r e a t e d  w i t h  i n s e c t i c i d e .  P e r s i s t e n c e  o f  h o le s ,  n a tu r e  and 

amount o f  l e a f  c o v e r i n g ,  and d i f f e r e n t  ob s e rv e rs  produce crude d a ta

t h a t  have o n ly  g e n e ra l  v a l u e .

B a i t  L ines

A long th e s e  same l i n e s  in  1962 were p l a c e d ,  e v e r y  20 f t ,  a 

p l a s t i c  t i l e  on which was p lac e d  a p ie c e  o f  corn and a f o x  c h e c ke r .  

These l i n e s  were checked d a i l y  and corn and checkers  t h a t  were moved 

o r  removed were t a b u l a t e d .  From th e  r e s u l t s  in  F i g .  44  i t  seems t h a t  

r e g a r d le s s  o f  th e  method o f  g roup ing  th e  d a t a ,  mammal a c t i v i t y  on
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Table 58* *  Animal a c t i v i t y  as measured by e a s i ly  v is ib le  ground holes 
in four,  300 x 1.5 f t ,  0.01 acre quadrats on the Dover, Ohio, water
sheds, 1961-62.

Diameter o f  hole in inches

Less than 1

Date (month- 
day-year)

1 to 3
CM __ CM

VO CM NO NO CM NO
1 NO 1 1 NO 1

CO 1 -d - CO 1 -d -
CM ■d- CM CM -d ’ CM
1 1 1 1 1 1

NO trv |-» NO m r**

3 to 5
CM

VO CM NO 
VO I
i•d - CM I I

I
CO
CMI
n o  u \

Total

,_ CM
NO CM NO

1 NO 1
CO 1 -d -
CM -d - CM
1 1 1

NO IA

Watershed 1 
North Slope

South Slope

8 2 1 

13 1 4

5 1 

18 2

8

7

0 0 1 

0 0 0

13

31

3

3

13

11

Total 21 3 8 23 3 15 0 0 1 44 24

Watershed 2
North Slope 4 6 4 16 4 5 0 0 0  20- 1 0 9

South Slope 1 2 2 3  1 7 4 7 2 0 0  31 6 10
1 1   ■■■ ■ 1 " r.. . 11 ................. . '■

Total 16 8 7 33 8 12 2 0 0 51 16 19
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WATERSHED I
WATERSHED 2

SPRAY DATE

W ATERSHED 2

W ATERSHED I

CO NTRO L

F i g .  kb.  Mammal a c t i v i t y  as measured by corn and checkers  e a te n  and 
moved from the  c e n t e r  o f  16 t i l e s  a long  each o f  two t r a n s e c t s  in each 
Dover ,  Oh io ,  w a te r s h e d ,  1962. A -  Corn and checkers  t o t a 11y removed,  
B -  Corn and checkers  removed o r  moved from the  c e n t e r  o f  t i l e s ,  C -  
Corn and checkers  t o t a l l y  removed from the  t h r e e  l i n e s  in th e  t r e a t e d  
w atershed  and the  con tam ina ted  n o r t h  f a c i n g  s lo p e  o f  th e  c o n t r o l  a r e a
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watershed no. 1 and the to ta l  area receiving quant i t ies  of  insect ic ide  

(watershed no. 1 plus the north facing slope of  watershed no. 2) 

d i f fe re d  s ig n i f ic a n t ly  from the untreated area. Increase in feeding 

a c t i v i t y  on the l ines p a ra l le l  high insect losses immediately post 

spray. General increase in feeding may be a conditioned behavioral  

response to the a v a i lab le  food or a function of  seasonal change.

Cryptozoan Boards 

Counts were made of mammal holes under four cryptozoan boards
A

(1600 cm ) a t  each grid stake in 1962. There was no change in 

a c t i v i t y  between watersheds or  between the area contaminated and the 

south facing slope of watershed no. 2.

Droppi ng T i le s

In another attempt to obtain an index of mammal abundance for  

corre la t ion  with and possible v e r i f i c a t io n  of  the t rap - re t ra p  data,  

dropping t i l e s  were used (Tester and Emlen, I960 ) .  Eight no. 82 beige 

polystyrene p la s t ic  wall t i l e s  11.4 x 11.4 cm (4 .5  x 4 .5  in . )  o f  the 

Star Line, Meridian Brand were placed around each grid in tersect ion as 

shown in Fig.  40. These were observed almost every day o f  the ?961 

trapping and u n t i l  8 May in 1962. On the 368 t i l e s  only two defeca

tions by mice or chipmunks were seen during the e n t i r e  study. T i le s  

(20) were moved to the f i e l d  edge and examined every day for  4 days.

No droppings were found. The method, successful fo r  other workers, 

was useless in th is  study. Peromyscus leucopus may not be responsive 

to such areas. The t i l e s  were not baited. The t i l e s  were removed and 

some were used along the previously described b a i t  l ines .
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S h rews

S i x  smoky s h r e w s ' ,  were c a p tu re d  in 1961, f o u r  in 1962. Only one 

was c a p ture d  a l i v e  in  1962. Four were t rapped  in  watershed no. 1, s i x  

in w atershed  no. 2. D ur ing  the  n i g h t  o f  30 May 1961 a s h o r t - t a i l e d  and 

a smoky shrew w e e  c a p ture d  in  th e  same small Sherman t r a p .  Both were  

dead when found th e  next  morning.  Th ere  was no s ig n  o f  f i g h t i n g .

The c a p tu re s  o f  s h o r t - t a i l e d  shrews a r e  shown in  T a b le  59 and 60  

a lo n g  w i t h  a l i s t  o f  a l l  mammal t r a p  n i g h t s .  The d a te  r e p r e s e n ts  the  

day on which the  t r a p s  were checked,

Of  156 B l a r i  na t r a p p e d ,  97 o r  62.2% were found dead in  th e  t r a p s .  

Because o f  t h i s  h igh  t r a p  loss and i n a b i l i t y  t o  r e t u r n  marked an im a ls  

t o  th e  p o p u l a t i o n ,  no r e l i a b l e  p o p u la t i o n  e s t im a t e  o r  index  was 

o b ta in e d  f o r  t h i s  s p e c ie s .  T a b l e  59 p re s e n ts  the  shrews c a p ture d  per  

100 t r a p  n i g h t s .  The t r a p p in g  success is  e v i d e n t l y  low and v e ry  

e r r a t i c .  Shrews show b a i t  p r e f e r e n c e .  In  1961 a f t e r  1072 t r a p  n ig h ts  

us in g  peanut b u t t e r  and o a tm e a l ,  no shrews had been c a p tu r e d .  The  

n ext  t r a p p in g  p e r io d  (1 0 7 5  t r a p  n i g h t s )  when the  b a i t  was changed 

(as re p o r te d  under the  s e c t i o n  on b a i t s )  to  in c lu d e  bacon g r e a s e ,  13 

shrews were c aught .  Seven out  o f  n in e  c a p ture d  B l a r i  na were cap tured  

w i t h  o i l  o f  a n is e  f l a v o r e d  b a i t  d u r in g  a b a i t i n g  e x p e r im e n t  (10  

October  1961) in  wate rshed  no. 2 (T a b le  5 9 ) .  On the  mu 11 ip  1e - f 1a v or  

e x p e r im e n t ,  s l i g h t  p r e f e r e n c e  was shown a n is e  b a i t ,  a l th o u g h  the  

sample s i z e  is  too  smal l f o r  a c o n c lu s io n .

A l l  o f  the  shrews c a p tu re d  on th e  base g r i d  were t rapped  a t  o n ly

^ S c i e n t i f i c  names a r e  l i s t e d  in  th e  Append ix  T a b l e  2 .



Table 59. '  Summary o f types and in te n s ity  o f trapp in g  programs conducted in  1961 and 1962 in the Dover, Ohio.watersheds and shrew captures w ith  
Sherman tra p s .

Type o f trapp in g  
program

Date:
M onth-day-year

Sherman tra p  
Watershed 

1 2

n ig h ts  
Tota 1

Cat tra p  n igh ts  
Watershed Tota l 

1 2

T ota l 
A l l  tra p  

n i ghts

Shrews 
Watershed Watershed 

2 1 
Dead A1i ve Dead A11ve Tota l

Shrews per 100 
Sherman tra p  

n ig h ts

Standard g rid -peanut 5-16-61 171 175 346 23 23 46 392
b u tte r  and oats 5-17-61 181 183 364 23 23 46 410

5-18-61 182 180 362 23 23 46 408

Standard g rid -com p le te 5-23-61 181 179 360 23 19 42 402 2 2 1 5 0.0139
bai t 5-24-61 182 173 355 23 23 46 401 3 1 1 5 0.0141

5-25-61 179 181 360 23 22 45 405 1 1 1 3 0.0083

Standard grid -com p le te 5-30-61 172 178 350 Z2 23 45 395 1 1 2 0.0057
bai t 5-31-61 176 180 356 19 21 40 396 1 2 3 0.0084

Cat traps o n ly -co rn 6-1-61 22 21 43 43
and le a d - in  b a it

Cat traps on ly -s tan da rd 6-6-61 22 20 42 42
g r id  w ith  le a d - in  b a it 6-7-61 21 22 43 43

6-8-61 21 23 44 44

Random-within 30 blocks 6-13-61 75 75
(e xc lu s ive  o f no. 3) - 6-14-61 104 104 1 1 2 0.0192
4 t ra p s /s ta t io n 6-15-61 109 109 1 1 0.0091
1st coord inates 6-16-61 37 37 2 I 3 0.0811

Random trapp in g  p lo t  no. 1 6-16-61 57 57 1 1 0.0175



Table 59. ■ Continued.

Shrews
Sherman trap nights Cat trap nights Total Watershed Watershed Shrews per 100

Type of trapping Date: Watershed Watershed A ll trap 2 1 Sherman trap
p rog ram Month-day-year 1 2 Total 1 2 Total nights Dead A live  Dead A liv e  Total nights

Random trapping p lo t no. 1 6-16-61 55 55
(cont.) 6-17-61 55 55

Double-V sweep on p lo t 6-20-61 73 73
no, 1 6-21-61 54 54

6-22-61 45 45
6-23-61 29 29
6-24-61 13 13

Bracketing P ara lle i lines 6-27-61 78 17 17 34 112
on p lo t no. 1 and cat 6-28-61 73 22 22 44 117
traps o n ly . Bait corn 6-29-61 21 19 40 40
fr checkers 7-1-61 65 65

Cat traps-checkers only. 7-11-61 65 16 16 32 32
Plot no. 1 - ls t  3 rows 7-18-61 45 0 4 4 49
top 2 4 cat traps
32 Sherman in W.S, no. 2
fo r Ecology class

P lot no. 1 misc. trapping 7-26-61 52 0 4 4 56
4 standards in W.S, no. 2
fo r Ecology class

Plot no. 1 -  200' in terva l 8-1-61 8 8
8-2-61 6 6

0.0182
0.0182

0.0411

0.0345

0.0137

0.0154

0.0167

N>
•vl

8-3-61



Tab le  59. -  Continued.

Sherman tra p  n ig h ts  Cat tra p  n ig h ts  
Type o f trapp in g  Date Watershed Watershed

program M onth-day-year I 2 T o ta l I 2 T o ta l

Random tra p p in g  w ith in 8-1-61 1*1
30 b locks . 2nd. se rie s 8-2-61 111
o f  random numbers 8-3-61 111*

8-1*—61 73

P lo t no. 1 -  100' in te rv a l 8-1*—61 11
8-5-61 16

Random tra p p in g  w ith in  30 8-8-61 109
b lo c k s -J rd  se rie s  o f 8-9-61
random numbers 8-10-61 107

8-11-61 1 11*
8-12-61 111

P lo t no. 1 -  SO1 in te rv a l 8-8-61 1*8
8-9-61 1*5
8-10-61 1*2

P lo t no. 1 -  1*0' In te rv a l 8-20-61 66
8-21-61 69
8-22-65 66

P lo t no. 1 -  20 ' in te rv a l 8-23-61 220
8-2 i*-6 l 236
8-25-61 226

Sunken t ra p s -p lo t  no. 3 10-10-61 116
anise standard b a it 10-11-61 111

Shrews
T o ta l Watershed Watershed Shrews per 100

A ll  tra p  2 I Sherman tra p
n ig h ts  Dead A liv e  Dead A liv e  Total n ig h ts

1*1
i l l
1|1*
73

11 
16

109

107 
1 |i* 
111
1*8
1*5
1*2
66
69
66

220
236
226

0.0175

0.0909  
0.0625

0.0367

0.0090

0.0208 
0.0222 
0.0238

0.0152

0.0131*

116 
111



Table 59. ■ Continued.

Type of trapping  
program

Date
Month-day-year

Sherman trap  
Watershed 

1 2

nights

Total

Cat trap nights 
Watershed 

1 2 Total

Total 
A ll trap  

nights

Shrews 
Watershed Watershed 

2 1 
Dead A live  Dead A live Total

Shrews per 100 
Sherman trap  

nights

Sunken trap s -p lo t no. 3 10-12-61 121 121 3 1 4 0.0331
(co n t.)

Cat traps only-standard 10-31-61 21 18 39
g rid , corn checkers 11-1-61 22 21 43

10-17-61 113 113 1 1 0.0088
10-18-61 117 117 2 1 3 0.0256
10-19-61 117 117 1 1 0.0085

Top-of-ground traps 10-20-61 I I I 111

Cat traps-standard I t - 18-62 22 22 44 44
grld-checkers only I t - 19-62 22 23 45 45

4-20-62 18 IS 37 37

Bait preference studies 5-1-62 129 38 167 22 0 22 189 1 1 0.0050
6 flavors 2 standard 5-2-62 180 160 340 38 33 71 411

5-3-62 175 174 349 37 40 77 426 I I  1 3 0.0086
5-4-62 177 176 353 38 39 77 430
5-5-62 8 164 172 2 38 40 212

Standard grid-standard 5-8-62 169 169 338 38 37 75 413
trap program 5-9-62 180 179 359 37 3S 76 435

5-10-62 184 182 366 38 40 78 444
5-11-62 171 165 336 32 34 66 402

273



Table 59. ■ Continued,

^ Y P ^  o f  t rapp ing 
program

Date:
Month-day-year

Sherman trap 
Watershed 

1 2

ni ghts 

Total

Cat t rap  n igh ts  
Watershed 

1 2 Total

Total 
A i l  t rap  

n igh ts

Shrews 
Watershed Watershed 

2 1 
Dead A l iv e  Dead A l ive Total

Shrews per 100 
Sherman t rap  

n igh ts

Standard 5-13-62 168 172 340 35 38 73 413
5-24-62 171* 164 338 30 0 30 368 2 1 3 0.0089
5-27-62 163 170 333 32 38 70 403 3 1 4 0.0120
5-28-62 112 173 335 31 39 70 405 2 1 1 2 6 0.0179
5-29-62 170 177 347 35 33 68 415 2 1 2 1 6 0.0173
6-5-62 160 154 314 36 29 65 379 4 3 1 8 0.0255
6-6-62 155 172 327 33 37 70 397 1 1 1 3 0.0092
6-7-62 171 170 341 35 38 73 414 2 1 1 4 0.0017
6-19-62 169 166 335 33 32 65 400 1 1 1 3 0.0090
6 - 20-62 177 172 349 38 34 72 421 2 1 3 0.0086
6-21-62 176 172 348 38 36 74 422 1 2 1 4 0.0115

Sherman t raps  on ly . 7-3-62 150 156 306 306 10 4 7 3 24 0.0784
standard g r id  fi. t r a p s / 7-4-62 152 169 321 321 3 1 4 0.0125
s ta t io n 7-5-62 143 172 315 315 2 1 3 0.0095

Random trapp ing  w i th in 7-6-62 101 101
31 blocks if t r a p s /s ta t io n 7-7-62 98 98 1 1 0.0102

7-8-62 106 106 2 2 0.0189

Standard g r id 7-10-62 80 86 166 166 1 1 2 0.0120

Sherman traps on ly 7-11-62 75 76 151 151 1 1 1 3 0.0199
4 /s ta t io n 7-12-62 68 79 147 147 1 1 2 0.0136



Table 59. ■ Continued.

Shrews
Sherman trap nights Cat trap nights Total Watershed Watershed Shrews per 100

Type of trapping Date: Watershed Watershed A ll trap 2 1 Sherman trap
program Month-day-year i 2 Total 1 2 Total nights Dead A live  Dead A live Total ni ghts

Random trapping w ith in 7-13-62 105 105 1 1 0.0095
31 blocks 4 tra p s /s ta tio n 7-14-62 100 100 1 1 0.0100

7-15-62 98 98 1 1 2 0.0204

Cat traps-only corn fo r bait 7-17-62 36 34 70 70
7-18-62 37 36 73 73
7-19-62 35 37 72 72

Cat traps only corn & fish 7-24-62 37 5 <+2 42
beaver scent only 7-25-62 30 10 40 40

7-26-62 27 11 38 38

Cat traps only-corn & fish 8-14-62 85 88 173 35 36 71 244
fish  scent 8-15-62 90 92 182 30 34 64 246 1 1 2 0.0109

8-16-62 68 90 158 34 38 72 230
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Table 60. -  Summary of captures o f s h o r t - ta i le d  shrews a t  various locations throughout the two Dover, 
Ohio, watersheds.

Locat ion
Oead

1961 1962

Watershed 1 
A1 ive 

1961 1962 Total
Dead 

1961 1962

Watershed 2 
A1 i ve 

1961 1962 Total 1961
Total

1962

1 0 1 1 0 1
2 3 1 k 1 1 2 0 6
3 2 2 1 1 3 0
k 1 1 1 1 0 2
5 1 1 0 0 1
6 1 2 3 3 3 1 5
7 0 3 1 k 8 1 7
8 1 1 I 3 6 2 8 1 10
9 0 6 1 7 0 7

10 1 1 2 2 0 3
11 0 1 1 0 1
12 5 k 9 1 1 2 1 10
13 k 2 6 2 1 3 2 7
}k 0 3 3 0 3
15 0 6 1 7 0 7
16 0 1 1 0 1
17 1 1 1 1 2 0 3
18 2 5 7 0 7 0
19 0 2 1 2 5 3 2
20 0 0 0 0
21 0 1 1 0 1
22 1 1 2 I 1 2 0 h
23 1 2 1 k 2 1 3 1 6

Total 7 21 5 11 5 38 3 17 63 20 87
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33 o f  th e  46  sam p lin g  p o in ts  (T a b le  6 0 ) .  More than th r e e  shrews were  

c a p tu re d  a t  o n ly  to  p o in t s .  T a b le  61 summarizes th e  com parisons o f  

mean numbers o f  shrews tra p p e d  w i t h i n  v a r io u s  e n v iro n m e n ts .  F t e s ts  

o f  d i f f e r e n c e s  between th e  means o f  th e s e  groups i n d ic a t e  none a r e  

s i g n i f i c a n t l y  d i f f e r e n t  from  th e  o t h e r s .

T a b le  6 1 . -  Comparison o f  th e  means o f  th e  t o t a l  number o f  B1 a r i  na 
shrews tra p p e d  a t  each D o v e r, O h io , t r a p  s i t e ,  1961 and 1962, hav ing  
common e n v iro n m e n ta l  f a c t o r s .

D e s c r ip t io n  n mean v a r ia n c e

N o r t h - f a c in g  s lo p e 19 2 .5 5 .9
S o u th - fa c in g  s lo p e 14 2 .2 7 . 4
L ig h t  g r a y is h  brown s o i l 2 2 .3 1 4 .9
G ra y is h  brown s o i l 15 2 . 6 5 .8
V e ry  d a rk  g r a y is h

b rown so i 1 11 2 . 8 8 . 6
V e ry  d a rk  g ra y  s o i 1 5 1 .2 2 . 4
S i l t  1oam 14 2 . 4 4 . 9
Sandy loam 18 2 .1 7 .3
Si 1t y  c la y  loam 1 6 . 0 0

S p e c ie s  i n t e r a c t i o n  a t  th e  46  sam p lin g  p o in ts  was in v e s t ig a t e d  by 

m u l t i p l e  r e g r e s s io n .  Where 

y r  a +  b j x j  ■+•

and y s th e  number o f  in d iv id u a l  shrews tra p p e d  a t  each  lo c a t io n  in  
1961 and 1962,

a z  th e  y a x is  in t e r c e p t  o f  th e  re g r e s s io n  l i n e ,

b j s th e  p a r t i a l  r e g r e s s io n  c o e f f i c i e n t  o f  x j ,

b j  s th e  p a r t i a l  re g r e s s io n  c o e f f i c i e n t  o f  X£ ,

X] r  th e  number o f  in d iv id u a l  w h i t e - f o o t e d  m ice tra p p e d  a t  each
lo c a t io n  in  1961 and 1962 , and
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x -  = the number of individual chipmunks trapped at each loca
t io n  in 1961 and 1962, then

y r  0.08 -I- 0.52 x, +  0.03 x2 .

Tests of s ign ificance of the b 's  indicate only the mice were s i g n i f i 

cantly  correlated with the shrews. Recalculation o f a simple l in ear  

regression produced

y = 0.45 +  0.50 x,
♦

This po s it ive  c o rre la t io n  of mice and shrew populations, also seen in 

Table 62, may be explained by animal in terac tion  or by s im ila r  re

sponses of two mammals to environmental factors .

Table 62. -  A co rre la t io n  c o e ff ic ie n t  m atrix  fo r  the number o f in d iv i 
dual shrews, mice, and chipmunks trapped at each trap s i te  o f the 
Dover, Ohio, watersheds in 1961 and 1962.

Shrews Mice Chipmunks

Shrews 1 .00 0.41 -0 .0 4

Mi ce 1.00 -0 .0 2

Chipmunks 1.00

Investigation  of some measured environmental factors  a t  each of  

the 46 trapping points by m u ltip le  regression analysis produced 

Appendix Table 3. E ssen tia lly  the questions asked were: does y

depend on x, i f  so, what is the best measure o f th is  re la t io n sh ip , and 

can y be predicted from x? Absence o f p a ra l le l  corre la tions  between 

shrews and mice as influenced by various factors  suggests tha t the 

above shrew-mouse re la tionsh ip  is social in terac tion  and not the



279

response o f  th e  two s p e c ie s  to  s i m i l a r  e n v iro n m e n ta l f a c t o r s .

T a b le  63 was examined to  t r y  to  lo c a te  th e  observed changes in  

mammal p o p u la t io n s  w h ich  o c c u rre d  a f t e r  t r e a tm e n t .  The re g re s s io n  o f  

y on 9 x - v a r i a b l e s  o f  th e  e n v iro n m e n t produced p a r t i a l  re g re s s io n  

c o e f f i c i e n t s  t h a t  r a r e l y  have s t a t i s t i c a l  s i g n i f i c a n c e .  Those t h a t  

do , do no t f o l lo w  p a t t e r n s  between y e a rs  t h a t  can be r e a d i l y  

exp 1 a i n e d .

Of a l l  mammals w i t h i n  th e  s tu d y  a re a  shrews shou ld  show e f f e c t s  

from  th e  i n s e c t i c i d e .  T h e i r  h ig h  m e ta b o lis m , in s e c t iv o r o u s  fe e d in g ,  

and la r g e  food consum ption would seem to  make them h ig h ly  s u b je c t  to  

d i r e c t  o r  secondary  in s e c t i c i d e  e f f e c t s .  The e r r a t i c  c a p tu re  p e r  

100 t r a p  n ig h t s ,  p ro v id e s  no e v id e n c e  o f  such e f f e c t s .

An in v e s t i g a t i o n  o f  th e  p r o p o r t io n  o f  dead a n im a ls  d is c o v e re d  

in  t r a p s ,  T a b le  6 4 ,  in d ic a t e s  t h a t  th e  number o f  dead a n im a ls  in  th e  

t r a p s  a f t e r  t r e a tm e n t  was n o t s i g n i f i c a n t l y  d i f f e r e n t  than  b e fo re  

t r e a tm e n t .  ("X.^ = 0 .2 3 9  com paring th e  " e x p e c te d "  p o s t - t r e a t m e n t  30  

May 1961 w i t h  th e  "o b s e rv e d "  p o s t - t r e a t m e n t  25 May 1 9 6 2 ) .

On 31 J u ly  1962, 20 sunken-can t r a p s  w ere  p la c e d  20 f t  a p a r t  in  

a cross  p a t t e r n  on p l o t  no. 1 w i t h i n  w a te rsh ed  no. 1 and l e f t  u n t i l  3 

August 1962. They w ere  checked d a i l y  bu t no shrews w ere  c a p tu re d .

On 6 August th e  cans w ere  b a i te d  w i t h  s o l i d i f i e d  ground b e e f ,  e a r t h 

worms, and b e e f  s u e t .  Two S o rex  w ere  c a p tu re d  in  th e  same can on th e  

f i r s t  t r a p  n ig h t  but none w ere  c a p tu re d  b e fo r e  th e  cans w ere  ta k e n  up 

on 10 August 1962. MacLeod and L e th ie c q  ( 1963 ) re p o r te d  Sorex could  

jump o u t o,f 6 t o  9 in .  t a l l  sunken can t r a p s .  The te c h n iq u e ,  used 

s u c c e s s f u l ly  by o th e r s  f o r  s tu d y  o f  shrew s, was u n s u c c e s s fu l .  I t  has



T a b le  63. -  P a r t i a l  r e g re s s io n  c o e f f i c i e n t s  f o r  m u l t i p l e  re g re s s io n s  o f  mammal o b s e r v a t io n s  on n in e  e n v i ro n m e n ta l  f a c t o r s .  

Leve l o f  s i g n i f i c a n c e :  ( * * *  = 10%  * *  = 2o% k  = 30%)

Mammal o b s e r v a t io n s  (y) bo

E le v a t  i on 
b l

pH

b2

Organi c 
Mat t e r

b 3

Phosphorus
b4

Potass  i urn 

b5

0 is ta n c e  
from  
w a te r

b6

Cover 
T ree

b 7

Densi t v  R a t in g  
Shrub Herb

b8 b9

T o ta l  number o f  B la r i n a  shrews (dead 
and a l i v e )  t ra p p e d  in  1961-62 b e fo re  
and a f t e r  sp ra y  a p p l i c a t i o n  a t  each 
l o c a t i o n . 4 .050 -0 .001 -0 .1 1 0 -0 .0 2 6

*

0.013
tWWt

-0 .0 1 3 0 .004
*k

0.464 0.208 - 0 .1 2 4

Number o f  i n d i v i d u a l  m ice t rapp ed  
a t  each l o c a t i o n  in  1961

irk

3.267
■kirk

-0 .0 2 0 0. log 0.112 - 0 . 0 0 3 0.003 0.006
*

-0 .1 9 7
i/Mr
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a t  each l o c a t i o n  in  1962 2.224 0 . 0 0 9 -0 .1 1 9 0.149 0.001

* * *
- 0 . 0 0 9 0.001 0.189 - 0 . 2 0 2 - 0.001

T o ta l  c a p tu re s  o f  a l l  m ice  a t  each 
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0.011

*
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■kirk

11.457
k
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irkk
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irkk
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19.311
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-0 .0 3 2
itirk

-0 .5 0 3 0 .199
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-0 .0 1 9
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-0 .0 1 5 - 0 .0 0 4 -0 .0 1 9 0.335 0.372

T o ta l  c a p tu re  o f  a l l  chipmunks a t  
each g r i d  l o c a t i o n  in  1962

* * *
33 .958 - 0 . 0 5 0 0 .009 -0 ,5 0 3

kk

-0 .0 3 8
*

- 0 .0 1 9 0.001 0.377 0.041 -0 .2 0 4
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T a b le  6 4 . -  Summary o f  shrews ( B la r i  na ) c a p tu re d  b e fo r e  and a f t e r  
t r e a tm e n t  and th e  p e r  c e n t  o f  dead shrews found in  t r a p s  on th e  Dover,  
O h io , w a te rs h e d s .

T re a te d U n tre a te d
W atershed no. 1 W atershed n o .2 T o ta  1

D ate Dead A1i ve % Dead A1i ve % Dead A 1 i ve %

P re  30 May 1961 4 7 57 3 2 50 7 13 54
P ost 30 May 1961 13 25 52 14 23 61 27 48 56
P re  25 Hay 1962 3 4 75 2 3 66 5 7 71
Post 25 Hay 1962 39 59 66 19 29 65 58 88 66

i t s  h ig h e s t  u t i l i t y  c a p tu r in g  ground a r th ro p o d s .

On p l o t  no. 3 in  w a te rsh ed  no. 2 ,  two sm all Sherman t ra p s  were  

b u r ie d  in  th e  ground to  th e  le v e l  o f  t h e i r  top and covered  w i t h  a 

p ie c e  o f  r o o f in g  f e l t .  These t r a p s  w ere  o p e ra te d  e v e r y  20 f t  f o r  3 

t r a p p in g  n ig h t s .  No r e a l  d i f f e r e n c e  in  shrew c a p tu re s  were observed  

between b u r ie d  and to p -o f - th e - ;g ro u n d  t r a p s .

T a b le  65 p re s e n ts  th e  r a d i o a c t i v i t y  o f  S^** in  B la r  i n a . Counts a r e  

v a r i a b l e  and th e  p r e - t re a tm e V it  count o f  0 .0 1 2  cpm f o r  c o s ta l  c a r t i l a g e  

is  d i f f i c u l t  t o  e x p la in .  C o s ta l c a r t i l a g e ,  k id n e y ,  t i b i a l  caps , and 

h e a r t  appear t o  be c a p a b le  o f  s t o r in g  S ^ .  K idney  and h e a r t  may be 

s a t i s f a c t o r y  in d ic a t o r  organs f o r  a s s a y . A l l  c o l l e c t i o n s  were  

w i t h i n  th e  zone o f  in s e c t i c i d e  c o n ta m in a t io n ,  so sharp  com parisons can 

be drawn between c o n c e n t r a t io n s  in  shrews o f  d i f f e r e n t  a r e a s .

Two S orex  w ere  processed in  J u ly .  N e i t h e r  t i b i a l  caps nor c o s ta l  

c a r t i l a g e  c o n ta in e d  S ^ .

M ice

In  1961 in  6521 Sherman t r a p  n ig h ts  63 in d iv id u a l  (48  m a le , 15



282

Table 65. -  R ad ioactiv ity  o f  B1 arina  shrews collected from the Dover, 
Ohio, study areas in 1962. A ll  samples taken before 15 May contained 
no radioactive s u lfu r .

T i s s u e  o r  O rg a n D a t e A c t i v i t y  
i n cpm

L o c a t i o n

C o s t a l  c a r t i l a g e 5-24 0 2-9
5-24 0.012 2-9
5-27 0.049 2-14
5-27 0 2-15
5-28 0 2-7
5-28 0.085 2-6
5-28 0.049 2-23
5-28 0.037 1-23
5-29 0 2-23
5-29 0.049 1-12
6-5 0 2-8
6-5 0 1-12
6-5 0 1-10
6-5 0 2-14
6-5 0 1-13
7-16 0 1

T i b i a l  caps 5-24 0.024 2-9
5-24 0.037 2-9
5-27 0.024 2-14
5-27 0 2-1
5-28 0 2-7
5-28 0 2-2
5 -28 0 1-23
5-29 0 2-23
5-29 0.098 1-12
5-29 1 .22 2-6
6-5 3 .3 1-13
6-5 0 1-12
6-5 0 2-14
6-5 3.1 1-10
6-5 0 2-8

K i d n e y 6-5 2.5 1-10
6-5 0 1-12
6-5 0 1-14
6-5 0 2-8
6-5 2 .5 1-13

H e a r t 6-5 0 1-13
6-5 0 1-10
6-5 0 2-8
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T i s s u e  o f  O r g a n D a t e A c t  i v i  t y  
i n cpm

L o c a t i  o n

H e a r t  ( c o n t . ) 6 -5 0 1-12
6 -5 3 .2 2 -1 4

T e s t e s  a n d 6 -5 0 1-12
R e p r o d u c t i v e  T r a c t 6 -5 0 1 -10

6 -5 0 2 -1 4
6 -5 3.1 1 -13
6 -5 0 2 -8

B r a  i n 6 -5 0 1 -13
6 -5 0 1 -10
6 -5 0 2 -1 4
6 - 5 0 1-12
6 -5 0 2 -8

L u n g 6 - 5 0 1 -18
6 -5 0 2 -1 4
6 -5 0 1 -1 0
6 -5 0 2 - 8
6 -5 0 1 -12

L i v e r 6 -5 0 2 - 8
6 -5 0 1 -12
6 -5 0 1 -1 0
6 -5 0 2 -1 4
6 -5 0 1 -13

H i d e  a n d  Ha  i r 6 -5 0 1 -1 0
f r o m  B a c k 6 -5 0 1 -13

6 -5 0 2 -1 4
6 -5 0 2 - 8
6 -5 0 1-12

I n t e s t i n a l  T r a c t 6 - 5 0 1 -1 0
6 -5 2 .5 1-13
6 -5 0 2 -8
6 -5 0 2 -1 4
6 -5 0 1-12
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female, 320 males per 100 females) white-footed mice (Peromvscus 

leucopus noveboracensis) were trapped. Only 12 o f these remained on 

the area in 1962, an 81% reduction. F i f t y  indiv iduals  36 male, 14 

female (257 males per 100 females) were trapped in 1962 in 9014 Sherman 

trap nights. Mice could escape from the cat traps and were probably 

responsible fo r  many lost cat trap nights. Mouse no. 22, a male, 

was trapped most o ften , 42 times. F ig . 45 shows the varying tra p -  

a b i l i t y  o f Peromyscus with  no real d iffe ren ce  between years.

Studies o f the e ffe c ts  o f various trap spacing in p lo t  no. 1 are 

shown in Fig. 46 and Fig. 47. Generally , trap success increases with  

trap spacing to a po in t, but th is  l im i t  was not reached in th is  study. 

For such a study to have meaning i t  must be conducted many times over 

larger areas and d i f fe r e n t  spacing in terva ls  should be run consecu

t iv e ly  in nearby p lo ts .

In 1961 the random trapping w ith in  grids substantiated the 

effectiveness o f the grid fo r  capturing a m ajority  o f the mice on 

the area in a short period of time. When the random trapping was 

begun (13 June 1961) there were 33 marked mice in the area. At the 

end of the 3 nights, 38 captures o f mice had been made, only four of 

which were new. During the second period (1 August 1961) a f t e r  a 

lapse of over 1 month, there were 39 marked mice on the area; 30 

captures were made, 10 were unmarked animals. During the th ird  

period (8 August 1961) there were 49 marked mice on the two water

sheds; 44 captures were made, only 2 o f which were new mice. These 

findings genera lly  agree w ith  P a tr ic  (1958:81) who quotes M anv ille ,  

Burt, Hayne, and Mohr as saying most residents can be trapped in 3 to
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5 days. However, P a tr ic  (1958:97) la te r  casts doubt on th is  fo r  in 

trapping on islands, only about h a lf  the known mice were taken in 3 

or 4 nights.

T h i r t y - f iv e  out o f 81 mice caught at grid s ites  were only caught 

at one s i te .  S l ig h t ly  less than h a lf  the members o f  the population  

are sedentary and appear to have an average home range radius o f less

than 200 f t .  P a tr ic 's  (1958) recommendation of a 250 f t  grid appears

v a lid  fo r white-footed mice.

Fig. 48 presents population estimates based on the Schnabel 

method (Davis, 1963:109). The data is smoothed but was expected to 

show population changes that might resu lt from treatment e f fe c ts .

House populations on watershed no. 1 were supressed a f te r  the t r e a t 

ment. Where

1962 treated area population/1961 treated area population  

1962 untreated area population/1961 untreated area population

X 100 = % remaining in the treatment area,

(Hoffman and Surber, 19^8), the per cent remaining was

18 .2 /25 .5
2 0 . 8 / 16 . 0  ’  '

This descrepancy is too large to be due to chance and re f le c ts  t r e a t 

ment e f fe c ts .  These estimation figures in tegrate  the factors o f the

trappable population, number o f trap nights, trap pab i1i t y ,  food pre

ference and others. Even i f  the denominator o f the above equation is 

held as 1 .0 , the resu lts , s t i l l  amount to a s ig n if ic a n t  reduction

in mice on the treated area. This corresponds to burrowing a c t iv i t y  

reduction on the treated area as described previously. The s t a b i l i t y
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o f the 1962 population on watershed no. 1 indicates no lethal e ffec ts  

of the treatment. The 1962 population simply fa i le d  to reach the 

levels that might be expected based on the previous year o f study.

I f  there were no treatment e f fe c ts ,  the 1962 population on watershed 

n o .1 would be expected to be located near the level o f 1961. Such is 

not the case. Depending on the way the data is generalized there was 

a 20 to 45% reduction on the treated area.

Rather than use the estimates, the use of the to ta l marked 

animals on each area indicates a 77% su rv iv a l.  Use of pre-treatm ent, 

1962 and post-treatm ent, 1962 data present a c o n f l ic t in g  p ic tu re ,  

however. Keeping in mind there were only 11 Sherman trapping nights 

p r io r  to treatment in 1962, the substitu tion  of to ta l  marked animals 

on the areas in 1962 indicates a 60% survival or 40% reduction in 

mice a f t e r  the treatment on the treated area as compared to the con

t r o l .  Using population estimates the survival is 70%.

Comparison of the means o f mouse populations in' various d iv is ions  

of the watersheds produced only two observations (Table 66) worthy of  

note. Numbers o f mice caught a t trap s ites  on s i l t  loam were s i g n i f i 

cantly  higher (5% le v e l)  in 1962. Other comparisons between and 

w ith in  years indicated no s ig n if ic a n t  d iffe rences . Mouse populations  

do not seem to be s ig n i f ic a n t ly  influenced by d ire c t io n  of slope, soil 

co lo r, or s o i1 textu re .

A t a l l y  o f the number o f d i f fe re n t  trap locations a t which each 

mouse was caught in 1962 (an ind icator o f home range s ize ) revealed no 

d iffe ren ce  in movement between mice o f the two watersheds.

T ra p p a b il i ty  of mice does not fo llow  an even pattern  (F ig . 45)
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T a b le  6 6 . -  Comparison o f  th e  means o f  th e  t o t a l  number o f  mice  
trap p ed  a t  each D over, O h io , t r a p  s i t e  grouped a c c o rd in g  to  e n v ir o n 
m ental f a c t o r s .

Date D e s c r ip t  ion n mean v a r ia n c e

F v a lu e  
Between ye ar  
compari son

1961 N o rth  s lo p e 18 1 .7 1 .855 1 .505
South s lo p e  

S o i 1 c o lo r

11 1 .0 1 .6 3 6 1 .517

1 2 0 .8 0 .9 1 6 1 .092
2 13 1 .4 1 .9 0 7 1 .247
3 8 1 .4 2 .1 0 8 1 .837
4

S o i 1 t e x tu r e

6 1 .3 2 .0 1 0 1 .127

1 7 0 .6 0 .6 5 0 3 .5 8 8 *
2 21 1 .7 1 .9 4 6 1 .3 8 2
3 1 4 . 0 0 0

1962 N o rth  s lo p e 21 2 .6 2 .7 9 2
South s lo p e 19 2 .  1 2 .481

S o i 1 c o lo r
I 4 1 .5 1 .0 0 0
2 16 2 .6 2 .3 7 8
3 10 2 .2 3 .8 7 3
4 10 2 .6 2 .2 6 5

S o i 1 t e x t u r e
i 1 15 2 . 8 2 .3 3 2

2 25 2 .2 2 .6 9 0
3 0 0 0

* S i g n i f i c a n t  a t  5% l e v e l .
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so no population estimate could be made as fo r  chipmunks. There 

appears to be no real d iffe rence  between the t ra p p a b i l i ty  or -trap- 

proneness o f animals between years. Reduction o f populations does 

not seem to be re lated to a behavior change but to actual reduction  

in population s ize .

The l iv e  trap data was manipulated as i f  i t  were snap trap data,  

that is , the animal was "removed" from the population on i t ' s  f i r s t  

date of capture. (See Z ipp in , 1958). The unnatural ness of such a 

s itu a t io n  as regards t e r r i to r y ,  competition, e t c . ,  is ev ident, but 

the assumption, nevertheless provides another population estimate fo r  

eventually  a l l  the animals are "removed" and invasion phenomena are 

avoided. The results  o f th is  data manipulation are shown in F ig. k$. 

The post-treatment survival appears to be less than 66% since area 

div is ions  are not presented.

At the end of the 1961 tagging period there were 32 marked mice in 

watershed no. 1, 25 in watershed no. 2. A f te r  the trapping was com

p le te  in 1962 i t  was determined that there had remained on the areas 

from 1961 7 trappable mice in watershed no. 1, 6 trappable mice in 

watershed no. 2. This is ,  respective ly , a survival or continued 

residency percentage of 22 and Zk. Survival and continued residency 

were higher on the control area but not s ig n i f ic a n t ly .  These figures  

coupled w ith  those o f predators trapped and seen e lim inate  the 

p o s s ib i l i ty  of predation causing the observed population reduction on 

the treatment area. R ad ioactiv ity  o f  mice from the tracer  p lots  is 

shown in Table 6 7 .
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T a b l e  67. -  R a d i o a c t i v i t y  o f  m i c e  c o n f i n e d  i n  cag es  on t h e  D o v e r ,  
O h i o ,  t r a c e r  p l o t s  d u r i n g  and a f t e r  t r e a t m e n t  and c o l l e c t e d  on 14 
S e p t e m b e r  1961 a f t e r  16 d ay s  e x p o s u r e .

Location 
Plo t number Ti ssue

Wt. of  
sample 
in mg

Corrected to ta l  
a c t iv i t y  in 

cpm/mg

1 1 i ver 322.6 0
1 t ib ia l  cap 47.5 0.04
1 ski n 167.0 0.02
1 costal c a r t i la g e 107.5 0.04
1 kidney 34.4 0.06
3 i ntest i ne 607.3 0 .015*
3 t ib ia l  cap 192.3 0 .082*
4 t ib ia l  cap 0 .12 *
4 ski n 173.7 0
4 costal c a r t i la g e 59.2 0
4 1 i ver 224.2 0
4 kidney 24.6 0 .1 8 *

* s i g n i f i c a n t  a t  10% l e v e l  o f  c o n f i d e n c e .

Chipmunks

A comparison of the population estimates between years and areas 

(F ig. 48) indicates a chipmunk reduction in excess of that found for  

the mice. There is only 45% survival o f animals remaining on the area 

a f te r  treatment. As with mice th is  is not a le thal e f fe c t  but 

apparently one o f p rod uctiv ity  and su rv iva l.

A population estimation was obtained based on chipmunk tra p -  

p a b i l i t y  (Eberhardt e t a k , 1963:45). By ta l ly in g  the frequency o f  

captures o f individual chipmunks the so lid  l in e  o f F ig. 50 was 

obtained. By pro jecting  the l in e  to zero, the frequency, f (0 ) ,  of  

the untrapped chipmunks was obtained. The sum o f the frequencies, 

including the estimated frequency of untrapped animals, is the 

population estimate and was in th is  case 355 and 321 fo r  1961 and
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1962 (Table 68). However, i f  the Schnabel index is va lid  and i t  

should approach a c tu a l i ty  as trap e f fo r t  increases, then the pro

je c t io n  fa r  overestimates the population. Accepting the results  o f the 

Schnabel index as the best estimate of the population, the subtraction  

of the sum of the capture frequencies provides the best estimate of  

the untagged population of the area. These are shown in F ig . 50 and 

refu te  one app lica tion  o f the projected frequency of captures as a 

means of estimating an in tensive ly  trapped population. The to ta l  

estimates so obtained are 1.85 times higher than the Schnabel e s t i 

mates fo r  the same data. Therefore, there may yet be some basis fo r  

the use of th is  approach in population estim ation w ith  a correction  

fa c to r .

Table 68. -  Summary of number o f times individual chipmunks were 
captured in 1961 and 1962 on the Dover, Ohio, watersheds.

Number o f Number o f animals
times captured 1961 1962

0 (estimated) 198 110
1 85 71* ,
2 ko 51
3 21 21
k 5 20
5 2 18
6 2 7
7 2 6
8 0 5
9 0 6

10 0 0
11 + 0 3

Total Estimated Population: 355 321
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A t  th e  end o f  th e  1961 t r a p p in g  p e r io d  th e r e  were 79 marked 

chipmunks on w atersh ed  no. 1, 62 in  w atershed  no. 2 .  A f t e r  th e  

ta g g in g  was com plete  in  1 9 6 2 , i t  was d e te rm ined  t h a t  th e r e  had r e 

mained on th e  a rea s  26  t r a p p a b le  chipmunks in  w atersh ed  no. 1, 21 

t r a p p a b le  chipmunks in  w ate rsh ed  no. 2 . T h is  is  r e s p e c t iv e ly  a 

s u r v iv a l  o r  c o n tin u ed  re s id e n c y  p e rc e n ta g e  o f  33 and 3*K T o ta l  

s u r v iv a l  and p ro longed  re s id e n c y  were s l i g h t l y  g r e a t e r  on th e  c o n tro l  

a r e a .  T h is  compares f a v o r a b ly  w i t h  th e  r e s u l t s  o f  th e  mouse s tu d ie s .

As f o r  m ice , th e  means o f  chipmunks trap p e d  a t  t r a p  s i t e s  in  

v a r io u s  c a te g o r ie s  were examined f o r  s i g n i f i c a n t  d i f f e r e n c e .  U n l ik e  

m ic e , th e  o n ly  d i f f e r e n c e  o f  re a l  s ig n i f ic a n c e  was t h a t  th e  mean 

number o f  chipmunk trap p ed  on sandy loam was a c t u a l l y  h ig h e r  in  1962. 

A l l  o th e r  comparisons (F t e s t s )  in d ic a t e  no s i g n i f i c a n t  d i f f e r e n c e  

between o r  w i t h in  y e ars  (T a b le  6 9 ) .

R a d i o a c t i v i t y  o f  a t r a c e r  p l o t  caged chipmunks is  p re s e n te d  in  

T a b le  70  and f o r  th e  1962 s tu d y  in  T a b le  71-
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Table 69. -  Comparison o f  the means of the to ta l number o f chipmunks 
trapped at each Dover, Ohio, trap s i te  having common environment 
fac to rs .

Date Description n mean variance

F
(between year 
compari son)

1961 North slope 20 3.3 4.235 2.717
South slope 21 3 .9 6.991 1.075

Soil color
1 4 6 .0 4.666 1.500
2 15 3.9 6.335 1.197
3 12 2 .9 4.285 2.211
4 10 3.3 4.452 1.037

S oi1 texture
1 12 3 .0 8.532 1 .297
2 28 4 .0 4.000 2 .081*
3 1 3 0 0

1962 North slope 23 5 .7 11.506
South slope 22 6.2 7.513

Soil color
1 4 10.5 6.996
2 17 5 .9 7.585
3 14 4 .6 9.474
4 10 5 .8 4.618

S oi1 texture
1 15 5 .0 11.062
2 29 6 .4 8.323
3 1 5 0

^ s ig n if ic a n t  a t the 10% level o f  confidence
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T a b le  70 . -  R a d i o a c t i v i t y  o f  a chipmunk fed  w a te r  from  a sprayed
D o ver, O h io , t r a c e r  p l o t  from  10 August to  9 Septem ber 1961.

T i  ssue
Dry w e ig h t  o f  
samp 1e i n mg cpm/mg

C o s ta l c a r t i l a g e  

T i b i a l  cap 

Li v e r

2 2 0 .6

1 8 3 .0

9 0 5 .0

0 .0 0 0 5  (no t  
c o r r e c te d )  

0 .0 0 5  (n o t  - 
c o r r e c te d )  

0 . 0 1 8 *

K idn ey  ,L 201 .0 0 .0 1 0  (n o t  
c o r r e c te d )

*  S i g n i f i c a n t  a t  10% le v e l o f  c o n f id e n c e .

T a b le  7 1 . ~ R a d i o a c t i v i t y  
D o v er, O h io , w a te rsh ed  no.

o f  th e  t is s u e s  o f  a 
1 on 26 J u ly  1962,

chipmunk c o l l e c t e d  from  
62 days p o s t - t r e a t m e n t .

T is s u e  o r  Organ cpm/mg

Ki dney
H e a r t
Lung
C o s ta l c a r t i l a g e
T e s te s
Li v e r
T i b i a l  cap
H id e  and h a i r  from  back

0 .0 1 9
0.019
0 .0 1 9
0 .0 1 0
0 .0 08

0
0
0
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Flying Squi r re ls

F l y i n g  s q u i r r e l s  p r e s e n t  an  e n i g m a .  O n l y  two w e r e  t r a p p e d  i n  

1961, o n e  on 31 May t h e  o t h e r  on 1 N o ve m b er ,  i n  786 c a t  t r a p  n i g h t s .

In 1962 between 1 May and 10 May, 13 f ly in g  sq u irre ls  were trapped.

No others were trapped u n t i l  16 August 1962 when one was trapped at  

1-1. Of the to ta l o f 16 trapped both years, ^ were males, 10 were 

females, and 2 were of undetermined sex. Four o f the 1962 captures 

were retrapped; only one was trapped three times. The female 

trapped three times was at 1-22, 1 -5 , and 1-12 from 3 May to  10 May.

The sudden disappearance or loss o f t ra p p a b i l i ty  o f the ty p ic a l ly  

woodland animal is unexplained. I t  does not appear to re la te  to  

emigration as in rabb its , major food changes, or d e s i r a b i l i t y  of the 

b a it .  Since the animal was absent from the traps the week p r io r  to  

the i n i t i a l  spray date as well as afterwards, treatment o f  the area 

does not seem to be the cause. The disappearance o f the f ly in g  

squirre l seems due to an undetermined behavior pa tte rn .

Fox Squi rre l

No fox squ irre ls  were captured during the study. Eight were 

observed, 2 in 1961, one on each watershed; 6 in 1962 on watershed 

no. 1, 1 on watershed no. 2. Squirre ls  were observed feeding on the 

treated area a f t e r  the spray. No gray squ irre ls  were seen.

Rabbi ts

Rabbit droppings were abundantly evident throughout the study area 

but no rabbits were seen or captured during 1961. On 15 September 

1961 the f i r s t  rabbit was seen in the fo res t and they were seen



301

p e r i o d i c a l l y  u n t i l  th e  n e x t  s p r in g  when th e y  w ere  no lo n g e r  seen.  

T h e re  is  e v id e n c e  o f  a f i e l d - t o - f o r e s t - t o - f i e l d  p o p u la t io n  s h i f t ,  

p ro b a b ly  due to  more abundant m ast, fo o d ,  and cover d u r in g  th e  w i n t e r  

and to  s u c c u le n t  foods and b re e d in g  c o v e r  d u r in g  th e  s p r in g  and 

summer.

Two r a b b i t s  w ere  tra p p e d  in  1961, one o f  w h ich  was re tra p p e d  in  

1962. From c a p tu re  d a t e s ,  lo c a t io n s ,  and movements no t r e a tm e n t  

e f f e c t s  can be c o n c lu d e d .

Opossum

F iv e  opossum (D id e lp h is  v i r q i n i a n a ) w ere  c a p tu re d  in  1961 , a l l  

w ere  m a le s . O n ly  one was re c a p tu re d  a f t e r  15 d a y s . I t  was a t  th e  

same t r a p  s i t e .  S ix te e n  w ere  tra p p e d  in  1962, seven w ere  fe m a le s ,  

n in e  w ere  m a le s . T h e re  w ere  r e c a p tu r e s ;  one was re c a p tu re d  200 f t  

from  th e  f i r s t  t r a p p in g ,  one 4 6 0  f t ,  and th e  o t h e r  was caught th r e e  

t im e s .  The l a s t  a n im a l ,  a m a le ,  was re le a s e d  on 26 J u ly  1962 from  

* 1 -1 5  and moved 460  f t  to  1 —18 w here i t  was found in  a t r a p  30 m in .  

a f t e r  th e  f i  r s t  r e le a s e .  Not enough c a p tu re s  o r  r e c a p tu re s  o c c u rre d  

to  a l lo w  c o n c lu s io n  ab o u t t r e a tm e n t  e f f e c t s  on b e h a v io r .  T h e re  

appeared  to  be no e f f e c t .  No s i g n i f i c a n t  r a d io a c t iv e  s u l f u r  was 

found in  c o s ta l  c a r t i l a g e ,  s k in ,  k id n e y ,  t i b i a l  c a p s , o r  l i v e r  o f  

two opossum k e p t  in  cages on th e  t r a c e r  p l o t s  in  1961.

Raccoon

O n ly  two raccoo ns , Procyon l o t o r . w ere  tra p p e d  and e a r  tagged in  

1961 , one m ale and one fe m a le .  In  1962 , 9 w ere  c a p tu r e d ,  5 w ere  

fe m a le s ,  4  w ere  m a le s . A l l  movement o b s e r v a t io n s  b u t one w ere  made
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a f t e r  the 25 May treatment o f watershed no. 1. No behavioral changes 

can be concluded. One tagged raccoon was k i l le d  by hunters over a 

mile from the study area.

Woodchucks

Fig. 51 presents the d is t r ib u t io n  of woodchuck (Marmota monax) 

burrows w ith in  the study area. Watersheds were nearly identica l in 

the number of burrows present. Watershed no. 1 had 3^ ac tive  and 33 

inactive  holes; watershed no. 2 had 30 ac tive  and 3k inactive  holes. 

The holes were located and mapped a t a rate  o f 35 minutes per acre.

See Gysel (1961:15).

in sp ite  o f the apparent large populations, only three woodchucks 

were captured during the study. A ll  three were at 1-21 and 1-1^ and 

a l l  were caught on fox checkers or f is h  scent on cotton. Two others  

escaped by tearing out the side of the w ire  trap .

Weasels

Four weasels (Mustela fre n a ta ) were captured in 1961, only one

in 1962. One moved ^70 f t  between traps in 2k hr. Weasels were

believed responsible fo r  loss o f  chipmunks in traps by eating o f f  

t a i l s  and legs through the bottom of the traps. Lbsses were reduced 

by placing screen wire  in the bottom of the traps. Not enough 

weasels were caught to a llow  population change detection .

Bats

Bats o f a t  least two species were seen in f l i g h t  over the area

but no id e n t i f ic a t io n  or counts were made. These mammals, though
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DOVER WATERSHEDS

IHED NO. 2

WATERSHED NO. I

IOO FT

F ig .  51 . A pprox im ate  lo c a t io n  ( w i th in  +  10 f t )  o f  v i s i b l e  burrows  
o f  th e  woodchuck, Marmota monax. based on s iz e  and appearance in  e a r l y  
f a l l ,  1961. In a c t iv e  burrows a r e  e n c i r c le d .  No e x c a v a t io n s  were made 
t o  v e r i f y  p ro b a b le  burrow s.
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probably unaffected by insect loss over 40 acres due to th e ir  wide 

home ranges, could conceivably be seriously  a ffected when larger  

acreages are involved.

Other Mamma 1s

Only three moles (Parascalops breweri) were observed but none 

were captured in traps. Two house mice (Mus musculus) were trapped; 

one was trapped on successive nights at the same location and was not 

recaptured. Only one woodland junping mouse (Napaeozapus i . i nsignis) 

was trapped near 2-16. One red squirre l (Tamiasciurus hudsonicus) was 

observed on the area.

Paras itism . Predation, and Disease 

Ectoparasites of mammals observed are reported in Table 72. The 

f i r s t  evidence of myiasis (Cuterebra) was observed 7 July 1962 in 

Tami as . No changes were noted in ectoparasitism a f t e r  spraying the 

area. Sealander (1961:59) and Abbott and Parsons (1961) present the 

re la tionsh ip  of Cuterebra to populations and animal physiology. This 

suggests the possible benefits  (at least temporary) o f an insectic ide  

app lica tion  in reducing djpteran stress to a w ild mammalian population. 

As Sealander (1961:59) s,aid:

I f  dipteran parasitos is  should occur a t a time of high 
population density , when members o f the population are sub
jected to profound physiological a lte ra t io n s  resu lt ing  from 
crowding stress which tend to reduce th e ir  survival po tentia l  
. . . ,  then a t least part o f any subsequent population declines  
might be triggered by the in fec tio n .

Predators of mammals observed were raccoon, snakes, hawks, fe ra l  

cats, and weasel.



T a b le  72 . -  Observed e c t o -  and e n d o p a ra s ite s  o f  mammals on th e  D over,
O h io ,  s tu d y  a r e a .

W h i te - fo o te d  mouse, Peromyscus 1eucopus n o va b o racen s is

H y s t r i  chopsy11 i dae  
P u l i  c id a e  
C u te re b r id a e

f  1 ea 
f  1 ea

C u te re b ra  sp. f l y

C o t t o n t a i l  R a b b i t ,  S y lv i la q u s  f lo r id a n u s

P u l i  c id a e
C e d io p s y l la  s im p le x  (B ak e r)

E a s te rn  Chipmunk, Tam ias s t r i a t u s  f i s h e r i

H y s t r i  c h o p s y l1 id ae f  1 ea

S h o r t - t a i l e d  Shrew, B la r in a  b re v ic a u d a  -  u n i d e n t i f i e d  nematode

Mammals o f t e n  w ere  found in  "sh o c k"  in  th e  t r a p s .  T h is  c o n d i t io n  

has o f t e n  been re p o r te d  f o r  t r a p p in g  s t u d ie s .  Mammals so a f f l i c t e d  

w ere  l e f t  in  th e  s u n l ig h t  a f t e r  a t te m p ts  a t  p re s s u re  a r t i f i c i a l  r e s p i r 

a t i o n .  One chipmunk in  th e  e a r l y  s ta g e s  o f  shock was ta k e n  to  a v e t e r 

in a r ia n  but d id  not respond to  e p in e p h r in e .  Shrews were f r e q u e n t ly  

found dead in  th e  t r a p s  and t h e i r  d e a th  is  b e l ie v e d  to  b e , a t  le a s t  

in  p a r t ,  due to  shock.

P h y t o t o x i c i t y  o f  m a la th io n  has been re p o r te d  in  an e a r l i e r  s e c t io n .  

No e v id e n c e  o f  such t o x i c i t y  was observed  f o l lo w in g  th e  a p p l i c a t i o n  o f  

2 l b / a c r e  o f  m a la th io n .  A f t e r  most o b s e r v a t io n s  o f  th e  r a d i o a c t i v i t y  

o f  th e  l i t t e r  around th e  c rash  s i t e  had been made i t  was n o t ic e d  t h a t

VEGETATI ON
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cherry and red maple leaves had fa l le n  and were s t i l l  f a l l i n g .  These 

green leaves a l l  had yellowish discolored spots on them that produced 

high readings on the f ie ld  counter. The counts o f the spots indicated  

a large quantity  o f malathion had been sprayed or splashed on them 

and had been to x ic . Since the counts were higher than found elsewhere 

in the spray swath i t  was assumed th is  was a k i l l  resu lting  from an 

abnormally large app lica tion  associated w ith  the crash. Six days a f te r  

the crash as a resu lt o f the contaminated leaves f a l l i n g ,  the ground 

downhill from the plane was 0.03 to 0.08 mr/hr more radioactive  than 

at the time of the crash. in la te  August the trees were a l iv e  and 

had new le a f growth.

Only lim ited  studies with vegetation were conducted to aid in 

in te rp re t in g  buildups o f ra d io a c t iv ity  in the fauna. Crossley and 

Howden (i960) stated that s izeable  frac tions  of the m ateria ls  (rad io 

nuclides) taken up by plants may pass through the herbiverous insects 

in the Systran. Cook and K ettlew ell ( i960) labeled insect larvae by 

feeding them on leaves grown in a water cu ltu re  o f S ^ .

The process of uptake by plants was v e r i f ie d  when 1 out o f 12 

samples of new leaves and new stem growth taken from the treated  

tracer  p lo ts  in 1962 showed r e la t iv e ly  high ra d io a c t iv i ty  ( 1 5 . 6  to  

60 .0  cpm/mg).

On 3 August 1962, parts of blackberry plants growing in a 100 cpm 

or greater area of watershed no. 1 were collected and counted. Cor

rected to ta l ra d io a c t iv ity  in cpm/mg was: r ipe  f r u i t ,  0.0650; green

f r u t t ,  0.06**8; terminal stem, 0.078**; leaves, 0.0778; old stem,

0 . 0 3 1 5 ; and major roots, 0.0162.
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T im o feev -R es o v s k i i e_t ^]_. , ( I 9 6 0 )  found th a t  uptake was higher

in  p la n t s  than  in  a n im a ls .  P o r ta b le  c o u n te r  re ad in g s  o f  leaves r e 

v e a le d  t h a t  d iseased  p o r t io n s  o f  leaves  and d r ie d ,  c u r le d  edges had 

h ig h e r  r a d i o a c t i v i t y .  T h is  phenomenon o f  s e le c t i v e  a b s o rp t io n  o f  

s u l f u r  has been s tu d ie d  and re p o r te d  by G o t t l e i b  and G arner (19^+6) a nd 

Yarwood and Jacobson (1 9 5 0 ) .  P a r t  o f  the  g r e a te r  a c t i v i t y  may be due 

to  a d s o rp t io n  and r e t e n t io n  r a th e r  than  a b s o r p t io n ,  but in  the  l i g h t  

o f  th e  above p a s t  work i t  appears  l i k e l y  t h a t  a b s o rp t io n  is  in vo lv e d  

G unther and B l in n  (1955 :1^ -1 -^ 2 ) d is c u s s  th e  mechanisms o f  in s e c t ic id e  

f i x a t i o n  to  le a v e s .

T h e re  was no e v id e n c e  o f  the  m a la th io n  washing down th e  t r e e  or  

shrub t ru n k s ;  th e  in s e c t ic id e  tended to  s ta y  where i t  h i t .  Based

on p o r t a b le  f i e l d  c o u n te r  t r a c e r  p l o t  m o n ito r in g  on 11 September 1961, 

fu n g i were more a c t iv e  than  s u rro u n d in g  p la n t  t i s s u e .  Where back

ground was 0 .0 3  t o  0 .0 7  m r /h r ,  leaves  had a c t i v i t y  to  0 .1 0  m r /n r  and 

b a rk  to  0 .3 0  m r /h r .  The f i e l d  surveys  were i n t e r e s t i n g ,  gave d i r e c 

t io n  f o r  subsequent w o rk , but were u n s a t is f a c t o r y  f o r  q u a n t i t a t i v e  

work.

In  c o n c lu s io n ,  in s e c t ic id e s  on and w i t h in  p la n ts  a re  d e term ined  

by and v a ry  w i t h  c h a r a c te r !  s t  i cs o f  th e  l e a f  s u r fa c e ,  p a th o lo g y ,  and 

amount o f  in s e c t ic id e  a p p l ie d  to  th e  a re a  in  which th e  p la n t  grows. 

H e t a b o l i t e s  o f  m a la th io n  o c cu rred  in  new stem and l e a f  grow th the  

y e a r  a f t e r  a p p l i c a t i o n .  R a d i o a c t i v i t y  o f  th e  fauna is  in f lu e n c e d  by 

th e  q u a n t i t y  o f  r a d io a c t iv e  v e g e ta t io n  consumed and u t i l i z e d .



DISPERSAL STUDIES

BASIC ISOTOPE CONSIDERATIONS

A new era in ecology has been opened by the m u lti- fu n c tio n a l  

research to o l ,  radioisotopes. Tracers, f i r s t  used in b io log ica l studies  

in 1923 (Paneth, 19^9:388), provide a means of investigating  the 

dynamics o f  ecosystems, o f ascerta in ing e ffe c ts  o f e x t r in s ic  factors  

in the environment, o f fo llow ing cycling elements, o f  studying 

p ro d u c tiv ity ,  o f investigating  animal behavior, and o f studying 

metabolic and many other processes.

The p ic tu re  o f the d is tr ib u t io n  and re -d is t r ib u t io n  of insectic ides  

has defied accurate determination by c lassical an a ly t ic a l techniques. 

Insectic ides are often tox ic  or ac tiv e  in q u an tit ies  too small fo r  

detection by chemical techniques. Such techniques are frequently  too 

crude, slow, and expensive, to  a llow  analysis . Using isotopic tracers  

the fa te  o f a chemical or i ts  m etabolites can be s e n s it iv e ly  followed 

through a l l  stages of most processes to q u a n t ita t iv e ly  and q u a l i ta 

t iv e ly  answer the questions o f what, when, and how. Determinations 

can be made a t concentrations fa r  below those permitted by other means.

The p a ra l le ls  e x is t in g  between environmental p o llu t io n  from atomic 

energy by-products and insectic ides are evident. The need fo r  in fo r 

mation on the ro le  of natural consumer animal populations in the 

bio log ica l cycling o f insectic ides and radioactive  wastes is great.  

Environmental p o llu tio n  surely has e f fe c ts  on man, and investigations  

on rad ia tion  and insectic ide  ecology are necessary to maintain d e s ir 

able man-land health . This study u t i l i z e s  isotopes in studying an

3 0 8
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i n s e c t i c i d e  but suggests  te c h n iq u e s  t h a t  may be o f  v a lu e  in  s tu d y in g  

e c o lo g ic a l  e f f e c t s  o f  o t h e r  e n v iro n m e n ta l p o l l u t a n t s .

E s s e n t i a l l y  a l l  e le m e n ts  a r e  a v a i l a b l e  as is o to p e s  f o r  e c o lo g ic a l  

s t u d i e s ,  though ones h a v in g  b e ta  and gamma e m is s io n s  a r e  th e  o n ly  

p r a c t i c a l  ones f o r  u se . Beta  p a r t i c l e s  cause more io n i z a t i o n  in  

t is s u e s  than  do gamma r a y s .  They a r e  no t h ig h ly  p e n e t r a t in g  and a re  

stopped by a th ic k n e s s  o f  s k in  o r  0 .6 3  cm ( 0 .2 5  i n . )  s h ee t p l a s t i c ,  

y e t  th e y  can be d e te c te d  w i t h  beta-gamma f i e l d  s u rv e y  m ete rs  o r  t h i n  

window G e ig e r - H u e l1e r  (GM) tubes  (P e n d le to n ,  1 9 5 2 :2 4 ) .

A t r a c e r  is o to p e  was sought f o r  t h i s  s tu d y  t h a t  had th e  f o l lo w in g  

cha r a c t e r  i s t  ? cs:

1. I t  must be one o f  th e  component e lem en ts  o f  m a la th io n :  P, S, 

0 ,  C, o r  H.

2 . I t  must have a h a l f - l i f e  long enough to  p e r m it  s tu d y  o v e r  

s e v e r a l  y e a rs  o r  a t  l e a s t  th e  e s t im a te d  p e r io d  o f  i n s e c t i 

c id e  e f f e c t .

3 .  I t  must have a h a l f - l i f e  s h o r t  enough so as not to  p re c lu d e  

l a t e r  t r a c e r  s tu d ie s  on th e  re s e a rc h  a re a  o r  c r e a t e  undue 

lo n g - te rm  h e a l t h  h a za rd s .

4 .  I t  s h o u ld ,  i f  p o s s ib le ,  be a gamma e m i t t e r  to  in c re a s e  ease  

o f  d e t e c t io n  w i t h  a v a i l a b l e  in s tru m e n ts .

5 .  I t  should  no t o c c u r  n a t u r a l l y  w i t h i n  th e  a re a  from  f a l l o u t  

o r  w a s te  d is p o s a l  c o n ta m in a t io n .

S e v e ra l  b a s ic  assum ptions w ere  made in  us in g  an is o to p e :

1. An is o to p e  w i l l  r e tu r n  t o  a s t a b le  s t a t e  o r  w i l l  decay in to

d i f f e r e n t  e le m en ts  and in  th e  p rocess  e j e c t  p a r t i c l e s  o r
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rays of energy which are detectable by instruments.

2. Decay or transmutation takes place a t random at a constant 

ra te  -  one unaffected by any environmental fac to rs .

3. Radioisotopes become a part o f the m aterial under study, 

do not induce any unnatural responses in animals, and only  

d i f f e r  from other atoms of the same substance in th e ir  

a b i l i t y  to emit id en tify in g  energies.

k .  Flow or movement o f  the radioactive element is e n t i r e ly  

proportional to the amount present.

5. Isotopes are uniformly d is tr ib u ted  in re la t io n  to non

rad ioactive  elements.

The health hazards o f  isotopes as tracers  have been studied. 

Godfrey (195^:951) warns o f  the possible long term and immediate 

e ffe c ts  on the health and consequently behavior of animals marked 

with isotopes. There are safety  exposure l im its  published for humans 

but l i t t l e  is known of w ild  animal safety  l im i ts .  No precise guides 

were followed in th is  study to a r r iv e  a t safe q u an tit ies  fo r  use. 

Safety to animals was considered along w ith  factors o f isotope 

energy, h a l f - l i f e ,  expected deposition, expected contact, expected 

location , ease of detection , human s a fe ty , and others.

THE USE OF ISOTOPES FOR INSECTICIDE STUDIES

Jenkins in 1957 produced a comprehensive review of the isotope 

research in insectic ides -to that time. Dahm (1953, 1957) summarized 

use o f isotopes w ith  the organo-phosphate compounds. Since then the 

l i t e r a tu r e  on the subject has more than doubled. Use o f tracers  to
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study in s e c t ic id e s ,  e s p e c i a l l y  p h y s io lo g ic a l  e f f e c t s ,  is  widespread

32and has deve loped  an e s ta b l is h e d  m ethodology. P exceeds a l l  o th e r  

t r a c e r s  in  use w i t h  in s e c t ic id e s  (Dahm, 1 9 5 3 :1 6 4 ) .  T ra c e rs  a r e  

f r e q u e n t ly  combined w i t h  paper chrom atography in  s tu d y in g  m e ta b o l i te s  

o f  in s e c t ic id e s  in  t a r g e t  s p e c ie s  as w e l 1 as in  mammals, b i r d s ,  and 

i n v i  t r o .

SULFUR35

S u l f u r 35 was se lec ted  f o r  use. I t  is a nega t ive  beta e m i t t e r

w i t h  upper l i m i t s  o f  energy  f o r  p a r t i c l e s  between 0 .1 2  and 0 .1 7  MEV.

I t  has an 86 .35  ^  0*17 day h a l f - l i f e ^  (Cooper and C o t to n ,  1959) .  I t

is  not p re s e n t  in  normal a to m ic  w astes  (A uerbach , 1 9 5 8 :5 2 4 ) .  I f

ingested ,  i t  is p o t e n t i a l l y  dangerous f o r  i t  has a r e l a t i v e l y  long

h a l f - l i f e ,  is  in  d i r e c t  c o n ta c t  w i t h  t i s s u e ,  moves to  s e l e c t i v e  s i t e s ,

35and has a r e l a t i v e l y  long b io lo g ic a l  h a l f - l i f e .  S e le c t io n  o f  S*^ 

provided a longer h a l f - l i f e  substance but s a c r i f i c e d  the e a s e - o f -  

d e te c t io n  c h a r a c t e r i s t i c s  o f  the  a l t e r n a t i v e  P3 2 . P ry o r 's  (1962)  

book is a comprehensive trea tm ent  o f  the chemistry  o f  s u l f u r .

THE SULFUR CYCLE

Of th e  approaches t o  e c o lo g ic a l  s t u d ie s ,  th e  b iogeochem ica l  

c y c l in g  o f  e lem en ts  is  c u r r e n t ly  o f  g r e a t e s t  i n t e r e s t ,  e s p e c i a l l y  in

*The commonly accepted S35 h a l f - l i f e  va lue  o f  87.1 *+■ 1 .2  days was 
used in computations throughout the study. Th is  improper adjustment  
is  constant and makes no s i g n i f i c a n t  d i f f e r e n c e s  in comparisons o f  
l e v e ls  o f  a c t i v i t y  observed.
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the cycling o f the fa l lo u t  elements, cesium and strontium. Study of  

the cycling o f an element is complex. Only a s u p e rf ic ia l inquiry  

was made in to  the fa te  o f the o f the malathion molecule. This 

does not, however, indicate  the need is not great. As Neel (1961:1) 

pointed out, the health physic ist needs methods fo r  predicting both 

present and fu ture  d is t r ib u t io n  of isotopes in s o i l ,  animals, and 

plants since these, as part of the food chain, contribute to the 

in terna l rad ia tion  exposure of man. In order that such predictions  

can be made, new information is required on the "biogeochemistry and 

ecology of the chemical elements, and theore tica l models that re la te  

the accumulation and f lu x  o f these elements in d i f fe r e n t  parts of an 

ecological system or 'ecosystem' " (Neel, 1961:1).

In the ocean, su lfu r  is present in excess of the needs of plants  

and is therefore  not l im it in g  (R edfie ld , 1958:207). Such is not the 

case on the land, fo r  su lfu r  is 10,000 times more p le n t i fu l  than phos

phorus (R edfie ld , 1958:218). D is tr ib u t io n  nor a v a i la b i l i t y  is not equal. 

In order to s tate  whether su lfu r  is l im it in g  to plants or animals, an 

average expression o f the s u lfu r  in plants and soil is needed as well 

as the amount to be added, jLe,. > t ,̂e treatment. A l im it in g  tracer  

element added to an ecosystem is rap id ly  and completely cycled; those 

that are non-lim iting  are not cycled as read ily  by the system.

Consider the addition  o f  s u lfu r  d i r e c t ly  to a p lant in an eco

system. Kamen (19^7:212) stated:

The conversion of s u lfu r ,  administered as su lfu r  dioxide  
and su lfa te  in p lan ts , has a lso been studied and, among other  
featu res , i t  has been noted that not only rapid conversion of 
most of the su lfu r  so administered to an organic form occurs, 
but also th a t ,  when s u lfu r  is to  be transported from leaves 
to roots or g ra in , i t  is changed to s u lfa te  and then changed
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back to  o rg a n ic  s u l f u r  on d e p o s i t io n  in the  roots  and g r a in ,

Ashby and Mika (1 95 9 :31 )  s tud ied  the in f lu e n c e  o f  s u l f u r  on bass

wood ( T i 1 ia americana L . )  s e e d l in g s .  Growth o f  those re c e iv in g  a 

s u l f u r - d e f i c i e n t  n u t r i e n t  s o lu t io n  was markedly  reduced over those on 

a complete n u t r i e n t .  In  the  course o f  t h e i r  s tu d ie s  they complete ly  

c o n t r o l l e d  an aphid  a t t a c k  on t h e i r  t e s t  p la n t s  w i t h  4% malath ion dust .  

The s u l f u r  o f  m a la th io n  in t h i s  case was not s u f f i c i e n t  to  modify  

d e t e c t a b le  p h y s io lo g ic a l  response to  a s u l f u r - d e f i c i e n t  medium in  

which the p la n t s  grew.

S u l f u r  is  converted to  an o rg a n ic  s u l f u r  and deposited  throughout  

the  p l a n t .  Ashby and Mika (1 9 5 9 :2 8 )  reported  t h a t  s u l f u r  approximates  

the phosphorus content  when averaged over  a number o f  crops.

They were unable to  f i n d  re fe re n c e  to  the s t a tu s  o f  s u l f u r  

requirements on f o r e s t  lands. They s ta te d  (1 9 59 :3 1 )  t h a t  ‘ 'under  

c e r t a i n  environmental  c o n d i t io n s  the  amount o f  s u l f u r  a p p l ie d  v ia  

the  atmosphere may be s u f f i c i e n t  f o r  those p la n ts  having a low s u l f u r  

re q u ire m e n t ."  Species v a r i a b i l i t y  and thus community v a r i a b i l i t y  

become e v id e n t  as f a c t o r s  in f lu e n c in g  the s u l f u r  c y c le .  Upon l e a f -  

f a l l  o r  general p l a n t - p a r t  f a l l ,  the  p a r t  is  se t -upon by microorganisms  

and o t h e r  decay producers .  In  a symposium on "B iogeochem istry  o f  

S u l f u r  Iso topes"  (Jensen, 1962) many workers discussed use o f  s u l f u r  

by microorganisms. G e n e r a l ly  speaking,  s u l f u r  cannot be used by 

h ig h e r  p la n t s  in i t s  e lementa l  form; i t  requ ire s  biochemical change 

by micro-organisms (Pel c z a r  and R e id ,  1 9 5 8 :4 8 7 ) .  Severa l  b a c t e r ia  

o x i d i z e  s u l f u r  to  s u l f a t e s ,  a useable  form. Pel c za r  and Reid (1958;  

487)  c o n t in u e ,  o u t l i n i n g  the  r e a c t io n  performed by T h i o b a c i 11 us
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thiooxidans. The bacteria  D esu lfov ib rio . e .g . ,  reduces su lfa tes  to  

H2 S. The oxidation of H2 S which resulted from e i th e r  of these two 

reaction pathways or through amino acid decomposition provides 

elemental su lfu r  and completes a cycle.

Bollen (1961:88) reported that parathion had a stim ulatory  

e f fe c t  on soil b ac te ria , n i t r i f i e r s  as well as n i t ro g e n - f ix e rs . He 

reported studies w ith  the insectic ide  thimet and other compounds 

and bacteria l actions upon them. Th iobac iIlus  thiooxidans was unable 

to u t i l i z e  the su lfu r  from the thimet molecule. Another v a r iab le , the 

chemical form of the element, is ev ident, and i t  is a ffected  by 

microorganisms, environmental conditions such as l ig h t  and temperature, 

and by a v a i la b le  CO2 . One source of CO2  is as a byproduct o f micro

b ia l a c t iv i t y .

Rather than f a l l  to the ground, the p la n t-p a r t  may be consumed 

by an anim al.

Most organisms presumably can s a t is fy  th e ir  su lfu r  requirements 

fo r  the synthesis of su lfu r-con ta in in g  amino acids, b io t in ,  e tc . by 

the u t i l i z a t io n  o f organic su lfu r  compounds (Fruton and Simmonds, 

1958:909).

Kamen (1947:212) stated:

The d is t r ib u t io n  and retention o f s u lfu r  in the 
animal organism depends markedly on the form in which i t  
is ingested. Thus, the ra t cannot use elementary su lfu r  
in place o f  cystine or methionine fo r  incorporation in to  
tissue p ro te in . Ingestion as s u lfa te  results  in rapid 
excretion of most o f the dose, a small f ra c t io n  appearing 
in the animal, w ith the highest concentration in bone 
marrow. Su lfate  also is not u t i l i z a b le  fo r  amino acid  
synthesis. Ingestion as s u lf id e  is rather in e f f ic ie n t ,  
because most o f the s u lfu r  in th is  form is oxidized to  
s u lfa te  in which form i t  undergoes the same fa te  as 
ingested s u lfa te .
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The p h y s io lo g y  o f  s u l f u r  w i t h i n  a n im a ls  is  beyond th e  scope o f  

t h i s  s e c t io n .  W ith  th e  th io a m in o  a c id s  and t h e i r  i n t e r a c t i o n  (B in k le y  

e t  aj_. , 1 9 5 2 :1 1 2 ;  A ns low , e t  £ [ . ,  1946) i t  is  i n t i m a t e l y  r e la t e d  to  

Coenzyme A s y n th e s is ,  v i t a m in  F (O lso n , 1 9 5 3 :2 5 3 ) ;  th e  s k e l e t o -  

m uscu la r  system (C h r is tm a n  ert a_j_., 1 9 5 8 :4 6 0 ;  Denko and B e rg e n s ta l  , 

1 9 5 5 :7 6 ) ;  th e  e n d o c r in e  system (Thomas, 1 9 5 6 :2 5 1 ) ;  c i r c u l a t o r y  and 

d i g e s t i v e  systems (Cember e t  aj_. , 1 9 5 6 :1 7 5 ) ;  and o t h e r s .

F i t z g e r a  1 d e £  aj_. , (1 9 5 4 )  s tu d ie d  th e  d i s t r i b u t i o n  o f  e t h i o n i n e -  

$35 ; n pats and found i t  c o n c e n tra te d  in  k id n e y ,  p a n c re a s ,  g a s t r o 

i n t e s t i n a l  t r a c t ,  and s k in .  They observed  p r i m a r i l y  u r in a r y  e x c r e t io n  

o f  s 3 5 > l i t t l e  f e c a l  e x c r e t io n .  The c y c l in g  o f  s u l f u r  w i t h i n  th e  

an im al v a r ie s  w i t h  th e  i n i t i a l  form  o f  th e  s u l f u r  from  th e  p l a n t ,  i t s  

c o n v e rs io n ,  th e  h e a l th  o r  c o n d i t io n  o f  th e  a n im a l ,  and s p e c i f i c  

organ ism  needs t h a t  v a ry  not o n ly  w i t h  s p e c ie s  but w i t h  th e  s t a t e  o f  

th e  anim al as in f lu e n c e d  by h is  e n v iro n m e n t -c o n d it io n e d  b e h a v io r .  The 

r e p o r t  o f  M i l l e r  and P r ic e  (1 9 5 6 :5 6 4 )  t h a t  grow th d e p re s s io n  in  r a ts  

produced by molybdenum cou ld  be reduced by a d d i t io n s  o f  s u l f a t e  o f  

Na and K p re s e n ts  a n e a r -c o m p le te  b lo c k  to  s tu d ie s  o f  c y c l in g  

phenomena. In t e r a c t io n s  such as t h i s  a r e  a lm o s t im p o s s ib le  to  p r e d ic t  

and m easure. S u l f u r  cou ld  be a u s u a l ly  n o n - fu n c t io n a l  c o n s t i t u e n t  o f  

an o rgan ism  t h a t  would be brought in t o  p la y  o n ly  when c h a l le n g e d  by 

an in ta k e  o f  a compound o r  an e le m en t (such as m olybdenum). The a c t i v e  

c y c l in g  o f  an e lem en t would t h e r e f o r e  ta k e  a t  l e a s t  two pa thw ays , one 

a c t i v e  and f u n c t i o n a l ,  th e  o t h e r  p a s s iv e  and in  r e s e r v e .

E l e c t r o n i c  computers o f f e r  hope f o r  a n a ly z in g  th e  m u l t i p l e  

v a r i a b le s  and i n t e r a c t i o n s  o f  th e  c y c l in g  o f  an e lem en t w i t h i n  an



316

ecosystem. Neel (1961:95) conditioned the use o f computers on the 

organization of necessary ecological information in terms of a com

partment model. He (1961) developed such a model assuming that the 

rate  of movement of material out of an ecological compartment (e .g . 

a i r ,  water, s o i ls ,  and organic l i t t e r )  is proportional to the quantity  

of the m aterial in that compartment. He was thereby able to describe 

a system of simultaneously l in e a r  d i f fe r e n t ia l  equations.

Sheppard's (1962) book o ffe rs  valuable leadership in tracer  

cycling investigations.

FACTORS AFFECTING ISOTOPE DISPERSAL

There are so many factors o f unknown magnitude a ffe c t in g  isotope 

dispersal that a r e a l is t ic  appraisal of such dispersal w ith in  an 

ecosystem is presently  impossible. The immediate and real problems 

of studying dispersal o f fa l lo u t  nuclides such as s-tront i um-90 or 

cesium-137 are extremely complex. Work w ith  a tagged insectic ide  

whose complex natural breakdown products are yet unnamed, whose in 

vivo charac te r is tics  are yet incompletely understood, and whose com

p le te  j_n v_ivo meta bo 1 i sm is unknown, is many times more complex. 

Schmidt and Weidhaas (1958:6^3) commented that ra d io a c t iv ity  in 

insects may represent the o r ig in a l in se c tic id e , i ts  m etabolites, or

both, and a t a sp e c if ic  time an equilib rium  between the amount taken
?

up and that excreted. These vary w ith  the insectic ide  and the insect.

Auerbach (1958:523) presented some factors needed to evaluate  

the e f fe c ts  o f a radionuclide. These are a l l  re la ted to dispersal 

and measurement o f d isp ersa l. The factors are: quantity  o f nuclide,
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u p ta k e ,  mode o f  e n t r a n c e  i n t o  th e  body, body r e t e n t i o n ,  c r i t i c a l  organ  

r e t e n t i o n ,  b i o lo g ic a l  h a l f - l i f e ,  r a d io a c t iv e  h a l f - l i f e ,  and th e  energy  

and ty p e  o f  th e  r a d i a t i o n .

Comar (1 95 5 :6 )  warned th a t  care  must be taken in measuring t ime  

o f  t r a n s f e r  from one p o in t  to  another  w i t h i n  a system. Measured time  

o f  a r r i v a l  is  "a  fu n c t io n  o f - t h e  amount o f  r a d i o a c t i v i t y  used, the  

s e n s i t i v i t y  o f  the measurement, and the  volume o f  c i r c u l a t i n g  f l u i d  

w i t h  which the  isotope becomes d i l u t e d . "

N elso n  ( 1 9 6 0 : 8 1 )  l i s t e d  f a c t o r s  a f f e c t i n g  a c c u m u la t io n  o f  r a d io 

is o to p e s  by th e  b i o t a .  R e la te d  t o  u p ta k e ,  th e  s p e c i f i c i t y  o f  

o rg a n is m s , o rg a n s , and t is s u e s  f o r  e lem en ts  used in  th e  s t r u c t u r e  and 

m e ta b o lis m  o f  s p e c ie s  a r e  f a c t o r s .  E lem ents  may be e i t h e r  c o n c e n tra te d  

o r  d i l u t e d  in  p a s s in g  th ro u g h  th e  food c h a in ,  depend ing upon th e  

organism s in v o lv e d .  Ophel ( 1 9 6 0 : 2 1 )  f o r  exam p le , s ta te d  t h a t  " fo o d  is  

not ne ce ss ary  f o r  Sr^® u p ta k e  by f i s h .  They can ac cu m u la te  h igh  

c o n c e n t r a t io n s  by d i r e c t  a b s o r b t io n  th ro u g h  t h e i r  g i l l s . "  D av is  and 

F o s te r  ( 1 9 5 8 : 5 3 1 )  found t h a t  bottom  a n im a ls ,  p a r t i c u l a r l y  h e rb iv e ro u s  

in s e c t  la r v a e ,  w ere  even more r a d io a c t iv e  th a n  f i s h  in  th e  same w a te r .  

They s ta te d  ( 1 9 5 8 : 5 3 1 )  t h a t :

th e  r e l a t i v e  p r o p o r t io n s  o f  th e  s e v e ra l  is o to p e s  d i f f e r  
from  one o rgan ism  to  a n o th e r  no t o n ly  because o f  d is s im 
i l a r i t i e s  in  th e  chem ica l c o m p o s it io n  and p h y s io lo g ic a l  
demands o f  th e  d i f f e r e n t  forms bu t a ls o  because o f  th e  
d i f f e r e n t  s o r p t io n  c h a r a c t e r i s t i c s  w h ich  v a ry  w i t h  
m orphology.

When s i m i l a r  p a i r s  o f  e lem en ts  o c c u r  t o g e t h e r ,  one e lem en t in  

a b n o rm a lly  h ig h  c o n c e n t r a t io n s  may tend to  reduce th e  m e tab o lism  o r  

u p ta k e  o f  th e  s i m i l a r  e le m en t by an o rg a n ism . F o r exam ple th e  

p re s en ce  o f  Ca o r  Mg in  w a te r  reduces th e  u p ta k e  o f  Sr^® (O p h e l,
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1 9 6 0 : 2 1 )

isotope uptake is also a ffected  by the physiological condition  

of organisms as influenced by food, temperature, and other fac to rs .

I t  appears that food chains tend to "se lec t fo r"  essentia l isotopes and 

"se lec t against" non-essential elements. Nelson (1960:81), though 

speaking of the aquatic environment, generalized that fo r  any given 

chemical element, there w i l l  eventually  be found a t least one 

plankton species capable o f  spectacularly  increasing without i t .  Con

centration is related to exposed absorptive surfaces, absorption into  

t issues, and ass im ila tion  o f ingested m a te r ia l.  Davis and Foster 

(1958:530) noted that since the bulk o f the essential elements o f an 

organism is obtained from i ts  food, ass im ila tion  is the major avenue 

of radioactive  m aterial accumulation. Pendleton (1952:127)' warned, 

however, that " rad ioactive  content in an aquatic animal is not con

clusive evidence that the ra d io a c t iv ity  was acquired as a resu lt  of 

food tak ing ."

Ophel (1960:21) pointed out the environment d i f fe r e n t ia l  that  

occurs in the uptake o f isotopes: " I t  is evident that many of the
Q Q

barr ie rs  to S r7 tran s fe r  that are found in dry-land communities are 

not present in fresh-w ater communities." Davis and Foster (1958:530) 

agreed that concentrations many times those o f the environment can be 

b u i l t  by some organisms, but comment that apparently there are many 

radioisotopes not b io lo g ic a l ly  concentrated.

Nelson (1960:80) l is te d  re tention  as a second fa c to r .  Reten

t io n  o f radioactive elements is dependent upon the metabolic turnover 

of the p a r t ic u la r  element w ith  the organism (b io log ica l h a l f - l i f e ) ,
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b io c h e m is t ry  o f  th e  p a r t i c u l a r  e le m e n t ,  and s i t e  o f  d e p o s i t io n .  

K ornberg (1 9 5 6 :2 0 )  l i s t e d  th r e e  m a jo r  p rocesses  in  b i o lo g ic a l  systems  

a c c o u n t in g  f o r  u p ta k e ,  r e t e n t i o n ,  o r  d e p o s i t io n  as (1 )  f lo w ,  (2 )  

d i f f u s i o n ,  and (3 )  ion  exchange. Ion  exchange is  a c o m b in a tio n  o f  

a b s o r p t io n  and chem ica l r e a c t io n .

Mode o f  e l i m i n a t i o n  is  a t h i r d  f a c t o r ,  and in c lu d e s  ion  exchange,

d i f f u s i o n ,  e x c r e t i o n ,  d e f e c a t i o n ,  and unknown methods such as re p o r te d

32by P e n d le to n  ( 1 9 5 2 : 3 5 ) .  In  s tu d ie s  o f  a n t  and ap h id  response to  P

la b e le d  t h i s t l e  p la n t s  he noted t h a t :

. . . t w o  in s e c ts  have d i f f e r e n t  methods o f  removing excess  
io n s .  The a p h id  a p p a r e n t ly  has a mechanism whereby  
excess m a t e r ia ls  coming o u t  o f  th e  p l a n t  ju i c e s  can be 
by-passed  and e l im in a t e d  th ro u g h  th e  honey dew when th e  
s u p p ly  n ec e ssa ry  to  th e  body has been a c h ie v e d .  The a n t ,  
how ever, appears  no t t o  lo s e  t h i s  m a t e r ia l  e x c e p t  th roug h  
n a tu r a l  d e f e c a t io n  and t r a n s f e r  t o  o t h e r s .  T h is  d i f f e r 
e n t i a l  c o n c e n t r a t io n  o f f e r s  a b a s is  f o r  f u t u r e  e x p e r im e n ts
on th e  a p h id s  in v o lv in g  th e  mechanism by w hich such
m e ta b o l i t e s  a r e  b y -p a s s e d .

N elson  (1 9 6 0 :8 1 )  s ta te d  t h a t  i s o t o p ic  d i l l u t i o n  e f f e c t s  p ro b a b ly  

cause decreased  c o n c e n t r a t io n  by th e  b i o t a .  A n o n - l in e a r  r e l a t i o n  f o r  

i s o t o p ic  d i l l u t i o n  has been fo u n d . A t  low and h ig h  c o n c e n t r a t io n s  o f

phosphorus w i t h  c e r t a i n  a q u a t ic  p la n t s  and a n im a ls ,  d i l l u t i o n  was le s s

e f f e c t i v e  in  c a u s in g  decreased  b i o t i c  concent r a t  ions than  a t  i n t e r 

m e d ia te  c o n c e n t r a t io n s .

D av is  and F o s te r  (1 9 5 8 :5 3 3 )  found t h a t :

The s p e c i f i c  a c t i v i t y  o f  th e  r i v e r  b io t a  shou ld  be 
a p p r e c ia b ly  lo w er th an  t h a t  o f  th e  w a te r  no t m e re ly  
because o f  th e  t im e  r e q u ir e d  t o  in c o r p o r a te  th e  is o to p e  
i n t o  th e  organism s b u t a ls o  because o f  th e  'p o o ls '  o f  
th e  e le m e n ts  f i x e d  in  th e  b io t a  and s e d im e n ts .

They noted  t h a t  (1 9 5 8 :5 3 3 )  " w i t h  a s in g le  a d d i t io n  o f  an is o to p e



320

in to  a 's t a t i c '  environment, the s p e c if ic  a c t iv i t y  w i l l  eventually  

become uniform throughout the b io ta ."  Cross ley and Howden (I960)  

made s im ila r  findings in a te r r e s t r ia l  environment. Soil isotopes 

were so high that the ra d io a c t iv ity  o f the insect populations was a 

very s l ig h t  part o f the to ta l biomass or radio-count.

Isotopic Measurement o f  Insectic ide  D is tr ib u tto n

Ladd e t a K  , (19^6) and Jenkens and Davis (1952) used isotopes 

of M n^  and Au^® fo r  studying dissemination o f a irp lane  sprays.

Isotopes as compared to dyes are more accurate, more rap id ly  assessed 

by fewer personnel, and depositions on vegetation and uneven surfaces 

can be measured without panels or other sampling devices. In addi

t io n ,  they are independent o f l ig h t ,  temperature, pressure, and 

molecular s ta te  o f the nuclide; present no s o lu b i l i t y  problems as w ith  

dyes; and have well known d i l lu t io n  phenomena. The method is applicable  

w ith  v o la t i le  chemicals. In th e ir  te s ts , Ladd e t  al_., (19**6:l) found 

that dye and isotope methods agreed w ith in  20%, the isotope trac e r  

giving higher values. They s ta te  that the s e n s it iv i ty  o f the trace r  

method is more than 100 times that o f the dye procedure.

The disadvantages of the use o f  isotopes are the expense, 

variab le  decay ra tes , and handling d i f f i c u l t i e s  and hazards. A h a l f -  

l i f e  o f  1 to 30 days is most des irab le  fo r  simple dispersal studies. 

Where factors  o f m ollecular-tagging or other p ro jec t objectives must 

be considered these l im its  do not apply. I f  the h a l f - l i f e  is too 

short there is not adequate time fo r  su itab le  f ie ld  work w ith  i ts  

customary delays due to weather and other fac to rs . I f  the h a l f - l i f e
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is  to o  lo n g , th e  a re a  and th e  equipm ent may be so co n ta m in a te d  as

to  p re v e n t  subsequent t e s t s .

Ladd e t  a l . (19**6) used 60 me o f  manganese-5** n a p th e n a te  in  a 

DDT fo r m u la t io n  to  t e s t  s p ra y  d i s p e r s a l .  They used two 15.** x 9 1 .6

cm (6  x  36 i n . )  b l o t t e r  p a n e ls  and one 2 7 .9  cm (11 i n . )  enamel p l a t e

e v e ry  30 f t  a jo n g  two 375 f t  s t r i p s .  They c ou ld  d e t e c t  q u a n t i t i e s  

to  0 .001  l b / a c r e  o f  DDT by r o l l i n g  b l o t t e r s  around th e  G.M. tube  

and c o u n t in g  a c t i v i t y .  J e n k in s  and D av is  (1 9 5 2 )  used g o ld -1 9 8 .

Many f a c t o r s  m o d ify  th e  d is p e r s a l  o f  a e r i a l  s p ra y .  Any l i s t  

would be in c o m p le te .  From th e  n o z z le  w here  d r o p le t  s i z e  and p r o 

d u c t io n  a r e  r e l a t i v e l y  unknown f o r  th e  c o n d i t io n s  o f  f l i g h t ,  t o  th e  

ground where a l l  f a c t o r s  have had t h e i r  e f f e c t ,  knowledge o f  s p ra y  

p a r t i c l e  s i z e  and movement is  needed.

L ik e  most s t u d ie s ,  t h i s  one was concerned w i t h  f i n a l  spray  

s i z e  and amount o f  a p p l i c a t i o n  p e r  u n i t  a r e a .  The observed  p a r t i c l e  

s iz e  is  o f  a d r o p le t  t h a t  has undergone th e  a c t io n  o f  a l l  th e  e n v i r o n 

m enta l f a c t o r s  and has escaped in t e r c e p t io n  e x c e p t  by th e  sam pling  

d e v ic e ,  w h ich  a ls o  m o d i f ie s  i t s  s i z e  e x p r e s s io n .  D av is  and E l l i o t t  

(1 9 5 3 )  s ta te d  t h a t :

The in d ic a te d  d e p o s i t  may be expected to  show some 
redu c t io n  due to  e v a p o ra t io n .  The amount o f  redu c t io n  
w i l l  be somewhat p r o p o r t io n a l  t o  the  vapor p ressure  o f  
the  i n s e c t i c i d e  a t  the  ambient temperature  and to  the  
t im e requ ire d  f o r  the  spray to  s e t t l e ,  and in v e r s e ly  
p r o p o r t io n a l  to  the  square o f  the  drop s i z e .

Most a e r i a l  a p p l i c a t io n s  have shown a lo ss  in  in s e c t ic id e s  b e fo re  

th e y  reach th e  ground o r  sam p lin g  d e v ic e s .  S a i l e r  and Rozen (19 58 :**)  

observed  t h a t  m a la th io n  a p p l ie d  by b ip la n e  a t  2 l b / a c r e  was d e p o s ite d  

a t  0 .0 6 3  and 0 .03**  l b / a c r e ;  a t  a r a t e  o f  1 1 b /a c r e ,  d e p o s ite d  a t  0 .0**0



322

and 0.05^ lb /a c re . These measurements were from o i l -s e n s i t iv e  spray 

assessment cards placed a t  66 f t  in te rv a ls  along diagonal sampling 

lines in each p lo t under study. Cope (1960:18) reported that an 

a pp lica tion  o f 1 lb /acre  of malathi on on a l f a l f a  near Jackson,

Wyoming, resulted in 0.53 and 0.73 ppm reaching the ground. He noted 

that up to 0.0*t ppm (about 0.1 Ib /a c re )  was in nearby water although 

d ire c t  spraying of waterways was avoided. Davis e t  aj_. (1956) l is te d  

18 comparisons o f  lb /acre  applied and lb /acre  deposited. The mean 

r a t io  was 1 :0 .2 .

The deviation o f spray from the f l ig h t  path has been noted by 

Is le r  and others (1955, 1957, 1961). Carleton e t aJL (1960:75), fo r  

example, stated:

Research today indicates that spray discharged along 
the la te ra l  axis o f  an a irp lan e  w i l l  fo llow  the a i r  currents  
set in motion by i t s  passage through the a i r ,  u n t i l  these 
forces w i l l  no longer support the weight o f the spray 
d ro p le t .  These p rin c ipa l a irstream s, which a f fe c t  spray 
d is t r ib u t io n ,  are generated by an a irp lan e  in f l i g h t .  These 
are the r igh t and l e f t  w ingtip  vortices and the p ro p e lle r  " 
vortex. These v o r t ic e s , plus the e f fe c t  o f g ra v ity ,  
determine the path o f the spray discharge and the resu ltant  
deposit pa tte rn .

They noted that sprays are rotated to the side by the plane pro

p e l le r .  The resu lts  o f a plane crash on 15 May 1962 in the study area 

a f t e r  one spray swath is shown in F ig . 52. The wide v a r ia b i l i t y  o f  

the deposition pattern  can only genera lly  be explained. Wind was 

less than 2 mph. The above mentioned aerodynamic forces o f fe r  the 

only explanations. The high concentration area to the west a t 1-21 

is the most d i f f i c u l t  to  exp la in . I t  indicates v a r ia b i l i t y  and points  

up p ra c t ic a l ly  the un likelihood of avoiding waterways by p a ra l le l in g
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F i g .  52 . D is p e rs a l  o f  th e  15 Hay 1962 o n e-sw ath  a p p l i c a t i o n  measured  
by th e  mean o f  two f r o s te d  g la s s  d is c s  on th e  ground a t  a l l  g r id  
i n t e r s e c t i o n s ,  e v e ry  100 f t  a lo n g  th e  p a th  between i n t e r s e c t i o n s ,  and 
e v e r y  50 f t  a lo n g  l in e s  runn ing  a t  r i g h t  a n g le s  to  th e  b o u n d a r ie s .  
P o s i t io n  o f  th e  crashed p la n e  is  shown n e a r  1 -1 7 -
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them "a reasonable" distance away.

Spray Atomization and Pispersal Studies 

Carleton e t a_l.. (1960:82) stated that:

The problem o f measuring chemical d is t r ib u t io n  is 
one o f our most c r i t i c a l  because a l 1 other research hinges 
upon i t . This w i l l  include highspeed measurement of  
p a r t ic le  s ize  d is t r ib u t io n ,  q u a n tita t iv e  measurement of  
chemical d is tr ib u t io n  on the s o i l ,  and q u a n tita t iv e  mass 
d is tr ib u t io n  o f chemicals on p lant surfaces. U n til  we 
have these methods a v a i la b le ,  a l l  other research on 
pestic ide  app lica tion  equipment w i l l  have a corresponding 
lack of prec is ion .

Hickey (1961:3) contended that ecological hazards seem more 

closdly re lated to manner o f use than to volume used. C erta in ly  the 

two are re la ted , fo r as Carleton e t  al_, (1960:70) pointed out, since 

methods o f app lica tion  are r e la t iv e ly  crude, control operators must 

use the simple expedient o f applying more than minimum amounts of  

pestic ides needed to control pests. These app lica tion  excesses run 

up costs and residue hazards. For a single method of app lica tion  

(such as a e r ia l ,  ground mist spray, e t c . ) i t  seems that hazard is 

re lated to volume used. However, to ta l ecological hazards are re lated  

to volume and the number o f hab ita t s tra ta  a ffected  by the spray. 

A eria l app lica tion  a ffe c ts  a l l  s tra ta  so presents the most complex 

ecological problems.

In forest a e r ia l  spraying, control e ffectiveness depends la rge ly  

on two fac to rs , timing and atomization (Carleton e t aj_., 1960:71 and 

Davis e t  al_. , 1956:338). Forces acting on p a r t ic le s  are conditioned 

by weather and time o f day. Pest control genera lly  is inversely  

re la ted to p a r t ic le  s ize , but f in e  p a r t ic le s  are d i f f i c u l t  to  place.
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An u n e v e n ,  w a s t e f u l  d i s t r i b u t i o n  i s  m ore  common w i t h  t h e  f i n e r  s p r a y s .  

T h e  b a l a n c e  o f  t h e  f a c t o r s  o f  lo w  c o s t ,  lo w  g a l l o n a g e ,  s m a l l  p a r t i c l e  

s i z e ,  and  i n c r e a s e d  e f f e c t i v e n e s s  i s  d i f f i c u l t  t o  o b t a i n .  F a i l u r e  t o  

o b t a i n  s u c h  a  b a l a n c e  has  o n e  o u t c o m e  -  i n e f f e c t i v e  c o n t r o l .  R e s i d u e  

l o n g e v i t y  c an  a c c o u n t  f o r  some g a p s  i n  c o n t r o l  o f  m o t i l e  p e s t s ,  b u t  

i n s e c t i c i d e s  s u c h  a s  m a l a t h i o n  w i t h  s h o r t  r e s i d u a l  a c t i o n  and  

p o t e n t i a l l y  s m a l l  e c o l o g i c a l  h a z a r d s  do  n o t  p r o v i d e  s a f e g u a r d s  

a g a i n s t  n o n - t r e a t e d  g a p s  i n  a r e a  s p r a y s .

I n  f o r e s t  o p e r a t i o n s  w h e r e  l a r g e  g a l l o n a g e  i s  r e q u i r e d ,  f i n e  

d r o p l e t  s p r a y i n g  i s  d e s i r e d  t o  m a t e r i a l l y  r e d u c e  t h e  l o a d ,  and  

c o n s e q u e n t l y  t o  r e d u c e  t h e  c o s t s  and  t h e  e f f e c t s  o f  w e a t h e r  and  

o t h e r  f a c t o r s  on i n s e c t i c i d e  l o s s .  C o a r s e  a t o m i z a t i o n  r e s u l t s  i n  

l e s s  v a p o r i z a t i o n  a nd  l o s s  o f  s p r a y  b u t  f i n e r  a t o m i z a t i o n  a l l o w s  w i d e r  

s p r a y  s w a t h s  and  m ore  u n i f o r m  d e p o s i t s .

S p r a y  d e p o s i t i o n  and a s s e s s m e n t  t h r o u g h o u t  t h e  s t u d y  was made on  

2 . 5 ^  cm (1 i n . )  d i a m e t e r  c i r c u l a r  g l a s s  d i s c s  f r o s t e d  on  o n e  s i d e .  

A f t e r  a i r  d r y i n g ,  t h e s e  w e r e  c o l l e c t e d  i n  p i l l  b o x e s  o r  e n v e l o p e s ,  

p l a c e d  on p l a n c h e t s ,  a nd  c o u n t e d  a s  d e s c r i b e d  f o r  t h e  f i l t e r e d  

s a m p l e s .

B e c a u s e  t h e  g l a s s  d i s c  m e th o d  o f  d e t e r m i n i n g  s p r a y  d i s t r i b u t i o n  

was c o n s i d e r e d  v e r y  r e l i a b l e ,  a t t e m p t s  w e r e  made t o  c o r r e l a t e  d i s c  

r e a d i n g s  w i t h  m o re  s t a n d a r d  a e r i a l  s p r a y  a s s e s s m e n t  t e c h n i q u e s .

R ates  o f  a p p l i c a t i o n  have been measured by g la s s  p l a t e s  and b l o t t e r s ;  

o i l ,  c h e m ic a l ,  and m o is tu re  s e n s i t i v e  p a p e rs ;  is o to p e  and dye te c h 

n iq u e s ;  and p i l o t s '  s ta te m e n ts .  D av is  and E l l i o t t  (1 9 5 3 )  have 

summarized th e  methods u s u a l ly  used and th e  d is a d v a n ta g e s .  The
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assessment o f water-emulsion sprays is more d i f f i c u l t ,  expec ia lly  when 

droplet s ize is desired, than assessment o f o i l  sprays. Dr. J. S.

Y u i11, USFS (p e rs .  correspondence 15 March 1962) suggested assessment  

cards o f  woodbine enamel p aper .  The Apple ton  Coated Paper C o . ,  

Ap p le to n ,  Wisconsin ,  donated t h i r t e e n  63-5 x 76.2 cm (25 x 30 i n . )  

sheets  o f  d i f f e r e n t  c o lo r  enamel paper f o r  t e s t i n g .  Water  d r o p l e t s  

from a hand a to m iz e r  were sprayed on t e s t  cards .  There  appeared to  

be no d i f f e r e n c e  in s p o t t i n g  by w a te r  and spray f o r m u l a t i o n .

Emerald color, 25 x 38 -  160M, BS 80# base was judged best by three 

people to provide the most v is ib le  and d is t in c t  spots. Orange color,  

25 x 38 -  160M, BS 80# was next best. These two were fa r  more s u i t 

able than any of the other 11 samples tested.

For the 15 May f l i g h t ,  2 emerald cards, each 10.2 x 10.2 cm 

(k  x k  i n . ) ,  were placed in previously in s ta lled  wire holders which 

were located on opposite sides o f and 30 cm (1 f t )  from each grid  

stake. The w ire  holders were those described by Maksymiuk (1959b) 

and were o f 16 ga. w ire  which, though useable, was too l ig h t .  The 

cards were put out less than I hr before the f l i g h t  and removed 6 

hr la te r .  A f te r  the crash, orange cards were used fo r  the second 

f l i g h t .  A l ig h t  rain (unrecorded on the gauge) ruined 40% of the 

cards, most o f them on watershed no. 2 fo llow ing the 25 May 1962 

a p p lica t io n . Results of disc and assessment card counts are shown 

in Table 73 and yh.

The cards a t  each location were picked up, numbered and placed 

in a p la s t ic in e  paper bag. The ra d io a c t iv ity  o f the cards was 

determined in a way perhaps more expedient than s t a t i s t i c a l l y  sound.
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T a b le  73- -  D isp e rsed  in s e c t i c i d e  r a d i o a c t i v i t y  in  c o r r e c te d  cpm as
measured from  f r o s t e d  g la s s  d is c s  and s p ray  assessment c a rd s  from
D o ver, O h io , w a te rsh ed  no. 1 , 1962.

L o c a t  i on Mean
cpm

25 May 1962

M a x .  M i n .  M e d i a n  
cpm cpm cpm

Maximum  
r a i n o u t  p o s t  
s p r a y  i n  cpm 

26 May 28 May  
1 d a y  3 d a y s

25 May  
c a r d  

max.  cpm

1 -1 7 4 .9 1 6 6 .5 7 . 4 5 0 . 8 7 0 3 5 2 9 .3
1 - 2 8 5 -4 1 4 7 .3 1 6 .9 9 2 .1 1 2 .8 0 1 3 6 .5
1 -3 1 0 0 .0 1 2 9 -9 6 0 .7 1 0 9 .5 6 . 8 3 .3 7 4 .4
1 - 4 1 2 .8 21 .5 5 .3 11 .5 1 4 .5 1 .9 3 6 .6
1 -5 1 5 .8 4 2 .5 0 4 . 9 6 . 7 0 51 .8
1 -6 8 .7 1 4 .0 5 .5 6 .5 9 . 0 0 4 4 .4
1 -7 1 4 .2 2 6 .4 7 .7 8 .5 5 .8 1 .9 8 . 0
1 - 8 2 2 .9 2 9 -5 1 9 .5 1 9 6 1 8 9 -0 2 .7 4 0 .1
1 -9 1 2 .4 2 5 .4 1 .3 1 0 .4 9 .1 0 3 5 .2
1 -1 0 7 -0 1 0 .3 2 . 9 7 .7 21 .3 0 25 2
1-11 9 4 .8 1 9 7 .3 4 . 2 8 2 .8 6 .2 2 . 9 8 3 .4
1 -1 2 2 .3 3 . 4 1 .3 2 .3 2 .2 0 6 3 .9
1 -1 3 1 .9 3 .9 0 1 -7 3 .5 0 1 8 .5
1 -1 4 4 .2 6 . 8 1 .6 4 . 3 4 . 7 0 1 6 .5
1 -1 5 1 6 .7 3 4 .2 7 . 8 8 .1 1 .8 0 27 .1
1 -1 6 1 4 .7 2 3 .4 8 . 9 11 .9 2 . 4 0 6 0 .5
1 -1 7 7 -0 8 . 4 4 . 5 8 . 0 1 .7 2 . 4 1 2 .8
1 -1 8 4 . 0 4 . 3 3 .5 4 .1 4 . 2 3 . 4 9 .5
1 -1 9 7 - 4 1 5 .7 1 .6 4 . 9 5 .8 0 3 5 .4
1 -2 0 1 3 .2 3 2 .4 3 .1 4 . 2 2 .3 1 .8 35 .1
1-21 7 .9 1 3 .4 3 .1 7 .3 2 .7 0 1 3 2 .2
1 -2 2 2 9 5 .5 3 8 1 .8 1 6 7 .0 3 3 7 -8 9 6 .0 3 .3 3 5 9 .0
1 -2 3 3 .3 4 . 8 1 .6 3 .6 4 . 9 2 . 2 1 0 3 .7
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Table 74. -  Dispersed insectic ide  ra d io a c t iv ity  in corrected cpm as
measured from frosted glass discs and spray assessment cards from
Dover, Ohio, watershed no. 2, 1962.

Location
Hean
cpm

25 Hay 1962

Hax. Min. 
cpm cpm

Median
cpm

Maximum 
rainout post 
spray in cpm 

26 May 28 May 
1 day 3 days

25 May 
card 

max. cpm

2-1 3.7 5 .8 0 5 .4 0 0 3.1
2-2 2 .0 2 .3 1.8 2 .0 29.0. 0 3.2
2-3 2 .0 3 .4 0 2 .5 31.0 0 5 7
2 - k 4 .8 6 .8 3 .2 4 .4 0 3.5 12.7
2-5 12.0 13.2 11.4 11.5 0 2 .2 13.9
2-6 3 .9 4 .6 3 .5 3 .7 0 0 2 .7
2-7 3 .0 6.1 0 3 .0 0 2 .4 0
2-8 0.9 2 .6 0 0 0 0 0
2-9 0.6 1.7 0 0 0 0 13.4
2-10 1.8 3.1 0 2.3 0 3.1 3.5
2-11 3-3 6 .0 0 3 .8 0 1.7 4 .5
2-12 2 .0 3 .0 0 2 .9 0 0 9 .3
2-13 6.5 9.1 2 .8 7 .7 31.0 2.1 11.3
2-14 0 0 0 0 0 0 3.2
2-15 0 0 0 0 0 2 .6 0
2-16 0 0 0 0 0 2 .4 0
2-17 0.5 1.5 0 0 0 0 0
2-18 0 0 0 0 0 0 0
2-19 0 0 0 0 16.0 0 2.2
2-20 0 0 0 0 0 3.1 2 .3
2-21 0 0 0 0 0 0 0
2-22 0.6 1.9 0 0 0 1.7 0
2-23 0.5 1.4 0 0 31.0 0 0
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In  th e  la b o r a to r y  a c i r c u l a r  d is c  o f  2 .9 8  cm ( 1 .2 5  i n . )  d ia m e te r ,  w i t h
a

an a re a  o f  7 .9 3  cm ( 1 .2 3  i n .  ) ,  was c u t  a t  random from  one q u a r t e r  

o f  each c a rd ,  p la c e d  in a p la n c h e t  and counted f o r  r a d i o a c t i v i t y .

T h is  method seemed to  meet th e  secondary  i n t e r e s t  o f  th e  s tu d y  in  

com paring v is u a l  s p ra y  d e p o s i t  assessment methods w i t h  known r a d io 

a c t i v i t y  counts  from  th e  same c a rd s  o r  from  o t h e r  sam p lin g  d e v ic e s .

P i r i e ' s  re a g e n t d id  not d ig e s t  th e  p a p er  as i t  d id  b i o lo g ic a l  

sam ples . The p i a n c h e t - s i z e  p a p e r  d is c  was c o n s id e re d  an i n f i n i t e l y -  

t h i c k  sample and counted w i t h o u t  f u r t h e r  t r e a tm e n t .  T h e re  a r e  some 

unmeasured a b s o r p t io n  p r o p e r t i e s  o f  th e  p a p e r  f o r  b e ta  a c t i v i t y  w h ich  

w ere known to  in f lu e n c e  th e  re a d in g s .

C o u n tin g  numbers o f  d r o p le t s  and m easuring  d r o p le t  s iz e s  on 

assessm ent cards  is  a t e d io u s ,  d i f f i c u l t  t a s k  w i t h  much p o s s i b i l i t y  

f o r  e r r o r .  W h i le  th e  com parison o f  cards  w i t h  p r e v io u s ly  p rep a red  

s ta n d a rd s  is  a d e s i r a b le  method (D a v is  and E l l i o t t ,  1 9 5 3 )*  no such 

s ta n d a rd s  w ere  a v a i l a b l e  f o r  w a te r  e m u ls io n  on Woodbine enamel p a p e r .

T h o rn to n  and D av is  (1 9 5 6 )  re c o g n ize d  th e  d i f f i c u l t y  o f  d i r e c t  

counts  f o r  m easuring  mmd and d e te rm in e d  a sam pling  te c h n iq u e  f o r  

c o u n t in g  card  s p o ts .  A c o n s ta n t -a r e a  sam p lin g  i n t e n s i t y  was used 

( 7 .9 3  cm^ o r  1 .2 3  i n . ^ )  w h ich  was w e l l  o v e r  t h a t  s p e c i f i e d  as d e s i r -  

a b le  ( 0 . 5  in .  ) when d r o p le t  s iz e s  exceed 312 m ic ro n s .

Cards w ere  s e le c te d  from  bo th  f l i g h t s  t h a t  had o b v io u s  dense  

s p o t t in g  from  th e  s p ra y .  F iv e  w ere  s e le c te d  from  th e  g reen  cards  

o f  th e  one swath f l i g h t ;  seven w ere  s e le c te d  from  th e  o range  c a rd s .

A c i r c l e  o f  th e  same d ia m e te r  ( 2 . 9 8  cm) as t h a t  removed from  each  

card  was drawn w i t h  a compass s l i g h t l y  o f f  c e n te r  o f  th e  re m a in in g
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card. The spots w ith in  the c ir c le  (7-7% o f the to ta l area o f  the 

card) were measured and tabulated.

Using a microscope with  r e t ic le  20 droplets were measured o f  

malathion formulation suspended on the t ip  of a f in e ly  drawn glass 

thread. The droplets were placed on each o f the two colored 

assessment cards and allowed to dry. The spots were then measured 

w ith  the same microscope scale and the measurements converted to  

microns. A spread fa c to r  or ra t io  o f the mean spot s ize to the mean 

droplet s ize was obtained (Table 75). (See Maksymiuk, 1959a.) 

Maksymiuk and Noore (1962:698) said that drop s ize is the source o f  

the greatest v a r ia t io n  in spread fa c to r ,  hence a l l  spread fac to r  

determinations should cover a range o f drop s izes. Very small drop 

sizes are missing from th is  study so the fac to r  obtained is s l ig h t ly  

large.

mean spot diameter on card
Spread fac to r  u ---------------------------------------------------------

mean spherical drop let diameter

The D-max reading was obtained from the e n t ire  card as described 

by Maksymiuk (1959a). The f iv e  largest droplet spots were picked 

by eye, c irc led  w ith  a p en c il ,  measured to the nearest 100 microns, 

and tabulated in descending order o f  magnitude. One spot, termed 

0-max, was the largest spot diameter w ith not more than 200 microns 

d iffe ren ce  between i t  and the next smaller spot.

The mean spot s i z e  was determined by d i v i d i n g  the  t o t a l  o f  the  

spot d iam eters  by the  number o f  spots .  The median spot s i z e  is  t h a t  

one above o r  below which o n e - h a l f  th e  remaining o b s e rv a t io n s  f a l l .

In the event o f even numbers o f  spots, the la rger observation was
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T a b le  7 5 . -  A com parison o f  methods o f  a s s e s s in g  s p ra y  d r o p le t  s iz e s  
and a c tu a l  r a te s  o f  a p p l i c a t i o n  on enamel coated  p ap e r  card s  ta k e n  
from  th e  D over, O h io , s tu d y  a r e a ,  1962.

F I i g h t  
d e s c r i p t i o n  

c a r d  t y p e  and  
l o c a t i o n

Med i an  
s p o t  

d i a m e t e r  
B

Wei g h t e d  
mean s p o t  
d i a m e t e r  

C
D -M a x

A

A c t  i v i  t y  
o f  ca  rd  

i n cpm

Maximum  
a c t  i v i  t y  
o f  g l a s s  

d i s c

S p r e a d
f a c t o r

E m e r a l d :  1 5 May  
1-1 83 134 1300 1 4 .0 8 . 0
2 - 4 825 853 1 3 0 0 0 0
2 -1 6 495 539 2000 0 .8 2 . 6
2 -1 7 825 701 1000 0 0 .3
2 -2 3 110 1 24 6 0 0 0 0

X 468 467 1240 2 .9 6 2 .7 3 2 .91

O ra n g e :25 May 
1 -3 770 798 1700 9 5 . 4 1 2 9 .9
1 -1 1 a 1100 1062 3300 8 3 . 4 1 9 7 .3
1 -1 lb 1100 1093 1800 1 1 0 .7 1 9 7 .3
1 -1 4 495 619 1700 1 8 .2 6 . 8
1 -1 6 1430 1368 2000 6 0 .5 2 3 .4
1 -2 2 a 743 847 2000 2 3 5 .6 3 8 1 .8
1 -2 2 b 963 914 2900 3 5 9 .0 3 8 1 .8

X 943 957 2200 1 3 7 .5 1 8 8 .3 2 . 6 6
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selected as the median.

The conversion factors  (D-max divided by the mean o f  the median 

spot diameters) o f 2 .6  fo r  the emerald paper and 2 .3  fo r  orange paper 

are very close to 2 .2  +  0.08 reported by Maksymiuk (1959a). A s im ila r  

manipulation o f figures provides almost id en tica l conversion factors  o f  

2.7  and 2 .3  when the mean D-max is divided by the mean of the weighted 

mean spot diameters. The conversion fa c to r  makes use o f the measured 

re la tionsh ip  between median diameter and D-max to convert subsequent 

D-max observations to the more meaningful mass median diameter (mad).

Estimated mmd .  __________s£ ot. D— a.x_______________
spread fa c to r  x conversion fac to r  .

The estimated mmd fo r  the 15 Hay 1962 f l i g h t  was 177; fo r  the
*

25 May f l i g h t ,  360. In comparison the weighted mean diameter (wad) 

was 161 and 360 fo r  the two f l ig h t s .  This observation substantiates  

the use of D-max in estim ating the mmd.

A comparison o f the ra d io a c t iv ity  o f the cards and the maximum 

glass disc reading in cpm yielded a s ig n if ic a n t  c o rre la t io n  c o e f f i 

c ie n t ,  r ,  o f  0.97 fo r  both spray f l ig h t s .  Measurement o f isotope

labeled a e r ia l  spray therefore  seems equally  s u ita b le  by e i th e r  cards 

or glass discs.

The a c t iv i t y  o f  the discs was 1.37 times that o f  the cards.

Though not s ig n i f ic a n t ,  the co rre la t io n  c o e ff ic ie n t  o f  the D-max and 

card a c t iv i t y  o f  the 25 May f l i g h t  was 0 .M  . This seems to indicate  

that the system o f D-max though mechanically accurate, does not 

accurate ly  estimate the actual amount o f  deposition. This observation  

can only be in terpreted in the l ig h t  o f  the re la tio n sh ip  o f  desired  

drop le t s ize  fo r  a p a r t ic u la r  spray a p p lic a t io n . The r a t io  o f  D-max
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t o  cpm is  1 :1 6 .  The d a ta  in d ic a t e s  t h a t  D-max o v e re s t im a te s  a c tu a l  

q u a n t i t y  o f  d e p o s i t io n  more f r e q u e n t ly  than  i t  u n d e re s t im a te s  i t .

I s l e r  and Maksymiuk (1 9 6 1 :8 )  found t h a t  t e s t  h e l i c o p t e r  f l i g h t s  

p ro v id e d  an e s t im a te d  144 m icron  mmd compared to  a measured mmd o f  

137. They c l a s s i f i e d  t h i s  d r o p le t  s i z e  as w i t h i n  th e  medium atom 

i z a t i o n  range o f  f i x e d  w ing  s p ra y  p la n e s  used on f o r e s t  in s e c t  con

t r o l  jo b s .  D av is  ejt a_J_. (1 9 5 6 :3 4 0 )  s e t  th e  bounds o f  c o a rs e ,  medium, 

and f i n e  a to m iz a t io n  as 4 5 2 ,  2 9 1 ,  and 151 r e s p e c t iv e ly .  They found  

t h a t  a medium a to m iz a t io n  and 150 mmd proved more c o n s is t e n t l y  

e f f e c t i v e  than  c o a rs e r  o r  f i n e r  a to m iz a t io n  o f  DDT sprays  f o r  spruce  

budworm c o n t r o l .  I s l e r  and T h o rn to n  (1 9 5 5 )  found t h a t  a mmd o f  150 

m icrons p ro v id e d  th e  most e f f i c i e n t  swath p a t t e r n  f o r  f o r e s t  s p ra y in g .  

F in e r  sprays  gave a w id e r ,  more u n ifo rm  swath than  medium s p ra y s ,  but 

more sp ray  d id  no t reach th e  f o r e s t  f l o o r .  Coarse sprays  r e s u l te d  in  

narrow  sw aths , h ig h  d e p o s i t  p eaks , and reduced u n i f o r m i t y  o f  d i s t r i 

b u t io n  a c ro ss  th e  sw ath . These o b s e rv a t io n s  a r e  supported  by 

Courshee (1 9 6 0 :3 3 0 ) .

F ig u re s  53 and 54 show th e  v a r i a b l e  p a t t e r n  o f  spray  d i s t r i b u t i o n  

on th e  t r e a t e d  w ate rsh ed s  and d r i f t  o f f  th e  a rea s  as measured from  

s p ra y  assessment cards  f o r  b o th  f l i g h t s .  The d i f f e r e n c e  between  

F i g .  52 and 53 r e f l e c t s  a d i f f e r e n c e  in  sam pling  i n t e n s i t y  -  th e r e  

w ere more d is c s  than  card s  and th e y  w ere  more c lo s e ly  spaced. A 

com parison o f  F ig u re s  55B and 56B suggests  th e  d i f f e r e n c e  in  r e s u l t s  

caused by two d i f f e r e n t  sam pling  i n t e n s i t i e s .  In  F i g .  55 o n ly  th o se  

d is c s  a t  200 f t  i n t e r v a l s  w ere  co n s id e re d  f o r  purposes o f  com parison.

F i g .  55 shows th e  d i f f e r e n c e  in  th e  use o f  raw d a ta  ( F ig .  55B)
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Fig. 53- Dispersal o f the 15 May 1962 one-swath app lica tion  as 
measured by the mean of two green enamel-coated papers 15 cm above 
the ground a t a l l  grid  in tersections.
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F i g .  5**. A . Ground d is p e r s a l  o f  m a la th io n  a p p l ie d  25 May 1962 as 
measured by th e  maximum cpm o f  two orange e n a m e l-c o a te d  card s  a t  
each in t e r s e c t i o n  o f  th e  g r i d .  B. D is p e rs a l  p a t t e r n  measured  
from  th e  mean cpm o f  th e  c a rd s .



Fig- 55- A comparison of in i t i a l  ground dispersal patterns of malathion on 25 May 1962 as measured 
by (A) the mean cpm, (B) the maximum cpm, and (C) the maximum cpm corrected for vegetative density. 
Only discs at grid points where vegetation was rated are considered.



DOVER WATERSHEDS.

Fig.  56. I n i t i a l  ground d i s p e r s a l  of  mala th ion  on 25 May 1962 as  measured by (A) the mean cpm and 
(B) the  maximum of  t h r e e  f r o s t e d  g l a s s  d i s c s  on the  ground a t  a l l  g r id  p o i n t s ,  100 f t  between a l l  
p o i n t s ,  and every 50 f t  along l i n e s  running a t  r i g h t  angles  t o  the boundar ies .

337
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and transformed data (Fig. 55A and 55C) to p lo t the d is t r ib u t io n  of  

spray. There appear real d ifferences and these w i l l  be discussed in 

the next section. Figures 56A and B show the amount o f insectic ide  

i n i t i a l l y  reaching the ground.

Malathion was "applied1* to the watersheds fo r  over 3 days a f te r  

the a irp lan e  had departed. Figures 57 and 58 show th is  secondary 

app lica tion  or "ra inout"  from the fores t measured from glass discs. 

Discs, picked up on 25 Hay were replaced with  two discs and picked 

up again one day la te r ,  26 May. These were replaced and picked up 

2 days la te r ,  28 May 1962. There had been 0.2 in . o f rain on 26 May 

and 0.2 in . on 28 May. These rains may account fo r  the genera lly  

negative co rre la t io n  o f  the rainout on the two dates. The differences  

observed are somehow re lated to topography.

This secondary ap p lica tio n  is o f in te res t in coordinating a e r ia l  

applications w ith  f o l ia t io n ,  with insectic ide  h a l f - l i f e ,  and l i f e  

h is to r ies  o f insects whose control is sought, the insectic ide  

deposited, esp ec ia lly  fo r  long residual insectic ides is the sum of  

the i n i t i a l  measured deposit, a l l  subsequent rainouts, the amount 

v o la t i l i z in g ,  the amounts adsorbed and absorbed by the vegetation, 

and the amount remaining airborne -  never reaching the ta rget area.

DISPERSAL

i t  is well known that amounts o f  spray applied and deposited 

w ith in  an area vary w idely . Ground assessment cards or discs present 

a p ic tu re  o f the amount applied minus a l l  the e f fe c ts  o f the a irp la n e -  

to-canopy and p lan t-to -ca rd  environment. The fores t is the most
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WATERSHED NO 2

F ig .  57- " R a in o u t"  o f  m a la th io n  from th e  f o r e s t  as measured by mean 
cpm o f  two f r o s t e d  g la s s  d is c s  on the  ground a t  each g r id  i n t e r s e c t i o n .  
D iscs  were in  p o s i t io n  from  25 May to  26 May 1962.
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Fig . 58. D is tr ib u tio n  o f "ra inout"  from the 25 May spray f l ig h t  as 
measured by the maximum cpm of ra d io a c t iv ity  o f two glass discs at 
200 f t  grid  in tersections. Black dots are zero readings on the discs, 
a l l  o f which were removed from the f ie ld  on 28 May 1962 a f te r  being 
in place 2 days.
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complex o f  such env ironm ents  and i t s  e f f e c t s ,  v a ry in g  from d i r e c t  

in t e r c e p t io n  to  m ic r o - tu r b u le n c e ,  g r e a t l y  in f lu e n c e  th e  measured  

ground d e p o s i t io n .

D a le 's  (1 9 6 2 :8 2 7 )  c a lc u la t io n s  o f  a p p ro x im ate  c ro w n -s u r fa c e  

a re a  suggest t h a t  a canopy s u r fa c e  a re a  can be c a lc u la t e d  f o r  an a re a  

and t h a t  i t  is  in  excess o f  ground ac re a g e  by a f a c t o r  o f  2 .2  f o r  

p a ra b o lo id -s h a p e d  t r e e  crowns. T h is  coupled w i th  in c rea s ed  l a t e r a l  

s u r fa c e  a re a  as compared to  h o r i z o n ta l  a c reag e  measurements, in c re a s e s  

th e  s u r fa c e  ac re a g e  and d ecreases  th e  a c tu a l  amount a p p l ie d  p e r  a c r e .

Maksymiuk (19 63 ) re p o r te d  t h a t  a t  d is ta n c e s  s h o r te r  than  th r e e  

t r e e  h e ig h ts  away from th e  n e a re s t  t r e e ,  th e  d e p o s i t  on cards  is  not  

a t r u e  measure o f  th e  a p p l i c a t i o n  on a su rro u n d in g  f o r e s t  a r e a .  T re e  

spac ing  is  t h e r e fo r e  a fu n c t io n  o f  d e p o s i t io n  measurements.

I t  is  obvious t h a t  canopy d e n s i ty  in f lu e n c e s  th e  amount o f  g rou nd-  

d e p o s ite d  s p ra y s . An a t te m p t  was made to  reduce n u m e r ic a l ly  th e  

e f f e c t s  o f  th e  f o r e s t  on th e  g la s s  d is c  d e p o s i t io n  re a d in g s . In  a 

m eter  d ia m e te r  column o v e r  each o f  kS sample p o in ts  w i t h i n  th e  w a te r 

sheds, th e  v e g e t a t i v e  d e n s i ty  was e s t im a te d  by two w o rkers  and a 

.d e n s i ty  r a t i n g  g iv e n  to  each o f  th e  th r e e  m a jo r  s t r a t a - t r e e ,  sh ru b ,  

and herbaceous. A r a t i n g  o f  1 was e q u iv a le n t  to  "h e av y "  o r  70 “ 100% 

canopy c lo s u r e ;  2 ,  m o d era te , 3 0 - 7 0 %; 3» f i g h t ,  1-30%; and k ,  canopy 

a b s e n t .  See T a b le  7 6  and 77-

V e g e ta t iv e  la y e r s  o r  s t r a t a  w i t h in  th e  f o r e s t  do not have 

e q u iv a le n t  in t e r c e p t io n  c h a r a c t e r i s t i c s  nor equal e f f e c t s  on in s e c 

t i c i d e  r e - d i s t r i b u t i o n  between s t r a t a .  T h is  is  b e l ie v e d  to  be 

p a r t i a l l y  due t o  th e  d is ta n c e  between s t r a t a  c an o p ie s ;  th e  g r e a t e r  th e
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T a b l e  76 . -  R a t e d  d e n s i t y  o f  t h r e e  f o r e s t  s t r a t a  and  c a l c u l a t e d  TFR
o r  t h r o u g h f a l !  r a t i n g  f o r  D o v e r ,  O h i o ,  w a t e r s h e d  n o .  1 ,  1 9 6 2 .

Location Tree Shrub Herb TFR

1 2 3 2 0.53
2 4 1 3 0.41
3 2 4 3 0.74
4 1 1 3 0.05
5 1 2 1 0.20
6 I 3 3 0.43
7 1 1 4 0.07
8 1 3 4 0.45
9 1 1 2 0.03

10 1 1 1 0.01
11 4 3 4 0.81
12 3 4 1 0.82
13 1 1 1 0.01
14 2 2 2 0.32
15 1 4 3 0.62
16 2 1 4 0.19
17 1 1 4 0.07
18 4 1 3 0.41
19 4 1 2 0.39
20 2 1 4 0.19
21 4 1 1 0.37
22 3 4 2 0.84
23 1 1 3 0.05
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T a b le  7 7 . “ Rated d e n s i t y  o f  t h r e e  f o r e s t  s t r a t a  and c a lc u la t e d  TFR o r
t h r o u g h f a l l  r a t i n g  f o r  D o v er, O h io ,  w a te rsh ed  no. 2 ,  1962.

L o c a t io n  T re e  Shrub H erb TFR

1 4 1 3 0 .41
2 1 4 4 0 .6 4
3 1 2 3 0 .6 4
4 1 1 2 0 .0 3
5 1 1 3 0 .0 5
6 1 1 3 0 .0 5
7 4 1 4 0 .4 3
8 2 1 4 0 .1 9
9 1 4 3 0 .6 2

1 0 4 1 3 0 .41
11 1 3 4 0 .4 5
12 1 3 4 0 .4 5
13 2 1 4 0 .1 9
14 2 1 1 0 .1 3
15 4 2 3 0 .6 0
16 2 2 4 0 .3 8
17 1 1 4 0 .0 7
18 1 1 4 0 .0 7
19 3 1 3 0 .2 9
20 2 1 3 0 .1 7
21 2 1 3 0 .1 7
22 1 1 4 0 .0 7
23 1 1 3 0 .0 5
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distance the more homogeneous w i l l  be the unintercepted spray.

Where I is the to ta l amount o f spray intercepted by vegetation and 

ly ,  1 5 , and Ifj the amounts intercepted by each s t ra ta ,  t re e ,  shrub, 

and herbaceous, then

1 s ' t  +  ! S +* *H •

As the spray f a l l s ,  and the functional density o f the fo re s t,  D, j_.e.

the vegetation in tercepting the spray then may be represented by I .  

The amount o f spray reaching sampling devices (S) approximates the 

amount applied (A) minus that intercepted ( l )  or

S s A -  I .

By weighting the vegetative density o f each stratum a more 

accurate p ic tu re  is gained o f the to ta l influence o f  the forest on 

the amount o f  spray measured by ground assessment devices. The 

vegetative density observations can range from 1 , 1 , 1  (a l l  layers  

heavy) to (a l l  layers absent). A Throughfall Rating (TFR) can

be calculated which is the mean of the weighted density observations 

minus 0 .32 , a conversion which allows an eas ier mental ranking of

throughfall on the basis o f 0.01 to 1 .0 . This is an expression of

the contribution o f the density o f each o f the three s tra ta  to the 

numerical TFR. In order to determine the amount each stratum should 

be weighted, a m u lt ip le  regression was calculated w ith  the maximum 

cpm o f  the three discs on 25 Nay set as the dependent v a r iab le , y, 

and the three s tra ta  set as independent variab les . The following  

equation resulted:

y = 25.6 T -1-  36.7 S +  7 .9  H -  86.5 .

This equation and others in Table 78 ind icate  that in terms of
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T a b le  7 8 . -  P a r t i a l  re g re s s io n  c o e f f i c i e n t s  f o r  m u l t i p l e  re g re s s io n s  
o f  in s e c t ic id e  d e p o s i t io n  on v e g e t a t i v e  s t r a t a  d e n s i t i e s  from Dover,  
O h io , w a te rsh ed  no. 1 , 1962.

Sum Mean
S tandard
D e v ia t io n bo

Cover Densi

T r e e  Shrub  
b l b2

t y

Herb

b3

Maximum o f  3 
d is c s  on 

25 May 1343.1 5 8 .4 9 0 .6 - 8 6 . 5 2 5 .6 3 6 .7 7 .9

Mean o f  3 
d is c s  on 

25 May 8 2 7 . 0 3 5 .9 6 4 .6 - 5 7 . 5 1 5 .8 2 6 . 2 3 .8

Mi nimum o f  3 
d is c s  on 

25 May 3 3 5 .4 1 4 .6 3 5 .5 - 2 3 . 2 4 . 3 1 4 .0 0 . 6

Median o f  3 
d is c s  on 

25 May 8 0 2 .5 3 4 .9 7 3 .0 - 6 2 . 7 1 7 .4 2 7 .9 2 . 8

Maximum o f  2 
d is c s  1 day  
a f t e r  spray  

( r a  i no u t) 1 6 0 .3 6 .9 5 .3 1 0 .3 - 1 . 0 - 0 . 3 - 0 . 3

Maximum o f  2 
d is c s  3  days  
a f t e r  spray  

(ra? no u t) 2 9 .3 1 .3 1 . 4 - 1 . 3 0 . 1 0 .3 0 . 6

Maximum o f  2 
orange spray  
assessment 
card s  on 
25 May 1439.1 6 2 . 6 7 4 .0 - 2 . 6 2 . 2 1 .9 - 6 . 3



3^6

r e la t iv e  contribution o f (T) t re e , (S) shrub, and (H) herb s tra ta  to  

the to ta l amount o f th ro u g h fa ll ,  y, the proportions should be 0.36, 

0 .52 , and 0.11 (Table 79). These proportions were obtained by 

bj , b2  1 and bj

X b1 ,2 ,3  51b 1 ,2 ,3  Z bl , 2 , 3  (Table 79).

Based on the number of times the regression c o e ff ic ie n t  fo r the herb 

s tra ta  influence was in s ig n if ic a n t  by t  te s ts , i t  appears that the 

regression on the median cpm provides the best estimate o f  appropriate  

values for ca lcu la tio n  o f TFR. They are there fo re , 0 .36 , O.5 8 , and 

0.06. The proportionate influence o f the three s tra ta  is therefore  

0.12, 0 .19, and 0.02 and TFR becomes

TFR = 0.12 T +- 0.19 S +- 0.02 H -  0 .32.

Table 79. -  Proportional influence o f the three fores t s tra ta  o f  
Dover, Ohio, watershed no. 1 on the amounts of in sectic id e  a c tu a lly  
reaching the ground.

Proportion of influence  
Tree Shrub Herb

Assumed s tra ta  influence  
on maximum cpm

Actual s tra ta  influence  
on maximum cpm

Actual s tra ta  influence  
on mean cpm

Actual s tra ta  influence  
on minimum cpm

0.18

0.36

0.35

0.23

0.22

0.52

0.58

0 . 7^

0.60

0.11

0.08

0.03

Actual s tra ta  influence  
on median cpm 0.36 0.58 0.06
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I t  is  expected  t h a t  th e  h ig h e r  ground d is c  read in g s  w i l l  c o r r e l a t e  

p o s i t i v e l y  w i t h  TFR; th e  h ig h e r  th e  t h r o u g h f a l l ,  th e  h ig h e r  th e  

d e p o s i t io n ;  th e  g r e a t e r  th e  v e g e t a t i v e  d e n s i ty  th e  g r e a t e r  w i l l  be 

th e  in t e r c e p t io n .  Lack o f  c o r r e l a t i o n  is  the  in f lu e n c e  o f  v a r i a b le  

amounts o f  spray  a p p l ie d  above th e  canopy and th e  inadequacy o f  the  

r a t i n g  to  p r o p e r ly  account f o r  in s e c t ic id e  lo s s .  Though th e  assump

t io n  may not be e n t i r e l y  t r u e ,  i t  is  thou ght to  a l lo w  a more m eaning

fu l  e x p re s s io n  o f  d is p e r s a l  than  th e  raw d a ta .  V e g e ta t iv e  d e n s i ty  

r a t i n g  based on l i g h t  i n t e n s i t y  would improve th e  e s t im a te s  o f  a c tu a l  

a p p l i c a t  io n .

Comparing TFR w i t h  th e  maximum g la s s  d is c  re a d in g ,  a s ig n f ic a n t  

c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .61  was o b ta in e d .  Compared w i th  mean d is c  

re ad in g s  r was 0 .1 9  hut was no t s i g n i f i c a n t .

From g la s s  d is c s  l e f t  o u t 1 day p o st s p ra y ,  a n e g a t iv e  c o r r e l a t i o n  

would be expected  s in c e  h ig h e r  q u a n t i t i e s  o f  in t e r c e p t io n  would r,a p p ly M 

the  s p ra y .  Such was th e  case .

The t o t a l  e c o lo g ic a l  e f f e c t s  o f  i n s e c t ic id e  d e p o s i t io n  a re  

b e l ie v e d  to  be more c lo s e ly  c o r r e la t e d  w i t h  th e  maximum re a d in g  on 

th e  sam pling  u n i ts  (ca rd  o r  g la s s  d is c )  than  w i th  th e  mean o f  th e  

re ad in g s  a t  any one p o in t .  Spray assessment u n i ts  on th e  ground a t  

any sm all a re a  would be expected  to  re c e iv e  n e ar  id e n t ic a l  d e p o s i ts .  

Such is  not th e  case . For exam ple , a t  one sam pling  p o in t  in  w atersh ed  

no. 1 th r e e  g la s s  d is c s  w i t h i n  a 1 f t  a re a  re c e iv e d  2 17 .** ,  * *2 .7 ,  and 

1 6 .3  cpm o f  in s e c t ic id e  from th e  25 May f l i g h t .  I f  A is  th e  amount 

a p p l ie d  to  th e  top o f  th e  t r e e  canopy; D, th e  amount d e p o s ite d  in  a 

900 cm^ (1 f t ^ )  a re a  on th e  ground; and I th e  amount o f  spray  i n t e r -
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cepted by trees , evaporated, e t c . . then D a A -  I .  I f  A is assumed
£

constant fo r  a given small area such as the 900 cm , then 0 varies

with  I ,  not A, and therefore the best estimate o f  the A is the maximum

D reading or the D w ith  the minimum I influence. The best estimate of

the actual amount o f spray applied to a large portion o f a forest or

to an e n t ire  forest is obtained by:

maximum observation a t each assessment point 

TFR's a t each assessment point

This is simply the average maximum deposition increased by a fac to r

(the average o f the TFR's) to  account fo r  the in terception e ffe c ts

o f va riab le  forest s tra ta  canopy den s it ies .

PATTERNS OF DISTRIBUTION

Above the Forest 

Glass discs were glued to the top of helium f i l l e d  balloons 

tethered above the center o f the treated area. A c t iv i ty  of the 

discs was 277.0, 217.6, and 206.1 cpm. This represents the approx

imate rate  o f deposition o f 2 lb /acre  o f malath ion on top of the 

fo res t canopy.

Two e le c t r ic  a i r  samplers were used about one-fourth mile from 

the area to  measure a i r  contamination by the spray. One was a 

Gelman Nuclear A ir  Sampler, Gelman Instrument Co., Chelsea, Michigan, 

using a c irc u la r  Type AM-5, 100 c t . ,  polypore membrane f i l t e r ;  the 

other was a General Metal Works high volume a i r  sampler, Model 2000, 

Cleves, Ohio, using a glass f ib e r  f i l t e r  web N0CT 75^28, Mine Safety  

Appliance Co., P ittsbu rg , Pennsylvania, sampling respective ly  100
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p e r  h r ,  and 1*000 f t ^  p e r  h r .  The h igh  speed sam pler had a r e c ta n g u la r  

g la s s  f i b e r  f i l t e r  (8  x  10 i n . )  w i t h  cm^ a r e a .  Four p l a n c h e t - s i z e

c i r c u l a r  samples were cu t from  th e  c e n te r  o f  each q u ad ran t o f  each  

f i l t e r  and counted f o r  r a d i o a c t i v i t y .  T h e re  was some s e l f  a b s o rp t io n  

by th e  sample so r e s u l t s  re p o r te d  a r e  o f  m inim al a i r  p o l l u t i o n  by 

i n s e c t i c i d e .

The s lo w e r machine was o p e ra te d  from, a farm  house o n e - fo u r th  

m ile  to  th e  w est o f  w atersh ed  no. 2 . The c i r c u l a r  p o ly p o re  f i l t e r  

was 1 3 .8  cm^ in  a r e a .  A 50.7%  sample was c u t from th e  c e n te r  o f  each  

f i l t e r  to  f i t  in t o  a p la n c h e t .  The t im e  o f  o p e r a t io n ,  volume o f  a i r  

sam pled, and c p m /f t^  a i r  sampled a r e  p re s en ted  in  T a b le  80 and F ig u re s  

59 and 60 . T h ere  a r e  f lu c t u a t i o n s  in  th e  c o n c e n tr a t io n s  t h a t  cannot  

be e x p la in e d  e x cep t by v a r i a b l e  wind c u r r e n ts  and sam pling  and c o u n tin g  

i r r e g u l a r i t i e s .  The in v e rs e  c o r r e l a t i o n  o f  th e  r a d i o a c t i v i t y  o f  the  

a i r  on 25 Hay is  accounted f o r  by d i r e c t i o n a l  changes o f  th e  m oving, 

c ontam ina ted  a i r  masses. The low er a c t i v i t y  o f  th e  w e s te rn  moving 

a i r  is  thought to  be due to  th e  v a l l e y - p o s i t i o n  o f  th e  sam p ler; the  

e a s te r n  sam pler was a t  a h ig h e r  e le v a t i o n  and on an exposed k n o l l .

S in ce  th e r e  a r e  no s ta n d a rd s  and s in c e  th e  t o t a l  volume o f  a i r  

in v o lv e d  is  unknown, i t  appears  im p o s s ib le  to  c a lc u la t e  th e  p r o p o r t io n  

o f  a i r - b o r n e  s p ra y .  The p r e -s p r a y  peak may re p re s e n t  n a tu r a l  r a d io 

a c t i v i t y  o r  a s e r io u s  c o u n tin g  o r  t a b u l a t i o n  e r r o r .

By c o n je c tu r e  o n ly ,  i f  an a i r  mass 50 f t  above th e  canopy o f  th e

t r e a t e d  a re a  w ere  con tam ina ted  a t  th e  r a te  o f  0 .2  c p m /f t^  o f  a i r ,
c •> &

th e r e  would be 5 .1  x 10 f t  o f  a i r  w i t h  1 .0  x 10 cpm o f  a c t i v i t y .

S in ce  th e r e  were a p p ro x im a te ly  3 2 ,5 0 0  cpm p e r  ml o f  fo r m u la t io n  on
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Table  80. -  Resul ts  o f  a i r  sampling on e - fo u r th  m i l e  east  and west o f  
the Dover, Ohio, t reatment  area f o r  both spray f l i g h t s ,  1962. Time 
of  spray f o r  15 May f l i g h t  was 8:3 2;  f o r  25 May, 6 :4 0 .

Date and Length of F t3 cpm per 7
Operation a i r to ta l cpm /ft3

samp 1ed f i 1 te r

Crash F I i q h t

Western A i r  Sampler
14 May, 11:20 am to  15 May 5 :1 0  am 1810 20.3 0.0112
15 May, 5:10 am to  9 :4 8  am 440 4 0 .0 0 .0909
15 May, 9:48  am to  12:09 pm 200 7 .3 0.0365
15 May, 12:G9 pm to  1:11 pm 10 7 .3 0.0730

Eastern A i r  Sampler
15 May, 5:1^ am to 5:29  am 1000 515.2 0.5152

6 :14  am to 6:2 9  am 1065 638 .4 0.5994
8 :2 4  am to 8:3 9  am 1020 296.8 0.2909
9 :2 4  am to 9:3 9  am 1050 140.0 0.1333
9 :3 4  am to 9:4 9  am 1035 3 3 .6 0.0325
9 :49 am to 10:04 am 1125 184 .8 0.1643

10:11 am to  10:26 am 1050 100.8 0.0960
10:32 am to 10:47 am 1050 162 .4 0.1547
11:47 am to  12:02 pm 1005 201.6 0.2006
12:47 pm to 1:02 pm 1005 140.0 0.1393

Western A i r  Sampler
24 May, 9 :4 0  am to 8 :3 0  pm 1090 19.3 0.0177

8:38 pm to 3:5 4  am 740 56.1 0.0758
25 May, 4:0 0  am to 12:08 pm 810 4 6 .9 0.0579

12:10 pm to 3:5 0  pm 360 35.5 0.0986
3:5 0  pm to 9:1 5  pm 540 4 1 . 4 0.0767
9:15  pm to 8:4 7  am (26 May) 1150 24.6 0.0214

Eastern A i r  Sampler
25 May, 4 :0 9  am to  4 :2 4  am 975 190.4 0.1953

4 :2 5  am to  4 :4 0  am 975 151 .2 0.1551
4 :4 4  am to 4:5 9  am 975 156.8 0.1608
7 :0 4  am to 7:19 am 975 196.0 0.2010
8:12 am to  8:27  am 975 28.0 0.0287
8 :2 9  am to 8 :4 4  am 975 302 .4 0.3101
8 :4 6  am t o  9:01 am 975 156.8 0.1608
9:02 am to  9 : 1 7  am 975 9 5 .2 0.0976
9 :1 9  am to 9 :3 4  am 975 1 2 8 .8 0.1321
9:36 am to  9:51 am 975 151.2 0.1550
9:53 am to  10:08 am 975 168 .0 0.1723

10:32 am to 10:47 am 975 151.2 0.1550
11:05 am to  11:20 am 975 6 7 .2 0.0689
11:45 am to 12:00 am 975 134 .4 0.1378
12:45 pm to 1:00 pm 975 140.0 0.1436
1:45 pm to 2:0 0  pm 975 190 .4 0.1953
3:00 pm to 3:15 pm 975 123.2 0.1264



Fig.  59. R a d i o a c t i v i t y  of  a i r  samples taken from two lo ca t i on s  near  the  Dover, Ohio, watersheds  on 
15 May 1963. Time of  a p p l i c a t i o n  was 8:32 am.



F i g .  60 R a d i o a c t i v i t y  o f  a i r  s am p le s  t a k e n  f r o m  two l o a c t i o n s  n e a r  t h e  D o v e r ,  O h i o ,  w a t e r s h e d s  on  
25 May 1962. T im e  o f  a p p l i c a t i o n  was 6:40 t o  8:25 am.
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25 May, th e re  would o n ly  be 31 ml o f  fo r m u la t io n  a i r b o r n e .  Even i f  

t h i s  were m u l t i p l i e d  10 o r  100 f o l d ,  th e  amount o f  a i r - b o r n e  in s e c 

t i c i d e  in  r e l a t i o n  to  th e  t o t a l  volume o f  fo r m u la t io n  a p p l ie d  was 

v e ry  s m a l l .  R eductions in  amount a p p l ie d  in  t h i s  s tudy as measured 

by ground assessment a p p a ra tu s  is  l a r g e ly  t h e r e fo r e  a fu n c t io n  o f  

in t e r c e p t io n  and not th e  amount blown away.

W i th in  th e  T re e  Layer  

Glass d is c s  were suspended on p u l le y - a t t a c h e d  ropes w i t h in  s ix  

t r e e s  in  a t r a n s e c t  through th e  f o r e s t  (F ig .  6 1 ) .  D iscs were a t  

i n t e r v a ls  o f  5 f t .  The uppermost 10 to  15 f t  o f  th e  t r e e s  were not 

sampled. A t no p o s i t io n  w i t h in  th e  t r e e  canopies were read ings  as 

high as those recorded on the b a l lo o n s  o v e r  the  f o r e s t .  The upper 

1 0 -2 0  f t  o f  canopy a p p a r e n t ly  in te r c e p ts  a la r g e  p e rc e n ta g e  o f  the

F ig .  61 . L o ca tio n s  o f  suspended g la s s  d is c s  in  t r e e s  a lon g  a t r a n s e c t  
across  Dover, O h io , w atershed  no. 1 and p a r t  o f  w atershed  no. 2.
Numbers a re  cpm o f  r a d i o a c t i v i t y  o f  th e  25 May 1962 a p p l i c a t i o n .  T rees  
were g ive n  V numbers.
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spray. The remaining spray is intercepted ir re g u la r ly  throughout the 

tree  layer. There is no apparent co rre la t io n  between height above the 

ground and amount o f spray (cpm) de livered . An hypothesis that trees  

on the upper slopes would receive more spray la te r a l ly  than trees in 

the va lleys was not v e r i f ie d  by the data.

Bark samples were collected a t heights w ith in  the trees in which 

the glass discs were suspended. The sampling of bark a f te r  spray 

would be easier fo r  v e r t ic a l  spray d is t r ib u t io n  assessment than the 

use o f discs but only a s l ig h t  negative c o rre la t io n  existed between 

the ra d io a c t iv ity  o f  the bark incpm/mg and the glass discs in the 

f iv e  trees, sampled. Bark sampling is in e f fe c t iv e  fo r  measuring 

v e rt ic a l  d is t r ib u t io n  of the a e r ia l  app lica tion  of an insectic ide  w ith 

in a fo re s t.

W?thin the Shrub Layer

In an e f f o r t  to discover the d is tr ib u t io n a l pattern  o f insec

t ic id e  w ith in  and under the shrub layer, glass discs were again 

u t i l i z e d .  Frosted glass discs were a ff ix e d  w ith  rubber cement to

blocks spaced \ S . 2 k  cm ( 6  i n . )  apart on a 25*t a n  x 7 .6  cm x 24 hi

(1 in . x 3 in . x 6 f t )  pine board set a t a kS°  angle to the ground.

(See Fig. 6 2 .)  Three o f  these devices were placed in the center of 

watershed no. 1 on 23 May 1962. Each was set up as a tripod under

(1) a 2 . k  m (8 f t )  maple coppice, (2) a 1.8 m (6 f t )  spicebush and

(3) a 3.1 m (10 f t )  tu l ip  poplar sapling. The base o f the pine board 

was placed on the ground a t the base o f the shrub. The technique was 

designed to sample the insectic ide  passing through the segments o f  the
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F ig .  62 . G lass d is c s  were s t a i r - s t e p p e d  under th e  shrub la y e r  in  
D over, O h io , w atershed  no. 1 to  measure spray  d i s t r i b u t i o n  o f  the  
25 May 1962 a p p l i c a t io n .

shrub crown b e fo re  the  d r o p le ts  reached th e  f o r e s t  f l o o r  where they  

m ight be a f f e c t e d  by ground w in d s . In  T a b le  81 i t  can be seen th a t  

the  i r r e g u l a r  p a t t e r n  o f  spray  d is p e r s a l  noted w i t h in  th e  t r e e  la y e r  

p r e v a i l s .  Th ere  is  a s l i g h t  tendency f o r  h ig h e r  amounts to  be 

d e p o s ite d  above 1 m.

W i th in  th e  Li t t e r  

F i e l d  GM c o u n ter  read ings  p re sen ted  in  T a b le  82 in d ic a te  th a t  

r a d i o a c t i v i t y  and thus m a la th  ion a t  2 lb /a c r e  does not p e n e t r a te  

more than fo u r  la y e rs  o f  dead A] h o r izo n  le a v e s .  Background was 

about C.0*+ m r /h r .
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Table 81. -  D is tr ib u tio n  o f m a la th ion -S ^  in counts per minute under 
small shrub or sapling canopies ds measured from glass discs on 
Dover, Ohio, watershed no. 1, 1962.

Shrub o r  
S a p lin g  species 6 12

D is ta n ce  from  qround (in c h e s )

18 24 30 36 42 48 5** 60

Spi cebush 
L in d e ra  

benzoi n 13.7 7 .8 5 .7 10. 4 13.8 31.1 9 .4  17.9 40 .0  28.9

T u l ip  P o p la r  
Li riodendron  

t u l i p i f e r a 0.0 19.8 6.1 14.3 6 .2  6 .7  9 .4  14.5 35 .4  12.7

Red Maple  
A cer rubrum 9.9 13.3 3 .9 5-2 24.6  7 .3 38.7 6 .0  5 .7 14.6
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T a b le  8 2 . -  P o r ta b le  f i e l d  c o u n te r  (GM tu b e )  re a d in g s  o f  r a d i o a c t i v i t y  
o f  l e a f  and s o i l  la y e r s  under a p o in t  n ea r  s ta k e  2 0 ,  o f  D over, O h io ,  
t r a c e r  p l o t  no. 2 ta ken  15 September 1961 from  10 to  12 am.

D e s c r ip t io n  m r /h r

F i r s t  la y e r  To 0 .2

2nd la y e r  To 0 .1 7

3rd  la y e r  0 .0 9

4 th  la y e r  0 .0 5

5 th  la y e r  0 .0 4

6 th  la y e r  0 .0 3

La ye rs  i n d i s t i n c t
0 .2 5  in .  below l e a f  la y e r s  0 .01

S o i l  -  1 in .  0 . 0 4 - 0 . 0 5

S o i l  -  3 in .  0 .0 3  -  0 .0 2

S o i l  -  4  in .  0 .01  -  0 .0 2
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In another experiment glass discs were placed under varying  

numbers o f leaves held in place w ith  a w ire  p in . The discs were 

removed p e r io d ic a l ly  and counted. The re su lts , much more sensitive  

than the GM readings, are shown in Table 83. The resu lts  are variab le  

due to wind blowing the leaves, molestation by animals, and continued 

rainout of insectic ide  from the overhead tree  canopy. These data 

seem to indicate that higher disc contamination occurs under fewer 

leaves. The data are not re l ia b le  enough to d i f fe r e n t ia te  absorptive  

properties of leaves fo r the insec tic id e .

Another approach was used to measure sub-surface movement o f  

insec tic id e . A 30.5 cm (1 f t )  deep, meter-long trench was dug near 

1-20 and frosted glass discs were inserted h o rizo n ta lly  in to  the 

u p h il l  trench-face a t increasing depths. They were placed diagonally, 

across the face. A kn ife  was used to c a re fu l ly  provide a smooth soil  

contact surface w ith  the upper frosted glass disc surface. A small 

sharpened s t ic k  was placed below each disc to hold the disc f irm ly  

up against the soil face. The p i t  was f i l l e d  loosely w ith  moist 

leaves and the top covered w ith  a piece o f sheet p la s t ic .  The upper 

trench edge was l e f t  uncovered; the p la s t ic  was to reduce the occur

rence of unnatural a i r - s o i l  in terface  phenomena. The resu lts ,  

inconclusive, are shown in Table 8k.  The presence o f a c t iv i t y  a t a 

depth o f  15.2 cm (6 in . )^ is  of in te re s t .  I t  may indicate  channel 

movement w ith  rain along roots, a i r  space, or animal burrows.

Over the l i t t e r  surface app lica tion  rates varied w idely . Using 

the f ie ld  counter, a c t iv i t y  o f  sectors o f cryptozoan boards on the 

trac e r  p lots  was measured. Representative ranges and v a r ia b i l i t y  are
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T a b le  83 . -  D i s t r i b u t i o n  o f  m a la th ion -S ^**  o r  i t s  m e ta b o l i te s  through  
v a ry in g  numbers o f  le a v e s  on th e  f o r e s t  f l o o r ,  D over, O h io , 1962.

5 - 2 7 6 - 6 6 -1 5 7 -1 3 8 -7

P lo t  1 ( 1 - 2 1 ) 0 3 .2 4 . 4 6 . 6
Number o f

hi ckory 1 - 5 . 5 ( 2 . 3 ) 3 .5 6 .1 5 .8
1e a f l e t s

2 - 2 . 6 ( 7 - 3 ) 4 .2 3 .2 4 . 0

3 - 3 . 1 ( 2 . 8 ) 7 .2 3 .6 3 .8

4 - 6 . 2 ( 2 . 6 ) - - 4 . 4

5 - 1 .8 3 .3 - 3 . 4

P lo t  2 near 0 7 -2 3 .8 1 0 .0 8 . 4
(1 -1 * 0

Number o f 1 - 9 . 6 *+.7 4 . 6 -

beech
1 eaves 2 1 .5 3 .9 - 2.1 -

3 3 . 0 3 .7 3 .1 3 .1 -

4 - 2 .6 3 .6 2 . 0 -

5 - 4 . 4 - 3 .4 -

Am t. o f  
r a i  n f a 11 s i nee

spray 0 .0 9 2 .5 3 .2 5 4 . 7 - h 4 . 7 4 -
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T a b l e  8 4 .  R a d i o a c t i v i t y  o f  g l a s s  d i s c s  b u r i e d  i n  a p i t  n e a r  1 - 2 0 ,
D o v e r ,  O h i o ,  1 9 6 2 ,  Dash i n d i c a t e s  no o b s e r v a t i o n .

Depth in inches (cm) 
of discs in s o i1

Dates: Konth-day

6-7 6-15 7-13

1 (2 .54) 3.2 0 2.14
2 (5 .08) 4 .2 0 0
3 (7.62) 4 .2 0 7.65
k  (10.16) - 0 2 . k $
5 (12.70) 0 - -

6 (15.24) 5 .4 0 0
8 (20.32) 0 - -

12 (30.48) 0 m

shown in Table 85 and Fig. 63. Such board measurements were found to  

be the only sa tis fac to ry  reference fo r  f ie ld  measurements o f  a c t iv i t y .  

By marking counting areas in pencil the GM tube could be returned to  

the near-iden tica l positions on la te r  dates. A f l a t  smooth, absorbent 

surface is needed to prevent damage of the tube's thin-window and to  

allow  constant counting. Even the s l ig h te s t  change in tube position  

changed the measured a c t iv i t y .  Earphones w ith  the GM counter were 

found benefic ia l in scanning areas, vegetation, and s o i l .  The corre

la t io n  ( r )  between cryptozoan board a c t iv i t y  throughout watershed no.

1 and the maximum disc readings a t  the same locations was only 0 .20.

Results o f monitoring tree  trunks, vegetation, and soil were 

inconclusive because o f wide v a r ia b i l i t y  both v e r t ic a l ly  and 

h o rizo n ta lly  in a c t iv i t y  as recorded by the portable  counter.

Sixteen gauge wire probe holders were made by hand and placed 

before spray near se lect stakes on a l l  trac e r  p lots  and nailed to
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T a b l e  85-  -  R a d i o a c t i v i t y  o f  c r y p to z o a  boards on D over ,  O h io ,  t r a c e r  
p l o t s  b e f o r e  and a f t e r  a l i g h t  r a i n  9 - 1 4  and 15, 16 days po s t  s p r a y ,  
1962 .

m r / h r
P l o t  1 P l o t  2 P l o t  3 P l o t  4

Board No. P re  r a i n  Post  Pre  Post  Pre  Post  P re  Post

5 0.01 0 . 0 2 0 . 0 4 0 .0 5 0 .01 0 . 0 2

8 0 .0 2 0 . 0 2 0 . 0 3 0 . 0 4 0 . 0 2 0 . 0 3

11 0. 03 0 .0 3 0 . 0 4 0. 07 0 . 0 3 0 . 0 3

14 0.01 0 . 0 2 0 . 0 4 0. 04 0 . 0 4 0 .  03

17 0 .0 3 0 . 0 2 0 . 0 5 0 . 0 4 0 .01 0 . 0 3

20 0 .0 2 0 . 0 3 0 . 0 4 0 .0 3 0 .  03 0 .0 2

23 0. 02 0 . 0 3 0 . 0 4 0. 02 0 .  03 0. 05

26 0 .0 3 0 . 0 3 0 . 1 4 0. 12 0 . 0 2 0 . 0 3

29 0 .0 2 0 . 0 3 0 . 3 8 0 .3 3 0.01 0 .0 3

32 0 .0 2 0 . 0 2 0.11 0 .0 7 0 . 0 3 0 . 0 3
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.04.02 .02

.02 .03 .03

.03.01

.06

.03 .03

.06.06

.10 .12.08

.09 .08.07

.07 .09.09

Fig. 63. V a r i a b i l i t y  of ra d io a c t iv i ty  in mr/hr as measured with a 
portable GM tube on cryptozoa boards from the Dover, Ohio, t racer  
plots 2 weeks post spray. Location of  the f igure to the l e f t ,  4-14;  
to the r igh t ,  2-32, 1962.
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t r e e s .  The h o ld e r  was an a t t e m p t  a t  o b t a i n i n g  in  th e  f i e l d  a s ta n d a rd  

r e a d in g  from a g iv e n  a r e a  o f  s o i l ,  l e a f  l i t t e r ,  o r  t r e e  b a rk  on which  

m a la t h io n  had been s p ra y e d .  The open n a t u r e  o f  th e  h o ld e r  a l lo w e d  

c o n ta m in a t io n  o f  th e  s u r f a c e  t o  be measured and reduced p o s s i b l e  

d i s t u r b a n c e  o f  th e  ground a f t e r  th e  s pray  a p p l i c a t i o n .  The e x trem e  

v a r i a b i l i t y  o f  r e a d in g s  w i t h i n  a small a r e a  as shown in  F i g .  63 made 

such a h o ld e r  v e r y  d e s i r a b l e  f o r  f i e l d  m o n i t o r in g  is o to p e  a c t i v i t y  and 

i t s  change due t o  l e a c h i n g ,  in s e c t  f e e d i n g ,  t r a c k i n g  by a n im a ls ,  

a b s o r p t io n  by p l a n t s ,  and o t h e r  f a c t o r s .  One s e t  o f  r e a d in g s  was 

ta k e n  but  th e  probe cou ld  no t  be h e ld  f i r m l y  enough t o  a l l o w  any  

d e g re e  o f  a c c u ra c y .  The h o ld e r s  were  to o  l i m b e r  and t h e i r  c o n s t r u c t i o n  

a l lo w e d  l a t e r a l  movement o f  th e  probe o f  s e v e r a l  m i l l i m e t e r s  w i t h  

consequent w id e  d i f f e r e n c e s  in  r e a d in g s .  The te c h n iq u e  has m e r i t  i f  

th e  h o ld e r s  a r e  m anu fa c tu red  w i t h  long s t a k e s ,  s t a b l e  s u p p o r t s ,  and 

c l o s e - t o l e r a n c e  i n s i d e  d i a m e t e r .  W i th  a gamma source  th e y  would be 

v a l u a b l e  even i f  c o n s t r u c te d  as above.

By comparing re a d in g s  from d i s c s  and probe h o ld e r s  a c o r r e l a t i o n ,  

r = 0 . 6 0 ,  was o b t a i n e d  w h ich  suggested no p r o f i t  in  c o n t i n u i n g  t h e i r  

u s e .

W i t h i n  th e  S o i 1

The p r e v io u s  s e c t i o n  shows t h a t  th e  a b s o r p t i v e  p r o p e r t i e s  o f  

th e  f o r e s t  l i t t e r  r e t a r d  m a la t h io n  o r  i t s  m e t a b o l i t e s  from e n t e r i n g  

th e  s o i l  but  t h a t  i t  does oc c ur  i r r e g u l a r l y  be low th e  l i t t e r .

Dean ( I 9 6 0 )  d isc u s s e d  th e  r e l a t i o n s h i p s  o f  i n s e c t i c i d e s  and 

s o i l s .  He showed t h a t  th e  f a t e  o f  th e  p e s t i c i d e  m o le c u le  depends
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not only on i ts  properties but also upon those o f  the soil  and i ts  

physical environment. Prediction of  the fa te  of  a pest ic ide requires  

the in tegrat ion o f  adequate knowledge about the in teractions of  

pest ic ide;  environmental, physical,  and chemical factors;  the s o i l ,  

and biological or enzymatic processes. Many years of  study w i l l  be 

required for  such predic t ion o f  insect ic idal  persistance and w i l l  

require a knowledge of  the biological or chemical reactions which 

accomplish or retard the molecular a l te ra t io n s  (Dean 1960:66). Dean 

suggested soil  may be a necessary cata lyst  fo r  breakdown: "L i te ra tu re

reviews reveal that pest ic ida l  behavior cannot be predicted from 

studies with a s ingle  soil  or from a single pest ic ide  on several  

so i ls"  (Dean, 1960:63).

Clay content o f  so i ls  influences retention of  organic molecules. 

Under s im i la r  conditions, organic matter content o f  so i ls  increases 

with clay content, suggesting clay contributes to persistance of  

organic matter in so i ls  (Dean 1960:65).  Dean (1960:63) stated that  

"one common feature of  so i ls  is the accumulation or persistence of  

varying quant i t ies  of organic residues." Surface area, io n - f ix a t io n ,  

molecular size of pest ic ide ,  and l a t t i c e  structure of  the clay crystals  

are a l l  involved. Lichtenstein (1958:381) has studied movement of  

p a ra th io n -P ^  in s o i ls .  He found i t  moved l a t e r a l l y  and up as well  

as down slope under non-1 eaching conditions. Soil type a l tered  

movement; i t  moved most rapid ly  in sandy s o i l ,  less in loam, and 

least  rapid ly in a muck soil  with the l a t t e r  re ta in ing the insect ic ide  

longer.
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T r a c e r  P l o t  P i t s  

F i v e  p i t s  dug w i t h  a b u ck e t  auger  were u n s a t i s f a c t o r y  f o r  

d e t e r m i n in g  th e  p re s en ce  o f  r a d i o a c t i v i t y  and m a la t h io n  in  sub

s u r f a c e  w a t e r .

C i r c le d  Stakes

On 2 May 1962,  2 weeks p r i o r  t o  th e  s p ra y  d a t e ,  s ta k e s  were  

d r i v e n  a t  f i v e  s i t e s  w i t h i n  w ate rsh ed  no. 1 t o  measure ,  i f  p o s s i b l e ,  

th e  downward movement o f  w i t h i n  th e  s o i l .  S i t e  no. 1 was in  a 

sandy,  low humus, d r y  s o u th e rn  exposure  s o i l  hav ing  a s lo p e  o f  to  

55%, h a l f  way between 1 - 8  and 1 - 1 7 .  T h re e  s ta k e s  were  d r i v e n ,  each  

made o f  1 3/** x 3 / 8  x  20 i n .  f i n i s h e d  f i r  lumber w i t h  18 numbered 

0 . 5  i n .  r a d iu s  c i r c l e s  drawn in  I n d i a  in k  a lo n g  one s u r f a c e .  T h re e  

were  p la c e d  in  muck s o i l  be low 1 - 1 0 ,  s i t e  No. 2;  t h r e e  in  w e l l  

d r a i h e d ,  deep humus s o i l  h a l f  way between 1-21 and 1 - 2 0 ,  s i t e  No. 3.  

T h re e  were  p la c e d  25 f t  SW o f  1 - 1 5 ,  s i t e  No. k .  E i g h t  were  p la c e d  

one above th e  o t h e r  on a s te e p  s lo p e  a lo n g  s t re a m  No. 1 be low 1 -2  

s t a r t i n g  1 f t  above th e  s t re a m .  A l l  s ta k e s  were i n s e r t e d  in  a h o le  

p r e p a r e d  by a s i m i l a r - s i z e  s t a k e .  S i x  inches o f  each s ta k e  was 

exposed above th e  s u r f a c e ,  18 i n .  were  below ground.  A l l  c i r c l e s  on 

th e  s ta k e s  were  fa c e d  u p h i l l .  Readings were  made p e r i o d i c a l l y  by 

p u l l i n g  th e  s t a k e ,  s c r a p in g  o f f  a d h e r in g  e a r t h  w i t h  a k n i f e  and and 

p l a c i n g  th e  end o f  th e  GM tu b e  t i g h t l y  w i t h i n  each numbered c i r c l e  

on th e  s t a k e .  The r e s u l t s  a r e  shown in  T a b l e  86 .  A l th o u g h  background  

was 0.0**  m r / h r  th e  a u d i b l e  m o n i to r  s i g n a l s  i n d i c a t e d  a c t i v i t y  above  

b a c k g ro u n d . '  F i e l d  c o u n te r  r e a d in g s ,  though u n s a t i s f a c t o r y ,  i n d i c a t e
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Table 86. -  Mean ra d io a c t iv i ty  of  e ight  soi l  stakes on Dover, Ohio, 
Watershed no. 1 on stream slope below 1-2, measured 7 June 1962 a f t e r  
2.3  inches o f  ra in .  Readings are in maximum mr/hr observed w i th in  15 
seconds a f t e r  tube contact.

Inches above ground Max. mr/hr

6 0.047
5 0.045
4 0.049
3 0.042
2 0.044
1 0.045

Inches below ground Max. mr/hr

1 0.042
2 0.043
3 0.044
4 0.046
5 0.041
6 0.040
7 0.040
8 0.047
9 0.032

10 0.036
11 0.035
12 0.037

some a c t i v i t y  down to 8 in.

The a irp lane  crash on 15 May provided an unusual opportunity to 

closely  study the movement of  a large quanti ty  (30 to 40 gal)  of  

radioactive insect ic ide  in a Wellston s i l t  loam s o i l .  The spray not 

applied in a one-swath f l i g h t  leaked from the tank w i th in  a 2 m area.

On 21 May 6 days a f t e r  the a i rp lane  crash, a gr id  o f  stakes and 

str in g  35 x 75 f t  was la id  over the immediate v i c i n i t y  o f  the plane.  

Fig. 64 is a topographic map of  the p lo t  prepared with tape, abney
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F i g .  64 .  T o pograph ic  map and cross s e c t io n s  o f  the  Dover ,  O h io ,  a rea  
around th e  crashed p la n e  The p o i n t  o f  d e p o s i t i o n  is  th e  b la c k  spot  
near  c o n to u r  l i n e  9 .  Contour i n t e r v a l  is  1 f t .  Z e ro  e l e v a t i o n  is  
a p p r o x im a t e ly  1150 f t  above sea l e v e l .  The d imensions o f  th e  p l o t  a r e  
35 x 75 f t .
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le v e l ,  and carpenter 's  ru le .  The land had a 16.5% slope.

6H tube readings taken on the le a f  l i t t e r  a t  grid intersections  

is shown in Fig.  65A. These observations were made with a th in end- 

window probe held d i r e c t ly  on leaves from 0 to 0.5 in. from th e i r  

surfaces. As in previous measurements the f inger  was held along side 

and extending beyond the window to act as a bumper to prevent puncture 

of the window.

Soil core samples were taken with a 2.5^ cm (1 in . )  diameter 

King tube along the gr id .  A c t iv i t y  of  the top two 6 in. samples, and 

subsequent 1 f t  long samples down to 7 f t  were taken, placed in 

numbered p la s t ic  bags and returned to the lab where they were s i f te d  

in a 1 mm sieve. Large p a r t ic le s  were discarded.

Three methods of ex trac t ing  malathion and from the soil  were 

tested. Three-tenths ml o f  the 25 Hay formulation was added to three,

3 g samples of  s i f te d  soil  from the control area.  These samples a f t e r  

ox id iza t ion  in P i r i e ' s  reagent and perchlor ic  acid were f i l t e r e d  to 

remove the s i l i c a  and undigested m ater ia l .  A f te r  washing with water  

and ethyl alcohol the f i l t r a t e  was p rec ip i ta ted  as described for  

biological samples. The P i r i e ' s  reagent method, most e f f e c t i v e  in 

removing the to ta l  r a d io a c t iv i ty ,  was adapted fo r  a l l  subsequent 

samples. Perchloric acid was 91% as e f f e c t i v e  as P i r i e ' s  reagent. Use 

of a sodium peroxide bomb calorimeter to measure the was not 

successful .

Mr. Harold Black, S .C .S . ,  Coshocton, Ohio, on 8 August 1962 

v is i te d  the area and reported the proceeding soil  character o f  the 

v i c i n i t y  o f  the plane crash. The soil  was judged comparatively



. V . V . V  .05 Mr/HR

.IMR/HR

16 DAYS

95 DAYS

6 DAYS

S FT

Fig.  65. A. D i s t r i b u t i o n  of  i n s e c t i c i d e  in an i n t e n s i v e l y  s tud i ed  p l o t  around the crashed plane .  The 
a c t i v i t y  a t  the  tank loca ted in the c e n t e r  of  the black zone was in excess  o f  20 mr /hr .  The a c t i v i t y  
around the p l o t .was  0 to 0.05 mr /hr .  B. La te ra l  i n t e r na l  movement (0.9 to  2.1 cpm) of  30 to  40 gal 
of  mala thion-S formula t ion in Wel l s ton s i l t  loam s o i l  fo l lowing a spray plane c rash ,  Dover, Ohio, 
1962.
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shallow and developed from a laminated, p la tey ,  micaceous s i l ts to n e .  

The A layer was 2 i n . ,  the B layer extended to about 2 f t  where parent 

m ater ia l ,  s i l t s to n e ,  occurred. The soil  was deeper than the Muskingum 

and is a Muskingum-Wel1ston t ra n s i t io n .

Mechanical analysis of  a sample taken e a r l i e r  (13 July 1962) from 

a point NE of the crash 100 f t  in to the control watershed is reported 

in Table 87. The O.S.U. Soils Lab would not perform an analysis on 

the contaminated s o i l .  The soil  analyzed and the soil  at the crash 

s i t e  are s l ig h t ly  d i f f e r e n t .  On the control area the Aj horizon was 

k i n . ,  the k in. but more d i lu te  in organic matter than the crash 

s i t e  sample. The B layer was developed to 3 f t .  The surface A layer  

was a s i l t - lo a m ;  the B, a s i l t y  clay loam. Three to 4 f t  below the 

surface a mottled layer of  d isintegrated micaceous sandstone occurred.  

From k to 5 f t  was weathered shale mottled with gray and reddish 

brown. There were indications of  the presence of  iron. The soi l  was 

Wellston s i l t  loam developed over thin-bedded micaceous sandstones 

and shale.

Radioact iv i ty  of soi l  samples as measured with the f i e l d  GM tube 

are shown in Table 88. The high counts that occurred on the control 

area are thought to be due to unexplained natural ra d io a c t iv i ty .

Fig. 65B shows above and below ground deposition and movement 

of  the insect ic ide.  Fig.  66 presents the results o f  soil  core 

analyses showing cross-sect ional ly ,  the movement of  the insect ic ide  

with time. I t  appears that even in large qu an t i t ie s ,  on Muskingum- 

Wellston soi ls  the malathion formulation moves r e la t i v e ly  slowly. The 

major i ty  of  the a c t i v i t y  of  the solut ion remained a t  the s i t e  of



Table  87. * Percen t ages  o f  p a r t i c l e  s i z e s  in a Wel l s ton  s i l t  loam s o i l  sample t aken wi th  a King tube 
150 f t  from the  p lane  c r ash  near  2-13,  2 months p os t - c r a s h ,  Dover,  Ohio,  1962.

Soi l
Depth

Very
Coarse

sand
2-1

Coarse
sand

1- .5

Med i urn 
sand

. 5 - . 2 5

P a r t i c l e
Fine
sand

.25- .1

s i z e  
Very 
f  i ne 
sand 

. 1- .05

di s t r i b u t i o n  
Total  
sands

«

in mm 
S i l t

05-.002

Clay

<.002

Fine
Clay

<.0002

Textura l
Class

Organic
Mat ter

0-3 in. 4 .2 4 . 4 2 . 6 5 .8 7 .9 24.9 60.1 15.0 3.5 S i l t 7 .5

3-6 in. 2 . 8 3 . 6 2 . 9 6 . 4 7.5 23.2 66.0 10.8 1.9 S i l t 2 .5

6-12 in,, 2.2 3.7 4 . 0 10.4 9 . 8 30.1 57.2 12.7 2.1 S i l t 1.1 J

1-2 f t 3.1 5.1 4 . 0 10.2 13.0 35.4 47.5 17.1 4.1 Loam 0.3

2-3 f t 2.7 5 . 0 3 .8 9 . 8 16.7 38.0 46.7 15.3 3 . 8 Loam 0. 4

3-4  f t 2 .8 6 . 7 6 . 2 16.6 ' 20.7 53.0 36.5 10.5 2 . 4 Sandy
Loam

0.4

4-5 f t 4 . 9 6 . 9 4 . 5 11.2 16.9 44 . 4 44.3 11.3 2.5 Loam 0.4
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Table 88. -  Radioact iv i ty  (corrected fo r  decay) of  soil  cores from 
the plane crash s i t e  a t  p lo t  points 5-5 on 13 July and 8-5 on 8
August 1962 and at  a s im i la r  area 100 f t  away in watershed no. 2.
A c t i v i t y  was measured with  a portable GM tube. Mechanical analyses
of  sample No. 2 are reported in Table 87.

Sample
depth

Crash
Sample

7-13

Site
date

8-8

mr/hr
Adjoining Area 

Sample date 
7-13 8-8

0-3 in. 0.27 0.08 0.05 0.08

3-6 in. 0.14 0.07 0.06 0.06

6-12 in. 0.14 0.05 0.07 0.07

1-2 f t 0.16 0.06 0.07 0.06

2-3 f t 0.10 0.06 0.12 0.14

3-4 f t 0.14 0.10 0.18 0.10

4-5 f t 0.08 0.08 0.20 0.12

deposition as evidenced by low counts de l ineat ing the movement 

boundaries.
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1962 showing the  d i s t r i b u t i o n  of  S * as  measured from King tube samples taken a t  I f t  i n t e r v a l s .  
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PISSCUSSION

The essential problem of  ecology is how to synthesize the 

observations of  an environment into a statement of  understanding. 

Ecologists are s t i l l  roughing-in in pencil when i t  comes to painting  

the true p icture  of  the forest  ecosystem. As has been made p a in fu l ly  

obvious, even the i n i t i a l  descript ive  phases of  an ecological study 

are extremely d i f f i c u l t  and many are yet beyond our present a b i l i t i e s .  

Advanced studies of  in terac t ion  when the in teractants  cannot be 

defined is not usually f r u i t f u l  but must be attempted. By such 

studies descript ive  statements can be l imited and more rapid progress 

be made in discovering the nature of in teract ions.

The natural community, alone, is bewildering in i ts  complexity.

To add an unnatural influence such as an insect ic ide ,  compounds 

complexity. Yet,  a promising new concept is that o f  an "ecoectomy" 

or removal in order to study function. Rapid s tr ides  in endocrinology,  

fo r  example, were made not from studying the endocrine glands per se, 

but by studying the functions of  the body a f t e r  the removal or  

suppression of  the organ. Thus, in ecology, the study of an ecosystem 

wi thout the influence of  an organism may y ie ld  more knowledge about 

the role o f  that  organism w ith in  the system, than much study of  the 

organism i t s e l f  w i th in  i ts  natural environments. The broad spectrum 

insectic ides o f f e r  l imited p o s s ib i l i t i e s  but newer, se lec t ive  insec

t ic id e s  and rodenticides, hold great promise for  progress in eco

logical understanding.

The subtle e f fec ts  of  an insect ic ide  are fa r  more disquiet ing  

to the ecologist than the death o f  thousands of  l i f e  forms. In t e r -
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dependence o f  s p e c ie s  i s  re c o g n iz e d  and when bold change o c c u r s ,  some 

s p e c ie s  w i l l  s u f f e r .  R a r e l y  c o n s id e r e d ,  however, i s  t h a t  such bold  

change occurs  c o n s t a n t l y ,  n a t u r a l l y .  The g i a n t  f a l l e n  t r e e  changes 

r a d i c a l l y  th e  e n v i ro n m e n t  o f  a t  l e a s t  1 a c r e  o f  f o r e s t .  M i l l i o n s  o f

forms p e r i s h ,  h a b i t a t  n ic h e s  a r e  d e s t r o y e d ,  and some s u c c e s s io n a l

phenomena b e g i n ,  o t h e r s  ce as e .  The changes t h a t  o c c u r  a r e  good o r  

bad depending on o n e 's  p o i n t  o f  r e f e r e n c e .  Fo r  exam ple ,  a w i l d

goose c lo s e  t o  a smal l  c h i l d  is  an ominous c r e a t u r e ;  t o  an a v e ra g e

a d u l t ,  w o r th y  o f  n o te ;  t o  th e  p i l o t ,  a speck on th e  bay; t o  th e  

a s t r o n a u t ,  i n v i s i b l e .  in  each case th e  goose is  e q u a l l y  r e a l .  The 

combined f a c t o r s  o f  human deve lopm ent  and p e r s p e c t i v e  govern th e  

s i g n i f i c a n c e  o f  th e  o b s e r v a t i o n .  The f i e l d  o f  in s e c t  e c o lo g y  is  a 

d i r e c t  p a r a l l e l ,  f o r  i n s e c t i c i d e  e f f e c t  depends on i n t e r p r e t a t i o n  

based on o u r  i n t e l l e c t u a l ,  c u l t u r a l ,  and s p i r i t u a l  s t a t e  o f  d e v e lo p 

ment.  The s ta te m e n t  o f  " y e s ,  t h e r e  were  e f f e c t s "  must be l o g i c a l l y  

f o l lo w e d  by: "what  was t h e i r  s i g n i f i c a n c e ? "  The f a c t  t h a t  an

organ ism  d i s a p p e a r s ,  even though u n n o t ic e d ,  makes t h e  d is s a p p e a ra n e e  

no le s s  r e a l .  The f r u s t r a t i o n  o f  t h e  e c o l o g i s t  is  t h a t  he "knows"  

t h a t  t h e r e  a r e  i n s e c t i c i d e  e f f e c t s  bu t  he cannot  become s e n s i t i v e l y  

enough a t t u n e d  t o  n a t u r e  th roug h  h is  own i n t e l l e c t u a l  e f f o r t s ,  

o b s e r v a t i o n s ,  o r  in s t r u m e n ts  t o  measure them o r  even p e r c e i v e  them 

in  some in s t a n c e s .  Nor  is  he p r o p h e t  enough t o  c o n f i d e n t l y  i n t e r p r e t  

f o r  t h e  p o o r l y  l i t  f u t u r e  th e  o b s e r v a t i o n s  he does make. Such was 

t h e  case w i t h  t h i s  s tu d y .  The e f f e c t s  were  a p p a r e n t  but  r e c o v e r y  o f  

p o p u l a t i o n s  was r a p id  and a p p a r e n t  norm alcy  a t t a i n e d .  E c o l o g i s t s ,  

n e v e r t h e l e s s ,  must approach th e  is s u e  o b j e c t i v e l y  t o  e n a b le  sound
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decisions with basic value judgements.

Certain broad recommendations or goals have become evident . With 

increasing spraying of  insectic ides there is need fo r  the development 

of  therapeutics fo r  f a u l ty  appl icat ions.  Low residual ,  low vertebrate  

to x ic i t y  compounds need to be encouraged, insectic ides should be used 

to bring pest populations to levels a t  which natural agents may 

control them. A l l  a v a i lab le  knowledge should be brought to bear on 

development of  e f f i c i e n t ,  e f fe c t iv e  forest  pest control operations 

which include use of  formulations and insectic ides compatible with  

a l l  forest  uses. C r i t i c a l  points in ecosystems, e . g . ,  primary 

consumers, should be studied to allow insect ic ide  use at  the least  

c r i t i c a l  time of the year that  is compatible with control .

Man, examining the insect ic ide  problem, s i ts  as an audience 

viewing a strange and unreal drama, one coming to a close and not 

having provided an inkl ing o f  whether i t  be comedy or tragedy. The 

drama is one in which a l l  the characters have not been presented by 

the las t  a c t ,  one of  deep p lo t  perhaps only p a r t i a l l y  recognized,  

and one that some reviewers predict  ''success1', others " f a i l u r e . "



SUMMARY

t
The fa u n a !  e c o lo g y  o f  two, d e c i d u o u s - f o r e s t e d , 20 a c r e  w a t e r 

sheds n e a r  D over ,  O h io ,  was s t u d i e d  i n t e n s i v e l y  f o r  one y e a r .  The  

second y e a r ,  one o f  th e  w a te rsh ed s  was a e r i a l l y  sprayed w i t h  2 l b / a c r e  

o f  m a la t h io n  l a b e l e d  w i t h  S^**. E f f e c t s  o f  th e  i n s e c t i c i d e  were  

s t u d i e d  by sam pl ing  a l l  fa u n a l  segments from th e  m i c r o b i o t a  o f  th e  

s o i l  t o  raccoons.  The i n s e c t i c i d e  and i t s  m e t a b o l i t e s  were  f o l lo w e d  

from th e  a i r p l a n e  th roug h  th e  a i r ,  th e  f o r e s t  v e g e t a t i o n ,  and in  s o i l  

and v * £ t e r .

A l i t e r a t u r e  r e v ie w  would not  a l l o w  c o r r e c t  p r e d i c t i o n  o f  th e  

e f f e c t s  o f  a w e l l  known i n s e c t i c i d e  on th e  f o r e s t  fa u n a .

No e f f e c t s  from th e  i n s e c t i c i d e  were  observed on b a c t e r i a  o r  

f u n g i .  S o i l  m ic r o a r th ro p o d s  were  a f f e c t e d  f o r  a s h o r t  t im e .  E a r t h 

worms and s n a i l s  were  u n a f f e c t e d .  F i s h  and c r a y f i s h ,  s e n s i t i v e  to  

m a la t h io n  in  t e s t s ,  were  u n a f f e c t e d  in  th e  s tream  e n v i r o n m e n t .  

A rth ro p o d  numbers were  g r e a t l y  re duced ,  b u t ,  g e n e r a l l y ,  r a p id  r e c o v e ry  

was made. R e p t i l e s  and am phib ians  were  u n a f f e c t e d .  B i r d s  r e a c te d  t o  

th e  i n s e c t i c i d e  f o r  2 days but  no l a s t i n g  e f f e c t s  were  n o te d .  Mammal 

p o p u l a t i o n s  o f  mice and. chipmunks were  reduced from normal on th e  

t r e a t e d  a r e a .  Shrews and l a r g e r  mammals were  a p p a r e n t l y  u n a f f e c t e d .

S35 a l lo w e d  c r i t i c a l  movement and c o n c e n t r a t i o n  s t u d i e s  o f  a 

o n e -s w a th  s pray  f l i g h t  and a t o t a l  a e r i a l  t r e a t m e n t .  Amounts o f  

m a la t h io n  and i t s  m e t a b o l i t e s  in  p la n . ts ,  a n i m a l s ,  a i r ,  s o i l ,  and w a t e r  

were  d e te rm in e d  r a d i o l o g i c a l 1y .  L i t t l e  i n s e c t i c i d e  was l o s t  above  

th e  f o r e s t ;  m a jo r  p o r t i o n s  a r e  i n t e r c e p t e d  w i t h i n  t h e  v e g e t a t i o n .  

M a l a t h i o n  remained in  th e  upper  0 . 5  f t  o f  s o i l .  I t s  p re s en ce  in
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water was thought to be due to stream channel intercept ion and to 

stream-side surface run-off .

Malathion appears to be an e f fe c t i v e  insect ic ide  th a t ,  although 

harmful to some forms, is of  short residue and permits rapid recovery 

of decimated or a l te red  populations.
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A ppend ix  T a b l e  1. -  L i s t  o f  common and s c i e n t i f i c  names o f  t r e e s  and 
p l a n t s  no t  l i s t e d  in  T a b l e  4  o r  e ls e w h e r e  (based on F e r n a l d ,  1 9 5 0 ) .

Y e l l o w  o r  T u l i p  P o p la r  
W h i te  Oak 
Red Oak 
B la c k  Oak
Y e l l o w  Oak (perhaps B la c k  Oak)
P in  Oak
Red Maple
Sugar Maple
Beech .j
Hop Hornbeam
Ironwood
S a s s a f r a s
C h e rry
Elm
C h e s tn u t
Buckeye o r  Horse C he s tn u t
H ic k o r y
B la c k  W alnut
Whi t e  W alnut
Honey Locust
Ash
Sp i cebush 
Hazel  nut  
Pawpaw
Quaking o r  T r e m b l in g  Aspen  
Dogwood

L? r io d e n d ro n  t u l i  pi f e r a  
Quercus a l b a  
Quercus rubra  
Quercus v e l u t i  na 
Quercus v e l u t  ? na 
Quercus p a l u s t r i s  
A c e r  rubrum 
A c e r  saccharum  
Fagus g r a n d ?f o l ?a 
Ost rya  v? rg i  n ian a  
C arp i  nus c a r o l i  n ia n a  
S a s s a f r a s  a lb id u m  
Prunus s e r o t  i na 
Ulmus ameri cana  
Castanea  d e n t a t a  
A es c u lus  g l a b r a  
Carya spp.
Jug Ians ni g ra  
Jug 1ans c i nerea  
G l e d i t s i a  t r i a c a n t h o s  
Frax? nus s p .
L i n d e r a  b e n zo in  
C o ry lu s  sp.
Asimi na sp.
Populus t r e m u l o id e s  
Cornus f l o r i d a

H u c k l e b e r r i e s  
R a s p b e rr i  es  
B l a c k b e r r i e s  
Dewberr i  es 
C r a n b e r r i e s  
G i nseng 
N e t t l e s

Gay1u s s a c ia  sp, 
Rubus sp.
Rubus sp.
Rubus sp.
Vacc? ni urn spp.  
A r a 1 ia  sp.  
U r t i c a c e a  (? )
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Appendix Table 2. -  L is t  of common and s c i e n t i f i c  names of  vertebrates  
referred to in the text  and not l is te d  elsewhere (a f te r  Hall  and 
Kelson, 1959).

Mamma 1s
W h i te - ta i led  deer 
Black bear 
Elk (Wapiti)
Beaver
B u f fa lo
Panther
Bobcat
Wolf
Otter
Muskrat
Striped skunk
Opossum

Fox -  Red 
Gray 

Raccoon
Woodchuck or groundhog 
Fox squi rre l  
Gray squirrel  
Red squi rrel  
Flying squirrel  
Eastern chipmunk 
Cottontail  rabbit  
White-footed mouse

House mouse
Woodland jumping mouse 
S ho rt - ta i led  shrew 
Smoky shrew

Bi rds 
Wild turkey 
Ruffed grouse 
Bob W h i te  or quai1 
Crow
Blackbirds (probable grackles 

and red-wing)
Bluebirds 
T u r t le  dove
Cranes (probably herons and 

egrets)
Woodpeckers 
Pigeons (passenger)

Dama vi rginianus 
Ursus ameri canus 
Cervus canadensis 
Castor canadensi s 
Bison bison 
F e l is  concolor 
Lynx rufus 
Canis sp.
Lutra canadensis 
Ondatra zibethicus  
Meph?tis mephitis 
Didelphis marsupialis  

vi rginiana  
Vulpes fulva  
Urocyon c i ne reoa rqenteus 
Procyon lo tor  
Marmota m. monax 
Sciurus niqer  
Sciurus carolinensi s 
Tamiasciurus hudson?cus 
Glaucomys volans 
Tamias s t r ia tu s  f isher i  
Sylvilaqus f loridanus  
Peromyscus leucopus 

noveboracensis 
Mus musculus 
Napaeozapus insignis  
B1arina brevicauda 
Sorex fumeus

Meleagris gallopavo 
Bonasa umbel 1 us 
Col?nus v? rq?nianus 
Corvus brachyrhynchos 
Quiscalus sp.
Agelaius phoeniceus 
S ia l ia  s i a l i s  
Zenaidura macroura 
Ardea herodias and others

(See checkl is t  under "Birds")  
Ectopistes migratorius



Appendix Table  3. - C o r r e l a t i o n  c o e f f i c i e n t ,  r ,  m a t r i x  f o r  some c h a r a c t e r i s t i c s  of  the  46 g r i d  i n t e r 
s e c t i o n s  o r  sampling p o i n t s  o f  the  Dover, Ohio, wa t er sheds ,  1961.

Column number cor responds  to  row number a t  l e f t  o f  t a b l e  

1 2  3 4 5 6 7 8 9

1. E l ev a t i o n  1.00 - 0 .4 0 0.49 0.32 0.43 0.94 0.04 - 0 .22 0.02

2. p h 1.00 - 0.32 - 0 . 46 -0 .86 -0 .35 -0.11 0.01 0.14

3. Organi c Mat ter 1.00 0.48 0.49 0.39 -0.11 -0.11 -0 .12

b. Phosphorus 1.00 0.53 0.24 -0 .06 0.14 -0 .16

5. Potassium 1.00 0.36 -0 .03 - 0 . 09 -0 .13

6. Dis tance  from water 1.00 0.08 -0 .17 0.04

7. Cover Rat ing:  Tree 1.00 -0 .09 -0.11

8. Shrub 1.00 -0.01

9. Herb 1.00
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Appendix Table k. -  Checklist o f the arthropods of the Dover, Ohio,
watersheds, common name, and methods used fo r  the c o lle c t io n  o f each.

Collect ion Methods

Order and Family or 
Superfamily Common Name
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Protura Proturans (Telson t a i l s ) X
Thysanura Bri s t l e t a i I s X X
Collembola Spri n g ta i1s X X X X X X X
Ephemeroptera (adults) Mayf1ies X X X X X

(nymphs) X X

Odonata Dragonf1ies
Aeshni dae Darners X

Orthoptera
B la t t idae Roaches X X X

Tett igoni idae Long-horned grasshoppers X X X
G ry l lacr id idae Cave and camel cr ickets X X X
G r y l1idae Crickets X X X X X

Phasmatidae Walking st icks X X
Acrididae Grasshopper X

Plecoptera (adults) Stonef1ies X X X X X X

Psocoptera Booklice and Psocids X X X X X X X X

Thysanoptera Thrips X X X X X

Hemiptera
Corixidae Water boatmen X X X

Mi ridae Plant bugs X X X X X X X

Reduvi idae Assassin bugs X X X X

Lygaeidae Lygaeid bugs X X X X X X
Arad idae F la t  bugs X X
Pentatomidae Stink bugs X X X X
P lo ia r i  idae X
Ti ngi dae Lace bugs X X X X X

(nymphs) X

Belostomatidae Giant Water bugs X

Coreidae Coreid or Leaf-footed
bugs X X

(nymphs) X X

Nabidae Damsel bugs X
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A ppend ix  T a b le  4 .  -  C o n tin u e d .

Col l e c t i o n  Methods

O r d e r  and F a m i ly  o r  
Superfami 1 y

Common Name
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H e m ip te ra  ( c o n t . )
Di p s o c o r id a e X
R e d u v i id a e  (nymphs) X
Nei d i dae S t i l t  bugs X
A n th o c o r id a e F lo w e r  bugs,  m in u te

p i  r a t e  bugs X

Homoptera
C erc o p id a e Spi t t l e b u g s X X X X
Ci c a d e l 1 idae L ea fhop pers X X X X X X X X X
F u I g o r i d a e F u l g o r i d  P la n th o p p e r s X X X X X X X X X
Membracidae T reehoppers X X X X X
P s y 1 1 i dae Jumping p i a n t l i c e X X X X
Aphi d i  dae A phids  o r  p l a n t ! i c e X X X X X X

(nymphs) X
Phy11 o x e r i d a e Phyl 1 oxerans X
A le y r o d i d a e Whi t e f 1 ie s X
Cocci dae S o f t  s c a le s X

N e u r o p te r a
C o r y d e l 1 id ae D obsonf1 ie s X

C hrys o p id a e Green lacew ings X X X X X
S i a l i  dae A l d e r f 1 i es X
Hemerobi i dae Brown lacew in gs X X X X

(nymphs) X

C hrys o p id a e  ( l a r v a e ) X

C o le o p t e r a B e e t l e s
C ara b i  dae Ground b e e t l e s X X X X X X X
H a l i p l i d a e C r a w l in g  w a t e r  b e e t l e s X
Dyt i s c id a e Predaceous d i v i n g  b e e t l e s X X X
G y r i  n id a e W h i r l i g i g  b e e t l e s X
H y d r o p h i1 i dae W a te r  sc av e ng er  b e e t l e s X X X X X

L e o i d id a e X X X
Si 1 p h id a e C a r r i o n  b e e t l e s X X X
S t a p h y l i  n id a e Rove b e e t l e s X X X X X X X X X X
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Appendix Table k.  -  Continued.

Collect ion Methods

Order and Family or 
Superfamily Common Name
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Coleoptera (cont . )

0 rthoperidae X X X X
Cantharidae Soldier  beetles X X X X X X X X
Lampyridae F i r e f l i e s X X X X X X
Dermestidae Dermestid beetles X X
C i s i dae X X X
Ela ter idae C l ick  beetle X X X X X X X X
P t i lodac ty l idae X X X X
Heteroceridae Variegated mud-loving

beetles X X
Erotylidae Pleasing fungus beetles X X X X
Phalacridae Shining fungus beetles X X X X X
Cocci n e l1idae Ladybird beetles X X X X X
Mycetophagidae Hairy fungus beetles X X X X X
Colydi idae Cyl indrical  bark

beetles X
Pyrochroidae F ire  colored beetles X X
A l lecu l idae Comb clawed beetles X X X X
Tenebrionidae Darkling beetles X X X
Mel andryidae Melandryid bark beetles X X X X X
Pti nidae Spider beetles X
Anobi idae Drugstore beetle X X X X
Bostri chidae False powder post

beetles X
T rogidae Skin beetles X
Searabaeidae Scarab beetles X X X X X
Cerambycidae Long-horned wood boring

beet 1es X X X X X X
Chrysomelidae Leaf beetles X X X X X X X
Curculionidae Weevils or snout beetles X X X X X X X X
Ni t id u l id a e Sap feeding beetles X X X
Oasci11idae X X
Lyci dae Net-winged beetles X X X X X
Lathr id i idae Minute brown scavenger

beetles X X X X
Scolytidae Bark beetles X X X X X
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A ppendix  T a b le  4 .  -  C o n tin u e d .

C o l l e c t i o n  Methods

Order  and F a m i ly  o r  
S u p e r fa m i1y

aro

Common Name cj

in■o
<DO

CD

>
O

a.
©

to

a©

to

in©in
in©

inno
©c©

©cc3

E
©
©

©O
in

©o ©
CD

in"Oc
©

CD

©
©
1_

to
TJ
©
C

©

to

C o le o p te r a  ( c o n t . )  
Hi s t e r i d a e  
Oedemeridae  
C l e r i d a e  
B u p r e s t id a e

M o r d e l1 i dae  
P t i 1 i idae  
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Appendix Table k.  -  Continued.
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Tr ichoptera (cont . )
Limnephi1idae Northern caddis f l ies
Phloeothripidae X

(nymphs) X

Lepidoptera B u t t e r f l i e s ,  moths,
skippers

Sphi ngidae Sphinx moths X X

Saturni idae Giant silkworm moths X X

C i theroni i  dae Royal moths X

Arct i  idae Tiger  moths X X

Phalaenidae Noctuid moths X X

Notodontidae Prominents X

Las i ocampi dae Tent c a te r p i l l a r s X
Geometridae Geometrid moths and

Measuring worms X X X

Pyral idae Pyral id  moths X

Microlepidoptera X X X X X X X X X

Undetermi ned X

C a te rp i l ia rs X X X

Papi1 ionidae Swallowtail b u t te r f l i e s X

Nymphali dae Brush-footed b u t t e r f l i e s X

Agari st idae Forester moths X X

Thyati r idae X

( la rvae) C ate rp i1lars X X X

Lycaenidae Blues, Coppers,
Hai rstreaks X

Macrolepidoptera X X

Diptera
Muscidae House f l  ies e t  aj_. X

Anthomyii dae X

Sarcophagidae Flesh f 1ies X X

Tipul idae Crane f 1ies X X X X X X X X X

Orosophi1idae Vinegar f 1ies X X X X

Chi ronomidae Midges X X X X X X X X X

Ce ra topogon idae B it ing  midges X X X X X X X
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O i p t e r a  ( c o n t . )
C u l i c i  dae Mosqu i toes X X X X

Bi bi on idae Ma rch f 1 i es X X X X X X X

Mycetoph i 1 i dae Fungus gnats ■!*% X X X X X X X

S c i a r i d a e D ark-w inged fungus gnats X X X X X X X X

Ceci domyi i dae Gal 1 midges X X X X X X X X X X

Psychod i dae Moth f 1 ies X X X X X X X

S imu1i idae B Iack  f 1 ies X X X
Rachi c e r i  dae X

S t r a t i o m y id a e S o l d i e r  f 1 ies X X X X X X X X

Rhagi on idae Sni p e f 1 i es X X X X
Empi d i dae Dance f 1 ies X X X X X X X X

Ooli  chopod i dae Long- legged  f l i e s X X X X X X X X

P i p u n c u l i  dae B i g headed f 1 i es X X X X X

P ho r idae Humpbacked f l i e s X X X X X X X X

C a l y p t e r a t e s X X X X X X X X X

Aca 1 y p t e r a t e s X X X X X X X X

P l a t y p e z i  dae F l a t - f o o t e d  f l i e s X X

Lauxani idae P i c t u r e - w i n g e d  f l i e s X X X X X
Syrphi  dae F low er  f 1 ies X X X X X X X

Tabani dae Horse ,  d e e r  f l i e s X X X

Tachi n id a e Tachi  na f 1 i es X X
(1 a r v a e ) X X X

Bomby1 i i dae Bee f 1 ies X

Rhyphidae Woodgnats X X X

Helomyzidae H e lo m y z id f1 ies X

Sci omyzi dae Marsh f 1 ies X X X X X

As i 1 idae Robber f 1 ies X

S p h ae ro c e r id a e Smal1 dung f 1 i es X

Mycomy5 nae X

Seps i dae B la c k  scavenger  f l i e s X

C1 us i i dae X

S i phonaptera F le a s X X

Hymenoptera
Cyni p id a e Ga11 wasps X X X X X X X
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Hymenoptera (cont.)
1chneumonidae 1chneumons X X X X X X X

Braconidae Braconids X X X X X X X X

Chalcidoidea Chalcids X X X X X X X X X

Formicidae Ants X X X X X X X X X X

Apidae Bees X X X X X

Tenthredinidae Typical sawflies X X X X X X

Eulophidae X X

Sphecidae Sphecid wasps X X X X X

Si r ic idae Hornta i1s X

Vespidae Potter wasps, hornets,
yellow jackets X X X X

Hali ctidae H a l ic t id  bees, Sweat
bees X

Platygasteridae X X X X

Proctotrupidae X X X

Oiapri idae X X X X X

Mytnaridae Fai r y f 1ies X

Pergidae X

Encyrtidae Encyrit ids X

Eupelmidae X

Trigonalidae X

Colle t idae C o l le t id  (yellow-faced)
bees X

Pomp i 1i dae Spider wasps X X

Chrysididae Cuckoo wasps

1sopoda Sow bugs^ X

Diplopoda Hi 11ipedes X X X

Chilopoda Centipedes X X

Pau ropoda Pauropods X

Symphyla Symphylans X X

Chelonethida Pseudoscorp i ons X X

Phalangida Daddylonglegs X X X X X X X X X X

Arachnida X

Acari na X X

Orbatid mites X X
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A c a r in a  ( c o n t . )
N o n - o r b a t id  m i te s X X

A rane i  da Spi ders X X X X X X X X X



Appendix Table 5. -  Phonological1y comparable dates, (month-day) 1961 
and 1962, Dover, Ohio, watersheds.

1961 1962 1961 1962 1961 1962

4-25 4-29 6-1 5-18 7-7 6-22
4-26 4-30 6-2 5-19 7-8 6-23
4-27 5-1 6-3 5-20 7-8 6-24
4-28 5-2 6-4 5-21 7-9 6-25
4-29 5-3 6-5 5-22 7-10 6-26
4-30 5-4 6-6 5-23 7-11 6-27
5-1 5-5 6-7 5-24 7-12 6-28
5-2 5-6 6-8 5-25 7-13 6-29
5-3 5-7 6-9 5-26 7-14 6-30
5-4 5-8 6-10 5-27 7-15 7-1
5-5 5-8 6-11 5-27 7-16 7-2
5-6 5-8 6-12 5-28 7-17 7-3
5-7 5-9 6-13 5-29 7-18 7-4
5-8 5-9 6-14 5-30 7-19 7-5
5-9 5-9 6-15 6-1 7-20 7-6
5-10 5-9 6-16 6-1 7-21 7-7
5-11 5-9 6-17 6-2 7-22 7-8
5-12 5-9 6-18 6-3 - 7-22 7-9
5-13 5-10 6-19 6-4 7-23 7-10
5-14 5-10 6-20 6-5 7-24 7-11
5-15 5-10 6-21 6-6 7-25 7-12
5-16 5-10 6-22 6-7 7-25 7-13
5-17 5-10 6-23 6-8 7-26 7-14
5-18 5-11 6-24 6-9 7-27 7-15
5-19 5-11 6-25 6-10 7-28 7-16
5-20 5-12 6-26 6-11 7-29 7-17
5-21 5-12 6-27 6-12 7-30 7-18
5-22 5-12 6-28 6-12 7-31 7-19
5-23 5-13 6-29 6-13 8-1 7-20
5-24 5-13 6-30 6-14 8-2 7-21
5-25 5-14 7-1 6-15 8-2 7-22
5-26 5-14 7-1 6-16 8-3 7-23
5-27 5-15 7-2 6-17 8-4 7-24
5-28 5-15 7-3 6-18 8-5 7-25
5-29 5-16 7-4 6-19 8-6 7-26
5-30 5-16 7-5 6-20
5-31 5-17 7-6 6-21
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A ppend ix  T a b le  6 .  -  O r ib a t i d  m ite s  c o l l e c t e d  by B e r le s e  funn e l
e x t r a c t io n s  from  ny lon  n e t  bags f i l l e d  w i t h  l e a f  l i t t e r ,  Dover,
O h io , 1962.

D a t e :  M o n th -D a y 1 -19 1 -2 0 1-21

T r e a t e d  A r e a  

1 -1 4  1 -1 5  1 -1 6 1 -8 1 -9 1 -1 0 1-5 T o t a l

5-1 43 11 72 5 15 14 2 2 29 193
5 -1 0 13 6 66 42 30 115 74 26 26 61 459
5 -2 3 12 3 14 31 20 5 15 5 9 14 128
5 -2 9 6 8 1 8 3 3 1 6 4 6 46
6-11 39 19 35 22 8 6 27 51 6 11 224
7 - 4 44 4 13 2 7 2 29 10 1 112
7 -1 9 25 4 4 12 18 7 106
7 - 3 0 19 5 7 7 1 2 16 5 4 3 69
8 - 1 6 8 6 I 6 4 6 18 3 18 7 77
T o t a l 209 62 209 118 122 154 165 139 97 139 1414

D a t e :  M o n th -D a y 2 -2 0 2-21 2 -2 2

U n t r e a t e d  A r e a  

2 - 1 5  2 - 1 6  2 -1 7 2 - 9  2 - 1 0 2-11 2 - 7 T o t a  1

5-1 3 4 4 12 14 8 6 8 16 75
5 - 1 0 58 30 15 11 37 9 17 17 2 196
5 -2 3 14 5 3 11 12 1 2 9 57
5 - 2 9 8 6 24 6 3 47
6-11 28 24 45 5 17 1 26 17 36 199
7 - 4 23 2 2 2 24 15 7 18 93
7 -1 9 23 40 21 13 14 111
7 - 3 0 5 40 15 12 6 5 3 2 18 1 06
8 - 1 6 8 11 16 11 2 10 34 92
T o t a l 147 139 117 74 121 24 108 76 141 976



Appendix Table 7. -  Non-oribatid mites collected by Berlese funnel
extractions  from nylon net bags f i l l e d  wi th le a f  l i t t e r ,  Dover, Ohio,
1962.

T rea ted Area

D ate: Month-Day 1-19 1-20 1-21 1-11+ 1-15 1-16 1-8 1-9 1-10 1-5 T o ta l

5-1 17 23 62 9 58 k7 1+2 13 5l+ 51+ 379
5-10 22 33 33 55 113 kk 71 36 53 31 1+91
5-23 15 6 22 20 32 7 7 16 6 5 136
5-29 11 6 8 7 7 8 1+ 3 1 1+ 59
6-11 39 19 35 22 8 6 27 51 6 11 22k
7-1+ 128 27 38 11 38 1+0 1+1+ 30 35 391
7-19 36 22 15 19 25 117
7-30 1+8 1+2 11+ 11+ 1 11 72 35 12 63 312
8-16 27 52 17 3k 38 1+2 52 30 30 20 31+2
T o ta l 3^3 208 229 172 317 205 275 243 211 21+8 21+51

U n tre a te d Area

D ate: Month-Day 2-20 2-21 2-22 2-15 2-16 2-17 2-9 2-10i 2-11 2-7 T o ta l

5-1 8 5 15 39 13 1+7 32 21 22 212
5-10 kk 39 7 13 23 62 10 15 12 225
5-23 37 13 5 11 21 k 13 11+ 1+ 122
5-29 39 2 21 6 3 1 16 2 8 98
6-11 28 2k k5 5 17 1 26 17 36 199
7-k 52 30 53 19 78 28 27 22 309
7-19 16 27 13 13 17 116
7-30 19 31 91 32 28 22 12 23 27 285
8-16 26 10 31 15 1+ 9 25 22 11+2
T o ta l 253 170 295 138 198 11+1 159 11+1+ 170 1698
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A ppend ix  T a b le  8 .  -  C o lle m b o la  c o l l e c t e d  by B e r le s e  fu n n e l e x t r a c t io n s
from  n y lo n  n e t  bags f i l l e d  w i t h  l e a f  l i t t e r ,  D o v e r, O h io , 1962.

D a te :  Month-Day 1 -1 9 1 -2 0 1-21

T r e a t e d  Area  

1 -1 4  1 -1 5  1 -1 6 1 -8 1 -9 1 -1 0 1-5 T o t a l

5-1 27 14 28 13 27 18 118 28 61 152 486
5 - 1 0 22 35 13 225 164 42 74 53 84 134 846
5 - 2 3 12 10 12 62 41 8 36 27 5 32 245
5 - 2 9 6 2 8 7 6 4 2 4 1 40
6-11 16 31 11 26 9 17 31 21 14 14 190
7 - 4 63 4 12 7 16 13 15 18 74 222
7 - 1 9 6 32 34 7 79
7 - 3 0 29 6 9 17 1 3 31 1 0 12 18 136
8 - 1 6 13 19 7 19 24 37 34 16 15 28 212
T o t a l 194 121 1 00 376 320 142 326 174 243 460 2456

D ate :  Month-Day 2 - 2 0 2-21

U n t r e a t e d  

2 - 2 2  2 - 1 5

A rea

2 - 1 6 2 - 1 7 2 - 9  2 - 1 0 2-11 2 - 7 T o t a l

5-1 88 16 24 23 11 39 21 33 404 659
5 - 1 0 82 82 12 14 64 22 28 57 27 388
5 - 2 3 47 33 16 17 48 4 iO 31 14 220
5 - 2 9 28 6 25 4 1 9 8 5 86
6-11 6 22 65 13 56 4 6 52 34 258
7 - 4 42 14 34 26 48 40 27 231
7 - 1 9 4 4 45 38 16 52 195
7 - 3 0 9 43 45 57 30 22 15 43 18 282
8 - 1 6 13 21 24 12 7 18 37 28 160
T o t a l 315 281 246 192 270 98 163 288 582 2479
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APPENDIX 3

PREPARATION OF M ALATHIO N-S35

Mr. J. R. Ogle, Inorganic Department, The Radiochemical Centre,  

Amersham, Buckinghamshire, Great B r i t a in ,  (pers. correspondence, 3 

August 1962) outl ined the procedure used for  the formulation of  mala- 

th ion-S3  ̂ purchased from them for  th is  research.

Elemental s u l fu r ,  S33, in s l ig h t  excess, is heated to 400° with  

red phosphorus to give phosphorus pentasulphide-S which is then 

allowed to react with an excess of  methanol in re f lux ing benzene to  

give dimethyl phosphorodithioate-S3^, together with hydrogen sulphide.  

The d i th io a te  (b.p. 0 .04, 4 0 -40 .5 °  C) is p u r i f ie d  by frac t iona l  

d i s t i l l a t i o n ,  then allowed to react without solvent with a s l ig h t  .. 

excess of diethyl maleate for  68 hours at  40° C. Acidic  impurities  

are removed by p a r t i t io n in g . th e  mixture between ether and sodium 

hydrogen carbonate; a f t e r  evaporation of  the e ther ,  unreacted diethyl  

maleate is washed out in l ig h t  petroleum (b.p. 40-60° C) and f i n a l l y  

the product is heated at  100 C at  10 mm pressure to remove a l l  

v o l a t i l e  impuri ties . The malathion was not d i s t i l l e d  since at higher 

temperature there appears to be the p o s s ib i l i t y  of  isomerisation 

and decomposition.

The reaction sequence is represented below:

P 2 S 5 + . 4C H 30 H —►  2 (C H 3 0 ) 2 -P 5S H  -I- H2 S

(C H 3 0 ) 2 * PSSH -I- C2 H5 0 0 C . C H : C H . C 00C 2 H5 — ( C H j O ) 2 P S S . C H . C 00C 2 H5

ch2 . cooc2h5

The overal l  y ie ld  based on red phosphorus is be t te r  than 60%. The
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ra d io c h e m ic a l  y i e l d  is  about  45% due to  the  use o f  excess s u lp h u r  in  

the  p r e p a r a t i o n  o f  the  p e n ta s u lp h id e  and loss o f  hydrogen s u lp h id e  a t  

the  second s t a t e .

The ra d io c h e m ic a l  p u r i t y  o f  th e  p rod uct  was checked by paper  

chromatography in  th e  f o l l o w i n g  f i v e  s o lv e n t  systems:

1. Ethano l  : a c e to n e  : w a t e r  ( 1 : 1 : 2 )  on p a r a f f i n  t r e a t e d  p a p e r .

2 .  Ethano l  : c h o lo ro fo rm  : w a te r  ( 1 0 : 1 0 : 5 )  on s i l i c o n e  t r e a t e d
pa pe r .

3 .  Methanol : w a t e r  : to lu e n e  : l i g h t  p e t ro le u m  ( 7 0 : 3 0 : 5 0 : 5 0 ) .

4 .  A c e t o n i t r i l e  : w a t e r  : 0 . 8 8  ammonia ( 4 0 : 1 0 : 1 ) .

5 .  Methanol : hexane ( 1 : 2 ) .

In  th e  f i r s t  f o u r  s o lv e n t s  o n ly  one r a d i o a c t i v e  component was d e te c te d  

w h i l e  in  the  f i f t h  e l u e n t  a minor  i m p u r i t y ,  t o t a l i n g  4% o f  the  

a c t i v i t y ,  was d e t e c t e d .  The assay on the  m a t e r i a l  in d ic a t e d  a 

s p e c i f i c  a c t i v i t y  o f  1 7 .5  mc/mM on 13 May 1962 and th e  f o u r  ampoules  

c o n ta in e d  th e  f o l l o w i n g  q u a n t i t i e s  o f  m a la th io n :  (1 )  4 . 9 8  g ,  263 me; 

(2 )  4 . 9 8  g ,  263 me; (3 )  4 . 9 2  g ,  260 me; and (4 )  5 . 0 2  g ,  265 me.
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