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EXECUTIVE SUMMARY 

The purpose of t h i s  s tudy  was t o  determine t h e  taxonomic composi t ion,  
abundance, and f ood  h a b i t s  of grasshopper popu la t i ons  i n h a b i t i n g  the '  200 
Area p la teau .  Two s i t e s  were se lec ted  f a r  d e t a i l e d  s tudy,  one near Ltte 
B-C Cr i bs  c o n t r o l  zone and t h e  o t h e r  near t h e  former  REDOX Pond. 

A t o t a l  o f  14 grasshopper species were c o l l e c t e d  f rom t h e  B-C Cr i bs  
s tudy  area and 16 spec ies f r om t h e  REDOX Pond area. Th i r t een  o f  these 
species occur red  a t  bo th  l o c a t i o n s .  . P o p u l a t i o n  d e n s i t y  was low throughout  
most o f  t h e  spr ing ,  i n c r e a s e d ' i n  l a t e  May, and reached a peak o f  about  
4 grasshoppers p e r  square meter i n  e a r l y  J u l y .  

A d i e t a r y  a n a l y s i s  showed t h a t  7 o f  t h e  28 spec ies o f  vascu la r  p l a n t s  
recorded f rom the  a rea  were ma.ior combonents i n  a r a s s h o ~ ~ e r  d i e t s .  These 
i n c l u d e d  needle-and-thread g r a i s  ( s t i p a  comata) ,"turpen't i  ne cymopterus - 

(Cymopterus t e r e b i n t h i n u s  ) , Carey's balsamroot (Bal  samorhi za care anal  , 
western tansymustard (Descura in ia  p i n n a t a )  , J im  H i1  1 mustard 7 - k  S i s  b r i um 
a l t i s s imum) ,  b i g  s a g e b - ~ x i s i a  t r i d e n t a t a )  and green r a b b i t b r u s h  
(Chrysothamnus viscid if lor us^ 

The p l a n t  most h e a v i l y  u t i l i z e d  was b i g  sagebrush, f o l l owed  by turpen-  
t i n e  cymopterus, green rabb i  tbrush,  and Carey 's  balsamroot.  O ther  species 
were l e s s  f r e q u e n t l y  eaten. Several p l a n t s  were p resen t  i n  t he  d i e t  a t  a 
much h i g h e r  f requency than they  occur red  i n  t he  environment, i n d i c a t i n g  
t h a t  t h e y  were p r e f e r r e d  food i tems. These i nc l uded  t u r p e n t i n e  cymopterus, 
Carey's balsamroot,  J i m  H i l l  mustard, and green rabb i  tbrush.  Some p l a n t s  
were apparen t l y  avoided by  t he  grasshoppers s i nce  t h e y  were encountered a t  
a much lower  d i e t  f requency ( o r  were n o t  eaten a t  a l l )  than one would expect  
based on t h e i r  n a t u r a l  a.bundance. I nc l uded  in. . th i .s. .qroup . o f  p l a n t s  were 

fescue ( ~ e s t u i a  o c t o f  1 o r a )  , 
western tansymus tard '  ' ( 'Deicura in ia  

c i rcumsc issa) ,  winged c ryp tan tha  
[Microster - is  q r a c i l  i s ) .  
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To a i d  i n  t he  fo rmu la t i on  o f  an e c o l o g i c a l l y  sound, long- term waste 
management program a t  Hanford, a  b i o l  og i ca l  cha rac te r i  z a t i  on o f  the  200 
Area p la teau was undertaken t o  p rov ide  i n fo rma t i on  concerning species pres- 
en t ,  t h e i r  r e l a t i v e  abundance, and the  p o s i t i o n  they occupy i n  the  ecosystem. 
Grasshoppers a re  a  major  herb ivore  group o f  t h i s  reg ion .  Because o f  t h e i r  
h igh  rep roduc t i ve  p o t e n t i a l  and use as a  food resource by predators,  they  
serve as an impor tan t  l i n k  i n  energy and n u t r i e n t  f l o w  pathways through the 
ecosys tem. 

The o b j e c t i v e  o f  t h e  present  s tudy was t o  evaluate the  eco log ica l  
r o l e  o f  grasshopper popu la t ions  i n h a b i t i n g  t h e  200 Area p la teau o f  t he  
ERDA Hanford Reservat ion. Two rep resen ta t i ve  s tudy s i t e s  were selected, 
one near the B-C Cr ibs  c o n t r o l  zone and the  o the r ,nea r  t h e  former REDOX 
Pond. Grasshopper c o l l e c t i o n s  and i d e n t i f i c a t i o n s  were conducted; popu- 
l a t i o n  d e n s i t y  est imates made; and a  d i e t a r y  ana l ys i s  of abundant species 
conducted. 

STUDY AREA 

This s tudy was conducted i n  noncontaminated regions near  t h e  B-C C r i b  
C o n t r o l l e d  zone (200 East Area) and REDOX Pond (200 West Area). See 
Figure 1. 

B-C CRIBS 

  he B-C Cr ibs  s tudy  . s i t e  (F igure 2) i s  l oca ted  on the  200 Area p lateau 
approx imate ly  400 m south o f  t h e  main ga te  o f  the  200 East Area. S o i l s  
a r e  p r i m a r i l y  Rupert  sands and Burbank loamy sands (Hajek 1966). Average 
e l e v a t i o n  i s  approx imate ly  223 m w i t h  sur face  contours seldom exceeding 
15 m. A b r i e f  h i s t o r y  o f  rad ionuc l i de  depos i t ions  and subsequent management 
o f  t he  B-C C r i b  s i t e  i s  g iven  by O ' F a r r e l l  and G i l b e r t  (1975). 



The vegeta t ion  o f  t he  B-C Cr ibs area va r ies  from a r e l a t i v e l y  und is tu rb  
p l a n t  a s s o c i a t i  on c o n s i s t i n g  o f  the  dominant b i g  sagebrush/Sandbergls b lue-  
grass t o  h i g h l y  d i s tu rbed  regions where b i g  sagebrush has been l a r g e l y  
replaced by two rabb i tb rush  species, Chrysothamnus nauseosus and C.  v i s c i d i -  
f l o r u s .  The ground cover i n  such areas i s  dominated by cheatgrass (Bromus 
tectorum). Russian t h i s t l e ,  Salsola - k a l i ,  i s  a l s o  present. 

The grasshopper study a t  the  9-C c r i b  s i t e  was conducted i n  a r e l a -  
t i v e l y  undisturbed p o r t i o n  o f  the  region.  A vegetat ion ana lys i s  o f  t h i s  
s i t e  was conducted by C l i ne  e t  a1 . (1975). The p l a n t  taxa t h a t  were present  
are l i s t e d  i n  Table 1. A l l  p l a n t  c i t a t i o n s  f o l l o w  Hitchcock and Cronquist  
(1973). B ig  sagebrush dominated the  shrub s t ra tum w i t h  'a dens i t y  o f  3720 
p l a n t s  per  ha, r e l a t i v e  frequency o f  occurrence 8%, and cover 26%. The 
understory cons is ted  o f  a m ix tu re  o f  grasses and forbs'. F i ve  species of 
grass were recorded. Cheatgrass, six-weeks fescue, and Sandberg's b l  ue- 
grass were the  most abundant. Most of  t he  species were present  a t  a l w  
frequency; however, western tansymustard, matted cryptantha,  winged 
cryptantha,  and m i c r o s t e r i s  were abundant. Because o f .  t he  v a r i a t i o n  i n  t he  
topography, microhabi t a t  d i f f e rences  were present.  This  resu l  t e d  i n  a 
clumped d i s t r i b u t i o n  of sane species; e.g., Carey's balsamroot and turpen- 
t i n e  cymopterus, which were thus l o c a l l y  abundant, a l though recorded a t  a 
1 ow environmental frequency. 

REDOX POND 

The REDOX Pond study s i t e  (F igure 3) l i e s  ou ts ide  and approximately 
1 km south o f  t he  200 West fenced exc lus ion  area. It i s  8.5 km west o f  t he  
B-C Cr ib  study area. The pond was created i n  September 1956 and u t i l i z e d  
u n t i l  June 1972 as a ho ld ing  area f o r  condensor coolant  water  bear ing low- 
l e v e l  rad ionuc l ides .  I n  1972 the  water source was d i ve r ted ,  a l l  major 
vegeta t ion  was removed, the  bottom was a1 lowed t o  dry  and then covered w i t h  
so i  1. P r i o r  t o  deact iva t ion ,  the  pond occupied an area o f  approximately 
12-112 ha and was about 1/2 m deep. 

The work repo r ted  here was conducted approximately 100 m south o f  the 
o r i g i n a l  pond s i t e  i n  a r e l a t i v e l y  undisturbed area. The e l e v a t i o n  i s  
s i m i l a r  t o  t h a t  a t  the  B-C Cribs; however, t h e  topography i s  more uniform. 

Vegetat ion ana lys i s  i n d i c a t e s  a f l o r a  s i m i l a r  t o  t h a t  found a t  the  
B-C Cr ibs (compare Tables 1 and 2). The dens i t y  o f  b i g  sagebrush was 
lower (840/ha vs. 3720/ha a t  the B-C Cr ibs)  and t h a t  o f  rabb i tb rush 



h ighe r  i n  t h e  REDOX area. Two more grass species were p resen t ;  however, 
cheatgrass and six-week fescue remained t he  most common species.  The f o r b  
popu la t i on  was a l s o  s i m i l a r  except  f o r  an inc rease  i n  t h e  d e n s i t y  o f  J im 
H i l l  mustard and a pronounced reduc t i on  i n  t h e  abundance o f  m i c r o s t e r i s .  
Twenty-two herbaceous p l a n t  species were encountered compared t o  23 species 
found i n  t h e  B-C Cr i bs  survey. The herbaceous p l a n t  cover was a l s o  s i m i l a r ,  
38% f o r  t he  REDOX Pond s i t e  vs. 37% f o r  t he  B-C C r i b  s i t e  ( C l i n e  e t  a l .  
1975). 

C l i m a t i c  cond i t i ons  f o r  t he  two areas a re  a l s o  s i m i l a r .  Most o f  t he  
p r e c i p i t a t i o n  (X annual = 17.1 cm) f a 1  1s d u r i n g  t h e  months o f  October 
through May, t he  p e r i o d  which a l s o  corresponds w i t h  t h e  m a j o r i t y  o f  p l a n t  
growth. From June through September t h e r e  i s  l i t t l e  r a i n  and s i g n i f i c a n t  
dehydra t ion  occurs i n  most p l an t s .  Temperature extremes rang ing  f rom over  
100°F i n  t h e  sumner t o  below 0°F i n  t he  w i n t e r  a r e  n o t  uncommon (Stone e t  
a1.1972). 

MATERIALS A N D  METHODS 

p e r i o d i c  genera l  c o l l e c t i n g  was conducted i n  b o t h  t he  B-C Cr ibs  and 
REDOX Pond areas f r om June 6 t o  August 13, 1974 t o  o b t a i n  r e p r e s e n t a t i v e  
specimens o f  a l l  grasshopper species p resen t .  Co l l ec ted  specimens were 
p inned and sen t  t o  s p e c i a l i s t s  f o r  spec ies con f i rma t i on .  

R e l a t i v e  popu la t i on  d e n s i t i e s  were determined by  sweep samples taken 
a t  approx imate ly  2-week i n t e r v a l s  a t  bo th  s i t e s  f r om June 2 u n t i l  
October 15, 1974. B i g  sagebrush and green rabb i t b rush  were swept a t  t h e  

" B-C Cr i bs  s i t e '  and b i g  sagebrush a lone a t  t he  former REDOX Pond s i t e .  Two 
rep1  i cates of 50 sweeps each were taken on each p l  a n t  spec ies.  

Absolute d e n s i t y  f o r  ground-dwel l ing species was taken a t  t h e  B-C Cr i bs  
area a t  approx imate ly  2-week i n t e r v a l s  from May 2 ' u n t i l  October 8, 1974, 
us i ng  an o c u l a r  es t ima te  method (Bhatnagar and P fad t  1973). Whi le wa l k i ng  
through t h e  a rea  t o  be sampled, one f i x e s  h i s  s i g h t  on approx imate ly  a  
1 - f t 2  area o f  ground su r f ace  severa l  f e e t  i n  advance and records  t h e  number 
o f  grasshoppers p resen t  on t he  p l o t  as i t  i s  approached. Th is  process i s  
repea ted  u n t i l  100 sample p o i n t s  a r e  t a l l i e d .  Dens i ty  i s  recorded  as t he  
number o f  grasshoppers p e r  ft2 and then conver ted t o  grasshoppers/m2. 

A d i e t  a n a l y s i s  was conducted o n l y  a t  the  B-C Cr ibs  s i t e .  Grass- 
hoppers were c o l l e c t e d  a t  2-week i n t e r v a l s  between June 27 and August 8, 
1974. Specimens .were ob ta ined  by wa l k i ng  th rough t he  area w i t h  a  s tandard 
a e r i a l  n e t  and ca t ch ing  i n d i v i d u a l s  as t hey  jumped o r  f l ew.  They were 
immediate ly  preserved i n  95% ETOH. Crops o f  preserved grasshoppers were 



1 a t e r  removed i n  the  labora tory ,  a microscope s l i d e  mount was prepared . 
from the contents o f  each, and crop contents i d e n t i f i e d  as described by 
Rogers and Uresk (1974). P l a n t  t i s s u e  determinat ions were based on the  
s t r u c t u r a l  charac ter is  t i c s  of the epidermal c e l l  s. Comparison was made t o  
a reference c o l l e c t i o n  conta in ing  a l l  p l a n t  taxa present  i n  the study area. 
Twenty microscope f i e l d s  were read per  s l i d e  and posted t o  a keypunch form 
(Appendix A). Fol lowing keypunching the data cards were processed us ing a 
computer program designed t o  ca l cu la te  r e l a t i v e  frequency f o r  each grass- 
hopper species and food i tem. The computer program i s  documented i n  
Appendix B. 

RESULTS 

B-C CRIB AREA 

The grasshopper species c o l l e c t e d  a t  t h e  B-C Cr ib  s i t e  a re  l i s t e d  i n  
Table 3. With the except ion o f  two species o f  Te t t i gon i i dae ,  Apote 
n o t a b i l i s  and Ste i roxys  sp. , a1 1 specimens c o l l e c t e d  were a c r i d i d  grass- " 

hoppers. Two o f  the species were q u i t e  r e s t r i c t e d  i n  t h e i r  d i s t r i b u t i o n - -  
Me1 anopl us c i  nereus was usual l y  encountered on b i g  sagebrush, and Hespero- 
t e t t i x  v i  r i a i s c o l l e c t e d  almost e x c l u s i v e l y  on green rabb i  tbrush. 

The dens i ty  o f  the grasshopper popu la t ion  remained low throughout the 
s p r i n g  and d i d  n o t  begin t o  increase s i g n i f i c a n t l y  u n t i l  t he  end o f  May a t  
which t ime numerous e a r l y  i n s t a r .  nymphs were present (F igures 4-6). Adul ts  
o f  many species began t o  appear i n  l a t e  June and a peak popu la t ion  dens i ty  
o f  4.0 grasshoppers/m2 was ,recorded i n  e a r l y  J u l y  (F igure  4) .  Swee 
samples o f  green rabb i tb rush (F igure 5) and b i g  sagebrush (F igure 67, both 
taken on June 21, i n d i c a t e  t h a t  t he  greates t  popu la t ion  was present on the  
shrubs a few weeks e a r l i e r .  A t  t h i s  t ime 165 grasshoppers were obtained 
f rom 100 sweeps o f  rabb i tb rush and 59 from a sagebrush sample. Most o f  the  
grasshoppers encountered on green rabb i tb rush were Hespero te t t i x  v i r i d i s .  
Other l ess  abundant species c o l l e c t e d  on t h i s  p l a n t  inc luded Melanoplus 
y a r r o w i i ,  Melanoplus cinereus, and Ageneotet t ix  deorum. On J u l y  18, f o r  
example , 1 7 Hespero te t t i  x v i  ri d i  s were swept compared t o  2 Me1 anopl us 
yar rowi  i and 3 Me1 anopl us cinereus. Grasshoppers swept from b i g  sagebrush 
were almost e n t i  r e l y  Me1 anopl us c inereus and Oedaleonotus enigma. 

The combined r e s u l t s  o f  t he  d i e t  ana lys is  o f  t he  8 species f rom the  
B-C Cr ibs  area a r e  presented i n  Table 1. The raw data fro111 the  computer 
p r i n t o u t  appears i n  Appendix C. A t o t a l  o f  576 crops were removed i n  . the  
study and 15 species o f  p lan ts  were i d e n t i f i e d  f rom crop contents. E i g h t . o f  
these were recorded a t  a frequency o f  l ess  than 1%. O f  the  o the r  seven, 
b i g  sagebrush was the most abundant (41%), fo l lowed by green rabb i tb rush 
and tu rpen t i ne  cymopterus (1 5%) , Carey's ba1 samroot (1  3%) , Jim H i  11 
mustard (7%),  western tansymustard (4%),  and needle-and-thread grass (1%).  



The' re1at. i  ve frequency of p l a n t  specimens i n  grasshopper d i e t s  (a1 1 
sample dates combined) i s  presented i n  Table 4. The on l y  food  . i tem u t i l i z e d  
by a l l  spec ies was cryptogams. . I t s  r e l a t i v e  frequency i n  t h e  c rop  con ten ts  
v a r i e d ' f r o m  15% i n  Conozoa w a l l u l a  t o  81% i n  Aqeneo te t t i x  deorum. I n  a l l  
cases t h e  unknown category was encountered a t  a f requency o f  - < 3%. 

Diet of Apote notabilis Scudder (Figures 7a,b) 

Nine  food  p l a n t s  were i d e n t i f i e d  (Table 4'). Shrub fragments f rom bo th  
b i g  sagebrush (18%) and green r a b b i  tb rush  (1  5%) were present .  Cryptogams 
were recorded  a t  15%, grass l ess  than I%, and fo rbs  c o n s t i t u t e d  the  remainder. 
O f  these, t u r p e n t i n e  cymopterus was most abundant (34%). Other  f o rbs  pres-  
e n t  were J i m  H i 1  1 mustard (1 3 % ) ,  western tansymustard (3%) ,  and Carey 's  b a l -  
samroot and mat ted c ryp tan tha  (5 1%). 

Specimens f o r  d i e t  a n a l y s i s  were ob ta ined  on t h ree  dates (Table 5 ) ,  
J u l y  11, J u l y  25, and August 8. L i t t l e  v a r i a t i o n  was found i n  t h e  d i e t  
between t he  t h r e e  dates. J i m  H i1  1 mustard decreased i n  f requency from 
22% t o  1% and green r a b b i t b r u s h  increased;  o t h e r  changes were l e s s  
pronounced. 

Diet of Trirnerotropis caeruleipennis Bruner (Figure 8)  

S i x  food p l a n t s  were i d e n t i f i e d  (Table 4).  Cryptogams c o n s t i t u t e d  t h e  
most f r e q u e n t l y  encountered food i t e m  (41%). The o n l y  grass u t i l  i z e d  was 
needle-and-thread grass (8%). B i g  sagebrush was encountered i n  6% o f  t he  
observed f i e l d s  w h i l e  the annual f o rbs  tarweed f i d d l e n e c k  (6%) , Carey's 
ba lsamroot  (25%), and western tansymustard (12%) comprised t he  remainder o f  
the  i d e n t i f i a b l e  d i e t .  A s u f f i c i e n t  nuii~ber o f  specimens o f  t h i s  species was 
ob ta ined  f o r  ana l ys i s  o n l y  on August 8, 1974 and i s  shown i n  Table 4. 

Diet of Conozoa wallula (Scudder) (Figure 9) 

' . Th is  spec ies p r i m a r i l y  se lec ted  annual forbs.  Carey's balsamroot was 
p resen t  a t  a f requency o f  73% and western tansymustard a t  3% (Table 4).  
Shrubs were encountered a t .  a f requency o f  l ess  than 3%. The o n l y  grass 
spec ies found was needle-and-thread grass (4%).  Cryptogam fragments occur red  
a t  a f requency o f  16%. 

Samples were ob ta ined  on J u l y  25 and August 8 (Table 6 ) .  A t o t a l  of 
f ou r  d i e t  i tems were consumed on each date.  Of these, o n l y  Carey 's  balsam- 
r o o t  and cryptogams were eaten on bo th  dates. 



Diet of Melanoplus cinereus Scudder (Figure 10) 

Ten food i tems were i d e n t i f i e d  (Table 4). B i g  sagebrush was found t o  
, 

be most abundant (61%). Cryptogams were a l s o  present  ( l a ) ,  green rabb i  t- 
brush and tu rpen t i ne  cymopterus, bo th  a t  6%, J im  Hi1  1 mustard (5%), common 
yarrow (2%) , and common r a b b i  tbrush , sp iny  hopsage, Carey's ba l  samroot, and 
western tansymustard, a l l  w i t h  r e l a  ti ve frequencies - < .  1%. 

Samples were obta ined on the  dates l i s t e d  i n  Table 7. The June 27 
sample revealed t h a t  4 p l a n t  species were consumed w i t h  green rabb i tb rush 
and cryptogams c o n s t i t u t i n g  the bu l  k o f  t h e  d i e t .  On subsequent dates more 
d i v e r s i t y  was present  i n  the  d i e t .  E i g h t  species w e r e - i d e n t i f i e d  from the  
J u l y  11 sample, s i x  from J u l y  26, and n ine  from August 8. I n  each case, b i g  
sagebrush was t h e  dominant species consumed, the  r e l a t i v e  frequency ranging 
from 58-68%, and cryptogams next  (1 3-34%). 

Diet of Melanoplus yarrowii (Thomas) (Figures 11-12) 

Th i r teen  species were i d e n t i f i e d  (Table 4) .  Cryptogam fragments were 
most abundant (27%). The shrubs i d e n t i  f i e d  were, bi.g sagebrush (12%), green. 
rabb i  tbrush (6%) and comnon rabb i tb rush (1%). One species o f  grass, Sand- 
be rg ' s  bluegrass (2%) was a l s o  encountered. The remainder o f  the  d i e t  
cons is ted  o f  herbaceous p l a n t s  i n c l u d i n g  Carey's balsamroot (22%), t u r  en- 
t i n e  cymopterus (15%), western tansymustard (7%), Jim H i 1  1 mustard (3%!, and 
tarweed f iddleneck, comon yarrow, matted cryptantha, and Russian t h i s t l e  
a l l  w i t h  frequencies o f  1% o r  less.  

Sample dates and food i tems consumed are presented i n  Table'  8. The 
number o f  species consumed was q u i t e  constant  between the  samples, rang ing  
from n ine  on August 11 t o  a h igh  o f  twelve on J u l y  26. On no date was the  
re1 a t i v e  frequency f o r  any food i tem h ighe r  than 37%. 

Diet of Oedaleonotus enigma (Scudder) (Figure 13) 

Eleven species o f  p l a n t s  were recorded. Table 4 shows t h a t  the two 
most comnon p l a n t s  consumed were b i g  sagebrush (47%) and cryptogams (36%). 
The frequency o f  t he  o ther  n i n e  species d i d  n o t  exceed 4%. These i nc luded  
the  th ree  shrubs, green rabb i tb rush,  sp iny  hopsage, and common rabb i tb rush;  
and the' s i x  fo rbs ,  tarweed f iddleneck, Carey's balsamroot, western tansy- 
mustard, Jim H i l l  mustard, t u rpen t i ne  cymopterus, and matted cryptantha. 

Samples were obta ined on f o u r  consecut ive dates from June 27 t o  
August 8 (Table 9 ) .  D i v e r s i t y  i n  consumption var ied  from a h igh  o f  11 spe- 
c i e s  on June 27 t o  5 species on bo th  J u l y  25 and August 8. On each date, 
r e l a t i v e  frequency o f  b i g  sagebrush was greates t ,  ranging from 43% t o  54%, 
w i  t h  cryptogams c o n s i s t e n t l y  comprising the  second h ighes t  food' i tem (10% 
t o  41%) . 



Diet of Ageneclrrellix cleorum (Scuddei) (Figure 14) 

Nine species o f  p lan ts  were found (Table 4). Of these, on ly  cryptogams- 
were f requen t l y  encountered. A1 1 o ther  p lan ts  were present a t  a frequency o f  
5 4%. These i nc lude  th ree  species o f  shrubs; b i g  sagebrush, green r a b b i t -  
brush, and comnon rabb i  tbrush; two species o f  grass, needle-and-thread 
grass, and cheatgrass ; and th ree  forbs , western tansymus ta rd ,  t u rpen t i ne  
cymopterus, and Russian t h i s t l e .  

Specimens were obta ined i n  s u f f i c i e n t  number f o r  analys is  on ly  on 
J u l y  26 and August 8 (Table 10).  . An obvious d i f f e r e n c e  i n  ' d i e t  d i v e r s i t y  
i s  present  ' f o r  t he  two dates. Nine specimens were i d e n t i f i e d  i n  the  crop 
contents on J u l y  26 b u t  on ly  th ree  i n  the  sample 2 weeks l a t e r .  I n  bo th  
cases cryptogams were the  on ly  i tem exceeding a frequency o f  6%. I t  was 
present  i n  the  J u l y  26 sample a t  a frequency o f  76%. and i n  the August 8 
sample a t  91%. 

Diet of Hesperotettix viridis (Thomas) (Figure 15) 

Only th ree  species o f  p lan ts  .were recorded from t h i s  stenophagous spe- 
c ies  (Table 4). I t  was c o l l e c t e d  almost exc lus i ve l y  on green rabb i  tbrush 
and t h i s  p l a n t  was a l s o  the most abundant species i n  the d i e t  (76%). Crypto- 

, gam fragments were a l s o  f a i r . 1 ~  comnon (21%). Russian t h i s t l e  was the on ly  
o ther  p l a n t  found (<  1%). 

Sample: dates f o r  Hespero te t t i x  v i r i d i s  were June 27, J u l y  11, and 
J u l y  25 (Table 11) .  V a r i a b i l i t y  i n  m a t i v e  frequency o f  green r a b b i t -  
brush ranged from 22% on June 27 t o  87%xon J u l y  25. As the  frequency o f  
rabb i  tbrush consumption increased, the frequency o f  cry,ptogams consumed 
decreased, dropping f rom 78% on June 27 t o  12% on J u l y  25. By August 8 
the popu la t ion  dens i ty  had decreased t o  the  p o i n t  t h a t  the procurement o f  
an adequate sample f o r  d i e t  ana lys i s  was n o t  possib le.  

REDOX BOND AREA 

Grasshoppers c o l l e c t e d  a t  the REDOX Pond s i t e  a re  l i s t e d  i n  Table 3. 
Species present  here b u t  n o t  found a t  t he  B-C Cr ib  s i t e  inc lude Arphia 
pseudonietana , Paropomala pa1 1 ida,  and Amphi tornus coloradus. Trimero- 
t r o p i s  b i l o b a t a  was c o l l e c t e d  a t  the  B-C Cr ibs .  bu t  n o t  a t  REDOX Pond. 

The popu la t ion  dens i t y  based on sweep samples o f  sagebrush i s  shown 
i n  F igure 16. The peak j u v e n i l e  popu la t ion  (23/100 sweeps) appeared near 
t h e  middle o f  June and a d u l t s  were present  i n  the  J u l y  5 sample. Grass- 
hopper abundance decreased throughout t he  remainder o f  the  season w i t h  the  
l a s t  specimen taken i n  the October 15 sample. As was the  case i n  the  b i g  
sagebrush sweep samples from the B-C Cribs, most i n d i v i d u a l s  belonged t o  
two species - Melanoplus cinereus and Oedaleonotus enigma. 



DISCUSSION 

Distribution and Abundance of Grasshopper Species ' 

The s imi  l a r i  t y  o f  species composit ion o f  the  .grasshopper popu la t ion  
a t  the B-C C r i b  and REDOX Pond s i  tes  i s  n o t  s u r p r i s i n g  s ince  o n l y  minor 
d i f f e rences  were encountered i n  the vegetat ion ana lys i s  and both the e leva-  
t i o n  and c l i m a t i c  cond i t ions  o f  t he  two areas are s i m i l a r .  The presence 
of Paropomala a l l i d a  a t  the REDOX Pond apparent ly  i s  due t o  an abundance + o f  needle-and-t read grass which i s  present  b u t  a t  a  much lower dens i ty  a t  
the  B-C Cr ibs s i t e .  Paropomala was c o l l e c t e d  almost e x c l u s i v e l y  on t h i s  
grass. The reasons f o r  the r e s t r i c t e d  d i s t r i b u t i o n  o f  t he  o ther  f o u r  
grasshopper species which were encountered a t  on ly  one o f  the  two s i t e s  i s  
n o t  c lea r .  Perhaps they were present i n  low numbers and n o t  sampled. 

Two d i f f e r e n t  sampling procedures, an ocu lar  est imate and sweep 
sample, were necessary t o  adequately study grasshopper dens i ty  because o f  
microhabi t a t  preferences. Cer ta in  grasshoppers were encountered p r imar i  l y  
on vegetat ion,  w h i l e  o thers  a r e  e x c l u s i v e l y  s o i l  sur face dwel lers and a r e  

I r a r e l y  encountered on vegetat ion. Hespero te t t i x  v i r i d i s  fa1 1  s  i n t o  the  
former category, and t o  a  l e s s e r  ex ten t  Melanoplus cinereus and 
Oedaleonotus enigma. The Tr imero t rop is  spp., Xanthippus l a t e r i t u s ,  
Conozoa w a l l  u l  a, and Arphi a  pseudonietana are found predominately on 

I exposed bare areas. 

Sweep samples o f  green rabb i tb rush and b i g  sagebrush prov ided q u a l i t a -  
t i v e  in fa rmat ion  on popu la t ion  d e n s i t i e s  o f  shrub i n h a b i t i n g  species. 
Large numbers o f  nymphs were co l l ec ted ,  b u t  as the popu la t ion  ecdysed t o  
the a d u l t  stage the number c o l l e c t e d  decreased rap id l y .  This may i n  p a r t  
have been due t o  an increase i n  m o r t a l i t y .  F l y i n g  adu l t s  a re  exposed t o  a  
new gui1.d of a e r i a l  -predators i n c l u d i n g  a  l a rge  robber f l y  populat ion.  O f  
the  species commonly encountered on shrubs, Me1 anopl us cinereus i s  probably 

' 

a f f e c t e d  most by a e r i a l  predators s ince  i t  r e a d i l y  takes f l i g h t .  Hespero- 
t e t t i x  v i r i d i s  i s  r e l u c t a n t  t o  f l y  and Oedaleonotus enigma i s  brachypterus 
and thus incapable o f  f l i g h t ,  a l though i t  i s  an e x c e l l e n t  jumper. I n  addi -  
t i o n  t o  a e r i a l  predators, paras i tes  and pa ras i to ids  may take a  h igh  t o l l  
i n  t h e  l a t e  j u v e n i l e  stages. Adul ts  may a l s o  be more evasive than nymphs, 
thus reducing t h e i r  capture r a t e .  

Diet ~ n a i ~ s i s  

A pronounced d i e t a r y  s e l e c t i v i t y  was encountered i n  a l l  grasshopper 
species. O f  the 28 vascular p lan ts  from the 9-C Cr ibs area (Table I ) ,  15 
were encountered i n  the d i e t  analys is .  The food n iche breadth o f  i n d i v i d u a l  
species ranged from a  maximum of 13 species o f  p l a n t s  consumed by 
Melanoplus y a r r o w i i  t o  a  minimum o f  th ree  species by the  stenophagous 
Hespero te t t i x  v i  r i d i s .  Three of the  13 p l a n t  species n o t  consumed were 



major components o f  t he  f l o r a  i n d i c a t i n g  a r e l a t i v e  avoidance by grass- 
hoppers. These i n c l u d e  t h e  annual grass six-weeks fescue, m i c r o s t e r i s ,  and 
winged c ryp tan tha .  Three o t h e r  p l a n t s  w i t h  h i gh  h a b i t a t  frequency, cheat- 
grass, Sandberg's b luegrass and mat ted c ryp tan tha ,  were eaten b u t  o n l y  a t  
low l e v e l s ,  i n d i c a t i n g  t h a t  they,  too,  were be ing  avoided. Four herbaceous 
spec ies had h a b i t a t  f requencies o f  < 1% b u t  were h e a v i l y  u t i l i z e d .  These 
i n c l u d e d  needle-and-thread grass, t u r p e n t i n e  cymopterus, Carey 's  balsamroot,  
and J im H i  11 mustard. The two r a b b i t b r u s h  spec ies were a l s o  consumed a t  
d i s p r o p o r t i o n a t e l y  h i g h  l e v e l s  f o r  t h e i r  low env i ronmenta l  f requency. 
Russian t h i s t l e  (Sa lso la  k a l i )  was n o t  found i n  the  d i e t s  of any grass- 
hopper' species.  Th i s  p l a n t  species occurred i n f r e q u e n t l y  i n  the  s tudy 
area ( < I % ) .  I t  i s  p o s s i b l e  t h a t  grasshoppers may consume some Russian 
t h i s t l e  i n  areas where i t  i 's  more 'abundant. 

A l a r g e  amount o f  ove r l ap  was p resen t  i n  t h e  p a r t i t i o n i n g  o f  a v a i l a b l e  
food resources. Only seven o f  t h e  15 species o f  vascu la r  p l a n t s  were eaten 
a t  a h i g h  frequency. Grasses, w i t h  t h e  excep t ion  o f  needle-and-thread 
g rass ,  were n o t  found t o  c o n s t i t u t e  a ma jo r  p o r t i o n  o f  t h e  d i e t .  Needle- 
and-thread grass, however, was consumed by T r ime ro t rop i  s c a e r u l e i  penni s 
and Conozoa w a l l  u l a  a t  a h i g h e r  l e v e l  than i t s  h a b i t a t  f requency. I t  was 
a l s o  p resen t  i n  t h e  d i e t  o f  Apote n o t a b i  l i s  and Ageneo te t t i x  dearum, These 
r e s u l t s  a re  ve ry  s i m i l a r  t o  those r e p o r t e d  'by Uecker t  and ~ a i ~ 9 7 1 )  , 
f o r  a d i  f f e r e n t  group o f  grasshopper spec ies where needle-and-thread grass 
was found t o  suppor t  a h i g h  l e v e l  o f  h e r b i v o r y  w h i l e  cheatgrass was v i r t u -  
a l l y  untouched. The smal l  amount o f  grass consumed by Ageneote t t i x  deorum 
i n d i c a t e s  a somewhat a t y p i c a l  food base f o r  t h i s  normal l y  gramnivorous 
species  a an fill and Brusven 1973; Mulkern e t  a l .  1969, Uecker t  e t  a l .  1972). 
I t  a7 so con ta ined  t h e  h i g h e s t  cryptogam f requency which c o r r e l a t e s  we1 1 w i t h  
observa t ions  r e p o r t i n g  a s i g n i f i c a n t  l e v e l  o f  d e t r i t u s  f eed in  (Mu1 ke rn  
e t  a l .  1969, Lavigne and P f a d t  1964, B a n f i l l  and Brusven 1973 7 . 

Two species o f  pe renn ia l  f o rbs  were w i d e l y  u t i l i z e d  a l though i n  both 
cases t h e i r  h a b i t a t  f requency was l e s s  than 1%. Turpen t ine  cymopterus was 
found i n  t h e  d i e t s  o f  5 o f  t h e  8 species w h i l e  Carey's balsamroot was 
u t i l i z e d  by a l l  b u t  two species.  Two annual f o rbs  appear t o  be impor tan t .  
Western tansymustard was consumed by  6 o f  t h e  8 grasshoppers, a1 though t h e  
d i e t  f requency was f a r  below i t s  h a b i t a t  f requency, and J im Hi 11 mustard 
was - u t i  1 i z e d  by  f o u r  grasshopper spec ies.  

Two shrubs were found t o  be impo r tan t  food sources. Both b i g  sage- 
b rush  and green r a b b i t b r u s h  were consumed by 7 o f  t he  8 species.  Both a l s o  
served as a ma jo r  f ood  source f o r  one grasshopper species.  Melanoplus 
c inereus was f r e q u e n t l y  c o l l e c t e d  on t h e  f o l i a g e  o f  b i g  sagebrush and had 
a d i e t  f requency o f  61% f o r  t h a t  species.  H e s p e r o t e t t i x  v i r i d i s ,  on t h e  
0the.r hand, was found a lmost  e x c l u s i v e l y  on green r a b b i  t b rush  which had a 
d i e t  f requency of  76%. I t s  o n l y  o t h e r  major food source was l i c h e n .  
Other  s t u d i e s  have shown t h a t  Hes e r o t e t t i x  v i r i d i s  i s  s e l e c t i v e  i n  i t s  -+ feeding  behavior.. A t  Nor th  P l a t t e ,  Ne raska ,  i t  was repo r ted  t o  feed 
p r i m a r i l y  on G u t i e r r e z i a  sa ro th rae  .and As te r  ob long i  f o l  i us (Mu1 kern  e t  a1 . 
1969).  Brooks (1958) r epo r ted  t h a t  i n  t h e  Canadian p r a i r i e  p rov ince  
G u t i e r r e z i a  sp. was t h e  major  food source, b u t  consumption o f  Sol idago sp., 



Hel ian thus  sp., G r i n d e l i a  sp. , and As te r  sp. a l s o  occurred. I n  a Montana 
. m e r s o n  and. Wr ight  1952), H e s p e r o t e t t i  x v i r i  d i  s was c l o s e l y  asso- 
c i a t e d  w i t h  , G u t i e r r e z i a '  sp. , b u t  a l s o  i nges ted  Sol idaqo r i g i d a ,  Chrysothamnus 
nauseousus, and Gr inde l  i a .squarrosa. 

Scavenging was observed f o r  o n l y  one species,  t h e  t e t t i  goni  i d Apote 
n o t a b i l i s .  Th is  species,  which i s  l a r g e l y  noc tu rna l  I n  c o n t r a s t  t o  t h e  
d i  u rna l  grasshoppers, was o f t e n  observed f eed ing  on dead i n s e c t s  ( i n c l  ud ing  
members o f  i t s  own spec ies)  as w e l l  as on o t h e r  d e t r i t u s .  Th i s  h a b i t  was 
p a r t i c u l a r l y  n o t i c e a b l e  on roads where t h e  k i l l  r a t e  was h igh.  

The combined r e s u l t s  f o r  a l l  grasshopper spec ies (Table 1 )  shows t h a t  
t h e  d i e t  f requency o f  41% f o r  b i g  sagebrush i s  more than  t w i c e  t h a t  of any 
o t h e r  vascu la r  ' p l a n t .  These ' r e s u l t s  c o n t r a d i c t  a r e c e n t  statement by 
Daubenmire (1975) t h a t  t he  f o l i a g e  o f  A r t em is i a  i s  n o t  eaten by grass- 
hoppers. He does no t ,  however, name the  grasshopper spec ies i n  h i s  s tudy  
o r  p rov ide  i n f o r m a t i o n  on h i s  d i e t  assay technique. He does s t a t e  t h a t  
grasshoppers congregate i n  b i g  sagebrush a t  n i g h t ,  r o o s t i n g  i n  t he  canopy. 
We con f i rm  t h i s  and a l s o  found t h a t  d u r i n g  t h e  hea t  o f  t h e  day many spec ies 
o f  grasshoppers s i t  on b i g  sagebrush thereby avo id i ng  h i g h  temperatures 
assoc i  a ted wi t h  exposed s o i  1 sur face  areas. 
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TABLE 1. P lan t  Taxa; Comnon Names, Re la t ive  Hab i ta t ,  Frequency o f  Occurrence (% FO) ; Canopy Cover. 
(% C) on 400, 20 x 50 cm P lo ts  (Data from C l i ne  e t  a l .  1975 and Uresk e t  a l .  1975); and 
Frequency o f  D i e t  Composition (% FC) ( A l l  Grasshopper Species Combined) i n  the B-C C r ib  
S i te ,  200 Area Plateau , Hanford Reservation, 1974 

Taxa 

Annual Grasses 

Bromus tectorum L. 
Festuca ' o c t o f l  o ra  Walt. 

Common Name . - % FO 

Cheatgrass 2 0 15 
Six-Weeks Fescue 16 4 

Perenni a1 Grasses 

Poa sandbergi i Vasey - Sandberg's Bl uegrass 5 2 <1 
S t i p a  comata Tr in .  & Rupr. Needle-and-Thread Grass <1 < 1 <1 
A r o  ron spicatum (Pursh) B l  uebunch Wheatgrass <1 < 1 - - 
. 81 Smith 

-I 

P Perennial  Forbs 

Oenothera pa1 1 i d a  L i n d l  . 
Cymopterus te reb in th inus  (Hook 

T&G 
Er igeron f i  1 i f o l i  us Nut t .  
Cal ochortus macrocarpus Dougl . 
Mentzel ia a l b i c a u l i s  Dougl. 
Phlox l o n g i f o l  i a  Nut t .  
Brodi aea dougl ass i  i Wats. 
Commandra urnbellata (L.)  Nut t .  

~ a l  samorhi za careyana Gray 
**Achil l e a  m i l l e f o l i  um L. 

Whi te-s temmed Evening 
Primrose 

Turpent ine cymopterus 

Thread-1 eaved Fleabane 
Green-banded Star  Tul i p  
Whi te -s  temmed Mentzel i a 
Long-1 eaved Phlox 
Brodi  aea 
  as ta rd- toad- f  l a x  

Carey' s Bal samroot 
Common yarrow 



TABLE 1 (Cont inued) 

Common Name 

Annual Forbs 

Descura in ia  p i n n a t a  (Walt.-) B r i  tt, 
Cm-ptantha c i  rcumscissa (H&A) 

Johnst. 

Western Tansymus t a r d  
Mat ted Cryptantha . 

Sisymbrium a l t i s s imum L. 
Sa l so la  k a l i  L. 
C r.y P t an t h ~ e , r ~ c a m  (To rr . ) 

-Jim Hi  11 Mustard 
Russian T h i s t l e  
Winged Cryptantha 

Greene 
M i c r o s t e r i s  g r a c i l i s  (Hook.) 

Greene 
Phace l i a  l i n e a r i s  (Pursh) Holz. 
Amsinckia 1 co so ides Lehm. 
Erodium c i r c u t a r i u m  -7- L.) L 'Her .  

M i c r o s t e r i s  

Narrow-leaved Phacel i a  
Tarweed F i  ddleneck 
F i  1 aree 

Shrubs 

B i g  Sagebrush 
Green Rabbi tb rush  

Common Rabbi t b rush  

Spi ny Hopsage 

Artemi s i  a tri den ta ta  Nu t t .  
Chr sothamnus v i  s c i  d i  f l  orus 
*t t . . 
~ h r y s o t h h n u s  nauseousus (Pal  1. ) 

B r i  tt. 
' * * A t r i  p l e x  spinosa (Hook. ) 

C o l l  o t z i  

TOTAL TAXA , 2 8 

**Plant species i d e n t i f i e d  i n  d i e t  s tudy b u t  n o t  found i n  vege ta t io f i  ana l ys i s .  



TABLE 2. . P lan t  Taxa, Re la t i ve  Frequency o f  Occurrence ( %  FO)', (Herbaceous Species), 
Density per  ha (Shrubs), and Canopy Cover ( I  C) on 400, 20 x 50 cm P l o t s  i n  
t he  REDOX Pond Area Plateau, Hanford Reservation, 1974 

Taxa Common Name % FO % C - 
Annual Grasses 

Bromus tectorum L. 
Festuca o c t o f l o r a  Walt. 

Cheatgrass 28 22 
Six-Weeks Fescue 17 2 

Perennia l .  Grasses 

Poa sandbergi i Vasey - Sandberg's Bluegrass <1 . <1 
S t i p a  comata T r i n  &.Rupr. Need1 e-and-Thread 'Grass 3 2 
S i tan ion  h y s t r i x  (Nutt..) Smith Bot t lebrush S q u i r r e l t a i  1 < 1 < 1 
Agropyron dasystachyum ' (Hook) Downy Wheatgrass < 1 < 1 

S c r i  bn. 
Poa scabrel l a  (Thurb. ) Benth. - Pine Bluegrass < 1 < 1 

Perenni a1 Forbs 

Oenothera p a l  1 i d a  L i n d l  . 
Aster  sp. 
Cymopterus te reb in th inus  (Hook). 

T&G 
Er igeron f i l i f o l i u s  Nut t .  
Ca lochor tus  macroca rpus Do 
Mentzel i a  a l b i c a u l  i s  Doug1 
Lupinus sp. 
Phlox l o n g i f o l  i a  Nutt .  - 
Astragal us sp. 

ugl . 

White-stemmed Evening 
. Primrose 

Aster  
Turpent ine Cymopterus 

Thread-leaved Fleabane 
Green-banded S t a r - t u l i p  
Mhi te-s temmed Mentzel i a  
Lupine 
Long-leaved Phlox 
Locoweed 



TABLE 2. (Continued) 

Taxa 

Annual Forbs 

Descurainia p inna ta  (Walt. 
Cryptantha c i  rcumscissa (H 
Sisymbrium a1 tissimum L. 
Sa lso la  k a l i  L. 
Cryptantha pterocarya (Tor 
M i c r o s t e r i s  g r a c i l  i s  (Hook 

Shrubs 

Ar temis ia t r i d e n t a t a  Nut t .  
Chrysothamnus sp. 

) B r i t t .  
&A) Johnst. 

' r . )  Greene .. ) Greene 

Common Name 

Western Tansymustard 
Matted cryptantha 
Jim H i l l  Mustard 
Russian T h i s t l e  
Winged Cryptantha 
M i  cros t e r i  s 

B ig  Sagebrush 
Rabbi tb rush 

Densi ty /ha  

840 
260 

TOTAL TAXA 



TABLE 3. Grasshopper Species Coll ected a t  B-C Crib and REDOX Pond Areas 
. . 

B-C C r i b  REDOX Pond 

Species : 

Aqeneotetti x deorum (Scudder) . . ~ g e n e o t e t t i x  deorhm (Scudder) 

--------------- *Amphi tornus coloradus (Thomas) 

Apote notabi 1 i s  Scudder Apote notabil i s  Scudder 

Aulocara e l l i o t t i  Thomas - 

Conozoa wall ul a (Scudder) 

Hesperotetti  x v i  r i  di s (Thomas) 

Arphia pseudoni etana (Thomas) 

Aul ocara e l  1 i o t t i  (Thomas) 

Conozoa wall ul a (Scudder) 

Hesperotetti  x v i r i d i  s (Thomas) 

, Me1 anopl us cinereus Scudder Melanopl us ci  nereus Scudder 

Me1 anopl us sanguinipes ( F .  ) 

Me1 anopl us yarrowi i (Thomas) 

Melanopl us sangui n i  pes ( F .  ) 

Me1 anopl us yarrowi i (Thomas) 

Oedal eonotus eni qma (Scudder) Oedaleonotus enigma (Scudder) 

Paropomal a pal 1 ida Bruner 

Steiroxys sp. Steiroxys sp. 

Tri merotropi s bi 1 obata Rehn and Bebard . - - - - - 7 - - - - - - - - -  

Trimerotropis caerul e i  pennis Brunner Trimerotropis caerulei  pennis 
Brunner 

Trimerotropis pal 1 idipennis ( ~ u r m e i s t e r )  Trimerotro i s  pal l id ipennis  e 
Xanthi ppus 1 a t e r i  tus Sauss ure 

TOTAL: 14 . 

Xanthippus 1 a t e r i  tus Saussure 

TOTAL: 16 

*Collected during the sumner of 1975. 



TABLE 4. Re la t i ve  Frequency o f  P lan t  Species i n  Grasshopper D ie t s  

Grasshopper Species 

P l a n t '  Species - APNO - TRCA' COMA MECI MEYA OEEN AGDE HEVI - . -  - - - .  

Annual Grasses 
B romus tectorum 3 

Perennia l  Grasses 
Poa sandbergi i - 
S t i  pa comata 

Perenni a1 Forbs 
Cymopterus t e r e b i n t h i  nus 34 
Bal samorhiza careyana < 1 
A c h i l l e a  m i l l e f o l i u m  

Annual Forbs 
Descura in ia p i n n a t a  
Cryptantha. c i  rcumscissa .. 

Sisymbri  um a1 tissimum 
Sal so l  a k a l  i - 
Amsinckia lycopsoides 

Shrubs 
Artemi s i a  tri dentata 18 6 < 1 6 1 12 47 4 
l%rysothamnus v i s c i d i f l o r u s  15 3 6 

. . 
6 2 1 . 76 

Chrysothamnus na'ubeousws ; <1 < 1 < 1 3 
A t r i p l e x  spinosa < 1 < 1 

Other 
Cryptogams 
Unknown 

- 
6 1 

- - 
17 

- 
38 124 

- - - 
1 37 111 36 .5 2 

- 
Number o f  crops examined 
Number o f  food  types u t i l i z e d  9 6 6 10 13  11 9 3 

(exc l  uding unknown category) 

Orthoptera species are: APNO = A o t e  n o t a b i l i s  Scudder; TRCA = Tr imero t rop is  caeru le ipenn is  
Brunner; COWA = Conozoa wal l u l a  7- ~ c u d d - r n  = Melanopl us cinereus Scudder; MEYA = Melanopl us 
ya r row i  i ( ~ h o m a s m  = Oedaleonotus enigma (Scudder) ;AGDE = Ageneote t t i x  deorun (Scudder) ; 
HEVI = Hespe ro te t t i x  v i r i  d i s  (Thomas). 



TABLE 5. Frequency (%) o f  P l a n t  Species i n  D i e t  o f  
Apote n o t a b i l i s  by Date o f  Capture ' .  

P l a n t .  Species . 

S t i p a  comata 

Cymopterus te reb in th inus  

Balsamorhi za careyana 

Descura in ia p i n n a t a  

Cryptantha c i  rcumsci ssa 

Sisymbrium .a1 t issimum 

Ar temis i  a tri den t a  t a  

Chrysothamnus v i  s c i d i f l o r u s  

Cryptogams 

Unknown 

Number o f  s l i d e s  examined: 

J u l y  11 . J u l y  25 

< 1 

3 3 38 

August 8 



TABLE 6. Frequency (%)  o f  P l a n t  Species i n  D i e t  o f  
Conozoa w a l l  u1 a b y  Date o f  Capture 

P l a n t  Species 

Date 

J u l y  25 August 8 

S t i p a  comata 

Bal samorhiza careyana 

Descura in i  a p i n n a t a  

A r tem is i a  t r i d e n t a t a  

Chrysothamnus v i s c i d i f l o r u s  

Cryptogams - 

Number o f  s l i d e s  examined: 1 7  2 1 



TABLE 7. Frequency (%) o f  P l a n t  Species i n  D i e t s  o f  
Me1 anopl us c inereus  by Date o f  Capture 

P l a n t  Species 

Date 

June 27 J u l y  11 J u l y  26 August 8 

Cymopterus t e r e b i n t h i n u s  4 1 9 5 

Bal samorhi za careyana 

A c h i l l e a  m i l l e f o l i u m  

Descura in ia -p inna ta  

Sisymbrium a l t i s s imum 

Ar tem is i a  t r i d e n t a t a  

Chrysothamnus v i s c i  d i  f l o r u s  

Chrys othamn us nauseos us 

  triplex spinosa 

Cryptogams 

Un known 

Number o f  s l i d e s  examined: 



TABLE 8. Frequency (%) o f  P lan t  Species i n  D i e t  o f  
Melanoplus yar rowi  i by Date o f  Capture 

P 1 ant  spe'ci es 
I 

'June 27 J u l y  11 J u l y  26 August 11 

Poa sandbergi i - 2 9 2 

Cymopterus te reb in th inus  9 5 32 7 

Ba 1 s amor h i  za ca reyana 

A c h i l l e a  m i l l e f o l i u m  

Descuraini  a p i n n a t a  7 

Cryptantha c i  rcumsci ssa 

Sisymbrium a1 t issimum 9 

Sa lso la  k a l i  3 

~ m s i n c k i a  l ycopso i  des < 1 

Ar temis ia  t r i d e n t a t a  

Chrysothamnus v i s c i  d i  f l orus 

Chrysothamnus nauseosus 

Cryptogams 

Unknown 

Number o f  s l i d e s  examined: 



TABLE 9. Frequency (%) of' p l a n t  Species i n  D i e t  o f  
Oedaleonotus enigma by Date , o f  Capture 

P l a n t  Species 

Cymopterus t e r e b i  n th inus  

Bal s amorhi za careyana 

Descuraini  a p innata  

Cryptantha c i  tkumscissa 

Sisymbri  um a1 ti ssimum 

Amsinckia lycopsoides 

Artemi s i  a tri dentata 

Date 

June 27  J u l y  11 J u l y  25 August 8 

1 5 

3 10. 3 

6 3 

1 8 

I 4  

1 

4 3 '54 53 

10 Chrysothamnus v i  s c i d i f l  o w s  3 

Chrysothamnus nauseosus <! 10 

A t r i  p l  ex spinosa 

Cryptogams ' 

Unknown < 1 

- - - - 

Number o f  s l i d e s  examined: 52 10 . 25 2 4 



TABLE 10. Frequency (%) o f  P l a n t  spec ies i n  D i e t s  o f  
Ageneo te t t i x  deorum b y  Date o f  Capture 

P l  a n t  Species 

B . rhus  tectorum 

S t i p a  comata. 

Cymopterus t e r e b i n t h i n u s  

Descura in ia  p i n n a t a  

Sal s o l  a k a l  i 

.Artemi s i  a tri den ta ta  

Chrysothamnus , v i  s c i  d i  f l  orus 

Chrysothamnus nauseosus 

Cryptogams 

Unknown 

Number o f  s l i d e s  examined: 

Date 

J u l y  26 August 8, 

2 6 



TABLE 11. ~ r ' e ~ u e n c ~  (%) o f  P lan t  Species i n  D ie t s  o-f 
Hespero te t t i x  v i  r i d i s  by Dzte o f  Capture 

Date 

P l  an t  Species 

Sa lso la  k a l i  

Chrysothamnus v i  s c i d i f  l o rus  

Cryptogams 
. . 

Unknown 

Number o f  s l i d e s  examined: 

June 27 J u l y  11' J u l y  25 



FIGURE 1. Location o f  Study Areas on 200 Area P la teau  



FIGURE 2. B-C Crib Study S i t e  

FIGURE 3. REDOX Pond Study Si te.  Note 
the Lower Density o f  Big Sage- 
brush a t  REWX Compared t o  
B-C Crib. 



MAY JUNE JULY AUGUST SEPTEMBER OCTOBER 

DATE OF SAMPLE 

2 FIGURE 4. Grasshopper Density per m Based on Ocular Estimate 
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FIGURE 5. Sweep Sample o f  Green Rabbitbrush, Chrysothamnus 
v isc id i f lorus,  a t  0-C Crib S i t e  
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FIGURE 6. Sweep Sample o f  Big Sagebrush, Artemisia tridentata, 
at B-C Crib Site 

- 

I 





FIGURE 8. Trimerotropis caeruleipennis 

FIGURE 9. Conozoa wallula 



FIGURE 10. Melanuvrnus \ . ~ ~ ~ z r e u s  

FIGURE 11. Melanoplus yarrowi  i , Light  Form 



FIGURL I C .  Melanoplus yarrowii , Dark Form 

FIGURE 13. Oedaleonotus enigma 



FIGURE 14. Ageneotettix deorum 

FIGURE 15. Hesperotettix v i r i d i s  
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FIGURE 16. Sweep Sample o f  Big Sagebrush, Artemisi a t r i d e n t a t a ,  
a t  REDOX Pond S i t e  



APPENDIX A 

Key Punch Form for Data Analysis 



APPENDIX A. Key Punch Form f o r  D a t a  A n a l y s i s  



APPENDIX B 

Computer Program t o  Cal c u l  a t e  Frequency Percentages 

f o r  Each Grasshopper Species and Food. I t e m  



APPENDIX B. Computer Program t o  C a l c u l a t e  
Frequency Percentages f o r  Each 
Grasshopper Species and Food I tem 

R  SAVER 2 6 8 2 8  3 3 1 / 3 0 0  AREA 

c ~ P C S ~ F ~  INPUT, OUTFUT 1 
PROGRAM D I E T ( I N F U T . C U T P U T , T A P E ~ = I N P U T I T A F E ~ = O U T P U T ~  
C l l l F N S l C N  F R E C l I O ) ~ D E N S ( 3 0 ) ~ N A M E ( J O ~ ~ I b P S ( I ) ~ I D A T A ( 7 ) ~ D A T A ( 7 )  

C . . .  PLACE A  BLANK CARD AT ThE FND OF E A C d  GROUP (CONSUMER S P E C I E S ,  
C.. .  DATE OR L M P T E V E R )  TO P E  ANbLYZEO. 
C... I h l T l A L I Z E  COUNTEAS AND V A R I A B L E S  

. - . . .  . 
F R E Q ( J ) = G .  
CENS(J): lCUOOOCOOO. 

c . . .  DENS IS I ~ I T I A L I Z E D  T o  A V A L U E  T H A T  w l ~ i  a L o w  r u t  OUTPUT F o R n n r  T O  
C . . .  iND!CATE WHEh FRECUENCY WAS 1 0 0  PERCENT AND D E N S I T Y  WAS I N D E T E R M I N A T E .  

N A M E ( J ) = l O d  
1 0  CGNTINUE 

C... CCUNT S L I D E S  
N S L I D S z N S L  I U S + 1  ' '  

C . . ,  NNAME I S  THE NUMBER OF OBSERVEG FOOD S P E C I E S ,  WHICH ARE STORED I N  NAME 
C . . .  LOG I N  THE FEOG S P E C I E S  NAl!ES I F  NECESSARY.. AND ACCUMULATE OBSERVATIONS,  

Qn > n  ~ = r .  7 

DO 4 0  J K = l n N N A M E  
K E E P z J K  
I F ( I S P S ( J ) , E Q . N A U E ( J K ) )  GO TO 5 0  

4 0  CONTINUE 
kNAME=NNANE+l  
N A M E ( N N A K E ) = I S P S ( J )  
F R E O ( N N A M E ) = D A T A ( J )  
GO TO 2 0  

50 FREO(KtEP)=FREQIKEEP)*DATA(JI 
20  CONTINUE 
25 C O N T ~ N U ~  

GO TO 3 0  
C . . .  SUMMARIZE THE DATA FOR THE CONSUMER S P E C I E S  
35  CONTINUE 

DO 7 0  J r1 ,NNAME 
F S E Q ( J ) = F R E O ( J ) / T F L L S ~ l O O ,  
I F ( F R E P ( J ~ . L E . l O O . I  GO TC 7 0  

~ P ~ T E ( ~ ~ ~ ~ O ~ N C C N S , N D A T E ~ T F L D S ~ N S L I D S ~ N N A ~ E  
2 2 0  F O R M A T ( l h l , *  C l E T  A N A L Y S I S  FOR CONSUMER o a P 4 s *  ON DATE ' , A 6 e l X ,  

l ~ l l T H ~ ~ F 6 . 0 ~ ~  OBSERVED F I E L D S * ~ . I ~ B Q  S L I D E S  AND',IS,O FOOD S P E C I E S  
9 0 )  

! iR ITE(6 ,2001  
F O R M A T l / / / ~ ~  FOOD S P E C I E S  FREJUENCY 
DO 8 0  K = l , N N A M E  
W E I T E ( 6 r 2 1 0 l N A M E ( K ) . F R E O ( K ) ~ D E N S ( K )  
F O R M A T I l H  . 3 X I A 4 . 9 X , F 1 0 . 4 , 2 X , F 7 . 4 )  
DO 75 K = l . k N A H E  
F R E O I K ) = I R E O I K ) / T O T F O O ~ O O .  
DENS(K)*DENS(K)ITOTDENS*IOO. 

75 CONTINUE 
k h l T E ( 6 , 2 3 0 )  

ZJO F O R M A T ( / / I , o  FCOO S P E C l E S  REL F R t O  REL GENS*)  
0 0  7 6  J = l l N N A M E  
W R I T E ( 6 . 2 1 0 )  N A M i ( J ) , F R E O ( J ) , D E N S ( J )  

76 C O N T l k U E  
GO TO 6 5  

9 0  CONTINUE 
t r'o' 



APPENDIX C 

Computer Print-Out Listing Plant Species and Their Frequency of Encounter 

in the Crop Contents for Each Grasshopper Dissected 



Key To Computer Pr in t -Out  

Consumer Species are Abbreviated As Fol lows : AGDE = Agenes t e t t i x  deorum; 

HEVI = Hespero te t t i x  v i r i d i s ;  TRCA = Tr imero t rop is  caerule ipennis ; 

COMA = Conoza Wall u l  a; TETT = .  Apote notabi  1 i s  ; MECI = Me1 anoplus cinereus; 

MEPA = Me1 anopl us .yarrowi  i ; OEEN = Oedaleon&l_s enigma. P l a n t  Species Are 

Abbreviated As Fol lows: LICH = l i chen ;  STCO = S t i pa  comata; C H V I  = 
. . 

Chrysothamnus v i s c i d i f l o r u s ;  UNKA = unknown; BRTE = Bromus tectorum; ARTR = 

Artemi s i a  tri dentata ; DEPI = Descurainia p innata;  CYTE = Cymopterus 

te reb in th inus ;  CHNA = Chrysothamnus nauseosus ; SAKA = Salsol  a ka l  i ; BACA = 

~a l sa rna rh i za  careyana; AMLY = Amsinckia lycopsoides; SIAL = Sisymbrium 

alt issimum; C R C I  = Cr-yptantha circumscissa; POSE = - Poa sandbergi i ;  ACLA = 

Achi l l e a  m i l  l i f o :  i um; GRSP =' A t i r i p lex  spinosa; CHUI = Chr.ysothamnus 

v i s c i d i f l o r u s ;  BACH = Balsamorhiza car'evana. The l a s t  two are  typed 

i n c o r r e c t l y  on the  cards and must be added t o  CHVI and BACA, respec t i ve l y ,  

where the  e r r o r s  were made. 



APPENDIX C. Computer Print-Out Listing Plant Species and Their 
Freauencv of Encounter in the Crop Contents for  
~ a c h  ~ r & s h o ~ ~ e r  Dissected 

- ---- 
LER 7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
LEf i  7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
LEH .72 , t7407  
LER 7 2 6 7 4 0 7  

. L t P  7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  

AGCE 2 0  
nGDE 2 0  
AGCE 2 0  
AGGE 2 0  : 
AGDE 2 0  
AGDE 2 0  
AGDS 2 0  
AGDt 2 0  
AGUE 20 
AGO€ 2 0  

Lt ' f i  
LER 
L t R  

' LER 
L t R  
LEE 
L t R  
LER 
L t W  
LCR 
L t  C. 
LER 
L t f i  
L i R  
L t R  

AGDE 
AGDt 
AECF. 
AGGt 
AGDE 
AGL'E 
AGDE 
AGDE 
AGDE 
AGUE 
b r a e  
AG"E 
bGDE 
ACDE 
A i D E  

L t R  6 
LER 6 
LER b 
L t R  E 
L f R  8  
LCK 6  
LER 6 
LER 6 
LEf i  8  - LEf i  ti 
LCF 8 

AGDE 
AGCE 
AGUE 
AGDE 
AGDE 
AGDE 
AGDE 
PGDt 
AGDE 
AGO: 
bGDE 

LEf i  6 2 7 7 4 0 7  h E V l  2 0  5 9 7 L I C H  6 
LER 6 2 7 7 4 0 7  3 E V I  2 0  598CHU1 '20 
LER 6 2 7 7 4 0 7  h E Y I  2 0  5 9 9 L I C H  2 0  
LER 6 2 7 7 4 0 7  H E V I  2 0  6 0 2 L I C H  2 0  
LER 6 2 7 7 4 0 7  H E V I  2 0  6 0 3 L I C H  2 0  

LEP 
LEP 
LER 
LBP 
LER 
LER 
L t R  
LER 
LER 
L E a  
LER 
L t P  
LER 
LER 
LER 
L t R  

HEV I 
H E V l  
H E V l  
HEVl  
HEV 1  
HEV I 
HEV 1  
HEV 1  
EEV 1  
H E V l  
H i V l  
H E V l  
HEV 1  
H E V l  
HEVl  
HE V  1  

0 ,* 
$9 Cx; 

& .p$* 
GI 5-0 
H t V I  2 0  
H E V l  2 0  
H E V I  2 0  
H E V I  2 0  

LEE 7 1 1 7 4 0 7  H t V I  2 0  56CCHUI 2 0 L I C V  9 
LER 7 1 1 7 4 0 7  HEVV 2 0  5 6 2 L I C H  8  
LEI? 7 1 1 7 4 0 7  H t V l  2 0  563CHU1 2 0  
LER 7 1 1 7 4 0 7  HEVl  2 0  F65CNUI  2 0  
LER 7 1 1 7 4 0 7  FEY1 2 0  566CHUI  2 0  
L t R  7 1 1 7 1 0 7  P € Y I  20 569CHUI  2 0  
LER 7 1 1 7 4 0 7  YEVI  2 0  570CHUI  2 0  
LER 7 1 1 7 4 0 7  N E V I  2 0  571CHUI 2 0  
L ~ R  7117407 n f r l  2 0  ~ ~ Z C H U I  8 

LER 7 2 5 7 4 0 7  H E V l  2 0  5 7 3 C r U I  2OLICH 9  
LER 7 2 5 7 4 0 7  H E V I  2 0  575C.YU1 2 0  
LER 7 2 5 7 4 0 7  HEVI  2 0  5 7 7 C u U I  2 0  
L i R  7 2 5 7 4 0 7  H E V l  2 0  578CHUl  2 0  
LER 7 2 5 7 4 0 7  HEVl  2 0  579CHUI  2 0  
LEE 7 2 5 7 4 0 7  H E V I  2 0  582CHUI 2 O L l C H  1 9  
LER 7 1 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
~ E R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7 '  
L t R  7 2 5 7 9 0 7  
LER 7 2 5 7 4 0 z  

~ E V I  2 0  
H E V I  2 0  
H f V l  t o  
HEVl  2 0  
HEVl  2 0  
H E V l  2 0  
YEVI  2 0  
H E V l  2 0  
K E V I  2 0  
H E V l  2 0  
HEVl  2 0  

LER a 6 7 4 0 7  
LER 8  6 7 4 0 7  
LER ti 8 7 4 0 7  
LER b e 7 4 0 7  
LER 8 8 7 4 0 7  
L t R  6  6 7 4 0 7  
L E k  b 5 7 4 0 7  
LEU b 6 7 4 0 7  
LER 6 6 7 4 0 7  
LER 8 6 7 4 0 7  
LER 6 8 7 4 0 7  
LER 8 5 7 4 0 7  
LER ti 8 7 4 0 7  
L t i l  8  8 7 4 0 7  
LER 6 8 7 4 0 7  
LER a 8 7 4 0 7  
LER 8 8 7 4 0 7  

T R C I  2 0  
TRCA 2 0  
TRCA 2 0  
TRCA 2 0  
TRCA 2 0  
TRCA 20 
TRCA 20 
TRCA 2 0  
TRCA 2 0  
TRCA 2 0  
TRCA 2 0  
TRCA 2C 
TRCA 2 0  
TRCA 2 0  
lRCA 2 0  
TSCA 2 0  
TRCA 20 

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LEU 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

COUA Z U  
COUP 2 0  
COkA 2 0  
COWA 2 0  
COWA 2 0  
cown 2 0  
CGUA 2 0  
CCWA 2 0  



APPENDIX C. (Continued 2) - 

L t R  7 2 5 7 4 0 7  
LER 7257407 
LER 7257403 
LER 7257403 
LER 7257407 
LER 7 2 5 7 4 0 1  

COYA 20 
COWA 20 
COWA 20 
COWI 20 
CCWA 20 
COGA 20 
COMA 20 
COYA 20 

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

TETT 20 
TETT 20 
T f T r  20 
TETT 20 
TETT 20 
TETT 20 
TETT 2C 
TETT 20 
TETT 20 
TETT 20 
TETT Z C  
TETT 20 
TETT 20 
TETT 20 
TETT 20 
TETT 2 0  
TETT 20 
TETT 20 
TETT 2G 
TETT 20 

LER 7 2 5 7 4 0 7  
LEfi  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LEU 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

LER 7 2 5 7 4 0 3  
LER 7 2 5 7 4 0 7  

LER 8  6 7 4 0 7  
LEE b 8740: 

LEU 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

LCR 8  8 7 4 0 7  
LER 8  8740: 
LER 8  2,7403 L ~ R  7 2 5 7 4 0 7  

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

LER b 8 7 4 0 1  
LER 8 e740 '  
LER 6 6 7 4 0 7  
LEU 8  87407 
LER b 8 7 4 0 1  
LER 8  8 7 4 0 ?  
LER 8  9 7 4 0 ?  
LEU 8  8740' 
LER d 8 7 4 O I  
L t R  3 8 7 4 6 7  
LEI? 8 6 7 4 0 7  
LER 8  5 7 4 0 7  

C O G &  20 
CSUA 20 
CCWA 20 

LER 7 2 5 7 4 0 7  
L ~ R  7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L k f i  7 2 5 7 4 0 7  

C31;A 20 
COYA 20 
town 20 
CCWA 20 
COMA 20 
CCYA 20 
COilA 20 
COYA 20 

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

TETT 20 
TETT 20 

LER h 8 7 4 0 7  l E T T  20 
TETT 20 
TETT 2 0  
TETT 20 
TETT 20 
TETT 20 
TETT 2C 
TETT 20 

LER 6 e 7 4 0 7  
LER 6 6 7 4 0 7  
L t R  8 8 7 4 0 7  
LGR a 8 7 4 0 7  

LER 8 6 7 4 0 7  
LER 8  8 7 4 0 7  
LER B 8 7 4 0 7  
LER 8  8 7 4 0 7  

COUP 20 
COWA 20 
COWA 20 LEP e  ~ 7 4 0 7  

LER 6 8 7 4 0 7  
LER B e 7 4 0 7  
LEU 8 8 7 4 0 7  
L ~ R  e 6 7 4 0 7  
LER 9 47407 

LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
L t R  7 1 1 7 4 0 7  

TETT 20 
TETT 20 
TETT 20 

6 0 8 L I C H  20CKUI EOARTR 13S1AL 9  
6 0 9 S I A L  2OLlCH lOARTR 4  
SIOCYTE 2OSlAL 1 6 L I C U  15ARTR 1 0  

T t T T  20 
TETT 20 
TETT 20 

LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LCR 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LLR 7 1 1 7 4 0 7  
L t P  7 1 1 7 4 0 7  
LEU 7 1 1 7 4 5 7  
LEU 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 71174U7 
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
L t R  7 1 1 7 4 0 7  

TETT 23 
TETT 20 
TETT 20 
TETT 20 

LLR 6 2 7 7 4 0 7  &ECI  20 
KECI  20 
HECl 20 

LEU 6 2 7 7 4 0 7  
LeR 6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  T i l l  2 0  

TETT 20 
TETT 20 
TETT 20 

LER 6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  

~ E c i  2 i  
HECl 20 

TETT 20 
TETT 20 
TETT 20 

L t R  7 1 1 7 4 0 7  UECl 20 
U i C I  2G 
r E C l  20 

LER 7 1 i 7 4 0 7  
LEU 7 1 1 7 4 0 7  
LEfi  7 1 1 7 4 0 7  T E T T  2 0  

TETT 20 
TETT 20 

UECl 20 
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LEP 7 1 1 7 4 0 7  TETT 20 

TETT 20 
TETT 20 
TETT 20 

. i i c  7 i i 7 4 0 7  
L t R  7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  

TETT 20 
TETT 20 
TETT 20 
TETT 20 
TETT 20 
TETT 20 

LER 7 1 1 7 4 0 7  UECl 20 
UECl 20 
n E c l  7  
UECl 20 
MECl 20 
UECI 2 c  

i t 2  7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  



APPENDIX C. (Continued 3) 

LER 7 1 1 7 4 0 7  
LEE 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
LER 7 1 1 7 4 0 7  
L t f i  7 1 1 7 4 0 7  
LEU 7 1 1 7 4 0 7  
L t R  7 1 1 7 4 0 7  
LEP 7 1 1 7 4 0 7  
L t R  7 1 1 7 4 0 7  
L i R  7 1 1 7 4 0 7  
LEU 7 1 1 7 4 0 i  

MECl 25 , ~ A R T R .  Z O L  ICF  SACL LA 3  
KECl  20 4ARTH-1951AL 4LICK 3 

LER 7 2 6 7 4 0 7  
L t R  7 2 6 7 4 0 7  

KECI  20 
h E C l  5  
NECI 20 
n E C l  20 
n E C l  20 

NECl 20 ~ A R T H ~ P s ~ A L  4ACLA 4CYTE 3 
HECl 20 6ARTR 20 
MECl 26 7ARTR l 9 L I C H  ~ S I A L  6  

LLR 7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
LEU 7 2 6 7 4 0 7  
LkR 7 2 6 7 4 0 7  MECl 20 

n E t l  5 
VECI 20 

LER 7 2 6 7 4 0 7  
L t R  7 2 6 7 4 0 7  
LEE 7 2 6 7 4 0 7  

MECl 2 6  12ARTR ZCLIC* 1 2  LEE 7 2 1 7 4 0 7  
LER 7 2 6 7 4 0 7  

n E C l  20 
n E C l  20 

K i C l  20 
NECl 20 
4 E C l  20 
n E i l  20  
r E C 1  20 
n E i l  20  
KECl  20 
n t C l  20 
n E c l  20 

. . . . . . - 
'ARTR 2OSIAL 1 4 i l t K  9 

HECl 4  28ARTR 4  
LEP 5 6?407 
LER 8 0 7 4 0 7  
LER a e7407 
L t R  B P 7 4 0 7 .  
LER 6 67407 
i t R  6  6 7 4 0 7  
LER 6 8 7 4 0 7  
LkR 6 67407 
LER 5 6 7 4 0 7  

L ~ R  7 1 1 7 4 0 7  PECI 20 29ARTR 2 0  
LER 7 1 1 7 4 0 7  n E i l  20  SOARTR 2OSlAL 9 
LER 7 1 1 7 4 0 7  MECI 20 31ARTR 17S1PL l l L l C H  8  
L t R  7 1 1 7 4 0 7  n f i l  20 32ARTR I ~ S ~ A L  5 L l C q  P - ~. - 
LER 7 l i 7 . 0 7  n i c i  20 3 4 ~ a r ~  2 0  
LcR 7 1 1 7 4 0 7  MECl 2 0  3SbHTR 20UNKA 3 
LER 7 1 1 7 4 0 7  HECl 20 39ARTR 2 0 S I A L  4 L l C U  6  
LEE 7 1 1 7 4 0 7  r E i l  20  41ARTR 20 

. LER 7 1 1 7 4 0 7  KECI  20 42ARTR 2OLlCH 1 2  
. LER 7 1 1 7 4 0 7  ~ E C I  2 0  43ARTR 20 

L t R  8  t 7 4 0 7  
LEP 6  0 7 4 0 7  
L t R  6  87407 
LER E 8 7 4 0 7  
L t R  tl 8 7 4 0 7  
LER 6  n 7 4 0 7  
LtF! 8 87407 
L t R  0 6 7 4 0 7  

n E C l  20 
LER 7 2 5 7 4 0 7  K t C I  20 

n i C l  2 0  
k E C I  20 
n E c l  20 
WECI 20 
n i C l  20 
h E C l  20 
& E C l  20 
K i t 1  20 
NECl 20 
HECI 20 
n E c l  2 0  
MECl 20 
KECI  2C 
HECI 20 
NECl 20 
kECI  50 
KECI  20 
MECl 20 
r E c l  20 
MECl 20 
HECI 20 
M E i l  20 
MECl 20 
MECl 20 
n i t 1  20 
n t c l  20 
r E c 1  20 

- ~ .  -. 
U E t l  2r) 
n E C l  20 
n E C l  2 0  

LER 7 2 5 7 4 0 7  
LEU 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  NECI 20 

CECl 20 
k E C I  20 
UECl 20 
M f C l  20 

.NECI  ZO 
NECI 20 
r E c l  20 
n E C l  20 
MECl 20 
MECI 20 
K E i l  20 
NECI 20 
MECI  20 

L t R  6 8 7 4 0 7  
LER 6  8 7 4 0 7  
L ~ R  8 e 7 4 0 7  
LEU 8 67407 
L t R  6  8 7 4 0 7  
LER b 6 7 4 0 7  
L t R  8 6 7 4 0 7  
LER 6 67407 

LER 7 2 5 7 4 0 7  
L t R  7 1 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
L t f i  7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LE3 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  
LEH 7 2 5 7 4 0 7  
LkR 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
L t R  7 2 5 7 4 0 7  

LER 8  87407 

L t R  6 2 7 7 4 0 7  
LER 6277407 

HEPA 20 
KEPA 20 
KEPA 2G 
,YEPA 2 0  
nEPA 20. 
KEPA 20 
nEPA 1 0  
MEPA 20 
HEPA 20 
MEPA 25 
MEPA. 6  
NEPA 20 
HEPA 20 
KEPA 20 
CEPA 20 
nEPn 20 
n i P A  20 

L ~ P  6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  
LkR 6 2 7 7 4 0 7  

LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  
LER 7 2 5 7 4 0 7  LER 6 2 7 7 4 0 7  

L t R  6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  

LER 7 2 5 7 4 0 7  
LER 7 2 6 7 4 0 7  
LER 7 2 6 7 4 0 7  
L k R  7 2 6 7 4 0 7  LER 6277407 

L t R  6 2 7 7 4 0 7  
LER 6 2 7 7 4 0 7  
L t R  6277407 

LEA 7 2 6 7 4 0 7  r E i l  20 ~ ~ P R T R  Z O C Y T E  9 
LEE 7 2 6 7 4 0 7  MECl 20 BOARTR 20 
LER 7 2 6 7 4 0 7  n E c I  1 2  0 BIARTR 1 2  
LER 7 2 6 7 4 0 7  MECl 20 82ARTR 2 5 L I C t i  20 LEE 6277407 

LER 6277407 
LER 6277407 

. . . ~  .. 
LER 7 2 6 7 4 0 7  r € i i  20 83ARTX 2 O L l i H  1 3  
L ~ C  7 2 6 7 4 0 7  MECI  20  d4AQTR 2 O L I i H  1 0  
L t R  7 2 6 7 4 0 7  MECl 1 0  0 85PRTR lOCYTE 5  LER 6277407 



LE R 
L t R  
LE f i  
L t R  
LER 
L t R  
LER 
L t f i  
L t E  
L t 4  
LER 
L E E  
LER 
L € h  
LER 
L t  R  
LEF! 

L E ?  
L t l  
LER 
LER 
LEP 
L t R  
LER 
L t R  
LEf i  
L t R  
L E E  
L t l  
L E E  
LER 
LE R 
LER 
LER 
L t P  
LEC 
L k f i  

LER 
LER 
LER 
LEU 
L t R  
LER 
L t R  
LER 
L t R  
C E R  
L t P  
LER 
LER 
L t K  
L t R  
L t f i  
L t R  
LE  R  
LE R  
L k R  
L t R  

APPENDIX C. 

h E P b  2 0  3 0 0 t M U I  
NEFL 2G S O Z L l C h  
MEPP 2 0  J O ~ L ! C H  
r E F b  2 0  3 0 4 A E T K  

V t E b  2 0  3 0 8 i l ~ 4  
PEPb 2 0  1 4 5 S l A L  
MEPA 2 0  1 5 5 L I 2 H  
l i i P A  2 0  1 5 6 n F P I  
KEPA 2 6  1 5 7 5 b C A  
HEPL 2 0  i s B ? b ; ~  
MEDL 2 0  1 5 9 P A i P  
n i r n  IC 0 1 6 0 ~ 0 S E  

M i P b  2 0  2 6 2 ? b C A  
bEFk 2C 764FOSE 
HEPA 2 0  266CM?lA 
PEPL i@ % n B L I C H  
1:EPb 2 6  2 6 0 A F T i i  
PEPb 2 0  2 7 0 F b 3 A  
n i P b  1G 0273Ll,:h 
I'.iPA 2C 3 3 2 8 b 3 A  
HEPL 1 6  0 1 3 3 P b C b  
MEPA 2 0  i 3 4 6 b 3 A  
MEPA 1U 0 1 3 5 S b K A  
HEPb 2 0  136C 'P I  
MEPb 2 0  1JPBb:P 
P E F b  1 7  0140FiA3A 
I:EPb 2 0  1425A:b 

n E P e  2 s  199EbCA 
hEPA 2 0  ZCOCRCI 

'VEPL 2 0  2 0 1 6 b C A  
PEPA 2 0  2025ACA 
KEFA 2 0  2 0 3 A n T R  
FEPb 2 0  z O 4 b P T %  
HEPb, 2 0  206ARTH 
f iEPA 2 0  2 0 7 b R T R  
K E P I  20 2 i l n c ~ f i  
M E F 4 2 0  2 1 J B b C A  
F E P L  2 0  * 2 9 1 6 b C A  
XEFb 2 0  2 8 2 L P T R  
h E P b  4  0 2 8 3 0 6 P 1  
MEPA 2 0  2 8 5 L l C H  
MEFb 2 0  286AR:Q 
n E P b  2 0  2 8 7 b P T T  
PEPA 2 0  2 8 6 L P T R  
MEPb 2 0  2 Q O b P l R  
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