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'ANALYSIS OF INVERTEBRATE POPULATIONS INHABITING THE SHRUB-STEPPE 

REGION OF SOUTHCENTRAL WASHINGTON (HANFORD RESERVATION) 

i 

ABSTRACT i 

i 

F i e l d  sampling and a n a l y t i c a l  techniques a r e  descr ibed f o r  q u a n t i t a t i v e  

shrub-steppe i n v e r t e b r a t e  ecology s tud ies  on the  Hanford Reservat ion. A 

quick t r a p ,  D-vac sampl i n g  method fo l lowed by Ber lese e x t r a c t i o n  i s  employed. 

Computer summarization o f  r e s u l t s  permi ts  p resen ta t i on  o f  data i n  terms o f  

2 2 dens i t y  (no./m ) and biomass (g/m ) f o r  t roph ic ,  taxonomic, 1 i f e s t a g e  and 

t o t a l  h v e r t e b r a t e  groupings. 



INTRODUCTION 

Invertebrates, a re  not a conspicuous component of most grassland regions 

and t h e i r  influence i s  generally not appreciated unt i l  an outbreak occurs fo r  

pest  species such as grasshoppers or  range land ca te rp i l l a r s .  They are ,  

however, always present, occurring in the s o i l ,  w i t h i n  grass tussocks and 

associated with shrub canopies. 
' A variety of techniques have been developed fo r  invertebrate sampling-- 

sweep net ,  pi t f a l l  t rap ,  d i r ec t  counts, hand col 1 ec t i  ng . These techniques 

a re  especially useful when studying specif ic  invertebrate taxa, grasshoppers, 

f l i e s ,  ants ,  e t c . ,  b u t  they are  not adaptable to  providing quant i ta t ive 

sampling estimates fo r  a l l  invertebrate fauna. The purpose of this presenta- 

t ion i s  t o  describe techniques used to  quantitatively sample and analyze 

aboveground invertebrate populations inhabiting a semi-arid region i n  south- 

central Washington. 

These studies were con,ducted on the Hanford Reservation which i s  located 

near the confluence of the Columbia, Snake and Yakima Rivers. The Reserva- 

t ion occupies about 540 square miles of shrub-steppe vegetation. Approximately 

120 square miles of the Reservation has been designated a's the Arid ~ a n d s  

Ecology (ALE) Reserve. The studies described here were conducted within the 

confines of the ALE Reserve. The actual study s i t e s  were located within a 

p r i s t ine  sagebrush/bunchgrass (Artemi s i  a tridenta/Agropyron spi catum) community 

and on an old f i e l d  dominated by cheatgrass (Bromus tectorum). 



- .  

METHODS 

Sampl i nq  

2 A quick-trap (0.5 m ) was'employed t o  co l l ec t  samples from the old-field 

location. The t raps were s e t  the day pr ior  t o  sampling. .A long cord permitted 

remote release of the screen covered cage. Large f lying insects  were removed 

by hand o r  with the aid of a small a s p i r a t o r .  All vegetation within the cage 

was clipped and placed i n  a p l a s t i c  bag. A D-vac aparatus was used t o  vacuum 

the s o i l ,  removing a l l  l i t t e r  and associated small invertebrates.  These 

materials were taken t o  the laboratory, placed i n  a Berlese funnel and 
I 

extracted into ethyl alcohol. ~ x t r a c t e d  samples were sorted beneath a vari-  
' , 

able power microscope. A1 1 specimens were ident i f ied ,  measured t o  the ' 

nearest 0.1 mrn and recorded on a data form. 

Similar procedures were followed fop the sageb~ush/bunchgrass comnuni t y  

except tha t  a s t r a t i f i e d  sampling plan was employed. Separate samples were 

col lected for  invertebrates associated w i t h  bunchgrass, sagebrush, bare areas 

2 and for  large f lying . . insects .  The 0.5 m drop t rap was used t o  co l l ec t  

f lying insect and sagebrush samples. Bunchgrass samples were collected by 

placing a coring tool over selected grass tussocks and extract ing a 0.01 m 2 

core of crown, stem and leaf material . Bare samples were col lected by 
2 D-vacing selected 0.1 m areas located i n  the open spaces between shrubs and 

'g rass  tussocks. 

Anal ysi s 

A data processing flow diagram i s  shown i n  Figure 1 depicting computer 

processing sequences. The data cards contain sampling and analytical infor-  

mation such as: 



Date 

Treatment 

Rep l ica te  . 

Sample quadrat 

2 
Sample s i z e  (m ) 

Sample s t r a t a  

Taxonomic i d e n t i f i c a t i o n  

Number o f  i n d i v i d u a l s  

. L i f e  stage 

Trophic l e v e l  

Size ( l eng th  i n  mrn) 

Biomass data (mg d r y  weight)  may be entered i n t o  t h e  data s e t  v i a  one of - 

t h ree  pathways: 1 1  ac tua l  weights f o r  i n d i v i d u a l  organisms may be recorded 

on t h e  data cards, 2)  weights may be c a l c u l a t e d  from leng th lwe igh t  equations 

developed f o r  shrub-steppe inve r teb ra tes  (Rogers e t  a1 . , 1976, 1977) o r  3)  

weights may be obta ined f rom a t a b l e  o f  re ference weights.  

Obtain ing weights f o r  i n d i v i d u a l s  i s  a  t ime  consuming process. A t  t he  

very  l e a s t  weights should be obta ined by s i z e  groupings f o r  i n d i v i d u a l  taxa 

on each sample date. Th is  i s  no t  p r a c t i c a l  f o r  most s i t u a t i o n s  and I have 

o n l y  recorded d i r e c t  weights f o r  unique speciments where l eng th lwe igh t  equa- 

t i o n s  d i d  n o t  app ly  and reference weights were n o t  ava i l ab le .  

Most o f  t h e  biomass data i s  c a l c u l a t e d  f rom leng th lwe igh t  equations. 

Taxa s p e c i f i c  equations were used f o r  common shrub-steppe i nhabi t a n t s  (Table 1  ) . 

A general l eng th lwe igh t  r e l a t i o n s h i p  i s  used f o r  most -o the r  taxa (Rogers e t  , 



The use of length/weight equations fo r  biomass estimation i s  possible 

since s i ze  data was recorded fo r  a l l  sample specimens. This too i s  time 

consuming but consumer s i ze  i s  an ecological parameter tha t  has been largely 

.ignored in the past and,consumer s i ze  dis t r ibut ions should be documented fo r  
1 

shrub-steppe invertebrate populations. In many cases where organisms are  of 

a f a i r l y  uniform size'throughout the population and over the season a weight 

reference table i s  a viable a l te rna t ive  and represents the l e a s t  labor inten- 

s ive method f o r '  biomass estimation. For example, a l l  Cal igonell id (family 

caligonellidae) mites weigh about 1 pg. S t  probably rea l ly  doesn't matter i f  
/ 

some a re  only 0.5 pg and others 1.5 pg, unless a cal l igonel l id  mite popula- 

t ion study i s  being conducted. A table  look up would adequate'ly estimate 

the i r  biomass values. 

A f i r s t .  pass computer analysis i s  made following creation of the data 

tape to  check data coding. T h i s  checks trophic level., 1 i f e  'stage and taxo- . 

nomic codes against a l i s t  of legitimate codes. After correction of any 

discrepancies density and biomass values a re  calculated on' a unit  area basis 

(m2). Thgse data may be summarized f o r  various treatments for  any combina- 

t ion of the fol lowing options : 

All invertebrates 

a Trophic level 

a Order 

a Family 

a Species 

Lifestage 

Estimated density and biomass values a re  calculated fo r  invertebrate 

taxa inhabiting ea'ch of the sampled shrub-steppe habi tat  types--sagebrush, 



bunchgrass, bare o r  f l y ing .  These values a r e  then adjusted based on t he  

r e l a t i v e  cover and area o f  sampling tool  according t o  the  formula: 

where : 

c = mean densi ty  ( o r  'biomass) f o r  combined s t r a t a  

X1 = mean densi ty  ( o r  biomass) f o r  AGSP + BARE + FLY s t r a t a  - 

X 2  = mean densi ty  (o r  b i o m a s s ~  f o r  ARTR stratum 

P1 = percent cover f o r  AGSP + BARE + FLY s t r a t a  

P2 = percent cover f o r  ARTR stratum 

SEc = standard e r r o r  f o r  combined s t r a t a  

SEl = standard e r r o r  f o r  AGSP + BARE + FLY s t r a t a  

SE2 = standard e r r o r  f o r  ARTR stratum 

Nc = e f f ec t i a e  number of quadrats f o r  combined s t r a t a  

N1. = number of quadrats i n  combined AGSP + BARE + FLY s t r a t a  

N 2  = number of quadrats i n  ARTR stratum 

Old f i e l d  samples represent  a s ing le  hab i t a t  type and do not require  t h i s  

in tegrat ing procedure. 



RESULTS 

Estimated density,  biomass and associated standard er ror  values fo r  old- 

f i e l d  jnvertebrates a re  shown in Table 2 as  an example of resu l t s .  A graphical 

representation showing the seasonal d is t r ibut ion  of density and biomass values 

is  i l l u s t r a t ed  i n  Figure 2.  Maximum densi.ty and biomass occurred early in the 

season followed by a steady decline in to  sumner months. This follows the l i v e  

plant biomass trend. Peak plant biomass occurs during April or May fo r  green 

vegetation and declines w i t h  the onset of summer drought conditions. 

The estimated total  invertebrate density and biomass values for  the - 
sagebrush/bunchgrass community are  shown i n  Table 3 .  Density and biomass 

values a re  used t o  compare the r e l a t ive  standings for  invertebrate taxa i n  

Figure 3 and Figure 4. Hymenoptera ( an t s ) ,  Hemiptera/Homoptera (bugs) and 

Acari (mites) were. impor-tant taxa i n  terms of density values; however, 
( 

Lepidoptera (moths), Diptera ( f l i e s )  and Coleoptera (beet les)  were important 

biomass contributors.  

A comparison. of taxonomic d is t r ib tu ion  values based on invertebrate 

densi t ies  i s  shown in Table 4 fo r  grazed, ungrazed and old-field study areas.  

Important differences ' occurred for  Homoptera (bugs), Coleoptera (beet1 e s )  and 

Thysanoptera ( t h r i p s ) .  Homoptera were abundant.under grazed and ungrazed 

conditions b u t  poorly represented in the old-field.  The Homoptera were com- 

prised mostly of pseudococcidae (mealy bugs). This family i s  apparently 

close1.y associated with bl uebunch wheatgrass and not cheatgrass. Thysanop- 

te ra  were the th i rd  la rges t  contributor in terms of invertebrate density on 

the o ld- f ie ld 'but  were negligible contributors fo r  the grazed and ungrazed 

conditions. They are  small phytophagous insects tha t  occur in flower heads 



of various plants and a re  probably associated w i t h  cheatgrass on the old- 

f i e l d .  Most of the beetle density was associated with one family, the 

I Tenebrionidae or  darkling beetles. Darkling beetles were most abundant 
! 
I during the months of May and June with 54 and 34 individuals per m2 on the 
I 

old-field,  mostly larvae. 

An analysis of the trophic dis t r ibut ion of invertebrate density i s  shown 

in Table 5. The herbivore and omnivore groups were the two most important 

trophic levels  in a l l  treatment areas. Fungivores were l e s s  abundant in the 

old-field due t o  a paucity of cryptostigmatid mites. 

DISCUSSION 

The concern f o r  preservation of a quality environment coupled w i t h  the 

ever-growing demand f o r  greater levels of energy production have served to  

focus attention -on the need to understand the ro le  of native biota in eco- 

system functioning. Invertebrates comprise a s igni f icant  portion of the 

consumer component wherever detailed s tudies  have been conducted. Accurate 

estimates of the i r  density and biomass values are  required when attempting t o  

assess t h e i r  influence on energy flow patterns,  mineral cycling or possible 

destructive impact of invertebrates on natural areas. Few attempts have been 

made t o  conduct such studies--primarily I feel--due t o  d i f f i c u l t i e s  associ- 

I ated w i t h  sample col lect ion,  taxonomic ident i f icat ion and data analysis.  
I 

Hopefully this over-view of invertebrate sampling methodology a t  Hanford will 

a s s i s t  i n  the planning of detailed quant i ta t ive invertebrate studies a t  other 

NERP ins ta l la t ions .  



ACKNOWLEDGMENTS 

Th is  paper i s  based on work supported under Energy Research and Develop- 

ment Admin is t ra t i on  Cont rac t  E(45-1)-1830. The bas ic  computer ana lys i s  

program was developed as p a r t  o f  t he  I n t e r n a t i o n a l  B i o l o g i c a l  Grasslands 

Biome Program. Thanks' a re  extended to' t h e  biome d i r e c t o r  and e s p e c i a l l y  t o  

V i c k i  K e i t h  f o r  making t h i s  program a v a i l a b l e  t o  us. Specia l  thanks are  a l so  

extended t o  Chuck Watson, Paul Tucker, J im MacIntyre and Jess ie  Burns f o r  

he lp  i n  adapt ing t h e  computer program t o  our  needs. 



REFERENCES 

Rogers, L. E., R. L. Buschbom and C.  R. Watson. 1977. Length-Weight 

Relat ionships f o r  Shrub-Steppe Inve r teb ra tes .  Ann. Entomol . Soc. Am. 

70: 51-5. 

Rogers, L. E., W. T. Hinds and R. L .  Buschbom. 1976. A General Weight vs 

Length Re la t ionsh ip  f o r  I nsec ts .  Ann. Entomol. Soc. Am. 69: 387-9. 



TABLE 1 . Parameter est imates f o r  length-weight  equations (Rogers e t  a1 . , 1977) 

-. . .  . 
Taxa L i f e s t a g e  Model B + S E  B1 + SE r 

0 

Col eoptera 

Tenebrionidae 

Curcul ionidae 

Col eoptera 

Tenebri  onidae 

Curcul i onidae 

D ip te ra  

Di  p t e r a  

Lepidoptera 

Lepi  doptera 

Hemi p t e r a  

Homop t e r a  

Combi ned 

Pseudococcidae 

Hymenoptera 

Formi c i  dae 

Acar i  na 

C r y t b s t i  gmata 

Prost igmata and 

A s t i  gmata 

Orthoptera 

Araneida 



\ 
TABLE 2. Estimated 01 d-fi el d invertebrate density and biomass values 

Date Dens i ty 1 Biomass i! 

Apri 1 

May 
June 

July 
\. 

August 

Density = numberlm 2 

.2 Biomass = mg drylm 



TABLE 3. Est imated t o t a l  i n v e r t e b r a t e  d e n s i t y  and biomass values f o r  t h e  
sagebrush/bunchgrass community. 

 on t li Dens i ty  ~ i o m a s s '  

March 693 2 113 ' 1 7 0 2  53 

Apr i  1 . . 1895 k 856 . 215 2 86 

960 -+ 31 1 278 a 92 May 
June 559 2 133 191 2 55 

J u l y  446 k 117 451 2 187 

August 515 2 207 392 2 140 
- -  - -  

2 Biomass expressed as mglm d r y  weight  



TABLE 4. Taxonomic d i s t r i b u t i o n  (%)  i n  grazed ,  ungrazed and .o ld  f i e l d  s tudy  
a r e a s  based on i n v e r t e b r a t e  d e n s i t y  

Order Ungrazed Grazed Old f i e l d  
- - - - - - - - - - - - % - - - - - - - - - - -  

Acari 

Hymenoptera 

Homptera 

D i  p t e r a  

Col e o p t e r a  

Lepi dop te ra  

Psocoptera  

Aranei da 

Col 1 embol a 

Thysanoptera 

Thysanura 

Hemiptera - 

I s o p t e r a  

Neuroptera 

Or thoptera  

Sol pug i da 

Geophilomorpha 



TABLE 5. Trophic d i s t r i b u t i o n  (%) i n  grazed", ungrazed and o l d  f i e l d  study 
areas based on inver tebrate  dens i ty  

. . - .  

Trophic Level Ungrazed Grazed o l d  F i e l d  
- - - - - - - - - - - % - - - - - - - - - - - -  

Herbi ~ o r e  27 4 2 5 6 

Tissue 7 6 28 

Sap 17 32 . 24 

Pol len and Nector 3 4 4 

Predator 2 3 20 8 

Omnivore 2 9 2 3 3 4 

Fungi vore 19 14 < 1 

Unknown 2 1 < 1 



FIGURE 1. Data Processing Flow Diagram 

FIGURE 2. Est imated Old F i e l d  Biomass and Densi ty  Values 

FIGURE 3. Seasonal DS:stri b u t i o n  o f  :'Taxa, B'iomassr. 

FIGURE 4. Seasonal D i s t r i b u t i o n  o f  Taxonomic Dens i ty  
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