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Chapter I 

SiEEPNETTING VEBSUS UNIT ABEA SAMPLING 
GBASSHOPPE~ PCfUIATICNS 

1.1 IN180DUC~ 

Accurat~ and precise estimation of insect populaticn den-

sities is essential in both economic and ecological studies, 

but is made difficult by population beteroqeneity and dis-

persion patterns, and by spatial and temporal variation in 

the habitat. The problem is compounded wten not one species, 

but a complex, is studied. In order to sa~ple all species in 

a complex, it is desirable to use two or more collEction 

methods simultaneously in a study (Southwood 1978). 

sweepnettinq has been condemned by Southwood (1978) for 

any synecoloqical work, vet it continues to be used as the 

sole collection method in many important qrasshopper popula-

tion studies (Daniels and Chedester 1973, Hardman and Ssol-

iak 1980, Holmes et al. 1979, Wilbur and Frit2 1940). Sweep-

nettinq has also been used alonq with unit area samplinq, 

which measures population density directly. In such cases, 

the results from both measurements are related. SMeepnet 

counts are then converted to absolute density estimates, and 

the measurements from both ccllectioD methods are pooled 

(Smalley 1960) • 

1 
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The data presented here were collected in an extensive 

ecoloqical study to determine the presence and relative 

abundance of the different qrassbopper species in forage 

crops. Two sampling methods, one measurinq absolute density, 

and the other (sweepnettinq) measuring relative abundances 

in populations, were used. 'Ihe question of immediate concern 

is to determine if the two methods sample proportionately 

different segments of the grasshopper complex. 

1.2 MATEBilLS .!fil2 ~ET§OD~ 

i • .l. 1 ~_!te,2. and ,Dates of ,Sam,J?lin_g 

The data used in the following analvses were taken from 

the 1980 season only. This portion of the data was selected 

because vegetational characteristics, which might affect the 

efficiency of the sweepnet, were measured along with the two 

insect collection methods. 

Of the ten sites included in this study, five were perma-

nent pastures and five were orchardqrass/redclover mixed 

hayfields. Sampling dates fell between July 1 and September 

12, 1980. Two of the sites were ~ampled twice, two others 

three times, and the rest once, makinq a total of seventeen 

site-date combinations. The location, altitude, management 

and size of field are recorded in 7able 2. The seventeen 

date/site combinations are listed in Table 1 below. 
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1AEIE 1 

Collection Dates and Sites used in Continqency 7ables 



TABLE 2 

Site Locations and Descriptions and Collection Dates 

-----------------------------------------------------------------------------------------------------------------------------------------------------Oates and Methods oi- Col lectlon 

Location Field 1979 1980 

Name County State Roads Long. lat. Alt( 1 )Type S1ze(2) Drop Trap Sweepnet Drop Trap Sweepnet 
----------------------------------------------------------------------------------------------------------------------------------------------------Ba rkor Ila 11 fax 607 le 816 78 47 1 36 51 1 165 hay(3) 3 7/19 7/19 8/09 
Barnes Lunenberg 613 le 138 78 06' :i6 53' 130 hay 1 7/25 7/25 
Bowman Nottoway 601 le 626 78 05' 37 04' 125 hay 16 7/26 7/26 
Brunk Albemarle 708 le US29 78 37' 37 58' 185 a I fa(4) 8 ---- 8/03 
Cobb Charlotte 659 le 671 78 37' 37 09° 175 hay 1 ---- ---- 7/11 7/26 7/11 
Gibson Cnmpbe 11 6116 le 606 78 57' 37 17' 245 hay 2 7/31 7/11 7/31 6/27 7/18 9/2 9/8 6/27 7/18 9/2 9/8 Gmeiner Albemarle 6 le US250 78 48 1 38 02 1 275 past(5) 2 7/10 8/03 7/10 8/03 6/24 7/12 8/28 5/3 5/24 6/211 7/12 8/28 10/3 ttines Pr. Edward 602 le 617 78 15' 37 15 1 165 hay 3 7/24 7/211 ---- ----llughes Nelson 651 le 718 78 53' 37 45 1 230 hay 2 8/02 8/02 ---- ----Hunter Campbe 11 722 le 643 78 56 1 37 11 1 190 past 1 7/31 7/31 6/26 9/8 5/2 5/23 6/26 9/8 Johnson Pittsylvania 683 le US40 79 13' 36 56' 180 hay 2 ---- ___ .,. 

6/21 7/7 8/19 6/21 8/19 Mcclenny Appomattox 601 le 627 78 39' 37 17 1 185 hay 3 8/01 7/11 8/01 6/28 7/16 5/2 6/7 6)28 7/16 Oates Ila 11 fax 679 le 671 79 01 1 36 113' 130 past 5 7/19 8/09 7/19 8/09 6/17 7/8 8/15 11/12 11/25 5/10 6/17 7/8 Park Meck I enbe rg 697 le 793 78 42 1 36 42 1 130 falw(6) 1 7/20 8/10 7/20 8/10 
Robertson Nottoway 601 le 601 78 03' 37 03 1 105 past .5 7/26 7/26 
Spencer llenry 695 le 698 80 01 1 36 38 1 275 alrf(7) 2 8/08 8/08 7/1 7/15 8/26 4/25 5/30 5/9 7/1 7/15 8/26 Stevens Nelson US29 le 653 78 55' 37 43' 220 hay ~ 8/02 8/02 6/211 7/11 8/22 9/12 4/19 6/24 7/11 8/22 9/12 10/11 Upton Mecklenberg 678 le 615 78 19 1 36 38 1 75 past 3 7/20 8/10 7/20 8/10 7/3 8/14 4/12 5/9 5/30 7/3 8/14 Wi I kerson Lunenberg 617 le 138 78 04' 36 53 1 125 a I fa 2 7/25 7/25 
Winn llenry 610 le 620 79 42 1 36 39 1 305 hay 2 7/18 7/18 8/08 ____________________ .,. ______________ .,. _____ .,. ______ ... _____ .,. ________ .,. ___ .,. ____ .,. _________________________ .,. ___________ .,. __________________________________ .,. ___ 
1) Altitude in meters above sea level. 
2) Field size In hectares. 
3) Orchardgrass/ red clover mixed hayfield. 
11 ) A I fa I fa . 
5) rescue/ bluegrass pasture. 
6) Fallow. 
7) Airfield. 

~ 
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The absolute density collection, hereafter referred tc as 

the 'drop trap•, used an apparatus as shown in Figure 1 A 

dome-shaped wire caqe was constructed of 9 qa. clothes-line 

wire. Poultry wire was stretched over it for added strength. 

Orqandy or similar material was used to cover the dome, 

which enclosed an area of 0.5 m2. At the top of the dome a 3 

m long bamboo rod was fastened. 

In the field the caqe was dropped forceably over a point 

selected according to a stratified random sampling scheme. 

The full extent of the rod was used, so that the area sam-

pled was rouqhly 3 meters from the collector. The actively 

moving grasshoppers could easily be seen thrcugb the mat€ri-

al and were caught by hand through a sleeve attatched to the 

dome. The captured insects were placed in 95% ethancl. it 

was found that the qrasshoppers tended to perch on tbe inner 

Ka11 of the dome and could be easilv knocked into the col-

lection iar. After two or three minutes, when the initially 

active grasshoppers had been cauqht, the drop trap vas left 

in place while other data (plant measurements and sveepnet-

tinq) were recorded in the immediate vicinity. Wh~n 1 r~-

turned to the trap after several minutes, I often found more 

grasshoppers settled on the innet walls of the dome or oth-

erwise exposed to view. Finally, the caqe was lifted while 



Figure 1: Drop 7 rap 
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I carefully examined the qround and veqetaticn that had teen 

enclosed only rarely were in.sects observed to escape. These 

vere recorded if siqbt identification could be madea 

It is assumed that the above technique measures atsolute 

densities of all species and all life staqes. 

~he second samplinq method made use of a 36 cm. diameter 

round sveepnet with a 92 cm. aluminum handle. Each sample 

included twelve 1800 sweeps tbrouqb the veqetation. 

A brisk walk was maintained while swee~inq, the pace be-

ing adjusted to minimize loss from flushinq the grasshop-

pers. 7he sweeping vas done 

the site of the drop trap. 

in a semi-circular path around 

1he catch was anesthetized by 

pouring ethyl acetate on the muslin sweepinq bag, and was 

then put in a jar of ethanol. 

Plant data was taken usinq a 183 cm. fo1ding ruler. The 

ruler was dropped onto the veqetation next to the drop trap. 

The species (if know~) and lenqth transected of each plant 

touchinq the ruler were recorded. The erect height of the 

tallest and shortest plants (eicludinq seedlings) was also 

measured. 

In the sampling procedure, each field was divided into 

four plots of approximately equal size. Within each plot 

four randomly selected points were chosen where one drop 

trap, one sveepnet and one plant measurement vere taken. 



8 

This produced a maximum of sixteen observations per field 

for each measurement. Samplinq was completed in 8-10 hours 

and performed in the J11orninq and aft-ernccn of one day, or 

the afternoon of ooe and the morning of the next. 

1.2.3 ~- Anal_ysis 

To compare the two insect collectinq methods three dimen-

sional continqency tables were constructed from the original 

insect counts. The three dimensicns of the table were: 

1. Collectinq method (drop trap or sveepnet) 

2. Species for ether insect cateqorv) 

3. Sampling date-location combination (of which there 

were 17) 

These tables were analyzed using the log-linear model for 

cross- classified data described by Pienberq (1977). 

Four tables were constructed, each differing from the 

others by altering the grouping of the insect counts in va-

riable 2 above to test separate hypotheses. 



1.3 BESULTS 

1. 3. 1 ,Speges .]j.s.§ in Swee_pnet,!.in.g 

Onder the assumption that both methods sample the grassh-

opper complex without bias. it is expected that the FLOpor-

tion of the total catch for a qiven species will be egual 

under both sets of data (dLOP trap counts and sweepnet). For 

the reasons already presented. a deviation from this expEct-

ed equality is interpreted as the failure of sweepnetting to 

reliably measure species or qroups of species proportionate 

to their densities. 

Table 3 shows the qrasshopper diet qroup. number of indi-

viduals. and percentaqe of the total count for each ~pecies 

of the two families collected by both methods. the diet 

group is an assignment to one of three hLoad feeding catego-

ries: mixed-forb feeders choose amonq the available grasses 

and forbs with preference for the latter. Gxass feeders 

consume chiefly qrasses. Head feeders rely on the flowe~inq 

and fruiting parts of tall plants and are opportunistically 

predaceous. 

On first inspection. Table 3 reveals few obvious differ-

ences between the composition of the two trap collections. 

The relative rank of species abundance is approximately the 

same in each case. However. for the two species best re~re-

sented in the sample,~.£• f~SU!£Ob:Ql! ap~ears to be unde~-
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represented in the sweepnet catch, in which ~onoce~halus sp. 

nymphs is disproportionately larqe. 

In order to test these apparent differences a three di-

mensional (trap x species x samplinq date-location) cross-

classified contingency table was constructed. 

It would be desirable to allot nineteen categories to the 

species dimension in this analysis, according to the number 

of species found. 1he relative rarity of most of tbe spe-

cies in these collections, however, requires that either the 

most numerous species alone be included, or that the species 

be grouped in some reasonable fashion. In this way, there 

will be sufficiently large numbers in the cells o1 the table 

to permit analysis by the contingency table method. 7he to-

tal number of grasshoppers must be rouqblv ten times the 

number of cells for the assum~tion that G2 approaches a 

chi-square distribution. 

I expected tettigoniids to sample at different efficienc-

es from acridids because of their di.fferent behavior and ha-

bi tat requirements. As shown in 7able 3, all of the tetti-

qoniid species studied are head feeders. Also, they lay 

their eqqs in the stems of herbaceous plants. 

they frequent the upper strata of the habitat 

'Iherefore, 

and are more 

susceptible to sweepnet capture. 

forb feeders and oviposit in the 

The acridids are gcass and 

qround or at the base of 



'IAEIE • 

Count Data Suromary Collapsed Across Ccllections 

---------------------------------------------------------------

Species 

ACRIDIDAE 

Melano1:1lus f. femurrubrum (De Geer) 
Chorta1:1haga viridifasciata (De Geer) 
Dichromorpha viridis (Scudder) 
Melanoplus .ii, differential is (Thomas) 
Syrbula admirabi I is (Uhler) 
MelanOQIUS .§_, scudderi ( Uh I er) 
Enco1:1tolo1:1hus ~- sordidus (Burmeister) 
ll i PQ i scus rugosus ( Scudder) 
Me I anop I us sangu in i pes ( F.) 
Arphia_xantho1:1tera (Burmeister) 
Or1:1hulel la 1:1el idna (Burmeister) 
Dissosteira c~rol ina (L.) 

TETT I GON I I DAE 

Conocephalus sp. 
Conocephalus strictus ( Scudder) 
Neoconoce1:1ha I us ens i ge r ( Scudder) 
Conocephalus f. fasciatus (De Geer) 
Conocephalus 6reyipennis ( Scudder) 
o rche I i mum agjJ_e_ ( De Geer) 
Scudder i a sp. 

Diet 
Group 

m-f (a) 
g 
g 

m-f 
g 

m-f 
g 
g 

m-f 
g 
g 
g 

h 
h 
h 
h 
h 
h 
h 

Drop Trap 

Number of 
Individuals 

824 
35 
29 
18 
19 
9 
9 
6 
4 
0 
0 
0 ---

953 

536 
73 
10 
2 
1 
1 
1 - --

614 

% 

86.5 
3.7 
3.0 
2.0 
1. 9 
0.9 
0.9 
0.6 
0.4 

0 
0 
0 

85.9 
11. 7 

1. 6 
0.3 
0.2 
0.2 
0.2 

Sw8~pnet 

Number or 
lndividunls 

3560 
75 
81 
76 
91, 
29 
25 
13 
1 () 
2 
2 
1 

---
3968 

3692 
192 

16 
15 
10 
21 

3 -... --
3~',CJ 

0/ 
/0 

89.7 
1. 9 
2. (J 
1. 9 
2 .11 
0.7 
0.6 
0.3 
0.2 
0. 1 
0. 1 
0. () 

93 .11 
11.9 
0.11 
0.11 
0.3 
0.5 
0. 1 

----- --------------------------- ------------- -------- --------- ----- - -- -- 'r- - - - - - - - - - - - -

a) m-f= Mixed-forbivorous, g= Grass, and h= Head Feeding. 

,_. ,_. 
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plants. The tettiqoniids as a qroup are largely nccturnal 

whereas acridids tend to be diurnal. Had the sampling taken 

place at night we would probably observe results opposite to 

those found here. 

The species in Table 4 were grouped by family to produce 

two cateqories: Acrididae and Tettiqoniidae. The results of 

this contingency table are read in the following manner, 

following the notation of Fienberq (1977). Each model is de-

scribed by its component factors, enclosed in brackets. One 

digit in a bracket represents a main effect, for example the 

probability of beinQ a tettigoniid versus an acridid. The 

fi.cst model, abbreviated f 11 121 f 31, contains the main ef-

fects of trap, family, and samplinq date/location. lt as-

sumes independence of the main effects. The second model 

contains an interaction factor represented by two digits in 

brackets, the interaction between family and sampling date/ 

location {23}. Since this term is included in the model, it 

is understood that the main effects of family, ( 2} , and 

date/location, {3} are also included, since interaction 

terms represent deviations f~om the main effects and would 

otherwise have no meaninq. 

The next two columns contain the degrees of freedom (df) 

and the goodness of fit statistic (G2). G2 estimates the 

lack of fit of the model, the larqer the value, the poorer 
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!ABIE 4 

Models for Contingency ~able of Grassho~pers Grcuped b} 
Familv 

------------------------------------------~-----------------· Al I Collections (a) 
2 

Model (b) DF (c) G 

1 2 3 L19 11568. 76* ( d ) 
1 23 33 237.72* 
13 2 33 lt380. 47* 
12 3 48 4512.33* 
12 23 32 181.29* 
12 13 32 4324.04* 
13 23 17 49.43* 
12 13 23 16 19.92 

Re~tricted Collections 
2 

DF G 

22 3361.77* 
15 105.79* 
15 3281.33* 
21 3331.67* 
14 75.68* 
14 3251.23* 
8 25.35* 
7 9.38 

a) 'Al I collections' signifies that al I seventeen location/ 
date combinations were used in the table, 'Restricted' in-
cludes only those where sixteen drop and sweep samples were 
ta ken. 
b) Model factor symbols: 1=method (two categories), 2=fam-
ily (two categories), and 3=col lection (seventeen categories). 
c) DF, Degrees of freedom. 
d) *• Asterix follows models with inadequate (p<.05) fits. 
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the fit. G2 fellows a Chi-square distribution with the de-

grees of freedom qiven. An asterix follows the G2 value for 

models that provide an inadequate (p<.05) fit. The model 

containinq all first order interactions thus provides an 

adequate fit to the data. 

Having arrived at a model that is adequately fitted to 

the data. I vas able to partition the G2 »alues among the 

factors and inspect those of interest. I was specifically 

concerned with the interaction between the trapping techni-

que and species of grasshopper, 112}. Another interaction, 

{13}. measuring the chanqe in efficiency of trapping techni-

que between different sites or samplinq dates. is also ncte-

worthy. These G2 values are listed in Table 5. 

Of the other factors, none of the main effects concern 

us. Factor {1}, for instance, represents the difference in 

total qrasshoppers collected in the sweepnet versus the drop 

trap, a difference we already know to be larqe from 7ahle 3. 

In the totals of the count cclumns, 

the acridids were collected as 

sweepnet. 

only 953 individuals of 

compared with 3.968 for 

At taxonomic levels higher than species, sweepnetting has 

a strong family bias. Table 4 shows no adequate fit in any 

model which does not include all first order interactions. 

In Table 5, we see that the trap X family interaction is 



Model 

12 
13 

TADIE 5 

G~ Values for 1ests of family Bias 

Family(a) 
A I I ( 3 ) Rest r 

OF G,2 OF G,2 

1 
16 

29.51 
161.37 

1 
7 

15.97 
66.30 

M.f. vs Family (b) 
Al I Restr 

OF G,2 DF G,2 

1 
16 

4. 39 
91. 92 

1 
7 

6.08 
53.87 

a) Species were grouped by family to test the bias of sweepnet 
between fami I ies. 
b) Acrididae were placed in two groups (M. f. femurrubrum and 
other) to test whether family were a natural grouping with re-
spect to sweepnetting. 
c) 1 AI 11 desi~nates that the test was performed for al I location/ 
dates. 1 Restr was the test using only those samples having 16 rep-
I ications. 
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significant (G2=29.51, df=1, p <.001), with tettiqoniids be-

ing more readily caught by sweepnettinq than acridids (Table 

6). 

Other factors than family qroupinq affect the trapping 

efficiency, as shown by the hiqhlv siqnificant (G2=161.37, 

df=16, p<.001) value for trap X samplinq date/location in-

teracion. This effect, f13}, is unfortunately a composite of 

many variables includinq site characteristic (ie. vegetation 

type and structure), season, aqe of insect population and 

species composition at each site. 

~- _te.mJgrubry.!!! differed from the other Acrididae in 

sveepnet efficiency (1able 7) suqqestinq that the broad 

beading of •family• is not a natural qrouping for response 

to trap. The {12} was significant at the .05 level (G2= 

4.39, p<.05) (not significant at .01), Ciable 5) ~ith Table 

8 qives the log factor values used in computing the expected 

values for the contingency table based on family grouping. 

~- !~~br~.!!! better represented in sweep catches tban the 

other acridids (Table 8). 

Grasshoppers arranged by diet preference show these pat-

terns: Grasshoppers within diet qroupinqs, or •guilds' fie. 

'head feeders•, •qrass feeders• and •mixed-forb feeders•, 

respond differently to capture by sweepnet from those in 

other guilds (Table 9). The f12} factor is significant (Ta-



17 

!AEl.E 6 

Loq Values for {12} Factor for Acrididae vs Tettigoniidae 

Acrid-
i dae 

Tetti-
gon i i dae 

Droptrap I 0.10 I - 0.10 I 
1------------------1 Sweepnet I - 0.10 I 0.10 I 
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'.IAEIE 7 

Models for Grasshopper Counts, M. femurrubrum vs Acrididae 

-----------------------~------------------------------------Al I Collections ( a ) Restricted Collections 
2 2 

Model ( b) DF ( C ) G DF G 
------------------------------------------------------------1 2 3 49 629.19* ( b) 22 451.06* 

1 23 33 122.37* 15 69.96* 
13 2 33 533.68* 15 396.32* 
12 3 48 621.21* 21 444.11* 
12 23 32 114.40* 14 63. 01 * 
12 13 32 525.71* 14 389.37* 
13 23 17 26.87* 8 15.22* 
12 13 23 16 22. Li8 7 9. 14 ---------------------------------------------------------

a) 'Al I collections' signifies that al I seventeen location/ 
date combinations wore used in the table, 'Restricted' in-
cludes only those where sixteen drop and sweep samples were 
ta ken. 
b) Model factor symbols: 1=method (two categories), 2=diet 
group (three categories), and 3=col lection (seventeen 
categories). 
c) DF, Degrees of freedom. 
d) *, Asterix fol lows models with inadequate (p<.05) fits. 
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1AEIE S 

Values for {12} Factor for ~.fecurrubrum vs Acrididae 

M. fem- Acrid-
urrubrum idae 

Droptrap I - 0.06 I 0.06 I 
1------------------1 Sweepnet I 0.06 I - 0.06 I 
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ble 10. p<.001). 1able 11 qives the loq factor values used 

in computinq the expected values for the contingency table 

based on diet preference. Head feeders are the most easily 

caught in the sweepnet (Table 11), followed by mixed-fort 

feeders. Grass feeders are the most under-represented group 

in the sweepnet catch. 

li• femuq;ub.£.Y.! did not differ measurabl v in its suscep-

tibility to sweepnet capture ccmpared with the other mixed-

forb feeders (Table 12). The f121 factor is not significant 

(Table 10. G2=.26, p).10). lhis does not mean that the exact 

species within the diet qrou~inq is irrelevant with resFect 

to trapping method. On the other hand, for the grasshoppers 

found in this quild we were unable to find differences bet-

ween these species in the present study. 

1- 4 

Many factors work to make one species more susceptible to 

capture by a qiven ~ethod than to another owing to the dis-

tinct attributes of their biologies which will determine the 

physical position of a qrasshopper in the habitat. Amonq 

these attributes are escape strateqies and efficiencies, di-

urnal and climatic effect on activity, and feeding ~refer-

ences. ~his last factor is especially helpful in explaininq 

the biases in capture rates experienced in the present stu-

dy, as explained below. 
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'IAElE 9 

Mode1s for Continqencv !ables of Grasshopper Counts Arranqed 
by Diet 

Al I Collections (a) 
2 

Mode I ( b) DF ( C) G 

1 2 3 82 5007.57* ( d) 
1 23 50 262.02* 
13 2 66 4819.28* 
12 3 80 4940.32* 
12 23 48 194.77* 
12 13 61t 4752.04* 
13 23 34 73.73* 
12 13 23 32 39.75 

Restricted Collections 
2 

DF G 

37 3644. 9lt* 
23 118.45* 
30 3564.61* 
35 3605.33* 
21 78.84* 
28 3525.00* 
16 38.12* 
14 14.29 

a) 'Al I collections' signifies that al I seventeen location/ 
date combinations were used in the table, 'Restricted' in-
cludes only those where sixteen drop and sweep samples were 
ta ken. · 
b) Model factor symbols: l=method (two categories), 2=diet 
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G2 Values tor 'Iests of teedinq Guild ~ias 

--------··-----------------------------------------------------------------
Model 

r:·112-":· 
13 

Diet (a) 
Al I (c) Restr 

OF c,2 DF c,2 

2 
16 

33.98 
155.02 

2 
7 

23.83 
64.55 

M.f. vs Diet 
A I I Rest r 

DF c,2 OF c,2 

1 
16 

0.26(ns) 1 
88.66 7 

0.26(ns) 
47.22 

a) Species were grouped by diet grouping to test the bias of sweepnet 
between gui Ids. 
b) Mixed-forb feeders were placed in two groups (M. f. femurrubrurn_ and 
other) to test whether gui Id were a natural grouping with respect to 
sweepnetting. 
c) 'Al I' desi~nates that the test was performed for a 11 location/ 
dates. 'Restr was the test using only those samples having 16 rep-
I ications. 
n s ) n s, Not s i g n i f i ca n't. 

N 
N 
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TAE.lE 11 

Log Proportion Values £or the f12} Factor for Diet GLou~s 

Mixed -
forb Head Grass 

Droptrap I - 0.01 - 0.19 0.20 I 1--------------------~-------I sweepnet I 0.01 I 0.19 I - 0.20 I 
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'IAELE 12 

Models for Continqencv !able of~. fcmnrrubrum vs. 

1 
Model 

Mixed-Fo~b ~eeders 

Al I Collections 
2 

D. F. G 

Restricted Collections 
2 

D.F. G 
---------------------------------------------------------., 2 3 48 279.67* 22 214.38* 

1 23 32 100.16* 15 52.68* 
1 j 2 32 191.23* 15 167.34* 
12 3 47 279.63* 21 214.30* 
12 23 31 100.13* 14 52.60* 
12 13 31 191 . 19* 14 167.26* 
13 23 16 11.73 8 5.64 

_:12 13 23 15 11. 47 7 5.38 
---------------------------------------------------------1. Model factor symbols: 1=method (two categories), 2=spe-
cies (two categories), and 3=col lection (seventeen categories). 
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Where the qrasshoppers are found in the habitat is to a 

larqe degree determined by their diets. This is to some ex-

tent mitigated by the extent to which they engage in non-

feeding activities fUvarov 19i7). However, it i~ probable 

that head feeding species are to be found higher in the 

vegetation than the other two guilds. The qrass feeders, on 

the other hand, should be located nearer the ground where 

the leaves are concentrated in the qrass species encountered 

on the study sites (predominantlv orchardqrass, Kentucky 

bluegrass, and fescues). Mixed-forb feeders could be ex-

pected to occupy a stratum between these two extremes, since 

many forb species form leaves above qrcund level, and mi~ed-

forb feeders also tend to include inflorescences in their 

diets as ~ell. Given these hypotheses concerning the micr-

ohabitat preferences of the quilds, we would expect sweep-

netting to be biased in the order of head feeders, mixed-

forb feeders, and grass feeders, in as much as sveepnetting 

efficiency increases as the insects to be sampled ascend the 

vegetation. This prediction is in fact shovn in the data 

(Table 11). 

These considerations of the location in the habitat also 

explain why A· t~m9rruhrus (a mixed-forb feeder) is 

more efficiently than the other Acrididae (Table 8) 

captured 

but not 

measurably different from the other members of its guild 
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(Table 7). .Finally, the 'let t igoniidae found in this study 

are height seekinq species te~p. the Conoce~halinae, Cant-

rall 1943), and their rate of capture by sweepnetting is, 

predictably, greater than that for the Acrididae. 

Whatever the shortcominqs of sweepnettinq, the problems 

are reduced when the insect to be sampled are restricted to 

species with 

the case with 

taxonomic and ecoloqical similarities, as is 

qrasshoppers It is true that total arthropod 

surveys with sweep.net have failed to produce data consistent 

over time or to produce a true reflection of the relative 

abundances of species (Beall 1935, 7urnbull and Nicholls 

1966). On the other hand, a recent study in Kansas by Evans 

et al. ( 1983) found that the acridid species they studied 

differed slightly in their rate of capture by sweep.net in 

early summer but not siqnificantlv in late summer as the 

grasshoppers approached maturity. lhev concluded that sweep-

nettinq "provides a fairly accurate potraval" of the grassh-

opper composition in tallqcass prairies. 

From a qualitative standpoint, sweepnetting is excellent 

for detecting the presence of a species. Fenton and BoMell 

(1957) found it to sample the most species in their compari-

son of five sampling techniques in alfalfa. Sweepnetting is 

thus valuable in faunal studies, but its reliability in det-

ermining relative abundances of species is limited. For 
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grasshopper complexes, attention to the ecclogical position 

ox the individual species, especially to their location in 

the habitat, may help to correct this problem and increase 

the quantitative validity of sweepoet data. 



Chapter II 

GBASSHOPPEB SPECIES SURVEY IN FORAGE CBGES IN 
THE RIEDMON7 BEGJON OF VIRGINIA 

2.1 INTBODOC7ION 

Fox (1917) surveyed the orthoptera of Virqinia. His early 

studies were not confined to agricultural sites since bis 

purpose was to evaluate species comple~es and habitats in 

the three physiographic provinces (Appalachia, 

P1ain, and Piedmont) of the state. 

Coastal 

uvarov (1977) has summari2ed the literature on the 

grasshopper species complexes from the life zones en all 

continents including North America. More recent studies on 

this continent include those of Banfill and Erusven (1973) 

and Scoggan and Brusven (1973) (Idaho), Eland and Swayze 

(1973) (Michigan), Eechtel et al (1981) (Nevada), Campbell 

et al. (1974) (Kansas), Daniels and Chedester (1973) (Tex-

as), Hardmon and Smcliak (1960), LaRocbelle (1980) (Quebec), 

and Otte (1976) (North and South American deserts). 

7he purpose of this study is to identify and guantify the 

species components of grasshopper couplexes in hayfield 

and pasture aqroecosysystems in Virqinia. the data was taken 

in two seasons from the Piedmont physioqra~hic province. 

This survey data, which is lackinq for this economically im-

28 
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portant group in this area, is intended as a preliminary 

assessment of the qrasshopper complex. 'Ihe ecology of these 

insects will be examined more closely in a following sec-

tion. 

2. 2 1'.llil~ .A..@. !]E'IHODS 

The sites and dates of collection are summarized in Table 

2. 

The study area was located in the Piedmont province, which 

coincides with the Upper Austral life zone (described by 

Rehn and Hebard 1916) in Yirqinia. 

Grasshoppers were collected by the two methods (dLcp trap 

and s~eepnet) described in Chapter 1 Section 2. Eotb adults 

and nymphs were collected. In July and August of 1979, 

f~elds were divided into four quadrants and four drofnet 

samples (a total of 16 per site) wer€ taken per quadrant. 

the insects from the four replications per quadrant were 

combined into a sinqle iar. Fifty 1800 sweeps of the sweep-

net were also taken in each quadrant for a total of four se-

parate samples. No detailed plant data was taken in 1979. 

In 1980, sixteen sveepnet samFles were taken per field at 

randomly selected points (four per quadrant). Samples were 

placed in separate alcohol containers in separate muslin 

bags within a large alcohcl iar. Sweepnet data only was 
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taken from April to mid-June. Dropnet and plant data were 

taken with sweepnet beqinninq June 21. A 183 cm. folding 

ruler was laid down on the ground at each randomly selected 

point. Each plant species transectinq the ruler was ncted 

and the length of transection measured. The height of the 

tallest plant transectinq the ruler was recorded. A sumnary 

of the plant data is found in table 13. Grassho~pers were 

taken to the lab and identified to species, instar, and sex 

if adult. 

2.3 BESULTS 

The species and numbers of grasshoppers collected in both 

years by both sample methods for all sites are presented in 

Table 14. Only acridids were ccllected in 1979. tettigoni-

ids (six species) and tetriqids (two species) were also col-

lected in 1980. 

.t,elano_plusf .. femurrubrum (De Geer) was the dominant 

acridid both in terms of numbers and sites occupied. ]. 

differentialis dif£~£gn!ialis (ihomas) was widespread, and 

was second to ~- femur£ybrum in numbers of individuals of 

Acrididae collected. Both iindinqs are contrast with £ox 

( 1917) who identified 11· §~,!lguinJ.~.2 (.F.) as the dominant 

species in the Piedmont, and found no] • ..Qi!i,g~tialis. The 

latter species is probably an adventive in eastern North Am-
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lAEIE 13 

Summary of Plant tata Recorded in 1980 from Study Sites 

Dominant Plant Species 
Plant Grass/Forb Ground --------------------------------------Site Date Crop (1) Height (Cm) Ratio (2) Cover ( 1') ·1 % 2 1' 3 1' 

-------------------------------------------------------------------------------------------------------Cobb 7/D4 h 51 2.9 83 D. g. 45 P. I. 3D T. p. 11 
Cobb 7/26 h 54 0.35 8D P. I. 36 D. g. 18 P. m. 17 
Gibson 6/27 h 52 D.95 84 D, g. 39 P. I, 36 T. p. 21 
Gibson 7/18 h 42 1.9 77 D. g. 50 P. I. 31 T. p. 12 
Gibson 9/02 h 29 6. 1 45 D. g. 68 P. I. 19 UF 4 
Johnson 7/07 h 36 0.54 70 T. p. 50 AG 18 D. g. 10 
Johnson 8/19 h 36 4.4 57 AG 51 UF 12 D, g. 10 
Mcclenny 6/28 h 39 2,0 85 T. p. 41 F.sp. 23 D. g. 18 
Mcclenny 7/16 h 42 3. 1 83 T. p. 27 F.sp. 22 D. g. 18 
Stevens 6/24 h 34 3.7 84 D. g. 50 T. p. 26 F.sp. 12 
Stevens 7/11 h 35 2.4 82 D. g. 58 T. p. 19 P. I. 6 
Stevens 8/22 h 65 2,5 89 D, g, 50 s. c. 14 UF 13 
Stevens 9/12 h 25 5,0 59 D, g. 58 AG 11 UF 10 
Gmelner 6/24 p 29 9.7 94 F.sp. 52 D. g. 29 T. r. 6 
Gmeiner 7/12 p 28 12.5 94 P, p. 57 D. g. 20 F.sp. 7 
Gmelner 8/28 p 46 7.4 98 P. p. 41 o. g. 25 T. r. 15 
Hunter 6/26 p 97 5.9 93 F.sp, 49 P, p. 17 T. p, 14 
Hunter 9/08 p 59 14.7 94 F.sp. 49 AG 25 P, p. 14 
Oates 7/08 p 100 21.3 96 F.sp. 71 P. p. 18 s. c. 4 
Oates 8/15 p 93 15. 1 95 F.sp. 59 P. p. 22 AG 8 
Spencer 7/01 p (3) 102 24.6 97 F.sp. 48 A.Sp, 38 T. r. 5 
Spencer 7/15 p 102 29,3 97 A,sp, 47 F.sp. 41 P, p. 4 
Spencer 8/26 p 88 35.9 97 A.sp. 59 F.sp. 25 P. p. 3 
Upton 7/03 p 31 1,5 89 F.sp. 40 T. r. 20 L. b. 18 
Upton 8/14 p 32 4.9 68 F. Sp, 110 L, b. 32 P. p. 9 
--------------------------------------------------------------------------------------------------------1) h= orchardgrass/red clover hayfield, p= pasture. 
2) The ratio of amount of monocots to dlcots measured. Range Qf possible values from 36 for pure grass 

to 0.031 for pure forb stand. 
3) The Spencer site was an airfield. The vegetatlonal structure and composition resembeled the pastures 

more closely than the hayfield. 
II) AG= Annual grasses, A. sp.= Andra~., 0 .• g.= OactYlls glomerata L., F. sp;= Festuca sp., L. b.= 

Lespedeza ~ Turcz., P. I.= lnnceoleta L., P. m.= Plantago ma(or L., P. p.= f2!. 
&r~tg~~~~w~'fo~b.c.=~ SICPIIDftDSff L., T. p.= Trifollum pretense L., T. r.= Trlrolium !!!2.!t!!Ji L. 
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'IAELE 14 

Counts of Grassho~pers Collected in Virqinia 1 s Pied~ont 

Family and Species 

Acrid i dae 
Melanoflus f. femurrubrum (De Geer) 
B.. dif_erentia1 ;s (Thomas) 
pjchromorpha ~ (Scudder) 
Chortophaqa viridifasclata (De Geer) 
H1p61scus ruqosus (Scudder) 
Syr ula adm1rab1 I is (Uhler) 
Melanoplus scudderi (Uhler) 
Encoptolophus sord,dus (Burmeister) 
Me1anoo1us sanquioioes vulturnus 

(Gurney and Brooks) 
Orphule1 la pel jdna (Burmeister) 
.a.t:.Q.h.iA xanthootera (Burmeister) 
Schistocerca damnifica (Saussure) 
D, ssoste, ra ca ro I i na ( L. ) 
Leptvsma margjnjco11;s (Serville) 
Melanoplus bivittatus (Say) 
TOTAL 

Tetrigidae (2) 
Tettiqidea lateral is (Say) 
Te tr I x .Q.C!!.3.li ( Say ) 
TOTAL 

Tettiqoniidae (2) 
Conocephal inae nymphs (3) 
conocephaius strjctus (Scudder) (ad~lts) 
C. fasciatus (De Geer) 

o'rchel imum ~(De -Oeer) " 
Conocephalus breyjpennis (Scudder) " 
Neoconocephalus sp. (4). 
scudderia sp. (5) 
TOTAL 

Insect 
Count 

3810 
240 
261 
209 
184 
105 
84 
50 
37 

15 
8 
8 
1 
2 

-mt 

1979 
Freq- Insect 
uency(1) Count 

18 
18 
14 
17 
12 
13 
10 

8 
9 

4 
3 
2 
1 
1 
2 

7123 
396 
180 
176 
40 

109 
62 
68 
36 

2 
2 
0 
1 
0 
0 

8195 

46 
8 

54 

6992 
401 

31 
22 
11 
55 
16 

7528 

1) Number of sites at which species was collected (any sampling date). 
2) Collected in 1980 only. 

1980 
Freq-
uency 

10 
10 
10 
10 
10 
10 
8 
8 
8 

2 
2 
0 
1 
0 
0 

5 
3 

10 
8 
9 
2 
1 
8 
6 

3) Nymphs of Conocepha I us sp. and Orche I· i mum sp·. cou Id not be di st i ngu i shed, 
and are included together in this category. 
4) One adult male Neoconocepha!us ret11sus (Scudder) was found in 1980 and Neo-
conocephalus robustus (Scudder) in 1979. It is not known which of the nineNorth 
American species of Neoconocephalus this category contains since al I but two 
individuals collected were nymphs. 
5) one adult male Scudderia texensis Saussure-Pic~et was found on a study site 
in 1980. This category may represent this species, or perhaps§..~ Brunner. 
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erica since it was not reported in this reqion before Eehn 

(1900) noted its establishment in Philadelphia. ~orse (1904) 

lists its ranqe as "Austral zones, almost exclusively west 

of the Appalachians." Be found it at Chattanooga, Tennessee 

"in considerable numbers in the rank veqetation of the tot-

tomland along a creek." In addition to the eastern studies 

previously mentioned, i, • .si.!1§.Ientialisis absent from early 

faunal lists in Nev Jersey (Eben 1904) and North Carolina 

(Sherman and Brimely 1911). Fox (1914) noted its establish-

ment eight years later in the Delaware Eiver basin. Ey 1940, 

~- differentialis was reported from Virqinia (Boberts 1942). 

The 7ettiqoniidae were also abundant (Table 15). The 

nymphs of Conocephalinae were found at all sites and ri-

valled i,. f~murruh.!.YS as a dominant component of the fauna 

at five of the sites. Although the nymphs of the various 

species could not be separated, most were probably Conoce-

Rhalus-strictus- (Scudder), which occurs in xeric situations. 

and frequents mixed qrass-forb sites {Cantrall 1968). ~ost 

of the late instar nymphs were easily recognizable as~-

strictus but were not recorded as such as the remaining 

nymphs of the subfamily Conoce~halinae were difficult to 

identify. only adult Tettigoniidae were identified to spe-

ci~s. Nymphs were identified to subfamily. 
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'.I:AElE 15 

Grasshoppers Collected in Virainia Forage Crops 

Family and Species 

Acrididae 
M. f. femurrubrum 
M. a. different i a I is 
.!l.. Vi rid i S 
C. viridifasciata 
ii.~ 
~. iiariiTra6 i I i s 
J;f. scudde r, 
E. sord,dus 
J;l". ~opes n-.~ 
A. xanthoptera s. damnifica 
~. carol 1na 
L. mar9inicol I is 
J;l". b,v,ttatus 
TOTAL 

Tetrigidae 
Tettlgidea lateral is 
l.tl.C.L2S.. Q..CMli 
TOTAL 

Tettigoni idae 
Conocephal lnae nymphs 
f. strictus (adults) 
Q. rascfatys " 
o.~ " £.. ~pennis " 
Neoconocephalus sp. 
scudderja sp. 
TOTAL 

1979 1980 

Hay Pasture Hay Pasture 

Insect Freq- Insect Freq- Insect Freq- Insect Freq-
Count uency Count uency Count uency Count uency 

1623 
127 

66 
61 
89 
57 
34 
45 
20 

5 
2 
0 , 
0 
0 

2130 

8 
8 
7 
8 
6 
6 
5 
5 
6 
2 
2 
0 
1 
0 
0 

1807 
106 
195 
142 

94 
44 
27 

5 
17 
10 
6 
7 
0 
2 

--2.. 
2464 

8 
8 
7 
7 
5 
7 
4 
3 
3 
2 
1 
1 
0 
1 
2 

4765 
267 

48 
40 
16 
89 
38 
62 
22 

1 , 
0 
0 
0 

__o_ 
5349 

8 
,t 

2100 
50 
14 
13 
1, 
38 
11 

mi 

5 
5 
5 
5 
5 
5 
5 
5 
5 
1 
1 
0 
0 
0 
0 

2 
2 

5 
3 
4 
1 
1 
5 
4 

2290 
127 
132 
135 

23 
20 
24 

6 
14 

1 
1 
0 
1 
0 

_a. 
2774 

38 
..1. 
41 

4867 
257 

13 
9 
0 

17 
~ 
5168 

5 
5 
5 
5 
5 
5 
3 
3 
3 
1 
1 
0 
1 
0 
0 

5 
5 
5 
1 
0 
3 
2 
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When the collections between hayfields and pastuxes are 

compared, the similarities are more notable than the differ-

ences. the same species of qrasshoppers we.re found in both 

hayfields and pastures. 'lhe dominance rank for the acridid 

species was similar for both habitats. 

The greatest difference between the hayfields and the 

pastures was the ratio of tettiqoniids to acridids, which 

was less than one in the hayfields and qreater than one in 

the pastures. 7his was due to the increase of ~onocephalus 

in the pastures. These insects are phytophilous, rarely des-

cendi.ng from the qr asses on which t.hev perch "vi thin tl,c to 

twelve inches of the tops ••• " (Cantrall 1943). The hay-

fields were harvested, and two of the pastures were clipped 

in 1980 by the growers, eliminatinq the preferred habitat of 

these insects. Factors responsible for the abundance of 7et-

tiqoniidae in pastures will be examined in Chapter 3. 

Of the Acrididae collected, proportionately more Chorta-

»haga ·· vi,ridifascia.!.a (De Geer), and l)j(:hromorsha viridis 

(Scudder) were represented in pastures than in hayfields. 

These tvo qraminivorous species were present in all sites 

but one. 

Encoptolophus·socdidas- (Burmeister) is a sun-loving Oedi-

podine (Blatchely 1920) that was found in qreater abundance 

in hayfields vhere the percent ground cover was generally 

lower than in the pastures. 
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All species collected were found as nymphs, often first 

instars, on the study sites. Ihese species are considered to 

be normal components of hayfield and pasture communities 

(eg. Cantrall 1943, Uvarov 1977). For example.~- feuurrub-

£!U!!-reguires food within 48 hours 

along with its extremely stronq 

of hatching Ihis fact, 

neqative qeotaiis (which 

compels hatchlinqs to ascend vegetation) makes it unlikely 

that these grasshoppers were hatched from areas far from the 

grassland on which they were found {Bland 1981). No record 

of post-hatching marchinq behavio.r of the sort demonstrated 

by the lubber grasshopper (Watson 1942) exists for the spe-

cies listed. 

In addition to those listed, the following species were 

also taken by qualitative collectinq at the study sites: 

Field margins: 

Jl~}.ano,el.!!§ }s~eleri - fThomas) 

Orchelimum vulsare- (Harris) 

Borders of streams (throuqh pastures) 

MetaleRt~ h£eVi.£Q...Q!j~ (Johannsen) 

Parox.xa clayulige1;- (Serville) 

Bare areas: 

General: 

PardaloRhOJ;a -12ho.enico_p!!:£.~ (Burmeister) 

Di§S£st,eria ,earolina- lL.) 

Schistocerca -sJ!l§~~5r$!!l~ - (Drurv) 
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Neocong..ce_phal us. i:cb '!§..t '!§ f Scudder) 

2.4 DISCUSSION-

As compared with western North American grasshopper 

faunas. the complexes in the hayfields and pastures studied 

here are species-poor and dominated by one or two ccmmon 

species. This is a reflection of the difference tetween 

rangeland modified from prairie and that imposed on cleard 

forest land. Forest habitat, whose orthopteran fauna con-

trasts starkly with adjacent grassland (Cantrall and lounq 

1954) provide few species which can colonize meadows. The 

disruptions of the clearing and the cultural activity neces-

sary to maintain these sites create habitats under constant 

chanqe which can be exploited only by those few species that 

have loose habitat requirements. Abundance is a property of 

such grasshoppers (Gause 1930). It follows that a widely 

distributed, polypbaqous s,::ecies like.]. !- femurrubrum 

should dominate the species-poor qrasshopper communities in 

tbs study. Ovarov (1977), reviewinq the Bussian literature, 

reports Bubtzov•s and Berezkov•s findinqs that derelict 

grasslands and fallows contained biqh nusbers of a few 

•pest• species, whereas natural meadow qrasshoppex complexes 

were species rich, but low in numbers of individuals. 
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~- !§mur~ub£~~ ~as not the most numerous species in 1914 

according to Fox (1917). He reported no~- ~jJfer~~ialis, 

which was found at all sites in 1979 and 1980. Moreover, 

bivoltine 11• sanguiai_pe§, collected in small numbers in the 

present study was reported by iox (1917) to have been the 

dominate species. ~houqh it is possible that the present 

finding is an aberration of the two-vear period in which the 

study was conducted, it is not likely. 7be two years were 

vastly different climatologically. For the five month ~eriod 

between May and September 1979 there was a cumulative sur-

plus of 16.9 cm. of rainfall (0. s. ieather Service 1979) in 

the western piedmont region of Virginia. For the same period 

in 1980 there was a deficit of 16.7 cm. (O. s. ieather 

Service 1980). 

Bland and Swayze 11973), studvinq four species of Mej.,ilD5l_-

R.l.Y§ in ftichiqan, showed some apparent seasonal separation 

among the four. The possibility exists that the introduction 

o.f JI• differentialis, which overlaps the first generation of 

J:I• sanguinipes ·· in diet and seaso.na.1 occurence, may have ex-

erted enough competetive pressure on the first generation to 

allow the late season 1• i§~.Y..r.£..Y.!!L'}D to establish dominance. 

However, the three species occurred toqether in the Indiana 

field studied by Cantrall and Younq (1954). 7heir data sug-

gest that all three coexist together as dominant components 
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with 11- Jemucrubr.9J!I only slightly more numerous than the 

other tvo. In any case, the potential competition tetMeen 

these insects would be an interestinq area of study. 



Chapter 1Il 

SHIFTS IN GBASSHOPPEB FEEDING GUILDS WI7H 
VEGETAilON CHANGES 

3.1 INTBODUCTION~ 

In dealinq with a iarqe number of species, it is useful 

to group them according to their resource use patterns. 

such grouping is not artificial, since it has been shown by 

Hay (1972) from theoretical considerations that natural com-

munities are more stable when arranqed in "blocks" of spe-

cies, where species within a block interact strongly in com-

petition for a resource, but only weakly with those outside 

the block. Therefore, it is expected that a stable community 

will contain qroups of similarly functioning species, rather 

than an arrangement of individualists with no discernible 

orqanization in resource pattern. 

1973) denotes "a group ("block") 

The team •guild• (£oat 

of species that exploits 

the same resource in a similar way.n Guild stLucture has 

been found among natural communities of qrasshoppers for 

diet and microhabitat use (Joern and Lawler 1981). Gui.Id 

membership can be determined usinq cluster analysis of mea-

sured overlap in re~ource use of, for example, grasshopper 

species by crop content, or bv ~ ~riori considerations of 

known resource patterns {IDqer and Colwell 1976). 

40 
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By examininq community structure in this way, important 

manaqement concerns may be addressed. For exampie, based on 

diet patterns, which qrasshopper species are potentially 

harmful to the valuable plant species? Also, do certain 

cultural practices alter the qrassbopper populations so that 

their impact on the crop is cbanqed? 

3.2 

The obiectives of this study were: 

1. io identify the feedinq quilds of qrasshopper com-

plexes in forage crops in the piedmont region of Vir-

ginia. 

2. To relate proportion of each quild in the total 

qrasshopper population of a site to veqetational ~ar-

ameters. 

MAT,ERIALS ··.Alm·· l11.E'rHODS · 

Grasshoppers from the families Tettiqoniidae and Acridi-

dae were collected by the two techniques (drop trap and 

sveepnetting) described in Chapter 1. Plant sampling proce-

dures have also been detailed there. 

Ten sites were each sampled once withiD the ~eriod bet-

ween June 26 and July 18, 1980 (Table 16). 1his coincided 

with the early to mid (ca 3rd) in~tars cf the most abundant 

grasshoppers present and when POFulaticns were at their peak 

in terms of numbers of individuals (see Appendix 2). ibis 
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also followed the first harvest of hayfields by several 

veeks, so that populations could stabilize fellowing this 

perturbation. 7he restriction of collections within this 

short period insured that natural proqression of community 

structure with the advancinq season (eq. migrations of 

adults) did not obscure comparisons between sites. 

Numbers of individuals, as opposed to insect biomass, are 

the unit of measure of the relative size of each guild. It 

would perhaps have been more meaninqful to have used biomass 

to measure guild size, but the most common species have si-

milar developmental histories, and reach maturity at approx-

imately the same time (see appendix). Discrepancies due to 

age differences were probably minimal. one notable excep-

tion is Chorto~haga ~i£idifasciat~- (De Geer), a grass feed-

ing species which overwinters as a late instar nymph or 

adult, and probably reaches a peak in numbers in early fall. 

This species vas the principal component of the grass feed-

ing guild and probably it (and its ouild) was under-repre-

sented in the samplinq. lhis, however, does not invalidate 

comparisons between different sites, but means that the 

grass feedinq component was under-represented everywhere. 

The data used used here include counts of individual 

grasshopper species, plant heiqbt, % qround cover and ratio 

of grasses to forbs (qrass;forb ratio). Pierson product-mo-

ment correlation coefficients were computed. 



Fa rm 
Name 

Cobb 
Gibson 
Gme i ner · 
Hunter 
Johnson 
Mcclenny 
Oates 
Spencer 
Stevens 
Upton 
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'IABI.E 16 

Sites and Dates of SamplinQ 

Date 

VI 1-4 
VI 1-18 
VI 1-12 
Vl-26 
VI 1-7 
VI 1-16 
VI 1-8 
VI 1-1 
VI 1-11 
VI 1-3 

Number of Number of 
Drop Samples · Sweep Samples 

16 
16 
16 
16 
16 
16 
16 
1 lJ 
16 
16 

7 
1 IJ 
16 

16 
8 

12 
16 
16 
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I have chosen to use publish€d records of diet patte~ns 

for the qrasshopper species found to determine the guiids 

present in the forage crops. io data was taken concerning 

grasshopper diet in this study. However. extensive informa-

tion for each of the species collected can he found in the 

literature and are summarized in Tables 17. 18 and 19. 

3.3 BESULTS 

3. 3. 1 Factors Deter§i,Ding Guild· ~gmh.ru;§.bi.E · 

In order to approach the subject of qcasshopper feeding 

guilds, it is necessary to understand the relationshiF of 

feeding to microhabitat preferences. behavicr and morpholo-

gy. Very early in the study of acridoloqy {ie. Morse 1904) 

it was noted that certain species frequented the ground 

stratum. while others lived mainly on veqetation. hence the 

terms •geophilous• fqround loving) and 'phytophilous• (plant 

loving). U~arov (1977) redefined and extended these con-

cepts to arrange grasshopper species into five categories or 

'life-forms•. The pertinent ones here are •terricole' 

(ground dwe.llinq), 1 herbicole 1 (forb dwe.llinq) r and • gramin-

icole' (grass dwelling). Grasshopper species have mcrp.holo-

gical adaptations consistent with the life-form category to 

which they belong: terricoles have a dorso- ventrally com-

pressed thorax and short body. resultinQ in a rather robust 
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appearance. 7he tarsal arolia and prosternal process, both 

used in climbing, are absent or reduced and the face is ver-

ticle oc only slightly oblique. Coloration is modified to 

match the ground stratum. Herticoles have a generalized, 

"normal" body shape; the face is slightly oblique, and the 

prosternal process and tarsal arolia are prominent. Gramin-

icoles, to varying degrees, have elonaated, laterally com-

pressed bodies, oblique faces, larqe tarsal arolia, and in 

some species long hind femora. 

7he foregoing classification system pertains only to 

acridid grasshoppers, but some of the same principles apply 

to the 7ettiqoniidae. It should be appreciated that taxono-

my, in as much as it follows morphcloqv and behavior, will 

determine species membership in the guilds. 

3. 3.2 

Ihe feeding records from the literature are summarized in 

Tables 17, 18 and 19. In order to simplify and condense the 

information pertinent to this study, the records have been 

generalized. 7he species of flora eaten is grouped under 

the broader cateqocy of "qrass" or "forb". Also, the part 

of the plant (leaf, flower or seed) is included when availa-

ble. ~bis allows a general delineation of diet pattern, 

such as "grass flower feeder" or "forb leaf feeder". Ne in-
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ference may be made from the literature on the specific 

choice of food for the sites in this study since the plant 

spect£a available for food differ from those in the ~exas, 

Kansas. Michiqan and North takota sites in the published 

studies. 

The techniques used to determine grasshopper feeding are 

mandibular .morpholoqv, latoratorv differential feeding 

tests. field observations, and cnop and/or fecal analysis. 

Detai1s of conducti~g these techniques can be found in the 

references qiven, and in Mulkern and Anderson (1959) and 

Plulkern (1967). 

Mandibular morphology involves a study of the structure 

of the mandibles iand other mouth parts), which can be cate-

gorized by adaptation for qraroinivory, forbivory, dendropha-

qy. etc. ~herefore, this method can be used only to deter-

mine qeneral food habits. Ganqwere (1961) considered this 

information too imprecise and misleadino for his purposes, 

but in this present application it is piopeily used to con-

firm species placement within quilds. 

Laboratory differential feedinq tests involve the use of 

cuttinqs of one or more plant species offered simultaneously 

to caqed grasshoppers. Each plant species is ranked accord-

ing to desirability, determined b~ the amount of ~lant ma-

terial removed from the cuttings. Its limitations are typi-
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TABLE 17 

Feeding Records of Mixed-forb Feeding Grasshoppers from 
Literature Sources (1) 

Species 

Conoce12halus 
brevipennis 

£.. fasciatus 

c. st r ictus 

Orchel lmum 
vu lgare ( 2) 

Neoconocephalus 
ens19er 

Scudder la 
1.c!:!2S!:!Oli i !i 

( 3 ) 

Mandib. Forb 
Type Leaf 

F-s-c O* 
C*** 

F-s-c C*** 

c-s ( 2) O* 
C** 

F-s-c C** 

s 

FF (4) L** 
O*** 

Forb Grass 
lnflores. Leaf 

O** O* 
C* 

O*** L** 
C** 

O*** 
C* 

C*** 

O** 

(4) L*** 
O*** 
C*** 

Grass Insect 
lnflores. Parts 

O*** 

L*** 
O** 
C** 
O** 
C* 
O*** 
C*** 

L*** 
O*** 
C*** 

O** 
C* 

C** 

O* 
C** 
C* 

C* 

C=crop and/or fecal analysis, C-S=carnlvorous-seminivorous, 
F-5-C=forbivorous-seminivorous-carnivorous, L=laboratory preference, 
O=fleld observation, S=seminivorous, *=rare, **=common, ***=preferred 

1-)Data Comp I led from Gangwere 1961 unles otherwise noted. 
2)Not often encountered. Q., ~ was wel I represented, but no record of 
its diet exists. o. a~ probable has a diet similar too. vulgare. 
3)Thls species was"not encountered in this study, No I ite""rature exists 
on its congener, li• retl/!il/!i, which was found. ,tt. enslger is included to 
indicate the probable diet of N. retusus. 
4) I se I y, 1944. -
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TABLE 18 

Feeding Records of Grass Feeding Grasshoppers from 
Literature Sources (1) 

Species 

Arphia 
xanthoptera 

Chortoehaga 
VI r Id I fa SC i a ta 

D ichromorpha 
VI r1d IS 

Di ssoste i ra 
ca ro i Ina 

Encopto I phus. 
sord,dus 

Hippiscus 
rugosus 

Orphulel la 
pe I I dna 

Syrbula 
adm,rabilis 

Mandib. Forb 
Type Leaf 

. Cl ( 2) 

M ( G) ( 2) L** 

G ( 2) 

G 

G 

G ( 2) 

G (2) 

G 

C** (4) 

L** 
O*** 
C** 

L* 
C* 

L* (7) 
C* (5,8) 

L* 

Fo rb Grass 
lnflores. Leaf 

Grass Insect 
Inf Io res. · Pa rt s 

C*** (3) 

L* 
O** 

L* 

L*** 
O*** 
C*** 

C*** 

L*** 
O*** 
C*** 

L*** 
O*** 
C*** 

L*** 
O*** 
C*** 

L*** 
O*** 
C*** 

L*** 
C* 

(5,6) 

L** 

L* C* 
C* 

( 7) 
( 9) 
(3,5,8) 

L* 

C=crop and/or feca I analysis, C-S=ca rn ivorous-semin ivorous, 
F-S-C=fo rb.ivorous-sem in i vo rous-ca rn ivorous, L= I abo ra tory preference, 
O=field observation, _S=seminivorous, *=rare, **=common, ***=preferred 

1 )Data Compiled from Gangwere 1961 uni es otherwise noted. 
2 ) I se I y, 1944 
3 )Mu I kern, et. a I., 1969 
4)Gangwere, 1976 
5) Lamb I ey, et. a I • , 1972 
6) I se I y, 1946 
7)1sely, 1938 
8)Mulkern, 1964 
9)Anderson and Wright, 1952 
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TAElE 19 

Feedinq Becords of Head FeediDQ Grasshoppers from literature 
Sources C 1) 

Mandib, Forb Forb Grass Grass Insect 
Species Type Leaf Inf lores. Leaf I nflores. Parts 
-------------------------------------------------------------------------MelanO[!IU§ 

diff~C~!ltial ili M (2) L*** (3,4,5) L*** (3,4,5) 
O*** ( 3) O*** ( 3) 
C*** (6) C*** ( 6) 

M. femur rub rum F L** L*** L*** L* 
O*** O*** O* O* 
C*** C* C** 

!!.: sanguiniees M-F L** L** L*** L*** 
O*** O* O** 
C*** C** C*** 

M. scudderi M-F L*** L*** L* L* 
O* O*** C* 
C*** C*** 

C=crop and/or fecal analysis, C-S=carnivorous-seminivorous, 
F-S-C 7forbivorous-seminivorous-carnivorous, L=laboratory preference, 
O=field observation, S=seminivorous, *=rare, **=common, ***=preferred 

l)Data Compiled from Gangwere 1961 unles otherwise noted. 
2) I se I y, 1944 
3) lsely, 1938 
4)Barnes, 1963 
5)Caplan, 1966 
6)Mulkern, et. al., 1969 
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cal of laboratory derived data: behavioral alterations in 

an unnatural setting cause unpredictable biases in the re-

sults. Furthermore, the necessity of offering each plant 

species in equal availability reEoves the factor of the host 

findinq ability of the qrasshopper. !bus rare plants are 

selected in the laboratory in larger amounts than ~ould be 

possible under field conditions. Also, grasshoppers may he 

offered plants or plant parts which would be inaccessible to 

them in nature. In this present study, only secondary em-

phasis will be placed on this method. 

Analysis of grasshopper crop content involves dissection 

of the crop and measuring the plant fragments found. Gang-

were (1961) placed less confidence in this method than in 

either his cage tests or his field observations. He a~pa-

rently could identify little more than the general type of 

plant consumed (ie. qrass blade, pollen grain etc.). Subse-

quent improvements in the identification of crop fragments 

(Mulkern and Anderson 1959) made possible identification to 

species usinq •type• slides of plant fraqments. Uvarov 

(1977) noted the superioritv of this ammended technigue to 

all others in evaluatinq qrasshopper diets. Analysis of fe-

cal material, accomplished by collectinq and examining the 

feces of live field collected qrasshoppers, enables data to 

be amassed quickly. Unfortunately, this method suffers per-
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haps even more acutely from imprecision than the unimproved 

crop techniqu€. 

Ganqwere 11961) performed his field observations by col-

lecting both plant and insect when he noticed a grasshopper 

feedinq. The extent of his reccrds silence the objections 

raised by Uvarov (1977) that "casual records of the plants 

eaten can be worthless ••• ••. Ganqwere himself placed great 

confidence in this method. 

The information most useful for our purpose of grcu~inq 

the species according to feeding is that derived from field 

observation and the crop and fecal analyses. The objection 

of imprecision concerninq the latter tvc have no bearing i~ 

this case since specific content of the diet is not claimed. 

Laboratory preference and mandibular mor~hologv, because of 

the limitations mentioned above, arE provided as supplenen-

tal information. ihere discrepancies exist, mandibular mor-

phology and laboratory feedinq tests help determine guild 

mem.bership. 

3.3.3 

The guilds and their members are listed in Tatle 20 be-

low. 7wo general comments must be made about the guilds 

themselves: First, altbouqh they are based on diet, micrcha-

bitat requirements are hiqbly ccrrelated with diet. In a 
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sense this is regrettable, since microhabitat factors con-

founds the conclusions based on diet. en the other hand, 

this is a realistic reflection cf qrasshopper feeding habits 

for the reasons iust outlined above. !be second observation 

is that guild placement follows taxonomic divisicn at the 

subfamily level. 1he quild concept was developed partly to 

avoid grouping based on taxonomy, but in this case phylogeny 

seems to be a factor in quild membership, as Joern and Law-

lor (1981) also found. 

3. 3. 3.1 Head Feeders 

~his guild contains the three tettiqoniid subfamilies 

represented in this study. !hese insects are plant dwellinq 

in habit, spendinq most of their time near the tops of tall 

plants. iith few exceptions, they lay their eggs in plant 

stems rather than in the soil. 

that: 

Can tr all ( 1943) reports 

All of the Conocephalinae are aqile and wary in-
sects. Durinq the day individuals of both sexes of 
all eight species are usually perched within two 
to twelve inches of the tops of the sedqes, grass-
es, and shrubs in their favorite haunts. Here they 
cling, sometimes head up, sometimes head down ••• 
All of the Conocephalinae are primarily diurnal 
and are most active in the heat of the day. 

When available. £eproductive plant parts are chosen over 

vegetative ones. Species differ in the relative acce~tabil-

ity of forbs and grasses. Cpportunistic predation is exhi-



!AEL.E 20 

Guild Membership of foraqe Crop Grasshoppers 

Pa rt I • Head Feeders 

Conocephalus breyipennis (Scudder) 
~- fasciatus (De Geer) 
~- strictus (Scudder) 
Neoconocephalus retusus (Scudder) 
orchel imum agj re (De Geer) 
Q. vulgare Harris 
Scudderia texensis Saussure-Pictet 

Pa rt I I • Mixed Fo rb Feeders 

Melanoplus .Q._. differential is (Thomas) 
1i.. f. femur rub rum ( De Geer) 
.tL sanquinipes yutturnus (F.) 
l:1, scudderi (Uhler) 

Part Ill. Grass Feeders 

Arphia xanthootera (Burmeister) 
Chortaphaga viridifasciata (De Geer) 
Dichromorpha viridis (Scudder) 
Dissosteira carolina (L.) 
Ecoptolophus sordidus (Burme~ster) 
HipRiscus ruqosus (Scudder) 
Orp1ulel la pel idna (Burmeister) 
svrbula admi rabi I is (Uhler) 
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bited in all but the Phaneropterinae llsely 1941). 

phalus ~ic!_y§ the most numerous species found, is appa-

rently the most carnivorous as shown bv the amount of insect 

parts found in its crop and fecal records. 

Gangwere•s (1961) study showed from crop and fecal ana-

1.vses of the Conocephalinae that flowerinq parts were not 

found in qreater amounts than othen foods, and in some cases 

less than forb leaves or insect parts. Isely and Alexander 

(1949) reported that the feeding in the conocephalines they 

studied was restricted mainly tc the reprcductive ~arts of 

both monocots and dicots, and to insects. 'Ihey concluded 

that leaves were an unimportant component in their diets. 

Plower parts are perhaps more quickly broken up in the 

grasshopper crop thaD are leaves, leavinq only pollen grains 

to record flower feedinq. That flowers are in fact most ex-

tensively fed upon is evident from Ganqwere•s (1961) field 

observations, taken at all hours of the day. 

3. 3. 3. 2 Mixed Farb Feeders 

This guild has members with wide food preferences and is 

not restricted to forbs. 1heir latitude in diet makes them 

likely candidates for era~ pests, and it is 

that we find three important noxious species: 

in this guild 

]. ,g. dif feJ;,-
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A discussion of 11• .!_. li.J!l.llJ;.f..Y~, the most numerous spe-

cies found here and one whose diet has teen extensively 5tu-

died, will serve as an i11ust~ation of the feeding hatits of 

this guild. Ganqwere et al. f1976), in outdoor cage feeding 

tests, observed J!• .!• ,!g,!)yrrub.;t.Y.!!l to accept 70% of the gram-

inoids, 79% of the forbs, and 431 of the woody plants of-

fered to it. Crop analysis data from a study of native tall-

qxass prairies in Kansas {Campbell et al. 1974) recorded 

eiqht of 29 qrasses, one of three qrass-like plants, 27 of 

56 forbs, and one of six woody plants present ingested by~-

femurrabrum. Forbs are more heavilv ingested than grasses: 

Grass-forb indexes franqinq from 100 for pure forbivory to 

-100 for qraminivory) normally fall in the O to 50 ranqe, 

indicating mixed-forbivorous feedinq. 7his can vary widely, 

however. Lambley et al. ( 1972) in Kansas found a range for 

the qrass-forb index from -63 to 75 in six different planted 

pastures, 11qenerally in proportion to availability of fcrbs 

or grasses"- Several qrass species seem to be particularly 

acceptable, especially~ ,Eratensi_§- .L. (Kentucky blueg-

rass)" ,J2act1lis -glomerats L. (occha.cdqrass), Phle.!!! m-
tense - L. (timothy) ,and .].Lom_y§ ineumi..§ ·· levss. (t.comegrass) 

(Bailey and Muterji 1976. ~hese authors, however, found 

that orchardqrass did not support development to the adult 

stage when offered to caqed qrasshopper5 as the scle food. 
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A- inermis supported complete complete development with 33% 

mortality, and~. ~rat~ns~ and g. JU;s!~nsis were not stu-

died). 

The Melanoplinae in qeneral tend to be a phytophilous 

group: Nymphs of~· iemyrrubc~~-exhibit strong phototaxis 

(Bland 1981), and orientation to vertical (plant-like) lines 

(Mulkern 1969). These habits could explain the significant 

inclusion of reproductive parts in this and the other mixed-

forb feeders. 

It is concluded that this guild has a broad range of 

feeding habits but tends toward forbs. Both vegetative and 

reproductive parts are fed upon with no indication that 

either is preferred over the other. 

3.3.3.3 Grass Feeders 

In contrast to head and forb feeders, grass feedinq 

grasshoppers tend to be more restricted in their feeding, 

rclyinq on grasses for the bulk of their diets. Two excep-

tions occur: Dissoteix~ carclina L. and ~~~rtapha~ virjgj-

fasciata- (De Geer) are commonly reported as mixed feeders 

with preference for qrasses. The studies in Michigan by 

Ganqvere (1961) and Ganqwere et al. (1976) confirm that, 

though forbs are consumed in siqnificant amounts, both spe-

cies consume mostly monocots in nature and are moce likely 

to choose qrasses in caqe studies. 
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The other species in this quild are decidedly 

qraminivorous based on the evidence available. Eailey and 

Riegert (1971), while findinq that some forbs were consumed 

by Enc.9..E.tolo_phu§ §..QJ;dig.Y§ (Burmeister) after a period of 

starvation, nev€rtheless fcund onlv 1% of the field collect-

ed individuals contained forbs in their cro~ contents, the 

rest beinq insect matter (never more than 1% of a crop's 

content) or grasses. The diet of ~~~bulell~ J?s!lidna (EuI-

meister) has not teen studied, but that of .Q. §.Eeciosa 

(Scudder) is consistently reported as a strict qrass feeder. 

3. 3. 4 Gui,lg Structure iJ! Relation ,!Q- Ve.9,g;!,s!tion 

Havinq defined the quilds and determined their consti-

tuency, it is possible to examine the chanqes in the ~ropor-

tion of each guild with changes in measurable vegetational 

characteristics. Specifically, what is the relationship bet-

ween plant height, , ground cover, and qrass/forb ratio with 

the propcrtion of each feedinq quild? 

Correlation matrices are presented in !ables 21 and 22. 

Plant heiqht appears to affect the community structure more 

directly than either i ground cover or qrass/forb ratio. 

Head feeders are more numerous in tall vegetation (corr 

coeff.= .972, p(.0001) whereas mixed-forb feeders dominate 

in short (corr. coeff.= -.96083). The nonsiqnificant corre-



56 

lations (Table 21) with % q~ound cover are probably ex-

plained by their own highly siqnificant correlation with 

plant height. ~he same may be true of head and mixed-fort 

feeders• correlations with qrass/forb ratio. ?hese results 

are duplicated with sveepnet data, showinq that they are not 

artifacts of collection method. 

The relationship between guild population size and plant 

height is presented in Figures 2, 3, 4, and 5. Predictably, 

head feeder populations tend to increase with an increase in 

plant height. Mixed-forb feeders seem to respond in the op-

posite fashion, thouqh less perfectly so. It is important 

that actual population figures be examined as well as the 

proportions of each Quild so that it can be determined which 

guild in fact responds to the environmental factor in ques-

tion. In this case, it appears that both head and mixed-forb 

feeders respond, though the relationship for the latter is 

not significant (p> .05). Increased sample size might re-

veal a statistically siQnificant t~end. 

Grass feeders show no relationship to any of thE three 

environmental factors measured. the lov population levels of 

these species made reliable samplinq difficult, perhaps ob-

scuring relationships. the size in number and heterogeneity 

of these species is larqe and it is quite possible that this 

diversity allovs maintenance of small but stable population 

levels under widely disparate environmental conditions. 



TABLE 21 

Correlation Matrix for Drop Trap Collection ProportionslQ.) 

Head 
Feeders 

Mixed-Forb 
Feeders 

Grass 
Feeders 

Plant 
Height 

% Ground 
Cover 
Grass/Forb 
Rat lo 

Head 
Feeders 

Mixed-Forb Grass 
Feeders Feeders 

-0.99661 -0.39609 
0.0001 0.2572 

0.31917 
0.3687 

Plant 
Height 

0.97204 
0.0001 

-0.96083 
0.0001 

-0.47331 o. 1671 

% Ground 
Cover 

0.54607 
0.1025 

· -0.53852 
0.1083 

-0.27980 
0.4336 

0.62988 
0.0510 

Grass/Forb 
Ratio 

0.65996 
0.0378 

-0.64833 
0.0426 

-0.36614 
0.2981 

0.72152 
0.0185 

0.75937 
0.0108 

·------- - - -----------------------------------------------------------------------
a) Pairs of numbers are Pearson product-moment correlations above and 
their probability values beneath. 

u, 
\0 



TABLE 22 

Correlation Matrix for Sweepnet Collection Proportions 

Head 
Feeders 

Mlxed-Forb 
Feeders 

Grass 
Feeders 

Plant 
Height 

% Ground 
Cover 

Grass/Forb 
Rat lo .' 
-----------

Head 
Feeders 

Mixed-Forb Grass 
Feeders Feeders 

-0.99595 -0.12542 
0.0001 0.7478 

0.03569 
0.9274 

Plant 
Height 

0.96718 
0.0001 

-0.95111 
0.0001 

-0.25524 
0.5074 

% Ground 
Cover 

0.52386 
0.1477 

-0.50316 
o. 1673 

-0.27064 
0.4812 

0.62988 
0.0510 

a) Pairs of numbers are Pearson product-moment correlations above and 
their probability values beneath. 

Grass/Forb 
Ratio 

0.65668 
0.0547 

-0.62990 
0.0690. 

-0.34842 
0.3581 

0.72152 
0.0185 

0.75937 
0.0108 

°' 0 
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Hixed-forb feeder density versus plant height presents a 

problem. In the three tallest veqetation sites, densities 

were very low (Figures 4 and 5). At lower values, a wider 

range of densities was found. iwo data points in particular 

stand out apart from the others in the qroup of observations 

witb densities lover than 50 cm. At both sites, harvesting 

had occurred prior to samplinq, and grasshopper hatching was 

known (from pre-season surveys) to have already occurred at 

one site. Based on observations in this study and from re-

ports from qrowers in this aLea it is felt that harvest oc-

curinq when grasshoppers are in the nymphal or adult staqes 

lowers qrasshopper populations, either through forcing emi-

gration or mortality, or perhaps both. The cuttings probably 

explain the low grasshopper populations at these sites, 

which vere chosen because they were previously known to sup-

port populations larqe enough for study. 

3.4 DjSCUSSION 

Plant height apparently affected orqanization of the 

guilds more noticeably than either% qround cover or grass/ 

~orb ratio- This was especially true for bead feeders, whose 

population levels were positively correlated with plant 

he~qht. Anderson (1964) noted a qeneral decrease in density 

of acridid levels with an increase in plant height. No defi-
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nite relationship was shown for accidids here. However, if 

we take into account the two sites where cutting had occur-

ered after eqq hatch, it appears that the densities cf mix-

ed-£orb feeders, composed entirely of sborthorned grasshop-

pers, were neqativelv correlated with plant height. (ihis 

is in contrast to Capioeia and Sechrist 1982, who noted a 

positive correlation of the acridid subfamily catantopinae 

numbers with plant biomass.) 1hese responses for the two 

guilds resulted in a strong relationship between guild sizes 

and plant heiqbt, as head feeders thrived relative tc forb 

feeders with increasinq height. 

These guilds having been constructed according to diet, 

ve might conclude that these patterns emerqe as a result of 

food resource chanqes. 1he nu~ber of inflorescences will 

increase with increase in plant height, especially in situa-

tions where fescue I l§.§!9£~ sp.) and crchardgrass ( ]. 

g].ome~), two of the three mcst common qrasses found, pre-

dominate. Conversely, low plant heiqht is maintained to 

prolong vegetative biomass production at the expense of re-

productive qrowth in well manaqed havfields and pastures. 

The guilds may therefore respond to chanqes in vegetation as 

food. 

An alternate explanation, however, is provided by a con-

sideration of the affect of plant heiqht on shelter. An in-
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crease plant heiqht alters the microhabitat through sbadinq 

and restriction of airflow. Anderson et al. (1979) found 

that two shorthorned qrasshopper species, _fsoloessa d. lli.!-
,!2atul~, Scudder and ,Eritetti.., simple.,!- Scudder, lilith similar 

diets (graminivorous) selected different habitats based on 

plant heiqht. g. delicA:tYJs chose short qrass areas, where 

it was able to maintain its body temperature above ambient 

air through solar orientation. ~~ ~.i.~, which did not 

exhibit these behavioral adaptations, chose tall grass habi-

tats and thus avoided the thermal and bydric stresses asso-

ciated with short vegetation. Species in the family tettiqo-

niidae, which in the present study includes all the memters 

of the bead feeding quild, characteristically inhabit moist 

situations and are nocturnally active. The Conocephalinae 

are primarily diurnal and tolerate drier situations, but may 

retain the inability to requlate body temperatu£e and mois-

ture. Their need for the stabilitv tall veqetation affords 

may therefore be qreater than that of the Acrididae. Tbe£e-

fore, the dominance of the head feedinq quild in tall vege-

tation may be an artifact of microhabitat influences rather 

than a response to food resource. 

Neither qrass/forb ratio nor% qround cover produced cor-

relations that could not be explained by plant height, with 

which both were hiqhlv correlated. Anderson (1964) found 
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gcaminivorous species more numerous where qrasses conposed 

more than 40% of the veqetation. Since qrass feeding species 

comprised so small a percentage of the qrasshopper fauna, 

such a relationship aay have been obscured. Anderson (1964) 

also found that all acridid populations were more likely to 

be established at densities qreater than 11m2 where% giound 

cover in native grasslands was qreater than 40%. The range 

of foliaqe cover values in this study was from 70% to 97%, 

and probably was not wide enouqh to produce observable dif-

ferences between habitats. 

Evidence for the existence of quilds was shown for 

grasshopper communities in Texas, and other western, range-

land by Joern and Lavlor (19E1). These authors found that 

ca. 75j of the qrasshopper species fit into diet and micr-

ohabitat guilds of two or more species based on a conserva-

tive clusterinq technique. ~oreover, they found that gener-

al, less restricted quilds were present at different sites. 

A close parallel to the qrasshopper communities found here 

in Virqinia was described, remarkably, from the Greater Cau-

casus of Georqia (Soviet Union) by Stolyarov (1977). He re-

coqnised three 'life forms• in his consideration of the or-

thopteran biomass consumption in subalpine pastuces: 

'Herbivorous Chortobionts• ~ mixed feeding grasshoppers 

adapted to lvinq on grasses) inhabitinq the upper ('su.c-
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face') layers of vegetation 'facultative chortohionts• on 

the lower plant parts and feedinq on broad-leaved grasses, 

and •chortobionts of the Graminae•, strict grass feeders. 

the first life form corresponds rouqhlv to head feeders, the 

second to our mixed-forb feeders, and the last to the grass 

feeders. described in this studv. Seasonal shifts in the 

share of the total insect biomass amonq the three life forms 

was observed, along with changes in the flora. There was no 

mention of the effect of plant heiqht on the dominance of 

the three groups. The similarity in community organization 

between the Caucasus meadows and those found in Virginia 

suggests that these guilds are functional units inherent to 

grassland habitats, occupied by different Orthopteran spe-

cies according to the regional biota. 

A practical approach to qrasshopper economic importance 

and control can be made using the quilds recognised here. 

Grass feeders, thouqh competing directlv with livestock for 

forage, Mere not found in sufficient numbers to warrant con-

trol in 1980 in Virginia. If the species are indeed func-

tional equivalents, and the total community share dces not 

fluctuate greatly from year to year for this guild, then 

little impact on foraqes could be expected. Graminivorous 

species are a more serious ~roblem in western rang€lands, 

where the most valuable foraqe plants are perennial grasses 
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and where these species form a larQer portion of the grassh-

opper complex. 

!he head feeding quild, which was the doBinant component 

in tall vegetation, presents a complex picture. On the one 

hand. it miqht be argued that in tall qrass pastures feeding 

on inflorescences prevents re-seedinq of valuable forage 

plants. iilbur (1936) found damage to inflorescences of many 

grasses at hiqh levels when qrasshopper populations were 

normal (non-outbreak) in Kansas pastures. He observed that 

ca. SOJ of the heads of such grasses as wheat grass l.!9~-

£2.!! §mithij Bybd.) and side oats qrama (]outeloua ~*acilis 

(Michx.)) were damaged. Natural reseedinq of Virginia forage 

grasses is not considered an important management practice, 

since such plants as bluegrass, fescue and orchardgrass re-

produce vegetatively through tillerinq. Head feeders may in 

fact be beneficial to these grasses by consuming the in-

florescences of tall annual weeds which de~end on re-seed-

ing for survival. However, the members of this guild feed 

not only on reproductive parts, but also compete with lives-

tock for foraqe. 

The mixed-forb quild, because of its population size and 

its diet, may present the qreatest potential threat to for-

age crops in the area studied. A wide variety of plants and 

both leaves and flowerinq parts are consumed by these 
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grasshoppers. Because of the life histories of these spe-

cies only the fall bay crop is threatened. The potential for 

damaqe to hiqh acre value crops adioininq grasslands and 

roadsides makes the monitorinq of this quild particularly 

important. Their breadth of diet and capacity for local 

movement make them a threat to the tobacco, corn, and home 

garden plots in the piedmont counties studied. 

Mangan et al. C 19 82) i nve.stiqa ted the differences in po-

pulations of meadow insects in foraqe plots seeded Yith 

different lequme species 4alfalfa, birdsfoct trefoil, aDd 

red clover). Most qrasshopper species showed a weak tendency 

toward unseeded control ~lets and and those with birdsfoot 

trefoil, and away from clover. The authors concluded that 

generalist and qrass feeding species like qrasshoppers exert 

a beneficial effect on lequme establishment in hayfields. 

!he practice of clippinq mav favor the fort feedinq 

guild by maintaining a low, viqorouslv qrowing plant cover. 

Clipping, however, may offer a means of controlling the 

grasshopper complex if the clippinq reqime includes an early 

to mid summer harvest correspondinq to the third to the 

sixth week following eqq hatch (approximately June 25 

through July 10, see Appendix). Durinq this period, such a 

perturbation would expose the earlv instars to adverse mi-

croclimatic stresses, predation, and loss of food. As was 
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previously mentioned, this practice drastically reduced the 

grasshopper fauna on at least one site in 1980. 
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1AclE 23 

Seasonal Occurrence of Pixod-fort Feeders 

----------·-"""-----------------------------------------------------------........ ------------------------------- ----------.. ------------------ ---- ---------- -------- ------ ----------
_ l'art I, Hlxr.d-rorb Feeders 

Spec les 

~T~~~mn.~;. 
H. f. 
Temurrubcu11 

H· nMlll.nl.<lu 
ll'.llillWlla 

suge Year 

Nyinph 

AdUI t 

Nymph 

Adult 

Nymph 

Adult 

1979• 
1960b 

'19 
'80 

'79 
'60 
'79 
'80 

'19 
'80 
'19 
'60 

!:!• .!• ~ Nymph '79 
'60 
'79 
'80 

Adult 

Apr I I I Hay 1, June I July 

1 2 3 4 i 1 2 3 4 , 1 2 3 11 ! 1 2 3 4 -----------·--------;--------------------1--------------------,-------74 --- ,, 1 --- 25 -

1 5 ! · 21 33 '! 11 38 151 I 11 25 2 20 
: I ! I • • . . I : : . . 
I I : 625 112 909 
I ft 911 i2e2e 51 2261 1,2,2 2200 ,.,~ 3~ 

I . . 
I I ! I I 
• I 

• I ! 
2 1 4 1 3 I 3 4 

I I 5 I I I 
• I 

I I 4 4 12 I 21 ! I • 
I : : . . 

3 
1 

11 
2 

5 11 

August Sf!ptP.mber OctohP.r 

2 3 4 2· 

•~ 1, 5 

23 17 
4 

1192 246 
92 98 11A 

101 23 
"6 111 1,5 I 163 112 3? 

3 
1 2 
2 

(X) 
0 



TABLE 24 

Seasonal Occurrence of Grass Feeders 

-----------... ---------·---------------___ ., ____________________________________________ ---------------------------------------------------------------------------------- --------
' 

Apr I I Hay June 
;. 

Species Stage Vear: 1 2 3 II 1 · 2 3 It 1 2 3 4 1----------------------------------------
=PtOCI 

mrm~m ... 
DlchromorPhl 
x.l.ciJ!.J.J 

~~~dYA~! ophus 

Hlpplscus 
CWllWl.l 

:~v~a.•,: 11 e 

~-~'~!&,,_,. 

Nymph 1979al 
1980bl 

'19: •ao j 
Adult 

Nymph 

Adult 

Nymph 

Adult 

Nymph 

Adult 

Nymph 

Adult 

Ny•ph 

Adult 

Nymph 

Adult 

! 
'79 I 
'·80 f 
1 79 I 'eo I 

l 
'19 I 
'80' 
'19 
'80 

'19 
'80 
'19 
'BO 

'19 
'80 
'19 
'80 

'19 
'80 
'19 
'80 

'19 
'80 
'19 
'80 

6 13 

6 2 5 

115 

211 

2 9 

2 8 

IH• 

11 

8 

15 

July 

3 
22 

11 
25 

1 

111 
211 

20 96 
2 
6 

65 32 

6 

5 
8 36 

1 

3 
3 2 

5 8 
2 
2 13 

. 1 13 b1 
30 ,,, 12 

2 

August Scptr.mbr.r 

1 2 3 ,, 1 2 3 ,, -------------------- ------------ --------

115 28 
13 
10 

1 

29 16 

22 36 
1 

33 

33 

20 22 

2 

38 

1 

2 
1 

9 23 2 

2 2 

2 5 8 

Or.tohcr 

.. -------------------------................ ---.... -.............. ----------................................... -.... --.... -........... ---------------------.. ----- . ----------.......... ------------------------------------... -----------

CX) 
I-' 



TABLE 25 

Seasonal Distribution of Head Feeders 

------------------------------------·---------------------------------------------------------------------------------.------------------------Pa rt 111. Head Feeders, 1980 ( 1 l 

I ~ay -----------

Species Stage 1 2 3 4 -------------------------, ---------.. -----..... --- 2 3 4 1 2 3 4 
---------------------------------------- 2 4 2 2 

June July August September October 

1 
Conocephallnae Nymph (2~ 45 71 232 40 431 1487 2925 1005 256 41 

conoceohalus 
brevioennls 

£. rasclatus 

<1-·~ 
Nooconocep.!JJ,...lJa 
Sp. ( 3 J 
Orche I lmum 
agl le 

Scudder la, 
sp. 

Adui t 

Adult 

Adult 

Nymph 
Adult 

Adult 

I 

I 
I 
i 
I 
I 
! 

Nymph : 
Adult (4, 

2 6 

2 2 

1) Head feeders, all Tettlgonlldae, were collected In 1980 only. 
2) Nymphs or the genera Conoceobalus and Occbel I mum. 
3) The adults were NeoconocephBl\1$ Cll..tJWlS (Scudder). 
4) The adult was Scudderla ~ Saussure-Plctet. 

5 5 11 2 

16 9 6 

6 2 

125 149 1118 30 6 

6 5 

4 6 2 

31 32 66 267 2 

4 

13 9 

O'.J 
N 
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GRASSilCPPEF SPECIES ~C~PlEXES Cf jCfAGE CECPS 

IN THE flEJ~UNT &IGluN Gr VIRGI11A 

l:: y 

J. Tayler L. ~illiams 

(AES1EACT) 

Field collections of qrassrior~ers (Grtho~cra: AcriJidde, 

Tctciqidaer and 1ettiqoniida~) tram cwentv hayfield aod fas-

ture site~ in twelve counties in Virqir.ia WEre wade iu 1~79 

and 196G. Fifteen AcridiJae, two 1etciqidae, and six 1€tti-

qoniidae species were fouod drocnq the 20,793 qrasshOFfErs 

collected. MeldOO.fJus fe111urruLrurr feroui:rujJr.um (DeGeer:) do-

minateJ the accidiJ fauna in both veacs, 

and 86.91 in 1979 anJ 1980, respectiv~lv. 

comµrisiug 76.UA 

Two collection methcds, swce~nettinq acd drop tra~piuq, 

were used. It WdS assumed that the drop trap qave an atsc-

lute estimate of po~ulatioL densities dnd that discre~ancies 

between the two collections ~er~ due to failure of s~ee~nGt-



tiuq to reliably s~aple the cc~plex. Slieepnettin~ was tcund 

to tias aqainst Acrididac in favor ot the 1ettiqoniidae in 

the complex studi~J. With specie~ qrcupeJ cy teedin~ freter-

ences (quilJs) , sweepneltinq sampleJ i:<:ad (ini.lorescence) 

feeders atovG mixed-fcrt ieedeL~, and rrixed-rort tecders 

above qrass feeders. Compared ~itu otheL AcriJidae, !•!• 

femurrubrum lias over-represented i11 sweti;uet saroples atove 

the composite of the other acridids. withic its guild its 

repre~entation did not diffeL trc~ the drop tra~ sawples. 

Differences in th~ corr.~osition ot tL8 speci~s coro~lex 

frow site to site were exanined accocdiuq to guilds based on 

di0t, and were correlated ~ith ~easuratle properties ct the 

veqetation. !he proportion ct bead feeders ~as ~ositively 

correlated with the plant Leiqht. ~ixtJ-forb feedtrs werE 

ueqatively correlated. Gtl1er VEOetation rrcperties (grass/ 

forb catio aud per c~nt ct ucoucJ cov~r) weLE thElf5€lVES 

highly corcelated with plant heioht, and vieldeu no ~attecnE 

that wece as stconq as those with plaut beiubt. 
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