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Abstract:

The structure and performance of an adult population of Aulocara eltiotti (Thomas) were studied during
1970 and 1971 on a, grassland site near Billings, Montana. Distribution, density, and movement were
investigated by using a capture-recapture technique. Fluorescent marking paints and pretarsal clipping
were used to identify individuals. A total of 728 males and 451 females were marked for study, and of
these, 139 males and 140 females were recaptured. Both field and field-cage conditions were used to
study behavior patterns and to measure longevity, fecundity, and survival. In both years densities
remained below one grasshopper per square yard. Distribution was non-random. Interaction among
individuals, oviposition sites, and habitat selection were important factors determining distribution.
Males exhibited higher displacement distances and rates tha,n did females early in the season, although
no predominant direction of displacement was noted. Patterns of behavior followed a diurnal rhythm.
Adults were noted in the field from June 29 to August 20 in 1970 and from June 21 to August 20 in
1971. Females on the average produced an estimated 24.0 to 28.8 eggs each during their lifetime. A
greater percentage of eggs hatched from pods chilled at 3° to 5°C for 80 days than those receiving the
same temperatures for only 50 days, Hatching was primarily confined to the forenoon hours of the day.
Temporary barriers to mating of 3 to 4 days, imposed by the female, were noted between individuals
from different' sub-populations ander field-cage conditions. It is hypothesized that changes in
population structure act in regulating population numbers and performance.
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ABSTRACT

The structure and performance of an adult population of Aulocara
elliott? (Thomas) were studied during 1970 and 1971 on a grassland
site near Billings, Montana. Distribution, density, and movement
were investigated by using a capture-recapture technique. Fluorescent
marking paints and pretarsal clipping were used to identify individuals..
A total of 728 males and 451 females were marked for study, and of these,
139 males and 140 females were recaptured. Both field and field-cage
conditions were used to study behavior patterns and.to measure lengevity,
fecundity, and survival. In both years densities remained below one
grasshopper per square yard. Distribution was non-random. Interaction
among indiwviduals, oviposition sites, and habitat selection were im-
portant factors determining distribution. Males exhibited higher
displacement distances and rates than did females early in the season,
although no predominant direction of displacement was noted. Patterns
of behavior followed a diurnal rhythm. Adults were noted in the field
from June 29 to August 20 in 1970 and froem June 21 to August 20 in 1971,
Females on the average prodiuced an estimated 24.0 to 28.8 eggs each
during their lifetime. A greater percentage of eggs hatched from pods
chilled at 3° to 5°C for 80 days than those receiving -the same temper-
atures for only 50 days. Hatching was primarily confined to the
forenoon hours ef the day. Temporary barriers to mating of 3 to 4
days, imposed by the female, were noted between individuals from
different’ sub-populations under field-cage conditions. It is hypoth-
esized that changes in population structure act in regulating
population numbers and performance. N




INTRODUCTION.

The big-headed grasshopper, Aulocara elliotti (Thomas), is a
grassland species occurring throughout the Grassland Biome of North
America (Pfadt, 1949). During its recorded history, it has becoﬁe
very abundant in many parts of its range at times. Cooley (19045
reported heavy infestations in eastern Montana during 1901, 1902, and
1903. Outbreaks again occurred from 1919 to 1923 (Cooley,‘19l9;
Cooley et al., 1923) and from 1934 to 1937 (Strand, 1937). White ana
Rock (1945) have reported 4. elliotti to be the most\important eco-
nomic grasshopper in Alberta, while Ball e# gl. (1942) have inéluded
this species ambnq the mosf injurious range grasshoppers in Axrizona.

Variations in population density of 4. elliotti have been noted
from year-to-year over small geographic areas iﬁ Montana (Hasﬁings and
Pepper, 1964). These fluctuations in number have been the subject of_
investigation for over a decade at*Montana‘State University. The
majority of these studies have been designed to elucidate physiological
mechanisms and developmental patterns in the laboratory. While such
studies have added much to the knowledge of this species, the lack of
accompanying field data has severely limited extrapolation of this
information to real situatiens in nature.

To date there have been few observations made on the behavior of
A. elliotti in nature and little is known about how its populations

are structured and perform in the field. Its feeding habits have been
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reported by Anderson (1964), Anderson and Wright (1952), Nerney and
Hamilton (1969), and Pfadt (1949). Except for Nerney ané Hamilton,
these workers have found that early nymphal instars feed primarily
on Sandberg bluegrass (Poa secunda Presl.) while older iﬁstars and
adults feed mainly on western wheatgrass (Agropyron smithii Rydb.).
Nerney and Hamilton state that sparse.stahds of blue gramma
(Bouteloua gracilis (H.B.K.)) dominated by low growing weeds make up
the preferred habitat of A. elliotti in Arizona.

Mating and oviposition behavior have been studied under caged
conditions by Ferkovich et dZO (1267) . Otte (1970) has described the
mating of 4. elliotti in the field, with emphasis on the accustical
aspects. Anderson and Hastings (1966) have noted differences in
selectivity in the mating behavior and oviposition media of caged
females°. Nerney and Hamilton (1969) have reported selection of open
bare patches of soil as ovipositioﬁ sites in the field and have shown
how temperature is responsible for this species’ foosti‘ng.behavior°
Information on field movements are limited to papers by Anderson (1964),
Nerhey and Hamilton (1969), and Smith et al. (1964).

The present investigations were undertaken in an attempt to pro-
vide some insight into the population structure and performance of
A. elliotti in the field and to provide data on the environmental
conditions of'its habitat. It was also realized that in order to

formulate'futute pest management strategies, a better WOrking knowledge
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of the'population dynamics of this species as part of a lifé-system
was necessary. Important compdnents of a populatien's structure
included such factors as distribution, density, movement, and behavior.,
Congsideration of population performance included such factoré as
longevity, fecundity, and survival under field and field-cage con-

ditions,




DESCRIPTION OF THE AREA

A grassland area located about 5 mi. west of Billings, Montana,
45° 47° 50" N. and 108° 43' 0" W., at an elevation of 3,460 ft. was

chosen for study. The area is bounded on the east by croplands. and

‘on the north and west by a rock escarpment. A prominant E-W ridge of

this escarpment effectively divides the rangeland into two sections,
while a small,N;s corridor 6f less than one-quarter of a mile,
bordering the croplands, serves to connect them. The major flots
were located immediately north of this corridor at theée texminus of a
small drainage where a population of 4. elliotti (Themas) had been
noted in previéus vears. A second comparablé site was established
.25 mi. S, W, of these plots in 1971,

Summer weather of the area is characterized by hot, dry, sunny
days with occasional thundershowers. Occasionally afternoon storms
produce hail and high winds. Table 1 summarizes the weather events
for 1970 and 1971, while Table 2 lists precipitation data obtained
from the U. 8. Weather Bureau located at Logan Field just noxth of
Billings. These data are considered to represent fairly accurately
tﬁe precipitation received at the study site in that less tﬁan 5 mi.

separate the two areas.
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Table 1. Weather events at the study area.
Date Date
6/27/70 sunny, afternoon shower 7/30/70 sunny, cloudy and windy in
6/28 sunny afternoon
6/29 P.C.,* thundershowers T7/3% sunny
6/30 sunny 871 sunny, windy
/74l sunny 8/2 sunny
/2 P.0-% 8/3 sunny
/3 sunny 8/4 sunny
1/4 sunny, afternoon winds, 8/5 P.C.*
thundershowers at night 8/6 sunny
7/5 P.C.* morning 8/7 sunny
7/6 cloudy 8/8 sunny
1447 sunny 8/9 sunny
7/8 sunny 8/10 sunny
7/9 sunny 8/11 sunny
7/10 cloudy 8/12 sunny
7411 sunny 8/13 RCa¥
7/12 sunny 8/14 sunny
747 s sunny, 35 mph winds at 8/15 sunny
night 8/16 sunny
7/14 sunny, 35 mph winds 8/17 sunny
TS sunny 8/18 sunny
7/16 sunny
TLL7 sunny
7/18 sunny
7/19 sunny
7/20 sunny
7/21 P.C.* morning, heavy
rains, wind, hail in
evening
1122 sunny
7/23 P.C.* morning
7/24 sunny
TA2D sunny, high winds and
shower in evening
7/26 sunny
7427 sunny, windy and shower
in evening
7/28 cloudy morning, very
windy, thunderstorms
in evening
7/29 sunny




Table 1. (Continued)
Date Date
6/11/71 sunny 1120/7) RLCL¥
6/12 sunny 7/21 evening shower
6/13 sunny 7/22 evening shower
6/14 sunny 7/23 sunny
6/15 sunny, afternoon shower 7/24 cloudy in morning
6/16 sunny, afternoon shower 7/25 P.C,*
6/17 sunny 7/26 sunny
6/18 sunny 0127 cloudy, hazy
6/19 sunny 7/28 cloudy, light rain all day
6/20 sunny 7/29 sunny
6/21 sunny 77 10) sunny
6/22 sunny T/33: sunny, hazy, breezy
6/23 sunny 8/1 sunny, hazy
6/24 sunny 8/2 sunny, hazy
6/25 cloudy 8/3 cloudy in morning, winds
6/26 cloudy in evening
6/27 cloudy, misty rain 8/4 sunny
6/28 cloudy, misty rain 8/5 sunny
6/29 P.C.* afternoon and 8/6 sunny
40 mph winds 8/7 sunny, rain in evening
6/30 sunny 8/8 sunny, rain in evening
T AL sunny 8/9 sunny
T/2 P.C.,* thundershowers 8/10 sunny
in afternoon 8/11 sunny, hazy
/3 sunny 8/12 sunny, hazy
7/4 sunny 8/13 sunny
7/5 sunny 8/14 sunny
7/6 sunny 8/15 sunny, shower in evening
ThT sunny, 20 mph winds 8/16 sunny
in afternoon 8/17 P.C.* in morning
7/8 sunny 8/18 sunny
7/9 sunny 8/19 sunny
7/10 sunny 8/20 sunny
T sunny 8/21 sunny
7/12 sunny, windy 8/22 cold
7/13 windy 8/23 cold
7/14 sunny 8/24 sunny
7415 sunny
7/16 sunny
7f A P.C.* morning
7/18 sunny
7/19 sunny

*P.C. = partly cloudy
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Table 2. U. S. Weather Bureau precipitation data (in inches) for

Billings, Montana.

May, 1970 June, 1970 July, 1970 August, 1970

6 .08 8 T* 4 T* 2 s12

7 .06 9 .04 6 Suiil 5 T*

8 .54 11 .09 10 T* 13 T*

9 .20 12 .76 13 T* 20 .01

10 .46 13 .05 21 .07 23 T*

12 .04 14 .49 22 .06 26 T*

13 i 16 T* 25 502 27 .01

14 .01 17 + 01 27 .01 28 T*

17 T* 22 .01 28 o 31 o0

18 P 217 T* 29 P v 21

19 T* 29 Al 30 520

20 JLL 30 % 31, T* 2nd warmest
21 .40 1R e « 37 Aug. in past
23 + 09 35 years, 4th
26 ke extreme daily departure driest on

24! A 33 temperature from normal, record

28 .06 departures, - .53

29 T~ running from departure

30 .44 18° below from normal,
37 .02 normal to 10° - .69

3.48 above normal

5th wettest departure (summer of 1970
May on from normal, ranked as 2nd
record - .94 driest on record)
departure

from normal,
+ 1.60




Table 2, (Continued)

May, 1971 June, 1971 July, 1971 August, 1971
4 .26 1 o 2 2 Al 7 .01
9 T* 2 202 20 T* 8 +05

13 T* 3 T* 21 .04 27 T*

14 T* 4 T#* 22 T* 22 T

5 By .08 6 .01 24 T* 23 T*

18 T* 7 T* 25 T* 29 .07

20 T* 8 .09 27 <01 30 .30

21 .04 10 12 28 .20 31 T*

22 .66 14 T* 31 T* .43

24 T* 16 .16 .40

29 e ob 1By T* hot and dry

30 ol 18 in* cocolest July until last

31 L% 19 T* since 1958 few days

2,07 23 T*
2 .04 departure warmest August
near normal 28 05 from normal, on record
e 10 - .50

departure departure

from normal, 3rd driest from normal,

o R June on - .47

record
departure (June and July

from normal,

=i 8h

precipitation
was second
driest on record,
130" (196 ly
1.09", driest)

b

trace




THE STUDY SITES AND METHODS OF INVESTIGATION

The végetation on the study sites consists largely of needle-
and-thread grass (Stipa comata Trin. & Rupr.), although an ample
supply of western wheatgrass CAgro?yron smithii Rydb.) and patches
of Sandberg bluegrass (Poa secunda Presl.) are also present. Table
3 lists the major species of plants occurring on the study site. This
list does not represent the complete array of flora to be found in the
area, particularly concerning the forbs, however, it is felt that the
majority of important forms have been included which characterize the
site. Although no guantitative measure was made, average total basal
cover by vegetation was estimated to be in the range of 15-20%.

The relative density of the species of grasshoppers occurring on
the stﬁdy site are shown in Table 4. These data represen£ a total of
100 samples taken during the afternoon hours from July 13 to August 3,
1971. A saméle consisted of counting all grasshoppers that moved when
~an insect net was passed across the path of the observer, 10 minutes
being allowed to survey a 2,500 ft.2 area. Owing to the fact that
hatching. for the 24 species listed are not synchronous, the figures
represent only an average relative density during the period in which
A. elliotti was adult.. Ageneotettiix deorum (Scudder) appeared to be
the only species which exceeded 4. elliotti in abundance on July 13,
1971, when peak population numbers were observed. The major seasonal

events for A, elliotti in 1970 and 1971 are shown in Table 5.
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Table 3. Major species of plants on-the study areas
Family ‘Species Common Name
Cyperaceae Carex eleocharis Bailey Needleleaf sedge
Gramineae Agropyron smithii Rydb., Western wheatgrass
Avistida longiseta Steud Red three-awn
Bouteloua gracilis (HBK) Lag. Blue gramma
Bromus Japonicus Thunb. Japanese chess
Bremus tectorum L. Downy. chess brome
Danthonia unispicata Munro., One-spike oatgrass
Festuca octiflora Walt. Six-weeks fescue
Hordeum vulgare L. Barley
Koeleria cristata (L..) Pers. Junegrass
Oryzepsis hymenoides (Roem. &
Schult.) Ricker ' Indian ricegrass
Poa secunda Presl. Sandberg bluegrass
Sehedonnardus pantoulatus
(Nutt.) Trel, Tumblegrass
Sitanion hystrixz (Nutt.)
J. G. Smith Squirreltail
Stipa comata Trin. & Rupr. Needle-and~thread
Stipa viridula Trin. Green needlegrass
Liliaceae Calochortus nuttallii- Torrey Mariposa lily
Yucca glauca Nutt. Soap-weed
Cactaceaée Mammillaria vivipara (Nutt.).
Haw. . Pink pincushion cactus
Opuntia polycantha Haw. Plains pricklypear
Capparidaceae Cleome. serrulata Pursh. Rocky Mountain beeplant
Compositae Avrtemisia cana Nukt, Silver. sagebrush

Artemisia dracunculus L.
Artemisia frigida willd,
Aster tanacetifolia (HBK)
Carduus nutans L.

Chyysopsis villosa (Pursh.)
Nutt.

Grindelia squarrosa (Pursh.)
Dunal.

Helianthus annus L.

Lactuca sp-.

False~tarragon sagewort
Fringed sagewort
Tansyleaf aster

Musk thistle

Golder-aster
Curlcup gumweed

Common sunflower
Lettuce
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Table 3. (Continued)
Family Species ; : Common Name
Lygodesmia juncea {(Pursch.)
D. Don. Rush skeletonweed
Ratibida colummifera (Nutt.) ¢
Woot. & S« Prairie ceneflower
Taraxicum -sp. Dandelion
Tragopogon dubius. Scop. Common salsify
Cruciferae Lepidium densiflorum Schrad. Prairie pepperweéed
Linaceae Linum vigidum Pursh. stiffstem flax
Malvaceae Sphaeralcea coccinea (Pursh.)
"Rydb. Scarlet globemallow
Planta-
ginaceae Plantago puvrshii R. & S, Woolly plantain
Polemondi-—

aceae

Phlox hoodii Rich. Hoods phlox
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Table 4. Relative density of Acrididae observed on the study area,
July 13 to August 3, 1971,

Number of Adults Observed
in 100, 10 min./2,500 ft.?2

Species Samples
Aeropedellus clavatus (Thomas) 0
Ageneotettix deorum (Scudder) 340
Amphitornus coloradus (Thomas) 42
Arphia pseudonietana (Thomas) 1
Aulocara elliotti (Thomas) 184
Boopedon nubilum (Say) 1
Brachystola magna (Girard) 0
Cordillacris occipitalis (Bruner) 18
Drepanopterna femoratum (Scudder) 250
Hadrotettix trifaseiatus (Say) 65
Hesperotettix viridis (Thomas) 3
Melanoplus oceidentalis (Thomas) 29
Melanoplus packardii Scudder 4
Mermiria maculipennis Bruner 4
Metator pardalinus (Saussure) 24
Opeia obscura (Thomas) 41
Phlibostroma quadrimaculatum (Thomas) 53
Phoetaliotes nebrascensis (Thomas) 3
Spharagemon equale (Say) 8
Trachyrhachis kiowa (Thomas) 97
Trimerotropis campestris McNeill 18

Species Overwintering as Nymphs

Arphia conspersa Scudder
Psoloessa delicatula (Scudder)
Xanthippus corallipes Haldeman

(e leNe

Total " 1,185




=] B

Table 5. Seasonal events for Aulocara elliotti (Thomas) at the study
area, 1970 and 1971.

Date 1970 2971

5/19 Hatch (1st instar)

6/15 3rd - 5th instar

6/19 First adults noted

6/23 First copulations noted
6/27 First adults noted

7/4

/5

7/9 First copulations noted First ovipositions noted
T /L3 All adults

A First ovipositions noted

7/ 2% All adults

7/25

7/29

8/2

8/6

8/10

8/14

8/18

8/22 Most gone from field Most gone from field
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Wind speed,  measured with a hand held wind meter (Dwyer.Co.) at:
chest height, fanged up to 40 mph on the study site. Airxtemperature
as well as relativefhumidity-ét 1 'in., above the seil surféce were
ebtained by the use of continuecus recording hygrothermegraphs
{(Bendix Aviation Coxp.). Maximum and minfmum temperatures and
humidities appear in Table 6.0 The lowest témperature fecorded duriﬂg
the two summers w&s-39°F,‘while the highest was 118°F; for relative
humidities, the lowest was 0% and thg highest was 100%. An attempt to
measure evap;ration rate was made in 1971 by means of. a glass dish,.
having straight walls, 4 in. diameter and 2 in. deep, filled with
water and set on the ground in direct sunlight. A rate expressed as
grams of water lest per 24 hours was used ég a comparative measure
and the data oﬁtained appear in Table 7. As might be expected,.
relative humidity was found to vary inversely with temperature, while
evaporation rate followed in direct relation with temperature.

The percent of seoil moisture to' a depth of 1 in. on the'étudy
site in 1971 is summarized in Table 8. Soil meisture meéasurementsg
werevgade.by collecting two randem samples at each @f‘the.éight plots
in 2 in. diameter, 1 in. deep soil moisture cans with lids. These
samples were then weighed @n.an analytical balance, dried at 110°C -
for 48 ﬁoursp and' then reweighed. The amounts are expressed as per-
cent moistuxre by.dry weight, with the formula for these deterﬁinati@ns

being.as follows (Millar et al., 1966):
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Table 6. Maximum and minimum temperatures (in degrees Fahrenheit)
and humidities (percent relative humidity) recorded 1 in.
above ground surface at the study area, 1970 and 1971.

Temperature Humidity
Date Max. Min. Mean Wk. Avg. Max . Min. Mean Wk. Avg.
7/1/70 88 45 66.5 45 9 27.0
742 90 55 T 208 56 10 33+0
7/3 96 52 74.0 68 9 38.5
7/4 103 52 7745 67 9 38.0
7/£5 96 58 1750 83 6 44 .5
7/6 88 58 73.0 83 12 47 .5
74T 102 56 79.0 74.2 78 2 40.0 38.3
7/8 102 60 81.0 54 6 30.0
7/9 108 61 84.5 64 2 33.0
7/10 88 70 79.0 48 20 34.0
T/11 94 62 78.0 83 12 47.5
7/12 102 61 8l.5 60 8 34.0
7/13 88 58 7350 92 24 58.0
7/14 93 54 73,5 78.6 55 2 28.5 37..9
7/15 102 47 74.5 100 14 57 +0
7/16 102 58 80.0 90 2 46.0
7/17 110 56 83.0 51 2 26,5
7/18 104 64 84.0 50 10 30.0
7/19 99 63 81.0 42 3L 26.8
7/20 100 62 81.0 70 14 42.0
/21 108 60 84,0 8l.1 88 3 45.5 39.1
T /22 86 59 T2 100 14 57.0
7/23 82 51 66,5 90 8 47,5
7/24 100 49 74.5 96 0 48 .0
T A28 96 59 il D 50 2 26.0
7/26 100 58 79.0 52 1 26.5
T/L27 106 60 83.0 50 ik 25,5
7/28 100 66 83.0 76.6 84 4 44,0 39.2
7/29 101 58 79.8 96 1 48.5
/30 85 57 L0 88 14 o i Sl
7/31 96 56 76.0 90 2 46,0
8/1 98 56 77 .0 6l 3 320
8/2 92 62 77.0 26 6 16.0
8/3 94 58 76.0 96 3 49.5
8/4 101 59 80.0 76.6 74 0 370 40.0
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Table 6. (Continued)
Temperature Humidity
Date Max. Min. Mean Wk. Avg. Max. Min. Mean Wk. Avg.
8/5/70 102 65 83.8 32 6 19.0
8/6 100 67 83.5 74 0 37.0
8/7 108 59 83.5 52 0 26.0
8/8 103 64 83.5 28 0 14.0
8/9 96 52 74.0 52 4 28.0
8/10 102 52 77 .0 49 0 24.5
8/11 104 57 80.5 80.8 32 0 16.0 23,5
8/12 108 57 82.5 32 0 16.0
8/13 108 64 86.0 20 0 10.0
8/14 90 60 7550 41 2 2145
8/15 97 50 73.5 44 3 23.5
8/16 107 52 79.5 36 0 18.0
8/17 106 64 85.0 15 0 79D
8/18 96 56 76.0 79.6 Tl 0 545 14.6
8/19 95 52 73:5 258 4 14.5
8/20 96 50 73 O 33 5 19.0
8/21 96 49 723 67 0 335
8/22 104 50 10 41 0 20:5
Ave., 7/1-
8/20 98.4 57.7 78.0 59.9 552 32.6
6/23/71 114 58 86.0 100 8 54.0
6/24 106 55 80.5 100 13 56.5
6/25 96 59 275 100 14 57.0
6/26 92 54 73.0 96 26 61.0
6/27 86 52 69.0 100 20 60.0
6/28 84 44 64.0 100 20 60.0
6/29 82 39 60.5 100 6 53.0
6/30 98 40 69.0 72.4 100 5 52:5 5647
7/1 108 45 7645 58 il 29.5
7/2 104 50 7 Lo, 55 7 31.0
743 86 56 71.0 100 2 51.0
7/4 100 42 71.0 100 0 50.0
V45 106 48 747400, 65 0 32.5
7/6 108 50 79.0 82 ik 41.5
7/7 92 40 66.0 73:9 35 1 18.0 36.2




=1 Fiex

Table 6. (Continued)

Temperature Humidity
Date Max. Min, Mean Wk. Avg. Max . Min. Mean Wk. Avg.

7/8/71 98 48 73.0 47 5 26.0
7/9 110 52 81.0 70 2 36.0
7/10 T15 56 85.5 60 2 31.0
7/11 102 35 78.5 80 10 45.0
7/12 102 48 7540 70 2 36.0
7/13 104 54 79,0 53 6 29,5
7/14 108 54 81.0 79.0 29 4 31.4 16.5
7/15 113 47 80.0 45 3 24.0
7/16 118 52 85.0 S 3 17 .5
/07 111 A7 94.0 26 10 18.0
7/18 104 58 81.0 39 ) 24,0
7/19 106 52 79.0 69 9 39.0
7/20 109 2 80.5 58 8 33.0
/21 106 66 86.0 83.6 50 L2 31.0 26.6
7/22 98 39 78.5 100 5 52.5
7/23 108 52 80.0 100 0 50.0
7/24 100 64 82.0 28 2 15.0
7/25 96 58 77,0 56 5 30.5
7/26 102 45 135D 88 i 44.5
T/27 84 50 67.0 62 14 38.0
7/28 74 48 61.0 74.1 100 34 67.0 42.5
7/29 94 40 67.0 100 0 50.0
7/30 104 40 72.0 100 o 50.0
1/31 100 50 75,0 40 & 22.0
8/1 108 a3 80.5 82 4 43.0
8/2 £12 54 83.0 52 2 27.0
8/3 112 64 88.0 24 3 113158
8/4 114 58 86.0 78.8 83 1 42.0 35.4
8/5 116 60 88.0 40 2 21.0
8/6 118 62 90.0 49 0 24.5
8/7 L12 66 89.0 46 5 25.5
8/8 108 6l 84.5 100 0 50.0
8/9 108 57 82.5 66 0 33.0
8/10 104 58 81.0 48 0 24.0
8/11 110 57 83.5 8545 40 0 20.0 28,3
8/12 113 60 86.5 30 0 15.0
8/413 2 56 84.0 28 0 14.0
8/14 116 DY 86.5 27 0 355
8/15 116 59 87.5 38 0 9.0
8/16 113 66 89.5 68 0 34.0
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Table 6. (Continued)

—= ~ T

Temperature Humidity
Date Max . Min. Mean Wk. Avg. Max . Min. Mean Wk. Avg.
8/37/7Y 11X 58 84.5 30 0 sl
8/18 107 63 85.0 86.2 46 0 23,9 391
8/19 it e 52 81.5 22 0 1 e
8/20 100 52 76.0 28 0 14.0
Avg. 7/1-
8/20 1057 545 80.1 57T 3.5 30.6
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Table 7. Evaporation rate from a 4 in. diameter, 2 in. deep glass
dish at the study area, 1971. (Expressed as grams of water
lost/24 hrs.).

Rep. Rep. Wk. Rep. Rep. Wk,
Date #1 #2 Avg. Avg. Date #1 #2 Avg. Avg.
6/23/71 101,1 99.8 100.4 7/29/71 ====- 15.6 1546
6/24 206,.6."109.0 ¢107,8 7/30 113.8 105.1° 109.4
6/25  —==—- 106.2 106.2 7/31  ————- 121.4 121.4
6/26 104.3 94.7 99,5 8/1  —=m-- 98.7 98.7
6/27 36.6 34.8 357 8/2 14530 "115.8° 130:4
6/28 18.4 16.4 17.4 8/3 === 116.6. 116.6
6/29 3.4 ===m- 34.4 8/4 | —-=-- 114,65 114,655 101;0
6/30 94.8 88.3 91,5% 741 8/5 W ===-- 187,585, 1.5%:5
/0 111.9 98,31 1051 8/6 131359 S350 1224
7/2 140.4 108.4 124.4 8/7 =  mmmmm mmmme e
/3 37.4 ===—- 37.4 8/8 mmmmm mmmem meeee
7/4 88.0 76.6 82.3 8/9  mmmm= mmmee e
7/5 101.6 93,2 97 .4 8/10  =mmmm cemmme ceee-
7/6 =————— BOS2 N8 62 8/1ll  mmmmm mememee ceeee 139.9
/7 1375201 L22.0 12956, 9446 8/12 1152388101 .5 1 1084
7/8 1:23:6.5.107.5 ¢ 115.6 87.1:3 15656 146,3 151:4
7/9 mm——— 89.0 89.0 8/14 W ====- 135, 0 1351
7/10  ==——- 100.7 100.7 8/15 147:8: "134.9 . 141.3
ALY 119.1 ====- 119,1 8/16 1346 “128.1 1831:3
7/12 117208013158 12442 8/17 13320320 - 13256
7/13  ==———— 125.9 1259 8/18 1274 51329 1130 11 32:9
7/14  —===- 108.7 108.7 111.9 8/19 174.9 160.8 167.8
7/15  =———- 1330 113,3
7/16 141.5 118.5  130.0 Avyg.,
/T 150,2' “13053  140.2 7/1-
7/18 16753 L3953 5353 8/19 12621102 1124

7/19 12347 106,.8 1152
7/20 114 8811653 11556
TfRL ¢ mwmme e e —— 127,92
/22 @ =m=me=e= —cmee seeoe
7/23  ===e== emeee ce-e-
T/24" " mme—m=l i mmmemmm———
1/25 12200025 58112102
7/26 106.2 98,9 102.6
7/27  m———- 80.0 80.0
7/28  + ==m=- 15.6 15.6  771.6
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Table 8. Soil moisture to a depth ¢f 1 in. on the study plcts, 1971,
expressed as percent moisture by dry weight. (Average of
two samples per plot per date.)

Plot Plot Plot Plot Plot Plot Plot Plot Avg. of

Date #1 #2 #3 #4 #5 #6 #7 #8 Plots

6/26 L35 1.60 1: 05 3205 2,40 1.00 .90 1:05 1.30

6/29 2,30 P 1.85 1590 2.65 1.60 1:55 2.00 2,01

/3 L2 65 L3, 90 S 55N F LG 80 M 14 305 L1005 955 13715 F2.67

7/6 L.,90 1.65 .15 1.65 1,90 320 1530 2,10 1.61

7/9 X's20 130 1505 1.00 1.40 1:05 -85 1.20 113

7/13 $92 1.02 270 1.06 101 .80 2 1316 92

7/17 307 92 .74 .74 .98 .64 .66 .66 .80

1423 2.69 2,13 2+29 2.00 2395 1:30 1230 2,09 2.09

7/27 Lehy 1.62 s ket By N 52 1.84 1.24 1.41 Lo 82 1,52

7/29..10,87 10,12 9.28 9.99 11.48 8.74 8.21 9.13 9,73

8/2 1:30 1.44 1.04 .96 1.47 81 .84 493 Y10

8/5 1.04 1oL 2Bk 1.01 1,05 748, .66 .82 ol

8/11 1.46 1.40 L3 i 3t B 1.43 o716 « 79 $:16 1S <)

8/15 1.42 1.28 122 1.13 1.44 .86 595 1.28 1520

Avg.

6/26-

8/15 2,98 2.99 2,50 2.90 329 2521 2:12 2o D
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)

) mass of soilwet - mass of so-ild X 100
% H,0 by weight = ' , vy

masslof dry soil
The two random samples have been averaged for each plot on each date.
Except for high soil moisﬁure levels noted on July 3 and July 29,
which coincide with previous rains, a very Low amount of moisture,
i.e. 1-2%, is present in the upper layer of soil for the developing
egys of.A° elliotti. High temperatures as well as intense levels of
solar radiétion seem to be responsible for- this condition. Table 9
presents maximum solar radiation levels, expressed in cal./cm.2/min.,
during August, 1971. A céntinuouS‘recording solar radiation receorder
(Weather Measure Corp.), placed on the ground, was used to obtain these
data.

.Fiéure 1 shows the configuration of the study plots in the two
years. In 1970 sampling was restricted to an aréa of 200 ft. X 200 ft.
while in 1971 sampling was more  extensive and covered a 500 ft. X 500
ft. area. Fluorescent latex paints were used to identify individual
adults of A. eZiiot#i on these areas. Some difficulties were encoun=-
tered with this technique in 1970 in that some marks were lost due to
flaking of the paint caused by poor adhesion to the waxy cuticle .of
the insect. As-a result, a modified scheme of the "notch technique"
(Gangwere et al., 1964) was used in addition to marking paints in
1971, and this proved to be very satisfactory. Clipping of- the

pfetarsus and posterior of the pronotum with surgical scissors provided
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Table 9. Maximum solar radiation levels at the study area, 1971.
(Expressed in cal./cm.Z%/min.)

Date Maximum Scolar Radiation
8/1 .99
8/2 1.02
8/3 13
8/4 .93
8/°% .95
8/6 .92
8/7 1.01
8/8 .98
8/9 102
/10 .94
8/11 .92
8/12 .89
3/13 .91
3/14 o
8/15 .98
8/16 .91
8/17 .91
8/18 .92
8/19 .92
8/20 .87








































































































































































































































