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ABSTRACT 

The Curlew Valley Validation Site continued essentially the same data collection procedures as in 1973. 
Minor changes were implemented in the pitfall trapping arrangement for insect samples. 

Abiotic measurements included air and soil temperatures, soil water, precipitation, solar radiation, 
relative humidity, wind speed and evaporation. Air temperatures were maximum in July and minimum in 
January, with subfreezing temperatures being recorded 9.5 months of the year. Soil temperatures decreased 
with depth in the summer and increased with depth in the winter, the surface experiencing the greatest 
temperature fluctuations. Throughout the year, soil temperatures at every depth were approximately 3 C 
cooler under plant cover than within interspaces. Soil water potential decreased as summer progressed, 
reaching less than --50 bars in July, August and September. Snow comprised 87.3% of the total 
precipitation, the greatest amount falling in January. Sporadic rain events occurred throughout spring, 
summer and fall. As compared to the two previous years, the 1974 calendar year received the least amount of 
rain, 106 mm less than in 1972, and 64 mm less than in 1973. Total incoming solar radiation was greatest in 
June and July. Relative humidity ,vas least in June and July and greatest in December and January. Wind 
speed, which increased with height, was greatest in spring. The greatest amount of evaporation occurred in 
July, the same time of year mean air temperature peaked and precipitation declined, thus exposing the 
environment to potential water stress. 

Plant studies in 1974 were conducted in two vegetation types at the .southern validation sites; the 
Artemisia-Atriplex-Sitanion type and the Agropyron type. The 1974 investigations of vegetation associations 
dominated by annual species were made by Klikoff and Freeman as in 1973. Frequent harvest net primary 
production studies were conducted in the Artemisia-Atriplex-Sitanion community in 1973 and 1974. 
Summary and synthesis of the 1973 investigation, conducted in a favorable growing season, showed that 
above-ground production of A. tridentata and A. corijert{folia was 41 and 66 g/m\ respectively. 
Below-ground production was 1350 g/m 2 . Root production estimates are thought to have an upv,·ards bias. 
Absolute production of the community was 1500 g/m 2

• Net assimilation wa:c; 18.7,5. Relative productivity 
was 0.5. Production in terms of energy was 5000 kcal/m 2

, constituting an absolute energy efficiency of 
1.20%. The nitrogen content of the new growth was 11 g/1112, yielding a 0.23 turnover rate for both above
and below-ground components. Compared to the prior year, 1974 was a relatively dry growing season and 
the net primary productivity of the community was significantly less than in 1973. A. tridentata produced 16 
g/m 2 above-ground, A. conjertifolia 26 g/m 2 and S. hyst.rix 21 g/m 2

• Estimated below-ground production 
was 552 g/m 2

. For 1974, absolute productivity was about 600 g/m 2 with an energy content of 2400 kcal/m 2

• 

Experimental exclosure studies of herb ivory on A. conjertifolia showed that if any herb ivory occurred at all in 
1974, consumption amounted to less than 10% of the available new growth during the growing season. 
In the A. desertorum community, 1974 standing crops of above-ground, below-ground and litter 
components were estimated along with above-ground production as in 1971, 1972 and 1973. Values for all 
four years are presented, Equations are shown predicting above-ground biomass per A. desertorum plant 
.given plant volume, and above-ground standing crop (kg/ha) given gro,ving-season precipitation. Nutrient 
contents of A. desertorum biomass components were investigated. Findings shmved that calories, ash and 
fats fluctuated ·with biomass from year to year, while nitrogen fluctuated somewhat independently of 
biomass. 

Rodents were sampled on the southern shrub and grass sites in August 1974, and trapping data from 1971 
through 1974 were combined for analysis. Population levels \Vere calculated by eight different estimators. 
The minimum biomass and density estimate, based on the number of animals actually captured, was 
selected as the most realistic estimator of small mammal populations. Mean home range, calculated from all 
trapping records, was used as a standard home range for Peromyscus rnanicu}atus, Perognathus parnus and 
Eutamias minimus. These three species remain the dominant rodents in Curlew Valley. Eutamias 
populations have been stable since 1971, while Peromyscus peaked in 1972 and Perognathus in 1973. There 
was no correlation between mammal densities and changes in precipitation. Changes in numbers of these 
three species in the HAL-ART and ANNUALS sites seem to indicate a seasonal shifting of rodents 
among vegetation types. Jackrabbits were censused on the south shrub site in October 1974, and their 
numbers continued to decline. As in the previous year, no attempt was made to sample birds, reptiles or 
amphibians. The paucity of individuals in each of these groups and the lack of data to suggest they are 
functionally important remain persuasive criteria for this decision. 

Emergent traps, D-Vac and pitfall sampling methods were employed over an eight-month field season in 
three vegetation types. Vacuum results show that the ANNUALS type had highest seasonal biomass (g/m 3 

plant canopy), whereas the shrub type (ART-A TR-SIT) had the highest seasonal density (1)/111' plant canopy) 
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of invertebrates. Peak density periods (months) for eight vacuumed plants are as follows: Agropyron 
desertorum (September, 35.9); Artemisia tridentata (August, 52.9); Sitanion hystrix (July, 172.7); 
Chrysothamnus viscidiflorw; (September, 46.0); Atriplex conjertijolia (July, 127.3); Bassia hyssopifolia (July, 
111.6); Halogeton glomeratus (July, 99.8); Descurainia pinnata (April, 174.4). Atriplex conjertijolia had 
consistently higher invertebrate densities than any of the other seven vacuumed plants. Pitfall results 
indicated that Nysius ericae (Lygaeidae) had the highest density in the ANNUALS type; Formicidae 
(Hymenoptera) in the ART-A TR-SIT type; and Lycosidae (Araneida) in the AGRDES type. Carabid beetles 
also had high densities in all three vegetation types. Taxonomic composition analysis showed that 
Hymenoptera comprised 39% of the total species recorded at Curlew Valley. Hymenoptcra, Diptcra and 
Coleoptera make up 79 % of the total insect fauna. Breakdown of trophic level components indicates that 
59 % of the adult insects are herbivorous and 34 % carnivorous. Immature forms consist of 40% herbivorous 
and 44 % carnivorous. 
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DATA COLLECTION DESIGN 
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lnvertc,br;ltes 
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Data Collection Design, continued 

North SI.ml, North r;,,-,~,. 
__ 1_9_7}_ ____ I_<)_/:'•_ .~9JJ ____ 1_9_7!, ___ _ 

MM?.A,11 

JUXl ,2, J 

!l.J?.1 ,2,3 

llJXI ,2,3 

tnscct Erncq;encc (1<eckly) llJXS,6,7 
lnvenebrate Taxa 

Number 
St>>f\e 
Feeding Type 
Dry Weir.ht 

l'e,:etation Species 
Height 
Cover ~ 

So<1l h Shrub Soolh Gr,,s~ lkpot"t<,<l ,m 
_1 __ 9_7_"\___ \_9_7_1'. _________ 1.YJ1 ____ l9J_I•_. _ _ __ l'og,:, _~ 

14-21 

23 

24 

23 

24 



7 Curlew Valley 

Data Collection Design, continued 

North Shrub Nonh Grass South Shrub South Grass Rcponcd on 
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Vertebrates 
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June, August) ' ' ' August only ' ,\ug"st only 
Species ' X X X ' X 
See X X ' X ' X 
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Vaginal Condition ' X ' X ' Testical Condition ' X X ' ' Weight ' X ' X ' Density X ' ' ' X ' 

Lagoro.orphs ,Tackrabbit Biomass •m ' ' 52 
Density (driv,:, count) ' ' 
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ABIOTIC 

M. Merritt 

Am TEMPERATURE 

Bihourly hygrothermograph readings were recorded 
continuously and entered in the data bank (DSCODE 
A3UBDM2). Biweekly minima, maxima and mean temper
atures are shown in Table I. Note that below.freezing 
temperatures were recorded 9.5 months of the year. 
December, January and February mean temperatures were 
subfreezing, the spring thaw beginning in March. July and 
August mean temperatures were maximal for the year. 

PRECIPITATION 

A weighing, recording rain gauge continuously measured 
rainfall events, duration and the amount of precipitation. 
Snow was captured in a 20•cm diameter can and weighed 
weekly. Table 2 shows monthly total rain events, total 
precipitation (rain and snow), mean rainfall rate and mean 
snow depth. The greatest amount of rain fell in the spring 
and fall, but July and August experienced some rain as well. 
Snow covered the ground for nearly four months, with the 
greatest amount present in January. 

Figure I compares the total yearly and mean monthly 
precipitation between 1972, 1973 and 1974. The total 
amount of precipitation steadily decreased over the 
three-year span, demonstrating nearly a 100-mm difference 
between 1972 and 1974. 

SOLAR RADIATION 

A star pyrometer was used to integrate voltage received 
and record values in millivolts hourly. Values entered in the 
data bank are converted into total langleys per day. In 
Figure 2, a two-variable cubic regression (r 2 = .84) 
indicates that total incoming solar radiation is greatest in 
June and July. 

RELATIVE HUMIDITY 

9 

A hygrothermograph continuously records bihourly 
readings approximating percent relative humidity. In 
Figure 3 a two-variable parabolic regression (r 2 = .82) 
indicates that relative humidity is least in June and July and 
greatest in December and January. 

WIND SPEED 

Totalizing anemometers which record wind speed were 
read weekly. In Figure 4, a cubic regression of values taken 
at .5 m (r' - .51) and 2 m (r' - .57) indicates that speeds 
are highest in spring and lowest in winter. Wind speed is 
greater at 2 m than at .5 m. 

SOIL TEMPERATURE 

Thermocouples installed just below the surface, at 5, 15 
and 30 cm, both in interspaces and under plant cover, 

Curlew Valley 

record temperatures bihourly. Temperatures per depth 
were averaged per month and are illustrated in Figures 5 
and 6. In both exposed and covered conditions, tempera
tures decreased with depth in the summer and increased 
with depth in the winter. Thus, the surface experienced the 
greatest temperature fluctuations while temperatures at 30 
cm fluctuated the least. Thermocouples under plant cover 
registered temperatures approximately 3 C cooler in nearly 
every instance. 

SOIL WATER 

Thermocouple psychrometers were installed in four 
vegetation types in both interspaces and under plant cover 
at depths of 5, 15, 30 and 50 cm. Readings were taken 
weekly for six months. Figure 7 shows that, as summer 
progressed, the more shallow depths experienced a decrease 
in soil water potential, finally exceeding -50 bars in July, 
August and September. 

EVAPORATION 

A weather measure (E-801) recording evaporimeter, 
located in the shade at 30 cm above ground level, records 
evaporation bihourly. Data were averaged per month for six 
months. As Figure 8 shows, the greatest amount of 
evaporation occurred at the same time mean air 
temperature peaked. During the interval of high evapora
tion and air temperatures, precipitation was minimal, thus 
exposing the environment to a potential situation of water 
stress. 

Table L Biweekly air temperature(° C) 

~ !t!?'lmum Mean 

-21. 7 1.1 -11. 2 
-10.6 8.3 - ?..S 

-17,8 '-' - 6.6 
-13.3 7.8 - 2.8 

- 6. 7 13.9 2.0 
-10.0 16. 7 3.5 

- 6.1 14.4 '-' 
- 6.1 23,9 ,.o 

- 3.9 2/,.1, 11.0 
- 1.1 29.1, 10.l 

- 1.7 31, .4 11,,7 

5.6 37.2 12.i. 

,., 37.8 24.0 
8.9 36.1 23.4 

3.9 33.3 23.9 
2.8 35.0 19, 3 

- ., 33.9 20.1 
- 5.6 30.6 16,1, 

10 - 2.8 26.1 14.8 
- 3,9 25.6 ,., 

n - 4.4 15.6 '-' 
- 6.1 11. 7 3.1 

12 - 8.9 s.; ., 
-1i..1, 6.' - 1.9 
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Figure 1. Monthly precipitation (mm) for 1972, 1973 and 1974. 
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Figure 2. Two-variable cubic regres
sion of solar radiation (langleys) at Snow
ville, Utah (r' - .84). 

Figure 3. Two-variable parabolic 
regression of percent relative humidity 
(r' - .82). 

Figure 4. Two-variable cubic regression 
of wind speed (km) at .5 m (r' - .51) and 
2 m (r' - .57). 
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Figure 5. Soil temperatures (° C) at the surface, 5, 15 and 30 cm in plant 
interspaces. 
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Figure 6. Soil temperatures (° C) at the surface, 5, 15 and 30 cm under plant cover. 
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Figure 7. Soil water (negative bars) at 5, 15, 30 and 50 cm . 
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Figure 8. Evaporation (cm/8.29) x 102, correlated with precipitation (cm) x 
1o~i and air temperature (°C). 
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PLANTS 

R. S. Shinn 

Plant validation studies for 1974 in Curlew Valley 
were conducted in two vegetation types: the Artemisia
Atriplex-Sitanion type and the Agropyron type. The 1974 
investigations of vegetation associations dominated by 
annual species were investigated by Klikoff and Freeman 
(1974) as in 1973. 

Artemisia-Atriplex-Sitanion 

In 1974, two types of studies were conducted in the 
ART-ATR-SIT vegetation association. The frequent harvest 
method was used in a continuation of investigations begun 
in 1973 on net primary production of shrubs, Artemisia 
tridentata and A triplex conjertifolia. These investigations 
were expanded in 1974 to include squirrel-tail grass 
(Sitanion hystrix). The second set of studie.'i were field 
experiments designed to determine the extent and sources of 
herbivory suffered by a field population of A. confertifolia. 

The ART-ATR-SIT vegetation association comprises 60 
ha of the 200 ha south of the Curlew Valley Validation Site. 
The structure of thfa community was quantitatively docu
mented in 1971 and 1972 and reported in Balph et al. (1974). 

The ART-A TR-SIT association is dominated by three plot 
species; the shrubs Artemisia tr-identata and Atriplex 
confertifolia, and the grass Sitanion hystrix. Plant densities 
average one, two and seven plants per m2, respectively. 
Above-ground spring biomasses are about 300) 150 and 15 g 
per m2, rnspectively. Spring root mass for the community L', 

an estimated 3000 g/m 2
• The spring root:shoot ratio is 

therefore about 6: 1. Accumulated litter necromass is about 
625 g/m'. 

Following satisfactory documentation of community 
structure in 1971 and 1972, investigations into community 
function were begun in 1973 and continued in 1974. The 
objectives of this work were quantification of primary 
production, energy flow and nutrient cycling in A. 
tridentata, A. confertifolia and S. hystrix. 

The frequent harvest method (Odum 1960) was used to 
estimate above-ground production. Below-ground produc
tion was estimated by using frequent core-sampling 
techniques (Dahlman and Kucera 1965). Litter dynamics 
were followed, using accumulated ground-litter samples in 
conjunction with litter-traps (Medwecka-Kornas 1971). 
Harvest dates were spaced regularly through the growing 
season. Following harvest, plant parts were analyzed for 
energy and nutrient content. 

Results on 1973 primary productivity of A. conjertifolia 
and A. tridentata were given by Shinn in Tables 16 and 17 
in the Plants Section of the report of 1973 progress (Balph et 
al. 1974). In 1973, above-ground production was estimated 
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to be 41 g/m 2 for A. tridentata and 66 g/m 2 for A. con
fertifolia, yielding a total of 107 g/m~ above-ground 
production. Production of the community root system was 
estimated at about 1350 g/m 2

• This figure seems excessive 
and may be biased by the sampling method. Further studies 
on root concentration and distribution patterns under 
shrubs are underway to clarify this matter. During the 
growing season, the root:shoot ratio changed from 6.4:l in 
the spring to 8.3: 1 at the peak of production, This implies 
that there was 13 times as much production below ground 
as above. It is expected these root production figures will be 
adjusted downward as more information on root dynamics 
is gathered. 

Using the 1973 data as i.s, however, the absolute 
productivity of this shrub-type \Vas 1500 g/m 2

• The net 
assimilation was 1500 g/m 2 production per 80 g/m~ leaves. 
The relative productivity was 1500 g/m 2 produced per 3000 
g/m 2 of spring biomass. These figmes indicate that the 
primary production of this shrub-steppe community, in a 
very favorable season like 1973, was as great as average 
production in temperate grassland ecosystems (Coupland 
1975). 

Energy and nitrogen analyses were recently completed on 
the 1973 productivity and biomass data for A. tridentata 
and A. conjertifolia presented in Tables 16 and 17 of the 
Plants Section of the 1973 progress report (Balph et al. 197 4). 

Figures 9-14 are time-series graphs showing how biomass, 
nitrogen and calories of above-ground, below-ground and 
litter components of both species fluctuated through the 
growing season. In general, biomass and kcal fluctuated 
together, whereas nitrogen apparently fluctuated somewhat 
independently of the other two. In A. confertifolia, nitrogen 
content often goe.<.; down as biomass is increasing. This 
cannot yet be explained and may be due to random 
variation or error. Hopefully, logical patterns will emerge 
by the completion of the four-year study. 

In terms of energy, productivity was about 5000 kcal/m 2 • 

Making the assumption that only one half of the total 
incoming radiation is available for photosynthesis (Rabin
owitch 1945), the absolute enerr:,ry efficiency was 1.20 % . 
This is close to the 1.21 % reported by Kucera et al. (1967) 
for a Missouri tallgrass prairie. 

The nitrogen content of the spring biomass was 36 g/m 2 

and the nitrogen content of the production was 11 g/m~. 
Therefore, the nitrogen turnover rate for combined above
and below-ground components was .23. 

A similar study, expanded to include S. hystri.x, was 
conducted in 1974. Because 1974 was a dry year, the 
productivity of the plant community was lower than in 
1973. A. tridentata produced about 16 g/plant of new 
above-ground material and showed a below-ground 
increment of only 1.27 g/sample. Compare this with 41 
g/plant above-ground production and a 6.08 g/sample 
increment below-ground for 1973. Similarly, in 1974, A. 



conjertijolia produced about 13 g/plant above-ground with 
a 4.25 g/sample increment below-ground compared to 33 
g/plant above-ground and 5.69 g/sample below-ground in 
1973, For 1974, S. hystrix produced 2,8 g/plant of leaves, .9 
g/plant of seeds and .5 g/plant of new root crown. The 1974 
energy and nutrient analyses are not yet completed. 

Studies on productivity, energy flow and nutrient cycling 
will continue through 1976. By then, with a four-year data 
base and more information on root distribution, resource 
availability and usage, it should be possible to propose 
sound models for these functions. 

In 1974 another functional investigation was begun on A, 
conjertifolia. Its objectives were to quantify the productivity 
and component biomass responses of A. confertijolia to 
herbivorous activity by two classes of herbivores. 

In April 1974, 60 A. confertifolia were selected and 
marked for their dimensional uniformity. Twenty of these 
plants served as controls and were subject to natural 
herbivory by rodents and insects. Twenty plants were 
surrounded by exclosures constructed of metal-builders 
flashing embedded about 5 cm in the soil. Within each 
exclosure, several museum special snap-traps were set and 
maintained throughout the experiment. These plants were 
kept free of rodent influences but were vulnerable to insect 
herbivory. A third group of 20 plants was surrounded by 
similar exclosures. These exclosures were coated with Tac 
Trap, a sticky terrestrial insect inhibitor, and the area 
within was treated with a systemic pesticide, Temic, every 
month. Thus, these plants were kept free of all rodent and 
insect herbivory. All 60 plants were harvested at the end of 
the growing season. Each plant was broken down into its 
component parts, dried and weighed. Analysis of variance 
and least significant difference tests were used to test for 
differences among components within treatments. 

The results of this investigation yielded no significant 
differences among any components or any treatment (a = 
.10). No effects of herbivory could be shown, even though 
the experimental design was sensitive enough to detect 10 % 
differences in mean weight of the components. Laboratory 
and field tests of the herbicide were conducted to affirm its 
effectiveness. Assuming that all insects on the plants and in 
the soil were killed within a few hours of contact, that 
rodent herbivory was eliminated, and that avian herbivory 
was insignificant, the conclusion is that herbivory on A. 
confertifolia in 1974 was less than 10 % of net primary 
production. 

This is early evidence that herbivory in shrub-steppe 
ecosystems may, as in forest ecosystems, be less than 10% 
of net primary production. This is in contrast to grassland 
ecosystems where herbivory ranges between 13 and 20 % of 
NPP (Petrusewicz and Grodzinski 1975) annually. An 
alternative hypothesis would be that herbivory in 
shrub-steppe ecosysterris is a randomly occurring episodic 
event of large magnitude. There is evidence to support this. 
For example, when lagomorphs (Lepus calijornicus) browse 
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A. conjertifolia in the spring, they clip one-third to 
two-thirds of the total above-ground biomass of the plant. 
Another example is the ability of the sagebrush defoliator 
moth (Agoseris websteri) to destroy hectare-sized patches of 
sagebrush. In either case, herbivorous effects on vegetation 
in this community are unlikely to be measurable on a 
year-to-year basis; rather, they are likely to be episodic 
and/or of a nature that will have indirect rather than direct 
measurable effects on net primary production. 

Further exclosure studies, calculation of energy require
ments of consumer populations on the site, and simulations 
of herbivory in the field are in progress to clarify the effects 
of consumer organisms upon the vegetation in this 
ecosystem. 

Figure 9. Biomass, nitrogen and energy fluctuations of the 
above-ground components of Atriplex confertifolia in 1973. 
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Figure 10. Biomass, nitrogen and energy fluctuations of 
roots sampled beneath Atriplex confertijolia in 1973. 

Figure 11. Biomass, nitrogen and energy fluctuations of 
litter sampled from beneath Atriplex confertifolia in 1973. 
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Figure 12. Biomass, nitrogen and energy fluctuations of 
the above-ground components of Artemisia tridentata 
in 1973. 
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Figure 13. Biomass, nitrogen and energy fluctuations of 
roots sampled beneath Artemisia tridentata in 1973. 
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Figure 14. Biomass, nitrogen and energy fluctuations of 
litter sampled beneath Artemisia tridentata in 1973. 

Agropyron 

Investigations on the 100-ha Agropyron desertorum 
community began in 1971. In 1971 and in subsequent years 
the structure of the community was documented. This has 
been summarized in the plant reports (Balph et al. 1973 and 
1974). In 1972, 1973 and 1974, production, energy flow and 
nutrient cycling were investigated using harvest technique.<:.. 
Biomass, roots and litter were sampled randomly when 
above-ground standing crop peaked in the fall of each 
year. These materials were sorted, dried, weighed and 
chemically analyzed for protein, ash, fat and energy 
content. Biomass and above-ground production estimates 
for 1971, 1972, 1973 and 1974 are given in Table 3. 

Biomass of the three components of the plant subsystem 
fluctuated appreciably over the four years. Above-ground 
biomass of A. desertorum was about 2400 kg/ha in 1971, 
700 kg/ha in 1972, 2200 kg/ha in 1973 and 670 kg/ha in 
1974. Above-ground A. desertorum new growth was 1900 
kg/ha in 1971, 420 kg/ha in 1972, 1740 kg/hg in 1973 and 
670 kg/ha in 1974. New growth on the Curlew Valley site 
exceeded that reported for similarly treated seedings near 
Benmore and Eureka, Utah, where the range of new growth 
production reported by Cook (1966) over the nine-year 
period was 52 kg/ha. The great fluctuations in biomass 
among years were due largely to differing annual 
precipitation regimes. Weaver and Albertson (1956) 
reported that grassland yields may vary by a factor of eight 
between wet and dry years. 
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Table 3. Above-ground production and biomass of 
Agropyron desertorum plant components 

ko/Ha 
cora22nonts 1971 1972 197} 1-E'.l ... 

Aboveground new 9ro;;th 19GO ''° 1740 300 

Aboveground old qrowth 500 200 "' ;,o 

Tot31 .Woveqround bior-',11ss 2400 ,00 22()0 5,0 

Coarse litter(, 2 rrrn) ,ooo 2700 1600 1600 

Fine litter (, 2 ,mi) 3400 3300 3,00 3()0{) 

Total litter 5200 sooo 4700 4600 

Roots 0-20 cm esoo 13MC 17900 15200 

Roots 20-SO c.rn 10000 7100 9500 91.(){) 

Total Root$ 18$00 20?.00 27300 ~4~M 

The litter mass was estimated to be 5200 kg/ha in 1971, 
6000 kg/ha in 1972, 4700 kg/ha in 1973 and 4600 kg/ha in 
1974. Over the four years there averaged about four times as 
much grass litter as above-ground grass biomass. Abont 
40 % of the grass litter occurred as coarse litter in particle 
sizes greater than 2 mm. 

Root biomass from the soil surface to 40 cm deep was 
18,500 kg/ha in 1971, 20,200 kg/ha in 1972, 27,300 kg/ha 
in 1973 and 24,600 kg/ha in 1974. About 60% of the roots 
occurred in the 0- to 20-cm zone and 40% in the 20- to 
40-cm zone. Root biomass averaged 16.5 times that of the 
above-ground standing crop. During the four years of study 
it was estimated that root components comprised about 
90 % of the combined above-ground and below-ground 
biomass. One could expect the root to top biomass 
proportion to be high in an arid ecosystem (Bray 1963). 
Therefore, the Curlew Valley data are consistent with the 
findings of Rodin and Bazilevich (1968), who reported that 
root materials comprised 85 % of the ovenDdry peak biomass 
of dry steppe and temperate dry steppes of Eurasia. 

The chemical content of biotic components is potentially 
a function of two factors: I) the chemical concentration of 
the component, and 2) the weight of the component per unit 
area. Table 4 shows the chemical concentrations of ash 
elements, nitrogen and fats as well as the caloric contents of 
the vegetation components of the crested wheatgrass site in 
the fall of 1972 and 1973. 

Holt and Hilst (1969) reported that the chemical 
composition of plants changes from day to day. Malone 
(1968) further reported that chemical changes occur in 
plants from season to season. In Curlew Valley, chemical 
concentrations of energy and nutrients of each A. 
desertorum component were remarkably similar in the fall 
of 1972 and of 1973 (Table 4). This is notable as 1972 was a 
dry year and 1973 a relatively wet year. The validation 
studies detected two exceptions; nitrogen decreased from 
1.09 g to .57 g per 100 g of new A. desertorum shoot gro"vth 
and ash elements increased from 11. 96 g to 22.50 g per 100 
g of old A. desertorum shoot growth. However, chemical 
concentrations remained relatively constant from one fall to 
the next. 
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Table 4. Concentrations of chemical contents in plant components collected 
in August 1972 and September 1973a 

% Ash 1; Nit n,r.c-n r. f",otg 

____ _____________!,--"-t_ __ C:,loric-.<;/~ 
1977. l'HJ Tih 

.,1!.Y....::'_C _____ -~l,yyL -~-·· 
1972 ·--i973-C:omponc-nt 

:>cc: G1·c,~th 

~•.?.£):>:.<:>.'! 
.d.<;,Ji.<~)!.'I: 

Old Gro·.·th 

6&!.Cll'.l"X.Cl!". 
~ . .:,sc-rlornr~ 

Uttc-r > 2 rem 

Totnl Grnss !.Hter 

1973 1972 197] 

2985_-:f: .10 2848;':_l.50 ]2.81±; ,18 37.H,_<: .15 1.59<? 1.53<2 .92:':_8.47Y. .':>9t✓..!3¼ 

Roots 20-.\0 cti 

3
nevint1ons s1hoat. the- rr:ennn are nll l<>ss thnn plus or cilnus L"o pccc<'nt of lhc :,,c•.,n unless Q\1,cn,isc 

spcdffrd. llc-vt.1tions wc,·c- c,,lcttlntc<l by dividing the ,-.,ngc of oul(}ut by :,•o .sn<I <'Xprc-ssing Jt 
plus or minus pcrC<'1ttnr,c of th<> m~nn. 

Table 5. Chemical contents in kilograms per hectare of the plant components 
collected August 1972 and September 1973 

Ninogc-n 
Kg/Ila 

Component 1912 1973 1972 

Ne" Gnwth 
'~!2.!'Xro~ dcsertoro"1 w " 

Old Gro-.,th 
Agropyro')_ ,l<>scr_!;2!.,!E! ,, 

Total aboveground rhytoruas,; " " 
Utter~ 2 """ ;o n m 

Utter < 2 r.-,,, ,,, ,,, 1S03 

To cal Gr'1ss J,i t tcr " 03 n4o 

Roots 0-?.0 er, '°' m 1,277 

Roots 20-1,0 cm W9 131, 2301, 

Tot:il Roots m "' 6581 

Ovcrnll Total ''° 1,84 8875 

Colley (1961) reported some general energy values for 
plant materials. He found that above-ground parts averaged 
about 4 kcal/g, root materials 4.7 kcal/g and litter 4.3 
kcal/g. The Curlew Valley A. desertorum averaged about 4 
kcal/g for above-ground plant parts, 2.9 kcal/g for root 
materials and 3 kcal/g for litter. The discrepancies between 
Golley's estimates and the Curlew Valley data are not 
surprising. Colley (1961) stated at the conclusion of his 
paper that seasonal and annual variations in energy contents 
of plant materials were sufficiently great to discourage 
researchers from using general published averages. The 
Curlew Valley A. desertorum had a higher energy content 
than the generally published values for these components. 
In addition, the above-ground portions had a higher energy 
and nitrogen content than those reported for A. desertorum 
by Cook and Harris (1968). They reported digestible energy 
to be about 2 kcal/ g and nitrogen about , 65 % of oven-dry 
weight late in the growing season. The Curlew Valley 
above-ground A. desertorum had a nitrogen content of 
about .85%. 

/\sh Cnlorics F:its 

Kg/ll:i Kc.,1/lla Kc.1l/il., 

1973 1972 1973 l972 !<;i/3 

108 l. nxto 6 7.36xl0
6 

" 7-', 

'°' \ .10xl0 6 l.65y.J0 6 u 

rn 2.87xl0 6 9 .Olxl0
6 

37 ,, 

"' 8. 83xl0
6 s. 8Jxl0

6 ,,, ;3 

1241 7.89x10 6 
8.%xl0

6 

" ,,o 

1607 16. 7 x10 6 11,_1, x10 6 

" "' 
66)5 38.8 xrn 6 50.9 xt0 6 120 l{)(, 

3021 21. 2 x10 6 28. l x10 6 n n 

9656 60.0 xl0
6 79.0 xl0 6 ;,; m 

llli74 79.8 xto
6 

99.2 x10
6 

329 333 

Chemical concentrations changed little from fall to fall 
(Table 4). Table 3 showed that biomass fluctuated 
measurably from year to year. Thus, the chemical contents 
per hectare fluctuated primarily as a function of changing 
biomass. This is shown in Table 5, which gives estimates in 
kilograms per hectare of nitrogen, ash elements, calories and 
fats. 

Table 5 shows that above-ground phytomass averaged 
about 10 kg/ha of nitrogen and 130 kg/ha of nitrogen and 
8000 kg/ha of ash. Litter materials contributed about 70 
kg/ha of oitrogen and 1900 kg/ha of ash. Rodin and 
Bazilevich (1968) estimated that combined above-ground 
and below-ground phytomass would yield 1060 kg/ha of 
nitrogen and 340 kg/ha of ash on the dry steppes and 
temperate dry steppes of Russia. They estimated the litter to 
contain about 8 kg/ha of nitrogen and 24 kg/ha of ash. 
West (1972), working in southeastern Idaho, reported that 
A. desertorum leaves, roots and litter contained 1.23, . 70 
and .65 % nitrogen, respectively. These figures demonstrate 



the variability in the chemical makeup of otherwise 
apparently similar plant communities. 

Recently some efforts were made to investigate the 
relationships amont the plant components of A, desertorum. 
Simple regression was used to determine the extent of the 
relationship between grass volume and grass biomass. 
Simple linear regression equations predicting above-ground 
plant yields from simple plant measurements have been 
developed and reported for A. desertoru,n by Cook (1960) in 
Curlew Valley and Hickey (1961) in New Mexico. Hickey 
worked with a sample size of 923 plants and reported an r 2 

of .91. His plant measurements included basal diameter, 
compressed crown diameter and compressed leaf length. On 
the Curlew Valley site, cylindrical volumes were calculated 
from the basal area and height data on 225 A. desertorum 
and regressed on their individual dry weights. The graph of 
this relationship is shown in Figure 15. 

The regression formula, WT = 1.33 + .01 V, accounts for 
85 % of the variability within the data (r2 = .85). 

An hypothesis was made that there was a precise 
relationship between parameters of above-ground biomass 
per unit area and the root biomass below that area. To test 
this hypothesis, the relationship between the sum of the A. 
desertorum basal areas per square meter and the estimated 
root biomass below that square meter was plotted. This 
relationship (r2 = .04) was not precise. The relationship 
between A. desertorum above-ground biomass per square 
meter and below-ground biomass (r 2 = .09) was also not 
precise. These analyses show that neither A. desertorum 
basal nor above-ground biomass per unit area was a good 
predictor of below-ground biomass per unit area. 

Another hypothesis was put forth that there was a precise 
relationship between parameters of above-ground phyto
mass per plot and the litter mass on that plot. To test this 
hypothesis, an analysis was made of the relationship 
between the sum of the A. desertorum basal areas per square 
meter and the sum of the litter mass on those plots (r2 = 

5000 10,000 13,CXXJ 

Volume, A. desertorum(cm3) 

Figure 15. The relationship between volume and biomass 
of A. desertorum (y = 1.33 + .0lx, r' = .85). 
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.01). Analysis was also made of the relationship between the 
phytomass of the A. desertorum per square meter and the 
mass of litter on those square meters (r 2 = .01). Neither 
basal area of A. desertorum nor above-ground biomass of A. 
desertorum per square meter was a good predictor of litter 
mass. 

The relationships among above-ground biomass, root 
biomass and litter were not precise. These relationships must 
be considered functions of at least two dynamic processes: 
above-ground grass, root and litter production, and 
above-ground grass, root and litter disappearance (Mcd
wecka-Kornas 1971). In deserts, production is primarily a 
function of total annual precipitation (Walter 1964). 
Disappearance is a function of rates of decay, mineraliza
tion, animal consumption, transport and harvest (\.V("~<;t 
1975). It is not probable that the outcome of these processes 
will be understood, or even properly measured, by making 
only one state measurement per year. 

To continue the investigation of plant component 
relationships, data from four years of validation studies 
were used to determine whether the three primary 
vegetation components on the crested wheatgrass site 
responded precisely to different regimes of annual growing 
season precipitation. 

The components of biomass were graphed as dependent 
variables. The four different precipitation regimes were 
graphed as the independent variables. Regression equations 
and coefficients of determination were calculated for each 
relationship. Each graph has only four points, one for each 
year of the study. Therefore, they have questionable 
statistical value. However, the graphs are important for the 
trends they display and the regression equations provide 
computable functions for the relationships. 

The most basic relationships to examine were the effects 
of precipitation op the vegetation components of the 
ecosystem. Table 6 gives the growing season precipitation 
from 1970 through 1974. Growing season precipitation was 
defined as the total precipitation falling on the site from 
September 1 to August 31 the following year. Growing 
season precipitation ranged from 180 to 420 mm per year 
during the three years of the study. This represented 75 % of 
the range of precipitation recorded in Snowville, Utah, 
during the last 24 years. 

Table 6. Growing season precipitation from September 
1969 to August 1973 on the Curlew Valley crested 
wheatgrass site 

Growing Season 

September 1969 - August 1970 

Septenter 1970 - At1gust 1971 

Septerrber 1971 - August 1972 

Septerrber 1972 - August 1973 

Septerrber 1973 - August 1974 

Precipi t~tion 

350 mm 

~20 mn 

180 1ml 

380 ITJT1 

210 !fP. 
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The hypothesis was made that increases in annual 
growing season precipitation generated increases in annual 
above-ground standing crops of A. desertorum. Several 
researchers have reported linear relationships between 
precipitation and above-ground phytomass production in 
semiarid areas of America (Craddock and Forsling 1938) 
Hutchings and Stewart 1953, Blaisdell 1958, Sneva and 
Hyder 1962, Currie and Peterson 1966, Rosenzweig 1968). 
Figure 16 shows the relationship between annual growing 
season precipitation and annual above-ground standing 
crops of A. desertorum on the Curlew Valley site. The rate 
of increase in above-ground standing crop is linear with 
respect to increasing precipitation. The precision is good 
over the range of conditions encountered. Thjs adds further 
support to the theory that primary productivity in arid to 
semarid areas increases proportionately with increasing 
rainfall (Walter 1964). 

A second hypothesis was made, that increases in annual 
growing season precipitation decrease rates of grass litter 
production and increase rates of litter decomposition, 
causing _a net decrease in the mass of soil surface litter. 
Figure -17 shows the graph of the relationship. Further 
analysis shows that litter mass correlates directly with 
previous growing season precipitation (Figure'l8). This was 
expected as A. desertorum litter falls primarily ill the winter 
and early spring as leaf and stern parts produced the 
previous summer. Additionally, litter:above-ground grass 
ratios and growing season precipitation have an inverse 
relationship (Fiiui·e 19). This supports the concept that 
when precipitation is high, above-ground biomass is high 
and littm- mass relatively low. When precipitation is low, 
above-ground biomass is low and litter mass relatively high. 
This relationship appears more precise than that developed 
between above-ground phytomass and litter previously 
discussed, because of the introduction of the precipitation 
factor. Precipitation heavily influences both production and 
decomposition rates in the desert. 

A third hypothesis was made, that increases in growing 
season precipitation would generate increases in root 
biomass. Figure 20 shows this relationship. The scatter 
diagram lends no credence to the hypothesis. There are two 
factors which complicate the interpretation of root core 
data: I) there are no generally accepted methods to 
distinguish live root material from dead material in the 
cores; and 2) there are no generally accepted methods to 
determine the longevity of root materials. However, 
Dahlman and Kucera (1965), using frequent harvest core 
techniques, estimated that the root turnover rate is four 
years in native tall grass prairie vegetation in Missouri. Also, 
Kucera et al. (1967) estimated that only 25 % of the 
belowMground standing crop was living root material in 
their vegetation type. 

Further analysis of the Curlew Valley root data shows 
that, if root biomass is regressed on previous growing season 
precipitation, the relationship is inverted (Figure 21). This 
may imply that the material collected in the root samples is 
more a function of the previous season's production and 
decomposition than of events of the current season. . 
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When root biomass:above~ground biomass ratios are 
plotted against growing season precipitation, an inverse 
relationship emerges (Figure 22), This shows that the root 
and shoot portions of A. desertorum operate in a 
compensatory manner in response to precipitation input. 
When growing season precipitation is high, above-ground 
biomass is high and root biomass relatively low. ·when 
growing season precipitation is low, shoot biomass is low 
and root biomass relatively high. 

Shoot:root ratios ranged from 1:7.7 to 1:12.5 during the 
three-year study. For perennial grasses in arid and semiarid 
regions, ratios between I and 20 have been reported 
(Noy-Meir 1973). Shoot:root ratios are high in arid lands for 
three reasons. The proportion of roots to tops increases with 
increasing aridity (Bray 1963). The proportion of dead to 
live roots can be expected to increase in arid areas where 
cooler, dryer conditions reduce decomposition rates (Lewis 
1970). Shoot:root fractions include not only active roots and 
shoots but also reserv-e organs and below-ground litter. 
There may be an unusual amount of dead root material on 
the Curlew Valley grass site remaining from the shrub 
eradication program carried out in 1965. 

The relationships between precipitation and root response 
were the least understood of the three components studied. 
Better methods and more frequent sampling will be 
required to gain better insights into the dynamics of 
underground plant components. 

The research design calls for an understanding of how 
chemical contents per hectare vary as a function of different 
precipitation regimes. Concentrations of chemical contents 
in plant components have been shown to change little from 
fall to fall. Annual changes in chemical contents per hectare 
can be expected to vary closely as a function of annual 
changes in component biomass. Therefore, it is expected 
that fairly precise relationships will also be found between 
the chemical contents per hectare of the components and 
changing precipitation regimes. 
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Figure 16. The relationship between growing season 
precipitation and the resultant August above-ground 
biomass of A. desertorum. 



700() 

6000 0 

0 
5000 

s 0 
0 

~ 4000 

a e )000 

t 
~ 

2000 

10(XJ 

0 200 250 3{XJ 350 400 450 
Current growing season preup1tat1on (mm) 

Figure 17. The trend of the relationship between current 
growing season precipitation and the current year's mass of 
A. desertorum soil surface litter. 
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Figure 18. The trend of the relationship between 
preceding growing season precipitation and the current 
year's mass of A. desertorum soil surface litter. 
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Figure 19. The trend of the relationship between 
growing season precipitation and annual litter mass: 
above-ground biomass ratios. 
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Figure 20. The trend of the relationship between current 
growing season precipitation and the current year's root 
biomass. 
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Figure 21. The trend of. the relationship between 
previous growing season precipitation and the current year's 
root biomass. 
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INVERTEBRATES 

VV. Osborne 

INTRODUCTION 

Invertebrate sampling has been carried out on the 
southern validation site since 1971, but a more detailed and 
diversified program was necessary for the 1974 field season. 
Sampling began in mid-April and ended in early November. 
Primary objectives were determination of the taxonomic 
composition, trophic structure and seasonal occurrence of 
Great Basin invertebrates of the Curlew Valley Validation 
Site. Information on structure and function of the 
invertebrate community associated with the cool desert 
herbaceous stratum could be obtained \Vith intensive 
utilization and improvement of sampling techniques. A 
primary goal of data analysis was to determine the 
distribution of the insect fauna among the major taxonomic 
groups and the proportion of these species with herbivorous, 
predaceous and saprophagous feeding types. 

The research area is divided into three vegetation types 
which are assumed to be appropriate representatives of the 
cool desert flora. Tables summarizing the structure and 
biomass of each vegetation type are in the 1973 Curlew 
Valley Validation Site report (Balph et al. 1973). Figure 23 
illustrates the division of vegetation types with component 
species. Table 7 provides a key to the Curlew vegetation 
phenology of 197 4. 

Throughout the field season a systematic, rather than a 
random, method of sampling was employed due to the 
homogeneity of the vegetation types previously described 
(Bulan and Barrett 1971), However, vacuum samples were 
collected from different areas in each sampling period based 
on a rotational selection of sample sites. 

VEG I (ART-ATR·SIT) 

VEG II (ANNUALS) 

Descurainia pinnata 
Ha/ogeton g/omeratus 
Bassia hyssopifofia 
Sa/sofa kali 

Chrysothamnus viscidifforus 
Arrip/ex confertifo/ia 
Artemisia tridentata 
Sitanion hystrix 

23 Curlew Valley 

METHODS 

The four primary methods of sampling Great Basin Desert 
invertebrates were D-\'ac, pitfall trapping, emergent 
trapping and soil sampling. These methods were utilized in 
1973 for intensive sampling and have been used through t\vo 
additional field seasons with only slight modification. The 
D-Vac, or vacuum sample, has been utilized most efficiently 
for sampling shrub- and grass-infesting species that are 
limited in mobility and seek refuge within the vegetation 
when disturbed. Highly mobile familes such as Acrididac 
(Orthoptera), Asilidae (Diptera), Sphecidae (Hymcnoptera) 
and Pompilidae (Hymenoptera) elude the vacuum, and are 
ineffectively sampled. Flush transects, S\veep netting and 
Malaise traps would be more valuable methods for assessing 
their populations. 

D~Vac 

D-Vac sampling began April 16 and continued weekly 
through November 11, H)74. Three samples were taken over 
each dominant plant species in the shrub, grass and annual 
vegetation types. An individual sample was taken by rapidly 
placing a net-covered cage (.7 x .7 x 1 m) over the target 
plant and immediately recording parameters such as canopy 
width and length, plant height, percent cover, relative 
humidity and plant phenophase. Suction \vas then 
applied through the D-Vac apparatus and both plant 
and interior netting were sytematically vacuumed. The 
plant was continually manipulated throughout the suc
tion process and insects were drawn into a nylon-organdy 
collection bag. The sample was then deposited in a standard 
Berlese funnel system for 72 hr to facilitate the separation of 
invertebrates from plant debris. Density (#/m 3 plant 
canopy) and biomass (g/m 3 plant canopy) are presented in 
Tables 8-31 (DSCODE A3UBJX1). 

VEG IV (AGRDES) 

Agropyron c/esertorum 

Figure 23. Curlew Valley Validation Site vegetation types. 
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Table 7. Curlew vegetation phenology, 1974"' 

Leaf .:ucl ,.cw l.eavce /loral >ud .;c<Jds ; resent 
and/or 

tJisr,crs'u1c .,ccd 

.-0r.r,-i.nt 

,,c1•0,":ron 

descrlorcc:. 
.. pr 16,2:c,;:9 
.ay 6, 13,;;;, 

.~1.y :Cl; 

..:un 3 
..:un 10, 17 Jun 24 

Jul 1,s,1;,,22,29 
a,Uf 1:c,19,2{, 
:iep 4,9,1?,23 
let !,!4,27 

liov 11 

~ .. pr !6 ,,pr 2?.,29 Ju.l 1,e,!5,22,29 ,,cp 1,,9,1,,23 V.:t !4,27 
;,ov 11 t..1·io.c;,-;,,;.ta ,;,.y 6,1),20,~f- .,ug l~,19,26 C..Ct 1 

,:\]!1 3, 10, 17 ,.,!, 

Chrrsothamnus 
·,iscfo.1flQrus 

.-,.pr lv,2::.,29 
,-:ay v, 1J 

.,Ty ?.•..a,2-5 ,)un 10,17,:,4 Jul 1,ll,15,:C2,?9 .,ep 9,l?,23 
C,;,t 1,14,2? 
Nov ! 1 

Ju:-. 3 "Lli 1,.,19,)(. 
~q, 4 

npr 161 22,;.9 
,ily 6, 1J 

.. ,-r ; .~ ,29 

:.ov 11 

';·:,. i, nt.r -r:cx 
cor::·c::rt.'.fc,; .a.:,-'-, 13, ::;,. , 

,\m J 
1, , I'., ; ,. 9 

,.;,.,. 1 .. ,19,>" 
.,~p i,,9,1/,iJ 
ld, 1,11,,27 

~ 
~s_:-~~ 

::alor;ct.on 
plo::icratus 

ue11curai.n1a 
pinna.ta. 

Arr 16,22 

"pr 22,29 

•rr 29 ;ul 1 ,2 
_,:q ', 13,. , 

::;:; J, 1::;, 17 ,. 4 

:.ay 6,13,20,;,e Jul 22,29 
Jun 3,10,17,24 
Jull,B,15 

,.pr 16,22 

*Key to Curlew vegetation phenology: 

t=i.x>roant 
2"kaf buds present 
J=isew leaves (shrubs) or new siloot.11 (annual11) 
/+=Floral buds i:r<Jsent 
5~F1owcrinl'. 
6=Seed11 rrcsent or disr-ersing seeds 

Shrub volumes can be estimated from the formulas V = 
4/3 rra'b and V - rr /3 h(a'+ab+b') for grasses (Pianka 
1966), utilizing the parameters recorded in the D-Vac 
process. The number of insects per sample was divided by 
the number of samples to determine the mean insects per 
sample. Species diversity values (Tables 8-31) are based on 
Shannon's index (H') as discussed by Pielou (1966), Poole 
(1974) and Shannon and Weaver (1963). 

All invertebrates sampled in 1974 via pitfall and D-Vac 
were collected in cyanide kill-jars and stored in a freezer 
before further separation and taxonomic classification. Soil 
invertebrate and emergent samples were stored in 95 % 
ETOH. All samples were oven-dried at 60 C for at least 48 
hr and were then weighed for biomass determination. 

Emergent Trapping 

Emergent trapping was carried out by placing a 
conical-shaped steel frame, fitted with a fine wire mesh 
covering, over a target plant species and sealing it at the 
base with soil and fitting it with a collection jar (Fig. 24). 

jul 15,;~, 9 
.,ug 1:-, 19, (; 
.,cp 1,, 9 

,,,ug 1~·, 19,26 
3ep 1,,9,17,23 

:-:a.y 13,;.>0,28 
J~ J 

CN 11 

·'"P 1'1,23 
C-ct. 1, 11,,2? 

(ct 1,11.,:;7 
t-.ov 11 

Jun 10,1?,2.h 
Jd 1,!!,15,22,29 
"'"'-:'-12,19,2& 
.iep 1,,9,17,23 
kt 1,11,,:27 

1.ov 11 

,,pr 16 

Fifteen traps (five in each vegetation type) were sampled 
biweekly. Three of the five traps remained in the same 
position throughout the field season; the other two traps 
were relocated over different plants bimonthly. Emergent 
traps yielded data on the seasonal occurrence of 
plant-infesting taxa (A3UBJX2). A comparison of 1973 and 
1974 results is presented in Table 32, 

Pitfall 

The experimental design of the pitfall trapping program 
was altered from that of previous years. Grid sizes were 
increased, traps remained in position for the entire field 
season and collection was done on a dry basis (not the 
liquid-filled collection traps used previously; Figs 25 and 
26). Six pitfall grids were sampled for 28 consecutive weeks. 
A weekly grid sample contained all of the invertebrates 
trapped within the metal barrier for three consecutive days. 
A sample was also taken from each of the cans outside of the 
metal barrier. These data served as a measure of 
invertebrate activity within the vegetation type and also a 
check on the integrity of each pitfall barrier. 



All samples were collected in cyanide kill-jars and were 
later hand-separated. Two methods of data analysis were 
used to calculate density and biomass. The first used the 
actual number of individuals per species caught within each 
100 m 2-trapping grid (Janzen 1973) and the second was 
based on a modification of the pitfall trap design followed by 
Gist and Crossley (1973). Calculations were based upon the 
total number of invertebrates caught in three consecutive 
trap nights, beginning with the highest weekly capture rate. 
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Each successive week's capture was then regressed upon the 
cumulative catch for the entire field season. A regression 
equation was derived and the ratio of the y-intercept to 
slope (Bo:Bi) yielded a population estimate. Confidence 
intervals were computed for these estimates at the 90 and 
95 % levels. Pitfall density and biomass estimates are 
presented in Tables 33-38 (A3UBJX3); coding explanation is 
given in Table 39. 

Table 8. Average numbers of the invertebrate taxa sampled by D-Vac on Agropyron 
desertorum (#/m 3 plant canopy) 

PlANT ; AGROES 

USECi TAXO N TYPE 

ARA PRE 
l'lRAZlVC PRE 
C0£2EIH SAP 
COE2S~I SAP 
COl2CHR CHE 
COL2CHRf>HV CHE 
COL2Clt'r ONE S°'P 
COLZCUR f Ill CHE 
COL2CUR OU[ CME 
COL2CUR TH-R CHE 
COLZCUR TM0 CHE 
C0l20AS ONE P"E 
C0L20ASLIS!IH PRE 
COL2T[liCOtiOHE CHE 
COL 2 TE NElEP IL CHE 
OIP2CEC N0tl 
Olf>ZCER PRE 
DIPZCH! NEC 
OlPlHEL NOH 
OIP2PHO SAP 
OlPZSCl SAP 
ttrnzu& sue 
HEM2LYGEHBV IC PRE 
HE!t2UGGEO PRE 
HENZLYGKYSEAI sue 
HEP42LYGPERSAS sue 
HEP42PIEP(EOHE sue 
HON1eoc sue 
H0IUC0C WHT sue 
lt0M2APH SI.IC 
HOM2CIC sue 
HY!tlCl1A HON 
HY!t2f"OR Otl!N 
lEP CHE 
LEP NEC 
NEU2HEfflUCV' AR PRE 
OltTZACR CHE 
PSE2CH[0ACS!Il PRE 
PSO S~P 
THS2HAC ONE SAP 
THY sue 

PflENOt.OGY STAGES 

SPECIES DIVERSITY 

APR 

14 .. 51 
o .. oo 
0o00 
0o00 
&., 9? 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
2 .. 42 
o .. oo 
o .. oo 
1 .. 511 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o ... oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
0o00 
o .. oo 
2 .. 42 
o .. oo 
2 .. 1i2 
o .. oo 
2.,07 
lo67 
2 .. 01 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
4.,54 
lo 38 
o .. oo 
o .. oo 

1 .. 7 lo 
1., 12 
o .. oo 
o .. oo 
o .. oo 
1 .. 12 
lo 12 
o.oo 
3 .. '16 
o .. 00 
o .. oo 
o .. oo 
o~oo 
2 .. 02 
1 .. l 2 
o .. oo 
o .. oo 
1 .. 50 
o. 0 0 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
1 .. a o 
o .. oo 
o.oo 
o .. oo 
1.aG 
o .. oo 

10 .. 45 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. o 0 
o .. oo 
o.oo 
o .. oo 

o .. aa1 

.JUN£ 

5.03 
2 .. 65 
8 .. 10 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
o ... oo 
o. 00 
o. 00 
lo 50 
1., 52 
o .. oo 
o .. 00 
o. 00 
o .. 00 
1 .. 59 

12 .. 03 
o .. 00 
o .. oo 
2 .. 09 
1., 52 
1 ... 66 
o .. oo 
2 .. 44 
o .. 00 
4o63 
o .. oo 
o .. oo 
o .. oo 
o .. oo 

4 5 6 

JULY 

& .. 46 
OoOO 
3~ 92 
8 .. 42 
4 .. 00 
o .. 00 
o .. 00 
2 .. 40 
o .. 00 
o ... 00 
o., 00 
1 .. 70 
o .. 00 
o .. 00 
o .. 00 
1 .. 78 
o .. 00 
o .. oo 
o .. i>O 
4,. 79 
2 .. 08 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
2 .. 70 
5 .. 10 

2 2 .. 10 
10 .. 68 
o .. 00 
2 .. 11 
2 .. 06 
o .. 00 
o .. 00 
2 .. 03 
o .. 00 
2 .. 28 
o .. 00 
1 .. 7 8 
2 .. 17 
lo 77 

6 

AUG 

3 .. 76 
0o00 
6 .. 82 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o.oo 
1 .. 66 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
2 .. 19 
o .. oo 
o .. oo 
2 .. 45 
2015 
o .. oo 
o .. oo 
1 .. 88 
9.,31 
OoOO 
1-37 

111 .. 18 
1 II .. 46 
o .. oo 
2o29 
o .. oo 
o .. oo 
2 .. n 
o .. oo 
2 .. 98 
3 .. 11 
o .. 00 
3 .. 10 
1 .. ea 
2 .. 17 

' 
l .. 066 

SEPT 

5 .. 97 
3 .. 55 

17 .. 80 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
OoOO 
0 .oo 
o .. oo 
o .. oo 
o .. oo 
o.,oo 
o.oo 
o.oo 

l 0 .. 4 0 
0 .. oo 
OoOO 
o.oo 
o .. oo 
o.oo 
6 .. 86 
o .. oo 
3.5 5 
o .. oo 
3.,37 

11 .. 99 
12 .25 
o .. oo 
2.,54 
2.,14 
o .. oo 
0o00 
6.66 
o .. oo 
0 .oo 
o .. oo 
4 .. 16 
o .. oo 
0o00 

' 
1 .. 029 

OCT 

11 .. 00 
o., DO 
4., 50 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
o .. 00 
o .. oo 
o .. oo 
o .. 00 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o.oo 
o .. 00 
o .. 00 
o .. 00 

1 o .. 87 
o.oo 
o .. 00 
8 .. 67 

11 .. 30 
18 .. 48 

5 .. 65 
o .. 00 
o .. 00 
Oo 00 
o .. 00 
3 .. 89 
o .. 00 
2. 13 
9 .. 51 
o .. oo 

21., 55 

6 

4-37 
o .. oo 
o .. oo 
o .. oo 
4.65 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
5 .. 7.1. 
o.oo 
o.,oo 
o .. oo 
OoOO 
o .. oo 
5 .. 11 
0o00 
o .. oo 
4.,92 
0o00 
o.oo 
o .. oo 
o .. oo 
2 .. 46 
o .. oo 
o .. oo 
0 .. oo 
o .. oo 
1 .. 91 
o .. oo 
0o00 
o .. oo 

' 
o .. a21 

Table 9. Average numbers of invertebrates per feeding type sampled by D-Vac on Agropyron 
desertorum (#/rn 3 plant canopy) 

COUNTS 

f"EEOING fYP£S APR . ., JUNE JULY AUG SEPT ocr NOV 
•••••-~----------~••------••••••••-•--••--------••m--•-•-•-•••----------~---------•---~---
f"EEDIHG UP£ CHE Z .. 136 1 .. 938 4 .. 6Z6 3 .. 162 z,.545 0 .. 000 0 .. 000 40647 
FEE DING TYPE NEC 0 .. 000 1 .. 496 2 .. 441 2 .. 034 o .. 000 6., 86 l OoOOO o .. 000 
f'EEOIHG TYPE HON 1 .. 613 OoOOO l .. 524 t .. 964 o .. 000 2 .. 140 0 .. 000 50108 
fEEO(NG TYPE OMN 2 .. 065 10 .. 441 1.,e,55 0 .. 000 0 .. ooo 0 .. ooo 0 .. 000 2 ... 460 
fEEOIHG TYPE PRE 6 .. 960 1 .. 330 4 .. 130 5.,931 3 .. 266 6 .. 174 1 .. oos 3.,554 
f"EEDIN G TYPE SAP 1 .. 376 1 .. tz, 6 .. J44 40182 4 .. 853 &2 .. 1l5 r .36 l o ... 000 
FEEDING TYPE sue 20301 lo847 3., 465 a.163 ll .. 32S' 8 .. 889 l2ol16 5 .. 082 
TOT Al 16 .. 534 18 .. 163 24 .. 607 26 .. 636 22 .. 01& 36., 17 9 26 .. 544 21.,451 
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Table 10. Average weights of invertebrates per feeding type sampled by D-Vac on Agropyron 
desertorum (g/rn 3 plant canopy) 
WE[GtffS 

fEEDIHG 1'YP£S APR "" JUNE JULY AUG SEPT OCT NOW 
-· .,_ .. =., - -- -- -M .,_., --- - _, ___ ------ •- ......... •- •- -- ............ M ....... - - -~-- -- -- •• ---- ___ .. ---- -- -- •------• ---

fEEOlttG TYPE CHE 0 .. 253 3~45/o 2 .. 6 51 3 0215 1 .. 308 0 .. 000 0 .. 000 0-090 
HEDl~G TYPE NEC 0 .. 000 0 .. 018 0 .. 190 0 .. o 65 0 .. ooo 6 .. 230 0 .. 000 0 .. 000 
fEE0«MG f\'PE NON o .. o.z5 0.000 0 .. 012 o .. on o .. 000 Q .. Oil 0 .. 000 o .. 365 
HEDIHG f'IPE ORN 0 .. 074 1 .. 265 o.oa1 0 .. 000 o .. 000 0 .. 000 0 .. 000 o .. 062 
fEEOl'IG TYPE POE 0 .. 642 3 .. 360 1 .. 136 o .. r1i. 0 .. 354 1 .. 021 o .. 396 o .. 17 8 
rEEOING HPE SAP 0 .. 010 0 .. 001 0 .. 031 o.01io 0 .. 022 0 .. 041 o .. Ol9 0 .. 000 
fEEOlNG TYPE sue 00056 o .. 14 5 o.uo O .. l 01 o .. on o .. 116 0-196 0 .. 066 
TOTAL 1 .. 060 S .. 270 4 .. 239 4.226 1.,776 7 .. 432 o. 611 o .. no 

Table 11. Average numbers of the invertebrate taxa sampled by D-Vac on Artemisia tridentata 
(#/m 3 plant canopy) 

PUNT ' ARf i'Rt 

INSECT TAX0N TYPE APR MAY JUNE JULY AUG SEPT OCT NOV -----.. --------------., ___ -----------.. ------------------------~ -----------------------.. -------
'" PRE o.oo 3. 42 6 .. 51 4o 44 i.. 70 4 .. er 6.,94 6.03 
ARA2LYC PffE o .. oo o. 00 5. 81 3.33 0 0 00 5. 26 o .. 00 o.oo 
CIJE2ENT SAP o.oo o.oo o. 00 6.76 30.92 20 .. 91 7. 1f o.oo 
COE2SH( SAP o .. oo o.oo o. 00 5., 0 7 o.oo o.oo o .. oo o .. oo 
COL2CtHI CKE 2 .. 03 o. 0 0 1.28 4. 51 7.06 4-o09 4 .. 78 o.oo 
COL2CHRCRY CME o .. oo o.oo o .. 00 o .. 00 o.oo 3. 95 o .. oo o.oo 
COL2CtH!KOKC ON '"' o.oo o.oo o .. 00 2 .. 4S 2 .. 79 5.,90 o .. 00 o .. oo 
COL2CUR FOR CKE o .. oo 2. 4 3 o. 00 o. 00 o .. oo o.oo o. 00 o .. oo 
COL2CUR ONE CHE 2.u o.oo o.ao o .. oo o.ao 0 .oo o.oo o.oo 
COL2CUR THR CHE 1 .t 9 1. 2 4 o.oo o .. 00 o.oo o .. oo o .. oo o.oo 
COL2CUR TdO CHE o .. oo o. 00 o. 00 4 .. 69 1 .. 22 o .. oo o. 00 o.oo 
C0L2CURAPIONE CHE 5.,05 1. 7 1 o .. 00 i .. 12 o.oo o.oo o .. oo o.oo 
COL20AS ONE P"E u.or o.oo o. 00 o- 00 o.oo o.oo 2-87 o .. oo 
COL20ASllSIHT PRE 4. 7 5 2. 9 3 o.oo o .. 00 o .. oo o.oo 3 .. 82 o .. oo 
C0l21'10R ONE CHE o .. oo o.oo 3. 15 o.oo o.oo o.oo o .. oo 0 o00 
COL2TE N ONE CHE o.oo 2 .. 21 o .. oo o.oo o.oo o. 00 o. 00 o.oo 
DIP2616 ONE NEC o .. oo 1.73 o .. 00 o .. 00 o.oo o.oo o.oo o.oa 
O[P2CEC NON -Oo00 o.oo 6 .. 12 o. 00 o.oo o.oo o .. 00 o.oo 
01P2CER PRE o.oo o.oo 6.-12 3o 83 3 .. 83 o .. oo o .. 00 o.oo 
DIP2PHO SAP o .. oo o .. oo o .. oo 2 .. a1 0a00 o.oo o .. 00 o .. oo 
OIPZSCI SAP o.oo o .. oo 6. 12 o .. 00 o.oo o .. oo o .. oo o .. oo 
HEl4:2L't'G sue o .. oo o.oo 3.16 o. 00 o .. oo o.oo o .. 00 o .. oo 
HEl'12lYGEf1BY IC PRE o .. oo o .. oo to.61 3 .. 97 o.oo 6.28 o .. 00 J,.81 
HEH2L'l'GMYSER1 sue o .. oo o .. oo o .. oo o .. 00 11. 61 3 046 o .. 00 3 .. 24 
HEl'l2LYGP£RSAS sue o.oo o.oo o .. oo 3 .. 25 o.oo o .. oo o .. 00 o.oo 
HEl'12ftl[R sue -0.00 2 .. "7 o .. 00 o.oo o.oo o.oo o .. oo o.oo 
HtK2HA9NABALT PRE o.oo o. 00 o .. 00 o .. 00 o.oo 3 .. 09 o .. oo o.oo 
HEN2PEtU.ELANE sue o.oo l .7 1 o .. 00 o .. 00 o .. oo o .. oo o. 00 o .. oo 
HEH2PI EPIEON£ sue 3,. l 4 3 .. 63 J .. 68 3 .. 78 1,. 19 6.68 11046 l .2.!J 
HOHlCOC sue -0 .. 00 2. 57 o.oo 16 .. 62 lo .. 10 8 .. 4fl 31,..75 o.oo 
HON1COC '"' sue 1 .. 01 o.oo o .. oo J .. 23 l 3. 58 o.oo o .. 00 o.oo 
HOH2CIC sue 2.11 3 .. JS 4 .. 81 4 .. 35 3 .. 63 3 .t,O o .. oo o.oo 
HDH2f\ll ONE sue o .. oo o .. oo 4 .. 69 "· 08 o.oo 6 .. 44 o .. 00 o .. oo 
H0!12PSY ONE sue o .. oo 7 .. 49 o. 00 o .. 00 o.oo 0-00 o .. 00 o .. oo 
HYNlCIU NON t..51 o.oo 4o 14 o .. oo 1 .. 06 10-56 o .. oo o .. oo 
H'l"H28R A NON o .. 00 1 .. 7 3 o .. oo Oo 00 o .. oo o .. oo o .. 00 o .. oo 
H'l"N2fOR o•• 2 .. 09 7.64 19 .. 25 5 .. 86 o.oo o.oo 3. 82 3., r 1 
LEP CffE 0o00 o .. oo lo 35 o .. oo o.oo 25. l 2 o .. 00 o .. oo 
L(P NEC o .. oo 1 .. 46 3 .. 15 It. 26 3 .. 83 2-50 o .. oo o .. oo 
LEP NOC CHE 2 .. 06 o .. oo o .. 00 o. 00 o.oo 0 .oo o .. 00 o .. oo 
ORT2ACR CSE o .. oo o .. oo o .. 00 4.,27 o .. oo s .. 2a o .. 00 o.oo 
PSE2CHEOACSIL PRE 1 .. 51 2 .. za 3,-15 3 .. ao o.oo o .. oo 5.46 o .. oo 
PSO SAP o .. oo o .. oo o .. oo o. 00 9,.l4 6.99 4,.52 o.oo 
SC02t/EJ'f'EJ80R PRE o.oo 3 .. 42 o .. oo o .. 00 o .. oo o.oo o .. 00 o.oo 
Pf52MAC ONE SAP o .. oo 3 .. 37 o .. oo 3. 32 o .. oo o .. oo o.oo o.oo ,., sue o.oo l .. 66 o .. 00 7 .. 64 6066 2.r i. o.oo o.oo 

PlfENOLOGY STAGES 2 3 3 5 • • 
SPEC IE S OIVER SITY t .. 009 1 .. 24 0 1 .. 151 1 .. 295 1 <> 082 1 .. 17 2 0 .. 523 o .. 665 

Table 12. Average numbers of invertebrates per feeding type sampled by D-Vac on Artemi.,;ia 
tridentata (#Im' plant canopy) 

COUNTS 

FEEOlldG TYPES APR "" JUNE JULY AUG SEPT OCT NO, 
"" .. ., .. _ •• --•- ..,,. ., ...... ., • ., ...... ..,.,.,._,. ., .. .,,..,., ""' .. _ .. ., .. ., .............. ., "------~ .. n••" ••-----•- "'" .. • -- •- .,.., .. .,..., .. ., .. ., 

FEEDING TYP£ CHE 2 .. 591 1 .. 956 20264 3 .. 956 6.075 7 .. 5l9 4,.779 0 .. 000 
FEEDING TYPE NEC 0.000 lo552 3 .. 1116 4 .. 255 3 .. 825 2 .. soo 0.000 0.000 
FEEOIHG TYPE NON 1. 51 5 1 ... 135 4 .. 801 0.000 7 .. 063 10 .. 564 0 .. 000 o. 000 
FEEDIHG TYPE o•• 2 .. oa9 7 .. 643 19-246 5 0856 0 .. 000 o .. 000 3-620 3.,711 
FEEDING TTPE PRE 4 .. 265 20149 50466 4 .. 193 4., 523 4 .. 875 5 .. 488 5.1z4 
FEED ING TYPE SOP 0 .. 000 3 .. 366 6 .. 123 5 .. 758 26 .. 079 19 .. 981 5 .. 4 06 o .. 000 
fEEOIHG TYPE sue 2 .. 359 ~ .. 358 3,,945 7 .. 649 10.333 s .. 324 32.495 J.241 
TOTAL 12 .. aia 23 .. 360 45 .. 0 34 31.669 57,.595 50 .. 112 51 .. 988 12 .. 67& 
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Table 13. Average weights of invertebrates per feeding type sampled by D-Vac on Artemisia 

tridentata (glm 3 plant canopy) 

WEIGttTS 

FEEDillG TYPE:S 

FEEOrnG TYPE C»E 
FEEDING TYPE Nrc 
FEEOlijG JYPE NON 
FEEOlNG TYPE OHN 
FEEDING TYPE PRE 
FEEOlijG TYPE S~P 
FEEOIHG IYPE sue 
TOT Al 

APR 

o .. 2tio 
0 .. 000 
0 .. 023 
o .. 07 5 
o.,34t, 
0.000 
0., l 00 
0 .. 182 

o .. 9a 9 
1 .. 86 7 
0 .. 010 
00940 
4 .. 166 
0 .. 04 7 
0 .. 307 
a.,31, a 

JUNE 

o .. 365 
0 .. 246 
0 .. 027 
Q.\H13 
2 .. 024 
0 .. 092 
0 .. 150 
3 .oi.6 

JULY 

2 .. 2-03 
0 .. 342 
00065 
00457 
0 0 501> 
o .. osa 
o .. 121 
3.,749 

AUO 

Oo 233 
0., 945 
0., 155 
0 .. 000 
0., 461, 
0 0 102 
0 0 179 
2 .. 098 

SEPT 

3., 75 3 
2 .. 270 
0 .. 05 3 
o .. 000 
Q., 8l 9 
0 .. 079 
0 .. 207 
, .. 182 

OCT 

0 .. 1&7 
0 .. 000 
0.,000 
0 .. 359 
o .. 347 
0 .. 019 
0 .. 110 
1 .. 010 

NOV 

0 .. 000 
o .. 000 
o .. 000 
o .. 09 3 
o .. 55 7 
o .. 000 
5 .. 085 
5.,735 

Table 14. Average numbers of the invertebrate taxa sampled by D~Vac on Atriplex 
confertijolia (#Im' plant canopy) 

PlA!H : ATRCON 

J:~SECi iAXOH fYPE 

••• ARA2L'tC 
COE2EIH 
COE2SIU 
COL2CAR 
COL2CliR 
COL2CHRCRY 
COL2CKRN0NCON 
COL2CttRPHY 
COL2CUR f Ill 
COL2CUR APIOME 
COL20ASLIS1 NT 
COL2iEH 
OIP2CEC 
01P2CER 
DIP2CIU 
OlP2PHO 
OJPZSC l 
HEM2LYG 
HEM2lYGEN8WIC 
NEM2LYGNYSERI 
HElfZHla 
HEH2NA8PAGFUS 
HEt42PENAELAt1E 
HEM2PEK iHYO NE 
HEN2PI EPIEOME 
HOM lCO C 
HOtHCOC ,rnr 
H0142CI C 
H!Hf2ruL ONE 
HON2P5Y ONE 
HYNlCHA 
H\'1428RA 
ttrn2f0R 
LEP 
LEP 
LEP NOC 
Oll:T2ACR 
PSEZCHEDACSIL 
PSO 
TKS2HAC ONE 

"' 

PRE 
PR£ 
SAP 
SnP 
PR£ 
CHE 
CHE 
CHE 
CHE ,., 
CHE 
PRE 
CME 
NON 
PRE 
NH 
SAP ... 
sue 
PRE 
sue 
sue 
.. E 
sue 
sue 
sue 
sue 
sue 
sue 
sue 
sue 
NON 
NOH 
ONH 
CHE 
NEC 
CHE 
CKE 
PRE 
SOP 
SAP 
sue 

PHENOLOGY HAGES 

SPECIES DIVERSlYY 

e, .. ll 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
OoOO 
o .. oo 
4.,54 
5 .. 45 
o .. oo 
5 .. 0 
o .. oo 
6al1 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
OoOO 
o .. oo 
o .. oo 
0o00 

41 .. 00 
0o00 
o .. oo 
1 .. 01 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
6 .. 06 
o .. oo 
o .. oo 

12 .. 69 
0o00 
o.oo 
6 .. l1 
o .. oo 
o .. oo 

3 • 

o .. stir 

o .. oo 
5o9f 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. 0 0 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
s .. 26 
o .. 00 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
5 .. 26 
5 .. 26 
5.29 
o .. oo 

55 .. 76 
o .. oo 
9o12 
6 .. 7 3 
4 .. 15 
5 .. 26 
7,.39 
6086 
6 .. 54 
4,.49 
7 .. 56 
o.oo 
o .. oo 
7.,1,? 
o .. oo 
o .. oo 

43.,0 4 

4 

1 .. 018 

JUNE 

9 .. 19 
9., 86 

26 .. 16 
o.oo 
o. 00 

12 .. 29 
o .. 00 
0o 00 
o .. 00 
o .. 00 
o .. 00 
a .. 15 
o .. 00 
5 .. 68 
o .. 00 
o., 00 
o .. 00 
o .. oo 

257.0l 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. 00 

62 .. 46 
11 .. 09 
o .. 00 
9 .. 16 

ll .. H 
8012 

390 54 
o .. 00 
o .. 00 
o .. 00 
7., 30 
o .. 00 
9., 86 
o .. 00 
o .. 00 
a .. rz 

19 .. 77 

• 5 

o .. &44 

JULY 

15 .. 26 
o .. oo 

14 .. 10 
5., 13 
o .. 00 

16 .. 30 
o .. 00 

15 .. 22 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
6 .. 41 
, .. 52 
o .. 00 
6 .. lf, 
o .. 00 
o .. 00 
o .. 00 
2 .. 92 
o .. 00 
0o 00 
o .. 00 
8 .. 7 3 

96 .. 6 3 
l 5 3 .. 54 

6 .. 63 
Hlo91 

, .. 10 
o .. oo 

11 .. 12 
o .. oo 
9 .. 69 

15 .. 94 
13 .. 96 
o .. 00 
4 .. 63 
Q., 00 
3 .. 76 
t,.,29 

22 .. 09 

5 

10042 

11 .. 96 
o .. oo 

21 .. :n 
o .. oo 
o .. oo 
o .. oo 
6 .. 09 

1 3., 45 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
6 .. 94 

10 .. n 
o .. oo 
o .. oo 

10 .. 05 
o .. oo 

2 o .. a1 
38 .. 58 

o .. oo 
0o00 
o .. oo 
o .. oo 

8 2 .. 84 
15 .. 26 

151081. 
1 3 .. 55 

o .. oo 
o .. oo 
o .. oo 
o .. oo 
6 .. 94 

1 o. 05 
8 .. 40 
o .. oo 
o .. oo 
o .. oo 

1 3 .. lo6 
9 Q 91 

69 .. 73 

• 
1 Q O 36 

SEPT 

12 .. 41 
0o00 

32 .. 51 
0°00 
4,.75 
8 .. 51. 

1 5 .. 30 
18 .. 48 
o .. oo 
o.oo 
0°00 
O.QO 
0 .oo 
o .. oo 
o .. oo 
8 .. 91 
o .. oo 
o .. oo 
0o00 
o.oo 
o ~oo 
o .. oo 
o .. oo 
5., 10 
9 .. 6 2 

77 .. 23 
2 4 .. 70 

4.18 
9 .. 46 
5 .. 10 
o .. oo 
7 .,96 
o .. oo 

tt .. 05 
o.oo 

U .. 29 
o .. oo 
0o00 
o .. oo 
9 .. 19 
0o00 

21 .. 60 

L,129 

OCT 

12 .. '64 
o .. 00 

13 .. 20 
o .. 00 
o .. 00 
5 .. 06 
o .. 00 
Oo 00 
o .. 00 
o .. 00 
o .. 00 

12 .. 81 
o .. 00 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
o .. oo 
o .. oo 
9 .. 14 

12 .. 36 
o .. 00 
o .. 00 
o .. 00 
o .. 00 

21 .. 56 
20 .. 65 
33 .. 18 
a .. 04 
Oo 00 
o .. 00 
o .. oo 
o,, 00 

33 .. 42 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
5 .. 06 
5., 60 
o .. oo 
o .. 00 

• 
1 .. 0 34 

NOV 

26 .. 62 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
6 .. 00 
o .. oo 
o .. oo 
o .. oo 

13.,35 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
0o00 
o .. 00 

11°63 
OoOO 
o .. oo 
OoOO 
o .. oo 

23 .. 25 
o.oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 

16 .. 00 
o .. oo 
0o00 
o .. oo 
OoOO 
9.,a1 
o .. oo 
0 o00 
o .. oo 

• 
o .. 609 

Table 15. Average numbers of invertebrates per feeding type sampled by D-Vac on Atriplex 
confertijolia (#Im' plant canopy) 

COUNTS 

fEEOING TYPES 

FHOING iYPE CHE 
HE DUJG fYPE NEC 
fEEOU¾G iYPE HON 
FEEOl"G TYPE o~u 
HEOIHG TYPE PRE 
HEOI»G TYPE SAP 
fHOIMG TYPE sue 
TOT Al 

APR 

60220 
0 .. 000 
0 .. 000 
60059 
6 .. 115 
6oll5 

27 .. 403 
~H .. 912 

4 .. 468 
6 .. 985 
7 .,255 
6 .. 51;,l 
6 .. 40 3 
0 .. 000 

30 .. 983 
62 .. 655 

JUNE 

110669 
7 0300 

16 .. 967 
0 .. 000 
9 .. 131 

H' .. 440 
44 .. l 39 

10G .. 6GG 

JUl Y 

1-4 .. 097 
13 .. 978 
a .. f66 
9 .. 690 

14 .. 146 
9., 305 

56 .. 544 
127 .. 125 

AUG 

10 .. 714 
8 .. 403 
6 0 9 36 
60936 

12 .. 7 t,/i 
17 .. 830 
63., 133 

126 .. 696 

13.,696 
10 .. 704 

7 0 95 7 
11 .. 046 
H .. 562 
30 ,,563 
31 .. 935 

123 .. 466 

OCT 

50063 
0 .. 000 
o .. 000 

33 .. 423 
11 .. 4:30 

9 o4 OJ. 
21 ,,E,90 
81 .. 007 

10 .. 690 
0.000 
o .. 000 

15 .. 995 
15 .. 41/o 
o .. 000 

17 .. 440 
59.,539 
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Table 16. Average weights of invertebrates per feeding type sampled by D-Vac on Atriplex 
confertifolia (glm 3 plant canopy) 
MEI GMT S 

FEEOUG TYPES APR "' JUNE JULY AUG SEPT OCT NOV 

-----~----~---~~-------------------------------------------------~------------------------
H£0ING TYPE CHE 0 .. 463 o .. 469 2 .. 052 2 .. 576 1 .. 424 1 .. 35 l 0.111 1 .. 0-Ci6 
fEEIHHG TYPE NEC 0 .. 000 o .. s15 o .. 569 0 .. 61 s 2 .. 075 4 • 456 0.000 o .. 000 
HEOIHG TYPE NON 0.000 0.,082 0 .. 124 o .. uo 0 .. 014 o .. 040 0 .. 000 0 .. 000 
FE£OING TYP£ o•• 0 .. 218 o .. aos a .. ooo o .. ,s6 1 .. to57 t,., 463 l.HZ 0.400 
FEEOIMG lYPE PRE 0 .. 703 0 .. 216 3.222 1 • 829 2 .. oss 3 • 120 1 .. 3 00 o .. 697 
fEEDlHG iYPE SAP 0 .. 043 0 .. 000 0 .. 253 o. 0 55 0 .. 0% 0 .. 112 o .. 028 o. 000 
FEEDING fYPE sue 0 .. 675 1 .. 095 1 .. 2 95 t .. 286 o .. es1 1 .. -201, o .. 2 56 36 .. 176 
ror Al 2 .. 103 3 .. 562 1,. 5 16 1 .. 251 7 .. 971 14. 749 lt .. 903 36 .. 320 

Table 17. Average numbers of the invertebrate taxa sampled by D-Vac on Bassia hyssopifolia 
(#Im' plant canopy) 
PLAIH ' 6ASHYS 

I~SECT TAX□ N TvPE APR .. , JUNE JULY AUG SEPT OCT ,o, 
---~----------------------K-------~--~---------~~---------~-u--------~--------------------
ARA PRE 1..53 2 .. 29 6 .. 25 5,. O& 1 .. se 2 .. 12 o .. 00 o~oo 
~~A 2U' C POE o.oo 1 .. 56 5. 42 o .. oo o~oo 2 .. 31 o .. 00 o .. oo 
COE2ENi SAP o.oo o .. oo 18. 10 ..... l1 9.66 l 1 .. 34 1. 36 o.oo 
COE2S"1I SAP o .. oo o .. oo o. 00 6 .. 71 o .. oo o.oo o .. oo o .. 00 
COL 2CA.R p"' o .. oo 3.,9 4 o .. 00 11 .. 99 o .. oo o .. oo o .. 00 o .. oo 
COl2CHRPHY CHE ,.,. 47 2 .. 57 o .. oo o .. 00 0. 00 o .. oo o .. oo o .. oo 
COL2CR \' ONE SAP 2~25 o.oo o .. 00 o. 00 o .. oo o .. oo o. 00 o.oo 
COl 20A S ONE PRE o .. oo (l. 0 0 o .. 00 4.,33 o .. oo o .. oo o.oo o.oo 
COl 2DA Sll SI FIIT PR< ! .. 75 2 .. 29 o .. 00 o.oo o.oo o.oo o .. oo o.oo 
COl2NELEf>H1 AC CHE o .. oo o.oo 9o OS o .. 00 2 .. 17 o.oo o .. 00 o.oo 
COL2TEN OHE CHE 1.15 0 .. 00 o .. 00 o .. 00 o .. oo o .. oo o .. 00 o .. oo 
COL 2 TE NCO NON{ CHE o .. oo o .. oo o .. 00 3. 82 o .. oo o.oo o.oo o.oo 
COL 3E\lft CHE o .. oo 0.00 9 .. 05 o .. 00 o .. oo o.oo o .. oo o .. oo 
OIP2CtC HON o .. oo o .. oo o .. 00 2 .. 6-0 o.oo o.oo lo 36 o .. oo 
OIPZCER PRE o.oo o .. oo o .. 00 o .. 00 2., 35 o .. oo o .. oo o.oo 
OIP2Cltl NH o .. oo 9 .. 0 4 o. 00 o .. 00 o.oo o.oo o .. 00 o .. oo 
OIP2PHO SAP o .. oo 1 .. 5 7 l. 08 o .. 00 o.oo o .. oo o .. 00 o.oo 
OIP2SCI SOP o.oo 1.06 o. 00 o .. 00 o.oo o .. oo o.oo o.oo 
HEM sue 2 .. 26 9 .. 18 o .. oo o .. 00 o .. oo 0.,00 o .. 00 o .. oo 
HEt12lYG sue 2.st z.50 11.35 14.60 o.oo o .. oo o .. 00 o .. oo 
HEH2l'i'GEHSVIC PRE o .. oo o.oo o.oo 2. 29 o.oo o .. oo o .. oo o .. oo 
HEH2l\'GG£0 PRE o.oo o .. oo o. 00 9. 4 9 2 .. 62 2 .. 05 o .. 00 o.oo 
HEH2LYGLYGKAL sue o.oo o.oo o .. oo ,. .. 58 o.oo OAOO o .. oo o.oo 
HEH2UGH'fSERI sue o .. oo o .. oo o.oo 156 .. 97 37.i.1 2 .. 98 o .. oo o.oo 
HEH2LYGPERSAS sue o.oo 4 .. 66 o .. 00 10. 79 2 .,1,9 o.oo o.oo o.oo 
HEH21HR sue o .. oo 4.69 o .. 00 o.oo o.oo o.oo o .. oo o .. oo 
H012NA6HABHT PRE o .. oo o.oo o .. 00 1 .. 67 1.50 Q.,93 o .. 00 o.oo 
HEHZPE NTH YON£ sue o.oo o.oo o .. 00 l .. 58 o.oo o .. oo o .. oo o.oo 
HEHZPIEP(EONE sue o.oo o.oo o. 00 o. 00 o.oo 2.05 o .. 00 o .. oo 
HOH1COC sue o.oo 1 .. 11 o. 00 o .. 00 2 .. 08 3 .. 66 o .. 00 o.oo 
HOH lCOC WH! sue o .. oo 9.0 l., o .. oo o. 00 1 .. 10 o.oo o .. 00 o.oo 
HON 2CI C sue 1.14 o .. oo o .. 00 3., 18 o .. oo 2 .. 96 2 .. so o .. oo 
HYHlCHA HOH o.oo o .. 00 9 .. 05 o .. 00 o. 00 o .. oo o .. 00 o .. oo 
HY1'12fOR o•• 2 .. 66 1.44 o .. 00 s .. 58 3 .. 49 o.oo 1 • 36 o.oo 
HYH2POM ONE PRE o .. oo o.oo 4 .. 26 o .. oo o .. oo , o .. oo o .. 00 o.oo 
HYH2SPH NEC o.oo o.oo o .. oo 5. 00 3.,92 o .. oo o .. 00 o.oo 
LEP c•E o.oo o.oo o .. 00 o .. 00 OoOO 2 .. 11 o .. oo o .. oo 
LEP NEC o.oo o .. oo o. 00 3. 31 o.oo o .. oo o .. 00 o.oo 
LEP NOC CHE 1 .. 11, o .. oo o .. 00 o .. oo o .. oo o .. oo o .. 00 o.oo 
ORTZACR CHE o .. oo o .. oo o .. 81 s .. 14 1 .. 73 9.,52 Oo 00 o.oo 
ORT2NAHlIJHIN PRE o .. oo o.oo o .. 00 1 .. 98 o .. oo 0.,00 o. 00 o.oo 
PSO SoP o .. oo o .. oo o .. 00 o .. oo 1.73 o .. oo 2.57 o.oo 
SOL ONE PRE o.oo (1.00 o.oo o. 00 o. 00 1 .. 12 o .. 00 o .. oo 
THS 2HAC ONE 5'P o .. 00 o .. oo o .. oo 1,. 96 o .. oo o.oo o .. 00 o.oo 
rn, sue o.oo o .. oo o. 00 4 .. 41 o .. oo 1 .. 43 1 .. 60 o.oo 

PffENOLOGY STAGES 1 ' ' 5 5 5 ' 6 

SPECIES OIYERSil Y o .. 964 1 .. 065 o. 9 03 0.836 o .. a 11 o .. 987 o. 760 0 .. 000 

Table 18. Average numbers of invertebrates per feeding type sampled by D-Vac on Bassia 
hyssopifolia (#Im' plant canopy) 

COUNTS 

FEEDING IYPES APR ... JUNE JULY AUG SEPT OCT '°' --------------------------------~-----~-------"----~-~--------------~--------------------
FEEDiNG TYPE CME 3 .. 712 2 .. 572 6 .. 30~ 4,.975 1.876 a .. 321 0 .. 000 o. 000 
fEEO(NG HPE NEC 0 .. 000 9 .. 041 0 .. 000 3. 872 3 .. 915 0 .. 000 o .. 000 0 .. 000 
f'EEDUG fYPE NON 0.000 0 .. 000 9.,049 20599 0 • 000 0 .. 000 1. 359 0 .. 000 
f"EEOING TYPE o•• 2 .. 665 l. lt4 4 0.000 5.575 l. 488 o .. 000 1 .. 359 Q., 000 
fEED(HG U'PE PRE 1 .. 564 2-521 6 .. 471 7 .. 305 2 .130 2-454 0.000 o .. 000 
fEEOING TYPE SOP 2 .. zi.1 1 .. 31 9 9 .. 591 5 .. 666 6 .. -0U 11 .. 335 2 .. 266 0 .. 000 
f'EEOING TYPE sue z.044 4olt25 11.,347 61.576 30.344 2 • 76 t 2.142 o .. 000 
TOT Al t2 .. 233 21 .. 121 42 .. 162 111 .. 571 48.,%6 2ti .. 09l 7 .. 127 0 .. 000 
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Table 19. Average weights of invertebrates per feeding type sampled by D-Vac on Bassia 
hyssopifolia (g/m 3 plant canopy) 
IH'. I GMf S 

fEEDHIG JYPES 

fEEOIM G TYPE CHE 
fEEOHIG TVPE NEC 
HEOUJG TYPE NOtl 
fEE:OI!iG TYPE Ol'HI 
fHOKNG TYPE PRE 
fEEOl»G TYPE SAP 
FEEOlij& iYPE sue 
TOTAL 

APR 

0 .. l 50 
0 .. 000 
0 .. 000 
0 .. 096 
0 G 168 
o .. oH 
0.21a 
0.,746 

MAY 

0 .. 22 9 
1 .. 01 3 
0 .. 000 
o .. 116 
0 .. 544 
0 .. 026 
0 .. 294 
2.,28 3 

JUNE 

7 .. ?74 
0 .. 000 
0-072 
0 .. 000 
4 .. 246 
0 .. 053 
L,160 

13 .. 525 

JULY 

16 .. 248 
0 .. 436 
0 .. 010 
0 .,4 35 
2 .. 604 
o .. o 36 
4., l 29 

23 .. 903 

AUG 

10 .. 392 
0 .. 846 
0 .. ooo 
o .. 1n 
0 .. 247 
0 .. 020 
o .. 787 

13 .. 030 

SEPT 

12 .. 084 
0.,000 
o .. 000 
o .. 000 
0.,625 
0 0045 
0 .. 091 

12 .,845 

OCT 

0 .. ooo 
0.000 
0 .. 020 
Q., 1 28 
0 .. 000 
o. 007 
0 .. 025 
0 .. 185 

NOV 

o .. 000 
o .. 000 
o. 000 
0 .. 000 
o .. 000 
o .. 000 
o., 000 
o .. 000 

Table 20. Average numbers of the invertebrate taxa sampled by D-Vac on Chrysothamnus 
viscidijlorus (#/m 3 plant canopy) 

PLANT g C«ftVIS 

UiSECT TAXON iYPE 

AffA P~ E 
IHfA2LYC PRE 
COEZENi SAP 
COE2SIU SAP 
COl2CU PRE 
COLZCtlR CHE 
C{ll2CHRDISQUI CHE 
COL2CHR!l'f0NCON CttE 
COL2CtlRPHV CttE 
COL2C!Jfl f ltf CH£ 
C0l 2CUR f OR CHE 
COLZCUR THR CHE 
C0L2Cllll TWO CHE 
COL2CURAPIONE CHE 
COL20ASUSIUT PRE 
COL2ELA ONE CME 
COL2EL A UIO CffE 
COL2SU ONE PRE 
COL2TElf FOR CffE 
COL2TEN ONE C!-tE 
C0L2TE61£LEPJL CHE 
OIP2C£C NON 
OIP2CER PRE 
DIP2CHL SAP 
OtP2Pl10 SAP 
OtP2SCI SAP 
Httt2LVG sue 
HEN2LYSEN81J IC PRE 
HEK2LVGNYSEIU sue 
HEM2PENAELAHE sue 
HEM2PIEPIEOliE sue 
HONlCOC sue 
HOHlCOC HHT sue 
HOM 2Ct C sue 
HDH2fUL ONE sue 
HOM2PSY ONE sue 
HYNlCHA NON 
HVNZFOR 011N 
HVM2SPH NEC 
LEP cnt 
LEP NEC 
LEP HOC CHE 
OIH2ACR CME 
PSEZC»EOACSIL PffE 
PSO SAP 
til52t1AC ONE SAP 
fijY sue 

PIIENOLOGY STAGE'i 

SPECIES DIVERSITY 

APR 

o .. oo 
o .. oo 
o .. oo 
o .. oo 
1 .. 15 
o .. oo 
o .. oo 
o .. oo 
5,.56 
o .. oo 
<1,.,93 
1., 13 
o .. oo 
3 .. 03 
o .. oo 
o .. oo 
o .. oo 
o .. 00 
o .. oo 
3.,92 
s .. s6 
o .. oo 
o .. oo 
o.,oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
, .. oa 
o .. oo 
o .. oo 
3 .. 92 
-0 .. 00 
o .. oo 
2 .. s2 
7 .. 58 
o .. oo 
o .. oo 
a.as 
3 .. 92 
o .. oo 
2 .. ra 
o .. oo 
o .. oo 
o .. oo 

2 

1 .. 088 

NAY 

] .. 06 
o .. oo 
o .. oo 
o .. 0 0 
o .. oo 
o .. oo 
o .. 0 0 
o .. oo 
1 .. 97 
o .. 0 0 
o .. oo 

12 .. 9 9 
5.,97 
2 .. 12 
4.,33 
o .. oo 
o .. oo 
o .. oo 
0 .. -00 
1 .. 06 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
3., r 2 
o .. 00 
o .. oo 
2 .. 61 
o .. oo 
3 .. 64 
6 .. 70 
2 .. 69 
o .. oo 
9 .. 35 
3.,45 
o .. oo 
o .. oo 
1 .. 91 
o .. oo 
o .. oo 
o .. oo 

2 ' 
1 .. oss 

JUNE 

9 .. 19 
4., 49 
o .. oo 
o. 00 
o .. 00 
4.,74 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
5., 58 
o .. 00 

16 .. 95 
6 .. 67 
1 .. 41 
o .. oo 
o .. 00 
o .. 00 
o. 00 
o.oo 
o .. oo 
2 .. 14 
o .. oo 
o.oo 
O.,CJO 
o .. 00 
5.,14 
o .. 00 
o .. oo 
o .. oo 

Ji lG 06 
o .. oo 
o .. 00 
5,.13 
2 .. 57 
o .. oo 

10 .. 33 
4 .. 74 
o .. oo 
o .. oo 
4., 16 
o .. 00 
2 .. 69 
o .. 00 
o .. 00 
6 .. 00 
./h 74 

' ' 
1 .. 060 

JULY 

"· 57 o ... 00 
30 .. 8/o 
s. 66 
o .. 00 
4 .. 91 
o .. 00 
o .. 00 
o .. 00 
7., 51 
o .. 00 
o .. 00 
3 .. 57 
o .. 00 
o. 00 
3 .. 06 
2..35 
o .. 00 
o .. 00 
3., 08 
o .. 00 
3., 01 
I,., l.,t, 
4.64 
J .. 62 
o .. 00 
o .. 00 

1 lo 74 
5., 27 
z .. 54 
4..33 

24 .. 52 
o .. 00 
4., 95 
s .. 01 
o .. oo 
4., 18 
5., 06 
o .. 00 
1 .. 63 
3 .. 92 
o .. 00 
J., 81 
o .. 00 
4 .. 62 
o .. 00 
6 .. 20 

1 .. 2 90 

AUG 

5 .. 60 
o.oo 

l 9 .. t,,O 
o .. oo 
o .. oo 
o .. oo 
3., 30 
3 .. 69 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
3. 95 
o. 00 
OG 00 
o. 00 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
t .. 67 
4 0 84 
o.oo 
6., 52 
OoOO 
OoOO 
o .. oo 
8 .. 10 
o .. oo 
l., 52 

12009 
OoOO 
6001 
o .. oo 
o .. oo 
s .. 21 
o .. oo 
2 .. 63 
6., 52 
6 .. 92 
o .. oo 
7 .. 52 
o .. oo 
5., 10 
o .. oo 
5 .. os 

s 

1., 204 

SEPT 

l .. 60 
o.oo 

24 .. 38 
o .. oo 
o .. oo 
o .. oo 
9-02 
o.oo 
o .. oo 
o .. oo 
0 .oo 
o .. oo 
i. .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
5.26 
o.oo 
o.oo 
o.oo 
o .. oo 
o.oo 
0 .oo 
5 .. 6 4 
o.oo 
o .. oo 

32 .. 00 
o .. oo 
a .. n 
4 .. 40 
o.oo 
4.,4 3 
o.oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
4.,57 
r .,5 1 
o .. oo 
o .. oo 
o .. oo 
4 .. 29 
2 .. 66 
s .. 03 

5 G 

1 .. 042 

OCT 

6 .. 12 
o .. 00 
4 .. 65 
o .. 00 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. 00 
o .. 00 
o .. oo 
o .. 00 
o .. oo 
0-o 00 
3., 90 
o .. 00 
o., 00 
3 .. 03 
o .. 00 
o .. oo 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
o .. (10 

o .. 00 
o .. oo 
o .. oo 
3., 32 
o .. 00 
9 .. 13 
5 .. 63 
3.,QJ 
4., 06 
o .. oo 
o .. oo 
o .. 00 
2 .. 79 
o .. oo 
7., 43 
o .. 00 
o .. 00 
o .. 00 
o .. 00 
3., 36 
o .. oo 
3., 37 

6 

1 .. 079 

NOV 

s .. 02 
OGOO 
o .. oo 
o .. oo 
0 .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o .. oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
o.oo 
o.oo 
o.oo 
o.oo 
o .. oo 
o .. oo 
o .. oo 
o .. oo 
5 .. 96 
o .. oo 
o.oo 
o .. oo 
o.oo 
o .. oo 
7.,55 
o .. oo 
o .. oo 
i.., 57 

Table 21. Average numbers of invertebrates sampled by D-Vac on Chrysothamnus viscidiflorus 
(#Im' plant canopy) 
COUNTS 

fEEOlMG TYPES 

fEEOt~G TYPE CHE 
fEE:OING TYPE N£C 
fEEDIMG TYPE NON 
fEEOIHG TYP£ 0"1N 
fEEDJ'4G TYPE PRE 
fEEOIMG TYPE S~P 
fEEOln& TYPE sue 
TOTAL 

APR 

3 .. 883 
a .a 53 
2 .. 523 
7 .. 576 
1 .. 1153 
0 .. 000 
S.,815 

30 .. 604 

NAY 

5 .. 671 
lo480 
6 .. 702 
2 .. 69 4 
3., J.14 
0 .. 000 
3.,41,7 

2 5 .. 114 

JUNE 

6 .. 570 
4 .. 1 5& 
6 .. 5 36 
4 .. 7 37 
60326 
5.,9 96 
8 .. 1 30 

42 .. 452 

JULY 

4., 09 l 
3., 919 
3., 5 9 3 
5., 0 57 
5 .. 111 

lt .. 361 
70636 

41 .. 054 

I, 0 610 
t,.,774 
IH027 
o .. 000 
5., 38lo 

14 .. 789 
r .594 

410176 

SEPT 

q.,977 
1., 510 
0 .. 000 
0 .. ooo 
r.sS11 

19-336 
6.,634 

1,6 .. 051 

OCT 

7 .,1, 26 
0 .. 000 
0 .. 000 
2 .. 7 92 
5., 01;,5 
4 0 2 29 
4 .. 6 72 

2/i.J'lili 

rrnv 

o .. 000 
o .. 000 
0 .. 000 
5., 962 
& .. 286 
o .. 000 
t,., 57 3 

l6 .. 621 



Shinn et al. 30 

Table 22. A vcrage weights of invertebrates sampled by D-Vac on Chrysothamnus viscidijlorus 
(g/m' plant canopy) 
WEIGHTS 

fEEDlNG TYPES APR NAY JUNE .JULY AUG SEPT OCT NOV ----------------~--...... .,_ ---~-----------.. ---------------.. ---------------------------------
FEEDING TYPE c•E 2 .. 675 o .. a12 1 .. soo 3 .. 201 11 .124 1. 09 9 l.344 Oo 000 
rEEO UtG T\'PE NH 0.2n Q., 49 l 0. 324 Q,.t,1,3 lo 002 4 .. 613 0.000 o. 000 
FEEDING TYPE NON 0-038 o .. oa 7 o. 0 48 0. 0 51 0. 071 0 .. ooo 0 • 0 00 o. 000 
HEO!NG TYPE °'" 00273 o., 331 o .. 2 32 o .. 3 94 0. 000 0 .. 000 0-262 o. 14 9 
fEEOIIH. TYPE PRE 0.268 0~446 l. 294 Q,..614 0 .. 528 2 .. 013 o. 329 o. 269 
fEEOllrn TYPE S<P 0.000 OoOOO Oo 2 58 0.032 0. 051 0. 09 8 0 .. o 16 0.000 
HEOING TYPE sue 0 .. 171 o .. oa 4 0.160 Q .. 245 0 0 168 0 .. 121 0 .. 099 o .. 23 3 
TOT Ill 3.111 z,,251 3., 8 25 50045 12 .. 956 6,. 010 2 .. 050 o. 65 l 

Table 23. Average numbers of the invertebrate taxa sampled by D-Vac on Descurainia pinnata 
(#Im' plant canopy) 

PL A NT ' DES Pl N 

['fSECT TAXON TYPE APR "" JUNE JULY AUG SEPT ocr NOV --- .. ,.,. _____ ......................... ------ ---- ---- ---- ----- .. ---------- --D---~-------------~H--------D 
"' PRE o .. oo o.oo 2 .. t2 o. 00 o.oo o.oo o .. 00 o.oo 
AU2UC PRE o.oo l. 61 ! .. oa o.oo o.oo o.oo o .. 00 o .. oo 
CDLZCHR CSE o .. oo l .. GO o .. 00 o .. 00 o.oo o .. oo o .. oo o .. oo 
COL2CliRPf-1Y CHE G-38 o.oo 0.-00 o .. -0-0 o.oo 0 .. o 0 o .. oo o.oo 
COLZCRY ONE SAP 2 .. za o.o 0 o. 00 o.oo o.oo o .. oo o.oo o .• 00 
COL 20A S ONE P'E o.oo o.oo z .. 61 o. 00 o. 00 o .. oo o.oo o.oo 
COlZTEN CHE 3.n o.oo o. 00 o .. 00 o.oo o.oo o.oo o.oo 
CDL2TEN 0HE CHE 5., t G o .. oo o.oo o .. oo o. 00 o.oo o .. oo o.oo 
COL ZTE NCOHONE CSE 3-41 o .. oo 0- 00 o. 00 o.oo o.oo o .. 00 o.oo 
OIPZBl8 ONE N£C o .. oo 1 .. 60 o. 00 o .. 00 o.oo o.oo o.oo o .. oo 
DIP ZSC 1 S'f o .. oo o .. oo 1. 55 o .. 00 o.oo o.o 0 0- 00 o.oo 
HEH sue 1. 63 o.oo o.oo o .. oo o.oo o.oo o .. 00 o.oo 
HEH2LYG sue o .. oo z .. 11 3. 37 o. 00 o.oo o.oo o .. 00 o.oo 
HEHZIUR sue o .. 00 S.l9 o .. 00 o .. 00 o .. oo o .. oo o .. oo o.oo 
HONlCDC sue o.oo 2 .. 11 o .. 00 o .. 00 o.oo o .. oo o. 00 o.oo 
HON ZCI C sue o .. oo l .. 60 o.oo o. 00 o .. oo o.oo o .. 00 o.oo 
liH42FOR OSN 165 .. 08 2.19 o .. 00 o. 00 o .. oo o .. oo o.oo o.oo 
ORT 2ACR CHE o.oo o.oo 1 .. 62 o.oo 0. 00 o.o 0 o.oo o.oo 

'"' sue o .. oo 2 .. 50 o .. 00 o .. 00 o .. oo o .. oo o .. 00 o .. oo 

PHENOLOGY STAGES 3 ' 5 5 • 

SPECIES DIVERSITY 0.2"7 0 .. 917 0 .7 49 0.000 0. 000 o .. 000 0 .. 000 o .. 000 

Table 24. Average numbers of invertebrates per feeding type sampled by D-Vac on 
Descurainia pinnata (#/m 3 plant canopy) 

COUNTS 

f(EOING JYHS APR "' JUNE .JULY AUG SEPT OCT NOY 

HEOING TYPE CHE 5 .. 173 1 .. 603 1 .. 624 0 .. 000 0. 000 o .. 000 o .. 0 00 0-000 
rEEDING TYPE HCC o.ooa 1 ... 60 3 0.000 0.000 0 .ooo 0 .. ooo 0.000 o. 000 
FEEDING fYPE NON 0 .. 000 0 ,000 0.000 0 .. 000 Oo 000 o .. 000 0 .. 000 o .. 000 
FEEDING TYPE OHN 165 .. 083 2.790 0 .. 000 0.000 o .. 000 o .. 000 0 oO 00 0.000 
FEEOl14G TYPE "E 0.000 1 .. 1:,14 2 .. 112 0.000 o .. 000 0 ... 000 0.000 0 .. 000 
FEE O l!f G TYPE SAP 2.201 0 .. 000 1,, 5 47 OoOOO o .. 000 0 .. 000 0.000 0 .. 000 
fEEOING JYPE SU C 1 .. a2a 3-116 3 .. 369 0 .. 000 0 .. 000 o .. 000 o .. 000 o .. 000 
TOHl 1740 365 11 .. 326 8~652 0 .. 000 0 ~ 000 0.000 0.000 o. 000 

Table 25. Average weights of invertebrates per feeding type sampled by D-Vac on Descurainia 
pinnata (g/m 3 plant canopy) 
lfEI GHT S 

fEEOING TYPES APR "" JUNE JULY AUG SEPT OCT NOV 
............ - ................... -- - ........ ---- ................... -- - - n• -- ..... M- oO -- W ___ ., _ _, .... -- N - ___ ,,, -- ---- .... -- -- ------ ., __ 

rEE O[HG TYPE CHE 2 .. 041 0 .. 646 o .. 9 31 0 .. 000 0 .ooo o .. 000 0 .. 000 o .. 000 
FEEOlN G JYPE NH 0 .. 000 4,.,796 0.000 0.000 0 .ooo 0o000 0.000 o .. 000 
FEEDING TYPE HOH 0 .. 000 0.000 0 .. 000 0 .. 000 0 .. 000 o. 000 0 .. 000 o .. 000 
rEEOllfG TYPE ••• 5 .. 943 o .. 34 3 o~ o oo 0.000 0 .ooo 0 .. 000 0 .. 000 o. 000 
fEEDlltG TYPE PRE OoOOO 0 .. 057 0-204 0.000 0.000 0o000 0.000 0o000 
FE£D[NG fYPE SAP 0 .. 034 0.000 o .. 023 0.000 0. 000 0.000 0 .. 000 o .. 000 
F£EO[lfG TYPE sue o .. 013 0 .. 135 0 .. 114 0.000 0 .ooo 0 .. 000 0.000 0.000 
TOTAL 8 .. 031 5 .. 97 9 10 3 32 0.,000 0.000 0 .. 000 o. 0 00 0 .. 000 
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Table 26. Average numbers of the invertebrate taxa sampled by D-Vac on Halogeton 
glomeratus (#Im' plant canopy) 
PLANT t HAL GLD 

I~SECT TAXON TYPE 

ARA PRE 
ARA2LYC PRE 
ARA2THO PRE 
COE2ENT SAP 
COE2SIII S-P 
COL 2CHR CHE 
COL2CHRCRY CHE 
COL2CHRPHV CHE 
COL2CRV ONE SAP 
COL2CUR f"OII CHE 
COL2DAS ONE PRE 
COL20ASLIS[NI PRE 
COL211ELEPIIIAC CHE 
COL 2110R ONE CllE 
COL2TEN ONE CHE 
COL2TENCONONE CHE 
COL 3EUII CHE 
DIP28IB ONE NEC 
DIP2CEC NON 
DIP 2CE R PRE 
OIP2CHI NEC 
DIP2MUS NEC 
DIP2Plt0 SAP 
DIP2SCI SAP 
HEH sue 
HEM2LVG sue 
HEH2LYG£H0VIC PRE 
HEH2LYGGEO PRE 
HEH2UGNYS£RI sue 
HEM2LrGPERSAS sue 
HEM2H[R sue 
HEMZPENTHYONE sue 
HEH2P[EPIEONE sue 
HOll1COC sue 
Ho112ctc sue 
l!YII lC~ A NON 
HYH2f"OR O~N 
HYll2SPH NEC 
LEP NEC 
LEP NOC CME 
ORT2ACR CME 
ORT2NANllTHlN PR£ 
PSO SAP 
rnv sue 

PijENOL OGY S VAGES 

SPECIES DIVERSITY 

APR 

o.oo 
o. 00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
6054 
J.Gl 
o.oo 
o.oo 
3.56 
o.oo 
o.oo 
6.65 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

10.47 
o.oo 
s.22 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
c.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

l 3 

O.i'H 

MAY 

2.41 
2.0 9 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
2. 7 9 
2.50 
o.oo 
o.o 0 
o.oo 
o.oo 
o.oo 
4.16 
5.91 
o.oo 
4.69 
o.oo 
o.oo 
o. 00 
o.oo 
o.oo 
o.oo 
o.oo 
2.93 
o.oo 
o.oo 
o.oo 
o.oo 
2.86 
o.oo 

45-20 
o.oo 
o.oo 
2.11 
o.oo 
o. 00 
o.oo 
3. 47 
o.oo 
o.oo 
o.oo 
o.oo 

0.756 

JUNE 

5.2£, 
5.0\l 
o.oo 
o.oo 
4.41 
2.60 
o.oo 
2.95 
o.oo 
o. 00 
3. 23 
o. 00 
o.oo 
o.oo 
o.oo 
o.oo 
o. 00 
o.oo 
s. 54 
2.71 
o.oo 
o. 00 
2.95 
1.22 
o. 00 

13066 
o.oo 
o.oo 
o. 00 
o.oo 
o. 00 
o.oo 
o. 00 
5.00 
s.oo 
o.oo 
6. 12 
o.oo 
o.oo 
o.oo 
3.6l 
o. 00 
o.oo 
o. 00 

JULY 

5. 71 
5. 00 
o. 00 

10.47 
25.12 
11.n 
o. 00 
o. 00 
o.oo 
s. 00 
o. 00 
o.oo 
o. 00 
6. 09 
o.oo 
o. 00 
4. 33 
o. 00 
o. 00 
t. 91 
o. 00 
o. 00 
s. 30 
o. 00 
o.oo 
5. 00 
3. 12 

2 3G 6/+ 
102.04 

o. 00 
o. 00 
5.H 
4. 33 
6. 12 
6. 94 
1. 91 
o. 00 
o. 00 
4. 35 
o. 00 
5. 49 
o. 00 
o.oo 
5.45 

3 4 

AUG 

4.96 
o.oo 
o.oo 

l Q.61 
1.011 
o.oo 
3.06 
o.oo 
o.oo 
o. 00 
o.oo 
o.oo 

a S.92 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
2.50 
o.oo 
o.oo 
2.so 
o.oo 
2.57 
o.oo 
6. 38 

rs. 76 
l 3 .14 

o.oo 
2.86 
o.oo 
o.oo 
4.13 
o.oo 
o.oo 

12.23 
o.oo 
o.oo 
o.oo 
3. 38 
6 • l 9 

12. 33 

5 

SEPI' 

3.22 
o.oo 
o.oo 

16.31, 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0,00 
o.oo 
2066 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0,00 
2.9 5 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
2.63 
o.oo 
o.oo 
o.oo 
2.59 
o.oo 
0,00 
0,00 
4.59 
5,51 

5 

0.167 

OCT 

3.10 
o. 00 
2.26 
5. 29 
o.oo 
o.oo 
o.oo 
o. 00 
o.oo 
o. 00 
o. 00 
o.oo 
o.oo 
o.oo 
o. 00 
o.oo 
o.oo 
o. 00 
o.oo 
o.oo 
o. 00 
3.06 
3.06 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

11, 67 
o. 00 
o.oo 
o. 00 
o.oo 
4. 34 
3. 17 
2.44 
s.n 
o. 00 
o.oo 
o.oo 
o.oo 
o.oo 
3. 45 
2.26 

6 

NOV 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0,00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o. 000 

Table 27. Average numbers of invertebrates per feeding type sampled by D-Vac on Halogeton 
glomeratus (#lm 3 plant canopy) 

COUNTS 

FEEDING TYPES 

FEEDING TYPE CHE 
FEEDING TYPE NEC 
FEEDING TYPE NON 
FEEDING TYPE OMN 
FEEDIMG TYPE PRE 
FEEDING TYPE SAP 
FEEDING TYPE sue 
TOTAL 

APR 

G.639 
0.000 
0.000 
0.000 
4.390 
3.609 

10.466 
25.105 

HAY 

3.880 
4.691 
2.165 
0.000 
2.129 
2.502 
6.940 

24.901 

JUNE 

3.053 
0.000 
5.536 
a.120 
4.558 
4.1' 46 

10.772 
36. 7 68 

JULY 

7.454 
4.350 
l.911 
0 .ooo 

12.449 
H,.593 
57 .067 
99.823 

AUG 

9.503 
r. 363 
0.000 
0.000 
5.303 
6.514 

50.777 
81.%&1 

SEPT 

0.000 
2.595 
0.000 
o. 000 
3. 118 

U.467 
3.698 

20.876 

OCT 

0.000 
3.063 
Z.436 
5.723 
3.219 
3. 814 
f,.977 

25 .2 32 

NOV 

0.000 
o. 000 
0.000 
o. 000 
0.000 
o. 000 
0.000 
0.000 

Table 28. Average weights of invertebrates per feeding type sampled by D-Vac on Halogeton 
glomeratus (glm' plant canopy) 

WEI GHr S 

FEEDING TYPES APR HAV JUNE JULY AUG SEPT OCT NOV 
---------------Q80GG-G------~--Go-•m~Q-d0-~0--&-QO_O_m=-----------==----------------------

FEE OIN G TYPE CHE 
tEEOING TYPE NEC 
fEEOJMG TYPE NON 
FEEDING TYPE OHN 
fEEDING TYPE PRE 
FEEDING TYPE SAP 
FEEDING TYPE sue 
TOTAi. 

0.350 
0.000 
0.000 
0.000 
o.rs2 
0.054 
o.on 
1.259 

6.089 
&.312 
0.020 
0.000 
5.861 
1.218 
0.390 

19.8116 

0.796 
0.000 
0.026 
o.3911 
l.965 
0.049 
0.250 
3.4 94 

9. 111 
0.492 
0.036 
0.000 
1.319 
o.046 
1.901 

12.909 

6.569 
1.345 
0. 000 
0 .ooo 
1.144 
0.037 
l.399 

10.514 

o. 000 
2.356 
o. 000 
o. 000 
0,575 
0.041, 
o.os3 
3.028 

0.000 
o.uo 
o.on 
o.s3a 
0.169 
0.016 
o.321' 
1.3so 

0.000 
0.000 
0.000 
0.000 
o. 000 
o. 000 
0.000 
o. 000 
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Table 29. Average numbers of the invertebrate taxa sampled by D-Vac on Sitanion hystrix 
(#Im' plant canopy) 

PLANT• SUHYS 

rnsi;:cr iAXON J\'PE Ai'!l lli\V JUNE JUi.Y AUG SEPT OCT NOV 
=~e~$~-~--=--==-==~=~~-===-~---~~•-==--=-===---==-=-===•---o=--==---=-=-~--e~--~G•-•ma•--• 

ARA I'~£ 15.115 3.93 s.10 23.H o.oo o.oo o. 00 o.oo 
ARAZI.H: PRE 3.85 o.oo o.oo 10. 70 o.oo o.oo o. 00 o.oo 
COUEU SAP o.oo o.oo o.oo ?7.65 o.oo o.oo o.oo o.oo 
COE25M E SAP o.oo o.oo o.oo 9. 43 o.oo o.oo o. 00 o.oo 
COl2CIUl CHE o.oo 4.23 10. 64 23. Si o.oo o.oo o.oo o.oo 
COL2CHRl'!IY CME o.oo 6.1)5 o. 00 o.oo o.oo o.oo o.oo o.oo 
COL2CIJR !JIU'. Cl!E 3.99 o.oo o. 00 o. 00 o.oo o.oo o. 00 o.oo 
CllLZCUll T HR Cl!E o.oo 3. 46 (). 00 o. 00 o.oo o.oo o. 00 o.oo 
COL2011.Si OW[ Pl<[ o.oo o.oo o.oo 26. 59 0 .oo o.oo o.oo o.oo 
Cfll.2!l/UUSHH PIH 3. 99 o.oo (). 00 o.oo o.oo o.oo o. 00 o.oo 
C!JL2f!:N ONE CIH'. 1.10 a. 9, o.oo 5.75 o.oo o.oo o. 00 o.oo 
OH'2CEC NON o.oo 3.H 3. 18 o.oo o.oo o.oo o. 00 o.oo 
Oll"2CER PRE l/>.68 o.oo c;. 36 o. 00 o.oo o.oo o. 00 o.oo 
OIP2PHO S~P {J.OO o.oo o. 00 4.09 o.oo o.oo o.oo o.oo 
HEH2UG sue o.oo o.oo ls. 00 o.oo o.oo o.oo o.oo o.oo 
HEii 21.Y 6EWII\IIC PIIE o.oo o.oo o.oo 5. 75 o.oo o.oo o. 00 o.oo 
HD!ZLYGNVSEIU sue o.oo o.oo o.oo 10.H o.oo o.oo o.oo o.oo 
HEW2UGPEl!SAS sue o.oo o.oo o.oo 26- 06 o.oo o.oo o.oo o.oo 
HEN211U sue o.oo 180 l. ~ o.oo o.oo o.oo o.oo o.oo o.oo 
HEMZNASPAGf" US Pl![ o.oo 3.37 o.oo o.oo o.oo o.oo o. 00 o.oo 
HEH 21'E N AEI.A ME sue o.oo 12.26 ,. 13 4.92 o. 00 o.oo o. 00 o.oo 
HEl!ZPEtHHVONE sue o.oo o.oo o. 00 "· 09 0 .oo o.oo o.oo o.oo 
HE:1421'1 EPlEONE sue i. 1.00 19 .2 1 17. 54 112.47 o.oo o.oo o.oo o.oo 
HOIHCOC sue bo&ll 4.U 5.41 46.51 o.oo o.oo o.oo o.oo 
HOHlCOC !!HT sue 35.r,3 8.46 2.10 o. 00 o.oo o.oo o.oo o.oo 
HON2CK C sue 10.09 21.39 19.02 11.11 o.oo o.oo o.oo o.oo 
HOH2PS Y ONE sue o.oo 12.57 o. 00 o. 00 o.oo o.oo o. 00 o.oo 
HVHlCU NON o.oo 6• lo ao. 33 19.H o.oo o.oo o.oo o.oo 
HVH2f01! OMii 43.14 19. 41 o.oo 6.16 o.oo o.oo o.oo o.oo 
HVl12SPH NH o.oo o.oo o.oo 28. 59 o.oo o.oo o. 00 o.oo 
lEP NEC o.oo r.20 o. 00 o.oo o.oo o.oo o.oo o.oo 
llRT2ACI! CHE o.oo 3.37 o.oo o.oo o.oo o.oo o. 00 o.oo 
PSE 2Ct1CDACS II. PRE o.oo o.oo 10. 04 o.oo o.oo o.oo o. 00 o.oo 
THS214AC ON£ SU' o.oo o.oo o. 00 '0 39 o.oo o.oo o.oo o.oo 

PllENOLOGY STAGES 3 5 & 6 

SPECIES DIVERSITY 0.665 1.162 l.025 1. 116 0.000 0. 000 0.000 0.000 

Table 30. Average numbers of invertebrates per feeding type sampled by D-Vac on Sitanion 
hystrix (#Im' plant canopy) 

COUNTS 

FEEDING TYPES APR !!AV JUNE JULY AUG SEPT OCT NOV 
-•--~-o=--o--•~----==~--eQ=-==o=-a-=--~===me•-~-m~-------$Q-~---~~=-~o•~~~===m=G~e-----•o 

FEEDING TVPE CH[ 5.1141 5.349 10 • 6 35 19.070 0.000 0.000 0.000 0.000 
fEEllIN G HPE NEC 0.000 r .201 0.000 211.589 0. 000 o. 000 0.000 0.000 
fEEDIMG TYPE NON 0.000 5.165 6.754 19.413 0.000 o. 000 0.000 0.000 
fEE DlhlG TYPE ll101 43.135 1 9. 46 9 0.000 a.1sr 0 0 000 o. 000 0.000 o. 000 
FEEDING TYPE PR( 7.591 3.649 7.331 20.946 0. 000 0.000 0.000 0.000 
fE[OXNG TYPE SAP 0.000 0.000 0.000 38.191 0 .ooo 0.000 0.000 0.000 
FEE DING TYPE sue 13-059 ll'.361 12.783 37.665 0.000 0.000 0.000 o. 000 
TOTAL 69.626 56.194 37. 503 112-692 0.000 0.000 0.000 o. 000 

Table 31. Average weights of invertebrates per feeding type sampled by D-Vac on Sitanion 
hystrix (glm' plant canopy) 

IIHGHT S 

fEEDING TVPES APR MAY JUNE JULY AUG SEPT OCT NOV 
gmeo-=m-~•=--=o--aoa~-------=-=aoo-coe=$~~-~--m-Q ___ m_e----=e~o~---=•~G-- 0 =--@ 0 -• 0 • 0 -•-=--

f"EE O ING TYPE CHE 0.375 2.215 o., 34 1.154 o. 000 0.000 0.000 0.000 
FEEDING TYPE NEC 0.000 1.99 9 0.000 3.202 0.000 0.000 0.000 o. 000 
FEEDING TYPE NON 0.000 0.079 0.029 0.159 0.000 0.000 0.000 0.000 
fEEOING TYPE llMN 1.553 2.395 0.000 o.&36 0.000 o. 000 0.000 0.000 
fEEOiliG TYPE PRE j.860 2.442 o.z35 2.&87 0.000 0.000 0.000 0.000 
FEEDING HI'[ SAP 0.000 0.000 0.000 0.200 0.000 0.000 0.000 o. 000 
HEO[NG TYPE sue 0.2% 4.266 A.603 1.537 0 • 000 0.000 0.000 0.000 
TOTAL 6.103 l 3.19 6 z.11>00 10.255 o. 000 0.000 0.000 o. 000 
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jar 

,7 m 

Figure 24. Emergent trap. 

Table 32. Seasonal occurrence of some invertebrate taxa sampled by emer
gent trapping from all vegetation types in 1973 and 1974* 

TAX..\ 1974 1973 

lepidoptera (except Noctuidae) 3/18----10/11 5/9---10/6 
Diptera ( Cecid0"'1iidae) 4/16----e/20 5/16---,/23 
Diptera (Muscidae) J/le----7/23 5/23----7 I 19 
fzymenoptera (Ghalcidoidea) 5/14----2/20 5/16----10/6 
Hymenoptera (Braconidae) 3/le----8/6 N01'E 
Hym.enoptera (1.;utillidae) 7/9-----7/23 7/12----8/9 
Hymenoptera (Formicidae) 5/14----10/17 5/16----10/6 
Araneida 3/5-----1%17 5/9-----10/6 
al'aneida (l,ycosidae) 5/14----9 5 INCL, IN ARANEIDA 
heuroptera (Hemerobiidae) 3/18---10/1 5/23--6/28 
.)olpugida (one species) 6/25----9/5 8/30 ( ONE RECORD) 
Gollembola (Sminthuridae) 4/J0----£/20 5/9----8/16 
!Jiptera (fhoriaae) 4/2-----10/17 6/15----9/21 
Hemiptera (I,vgaeidae) 6/11----8/20 6/21----9/29 
Hem.iptera (Nysius ~) 5/14----10/1 LCL, H, LYGAEIDAE 
i-iemiptera (Peritrechus saskatchewanensia) 6/25----9/5 n;c1. IN LYGAEIIJAE 
tiemiptera (Miridae) 5/14----9/18 5/16---9/21 
Homoptera (Aphididae) 5/29----8/20 NONE 
Homoptera (Cic:adellidae) 5/29---8/20 6/7-----6/ 1 5 
Tnysanoptera 5/14----10/1 6/28----7/26 

* Ta.xa listed occurred four or ;nore times in emergent traps during 1974 field season: 
3 J..arch----7 Oct.ober 

Curlew Valley 
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Figure 25. Pitfall grid utilized in the 1974 field season. 
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Figure 26. Individual pitfall trap. 
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Table 33. Mean density (#lm 2) and average individual weight (g) of invertebrates sampled by 
pitfall from the AGRDES site 

POP.EST. CONfI DENCE l NT. M£!GHT UlUES 

TR AP TAX ON N 8 0/Bl 90 % 95% RSQUARE HEAtl s. o. 
m-aoGQC~~-ca-=•Qo•===Q--c-~o--=====--o-~=---~Qa-~~Q==e~=~~--~==mm=~0=~Q=~~=Q~Q=QQ-=Q~• 

1I AR A A 25 1.033 0.291 0.356 o.84300 o. 00 386 0.00430 

u ARA2!.YC A 27 2.999 o.54& o.&sa o.74991 o.oH&9 0.043¼8 

11 AR!l2l YC 1 18 0.296 0.045 o.oss Q.91,528 0.02336 o.02e3s 

u AR A2 LVC 2 18 0.176 o. 1"7 o. 179 0.63282 0.01803 0.0200, 

H COL2CAR A 27 2.n 3 0.292 o.352 o.s1060 o.o i66 0 o. 01.7 53 

H COl.2 CUR THRA 3 o.os 1 o. 325 Q.654 Q.t,1019 0.01014 Q.01663 

11 C0l2 TEN ONEA u O.H5 0.086 0.105 0.77616 0.00594 0.001n 

u C0L2 TENC0N0/ll£A 11 0.00 3 0.01s 0.01a Q.01581 o.onn o.o,so4 
H C0l2TENEl£H l SA 20 o.uo 0.025 0.030 0o?612C o. 256l' 5 Oc.2%51 

u COLZJENHEPILA r o.134 o. 028 0.036 0. 76378 O. H 14 3 O.H,219 

u HYM2f0R A 23 2. 97 0 o. 357 0.432 Q.959 H 0.00160 o.001&r 

u HVtl2 POHP!l !Oli[A 3 Q.073 o. 045 0.091 0.92300 Q.(H2A5 ().{)! 510 

u UP A AO 0.0, 1 0.025 0,030 0,51688 o.oous 0.001.1;2 

u ORTZ GRVC!.:UONEA 14 o.oso 0,041 o.oso 0.10179 0.03040 o.04896 

1I ORY2GRVSYHiJSA u 0.10 5 0.029 0.035 0.66496 o.s1.os o.59667 

H ORT2 GRVS TU US! 5 o.u, 0.041 o.os& 0002931 0.18 O! 2 o. 22139 

11 SC02 VEJWE.J!.IJRA l 0.125 o. 044 0.056 0.75293 o. 11.5362 O.i.1425 

lI SC02VEJHJ30Ri. 8 0.129 0.022 0 .028 Q.80164 0.100H 0.11.2817 

u SC02 VEJVEJ0llR2 20 o.OJ' 5 0,031 Q.038 0001740 o. OS 322 0.00129 

1! SOL ON(A 6 0.05 4 0.01s 0.020 0.8294! o.oaro9 o.09750 

ll SOL ONE1 9 a.or o 0,017 0.021 Oo3t1621 0.057H, 0.06550 

u SOI. OME2 9 0.147 o.ou 0.010 0.66309 0.02010 o.OH90 

11 THS2 MAC ONEA 0.!24 o. 010 Q.015 Q.96063 0.01702 o.03963 

Table 34. Mean density (#Im') and average individual weight (g) of invertebrates sampled by 
pitfall from the AGRDES site 

POP.EST. CONf! DENCE un. WE l GHT VALUES 

TR AP T AXON N 80/81 90 X 95% RSQU ARE MEAN S.D. 
••••••--•-m---•~•=•o-~m---•••-m=---•---a-=-~--aQ-~e===~Q-==~===--=~-===~=-=~~~~Q==-=== 

21 ARA A 26 0.009 0.195 0 .236 0.65952 o. 00 39 0 0.00421 

21 ARAZLYC A 26 2.410 o. 405 o.489 o. 77 4 29 o. 03571 0.04123 

21 ARA2lYC 1 19 o.si.& 0.105 0.121 0.96302 0.01732 0.02049 

21 ARA2LYC 2 9 1. 100 o. 36 l 0.451 o.&5156 0.01001 0.()1936 

21 ARA2 THO A 10 0,097 0.030 0.031 o.noH 0.01089 O.OU63 

21 COL2CAR A 20 1.755 0.267 0.324 o.90346 0.01540 0.01601 

21 COL2HN ONEA 6 o.soo o. 14 9 o. 188 o.s96os O. 005H o.oono 
21 C0l2 TENCONONEA 10 o. 136 o. 092 0 0 114 0.74986 0.03273 0.03584 

21 COLZTENElECaNA 5 0.107 Q.116 o.1sr Q.26723 o.07166 0.08393 

21 COl2TENElEHlSA 18 o.s2r 0.113 o.u, o.o&oao 0.20931 0.31209 

21 COL2TENE'1SOMEA 18 0.121 0.034 0.041 O.H\090 o. 10 771 o. 14 375 

21 HYH2fOR A 20 o.no 0.219 o.z&s 0.38351 0.00343 Q.00614 

21 ORT2GRYSTEl"USA 18 o.osa 0.010 0.012 o.nsH, 0.35195 o.42543 

21 ORT2GRVSTEfUSl 6 0.101 0.029 0.03? 0.62436 0.21496 o.2&569 

21 SC02 VEJVEJ!!JRA 3 0.296 0.219 Q.561 0 .HO 16 o.09az9 0.127 46 

21 SC02 VEJVE..10UR1 12 0.111 o. 086 o. 108 o.sae,6 o. 09 555 0.10952 

21 SOL O~E2 14 0.110 o.Oi4 0.018 0.46781 0.03932 o.oi;uo 

Table 35. Mean density (#Im') and average individual weight (g) of invertebrates sampled by 
pitfall from the ART-ATR-SIT site 

POP.EST. CONFIDENCE I! NT. WEIGHT 1/ALUES 

TR AP T IIXON Ii 80181 90% 95% RSQU ARE MEAN s.o. 
•••o-•--•----••~o••-==----••=-----------=-=--==~-=Q•=-~o--==-~~m-==-Q•.=m-Q-aa-==-Q==-= 

31 ARA II 26 o.a63 0.213 0. 256 0.42839 O.O(U9f o.ooi.u 
3X AllAZUC A 16 0.261 0.220 0.267 0.62240 0.04313 Q.04978 

H ARA2l VC a 20 o.va o. 056 0.0611 0.83084 o. 02183 0.021,60 

3[ ARA2LYC 2 21 o.143 o.03r, 0.044 o.&9 n2 O.(H425 0.011:,05 

H C0l2CAR A 27 o.oc,s 0.010 0.012 o.r91s9 O. OH!l 1 0.02054 

H C0l2 TEI! ONEA 23 0.351 O. lH o. 142 (1.83756 o. 00862 o.01s111 

JI C0l2 TENCONO/JIEA 5 o.o,,,,. o. 07 3 0.090 0.10333 0.02068 o. 026 38 

3I HEll2UGEM81HCA 10 0.131 o.o&& 0.082 0.3HH, o. 00240 0.00285 

H HEIIZUGNYSEilU 9 60.046 107.369 133.999 0.22631 0.00053 0.00103 

31 HVN2f'OR A u 1 • l 9 3 0.768 0. 948 o.201ns 0.!)0167 o.oOU9 

H LEP A 11 o.uG 0.058 0.070 o. 13880 o. 00309 0.00433 

H LEP NOC K II 0.405 o.He ().185 0.85507 o. 02 58] 0.01021 

H ORTZ GRVCl':U!ll!EA 26 0.354 0.20& 0.240 Q.44129 (lo 0638 8 O.HHB 

H ORT2 GRYCEUCINEl 4 0.010 0.014 o.uo o.3otil'O 0.0399:l o. 052 90 

H ORTZ GRYC£UOME2 2! a.ms o. 04 3 o.os2 o. 30 362 o.ou21 o. OH,09 

31 ORT2GRVSTHUS!\ 5 o.OIJ6 Q.060 ().081 o.02566 0•36 U,7 o.s2122 

3I ORT2GRYSTEFUSK 14 0.149 O.OM, 0.001 o.sun 0.22110 0.24385 

3l PSE2CHEIJ AC SKLA 27 0.041, o. 015 o.ou.1 {).2069 0.0001& o.oooi.4 

31 SC02WEJVE..!@OR1 111 0.019 o. 015 0.0111 ().43459 O. l 262\l o.1ss40 

31 SOL DUH 10 0.042 o.ou o.oB o.,,un 0.10711, o. 16932 

H SOL ONE2 9 o.oe;3 o.OH 0.01, (l.(142'5 0.0211.2 o.@i'>n 

H SOL ON[3 G 0.123 o. 03 3 0.043 o.54963 0.00934 0.012113 
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Table 36. Mean density (#/m 2
) and average individual weight (g) of invertebrates sampled by 

pitfall from ART-ATR-SIT 
POP• EST. CONFIDENCE INT. HE! GHT VALUES 

TR AP f AXON N ll 0/81 9()% 95% RSQUARE MEAN s. o. 
--•eQe=c•==0-•~--c~-=----~=--•----~--~-----•-===--~=~-~-=••---==~=-=--~-==~-•-=c-~-~eo 

41 ARA A 18 0.435 o. 190 0.230 o. 434 55 o. 00 452 0.00485 
41 ARll2LYC 1 20 ().365 0.078 0.094 il.70966 0.02052 0.02302 
41 ARI\ZUC 2 21 0.28& o. 068 0.101 0.,0122 0.01433 o.01sss 
41 COL2CAR A 2t o. 32 9 o. 257 0.3H o.&2¼64 o. 01560 0.01090 
4[ COL21"£fl ONEA 16 o.54 s o. u2 Q.160 0.60532 0.00579 o.oons 
41 COLZ TENC □ NOij[A 10 0.091 (l.088 0.10;1 0-05035 O• 02 OH 0.02772 
4I COl2TENEl£CONA 16 0.23 6 0.030 0.037 0.32549 o.or&r& 0.08288 
4K COL2 HNEtEPlLA 23 0.216 o. 09 5 o. H4 0.45911 o.osoo4 0005621 
H HEM2UGE~fJV!CA 18 o.oa 7 0.012 o.oss o. 13124 o.01 39 3 0.03150 
41 H£112PI£PHONEA 11 0.177 O. H3 0.139 o.1Hss 0.00830 ().01881 
4I HOM! COC WHTA 4 o. 105 o. 055 o.os1 Q.86256 0.00079 0.00094 
41 HYM2f"Oil A 20 5.764 o. 566 0.669 0.32017 0.00156 0.001&2 
4! LEI' A 22 o. 52 3 0.153 o. 185 o.5oz,,o Q. 00 38 3 0.00650 
t,I UP NOC I 6 o. 36 3 0.059 0.011 0.9r765 O. 0260 l o.03rn1 
4I OR T2 G!lVCtUOM£A 15 0.092 0.054 0.066 0.42709 o. 0 4 30 3 o.05536 
41 ORT2 GRYCtuOMEA 26 0.126 o. 096 0. 116 o.3zro2 o.o46H 0.05180 
4 I ORT2GRVCf.UONE2 21 0 0069 o. 05 l o.oo1 0.25852 o.ou22 0.01486 
41 ORT2GRYSTffUSA 16 0.098 0.064 O. O? 8 0.'224 55 o.43639 o.52760 
41 O..~T2GRYSTffYS! 16 0. 19 3 0.035 0. 043 0.76955 o. 19466 0.22£,39 
4I SOL OMH 6 0.091' o. 059 0.074 0.06086 o. 06622 0.12865 

Table 37. Mean density (#/m 2
) and average individual weight (g) of invertebrates sampled by 

pitfall from ANNUALS 
POP.EST. CONFIDENCE INT. WEI GHf VALUES 

TR AP T AXON N BO/Bl 90% 95% RSQUARE MEAN s. o. 
~--a-a~--=-~m-a-=-~~m-~~-~-----~-=--=--e~=~m~Q~==-~~-~=~~~~~~~--~~~-=~~-~~a~=•~=-~o=-Q 

51 AR A A 20 o.r.2 0.210 0.327 0.58295 0000178 o. 01664 
51 ARA2LVC A 20 o. 17 3 0.087 0.105 Q.68227 0.0,,579 Q.Q5072 
5[ ARl\2LYC t 14 0.263 0.140 o. 171 o.56365 0.02109 0.02469 
SI ARA2LVC 2 5 0.224 0.279 0-377 0.58031:l o. o, ns 0.0195& 
SI ARA2 THO A 9 0.152 0.0% o.oro 0.89262 0.00635 0.01025 
'51 COL2CAR A 20 15.724 z.ssz 3.on 0.97245 0.01554 0.01599 
SI COL2 ltALCOL8 U'A 5 0. 151 o. 024 0.033 0.44789 0.01038 o. 01364 
51 C0L2 TEN [ 11 a. 561! o. 099 0. 122 0.72943 0.00111 0.01100 
51 COL2 YEN ONEA 12 5.152 1. 501 1. 846 0.6010¼ o. 00480 0.00531 
51 COL2 rENCONO MEA l3 1.na o.n, 0. 389 0.95751 0.05630 0.09778 
51 H£H2LYGEl!llV!CA 4 0.115 o.on 0.049 o.9;011 0.01187 o.02s12 
SI HEM2LVGLVGKUA 10 0.206 o. 06 '• 0.104 0.21,,B 0.010'H 0.01550 
51 HEMZLVGNVSER[ll 15 5 4. 35 5 2a.a12 26.604 0.811502 o.ooou 0.00047 
51 HEMZLVGNYSEHl 9 34 0.092 2s1.2u .HJ.So! o.rnB 0.00011 0.000111 
5( HEll2LVGNYSE:Rl2 9 810.321 299.259 37 3. 462 o.oHn 0.00012 o. 00014 
sr H£112 LYGPER S ASA 17 .23.326 10.922 u.2u 0.91158 0.000&1 0.00010 
51 HENZLYGPrRSASI 5 7.911 20.ns 26.094 o.194•0 0.00045 o.00059 
51 HEM2NASPAGFLISA 8 0.05 9 0.018 0.022 o.ru9r 0.00142 o.oo 115 
51 HYM2FOR A 27 0.168 o.toG 0. 128 0.45240 o.oott.o 0.00176 
51 HYN2HUH'l'P A 15 0.303 o. 066 (1.105 0.09099 0.00311, 0.001,22 
5! HYl'i2 POl!PR KO~EA !5 0.12 4 0.042 0.051 0.721,27 o.onos 0.01513 
51 LEI' A 19 0.117 (l.036 0.044 0.12938 0.01000 0.011,55 
51 LEP NOC l 11 0.04 s 0.060 0.012 Q.081'98 0.0376 5 0.04936 
51 ORT2GRVSHf"IJSA 10 0.10 f 0.044 0.055 0.77010 o. 47 !.32 0.60762 
51 SC02 VEJVEJ0 iJRA ll 0.065 (). 064 0.103 o.112se (l.15669 0.111021 
51 SC02 VEJVEJ0JR1 u o.060 o. 036 0.047 0.15397 o.09964 0.11315 
Si SOL ONEA 15 0.629 0.205 0.250 0.53211 o. 01552 o.oos111 
51 SOL O,iE2 3 o.79& o.as, 1 .,24 0.194H 0.04120 o.01s111 
51 SOL OliE3 3 O. 17 l o.613 1.234 o.34846 o. 02551! 0.041,5; 

Table 38. Mean density (#/m 2
) and average individual weight (g) of invertebrates sampled by 

pitfall from the ANNUALS site 
POP.EST. COlff!DENCE INT. WEXGHT VALUES 

TR AP T AXON N B0/81 90% 95% RSQUA!1E MEAN s.o. 
-~---m---------•--•==~•-----~---=~~=~~-a--~---==-=rn~-~m~----=~~===~=-=-===-=o==D~-~~~-

61 ARA A 17 1.200 1. U9 1. 361 0.56053 0.004~0 o.001t69 
61 ARAZLYC A 28 1.728 o. 954 1.150 o.rnn 0.03"21. o. 04394 
61 ARAZLYC 1 18 0.062 0.021 0.033 o.&2201;, o.02rH, 0.03501 
61 ARAZ mo A 4 0.230 O.H9 o. 115 0.46065 0.00396 0.01225 
61 COL2CAR A 21 l. 2.67 2 2.602 3.139 0.25152 o. 011'56 0.01824 
6l COL2CUR HIRA 6 0.090 o. 01.6 0.023 o.so5a2 o.oo 72¾ O.Ol.218 
61 COL2 TEN l 8 1. 37 0 o.747 0.941 0 • 55 96 3 o. 0066(1 o.ooen 
61 COLZ TEN ONEA 19 1.aai. 0.314 0.360 0.57199 o. 005~4 0.00&16 
6i COL2 TENCONONEA 16 0.01a 0.201 0.252 0.67341 o.02n2 0.03270 
61 COL2 TENEI. EP ILA 15 0.082 0.025 0.010 0.06413 0.05478 o.06092 
61 HEM2l VGE"f!V KCA 1 0.269 0.210 0.344 0.65689 o.,H043 0.02101 
61 HEIIZ L YGNY SEil U 12 10 2.120 45.714 56 .209 o.naso o.oo5H o. 01496 
61 HEll21.TGNVSER U 12 130 9.360 565. 920 120 • 436 Q.7Gl'51 o. 00421 0.01296 
61 HEll2UGNYSEIH2 7 U00.169 38Jio 739 4(17.072 i).8922! o. 000! 1 0.00012 
61 HEN2l'i'Gl'ERSl!SA 6 o.o;rs 0.052 Q.OG6 0.190115 o.ooon 0.00096 
61 HVll2FOR A 16 5.55 9 1.n2 1.11'4 0.11,311, 0.001.:;a o.001ss 
61 HVl12NUHYP A 12 0.%90 0.124 o. 153 o.6642/J Q.()0391l 0.00430 
61 HVN2PO!lf>RIORU 19 0.241 0.054 0.066 0.891141 O.OlHO 0.01512 
6( LEI' A 27 0.110 0.026 0.034 o.oui,r, o. 0099 4 0.01330 
6[ lEP NOC I 20 0.010 o.OH, 0 .(H4 o.r,1009 0.029H 0.03373 
61 ORT2 GilYCEU!llilE/1 24 0.039 0.012 0.014 o.ss>125 o. 09939 0.1579(1 
61 ORT2GR'tSTErUSI 11 0.106 1).()57 o.oro 0 .(,7!H,Z 0-20396 0.25246 
6I SOL ONEA 13 0.133 0.01)3 0 .102 0-36342 0006923 o.08351 
61 SOL ONE2 13 11.343 0.070 0.086 0 .&O 187 O.OH4& 0-01941 
61 SOL ONE3 10 0.232 0.01,s 0.056 0.38819 o.oos2\l O.(HOIB 



Table 39. Coding explanation 

A.GR DES -~ desertorum 

ART TRI - Artemisia tridentata 

A.TR CON -~ confertifolia 

BAS HYS ~ Bassia Qyssopifolia 

CHR VIS - Chrysothamnus viscidiflorus 

.iJ.63 FI?\ - ~scurainia pinnata 

HAL GLO ~ Halogeton glomeratus 

SIT HYS - .iitanion filstrix. 

~ 

example*: Coleoptera - Tenebrionidae - EJ.eodes hisr ilabris - Adult 

: O = suborder 

1 = superfrun3..ly 

2 M family 

3 = subf!!lr.ily 

COL~ Tis!, I ElE I HIS ~ 

@: A= adult 

I = irr.;nature 

# 1a 1-4 = size catee;ory 

* The first three letters of the orders, family, eenus, and si:ec ies 

names a.re used as the taxa code, unless otherwise indicated on 

the Curlew species listo 

D1scuss10N 

Six species of Tenebrionidae (Coleoptera) compose 97 % 

of all darkling beetles captured in 1974. These insects are 
particularly significant in the Great Basin region because 
they take over the ecological niche that is occupied by the 
Carabidae in less arid areas, and most tenebrionid species 
are western in their range (Borror and DeLong 1971). 
Community organization of the six herbivorous tenebrionids 
can be seen in the frequency distribution curves (Figs. 
27-29) as described by Price (1975). These data are based on 
28 weeks of pitfall trapping in each of the three vegetation 
types. Even though all six species are represented in these 
three vegetation types, evenness and abundance are variable 
(Table 40). The greatest species diversity is observed in 
AGRDES (grass). 

Density estimates range from a high of .31/m' (Eleodes 
hispilabris) to a low of .06/m 2 (Eleodes concinna and 
Embaphion sp.), from an area which is dominated by one 
plant species, Agropyron desertorum. The species diversity 
in ART-A TR-SIT (shrub) is slightly lower than that of the 
grass community. Density estimates ranged from .85/m 2 

(tenebrionid sp. 1) to .09/m 2 (Embaphion sp.). The 
dominant flora of the area includes three shrubs, Artemisia 
tridentata, Atriplex confertijolia, Chrysothamnus viscidi
jlorus, and one bunchgrass, Sitanion hystrix. 

ANNUALS showed the lowest degree of species diversity 
among the six beetles. Density estimates ranged from 8.80/ 
m 2 (tenebrionid sp. 1) to .02/m 2 (Eleodes concinna). This 
area contained two dominant species, tenebrionid sp. l 
and Coniotus sp. The combined density estimates of the 
other four species did not equal the densities of these two 
beetles. The flora in ANNUALS is characterized by 
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Halogeton glomeratus and Bassia hyssopijolia, dominant 
annuals with an abundant seed crop in 1974. 

Of the six tenebrionids, sp. l had the greatest estimated 
density in the three vegetation types. Coniotus sp. had the 
next highest estimated density and appeared to favor the 
habitat and resources of ANNUALS. E. hispilabris was the 
dominant species in AGRDES, but was seldom observed in 
the other two vegetation types. E. pilosa had its greatest 
density in ART-ATR-SIT, although only 53 specimens were 
sampled. E. concinna also displayed a preference for 
ART-ATR-SIT, although almost equal numbers of indivi
duals were found in samples from AGRDES. Embaphion 
sp. had the lowest density of all tenebrionids; only 25 were 
sampled during the entire field season. However, more than 
half were collected from AGRDES. 

Invertebrate data from the three vegetation types indicate 
that ANNUALS and ART-A TR-SIT have similar invertebrate 
biomass and density fluctuations (Figs. 30 and 31). 
AGRDES is dominated by a single bunchgrass, Agropyron 
desertorum, and shows little change in density and biomass 
over the entire field season (Fig. 32). The monoculture of 
AGRDES contrasts with ART-ATR-SIT and ANNUALS by 
exhibiting peak invertebrate density during September and 
October while the latter two areas show decreasing trends. 
This early-fall increased activity in AGRDES can be 
attributed to the reappearance of Collembola to cooler soil 
surface areas, the "explosive" infestation of Nysius sp. 
(Lygaeidae) seed feeders, and a marked increase in sucking 
types, e.g., homopterans and thysanopterans. Aecom .. 
panying the activity increase, species diversity values also 
increased in comparison to earlier spring and summer 
months (Table 8). 

The data in Table 7 indicate the phenology scheme 
utilized in 1974. These phenophases will be modified to fit a 
more convenient system in 1975 according to West and 
Gunn (1974) and West and Wein (1971). The herbivores 
response to phenology in all three vegetation types appeared 
to be the primary force influencing invertebrate numbers. 
This response is illustrated (Table 20) by four species of 
Curculionidae (weevils), on Chrysothamnus viscidijlorus, 
which attain their highest density estimates during the 
"greening-up" and early growth period of the plant 
(phenophases 2-4). 

In ART-ATR-SIT, the density and biomass trends of the 
dominant cool desert shrub, Artemisia tridentata, are 
inconsistent with the other vegetative species in the area. 
The number of invertebrates increases in August, 
presumably because of the late season bloom and 
consequent seed dispersal phases (Fig. 33, Table 12). At this 
time, Atriplex conjertijolia, S. hystrix and C. viscidijlorus 
(Figs. 34, 35) have less succulent leaves and seeds and are 
approaching dormancy, which accounts for their decreasing 
trends in invertebrate densities. A. conjertijolia is notable 
because this species maintains the highest invertebrate 
densities of all plant species sampled for the June-November 
season (Fig. 36). This may be partially a result of 
early-season flowering and the plant's ability to retain its 
seeds longer. 
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Table 40. Pitfall trapping data from six species of herbivorous tenebrionid beetles 

Taxa. 

Zleodes 
his pilabris 

EJ..eod.ea pilosa 

~ Sp e 

Teneb. sp. 1 

fil.eodes 

~ 

&nbaphion sp. 

Embaphion sp .. 

El.eodes pilosa 

Coniotus sp. 

'I'enebrionid sp. 1 

Trap 

1 
2 

3 
4 

5 
6 

1 
2 

) 

4 

5 
6 

1 
2 

3 
4 

5 
6 

1 
2 

3 
4 

5 
6 

1 
2 

3 
4 

5 
6 

1 
2 

3 
4 

5 
6 

Eleodes hispilabris 

t~o • # trapped/100m 2 

16 
47 

8 
6 

1 
1 

11 
9 

4 
22 

5 
4 

8 
26 

6 
9 

201 
110 

19 
35 

36 
49 

739 
141 

4 
9 

3 
12 

0 
2 

4 
9 

4 
5 

2 
1 

e 

to 

;,;,stimated density (#/m2) Comment 

.16 grass 

.47 
dominant species 

.08 shrub 

.Ob in Veg IV (grass) 

.01 annuals 

.01 

.11 

.09 
grass 

has its higheat 
.04 shrub 
022 estimated density in 

.05 annuals Veg I (shrub) 

.04 

.os 

.26 
grass 

very c ornmon in 
.06 ahrub ,09 Veg II (annuals) 

2,01 
annuals 1.10 

.19 

.35 
grass the dominant species 

.36 shrub 
(;;ith respect to numbers) 

,49 
for all three veg. types 

7 .39 annuals 1.41 

.04 

.09 
grass 

.03 shrub , 12 

.oo annuals both apecies are 

.02 
relatively uncommon but 

.04 

.09 grass occur over the entire 

.04 shrub 
site 

.05 

.02 
annuals .01 

20 30 40 50 60 

Number of :Individuals h::r ...,pecies 

Figure 27. Frequency distribution of the abundance of tenebrionid beetles in AGRDES, 

70 
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Figure 28. Frequency distribution of the abundance of tenebrionid beetles in Veg Type I (ART-ATR-SIT). 
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Figure 29. Frequency distribution of the abundance of tenebrionid beetles in Veg Type II (ANNUALS). 
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Figure 30. Fluctuations in mean invertebrate density 
(#/m 3 of plant canopy) for three vegetation types as sampled 
by D-Vac in 1974. 
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Figure 31. Fluctuations in mean invertebrate biomass 
(g/m 3 of plant canopy) for three vegetation types as sampled 
by D-Vac in 1974. 
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Figure 32. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Agropyron desertor
um in 1974. 
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Figure 33. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Artemisia tridentata 
in 1974. 
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Figure 34. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Chrysothamnus 
viscidiflorus in 1974. 
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Figure 35. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Sitanion hystrix in 
1974. 
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In 1974, ANNUALS was dominated by three nonnative 
annuals: Descurainia pinnata, Halogeton glomeratus and 
Bassia hyssopijolia. These species withstood the arid, 
unfavorable conditions long enough to be vacuumed several 
times. D. pinna ta grew, flowered and dispersed seeds in 
approximately 100 days. After leaf fall, the plant became 
indistinguishable from other decaying stems and sampling 
was discontinued. Maximum invertebrate densities of D. 
pinnata occurred early in the season (Fig. 37). This was 
primarily due to the abundant formicids and some 
herbivorous Coleoptera. Both H. glomeratus and B. 
hyssopijolia had invertebrate densities similar to D. pinnata 
but with peak periods occurring in midsummer. H. 
glomeratus and B. hyssopijolia were heavily infested with 
Nysius ericae (Lygaeidae) during the prefloral and 
flowering phases in July (Figs. 38, 39). These plants were 
succulent at this time, while other less significant annuals 
and forbs had withered. The massive explosion of lygaeids in 
midsummer resulted in a formidable biomass estimate of 
47.26 g/m' of plant canopy (Fig. 31). During this period, 
portions of plant clumps and individual vegetative parts 
were entirely hidden due to the teeming numbers of insects. 
High lygaeid densities in select areas caused the soil surface 
to appear to be flowing. This type of outbreak did not occur 
in the 1975 field season, which was subjected to various 
climatic factors. 

An overview of the invertebrate response to phenology, as 
sampled by D-Vac, can be surmised from Table 41. The 
three annual species attained peak invertebrate densities 
during their early growth stages. Shrubs became heavily 
infested during the floral stages. A. desertorum, the 
dominant plant in AGRDES, showed a peak density of 
invertebrates in September during the seed dispersal phase. 

Figures 40 and 41 illustrate possible relationships between 
estimated invertebrate densities and mean daily tempera
tures, and densities and relative humidity, respectively. It 
is difficult to suggest any positive correlations between these 
parameters. Plant phenology seems to be a more accurate 
indicator of invertebrate activity than either daily 
temperature or humidity. 

Emergent trapping has been carried out for three 
consecutive years in Curlew Valley. The primary value of 
this sampling technique is shown by the data in Table 32. 
The dates indicate the duration of on-site activity of each 
specific taxon. Since 1973 trapping commenced in May and 
1974 sampling began in March, it is difficult to compare the 
two seasons. A complete comparison of vegetation types, 
invertebrate activity duration and seasonal fauna from four 
consecutive field seasons will be included in the next annual 
report. 

Taxonomic Composition and Trophic 
Structure Analysis 

The feeding type categories assigned to the invertebrate 
fauna (Table 42) are based upon Odum's (1971) 
designations. Further modification and refinement of 
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categories from Bohart (pers. comm.), Van Emden (1973) 
and Borror and DeLong (1971) are given in a detailed 
trophic-level analysis (Table 43). Table 44 provides 
complete definitions for all feeding types. The taxonomic 
composition of the invertebrate fauna is presented in Table 
45 with an additional comparison of these data to an old 
field grassland in Table 46. The conspicuous difference in 
total species is an indication that a complete enumeration of 
the cool desert fauna is not yet accomplished. This reasoning 
applies primarily to the following orders: Coleoptera, 
Lepidoptera and Araneida. A Curlew Valley species list 
follows this report (Appendix I, seep. 61). 

The average density and individual weight estimates 
presented in Tables 33-38 are for true ground-dwelling taxa 
having five or more occurrences in an individual pitfall grid 
during the entire season. Whenever possible, a species was 
separated into size classes on the basis of weight as in 
Moulder and Reichle (1972), and as shown in Table 47. 
Density estimates were also calculated for these special 
categories. A notable element of the pitfall density tables is 
the difference in population estimates shown by a taxon in 
two different trap grids occuring within the same vegetation 
type. This is exemplified by Eleodes hispilabris in Trap l 
(.11/m') compared to Trap 2 (.52/m'). 

The low r-square values applied to some taxa are a 
reflection of low density and/ or erratic emergence within 
the trapping grid. These elements prevented a definite 
peak-capture figure from occurring, lowering the accuracy 
of fit of the regression line. The estimated biomass for a 
taxon is obtained by multiplying the population estimate by 
the average individual weight. 
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Figure 37. Monthly fluctuations in mean density of in
vertebrates sampled by D-Vac from Descurainia pinnata 
in 1974. 
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Figure 38. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Bassia hyssopifolia in 
1974. 

Figure 39. Monthly fluctuations in mean density of all 
invertebrates sampled by D-Vac from Halogeton glomeratus 
in 1974. 
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Figure 40. Weekly fluctuations in mean daily relative humidity and mean invertebrate density 
(#/m 3 of plant canopy) for all taxa sampled by D-Vac; April through November 1974. 
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Figure 41. Weekly fluctuations in mean daily temperature (0 C) and mean invertebrate 
density (#/m 3 of plant canopy) for all taxa sampled by D-Vac, April through November 1974. 

Table 41. Invertebrate response to phenology 

Mo. of l•·.o o of highest Mo, of Plant phenophase 
'leg '.1Type Plant speciea peak b iomaas sp. diversity (H1) peak density dwtlng peak density 

IV Agropyron desertorum l1'y July Sept (6) late seed dispersal 

I Atriplex confertilol:ia Sapt, Sept, July (5) flower 

I Artemis:ia tridentata Hay July Aug (4) flower bud 

I Chrysothamnus viscidiflorus Aug July Sept (5-6) flower - ae-ed dispersal 

I Sita.nion hyatrix }13.y 1·13.y July (6) seed diaperaal 

II llassia hyssopifolia July 11'.y July (4-5 ) flower bud - flower 

II Halogeton glomeratus May June July CJ-4) new leaf - flower bud 

II Descuraini.a. pinna ta April l-lalf April (3-4) new leaf - flower bud 
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Table 42. Comparison of feeding type frequencies as they 
occurred in samples in 1973 and 1974 

Fl'..i'...iJihG TYF~ 

(1974) Ciili 
,:,i\.F 
.,,r;G 

l,t.,i, 
C.-J, 
PM 
.::>liC 

TCTAL 

1o5l 
476 
383 
232 
J8E 

245G 
1144 

6931 

(1973) C,iE:======-o.J' 1749 
i,.uC 600 

318 
331 

1051 
840 

4?89 

c;;__,:, = chewing 
~,J- = saprophagous 
;,,:;~ = nectar feeding 
~.l.l, = non-feeding adult3 
UJ, = O!ll!livorous 
F rtL = predaceous 
.:i'JC = sucking 

* Combined a• phytophagous in 1973 

,; Gi' TVIil 

2~t:::>3J.7 

5 ,5 
3.3 
5. 7 

35,3 
16.5 

WJ.O 

35,S* 

10J.0 

Table 43. Trophic structure (number of species in feeding categories) of Curlew Valley invertebrates 
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}. f-arasitoids 6 36 221 
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5. f'hytoprusgic Sue. 4 39 60 12 47 
6. Sapropha&;ic 1 1 3 10 11 38 8 4 
7. O:nnivorous 2 15 15 
t and 6 7 3 
2 and 5 15 
2 and 6 1 12 1 
J and 4 22 
4 and 5 3 294 
4 and 6 1 20 22 14 
5 and 6 13 22 
5 and Kon-feeding 23 63 

Total 4 1 1 9 1 1 3 6 62 60 4 4 111 11 23 23 168 168 309 309 1 1 10 13 2 

Combined Cate,ories 
loophagoue 1 1 2 23 4 4 38 29 26 25 1 1 10 4 2 
f hytorhagous 4 6 1 5 54 60 57 71 23 23 68 135 73 294 5 
rarasitoid 6 36 243 
.Saprophagic 1 1 1 3 37 36 77 31 4 
Qnnivorous 2 15 15 

Total 4 1 1 9 1 2 3 7 77 60 4 4 138 36 23 23 207 191 331 309 1 1 10 13 2 
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Table 43, continued 
0 om 

~ •d ·rl .. 
-" -"'. 
P. . µ.·o 
.. +> ~ +> ~ cl 88 
@o ~ ;5 rl 

~ ~:;;! 0 

~ ~ ~ © " rl~ 

i5 ~ r~ 0 0 ~ +> ;5 

i:; .au .a • .a .9l 0 .---'-. I 
~@ .:'ltl ,v~ ~-, rl 

0 . C +' m 0 

"' WO • 0 

r~] 
• +> • .a . ;i •rl ,---i ~ B ~~ 81 rl m 

+' ... 
rl ~· 'O rl rl rl "'+> ' rl ;g -u 0 rl '6 'ii .q gt . "' "' .,~ s:::: "' 0 > 2 • .. oJ . " +> rt} ro +' :,.----- :r.----- t :-r-: ...__, t +> 

b.'.) r .... .i-) 0 0 0 d ::J 0 
.;i " ,~ • • m [< . . ... . . '" .. ... • 0...., f-< 

rl 0 E-; ~ ~ [-• .. f-< .. f-< .. ~ :r: ~ 

~ 
m " '8 . . .... • 0 .... .. "0 .... 
+> rl 0 G.,'t1V o, u 0 r,, ·0 0 '" -c ''1 -g ~ 0 
0 rl ~58 ,'.8 ... ,~ c '" ... m ... "'- ,,._ HO ,,.. ,,. f-• <:j.._., ... 

1 6J 4.5 2 1 •; 61 5.0 Jl 5 .c JO 4.9 33 5 
2 70 5.0 28 16 42 J.4 18 J.O 24 J.9 27 4 
J 263 19 0 0 263 21 2t/3 43 0 0 Ll3 J6 
4 204 15 15 E ,5 189 1' 140 23 49 8 .. 0 15c sl 
5 162 12 103 59 59 4.e 12 2.0 47 7.6 1 15 16 
6 76 5 ,4 9 5 .1 67 5 .4 48 s.o 19 J. 1 53 7,2 
7 32 2.J 2 1. 1 JO ~-.4 15 2.4 15 2.4 17 2.J 

1 and 6 0 0,7 0 0 10 C,8 7 1.1 J C,5 7 1 
2 and 5 10 1.1 16 9. 1 0 0 0 0 0 0 16 2.2 
2 and 6 16 0.9 0 0 13 1.1 12 2.0 1 c.2 12 1 ,6 
J and 4 13 1.6 0 0 22 1 .8 22 J.6 0 0 22 3 
4 and 5 297 21 0 0 297 24 0 0 297 48 0 0 
4 and 6 57 4. 1 1 o.6 56 4 .6 34 5 ,5 22 J.6 35 4,8 
5 and 6 35 2e5 0 0 35 2.8 13 2, 1 22 J.6 13 1 .8 
5 and Non-Feedlllf 86 6. 1 0 0 86 7 .c 0 0 86 14 0 0 

Total 

Cnmh • """ "o+ 

Zoorhagous 
f-hytophagoua 
fara.aitoid 
Sapropha[ic 
Or.niv:orous 

Total 

1406 176 1230 615 615 793 

176 11 46 24 126 9,.2 GS 9.7 58 8,7 95 
8,9 56 135 70 744 54 ~21 Jl 523 79 351 
<85 18 0 0 285 21 285 41 0 G 285 
191 12 10 5.2 181 1J 114 16 67 10 120 
J2 2.1 ~ 1 .~ JO Z .2 15 2.1 15 2.J 17 

1559 193 1366 703 663 868 

Table 44. Explanation of feeding types 

Feeding Tyres i..efined: 

1. Zoophap:ic Harvesting - mandibulate :r-,rectators. 

2. loophagic Sucking - haustellate rredators. 

3. Parasitoid - larval Goleoptcra, ili.:r;tera, and Hymenoptera 

which feed on prey captured by adults., 

11 
40 
33 
14 
2 

4.. Ph,ytpphagic l-ia.rvesting - Llcilldibulate herbivores, leaf miners, 

gall 1;1c.kers, fungal and ! ollcn feeders., 

5., Pf',.yt,ophagic Sucking - haustellate herbivores: sap and nectar 

feeders. 

(... S.1.rrophagic - consume dead and decaying organic matter. 

7. Qmivorous - any ccmb:ination of the r,revious six categories o 

Combined Feeding Types : 

Zoophagous - includes feeding tyr,es: 1,2~.3, 1 and 6,2 and 5, 

2 and 6,3 and 4. 

fnytorhagous - includes feeding tyres: 4,5,2 and 4,3 and 4, 

4 and 6,4 and 5,5 and 6,5 and Non-Feeding 

farasitoids •• includes fecd:Jlg types: 3,3 and 4,. 

3.arro:·-hacous - includes fcedint; tyres: 6 1 1 and 6,2 and 6, 

4 and 6,5 and 6. 

Chuiivorous - feeding type: 7. 

Curlew Valley 
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Table 45. Taxonomic composition of Curlew Valley invertebrates 

Taxon ii Specieo/Grder I/ Families/Order % Species of Total 

~ 

Collembola 4 4 0.5 

Thysanura 1 1 o. 1 

Odonata J 1 0.1 

Orthoptera 9 3 1.1 

lsoptera 1 1 o. 1 

Derrnaptera 1 1 0.1 

Psocoptera 3 3 0•4 

Thysanoptera 6 3 o.s 
Hemiptera 62 12 7,4 

Homoptera 60 12 7.6 

l\europtera 4 4 0.5 

Coleoptera 111 27 14,0 

Lepidoptera 23 10 2,9 

.Jiptera 168 37 21 .2 

riymenoptera 309 34 39, 1 

Chilopoda 

Geophilomorpha 2 - 0.3 

Arachnida 

Scorpionida 1 - 0.1 

Solpugida 1 - 0.1 

Pseudoscorpionida 1 - O,J 

Acarina 13 - 1.6 

Araneida 10 - 1 .3 

Total 791 153 99.Lc 

Table 46. Comparison of cool desert and old-field 
community composition 

..>pecies Data Curlew Valley Old-Field Grassland* 

TcL.JConomic ComEosition 

# of Orders 15 15 

# of Families 153 179 

ii of Species 763 1,584 

% of Total. Contributed by: 

Hymenoptera., Diptera 77% 86% 
Coleoptera and lepidoptera 

Hemipt.cra., Homoptera 17% 12% 
Orthoptera and 
'.Chysanoptera (Curlew) 
or Odonata (Old-Field) 

Tro:ehic Structure 

Adults: 

% Herbivorous species 59% 85% 

% Carnivorous species 34% 12% 

Immatures: 

% Herbivorous species 40% 41% 

% Carnivorous sr;ecies w 52% 

*Evans and Murdoch 1968. 



Table 47. Weights for size classes of invertebrates 
sampled by pitfall in 1974 

TA.i..A 

0rth.ortera - Wryllacrididae 

:euthot;i1ilus sp. 

Crthq_:tera - GrylL,.cr .i..uiuae 

.3tenopelmatus fuscus 

liei:::.; tera - Lyi;,a8icae 

Scorp~onida - Vejovi<lae 

Ve jovis boreus 

Araneida - Lycosidae 

~olpugida 

adult 

#1 

#2 

#J 

adult 

i..J.tature 

adult 

adult 

#1 

#2 

#J 

adult 

#1 

#2 

#J 

#4 

adult 

#1 

1/2 

/IJ 

14 

FUTURE RESEARCH 

,011J1 - ,J5000 

.J01'?5 and below 

•.. ·.)9-Jl and above 

•. f.,:'..: 1 5 and b<" :..o·..,, 

• 10501 and above 

,06001 - .105oc 

• 00901 - , 06000 

.00900 and below 

.OJ5C1 and above 

,02001 - .OJ500 

.00601 - .02000 

,00201 - .00600 

.00200 and below 

,.06501 and above 

.03001 - .06500 

.00701 - .CJOOC 

,00)01 - .00700 

, OOJ 00 and below 

Calibration of sampling methods began late in 1974 and 
continued through 1975. The results will appear in the 1975 
annual report. The grass and shrub vegetation types will 
receive special emphasis in 1975 with respect to a detailed 
invertebrate feeding analysis. The next report will also 
contain complete soil-arthropod data from field seasons 
1974-76. 
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VERTEBRATES 

R. D. Anderson 

REPTILES, AMPHIBIANS AND BIRDS 

A decision was made in 1971 not to sample reptiles and 
amphibians since so few are found on the sites. Birds were 
not sampled in 1974. 

RODENTS 

Introduction 

A live-trapping program that began in August 1971 for 
the estimation of rodent density and biomass was continued 
in 1973. In 1974, the program was restricted to an August 
sample on the south shrub and grass sites only. The northern 
sites were not sampled as that portion of the validation study 
had been discontinued. 

Methods 

The field methods used were essentially the same as those 
used since 1971 and described in Balph et al. (1973). The 
trap design remained a 12 x 12 grid with two traps per 
station, 15 m between stations. Traps were operated for five 
nights per sample. All animals captured were marked by toe 
clipping. 

Analytical methods differed from previous years. All 
live-trapping data from 1971 to 1974, inclusive, were run 
on a new program written for this study by Kim Marshall of 
the Desert Biome Data Processing Group. This program 
computes numeric estimates of population size using eight 
different estimators and allows the user to compare and 
decide which to use. Traditional capture-recapture estima
tors, such as the Schnabel (1938), as modified by Overton 
(1965), the Schumacher-Eschmeyer (1943) and the Jolly 
(1965), are included as well as several based upon frequency 
of capture distributions (Edwards and Eberhardt 1967, 
Eberhardt 1969, Tanton 1965). 

There was much discrepancy between the various 
estimators, with a surprising number of capture-recapture 
estimates lower than the number of animals actually 
observed. In fact, out of 69 separate estimates, only 27 .5 % 
of those calculated using the Schnabel formula (the method 
used in previous Curlew Valley validation work) and 29 % of 
the Schumacher-Eschmeyer estimates exceeded the number 
of animals actually captured by one or more, with only 
13.1 % of both types equaling or exceeding the number of 
animals actually captured by less than one. 

The Jolly estimator performed even more poorly, with 
daily estimates exceeding the number of animals actually 
captured by one or more; an average of only 19.1 % of the 
time. 

The various frequency of capture estimators in nearly all 
cases (the few exceptions being with the negative binomial 
estimator, which is a special case), estimated greater than 
the number of animals actually captured. The problem lies 
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in determining which estimator provides the most realistic 
estimate of numbers. It may not be enough to accept the 
estimate of the best-fitting distribution, as the traditional 
goodness-of-fit tests, such as chi-square, may not be 
sensitive enough, as shown by Roff (1973). 

The Curlew Valley validation data support Roff's (1973) 
contention that tests such as chi-square may not be sensitive 
enough to discriminate between different distributions. In 
many cases there appears to be no significant difference in 
goodness-of-fit between any of the four types tested 
(geometric maximum likelihood, geometric regression, 
f'oisson, negative binomial) with Curlew Valley data. 
Although none may deviate significantly from the observed 
data, there is a great deal of difference between estimates of 
the number of animals not captured. Figures 42 to 44 
demonstrate this with data for Peromyscus maniculatus, 
Perognathus parvus and Eutamias minimus, captured in the 
ART-ATR-SIT vegetation type (hectare 15) on the south 
shrub site in 1974. Selecting the distribution showing the 
lowest chi-square valu~ (i.e., best fit) may not be enough, 
as shown by Roff's (1973) simulation work where the 
distribution with the lowest chi-square value gave the worst 
estimate, far exceeding the known population. 

20 

10 

Observed 

Expected Geometric Maxinurn 
Likelihood (X2 = 8, 76) 

Expected Geometric ReRression 
(x 2 = s, 33) 

Expected Poisson 
(x 2 = 2. 96) 

Expected -Negative Binomial 
cx2 = 2. 87 

• ,. 
Number of captures per animal 

Figure 42. Goodness-of-fit of observed Peromyscus 
maniculatus frequency-of-capture data to the expected 
values of four different distributions, south shrub site, 
hectare 15, August 1974. 
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Figure 43. Goodness-of-fit of observed Perognathus 
parvus frequency of capture data to the expected values of 
four different distributions, south shrub site, hectare 15, 
August 1974. 
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Figure 44. Goodness-of-fit of observed Eutamias min
imus frequency-of-capture data to the expected values of 
four different distributions, south shrub site, hectare 15, 
August 1974. 
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Generally, the two types of estimates based upon the 
geometric distribution tended to be larger than the other 
estimators used, with the geometric maximum likelihood 
estimate being the largest. 

Because of the problems of interpretation, it was decided 
to follow the precedent of Krebs {1966), Maza (in Turner 
and McBrayer 1974) and others, and base all density and 
biomass estimates for 1974 upon the number of animals 
actually captured. It is felt that, although this is a 
minimum. estimate, it is at least a known quantity. A 
strong supporting argument in favor of using such a 
minimum estimate is that cumulative capture curves begin 
to level off after three to five days of trapping, indicating 
that, by that time, the bulk of the trappable animals have 
been captured (Figs. 45-47). Ail density and biomass 
estimates since 1971 on the southern sites have been revised 
in this manner and are presented here in tabular and 
graphical form. 

Home Range and Estimated Area Sampled 

Home range estimates are based upon the Jennrich and 
Turner ( 1969) elliptical estimator as in previous reports, 
although the means of pooling individual estimates to derive 
a mean home range area for each species was changed. 

In past years the estimate of area sampled in each 
sampling period was based upon the pooled home range size 
of each species captured in that sample (Turner et al. 1971). 
There were often only one or two individuals with enough 
capture points to allow an estimate of home-range areas and 
the estimate of sampling area was based upon these few 
animals. When no home-range area could be calculated, the 
area of the trapping grid was arbitrarily expanded by the 
distance between the traps (Balph et al. 1973) as an 
approximation of the area sampled. 

In this report, it was decided to follow the lead of B. Maza 
of the Rock Valley Validation Site study (Turner and 
McBrayer 1974), and base the estimate of area sampled 
upon the mean home-range size of each species, based on all 
captures since the beginning of the program. 

All Curlew Valley live-trapping data were searched and 
each animal that met certain criteria (a minimum of three 
captures at three different points not in a straight line) was 
listed by species with the home-range area calculated by the 
Jennrich and Turner (1969) method. The mean distance 
between successive captures (Brant 1962) as well as the 
numbers of captures for each individual were al.so listed. 
Means and confidence limits at the 90 % level (P < .10) were 
calculated for all these parameters. Three species, 
Peromyscus maniculatus, Perognathus parvus and 
Eutamias minimus, had enough individuals for meaningful 
analysis with 187, 116 and 48, respectively. Results for these 
species are shown in Table 48. 

In addition to these basic statistics, these data were 
subjected to a step-wise multiple regression analysis with 
home-range area as the Y variable and the other parameters 
as the Xi's. 
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Figure 45. Cumulative capture curve for Peromyscus 
maniculatus on the south shrub site, hectare 15, August 
1974. 
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Figure 46. Cumulative capture curve for Perognathus 
parvus on the south shrub site, hectare 15, August 1974. 
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Figure 47. Cumulative capture curve for Eutamias 
minimus on the south shrub site, hectare 15, August 1974. 

Based upon these analyses, it was decided to use the mean 
home-range area calculated with all the data since 1971 as a 
standard home-range area for these three species and to 
.expand the sampling grid area by a factor of this area as an 
estimate of the area sampled as described by Maza et al. 
(1973) and in Turner and McBrayer (1974). This is 
accomplished by converting the pooled home-range area to 
a circle, computing the diameter and then adding that 
distance (meters) to the side of the trapping grid (165 m). 
This distance is then squared to estimate the total area 
actually sampled (Turner et al. 1971). 

For the other species, the grid is expanded by adding 
twice the mean distance between successive captures (based 
on all the data since 1971) to the side of the trapping grid. 
This is consistent with Brant (1962), who felt that the mean 
distance between successive captures was a range size in 
Microtus sp. Also, the regression analysis done with these 
data indicates that this parameter is by far the most 
important of those tested. The regression analysis of the 
mean distance between successive captures against the 
Jennrich and Turner home-range area gave r 2 values of .64 
for Eutamias, .46 for Peromyscus and .58 for Perognathus. 
Addition of all the other variables (maximum distance across 
captures, number of captures, year, site, hectare) raised the 
r 2 values an average of only .059. 

In those few cases where neither home-range area nor 
distance between successive captures could be calculated, 
the sampling-grid size was arbitrarily expanded by adding 
twice the distance between trap stations (15 m) to the side of 
the trapping grid. 

The standard values for the estimated area sampled for 
each species based upon these analyses are shown in Table 
49. 
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Table 48. Means and 90% confidence intervals of various movement 
parameters based upon pooled 1971-74 Curlew Valley data 

Species Number of Number of 
Individuals Captures 

PERHA~l 187 x 4 .08 
90%CI 3.98-4.18 

PERPAR 115 x 3, 79 
907.CI 3. 68-3. 91 

EUTHIN 48 x 3.63 
90%CI 3.47-3.78 

DIP~flC 13 x 
90~~CI 

DIPORD 26 x 
90%CI 

ONYLEU x 
90%CI 

LAGCUR x 
90%CI 

REI~G x 

Table 49. Standard values of area sampled and mean 
weight used in density and biomass calculations. Based upon 
pooled 1971-74 data for each species (see Table 48) 

Species Estimated Area Sampled Mean Air-Dry Weight 
(Hectares) (Grams) 

PERMAN 7. 4 4. 78 

PERPAR 6 .55 4. 91 

EUTIITN 9. 8 8.64 

ONYLEU 6.14 5 .97 

DIPORD 4. 57 13.61 

DIP:MIC 7. 31 17 .69 

LAGCUR 4.24 5.85 

REIMEG 3. 8 2.65 

Biomass 

Biomass estimates for each species are based upon the 
mean weight of all individuals captured on the southern 
sites since 1971. The assumption of a 70 % water content 
was made in converting live weights to an estimated dry 
weight (Colley 1960). These standard dry-weight values for 
each species are listed in Table 49. 

Results and Discussion 

The three most important rodent species in Curlew Valley 
(as indicated by live-trapping), in terms of numbers and 
distribution, are Peromyscus maniculatus, Perognathus 
parvus and Eutamias minimus. Other species may also be 
important, but do not appear so due to the biases in 
live-trapping. There is some evidence of this in that Lagurus 
curatus, and other microtines, are apparently an important 
item in the diet of both coyotes (Steve Hoffman, pers. 
comm.) and badgers (Lindsey 1971) in Curlew Valley, 
although they are very uncommon in live-traps. Table 50 
lists the rodent species that have been observed to date on 
the Curlew Valley Validation Site. The presence of Mus 
musculus in the table is not indicative of a resident 

Mean Distribution Maximum Distance 
Beb..,een Successive Across Home Kange 

Captures Captures (hectares) 
(m) (m) 

37. 72 64. 97 .90 
35 .12-40, 31 60.76-69.17 .74-1.05 

29. 86 46. 23 .65 
26. 94-32. 79 U.69-50. 77 .51-. 79 

St, .04 83 .68 1. 72 
47.51-60.57 74.11-93.25 1. 24-2. 20 

52. 64 
JJ.6-71.67 

24. 35 
18. 34-30. 35 

41. 4 3 
26. 88-55 .98 

20 .41 
13.28-27 .54 

54 .06 

population. Only one individual of this species has been 
observed on the south sage site (in 1973) and probably 
represents an accidental introduction to the site. The 
individual in question was probably transported to the site 
in a truck carrying traps and equipment from Snowville. 

Revised density and biomass estimates for all samples 
taken on the southern sites, as well as the sex and age 
structure of the 1974 samples since 1971, are given in Tables 
51-81. These revised estimates are based on the number of 
animals observed rather than on some mathematical 
estimator and should be viewed as minimum estimates of 
population size. The change in the method of estimating the 
area actually sampled has resulted in a reduction in the 
magnitude of apparent density fluctuation but with little 
change in the relative trends. 

Figures 48 through 52 show the changes in density of the 
southern sites' three most important species, Peromyscus 
maniculatus, Perognathus parvus and Eutamias minimus, 
since 1971. An attempt has been made to correlate these 
changes in density to changes in precipitation, but with little 
success. Such a correlation has been shown for Perognathus 
parvus in south-central Washington (O'Farrell et al. 1975). 
In that study, changes in Perognathus density correlated 
with the preceding October-April precipitation (r = .99) 
rather than with annual precipitation. Although precipita
tion is undoubtedly an important climatic variable in 
Curlew Valley, there may be others, such as spring 
minimum temperatures, that confound the correlation with 
rodent density. Even though precipitation is adequate for 
germination and growth of annual vegetation, late spring 
freezing temperatures could kill newly germinated seedlings 
and cause a relatively poor annual crop. 

As shown in Figure 50, Eutamias minimus populations on 
the south shrub site have been fairly stable over the period 
since 1971. Populations of both Peromyscus maniculatus 
(Fig. 48) and Perognathus parvus (Fig. 49) have fluctuated 
much more, with Peromyscus showing a peak in 1972 and 
Perognathus showing a peak in 1973. 
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Table 50. Rodent species observed on Curlew Valley validation sites 

Species 

Spermophilus townsendii 

Ammospermophilus leucurus 

Eutamias mini!'!'.US 

Perognathus parvus 

Dipodomys microps 

Dipodomvs ordii 

Reithrodontomys megalotis 

Peromyscus maniculatus 

Peromyscus truei 

Onychomvs leucogas te r 

}!us rnusculus 

Lagarus curtatus 

Species Code 

SPETOW 

Affr[LEU 

EUL'-lIN 

PERPAR 

DIPXIC 

DIPORD 

REI~fEG 

PERT RU 

ONYLEU 

}fl'SHJ..;S 

LlGCUR 

Table 51. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, August 1971. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Species 

DIPNIC 

EUT.1IN 

ON'YLEU 

PER.HA,.~ 

PERPAR 

Nu::-:b(!r cantur..cd Es tir:w.ted dcasi ty 

UU:'"'bcr/ht.!Ct,J.t"..:' 

0. 27 

0.41 

0 ,16 

0 .95 

0 .46 

4 .84 

3. 53 

.972 

4. 52 

2. 25 

The periodic sampling (April, June, August) on the south 
shrub site indicated a decrease in the density of all three 
species in the HAL-ART vegetation type (hectare 75) from 
April to August. This is coupled with a density increase in 
the ANNUALS vegetation type (hectare 72). This may be 
indicative of a movement of animals into the ANNUALS 
area as seeds became available. It is now planned to conduct 
a similar, periodic sampling program in at least the 
ART-ATR-SIT vegetation type (hectare 15). Trapping will 
be done at two- to three-week intervals throughout the 
entire season, with the goal of gammg a better 
understanding of seasonal changes in rodent populations. 

As part of another research program, a portion of hectare 
60 (80 x 120 m) on the south shrub site was plowed and 
seeded with Agropyron desertorum during the summer of 
1974. It was decided to make use of this experimental 
opportunity and to trap the plowed area, plus the adjacent 
undisturbed shrub community. The results are shown in 
Tables 70 and 71. No animal was captured within the 
plowed area, although a large number were captured in the 
adjacent shrub area. The density estimates reported in 
Table 71 are averaged over the entire trapping grid and may 
underrepresent the density in the undisturbed area. It may 
be best to double these figures as an approximation of the 
density found in the shrub portion of the trapping grid. This 
area will be trapped again in August 1975, to assess changes 
that may take place as the plowed area becomes vegetated. 

N. Shrub N. Grass S. Shrub S. Grass 

X 

X 

X 

X 

X 

Table 52. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, August 1972. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Species 

DIPMIC 

ElITMIN 

PERPAR 

Estimated 
'.'iu::1ber caotured Esti'7ated density air-dry biom;,ss 

14 

12 

32 

:1.u!T'.be r /hectare gr a:".s /hec t~1 re 

1.23 

1.43 

1. 62 

4 .88 

LAGOMORPHS 

Introduction 

21. 78 

12. 34 

7. 75 

23. 99 

Blacktail jackrabbits (Lepus calijornicus) are the only 
lagomorph considered abundant enough to be censused on 
the Curlew Valley site. Drag censuses of this species have 
been conducted each October since 1971 on the south shrub 
site (A3UBJI1). 

Methods 

Methods used to census jackrabbits are those described in 
Balph et al. (1973). 

Results 

Only the south shrub site was censused in 1974. Table 82 
shows density, biomass and the changes in each since the 
1973 sample. Figure 53 illustrates the changes in jackrabbit 
density and biomass since October 1971. 

Jackrabbit populations continued to decline in 1974. The 
low density found on the south shrub site reflects the 
situation throughout Curlew Valley (L. C. Stoddart, pers. 
comm.). Possible factors responsible for the decline were 
discussed in Balph et al. (1973) 
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Table 53. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, April 1973. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Species ~/1:~.hcr caotur,2r.l Es tir:iatcd densitv 

DIP:'-fT.C 

EUT:'-mi 

PF.RN,\..': 

PERPAR 18 

nu!"'bcr/hect:.1re 

0 .82 

O.LiO 

0. 81 

2. 75 

14. 52 

3. 53 

3. 88 

13.49 

Table 54. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, June 1973. Density and biomass calculated using 
the standard values for area and mean weight from Table 49 

Sped es 

DIPHIC 

ElITHIN 

MUSHUS 

PERNAN 

PERPAR 

Estimc1ted 
Number captured Estimated density air-dry biom;:iss 

14 

22 

39 

number/hectare grams/hecta.re 

0.27 

1.43 

0.26 

2.98 

5.95 

4. 84 

12. 34 

3.16 

14. 21 

29.24 

Table 55. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, August 1973. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Species 

DIPHIC 

EUTMIN 

ONYLEU 

PERMAN 

PERPAR 

Number captured 

62 

Estic:1ated densitv 
number /hectare· 

0.68 

1.43 

0.33 

0. 81 

9.t,7 

Esti~ated 
air-dry biomass 

grams/hectare 

12.10 

12. 34 

1.94 

3. 88 

46.48 
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Table 56. Species, sex and age structure of rodents in the ART-ATR-SIT 
vegetation type on the south shrub site, hectare 15, August 1974 

Number 
Species Captured Males Females 

DIPMIC 

EUTMIN 22 11 

PER.MAN 28 14 14 

PERPAR 30 13 17 

REIMEG 

Table 57. Estimated rodent density and biomass in the 
ART-ATR-SIT vegetation type on the south shrub site, 
hectare 15, August 1974. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Species 

DIPMIC 

EUT1'ITN 

PERMAN 

PERPAR 

REIMEG 

Estimated 
Number captureJ Esti::iated density air-dry biomass 

number/hectare grams/hect.::ire 

0,27 4.84 

22 2.25 19.40 

28 3. 78 18.09 

30 4 .58 

0. 26 

22.49 

0. 70 

Table 58. Estimated rodent density and biomass in the 
ANNUALS vegetation type on the south shrub site, hectare 
72, August 1972. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPORD 

EUTMIN 

PERMAN 

PERPAR 

Estimated 
Number captured Estimated density air-dry biomass 

18 

11 

nu::iber/hectare grams/hectare 

1. 75 

0,10 

2.43 

1.68 

23.82 

0.88 

11.63 

8. 25 

Table 59. Estimated rodent density and biomass in the 
ANNUALS vegetation type on the south shrub site, hectare 
'i'.2, April 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPORD 

EUTIITN 

PERMAN 

PERPAR 

Estimated 
Number captured Estimated density air-dry biomass 

nur:cber/hectare grams/hectare 

0.88 

0.10 

1.08 

1.07 

11.91 

0.88 

5.17 

5.25 

Females 
% Juvenile Sub adults Adults 

59 .09 20 

50.00 17 

56.67 15 12 

Table 60. Estimated rodent density and biomass in the 
ANNUALS vegetation type on the south shrub site, hectare 
7~, June 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPORD 

EUfHIN 

PERMAN 

PERPAR 

SPETOW 

Nur.i.ber captur0d Estimated densitv 
number /he eta re, 

1.31 

0.20 

0.54 

1. 37 

0.26 

Estimated 
air-dry bio1r,ass 

grams/hectare 

17. 87 

1. 76 

2.58 

6. 75 

0.00 

Table 61. Estimated rodent density and biomass in the 
ANNUALS vegetation type on the south shrub site, hectare 
72, August 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPMIC 

DIPORD 

PERMA.1'.i 

PERPAR 

Estimated 
Number captured Estimated density air-dry biomass 

12 

21 

number/hectare grams/hectare 

0,14 

0 .66 

1.62 

3.21 

2.42 

8.93 

7. 75 

15. 74 
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Table 62. Species, sex andagestructureofrodentsin the ANNUALS vegetation 
type on the south shrub site, hectare 72, August 1974 

Species 

DIPMIC 

DIPORD 

PERMAt1 

PERPAR 

Number 
Captured Males Females 

Table 63. Estimated rodent density and biomass in the 
ANNUALS vegetation type on the south shrub site, hectare 
1i, August 1974. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species ~ur;:ber ca~tur.:::d 

DIPMIC 

DIPORD 

PE~fAN 

PERPAR 

Estimated dcnsLtv 
nu!T'bc r /hec t-1r2, 

0.14 

0. 22 

0 .68 

0. 76 

Estit:iated 
air-dry biomass 

grans/hectare 

2. 42 

2. 98 

3. 23 

3. 75 

Table 64. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, August 1971. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Estimated 
Species Number captured Estimated density air-dry biomass 

number/hectare grams/hectare 

EUTMIN 13 1.33 11.46 

PER}fAN 23 3.11 14. 86 

PERPAR 0.30 1.50 

Table 65. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, August 1972. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPHIC 

DIPORD 

EUTIIIN 

O,fi'.LEU 

PERMAN 

REIHEG 

PERPAR 

Estimated 
Number captured Es tir:1ated density air-Jr; biomass 

number/hectare gramsihectare 

0,14 2.42 

18 3.94 53.61 

15 1.53 13.22 

0.16 0.97 

52 7 .03 33.59 

0. 79 2.09 

11 1.69 8. 25 

Females 
7. Juvenile Sub adults Adults 

100 

100 

20.00 

80 .oo 

Table 66. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, April 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

EUT}lIN 

PERPAR 

Nu:-.';">er captured 

13 

12 

17 

Esti:;:ated density 
nurr.be r /hectare 

1.33 

1.62 

2 .60 

11.46 

7. 75 

12. 75 

Table 67. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, June 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Estimated 
Species Number cap tu red Es tiuated density air-dry biomass 

nurr.ber/hectare gc:1ms/hectare 

DIPHIC 0.14 2.42 

DIPORD 0.44 5 .96 

EUTIIIN 0 .82 7 .05 

LAGCUR 0.24 1.38 

PERHAt\/ 1.08 5 .17 

PERPAR 15 2.29 11.24 

Table 68. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, August 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPHIC 

EUTMIN 

PERMAt~ 

PERl'AR 

Estimated 
Nornber captured Estimated density air-dry biomass 

10 

number/hectare grams/hectare 

0 .41 

0.61 

0.95 

1.53 

7. 26 

5. 29 

4.52 

7 .so 
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Table 69. Species, sex and age structure of rodents in the HAL-ART vegetation 
type on the south shrub site, hectare 75, August 1974 

Species 

DIPORD 

EUTMIN 

PERMAN 

PERPAR 

Number Females 
Captured Hales Females Juven.ile Sub adults 

100 

12 50.00 

15 40.00 

50.00 

Table 70. Estimated rodent density and biomass in the 
HAL-ART vegetation type on the south shrub site, hectare 
75, August 1974. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPORD 

EUT?-fIN 

PEfilWl' 

PERPAR 

Estimated 
:-Jumber captured Estimated density air-dry bioIT',3SS 

12 

15 

nur:iber/hectare gra::tS/hect.:.1re 

0. 44 

1. 22 

2.03 

0.92 

5.96 

10.58 

9 ,69 

4 .so 

Adults 

11 

Table 71. Species, sex and age structure of rodents in the plowed ARTTRI 
vegetation type on the south shrub site, hectare 60, August 1974 

Number Females 
Species Captured Males Females % Juvenile Sub adults Adults 

DIPORD 50 ,00 

ElITMIN 18 10 55.56 14 

PERMAN 12 41.67 10 

PERI'AR 25 .00 

Table 72. Estimated rodent density and biomass in the 
plowed ARTTRI vegetation type on the south shrub site, 
hectare 60, August 1974. Density and biomass calculated 
using the standard values for area sampled and mean weight 
from Table 49 

Table 73. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south shrub site, hectare 
17, August 1972. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Estimated Estimated 

Species Number captured Estimated density air-dry biomass Species Nu!!lber captured Estimated density air-dry biomass 

number/hectare gr<J.rns/hectare number/hectare grams/hectare 

PERMAN 1.08 5 .17 
DIPMIC 0.14 2.42 

PERPAR 17 2.60 12. 74 
DIPORD 1. 31 17. 87 

REIHEG 1. 32 3.49 
EUTHIN 18 1.84 15.87 

PERMAN 12 1.62 7. 75 

PERPAR 0.61 3.00 
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Table 74. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 17, 
August 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 
Estimated 

Number captured Estimated density air-dry biomass 

LAGCUR 

PER.."'1AN 

PERPAR 

REIMEG 

28 

19 

nur:iber/hectare grams/hectare 

0.24 

3. 78 

2.90 

0 .26 

1. 39 

18.09 

14. 24 

o. 70 

Table 75. Species, sex and age structure of rodents in the AGRDES vegetation 
type on the south grass site, hectare 17, August 197 4 

Species 

PERNAN 

PERPAR 

NuTT:ber 
Captured 

11 

:-Jales Fe::1al.e,-; 

Table 76. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 17, 
August 1974. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Es timatcd 
Specie.s Nu!"!ber c2riturcd Es ti::1ated densi tv air-dry biomass 

number/hect.:1re. grams/hectare 

PERHAN 0.68 3. 23 

PERPAR 11 1.68 8.25 

Table 77. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 62, 
August 1971. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

DIPHIC 

PERMAi.~ 

PERPAR 

Es tirnated 
Number captured Estimated density air-dry biomass 

number/hectare grams/hectare 

0.14 

0.68 

1.07 

2.42 

3.23 

5, 25 

Juvenile SuiJ;:i.dul ts Adults 

60.00 

45.45 10 

Table 78. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 62, 
August 1972. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Estimated 
Species Number captured Estimated density air-dry biomass 

number/hectare grams/hectare 

DIPMIC 0.55 9 .68 

PERMAi"l" 10 1.35 6.46 

PERPAR 23 3.51 17 .24 

REH:EG 0.53 1. 39 

Table 79. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 62, 
August 1973. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Species 

PERPAR 

Estimated 
Nu1;1ber captured Estir.iated density air-dry biomass 

20 

nurc:ber/hectare grams/hectare 

0.68 

3 .OS 

3.23 

15.00 
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Table 80. Species, sex and age structure of rodents in the AGRDES vegetation 
type on the south grass site, hectare 62, August 1974 

Sps?;cies 

DIPHIC 

EUT:-!IN 

01\TYLEU 

PERPAR 

Number 

Captured 

19 

29 

~!al.es 

12 

14 

Females 

15 

Fern.:iles 

100 

50.00 

00.00 

36. 84 

51. 72 

Juvenile Subaciul ts 

12 

Table 81. Estimated rodent density and biomass in the 
AGRDES vegetation type on the south grass site, hectare 62, 
August 1974. Density and biomass calculated using the 
standard values for area sampled and mean weight from 
Table 49 

Spe.ci es 

DIPMIC 

EI.JTifDI 

mIYLEU 

PER.½\.N 

PERPAR 

£stir:uted 
Nur:ber cant•ir,~d Estimated densit·, air-dry bior.i.:iss 

19 

29 

numher/he2.ctarP. gra.F..s/hect.,re 

0.14 

o. 20 

0.49 

2. 5 7 

4 .43 

2. 42 

1. 76 

2. 92 

12. 27 

21. 74 

Adc.11 ts 

10 

16 

Table 82. Density and estimated biomass of jackrabbits on south shrub site, 
October 1972 and 1973 

No. 
Counted 

1973 

16 

No. 
Counted 

1974 

12 

Change 
1973-1974 

No, /Ha 
1973 

Aug 
1971 

-4 

Hectare 15 

Hectare 72 

Hectare 75 

.16 

No. /Ha 
1974 

.12 

Aug 
1972 

Change 
1973-1974 

-.04 

Biomass 
(kg/ha) 

1973 

.1 

Apr Jun Aug 
1973 

Biomass 
(kg/ha) 

1974 

.07 

Change 
1973-1974 

-.03 

Aug 
1974 

Figure 48. Changes in density of Peromyscus maniculatus in three vegetation types 
on the south shrub site, hectares 15, 72 and 75, August 1971 through August 1974. 
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Figure 49. Changes in density of Perognathus parvus in three vegetation types on the 
south shrub site, hectares 15, 72 and 75, August 1971 through August 1974. 
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Figure 50. Changes in density of Eutamias minimus in three vegetation types on the 
south shrub site, hectares 15, 72 and 75, August 1971 through August 1974. 
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Figure 51. Changes in density of Peromyscus maniculatus on the south grass site, 
hectares 17 and 62, August 1971 through August 1974. 
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Figure 52. Changes in density of Perognathus parvus on the south grass site, hectares 
17 and 62, August 1971 through August 1974. 
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Figure 53. Estimated jackrabbit density and biomass on 
south shrub site, October 1973 through October 1974. 
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APPENDIX I 

INVERTEBRATE SPECIES LIST 

INSECTA 

Collembola - * note same as Coleoptera, use COE 

Entomobryidae 
Entomobryid Ill 

Isotomidae 
Isotomid Ill 

Poduridae 
Podurid Ill 

Sminthuridae 
Sminthurid Ill 

Thysanura - * note same as Thysanoptera, use THS 

Machilidae 
Machilid Ill 

Odonata 

Coenagrionidae 
Coenagrion sp. 1 

Orthoptera 

Acrididae 
Aulocara ellioti (Thomas) 
Melanoplu~ 
Trimerotropis sp. 1 
T. bilobata Rhen and Hebb 
f. cyaneipennis Bruner 
Acridid Ill 

Gryllacrididae 
Ceuthophilus sp. 1 
Stenopelmatus fuscus Haldeman 

Mantidae 
Litaneutria minor (Scud.) 

lsoptera 

Dermaptera 

Forficulidae 
Forficula sp. l 

Psocoptera 

Liposcelidae 
Liposcelis sp. 1 

Psocidae 
Psocid /fl 

Psyllipsocidae 
Psyllipsocid Ill 

Thysanoptera 

Aeolothripidae 
Aeolothrips sp. 1 

Phaeothripidae 
Leptothrips mali Fitch 
Phaeothripid7/"2"" 

Thripidae 
Frankliniella sp. 1 
Thripid //4 
Thripid 1/5 

Curlew Valley 

Hemiptera 

Anthocoridae 
Orius tristicolor White 

Corixidae - * note same as Corizidae, use COI 
Corixid Ill 

Corizidae 
Corizus sp. 1 
Corizus sp. 2 
Hannortes reflexus Say 
Leptocorius trivittatus 
Stictopleurus plutonius 

Cydnidae 
Cydnid Ill 

Lygaeidae 
Emblethis vicarius Horr. 
Geocoris pallens sd.1 
Lygaeus kalmii Still 
.!:_. pyrrhopterus St&l 
Nysius roinutus Uhler 
N. sp. _1 __ _ 

Say 
Baker 

Peritrechus saskatchewanensis Barber 

Miridae 
Atomoscelis modestus (V.D.) 
Coquillettia insignis Uhler 
Deraecoris bakeri Knight 
lrbisia brachycera (Uhler) 
Labopidea sericata Uhler 
Leptopterna ferrugata (Fallen) 
L. sp. 1 
Lygus sp. 1 
Melanotrichus albocostatus (V.D.) 
M. althaeae (Hussey) 
H. sp. 2 
H. sp. 3 
Psallus sp. 1 
Scallus sp. 1 
si:Ic'i:opleurus plutoius 
Strongylocoris stygicus (Say) 
Trigonotylus ruficornis (Geoffroy) 
Mirid i/1 
Mirid 112 
Mirid /13 
Mirid 114 
Mirid //5 
Mirid //8 
Mirid /19 
Mirid //10 
Mirid 1111 
Mirid //12 
Mirid 1113 
Mirid //14 
Mirid /115 

Nabidae 
Nabis alternatus Parsh. 
Pagasa fuses Stein 

Pen ta tomidae 
Aelia americana Dallas 
Chlorochroa sayi St&!. 
C. sp. 1 
C. sp. 2 
Codophila remota Harv. 
Holcosteth~olarius (Stal.) 
Prionosoma podopioides Uhler 
Thyanta punctiventris V.D. 
:!'_. rugulosa Say 
T. sp. 1 
Pentatomid Ill 



3hinn et al. 

Piesmatidae 
Piesma incisa McA, 

Reduviidae 
Reduviid Ill 

Saldidae 
Saldid 111 

Tingidae 
Tingid Ill 

Homoptera 

Aphididae 
Aphidid Ill 
Aphidid 1/2 
Aphidid 1/3 
Aphidid //4 
Aphidid //5 

Cercopidae 
Clastoptera sp. 1 

Cicadellidae 
Aceratagallia sp. 1 
Acinopterus sp. 1 
Aplanus ~ (Ball) 
~- pauperculus (Ball) 
Athysanella sp. 1 
~. Sp, 2 
Auridius sp. 1 
Bal clu tha sp . 1 
Ballana sp. 1 
~2 
ii. sp. 3 
ii. sp. 4 
Ceratagallia sp, 1 
Circulifer tenellus (Baker) 
Commellus sp. 1 
Dikraneura carneola (Stil) 
Empoasca alboneura Complex 
!• aspersa 
!• typhlocyboides Complex 
E, sp, 1 
E. sp. 2 
Exitianus exitiosus (Uhler) 
Hebecephalus sp. 1 
Macrosteles fascifrons (St&!) 
Mocuellus sp. 1 
Parabolocratus sp. 1 
Paraphlepsius sp. 1 
Psammotettix sp. 1 
Texananus sp. 1 
Xerophloea sp. 1 
Cicadellid Ill 
Cicadellid 1/9 
Cicadellid //20 
Cicadellid //22 
Cieadellid //23 
Cicadellid //25 
Cieadellid //26 
Cicadellid //2 7 
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Cicadidae - * note same as Cieadellidae, use CID 
Magicicada sp, 1 

Coceoidea 
Coecoidea Ill 
Coceoidea 114 
Coccoidea //5 

Pseudococcidae 
Pseudococcid 112 

Fulgoroidea 

Delphaeidae 
Delphacid Ill 

Dietyopharidae 
Desertana sp. 1 

Fulgoridae 
Fulgorid Ill 

Issidae 
Aphalonema sp. 1 

Membracidae 
Membracid 111 

Psyllidae 
Aphalara angustipennis Craw£, 
A. artemisiae Frost 
A. minutissirn.8. Craw£. 
A. nubecula Patch, 
A. sp.1--
A. sp. 2 

Calophya triozoma Schw. 

Neuroptera 

Chrysopidae 
Chrysopid 111 

Coniopterygidae 
Coniopterygid Ill 

Hemero b iidae 
Micromus variolosus Hag. 

Myrmeleontidae 
Myrmeleontid Ill 

Coleoptera 

Alleculidae 
Myeetoehara sp, 1 

Anthicidae 
Anthieus sp. 1 
Isehyropalpus sp. 1 
Notoxus calcaratus Horn 
~rus salieola Lee. 

Buprestidae 
Agrilus sp, 1 
Chrysobothris sp, 1 

Carabidae 
Calasoma sp. 1 
Harp al us ob longus cs·y . 
Labia sp. 1 
Tecnophilus eroeeieollis Mene. 
Carabid 111 
Carabid /12 
Carabid 1/3 
Carabid 114 
Carabid 115 

Cerambyeidae 
Centrodura nevadiea Lee. 
Crossidens allgewahri Lee, 

Lepturini Ill 

Chrysomelidae 
Cryptocephalus •P• 3 
.c::_, sp. 5 
Disonycha quinquerutata Fisher 
Longitarsis sp. 1 
Metachroma sp. 1 
~ cortsputa Lee. 
M. sp. 2 
Pachybrachys sp. l 
Psylliodes punctulata Melsh. 
Stenopodius sp. 1 
Trirhabda nitidicollis Lee. 

Cicindelidae 
Cicindela longilabris Say 



Cleridae 
Monophylla sp. 1 
Clerid Ill 

Coccinellidae 
Brachyacantha ~ Melsh, 
Esochomus septontrionis Weise 
Hippodamia convergens Guer, 
Hyperaspis tetraneura Csy, 
H, nevadica Csy, 
}I. sp. 1 
~~ Csy 
Coccinellid Ill 
Coccinellid 112 
Coccinellid 114 

Crytophagidae 
Atomaria sp. 1 

Cueujidae 

Curculionidae 
Anthomomus tenius Fall. 
Apion earif~Lee. 
Cercopeus artemisiae Pierce 
Ceutorhynchus sp. 1 
~ quadrillineatus Chev. 
Cylindroeopturus adspersus Lee, 
Epimechus sp. 
Hypera postica (Gyll.) 
Lixus sp. 1 
Jiliy"t()bius sp. 1 
Scythropus sp. 1 
Cureulionid Ill 
Cureulionid 113 
Curculionid 115 
Cureulionid 118 

Das eillidae 
Dascillid Ill 

Dasytidae 
Listrua interruptus Lee, 
Triciiochrous sp. 1 
Dasytid 112 

Elateridae 
Aeolus sp. 1 
Heteroderes sp. 1 
H. sp. 2 
Elaterid 113 

Histeridae 
Rister sp. 1 
Saj,rinus desertorum Mars. 
S. insertus Lee. 

Lathridiidae 

Leiodidae 
Leiodid Ill 

Malaehiidae 
At talus sp. 1 
Collops bipunctatus Say 
_g_. utahensis Sehf. 

Meloidae 
Epieauta ferruginea Say 
E. normalis Werner 
Gnathias sp. 1 
Lytta vulnerata Lee, 
!:_. megister Horn 
Meloe sp. 1 

Mordellidae 
Anaspis sp. 1 
Mordellistena sp. 1 

Myeetophagidae 
Typhaea stercorea L. 
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Pedilidae 
Mastoremus longicornis Casey 
Pedilid /!l 

Phalaeridae 
Phalacrus sp. 1 

Curlew Valley 

Seaphidiidae - * note same as Searabaeidae, use SCD 
Seaphidiid Ill 

Searabaeidae 
Aphodius sp. 1 
Ataenius sp. 1 
Glaresis sp. 1 
Pleurophoras ~ Greute 
Seriea anthraeina Lee. 
Scarabaeid lil 

Silphidae 
Neerophorous sp. 
Silpha surinamensis Fab. 

Staphylinidae 
Staphylinid Ill 
Staphylinid 112 

Tenebrionidae 
Araeosehizus sp. 1 
Blapspinus sp, 1 
Cnemeplatia ~ Horn 
Coniotus sp, 1 
Eleodes eoneinna Blais. 
:f.7l.[si)ilabris Say 
~- pilosa Horn 
Embaphion sp. 1 
Stenomorpha sp. 1 
Tenebrionid 114 
Tenebrionid 115 
Tenebrionid 116 
Tenebrionid 117 
Tenebrionid 118 

Lepidoptera 

Coleophoridae 
Coleophora sp. 1 
Coleophorid Ill 

Geometridae 
Platea sp. l 

Hesperiidae 
Hesperia sp. 1 

Lyeaenidae 
Mitoura siva Edwards 

Noctuidae 
Euxoa auxillaris Grt. 
E. eitricola Grt. 
Feltia ducens Wlk. 

Pieridae 
Pieris occidentalis Reakirt 
f:'prc)todice Boisduval and Leconte 

Pyralidae 
Pyralid Ill 

Scythrididae 
Scythridid Ill 

Tineidae 
Bucculatrix sp. 
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Microlepidoptera 
Microlepidoptera Ill 
Microlepidoptera 112 
Microlepidoptera /13 
Microlepidoptera 114 
Microlepidoptera /15 
Microlepidoptera //6 
Microlepidoptera 118 
Microlepidoptera 119 
Microlepidoptera 1111 
Microlepidoptera 1113 

Diptera 

Agromyzidae 
Haplomyza sp, 1 
Liriomyza sp. 1 
.!o, sp. 2 
.!o, sp. 3 
Melanagromyza vireus (Loew) 
Ophomyia sp. 1 
Phytagromyza sp. 1 
.!'_, sp. 2 
P sp. 3 
P, sp. t, 
f. sp. 5 
P, sp • 6 
P, sp. 7 
P, sp. 8 
i. sp. 9 

Anthomyidae 
Hylomyia sp. 1 
Scatophaga stercoraria (L.) 
Schoenomyza sp. 1 

Asteiidae. 
Asteia sp. 1 

Asilidae. 
Asilus cumbipilosus Adis. 
Effe.ria be.nedict Brul. 
~pogon sp. 1 
MallophorL~a guildiana Will. 
Ospriocerus abdominalis Martin 
Scle.ropogon negle.ctus (Brom,) 
Asilid Ill 

Bibionidae. 
Bibio albipennis (Say) 

Bombyliidae 
Anastoechus barbatus O.S. 
Conophorus obe.sulus 
C, sp. 1 
Exoprosopa calyptera Say 
E. <loris O.S. 
I sp. 1 
Geren sp. 1 
~. sp. 2 
Mythicomyia atra Cresson 
!'.!-sp. 1 
~- sp, 2 
!:!, sp. 3 
Phthirea sulfurea Loew 
P, sp. 1 
P. sp. 2 
Poecilanthrax willistoni Coq. 
Villa lateralis Say 
:!_. syrtis Coq. 

Calliphoridae 

Cecidomyiidae 
Cecidomyiid Ill 
Cecidomyiid 112 
Cecidomyiid /13 
Cecidomyiid 114 
Cecidomyiid 115 
Cecidomyiid 116 
Cecidomyiid 117 
Cecidomyiid 118 
Cecidomyiid 1194 
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Cecidomyiid 1/95 
Cecidomyiid 1196 
Cecidomyiid 1197 
Cecidomyiid 1/98 
Cecidomyiid 1/99 

Ceratopogonidae 
Dasyhelea sp. 1 
_I)_, sp, 2 
_I)_. sp, 3 
_I)_. sp, 4 
Forcipomyia sp. 1 
Leptoconops torrens (Townsend) 
Ceratopogonid 114 
Ceratopogonid /18 

Chamaemyiidae 
Chamaemyia juncorum (Fallen) 
Leucopis sp. 1 
.!o, sp. 2 
Pseudodinia sp, 1 

Chironomidae 
Chironomid Ill 

Chloropidae 
Olcella sp. 1 
Q. sp. 2 
.Q. sp. 3 
Oscinella frit (L.) 
0, sp. 1 
0, Sp, 2 
0, Sp, 5 
Siphonella neglecta Becker 
S. sp. 1 
S, sp, 2 
Thaumatomyia appropluqua (Adams) 
Tricimba sp. 1 

Conopidae 
Thecophora propinqua (Adams) 
~ fulvifrons Say 

Culicidae 
Aedes dorsalis (Meigen) 

Dolichopodidae 
Dolichopodid Ill 

Empididae 
Drape.tis sp. 1 
D. sp, 2 
n. sp. 3 
Platypalpus sp. 1 

Ephydridae 
Ephydra ~ Jones 
Hydrellia sp. 1 
!!:, sp. 2 
Lamproscatella sibilans (Haliday) 
Philygria debilis Loew 
P, sp, 1 
Psilopa olga Cress. 
Scatella paludum (Meigen) 

Heleomyzidae 
Heleomyzid Ill 
Heleomyzid 112 

Lauxanidae 
Camptoprosopella sp. 1 

Milichiidae 
Leptometopa halteralis (Coq.) 
~ glabera (Fallen) 

Muscidae 
Coenosia sp. 1 
Haematobia irritans (L.) 



0titidae 
Euxesta fervida Cun. 
~1---

Otitid Ill 
0titid //2 
0titid //3 

Phoridae 
Phorid Ill 
Phorid //2 

Pipunculidae 
Pipunculus subopacus Lw. 
P. sp, 1 
Prothecus sp. 1 

Psychodidae 
Psychodid Ill 

Sarcophagidae 
Sarcophaga sp. 1 
S. sp. 2 
S, Sp. 3 
Senotainia flavicornis (Townsend) 
S. rubriventris Macquart 
:[. sp. 1 

Scenopinidae 
Sceno12:inus albifasciatus (Hardy) 
Scenopinid 1 

Sciaridae 
Sciarid Ill 
Sciarid 1/2 
Sciarid 113 
Sciarid 114 

Sepsidae 
Sepsid Ill 

Sphaeroceridae 
Leptocera sp. 1 

Stratiomyidae 
Hedriodiscus truquii (Bellardi) 
Nemotelus communis Hason 
0dontomyia tumida Banks 

Syrphidae 
Eupeodes volucris 0.S. 
Mesograpta marginata Say 
Syritta pipiens (L.) 

Tachinidae 
Cylindromyia sp. 1 
Gynmosma sp, 1 
Hyalomya aldrichi Townsend 
Microchaetina valida (Townsend) 
Nowickia sp. 1---
Paradidyma sp. 1 
Periscepsia sp, 1 
Stomatomyia parvipalpis (Wulp) 
Tachinid Ill 
Tachinid 112 
Tachinid 113 

Tephritidae 
Acinrina ferruginea Doane 
Eutreta oregona Curr. 
Neaspilota sp. 1 
Neotephritus ~ Loew 
Paro~ynia clathrata Loew 
Paroxynia sp. 1 
Procecidochares sp, 1 
Tephritus araneosa Coq. 
Trupanea bisetosa Coq. 
:!_. jonesi Curr. 
:!_. nigricornis Coq. 
Tephritid 112 
Tephritid 1/3 
Tephritid 118 
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Te.thinidae 
Pelomyiella mallochi (Sturt.) 
_I'... melruideri (Sturt.) 

Therevidae 
Psilocephala aldrichi Coq. 
P. costalis Loew 
f. sp. 1 

Tipulidae 
Tipulid Ill 

Trixoscelidae 
Trixoscelis sp. 1 

Hymenoptera 

Andrenidae 
Andrena pipe.ri Vier. 
A. sp. 1 
A. Sp. 2 
Perdita similis Timb. --------

Anthophoridae 
Epeolus sp, 1 
Melissodes agilis Cr. 
M. dagosa ~ 
:ff. glenwoodensis Ckll. 
M. menuachis Cress. 
:ff. subagilis Ckll. 
M. utahensis LaB. 
Triepeolus sp. 1 
:!: . sp. 2 

Bethylidae 
Bethylid Ill 
Be thy lid //2 
Bethylid //3 
Bethylid 1/4 
Bethylid 115 

Braconidae 
Adialytus sp. 1 
Agathis gibbosa (Say) 
!>:_. sp. 1 
Apanteles sp. 1 
A. sp. 2 
A. sp. 4 
X. sp. s 
X. sp. 7 
Bracon gelechiae Ashm. 
B. sp. 1 
B. sp. 2 
B. sp. 3 
B. sp. 4 
B. sp. 6 
B. sp. 7 
ii". sp. 10 
Chelonus (Microchelonus) sp. 1 
C. sp. 2 
C. sp. 3 
C. sp. 4 
Contharoctonus sp. 1 
Cremnops vulgaris (Cress.) 
Dacnusa sp. 1 
~2 
n. sp. 3 
n. sp. 4 
Hormius sp. 1 
Lysaphidus sp. 1 
Lysiphlebus sp. 1 
Meteorus leviventris (Wesm.) 
Microbracon sp. 4 
M. sp. 9 
Microctonus sp. 1 
Microplitis brassicae Mues. 
!:!_. sp. 1 
0pius sp. 1 
0. sp. 2 
o. sp. 3 
o. sp. 5 o. sp. 6 
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Orgilus ferus Mues, 
~1--

o. sp. 2 
Tetrasphaeropyx sp. 1 
Trioxys sp, 1 
Braconid Ill 

Ceraphronidae 
Ceraphron sp. 13 
_Q_. sp. 15 

Chalcididae 
Euchalcidia sp, 1 
Haltichella sp. 3 
H. sp. 4 
H. sp. 5 
Spilochalcis side (Wlkr.) 
~- leptis Burks 

Chrysididae 
Hedychridium taylori (Bod.) 
Hedychrum violaceum Brulle 
Holopyga ventralis Say 
Omalus sp. l 
Chrysidid Ill 

Colletidae 
Colletes dissoptus Timb, 
C. sirnulans nevadensis Swenk. 
_Q_. sp. 1 

Cynipidae 
Aspicera sp, 1 
Charips sp. 1 
Ganaspidium sp. 1 
Gillettia sp. 1 
Hexacola sp. 1 

Dryinidae 
Dryinid Ill 

Elasmidae 
Elasmus nigripes How . 
.§_. sp. 17 

Encyrtidae 
Encyrtid Ill 
Encyrtid 112 
Encyrtid 113 
Encyrtid 114 
Encyrtid 115 
Encyrtid 116 
Encyrtid 117 
Encyrtid /18 
Encyrtid 119 
Encyrtid 1/10 
Encyrtid 1112 
Encyrtid 1113 
Encyrtid 1116 
Encyrtid Ill 7 
Encyrtid 1119 
Encyrtid /120 
Encyrtid 1121 
Encyrtid 1122 
Encyrtid 1/23 
Encyrtid /124 

Eulophidae 
Achrysocharella sp. 24 
A. sp. 48 
A. sp. 49 
Chrysoaharis ainsleyi Cwfd. 
Chrysontomyia sp, 2 
C. sp. 3 
Cirrospilus flavoviridis Cwfd. 
C. sp, 1 
c. sp. 5 
Diaulinopsis callichroma Cwfd. 
Diglyphus begini (Ashm.) 
D. intermedius (Girault) 
:i!:, websteri (Cwfd.) 
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Elachertus sp, 66 
Emersonopsis sp, 58 
Entedon bigeloviae Ashm. 
Euderus sp. 3 
~53 
E. Sp, 55 
i. sp. 62 
If. sp. 72 
Galeopsomyia sp, 86 
Necremnus duplicatus Gah. 
Sympiesis sp. 56 
Tetrastichus sp. 25 
T. sp, 27 
'r. sp. 36 
'r. sp. 37 
r. sp. 69 
"f. sp. 75 
f, Sp, 77 
Zagrammosoma sp, 4 
Eulophid //5 
Eulophid //30 
Eulophid //35 
Eulophid //45 
Eulophid 114 7 
Eulophid 1/64 
Eulophid 1168 
Eulophid 117 3 
Eulophid //87 
Eulophid //90 

Eupelmidae 
Calosota metallica (Gahan) 
Eupelmus sp. 10 

Eurytomidae 
Eudecatoma sp. 14 
Eurytoma sp. 1 
E. sp. 2 
E. sp. 8 
E. Sp, 10 
E. sp. 12 
E. sp. 13 
Rileya cecidonlyiae Ashm. 
Tetramesa sp. 3 

Formicidae 
Camponotus sp. 1 
~ ~ lepida Wheeler 
I· fusca L. 
F. manni Wheeler 
Lasius sp, 1 
Lepi:'i)°thorax sp. 1 
Myrmica americana Weber 
Pogonmyrmex sp, 1 
Formicid lil 
Formicid 112 
Formicid /13 
Formicid /15 
Formicid 117 
Formicid 119 
Formicid 1111 

Halictidae 
Agapostemon femoratus Cwfd, 
Dialictus sp. 1 
Evylaeus sp, 1 
Lasioglossum sisymbrium (Ckll,) 
Sphecodes sp, 1 

Ichneumonidae 
Anomalon sp, 3 
Campoplex sp. 1 
Cratichneumon sp. 1 
Cremastus sp. 1 
Q. sp. 2 
Diadegma sp, 1 
Diasparsis sp. 1 
Enetastes dichromus 
Gelis sp. 1 
£, sp, 2 
Glypa sp. 1 
~- sp. 3 



Horogenes plutellae 
Ichneumon sp. 1 
Netelia sp. 1 
~hasp. 1 
Vulgichneumon sp. 1 

Mutillidae 
Cryphotes sp. 1 
Sphaeropthalma sp. 1 
Typhoctes sp. 1 
Mutillid Ill 
Mutillid 112 
Mutillid //3 

Mymaridae 
Gonatocerus sp. 2 
Polynema sp. 1 
Mymarid /14 
Mymarid 1/6 
Mymarid 1/20 

Perilampidae 
Perilampus sp. 1 

Platygasteridae 
Inos temma sp . 4 

(Vier.) 

Isostasius sp. 3 
Platygaster rohweri Fouts. 
P. utahensis (Ashm,) 
Platygaster sp. 1 
P. sp. 2 
Synopeas sp. 2 

Pompilidae 
Anoplius sp. 1 
A. sp, 2 
Aporus sp. 1 
Ceropales sp. 1 
Priocnemis oregona Bks. 
Pompilid #1 
Pompilid 1/2 
Pompilid 1/3 
Pompilid 114 
Pompilid 1/5 

Procototrupidae 
Procototrupes sp. 1 
Procototrupid #1 
Procototrupid #2 
Procototrupid #3 

Pteromalidae 
Habrocytus sp. 8 
H. sp. 10 
if. sp. 12 
![. sp. 42 
H, sp. 61 
if. sp. 65 
if. sp. 85 

Pteromalidae (cont.) 
Halticoptera sp. 2 
H. sp. 20 
if. sp. 10 
Heteroschema sp. 3 
Homoperus sp. 46 
Pachyneuron syrphi (Ashm.) 
Pteromalus sp. 4 
P. sp. 41 
Tridymus sp. 2 
Pteromalid 1/57 
Pteromalid 1159 
Pteromalid 1176 
Pteromalid /182 
Pteromalid /184 
Pteromalid 1190 
Sphegegasterinae #1 

Scelionidae 
Gyron sp. 8 
Idris sp. 1 
Telenomus sp . 2 
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CHIL0P0DA 

Curlew Valley 

!_. sp. 6 
1'_. sp. 7 
T. sp. 9 
T. Sp• 11 
r. sp. 16 
Trissolcus utahensis (Ashm.) 

Scoliidae 
Campsoscolia ~ (Ashm.) 

Sphecidae 
Ammophila cleopatra Menke 
!:_. dysmica Menke 
Astata bakeri Parker 
Benib:ix"ruiietlcana comata Parker 
Cerceris bicornuta Gue. 
~- convergens V. & C. 
C. rufinoda Cress. 
C. sextoides Bks. 
Diodontus sp. 1 
Diploplectron ferrugineus Ashm. 
Dryudella immigrans (Williams) 
Ectemnius dilectus Cr. 
Eucerceris-superba Cr. 
Mimesa sp. 1 
Nysson sp. 1 
Philanthus multi-maculatus Cam. 
Podalonia lm:tuosa (Sm.) 

Sphecidae (cont.) 
Podalonia mexicana (Sauss) 
Prionyx atrata Lep. 
P. canadensis Prov. 
Solierella sp. 1 
s. sp. 2 
Stizoides unicinctus Say 
Tachysphex ashmedii Fox 
T. tarsatus (Say) 
Tachytes fulviventris Cr. 

Thysanidae 
Thysanus niger (Ashm.) 

Tiphiidae 
Paratiphia sp, 1 

Torymidae 
Microdontomerus anthonomi (Crawford) 
Pseuderimus sp. 4 
P. sp. 6 
Torymus aeneoscapus (Huber) 
!_, capillaceus albitarsus (Huber) 
T. koebelei (Huber) 
:f. pallidicornis Boheman 
!_. thalassinus (Huber) 

Trichogrammatidae 
Trichogrammatid #1 
Trichogrammatid #2 
Trichogrammatid #3 
Trichogrammatid #4 
Trichogrammatid #5 
Trichogrammatid #10 

Vespididae 
Pterocheilus quinquefasciatus Say 
Rygchium annulatum sulphureum (Sauss.) 
Stenodynerus blandoides Bohart 
§_. noticeps Bohart 
§_. valliceps Bohart 

Geophilomorpha 
Geophilomorpha #1 
Geophilomorpha #2 



Shinn et al. 

ARACHNIDA 

Scorpionida 

Vejovidae 
Ve.jovis bore.us 

Solpug:lda 
Solpugid Ill 

Pse.udoscorpionida 

Cheliferidae 
Dactylochelifer silvestris 

Acarina 
Acarina Ill 
Acarina 112 
Acarina 113 
Acarina 114 
Acarina 115 
Acarina 116 
Acarina 117 
Acarina 118 

68 

Acarina 119 
Acarina 1/10 
Acarina 1111 
Acarina 1112 
Acarina 1113 

Araneida 

Araneidae 
Agriope trifasciata 

Pholcidae 
Pholcus sp. 1 

Salticidae 
Phidippus apacheanus 

Theridiidae 
Latrodectus hesperus 

Araneida Ill 
Araneida 112 
Araneida 1/3 
Araneida 114 
Araneida 115 
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