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ABSTRACT 
Abiotic measurements at Curlew Valley included air temperature, soil temperature, soil water, 

precipitation, solar radiation, relative humidity, wind speed and evaporation. The maximum air 
temperatures were recorded in July and were more moderate than those of 1974. As in 1974, minimum 
temperatures were recorded in January and below-freezing temperatures occurred during 9.5 months of the 
year. Soil temperature data concur with 1974 measurements; decreasing with depth in the summer and 
increasing with depth in the winter. These measurements were taken from two vegetation types, both in 
interspaces and under cover. Soil water potential was also measured in two vegetation types in interspaces 
and under canopies at four depths. Mean daily solar radiation was greatest in July, concurring with 1974 
measurements. Relative humidity was monitored bihourly. The minimum was recorded in September, in 
contrast to 1974 low readings in June and July. The highest relative humidities were recorded in December 
and January. Mean monthly precipitation (both rain and snow) was 21.5 mm, with the greatest amount 
occurring in April and the least in August. Total precipitation was 258 mm, 50 mm n:iore than in 1974. 
Weekly wind-speed readings at 0.5 and 2 m conc.urred with 1974 findings; the greatest in April and the least 
in December. Evaporation peaked in August and was lowest in June, contrasting with 1974 data. 

Plant validation studies were conducted in two vegetation types; Artemisia-Atriplex-Sitanion and 
Agropyron. Continuing the 1973 and 1974 studies, the frequent harvest method was again used on the 
ART-ATR-SIT type, to investigate net primary production, energy flow and nutrient cycling. Above-ground 
dormant biomasses were about 300, 150 and 15 g/m2, respectively, while plant densities averaged 1, 2 and 7 
plants/m 2

• Spring root biomass was estimated at 3000 g/m9, bringing the root:shoot biomass to about 6:1. 
Accumulated litter necromass was approximately 625 g/m'. Below-ground production was measured by 
frequent core-sampling techniques and net primary production for the year was estimated to be 946 g/m'. A 
second set of studies investigated the impact of herbivores on Artemisia tridentata. These studies showed that 
herbivores have little impact on net primary production and that the impact is indirect, rather than direct. 

The small mammal populations in Curlew Valley were monitored in two plant associations in 1975, the 
ART-ATR-SIT and AGRDES, and were censused in August in the ANNUALS, HALGLO-ARTTRI and off
site AGRDES types. Population estimates were based on the number of animals actually captured in Sherman 
live traps, which were checked every 24 hr for five consecutive days. Data were analyzed for seasonal and 
geographical differences in diversity. The ART-ATR-SIT type supported the highest density and peaked in 
June, with Perognathus parvus, Eutamias minimus and Onychomys leucogaster representing peaks in 
granivore, omnivore and carnivore trophic levels. Dtpodomys spp. (ordjl and microps) peaked in August. 
Peromyscus maniculatus peaked in May. Artemisia tridentata was always a proportional factor in terms of 
capture numbers. In the AGRDES vegetation type, both rodent density and species diversity were smaller. 
Dtpodomys spp. and E. minimus were virtually absent and the maximum density, which occurred in May, 
was 2.08. Reproduction activity was measured by inspection of females for vaginal plugs and enlarged 
mammary glands. Capture stress was determined by the state of the captured animal when released. Home 
range areas were also evaluated in terms of the various species and of the sex of the animals. 

In 1975, an expanded invertebrate sampling program was used to enrich the Curlew species list. Methods 
employed were D-Vac, pitfall, emergent and soil-core (methods previously utilized) with the addition of a 
natural history analysis of plant feeders. Plant phenological codes and data accompany the results of each 
method. Calibration of the D-Vac equipment showed the largest amount of invertebrates at 0800 and the 
fewest at 1200 hr MDT for three 24-hr sample dates. These data are considered preliminary and monthly 
calibration will be taken in 1976 to deduce more accurate efficiency percentages and revised population 
estimates. The greatest invertebrate biomass and density from regular vacuuming was again found on 
Atriplex confertifolia. The greatest species diversity on A. confertifolia occurred during November, as 
opposed to a September peak in 1974. Artemisia tridentata also showed a difference in maximum diversity 
from 1974 (September) to 1975 (October). These dissimilarities might be attributed to inclusion of more taxa, 
resulting from the new methodology. Emergent trap data results indicate that seeded Agropyron desertorum 
showed the greatest invertebrate densities during the field season. Tenebrionidae, previously quite prevaient 
in Curlew Valley, were conspicuously absent in 1975, probably because of their inability to climb. Other 
taxa probably are not susceptible to emergent trapping because of the same limitation. 

Soil seed reserves at Curlew Valley were sampled in 1975 to determine the seed biomass available for 
seedling production and for granivore food. Soil samples were collected four times (during summer and fall) 
within the ART-A TR-SIT vegetation type, under Artemisia tridentata and Atriplex confertifolia and in the 
interspaces. The soil samples, after being processed in the laboratory, showed that seeds are not distributed 
randomly, but are correlated with date and location. A. tridentata seeds were poorly dispersed, while A. 
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confertifolia had a slightly greater dispersion. Descurainia pinnata seeds were mostly under shrubs, as were 
the seeds of Sitanion hystrlx. It was found tha~ A. confertifolia and S. hystrlx contribute the greatest biomass 
while, surprisingly, A. trldentata contributes very little. Also, A. conjertifolia seeas contribute the greatest 
amount of energy to the system even though they contain the fewest calories per gram of seed. Contrary to 
findings of researchers in other desert systems, the Curlew Valley studies did not show a great impact on seed 
reserves by mammalian seed predation. 
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DATA COLLECTION DESIGN 

SYSTEM COMPONENT OSCODE North shrub North grass South shrub South grass Reported 
and A3U- on 

parameters measured 1973 1974 1973 1974 1973 1974 1975 1973 1974 1975 page 

METEOROLOGICAL 

Weather BJM4 10-12 
Air temperature end Sep X X X X X X 
Relative humidity end Sep X X X X X X 
Wind speed (2 m end Sep X X X X X X 
Wind speed (.5 m) end Sep X X X X X X 
Preci pi tati on (recording 

gauge, rain) end Sep X X X X X X 
Precipitation (overflow 

cans, snow) end Sep X X X X X X 
Soil surface temperature end Jul X X end Jul X 
Soil temperature ( 7 depths 

at weather station) X X 
Evaporation rate 

(recording meter) X X X X 

Temperature profile 10-12 
Air temperature profi 1 e 

(recording thermographs; 
several heights; shaded, 
p 1 ant canopy, inter-
spaces, 9 locations) X X X X 

Soi 1 temperature profile 
(recording thermographs; 
4 depths) X X X X 

SOILS 

Soil temperature and water 
potential (thermocouple 
psychrometers) BJP5 X X X 10-12 

2 veg eta ti on types 
( shaded and i nterspace, 
4 depths) X 

4 vegetat1 on types 
( shaded and i nterspace, 
4 depths) X X X X 

Soi 1 seed reserves BJS9 X X 35-38 

VEGETATION 

ABOVE-GROUND 

Biomass (off-site) BJC3 ,4 X X 13-14 
Species X X 
Size (cm)2 X X 
Cover ( cm ) X X 
Basal area (cm2) X X 
Phenology X X 
Sex X X 
Ory wt X X 

Bi amass dynamics of 
shrub components BJS3 X X 13-14 

Species (ARTTRI 
and ATRCON) X X X X 

Actual size (cm) X X X X 
Basal area (cm2) X X X X 
Dry wt woody 

stems (g) X X X 
Dry wt young 

stems (g) X X X 
Dry wt 1 eaves (g) X X X 
Dry wt inflo-

rescence ( g) X X X X 
Dry wt seeds (g) X X X X 
Dry wt deadwood ( g) X X X X 
Total dry wt ({) X X X X 
Estimated age yr; 

ARTTRI only) X X X 

Bi amass dynamics of 
grass components BJY4 X X X 13-14 

Species X X X 
Ory wt new growth X X X 
Ory wt o 1 d growth X X X 
No. seed heads X X X 
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Data Collection Design, continued 

SYSTEM COMPONENT DSCODE 
North shrub North grass South shrub South grass Reported 

and A3U-
on 

parameters measured 1973 1974 1973 1974 1973 1974 1975 1973 1974 1975 page 

ACCUMULATED LITTER 

Necromass dynamics of 
1 i tter components BJD3 ,4 X X X X X X 13-14 

Dry wt wood (9) X X X X X X 
Dry wt > 2 ITll1 (g) X X X X X X 
Dry wt < 2 ITll1 ( g) X X X X X X 
Dry wt fecal 

litter (g) X X X X X X 
Total dry wt X X X X X X 

Litter traps BJD5 X X 

BELOW-GROUND 

Dynamics of. 
root biomass BJE3,4 X X X X X X 13-14 

Species X X X X X X 
Type X X X X X X 
Dry wt, 0-20 cm (f) X X X X X X 
Dry wt, 21-40 cm gl X X X X X X 
Dry wt, 41-60 cm (g X X X X 

ELEMENTAL ANALYSES 

Nutrient analysis for each 
plant part by species ""101 X X X X X 13-14 

Calories/g dry wt X X X X X X 
Ash content (%) X X X X X X 
Ash free calories/g X X X X X X 
% protein X X X X X X 
% carbohydrates X X X X X X 
% fat X X X X X X 

Chemical analysis for each 
plant part by species MM2A,B X X X X 13-14 

Phosphorus (%) X X X X 
Potassium (%) X X X X 
Calcium (%) X X X X 
Magnesium (%) X X X X 
Silicon(%) X X X X 
Zinc {%) X X X X 
Copper ( p)m) X X X X 
Iron (ppm X X X X 
Manganese (ppm) X X X X 
Boron (ppm) X X X X 
Aluminum (ppm) X X X X 
Titanium (p)m) X X X X 
Cobalt (ppm X X X X 
Molybdenum (ppm) X X X X 
Strontium ()pm) X X X X 

Barium (p)m X X X X 
Lead (ppm X X X X 

Sodium [p)m) X X X X 
Sodium % X X X X 

Pl ant, root and 1 i tter 
p 1 ot synthesis 

2 
BJC5 X X 13-14 

Biomass ( g/m ) X X 

INVERTEBRATES 

Biomass - soil (2500-cc 
sample, biweekly) BJX4 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X X 
Feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 
Soi 1 surface tempera-

ture (°C) X X X X 
Air temperature, 

10 cm (°C) X X X 
Relative humidity, 

10 cm X X X X 
Time of day X X X X 
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Data Collection Design, continued 

SYSTEM COMPONENT DSCODE North shrub North grass South shrub South grass Reported 
and AJU-

on 
parameters measured 1973 1974 1973 1974 1973 1974 1975 1973 1974 1975 page 

Biomass - surface 
(pitfall sample, weekly) BJX3 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X X 
Feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 

% cover X X X X 

Biomass - above-ground 
(D-Vac sample, biweekly) BJXl X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 

Stage X X X X 

Feeding type X X X X 

Dry wt X X X X 

Vegetation species X X X X 

Pl ant height X X X X 
Width, 2 heights X X X X 

Length, 2 heights X X X X 

% cover X X X X 

Soi 1 surface tempera-
ture (°C) X X X X 

Air temperature, 
10 cm (°C) X X X X 

Relative humidity, 10 cm X X X X 
Time of day X X X X 

Insect emergence (weekly) BJX2 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X X 
Feeding type X X X X 

Dry wt X X X X 
Vegetation species X X X X 

Height X X X X 
% cover X X 

Biomass - soil (2500-cc 
sample, biweekly) BJX4 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X X 
Feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 
Relative humidity, 

10 cm X X X X 
Time of day X X X X 

Biomass - surface 
( pi tfa 11 traps, 
3 days/wk) BJX3 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 

Stage X X X X 
Feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 
Time of day X X X X 

Biomass - above-ground 
(D-Vac sample, weekly) BJXl X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X X 
Feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 
Pl ant height X X X X 
Width, 2 heights X X X X 
Length, 2 heights X X X X 
% cover 
Phenology X X X X 

Relative humidity, 
10 cm X X X X 

Time of day X X X X 
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Data Collection Design, continued 

SYSTEM COMPONENT DSCODE 
North shrub North grass South shrub South grass Reported 

and A3U- on 
parameters measured 1973 1974 1973 1974 1973 1974 1975 1973 1974 1975 page 

Insect emergence 
(sampled biweekly) BJX2 X X X X 15-28 

Invertebrate taxa X X X X 
Number X X X X 
Stage X X X. X 
feeding type X X X X 
Dry wt X X X X 

Vegetation species X X X X 
% cover X X X X 

Time of day X X X X 

VERTEBRATES 

RODENTS 

Biomass - on-site BJH3 ,4 X X X X X X X X 29-34 
Periodic samples (Apr, 
Jun, Aug) X X X Aug only X X Aug only X 

Species X X X X X X 
Sex X X X X X X X X 
Age X X X X X X X X 
Nipple condition X X X X X X X X 
Vaginal condition X X X X X X X X 
Testicle condition X X X X X X X X 
Wt X X X X X X X X 
Density X X X X X X X X 

LAGOMORPHS 

Jackrabbit biomass BJ! l X X 
Density (drive count) X X 
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ABIOTIC 

M. Merritt 

Am TEMPERATURE 

Bihourly hygrothermograph readings continuously moni
tored thermal flux in Curlew Valley (Table· -l). 
Below-freezing temperatures were recorded 9.5 months of 
the year, with January reporting the lowest temperature of 
-21 C. Maximum temperatures of 36 C were recorded in 
July. Mean air temperatures were more moderate during 
1975 than during 1974. 

PRECIPITATION 

A weighing, recording rain gauge continuously measured 
rainfall. Snow accumulation was measured weekly. Rain 
and snow are combined into total precipitation (Fig. 1). 
Mean monthly precipitation was 21.5 mm, with the greatest 
amount occurring in April and the least amount in August. 
Total precipitation measured in 1975 was 258 mm, 50 mm 
more than in 1974. 

SOLAR RADIATION 

Radiation was integrated by a star pyrometer into voltage 
and recorded hourly. Mean daily solar radiation was 
greatest in July (Fig. 2), concurring with measurements 
taken in 1974. 

RELATIVE HUMIDITY 

Bihourly hygrothermograph readings continuously moni
tore<l pen:ent relative humi<lity. A two-variable parabolic 
regression (r 2 = 0.63, P ~ .005) indicates that relative 
humidity was least in September (Fig. 3). This is in contrast 
with 1974, when the least percentage of relative humidity 
was recorded in June. 

WIND SPEED 

Totalizing anemometers at heights of 0.5 and 2 m were 
read weekly. Wind speeds averaged 3.8 km/hr more at the 
2-m height (Fig. 4). The greatest speeds were recorded in 
April, and the least in December, concurring with the 
previous year's measurements. 

SOIL WATER 

Thermocouple psychrometers measured soil water 
potential in two vegetation types, both in the interspaces 
and under plant cover, at depths of 5, 15, 30 and 50 cm. 
These measurements were averaged· per depth and appear 
in Table 2. As summer progressed, the shallow depths 
experienced the greatest decrease in water potential. Soil 
moisture fluctuated least at the greater depths. These data 
are similar to those of 1974. 

SOIL TEMPERATURE 

Soil temperature measurements were taken in conjunc
tion with soil water potential measurements. Readings from 
two vegetation types were averaged per depth (Table 3). 
Temperatures were greatest at the surface and decreased as 
depth increased. These data concur with 1974 readings. 

EVAPORATION 

A bihourly recording evaporimeter, located in the shade 
30 cm above ground level, continuously monitored 
evaporation. Evaporation was greatest in August and least 
in June (Fig. 5.). These data are in contrast with those of 
1974, when the greatest amount of evaporation occurred 
between June and July. 

Table l. Biweekly air temperature (0 C) 

Month H1n1111iJm Max1m1,1r1 Hean 

-20.6 4.4 - 5. 4 
-21.1 11. 1 - 4.1 

-13. 3 7. 2 .9 
-15.6 7 .8 - 3.0 

- 2.8 11. l 4.2 
- 7. 8 14.4 2.9 

- 8. 3 15.6 4.3 
- 2. 2 17 .8 6.1 

- 2.8 26. l 9.2 
- 2 .2 27.8 11. 7 

0.0 30.0 16. 7 
l. l 31. l 15.9 

2.8 35.6 22. 9 
7. 8 36. l 21.5 

4. 4 35.6 20.5 
- l. 1 31. 1 16. l 

- l. 1 28.9 14.6 
- 6. 7 25.6 9.8 

10 -10.6 18.9 4. l 
-14.4 12.2 - 3. 1 

11 -14.4 7 .8 - 5. 1 
-18.3 7 .8 - 7. l 

12 -13.3 6. 7 - 4.2 
-18.9 l. 1 - 7 .5 
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Table 2. Soil water potential summary (negative bars) Tabl~ 3. Soil temperature summary (° C) 

Date 
Oepth(cm) Date Oepth(cm) 

(1975) 15 30 50 (1975) 15 30 50 

6/24 16 11 10 23 6/24 19 16 15 14 

6/27 12 17 5 34 6/27 19 15 14 14 

6/30 16 6 23 6/30 26 19 17 15 

7/1 12 25 20 23 7/1 26 18 17 15 

7/15 6 20 26 7/15 26 21 20 18 

7/22 27 20 23 26 7/22 26 22 21 19 

7/29 29 32 32 7/29 25 23 22 20 

8/5 34 32 32 33 8/5 23 19" 20 18 

8/11 49 42 36 8/11 23 20 20 19 

8/14 44 40 32 8/14 21 19 20 19 

8/19 51 46 37 8/19 21 19 20 19 

8/27 51 38 37 8/27 21 17 19 18 

9/9 54 48 40 9/9 17 16 18 17 

9/16 47 17 50 42 9/16 20 17 17 17 

9/30 56 48 40 9/30 21 13 13 14 
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Figure 5. Monthly summary of evaporation. 



PLANTS 

R. S. Shinn 

Plant validation studies for 1975 in Curlew Valley were 
conducted in two vegetation associations: the Artemisia
Atriplex-Sitanion type and the Agropyron type. 

Artemisia-Atriplex-Sitanion 

In 1975, 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 and 1974 on net primary production, energy flow 
and nutrient cycling in Artemisia tridentata, Atriplex 
confertifolia and Sitanion hystrix. The second set of studies 
were experiments designed to determine the extent of 
impact herbivores have on a field population of Artemisia 
tridentata. 

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

The ART-ATR-SIT association is dominated by two 
shrubs, Artemisia tridentata and Atriplex conjertl.jolia, and 
a grass, Sitanion hystrlx. Plant densities average one, two 
and seven plants per m', respectively. Above-ground 
dormant biomasses are about 300, 150 and 15 g/m', 
respectively. Spring root mass for the community is an 
estimated 3000 g/m'. 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. conjertifolia 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 of the 1973 and 1974 work were reported by Shinn 
in Balph et al. (1974) and Shinn et al. (1975). 

The 1975 growing season was relatively good, with 
precipitation patterns and totals similar to the 1973 growing 
season. As a result, A. tridentata produced 102 g/m', A. 
confertifolia produced 66 g/m' and S. hystrix produced 45 
g/m' of above-ground phytomass. An estimate of 
below-ground production for 1975, which is methodologi-
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cally consistent with the 1973 and 1974 estimators, shows 
the 1975 below-ground net primary production to be 946 
g/m'. Therefore, the combined above- and below-ground 
NPP for the ART-ATR-SIT association was about 1160 g/m' 
in 1975. 

Research during the 1975 field season also included an 
investigation of herbivore impacts upon productivity and 
component biomass of A.--tridentata. This study was carried 
out similarly to the herbivory investigations made on A. 
confertifolia in 1974 (Shinn et al. 1975). 

In April 1975, 40 A. tridentata 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 exclosures were also 
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 40 plants were harvested at 
the end of the growing season. Each plant was broken down 
into its component parts, dried and weighed. T-tests were 
used to test for differences among components and between 
treatments. 

The only experimental effect detected by this work was a 
significant reduction ( a = .10) in flower biomass in treated 
(27 .27 g/plant) and untreated (16.47 g/plant) A. tridentata. 
This result supports the hypothesis made in the previous 
report that l) herbivory is generally low (less than 10 % of 
NPP) in semiarid shrub-steppes, 2) overall herbivorous 
effects are unlikely to be measurable on a year-to-year basis 
and 3) herbivores have indirect, rather than direct, 
measurable impacts on net primary production. 

In reference to nitrogen cycling, the laboratory analyses 
have generated percent nitrogen constants for structural 
components in the ART-ATR-SIT and Agropyron 
associations :(Table 4).': Together with the component 
biomass studies, these data provide the basis for 
comparative tracking of structural nitrogen dynamics in the 
two communities over a four-year period. 

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 techniques, as reported in Shinn et al. (1975). 

Productivity studies were continued in 1975 using the 
plant-specific methods outlined for studies on the shrubs and 
grasses of the ART-ATR-SIT association. The results from 
these studies show that in 1975 Agropyron desertorum 
produced 231 g/m' of above-ground biomass and 



MacMahon et al 

approximately 584 g/m 2 of below-ground biomass, yielding 
ahout 81!5 gtm• of total net primary production. 

Studies on productivity, energy flow and nutrient cycling 
will ,•ontinue through 1976. With a four-year data base and 
'llon- 1nformat10n on root distribution, resource availability 
dnd .,~age. it may be possible to propose sound models for 
•hest> functions Also m 1976, further exclosure studies, 
ak1,lation of energy requirements of consumer populations 
,, th~· ~ite and ~imulations of herbivory in the field will 
. tarih the effects of consumer organisms upon the vegeta
tion in these ecosvstems. 

fable 4 Percent nitrogen constants for structural 
,-omp,mPnb of the Curlew Valley ART-ATR-SIT and 
4.grnpyrnn associations 

i\RTTR; and .\TRCON leaves 
~RTTR~ and I\TRCON new growth stems 
<\ft.TT~ ano >\TRCON woody stems 
-\NT1'0 1 ·mo <\TRCON r-eproductive parts 

-;rTHY~ new growth 
'i TTHY~ ) ld growth 

·,c.RDE!,; new gr<>wth 
-\CRDES old gtowrl 

•, anding dead 

Roote 

ART-ATR-SIT 
association 

(% N) 

12.06 
8. 32 
5.44 
5.06 

8. 50 
5.94 

6.07 

8.40 

8. 77 

Agrcpyron 
association 

(% N) 

7. 26 
5 .02 

7. 91 

9. 87 
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INVERTEBRATES 

W. Osborne 

INTRODUCTION 

Emphasis for invertebrate research during the 1975 field 
season centered about both proven and expanded sampling 
methodology. Results from a taxonomic comparison of a 
Michigan old-field community with that of the Curlew 
Valley Validation Site (Shinn et al. 1975) indicated that 
50 % fewer species had been recognized on the Great Basin 
site as compared to the old-field grassland. The speculation 
that an expanded sampling program might enrich the 
Curlew Valley species list provided the impetus for initiating 
more sampling methods. Attention was also given to 
calibration of new and old sampling equipment, with the 
goal of increased accuracy of invertebrate density and 
biomass estimates. Thus, although a full complement of 
sampling techniques as reported in previous reports (Balph 
et al. 1973, 1974; Shinn et al. 1975), were employed 
over the 1975 season, emphasis of this report will focus on 
results from expanded sampling methods and calibration 
of a vacuum sampling device. This report will serve to 
supplement the report of 1974 results and allow for a more 
conclusive volume when synthesized with future field 
results. 

METHODS 

The five basic techniques employed in 1975 to sample 
Great Basin Desert invertebrates were D-Vac, pitfall, 
emergent, soil core and a natural history analysis of plant 
feeders. All but the last method have been utilized in 
previous seasons at Curlew Valley and their detailed 
procedures appear in prior annual reports. Plant 
phenological codes and data, as shown in Tables 5 and 6 
accompany the results of each of the five methods. All of the 
sampling procedures and phenology revolved around the 
dominant vegetation of Curlew Valley described by Balph 
et al. (1973); namely, Atriplex confertijolia, Artemisia 
tridentata, Chrysothamnus viscidiflorus, Sitanton hystrix 
and Agropyron desertorum. 

D-Vac 

During 1975, vacuum sampling was conducted in three 
separate programs (DSCODE A3UBJX1). Phase I consisted 
of individual plant samples taken over a field season and 
subdivided into three blocks (August, September, October). 
Ten vacuum samples were extracted from each of four 
dominant plants during each monthly block. Phase II of 
vacuum sampling resulted from the random selection of 
three time periods during which dominant vegetative 
species were sampled over a 24-hr period. Sampling was 
done at 4-hr intervals beginning at 0800 hr. Phase III of 
D-Vac use entailed calibration of the vacuum sampling 
equipment (D-Vac and Berlese funnel apparatus). This very 
significant procedure follows several basic steps. First, the 
target species is vacuumed in a regular and consistent 
manner conducted for all previous D-Vac samples. Second, 
the target species is harvested and sealed in an appropriate 
container. Third, the vacuumed sample is placed in the 
Berlese funnel apparatus and, after a 72-hr period, the 
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sample and the plant residue remaining in the extractor are 
sealed in separate containers. These procedures leave the 
researcher with two laboratory hand-sorting tasks 
(harvested plant and Berlese residue) as well as the 
evaluation of the extracted vacuum sample. Thus, efficiency 
percentages can be calculated for the D-Vac and funnel 
a~~aratus on a species basis. 

Vacuuming for all three phases of invertebrate sampling 
was conducted in the exact manner as described in the 
Invertebrate section of the previous Curlew Valley 
Validation Site report (Shinn et al. 1975). Density (no./m 3 

plant canopy) and biomass (g/m 3 plant canopy), as well as 
shrub volume determinations (Pianka 1966), also remained 
identical to previously described procedures. 

Emergent Trapping 

The seasonal occurrence of emerging invertebrates was 
sampled on a bimonthly basis, utilizing the apparatus as 
previously described in Figure 24 of Shinn et al. (1975; 
A3UBJX2). Eighteen sample dates, ranging from April 
through December, were recorded for 1975, utilizing an 
arrangement of five traps in each vegetation type (mixed 
annuals, shrub, grass; Fig. 6). 

Pitfall Trapping 

The sampling procedure in 1975 was considerably altered 
from that previously used in Curlew Valley. Two small (2 x 
3 m) grids were established randomly in the grass type 
(VEG IV) and the shrub area (VEG I). Twelve no. 10 
cans were lowered to soil surface depth within each 
grid. Each 6-m• area was bordered by a wall 28 cm high, 
made of metal flashing as previously used at Curlew for 
larger grids. Trapping grids were opened and emptied for 
three consecutive days during each of five months 
(June-October). Daily catch samples were separated and 
recorded, along with abiotic parameters (A3UBJX3). 

Feeding Analysis 

In an attempt to better understand the impact of various 
plant feeding taxa and their predators on the vegetative 
species at Curlew, a natural history observation study was 
initiated in 1975. The design consisted of establishing five 
line transects made up of 10 randomly marked plants 
representing the five dominant vegetative speciP,s on the site. 
Data collected during 16 designated observation dates 
included not only the taxon observed, but also its position on 
the plant (leaf, stem, etc.), type of activity (feeding, resting, 
etc.), results of the activity (if determined) and, most 
importantly, the instar or life stage of the invertebrate. Soil 
samples were also taken in conjunction with each 
representative plant species at randomly selected areas 
located off the validation site. The below-ground sampling 
placed emphasis on larval stages of Coleoptera and other 
phytophagous orders, as opposed to Acarina, Collembola, 
etc. Representative phytophagous types have been 
catalogued and stored in 95% ETOH. Plant phenology, 
which accompanies each observation date, follows a 
modified version as in West and Gunn (1974). Data are 
stored under DSCODE A3UBJX5. 
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Table 5. Curle\V phenological code 

Grass 

1 • Winter rlormancy 

2 • Growth initiation 

3 ■ 2-leaf stage 

4 • 3-leaf stage 

5 • l.-leaf stage 

6 • 5-leRf stage 

7 • Boot 

!=I • Head 

9 • Hard seed 

O • Seed scatter 

Shrub 

l • Winter dora:11:m,;;y 

2 • LP.aves regreening or lenf buda swelling 

3 • Tw-igs elongating and/or new leaf gro\Jth 

4 • Floral buds developing on reproductive shoot 

5 • Flowers opening 

6 • Fruit developing (male flo,.•ers dying) 

7 • Fruit dissemination (male flowl"lrn hllin~) 

Table 6. 1975 Curlew vegetation phenology 

Plant 
Apr May 

species 
4/22 5/1 5/l5 5/29 6/5 

CHR VIS 

ART TRI 

ATR CON 

AGR DES 

SIT HYS 

Table 7. Coding explanation 

- - - - - - - - Flora - - - - - -

ACR DES • Agl'Opy.rnn dene.rtoY"Wn 

ART TRI • ArtRm-iaia tt"'ident4ta 

ATR CON ■ Atriple:r eQYife-rtifolin 

HAS HYS • Baseia hyRsopifolia 

CHR VIS • ~hryso~ham.ue vieci.diflol"'.1.8 

DES PIN • .'JeBcurain-in pinnata 

HAL GLO • Halogeton glomerotus 

SIT HYS • Si tanior. hys tri:,; 

Jun 

6/12 6/26 

- - - - - - - - - - - - • • - Pau.r-.a - - - - - - • - - - - - - - -

Example•: Coleoptera - Tencbrionidae - ELeodes hiapilabris - Adult 

COLI ;1 TENI ELEI HISI; 

!!. k 

!!.: O • Suborder ~: A • Adult 

1 • Superfamily I .. Immature 

2 • Family Numbers 1-4 • Size category 

3 • Subf,unily 

• The first three letters of the orders, family, genus and ~pecies 
names are Wied a~ the taxa code, unless othen.,ise indicatecl on 
the Curlew specie~ 11st. 

7/2 

Jul Aug S'!p Oct Nov 

7/11 7/17 7/31 8/8 8/21 9/12 9/16 10/15 11/13 

6 

0 0 

0 0 0 0 0 

Soil Sampling 

A soil arthropod sampling program was initiated in the 
fall whereby 5 x 8 cm cores were extracted from an area as 
close as possible to the base of the target plant. This 
procedure follows closely the recommendations of Bender et 
al. (1972). Ten cores were extracted from the bases of each 
of the four dominant plant species, as well as 10 cores from 
randomly selected areas lying between both shrubs and 
grasses. All cores were placed in a modified Tullgren system 
which utilized a cool, flowing water bath, 25-watt bulbs 
and a minimum time limit of 40 hr. This system was also 
calibrated by hand-sorting cores after extraction to derive 
an efficiency percentage (Wallwork 1970; A3URJX4). 

DISCUSSION 

An explanation of the coding system used for Curlew flora 
and fauna can be found in Table 7. The largest noticeable 
change in data presentation for the 1975 Curlew season is 
seen in the degree of taxonomic resolution. The species 
which seemingly were being missed in previous sampling 
seasons were discovered by implementation of new 
methodology. The invertebrate feeding analysis program 
has yielded three new species of Coreidae, as well as 26 
species of Cicadellidae. Also, many tenebrionid larvae have 
been catalogued and will aid in determining future 
below-ground biomass estimates. The feeding analysis data 
also emphasized the numbers of aphids present on the 



dominant vegetation at Curlew since, before this time, 
vacuum samples had probably destroyed many of the 
organisms, resulting in lower, inaccurate estimates. Many 
new spider species have been isolated (especially 
microaraneids), as a result of net and "hand" sampling 
employed in taking specimens during the feeding analysis. 
Specific details, with relationships between plants and 
insects and groups or feeding guilds (Root 1973), will be 
discussed in a more conclusive final biome report. Feeding 
types, as indicated in 1975 data, are interpreted in Table 8._ 

Pitfall results did not materialize as hoped in 1975. The 
small grids (2 x 3 m) being moved each month within a 
vegetation type provided little in the way of usJlble data. As 
shown in Tables 9 and 10, the numbers • of the most 
abundant tenebrionid beetles 'indicate the low densities of 
surface-dwelling organisms as are normally sampled via 
pitfall. These small grids were abandoned for the 1976 field 
season in favor of larger (10 x 10 m) enclosures as were 
utilized in 1974. The large, permanent grids appear to yield 
data quite suitable for facilitating population estimates. The 
results of the small grids may prove useful when used in a 
presence-absence context as a "bridge" between 1974 and 
1976 pitfall results. 

D-Vac results, as they pertain to 24-hr sampling, are 
presented in Tables 11 and 12. Two August sample dates 
and one sample in mid-September were completed in 1975. 
Utilizing the numbers of organisms representing the seven 
primary feeding types, these figures show that the largest 
amount of invertebrates were sampled at 0800 and the 
fewest at 1200 hr for the three sample dates. A comparison 
of numbers taken in light vs. dark periods shows no 
significant difference. Since average monthly temperatures 
may have influenced this limited (seven taxa) comparison, 
monthly, 24-hr sampling will occur in the final 1976 field 
season with subsequent comparison of all taxa for just a 
specific sample. Thus, the effect of rising or declining 
monthly temperatures will be negated. A possible problem 
in indicating activity patterns, as shown by 24-hr sampling, 
is that one does not really know from the data whether the 
organism was actively feeding or simply just present on the 
vegetation. !>-s with the small pitfall grids, data from 24-hr 
sampling may prove useful on a presence-absence basis as is 
required in determining an organism's host plant. 

Data from three sampling dates used for calibration of the 
D-Vac equipment are of a preliminary nature but certain 
trends can be noticed. The standard vacuuming machine 
showed less than 90 % efficiency in sampling very small 
and/or soft-bodied organisms, i.e., Aphididae, Coccoidea 
and Acarina. On all other types, machine efficiency 
exceeded 90 % . The primary area of concern for efficiency 
in sampling appears to lie with the Berlese funnel system. 
Groups showing less than 60 % efficiency of extraction 
included minute cicadellids, microaraneida, coleopteran 
larvae, Aphididae, Acarina and Coccoidea. Since these 
results are only preliminary, monthly calibration samples 
will be taken in 1976, with hope of deducing more accurate 
efficiency percentages and, ultimately, revised population 
estimates. 
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The regular plant vacuuming results are shown in Tables 
,13-27. As was indicated in 1974 results, the shrub Atriplex 
conjertijolia again hosted the greatest invertebrate biomass 
and density when viewed over the entire sampling season. 
Greatest species diversity (H') for this plant in 1974 was 
during September, whereas 1975 results indicate a greater 
diversity of fauna occurring during November. Slight 
dissimilarities in monthly diversity comparisons from 1974 
to 1975 could well be attributed to inclusion of more taxa in 
the most current analysis. Big sagebrush (Artemisia 
tridentata) also indicated a difference in invertebrate 
diversity maximum from 1974 (September) to 1975 
(October). Although phenological stages for· vacuumed 
plants were not given in Tables 13-27, the obvious 
comparisions between phenophase and monthly density or 
biomass can readily be made. Format of results follows a 
more detailed explanation as presented in the previous 
annual report (Shinn et al. 1975). 

Emergent trap data for 1975 are presented in Tables 
28-30. Results indicate that Veg IV, dominated by the 
·seeded crested wheatgrass, Agropyron desertorum, showed 
the greatest invertebrate densities throughout one entire 
field season. The preponderance of sucking types, i.e., 
Nysfos erlcae in July, phorid flies in August and pseudo
coccids in the fall account for the bulk of emerging types. 

Conspicuously absent from the entire list of emergent 
results is the family Tenebrionidae, whose members in 
previous reports have shown to be quite prevalent in Curlew 
Valley. This fact is primarily a result of the inability of both 
tenebrionid larvae and adults to climb either the screen of 
the trap and/ or the enclosed plant species. Thus, it could be 
said that the darkling or tenebrionid beetles are indeed "true 
ground-dwelling species." Possibly other taxa also exhibit 
these characteristics and are not susceptible to emergent 
trapping. Most reliable results of emergent traps would 
appear to be derived from species with a high degree of 
mobility, especially those being able to fly. 

A full complement of emergent and D-Vac, as well as 
pitfall, results will be presented in the final biome report. 
This report will synthesize the final three years of 
invertebrate sampling, which in turn should indicate many 
meaningful trends with respect to the cool desert 
invertebrate community. 

Table 8. General feeding types 

CHE • Chewing 

SAP • Saprophagous 

NEC • Nectar-feeding 

NON • Nonfeedlng adults 

OMN • Omnivorous 

PRE • Predaceous 

SUC • Sucking 
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Table 9. Number of tenebrionids sampled by pitfall grids (2 x 3 m) 

Trap fl 
Species 

Sample dates: 

l 2 3 4 5 

EZeodea hiapilabris l 5 

E. conoinna 

Coniotus sp. 1 

Tenebrionid sp. 1 

VEG IV 

Trap 12 Trap 13 

Sample da.t.es: Sample dates: 
Tot.ala 

l 2 3 4 5 3 4 5 

10 1 2 

Table 10. Key to 1975 sample dates 

l • Jun 17, 18, 19 

2 • Jul 22, 23, 24 

3 • Aug 22, 23 

4 • Sep 10, 11, 12 

5 • Oct 9, 10, 11, 12 

VEG I 

Trap #4 

Sample dates: 
Totals 

1 2 3 4 5 

Table 11. Occurrence of representative species of each feeding type during three 24-hr sample periods 

Species and 
feeding types 

1200 

Hymemoptera -
Fonn.icidae (OMN) 

Hemiptera -
Piesmatidae (SUC) 

Coleoptera -
Curculionidae (CHE) 

Collembola -
Entornobryidae (SAP) 

Arachnida -
Araneida (PRE) 

Lepidoptera (NEC) 

Hymenoptera -
Chalcididae (NON) 

Tot.ala 16 

Sample dates and sample times 

Aug 1-2 Aug 21-22 

1600 2000 2400 0400 0800 1200 1600 2000 2400 0400 0800 1200 1600 

12 

10 10 14 21 35 

28 12 28 24 33 14 29 12 11 42 26 

Table 12. Numbers of species sampled during light and 
dark periods 

Dates 

Aug 1-2 

Aug 21-22 

Sep 17-18 

Totals 

Light period 

0800, 1200, 1600 

77 

62 

56 

195 

Dark period 

2000, 2400, 0400 

64 

52 

33 

149 

Sep 17-18 
Totals 

2000 2400 0400 0800 

33 

69 

39 

156 

25 

12 

10 

11 13 21 344 
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Table 13. Estimated invertebrate densities (no. /m 3 plant canopy) as sampled from Agropyron 
desertorum 

PLAJ,IT I AGltOU 

INSl!CT TOON TYPE APA '4AY JUNI! JULY AUD HPT OCT NOV 

-························································································-ACA ONI! o;oo 0,00 o,oo 0,00 o,oo !18;,o o,oo o,oo 
ACA TMR o,oo o,oo o,oo 0,00 o,oo 10,70 o,oo o,oo 
ACA Two 0,00 0,00 0,00 0,00 o,oo 11,,, o,oo o,oo 
ACAJOA! ,oA 0,00 0,00 0,00 0,00 o,oo 1,00 o,oo o,oo 
ARA PA[ o;oo 0,00 0,00 0,00 '1,114 ,,ao 1,n o,oo 
COU[NT SAP 0,00 0,00 I>• I !I 0,00 H,U! 111, '8 o,oo o,oo 
COUl!NT TWO SAP 0,00 0,00 o,oo 0,00 o,oo o,oo u,o o,oo 
COL CHE 0,00 0,00 0,00 0,00 1,ol 'I, I 7 o,oo o,oo 
COL20ASUSINT PAE 0,00 0,00 o,oo o,oo o,oo o,oo !1,48 o,oo 
COLZ8Tl ONI! PA[ 0,00 o,oo 3,80 o,oo 0,00 0,00 o,oo o,oo 
COLnENCONON! CME o.oo o,oo o,oo 0,00 4,]1, o,oo o,oo o,oo 
DIPZCEC NF.C o,oo o.oo 0,00 0,00 6,08 0,00 o,oo o,oo 
D!P2C£A NEC 0,00 o,oo o,oo 0,00 18,11> o,oo 0,00 o,oo 
DIPZCHI NEC 0,00 0,00 0,00 o,oo Z,48 o,oo o,oo o,oo 
DIPcCHL no SAP o;oo o,oo 0,00 0,00 o,oo o,oo 13,80 o,oo 
DIP?CIJL NFC ·o,oo 0,00 0,00 o,oo 7,Zl o,oo o,oo o,oo 
OIPZPMO O'IE SAP 0,00 0,00 o,oo 0,00 4,!!I o,oo o,oo o,oo 
DYP?PSY ONE SAP o,oo 0,00 0,00 0,00 7,43 o,oo 0,00 o,oo 
DJP28C! SAP 0,00 o,oo 0,00 0,00 Z,48 4,ol 0,00 o,oo 
HF.'4?LYG~YSEA! sue 0,00 0,00 0,00 o,oo o,oo I 2, 04 0,00 o,oo 
ME"?P!EP!El'•C sue 0,00 0,00 o,oo 0,00 8,14 0,00 o,oo o,oo 
MO"ICOC ONE SIIC o.oo 0,00 o.oo o,oo o,oo 

"·'' 
o,oo o.oo 

M(l'4?APH Two sue 0,00 0,00 o,oo o,oo o,oo l>,07 o,oo o,oo 
M0M2C IC sue o,oo 0,00 o,no 0,00 1,&I o;oo o,oo o,oo 
M(IM2C Ie•CF.hO sue 0,00 0.00 0,00 0,00 0,00 ,,01 0,00 0,00 
M()M?PSE TWO SllC 0,00 o,oo 0,00 o,oo 0,00 ,,07 o,oo 0,00 
MYMICHA NON o,oo o.no 0,00 0,00 5,01 o,oo 0,00 0,00 
MYM?FOA FOR O"N 0,00 0,00 o.oo o,oo l,U o,oo 0,00 o.oo 
MY'4?FOAFOAMAN OMN 0,00 o,oo -', 50 0,00 5,7'1 o,oo "•"" 0,00 
MY"Z'OA"VAAMF. O•N 0,00 0,00 4,55 0,00 0,00 1,,07 0,00 0,00 
l-'Y'4ZMYM C,Nf NON o,no o,oo 0,00 0,00 o,oo 4,'52 0,00 o,oo 
LEI> CMF. 0,00 o,oo 0,00 0,00 0,00 2, 2'1 0,00 o,oo 
LEP NfC n.no 0,00 o,oo 0,00 4,l!, 0,00 0,00 o,oo 
(1AT?4CR CME 0,00 0,00 0,00 0,00 n.12 0,00 0,00 o,oo 
0AT2ACRMfL eMf 0,00 0,00 0,00 0,00 4,3b 0,00 o,oe o,oo 
PH?eMEOACSIL PRE 0,00 0,00 0,00 0,00 0,00 'I' ,25 0,00 o,oo 
PSO?Lf P SAP n,oo 0,00 0,00 o,oo 11, 2b l'1,76 0,00 o,oo 
PSO?L !PL !PONE SAP 0,00 o,oo 3,80 0,00 u,u2 0,00 0,00 o,oo 
SC'L ONE PPE 0,00 n,oo 0,00 o,oo o,oo 2,'I!, o,oo o,oo 
TMY?PML TwO sue "• r.o 0,00 0,00 o,oo o,oo 4,25 '1,83 o,oo 

PMfNOLOGY STAGES 

SPEC HS DIVERSITY o,nno 0,000 0,&76 o,noo 1 , 2 I 8 I, 111> 0, '1'35 0,000 

Table 14. Estimated density (no. Im' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Agropyron desertorum 

C(IU~TS 

FEEDING TYPf S APA MAY JUNE JllLY AUG SEPT OCT NOV 

--------------------·-······-···-······················-···-----····-----------------·-··· FFEr>I~r. TVPf r,ME 0,000 0,000 0,000 0,000 '1,372 4,450 0.000 0,000 
FfEr:,JNG TYPF Ntc n. ('Io o 0,000 0,000 o,noo I0,3r'I 0,000 0,000 0,000 
FHt'fNG TYPE >JO~ 0,000 0,000 0,000 0,000 5,00& G,5ll 0,000 0,000 
FEEO!NG nn "~"' 0,000 0,000 5,eb~ 0,000 5,0&& &,Obb &,41,4 0,000 
FEEDING TYPE PRE o,ono 0,000 3,803 n,ooo 'l,&U2 b.2b2 4,504 0,000 
HED!NG TYPE SAP n,ooo o,ono 5,370 0,000 22,508 17,Zb? 13, lb7 0.000 
FEF.OI~G TY~E Sl1e 0,000 n,ooo n,ono 0,000 b,b2~ 7,482 'I, ~30 0.000 
TOTAL n,ooo n,ooo 15,04? o,noo b8,531 41,,044 34, 11>5 0,000 

Table 15. Estimated biomass (g/m' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Agropyron desertorum 

Wf!r.MTS 

FHO!'IG TvPES APR MAY JUNE JULY AUG SEPT OCT NOV 

--------------------······················------------------·-···························-FF!n!Nr, TYPF rMf o,ono 0,000 0,000 0,000 ll, 315 0, 132 0,000 0.000 
FHOitJr. TYPE NFC 0,000 0,000 o,ono n,000 I, 702 0,000 0,000 0,000 
FEEDING TvPE NON o.noo o,noo 0,000 0,000 n. 01,0 0;014 0,000 0,000 
FEEDING TYPE OMN 0,000 o,noo 0,540 0.000 0,4Ub 0,461 0,705 o,oon 
FfEi:'JNG TYPE PAE o,nno 0,000 0, 121> 0,000 4,435 2, I~~ 1,085 0,000 
FHO!NG TYPf SAP o,noo 0,000 o, o I I> 0,000 0,071 0,053 0, 4'11, 0,000 
FHDI NG TYPE SllC 0,000 o.oon 0,000 o,noo 1.s•n 0,408 0,02'1 0,000 
TOTAL o,ono o,oon 0, 1>~1 0,000 2l,b2b J, 2'54 2,315 0,000 
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Table 16. Estimated invertebrate densities (no./m 3 plant canopy) as sampled by D-Vac from 
Artemisia tridentata 

PLANT t ART TIit 

tNl[CT TAXON TYP[ APR MAY JUN! JULV AUD 11''.l'T OCT NOV 

···················································-·······-···················-·········· ACA ,1v o;oo o,oo o,oo 0,00 o,oo o,oo t1;21, 0,00 

ACA ON[ 0,00 0,00 o,oo 0,00 o,oo 31>,"7 !'5,40 o,oo 
ACA an 0,00 o,oo 0,00 0,00 0,00 o,oo '1,5:1 0,00 

ACA SVN 0,00 0,00 0,00 o,oo 0,00 0,00 l'1,i!' o,oo 
ACA THII 0,00 0,00 0,00 0,00 o,oo 0,00 I,, 04 o,oo 
ACA TWO o,oo o,oo 0,00 0,00 0,00 zz.•s 3; oe. 0,00 

ACUORI ,oR 0,00 0,00 0,00 0,00 0,00 4, 11> 20,21> 0,00 

AIU PRE 0,00 o,oo 0,00 l,5'1 z. Ii! 1,,,0 J,04 o,oo 
CO[lENT 86' 0,00 o,oo 0,00 IT ,'14 23,'l'I I I, 54 0,00 0,00 

COUE"IT ONE u, 0,00 0,00 0,00 o,oo o,oo o,oo 31,81 o,oo 
COUENT TWO SAP 0,00 o,oo o,oo 0,00 o,oo 0,00 l, '511 o,oo 
COE UM I UP 0,00 0,00 o,oo T ,2T 0,00 o,oo 0,00 o,oo 
COL CHE o,oo 0,00 4T,l4 0,00 0,00 I 4, 'II> 1,01, o,oo 
COL2CHRCRY CHE 0,00 0,00 o,oo o,oo ,,n 0,00 o,oo o,oo 
COL2CMRM0NCON CME 0,00 o,oo o,oo o,oo 0,00 11, ze. 0,00 o,oo 
COLZCMRMONONE CM! 0,00 o,oo 0,00 3,01> 0,00 0,00 0,00 0,00 

COLZCMRPMY CME 0,00 0,00 0,00 0,00 0,00 0,00 l,58 0,00 

COL2CMIISTEON! CME 0,00 0,00 o,no T ,Jl o,oo 0,00 0,00 o,oo 
COL2COC ,oR CME 0,00 o,oo 0,00 o,oo o,oo 4,T7 0,00 o,oo 
COLZCUR ,xv CM! o,oo 0,00 o,oo 10,eO 4,54 o,oo o,oo o,oo 
COLZCUR ,011 CME 0,00 0,00 o,oo o,oo o,oo 0,00 I, T'I 0,00 

COLZCUR ONE CME 0,00 o,oo o,oo o,oo o,oo 4,4! 0,00 o,oo 
COLZCUR TWO CME o,oo o,oo o,oo U,8'5 8,7Z e,, 7 I 0,00 o,oo 
COLlCUR hO sue 0,00 0,00 o,oo 18,80 o,oo o,oo 0,00 o,oo 
COL2CURAPI CME 0,00 0,00 0,00 o,oo 3,34 0,00 0,00 o,oo 
COL2DASLI8tNT CHE 0,00 0,00 o,oo 0,00 n,oo 0,00 J,ou o,oo 
DIP CM! 0,00 o,oo 0,00 0,00 o;oo 18,38 o,no o,oo 
DIP SAP o,no o,oo o;oo 0,00 5,0'1 !,Te, 0,00 o,oo 
OIP2CEC NON 0,00 o,oo 0,00 0,00 0,00 '5, 12 0,00 o,oo 
OIP2CM! NEC 0,00 0,00 o,oo 'I, 40 o,oo o,no 0,00 o,oo 
Otll2CUL NH 0,00 o,oo 0,00 o,oo 1,111 0,00 n,oo 0,00 

OIPZIIMO ONE UP 0,00 o,oo n;oo 1,1,e, o,oo o,oo 0,00 o,oo 
O!PZSCI SAP 0,00 0,00 0,00 ",uo '5,23 0,00 0,00 0,00 

OIPZTME PRE 0,00 0,00 0,00 0,00 0,00 4,77 0,00 0,00 

ME"'lCORMARRH sue 0,00 0,00 0,00 J,'j'I o,oo 0,00 0,00 0,00 

M[MlL YG FIV sue 0,00 0,00 0,00 0,00 0,00 2,&! b,bU o,on 
M!M1LYGNY8!Rt CME 0,00 0,00 0,00 7, 18 o,oo 0,00 o,on o.oo 
H!M2LYGNVSERt sue 0,00 0,00 0,00 47,01 ?,Q} I 'I, u~ 0,00 0,00 

MEM2LYGPEPSAS sue o,oo o,oo 0,00 &,51> o,oo 0,00 0,00 0,00 

M!Ml!MIR ~OR sue 0,00 0,00 0,00 0,00 o,oo 11, O l 0,00 0,00 

MEM2MIR TWO sue 0,00 o,oo "· u 1 0,00 n,oo 0,00 0,00 0,00 

MEM?MIRLYG sue 0,00 0,00 0,00 0,00 0,00 o,oo U,27 o,oo 
MEM?NlBNABlLT PRE 0,00 o,oo 0,00 0,00 0,00 0,00 '5, I 5 o,on 
Ml';M2PEN sue 0,00 o,oo 0,00 0,00 o,oo 4,70 o,no o,oo 
M[M2PIEPIE!Ne sue 0,00 0,00 o,oo 1q,34 1,uo IO, 311 3, '58 o,oo 
MOM!C□e ,011 sue 0,00 o,oo o,no n,oo 0,00 0,00 o;,q4 o,oo 
M0M2lPM ONE sue 0,00 0,00 0,00 0,00 0,00 0,00 IO, I q o,oo 
M0M2lPM TwO sue 0,00 o,oo 0,00 0, Of) 0,00 0,00 5,Sq o,oo 
HOM2eIC SLIC 0,00 0,00 o,no 0,00 a,ou 0,00 0,00 o,oo 
HOM2C IC ONE S 1JC 0,00 0,00 0,00 0,00 ~. '"' 0,00 0,00 o,oo 
MOM2CIC TNS sue 0,00 o.oo o,no 0,00 o,oo o,oo q,ee. o,oo 
M0M2e!C TNT sue 0,00 0,00 5,22 o,oo 0,00 0,00 0,00 o,oo 
MQM2e!CACE Q'4N o,oo 0,00 o,oo b,\l 0,00 0,00 o,nn o,oo 
HOM2CleACE sue n,oo 0,00 0,00 !o,53 0,00 0,00 4,21 o,oo 
HClM2eICAt:ECINE sue 0,00 0,00 o,nn l,5Q z,qo U, 41 7, lb o,oo 
MOM2elCAeETWO sue 0,00 0,00 0,00 0,00 0,00 4,70 o,oo 0,00 

MOM?elCATHONE SIJC 0,00 0,00 0,00 10,}U n,oo o,oo e,l>e o,oo 
HOM2e!CEMPASP CMf n,oo 0,00 0,00 1,. zn 0,00 0,00 0,00 0,00 

HOMZC l CEMPA SP sue 0,00 0,00 n,oo 'I, OU 0,00 l,e~ o,oo o,oo 
MOM2C!exERONE sue 0,00 o,no 0,00 o,oo o,oo U,70 0,00 o,oo 
MOM20IC (lNf sue 0,00 0,00 o,oo 0,00 '5. '10 0,00 0,00 o,oo 
HOM20leDES Sue 0,00 o,oo 0,00 u,01 0,00 0,00 0,00 o,oo 
HOM2P!E sue n,oo 0,00 0,00 0,00 I,• !,Cl 0,00 11, o;o; o,oo 
MOM2PS£ Two 911e o,no 0,00 0,00 0,00 o,oo 5,00 0,00 o,oo 
MVM!eHA NO~ 0,00 o,oo n,oo 15,0'5 2,41 4,IQ 0,00 o,oo 
MYM2FOR FOR 0""' o,no o,on 0,00 0,00 2,UI 0,00 0,00 o,oo 
MYM2'0R ONE 0"111 0,00 0,00 0,00 o,oo Q,15 0,00 0,00 o,oo 
MYM2,0R SVN QMN 0,00 0,00 20,87 o,oo 0,00 0,00 0,00 o,oo 
HYM2,0R Two OMN o,oo n,oo 0,00 0,00 '5. ?3 0,00 0,00 0,00 

MYM2,0R~QRMAN 0"N 0,00 n,oo 12,08 10,00 ~,11> a,bl 0,00 0,00 

HYM2FORLEPON~ OMN o: no 0,00 12,211 0,00 0,00 0,00 0,00 o,oo 
HY~2FORMYIIAME Cl"N o,on 0,00 IO, U U 0,00 o,oo o,oo 0,00 o,oo 
MYM2MYM ONE NON 0,00 o,oo 0,00 0,00 5, OIi 0,00 3,'58 o,oo 
HYM2"'YM TMR NON o,no o,oo 0,00 o,oo o,oo 0,00 2, Ii! o,oo 
MYM,!8CETEL NON 0,00 0,00 0,00 0,00 o;oo o,oo 4,27 o,oo 
LfP CME n,oo 0,00 o;oo o,on 0,00 o,oo 7, 31 o,oo 
LEP NEC 0,00 o,oo 0,00 0,00 3,1>3 o,oo 0,00 o,oo 
LEP2NOe NEC 0,00 0,00 0,00 o,o~ o,nn 2,43 0,00 0,00 

ORT2ACRMH CHE o.~o 0,00 0,00 0,00 }, 05 0,00 0,00 0,00 

PH2eMEOACS IL PRE 0,00 0,00 0,00 11,qb 0,00 o,oo l,5~ o,oo 
PS02LIP SAP 0,00 0,00 0,00 o,oo 1 t ,27 23,H 8,Uq o,oo 
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Table 16, continued 

PLANT I ARTTR! 

INSECT TAXON TYP! APR MAY JUN! JULY AUQ HPT OCT NOV 

----···············································----····-························-····· 
PS02LIPL!PONE SAP 0,00 0,00 0,00 l,S'I n,oo 0,00 n,oo 0,00 
PS02PSY SAP 0,00 0,00 0,00 0,00 0,00 '1,bO l,R~ o,oo 
TMY2HO ONE sue 0,00 o,oo 0,00 0,00 0,00 2,QJ n,oo o,oo 
TMY2PHL F!V !l!C 0,00 o,oo 0,00 0,00 0,00 18,79 o,no o,oo 
TMY2PHL TMll sue 0,00 o,oo 0,00 "• ao 0,00 a,o5 ~.20 o,oo 
TMY2PML TWO 51.IC 0,00 0,00 0,00 o,oo 0,00 a,Sb 0,00 0,00 
TMY2TMll FIV sue 0,00 0,00 0,00 0,00 0,00 o,oo l,33 o,oo 
TMY2TMll FOil sue 0,00 0,00 0,00 o,oo 0,00 0,00 4,27 0,00 

PMENOLOGY STAGE, 

SPECIES DIVERSITY 0,000 o,oon O, 738 I, 33'1 I, 102 I• J'ln 1,aao 0,000 

Table 17. Estimated density (no. /m 3 plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Artemisia tridentata 

COlJNTS 

APR MAY JUNE Jl!L y S!PT OCT NOV 

--~-~-------------------------------------------------------------·-········-······--····· FfEr,JNG TYPE C~E n,ooo 0,000 U7,lH 10,bOO ~.81• 10,583 a, I bO 0,000 
FfE('>!NG TVOF ••EC o,ono o,oon o,onn 0,002 2,720 2,028 n,ooo 0,000 
Ff~P!•G TYPf NON o,noo n •('In C'I o,onn 15,0SI l,752 U,501 l,125 0,000 
FF~O!SG TYPE n><N l",t'l()('I 0,000 ll,B5 8,707 b,8bU b,b20 0,000 0,000 
FHl)!NG HPE pgr:_: o,noo o,noo o,non 10,Sbb 2,120 e,2A7 3,571 0,000 
Ff[l'J ~G TYPf SAP o,noo o,oon 0,000 0,710 l~.25b 1s,o•~ I 1,b52 0,000 
FH('!NG TYPE SIJC 0,000 o,nnn 7,JUl I 2, l I 0 u, 112 7,U8~ 7, I 80 0,000 
Tl"TAL n,oon 0,000 b~,017 7b,l5e ••.~18 'S2,qb2 2'1, AA• 0,000 

Table 18. Estimated biomass (g/m 3 plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Artemisia tridentata 

Wf Jr,t<TS 

MAY JUNE JIJLY AUG SF.PT OCT NOV 

·----------------------------------------------·-·············---·-------------·-··-······ FE'E~l~r. TVPF r. Mf 0,000 0,000 1,125 J, !&I J, 5 I 0 l,U~l 0,711, 0,000 

FEEOI% TY~E NF.C n,ooo n,nno 0,000 0,301 U,lbl b,021 0,000 0,000 
HEntNG TYPE NQ►I o,noo o,noo 0,000 o, I •t o,n?2 n, 042 o,o<>e 0,000 
FfE~JNG TYPE 0•" o,noo 0,000 0, b58 1,130 O,~bl n, 721 0,000 0,000 
FHn!NG TYPE POE n,noo 0,000 0,000 0,574 o,qrs l,2"4 I, lbO 0,000 
HEOJNG TYPE S•P o,nno 0,000 0,000 0,031 0,058 o,oa5 0,048 0,000 
FEEDING TYPE sue 0,000 0,000 I, 5 I 7 2,003 O,bU2 O,b55 0,801> 0,000 
T!'IHL n,ooo 0,000 3,500 1,ae5 I 0, 231 I u, 21 a 2,821> 0,000 
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Table 19. Estimated invertebrate densities (no.Im' plant canopy) as sampled from Atrlplex 
confertifolta 

PLA'-IT I ATRCON 

INs,cT THON TVP[ APR l'AV JU"E JULV AIIG SF-PT OCT N()V 

----·············-···-------------------------------------·-·······---····-----·-········· AC• ,rv 0,00 0,00 o,no 0,00 0,00 0,00 o,no l0,b6 
ACA ONE 0,00 0,00 o,no n,oo 23,06 1oe,eu o,no 17,SU 
At• SH o,no o,on 0,00 0,00 o,oo 0,00 0,00 241,141 
AC• SYN 0,00 0,00 0,00 o,oo o,oo 0,00 0,00 111, '16 
ACA TMR 0,00 o,oo o,on 0,00 7,02 16,52 o,oo ll>,411 
AC• TWO " 1 00 n,oo 0,00 0,00 I II, ~I, '""·"' 0,00 20,511 
ACA!OR! ,oP n,oo 0,00 o,oo o,oo 1,,110 11, 'IU o,oo 11,h 
ARA PPE 0,00 0,00 11,35 0,00 13, Ill 7. ,., 0,00 141,841 
COE?ENT SAP 0,00 0,00 n,oo 0,00 105,00 2!,75 o,oo 411,S~ 
COE2[NT T HP SAP 0,00 0,00 o,no o,oo n,oo 0,00 o,oo J7 ,68 
C0[2[NT TWO SAP 0,00 o,oo 0,00 0,00 n,oo n,no 0,00 !lb, 8b 
C0!28"'I SAP 0,00 o,oo o,no 0,00 ~.u2 o,oo 0,00 o,oo 
COL. CM£ 0,00 o,oo 0,00 o,oo 18,U'I 141,25 0,00 11, 4 I 
COL.2CMR TWO CME o;oo o,oo 0,00 o,oo o,oo 141,0I 0,00 41,76 
COL.lCMIICRVFIV CME n,oo o,oo 0,00 o,oo o,oo 9,u1 0,00 o,oo 
COL.2ClolRM!T CM! 0,00 o,oo 0,00 0,00 10 ,eo e,00 0,00 o,oo 
COL.ICMRMON CME o,oo 0,00 0,00 o,oo 11,110 .. ,. 0,00 o,oo 
COL,ICMR"ION PRE 0,00 o,oo 0,00 o,oo 7,112 o,oo 0,00 o,oo 
COL.lCMRl'MV CM! 0,00 0,00 0,00 o,oo o,oo o,oo 0,00 4, 71, 
COL.ZCOC ,011 CME 0,00 o,oo 0,00 0,00 0,00 2\,40 o,oo o,oo 
COl.lCOC TMR CME 0,00 o,oo 0,00 0,00 0,00 Pt,U0 0,00 o,oo 
COL.ZCUR TMR CME 0,00 o,oo 1a,s1 0,00 o,oo 0,00 o,oo o,oo 
COL.1CUR TwO CME 0,00 o,oo o,oo 0,00 1,u1 o,oo 0,00 o,oo 
COL.POAS ON! Pl!E 0,00 o,oo 10,a11 0,00 0,00 0,00 o,oo 0,00 
COL.2DASL?St•ff PR! o,no 0,00 o,oo 0,00 0,00 o;oo 0,00 IO, 81 
OlP SAP 0,00 0,00 0,00 o,oo 20·,u 0,00 0,00 o,oo 
OIPHGR NON 0,00 0,00 0,00 0,00 IO, '10 o,oo 0,00 o,oo 
OlP2Ct!C NON 0,00 0,00 o,oo 0,00 I b, U2 0,00 0,00 o,oo 
OIP2CMt NEC o,oo 0,00 0,00 0,00 b, '10 0,00 o,oo 0,00 
Dll'l!CUL. Nt!C 0,00 o,oo o,oo o,oo S,Ul 0,00 o;oo o,oo 
Oil'lPSV SAP 0,00 o,oo 0,00 0,00 IO, I 'I o,oo 0,00 0,00 
OIP2SCl SAP 0,00 0,00 0,00 0,00 211,01 0,00 o,oo o,oo 
Mt!M2LVG ,zv sue 0,00 o,oo 0,00 o,oo o,oo o,oo o,oo ZI ,61 
Mt!"'2L.VGEM!!VIC sue 0,00 0,00 0,00 0,00 1,,28 0,00 0,00 o,oo 
M! .. 21.VGNVSERI sue 0,00 o,oo 0,00 0,00 o,oo 32,66 o,oo o,oo 
M!M2LVGP!RSA9 sue 0,00 o,oo 0,00 o,oo o,oo o,oo 0,00 11,ez 
Mt!M2'4lR sue o;oo 0,00 0,00 0,00 !l,b!I o,oo 0,00 0,00 
Mt!M2PENTMV0Nt! sue 0,00 o,oo 0,00 0,00 o,oo 0,00 0,00 12,!lb 
M!M2"!'1TMVPUN sue o,oo o,oo o,oo o,oo 8, Gi! 'I, 01 o,oo o,oo 
l-l!"'IP!NTMVAUG sue o,oo 0,00 0,00 0,00 0,00 10,70 o,oo 0,00 
Mt!"'2"IEl'IEINC sue 0,00 0,00 n,oo 0,00 Q\,05 U,111 o,oo Zl,3S 
MOMICOC ON[ sue 0,00 o,oo 0,00 P,00 n,1<1 0,00 o,oo Zll,38 
MOHICOC TMR sue 0,00 o,oo 0,00 0,00 I,, 02 0,00 o,oo o,oo 
HOM!COC rwo sue o,oo o,oo o,oo o,oo o,oo 4',J4 o,oo o,oo 
MOMlClC TNS sue 0,00 o,oo o,oo o,oo o,oo o,oo 0,00 IZ,!111 
MOM2ClC TWO sue 0,00 0,00 0,00 0,00 o,oo ,. • 'l!I o,oo o,oo 
HOM2ClCACt!ONE auc o,oo 0,00 o;oo o,oo o,oo o,oo o,oo 1211,&Z 
MOM2ClCACETWO sue 0,00 o,oo 0,00 o,oo U,80 '1,h 0,00 ,,eo 
M0'42CICAPLPAU sue 0,00 0,00 0,00 0,00 tt, 0 I o,oo 0,00 IZ,56 
M0'42CICATMONE sue 0,00 0,00 0,00 0,00 0,00 0,00 o,oo 9,52 
M0 .. 2C%CAUA0Nt! 8UC 0,00 o,oo IG,!17 0,00 0,00 0,00 o,oo o,oo 
M0"41CieCOMON[ sue 0,00 o,oo 11, l!I o,oo 0,00 o,oo o,oo o,oo 
MOM2C%CEMPASP sue o,oo 0,00 0,00 0,00 o,oo 8,'JO 0,00 0,00 
MOM:tCIC"IOCONE sue 0,00 0,00 o,oo 0,00 10;,, o,oo 0,00 o,oo 
M014:tl'S! sue o,oo 0,00 0,00 o,oo SSI ,U 0,00 o,oo u,n 
HOM1PS[ TWO sue 0,00 o,oo 0,00 o,oo 0,00 li!J, u o,oo o,oo 
MVMICMA NON 0,00 0,00 14,'57 o,oo 10,S'I e,5o 0,00 o,oo 
MVM2AET PP[ n,oo o,oo 0,00 o,on 0,00 'I, 27 o,oo o,oo 
MV1428gA NON 0,00 0,00 10,4'1 0,00 0,00 0,00 0,00 o,oo 
MV"'i!8QA SIX 'ION 0,00 o,oo 0,00 0,00 11,07 o,on o,oo 0,00 
MVM2,0R TMQ l)Ml'I O,M 0,00 0,00 0,00 0,00 o,oo 0,00 I0,81 
MVl42,('R Two OM~ 0,00 0,00 I a, '57 0,00 0,00 0,00 o,oo o,oo 
l'Y"'2'0ijCA~0Nf O•N n,oo 0,00 0,00 0,00 U\,Q0 0,00 0,00 o,oo 
MVMi!,OR~OgMAl'I QMN 0,00 0,00 11,l':! 0,00 10, 12 8,'10 0,00 o,oo 
MVMi!,ORL[PnNE OMN 0,00 0,00 11, J'S 0,00 o,oo 2'5, '50 0,00 o,oo 
MVM2,0R'4VP•ME ()MN n,oo 0,00 21 , 411 0,00 0,00 e,so o,oo o,oo 
MYl4214YM ONE NON o,no 0,00 0,00 0,00 11 ,'10 0,00 0,00 c,oo 
MV"'i!~VH 9It NON o,no 0,00 0,00 0,00 l,4!1 0,00 o,oo o,oo 
MVl'i!PTf TMR NON 0,00 0,00 0,00 o,oo I'!, 18 ll,27 o,oo o,oo 
LEP CM~ 0,00 0,00 0,00 0,00 21,Ul lb,01 o,oo 11,n 
LEP NFC o,no o,oo 0,00 0,00 14,83 'I, lb o,oo o,oo 
LEltOM!C NEC n. o C\ 0,00 0,00 0,00 1,,02 o,oo 0,00 o,oo 
ORT2MATL!TMIN PRE 0,00 0,00 I '12, '10 o,oo o,oo o,on 0,00 o,oo 
PS[ZCMEDACS!L PQf 0,00 o,oo 11,lS 0,00 o,no 0,00 0,00 12,82 
PS02L.IP SAP 0,00 o,oo o,oo o,oo I0,32 37,111, o,oo i!'I, 411, 

P902L. IP ONE ~AP 0,00 o,oo 0,00 o,oo 147,37 o,oo o,oo o,oo 
PSOi'PSV SAP 0,00 o,oo 0,00 o,oo 0,00 8,sa 0,00 o,oo 
PS02PSV ONE SAP 0,00 0,00 0,00 0,00 lb, 1' o,oo o,oo o,oo 
TI-IS2MAC ONf SAP 0,00 0,00 o,oo 0,00 a,21 o,oo 0,00 o,oo 
TMY2PML sue 0,00 0,00 0,00 o,oo IO, 511 0,00 0,00 0,00 
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Table 19, continued 

APR MAY JULY AIIG OCT NOV 

Tl-<Yi!PML FIV sue 0,00 o,oo o,oo 0,00 o,no 2'1,0'1 0,00 o,oo 
Tl-<Yi!PML THI> sue 0,00 0,00 0,00 0,00 14,45 14, 01 o,oo 17,114 
Ti"Y2PML TWO sue o.oo 0,00 0,00 0,00 55,58 7,00 o,oo 0,00 
TMYnMR mi> sue 0,00 0,00 0,00 0,00 e,42 0,00 0,00 21,U 

PM!NOLOGY STAGF~ 

SPECIES DIVERSITY 0,000 0,000 0,77'1 0,000 1,n2 I ;294 0,000 I, 175 

Table 20. Estimated density (no. /m 3 plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from A triplex confertifolia 

COUNTS 

H!lllNG TY"!S APII MAY JUN! JULY AUO OCT NOV .......................................................................................... 
HEil ING TY"! CM! 0,000 0,000 111,!IU 0,000 II, 0'7 u;eu 0,000 10,h0 
H!DING TYPE NEC 0,000 0,000 0,000 0,000 7,802 ,,1u 0,000 0,000 
,tEDING TYi'! NON 0,000 0,000 li!,!128 0,000 12.•n I0,887 0,000 0,000 
'HDING TYi'! QMN 0,000 0,000 I•, 01 !I 0,000 a,J&0 u,,., 0,000 10,eo, 
HEOING TYPE PIIE 0,000 0,000 5.,,20 0,000 IJ,028 e,1,1 0,000 u.•u 
,EEO ING TYPE SAP 0,000 0,000 0,000 0,000 H,11' H,Uo 0,000 u,ooe 
,EEOING TYPE sue 0,000 0,000 U,'lh 0,000 1u,,o JI ,'!IU 0,000 u,•u 
TOTAL 0,000 0,000 112,ses 0,000 U5,'!.Z IIS,IJJ. 0,000 10,,n, 

Table 21. Estimated biomass (g/m 3 plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Atriplex confertifolia 

~EIGHTS 

H!OING TVPES APR 1,uy JULY AUG l!PT OCT NOV 

···············-········-------------··············-····························-········· 'f!DING TYPE CME 0,000 0,000 4,)70 0,000 1,155 1~091 0,000 0,4'5'1 
'E!OING TYPE N!e 0,000 0,000 0,000 0,000 7,373 2 I, 1111 0,000 0,000 
H!OING TYP! NON 0,000 0,000 0,33' 0,000 0,152 0,1n 0,000 0,000 
H!O!NG TYPE O~N 0,000 0,000 I ,11'5 0,000 2,547 o .• ,s 0,000 2, I 72 
trE!OlNG TYPE PIIE 0.000 0,000 l,38S 0,000 5,1185 2,'1117 0,000 J, •• 4 
H!O!NG TYPE SAP 0,000 0,000 0,000 0,000 0,232 0,0111 0,000 O, I 14 
trE!DING TYPE sue o.~oo 0,000 0,561 0,000 7,202 2,e111 0,000 J,ll,9 
TOTAL 0,000 0,000 '1,774 0,000 24,5411 2',121 0.000 ,, 111 
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Table 22. Estimated invertebrate densities (no./m 3 plant canopy) as sampled by D-Vac from 
C hrysothamnus viscidiflorus 

PLANT I CMRV!~ 

INSFCT TOON TYPE APR MAY JUNE JULY AUil S!l'T OCT NOV 

···········----------------------·-··········-············································ ACA FJV 0,00 0,00 0,00 o,oo 0,00 0,00 1 O,&J o,oo 
ACA FOR 0,00 0,00 0,00 0,00 o,oo 8,7'5 0,00 o,oo 
ACA ONE 0,00 0,00 o,oo 0,00 o,oo 1a;10 20, 37 0,00 
ACA S!V o,no 0,00 o,oo 0,00 0,00 e,sa 0,00 o,oo 
ACA TMR o,oo 0,00 0,00 0,00 o,oo tl,11'.i 10,00 o,oo 
ACA TWO o,oo o,oo 0,00 0,00 0,00 18,la 23,85 o,oo 
ACA30RI FOR 0,00 0,00 0,00 0,00 0,00 31, 11 711,1'5 o,oo 
ARA PRE 0,00 o,oo 1a,88 0,00 1a,e2 IO, '5'1 7,01 0,00 
CM2PlT SAP o,oo o,oo ·ta, 84 0,00 4'1,U4 36,Z'.i 14,01 o,oo 
COHENT TMR SAP 0,00 0,00 0,00 0,00 0,00 o,oo 20,'13 o,oo 
COi. CHE 0,00 o,oo 22,2a 0,00 0,00 .Z8,H 3,37 o,oo 
C01.,2CMR TWO C"E 0,00 0,00 0,00 0,00 0,00 o,oo 21, 15 o,oo 
COL2CMR'l!T C"E 0,00 o,oo o,oo 0,00 o,oo 0,00 2, !IO 0,00 
COL2COC FOR CME 0,00 0,00 o,oo o,oo 1,'5'1 o,oo o,oo o,oo 
COLZCUR FIV CHE 0,00 o,oo 0,00 o,oo 4,20 o,oo 7,0Z o,oo 
COL2CUR FOP CME 0,00 0,00 o;oo o,oo 1,88 0,00 0,00 o,oo 
COLZCUR TWO CME 0,00 0,00 20,58 0,00 e. 110 'I, 111 o,oo o,oo 
COL2CURPHY CHE o,oo 0,00 o,oo 0,00 0,00 o,oo I 4, I 0 o,oo 
cn1..ZTEN SVN CME o,oo 0,00 0,00 0,00 5,a7 0,00 0,00 0,00 
O!P SAP 0,00 o,oo 0,00 o,oo a,e7 0,00 0,00 o,oo 
O!P2C!C NON 0,00 o,oo 1a,88 0,00 o,oo 0,00 0,00 o,oo 
ornc•H NEC 0,00 0,00 0,00 0,00 3,07 0,00 o,oo 0,00 
OIPZCUL >IEC 0,00 0,00 Z0,'58 0,00 5,81 ~.oo 0,00 o,oo 
OIP2EPM ONE SAP 0,00 0,00 0,00 0,00 3,8'1 0,00 0,00 o,oo 
OIP2SCI SAP o,oo 0,00 o,oo 0,00 '5,47 o.oo o,oo o,oo 
MF:MZCOR sue 0,00 o,oo n,oo 0,00 0,00 o,oo z,eo o,oo 
MEMZCOR ONE sue 0,00 0,00 0,00 0,00 7,33 0,00 7,n o,oo 
M[M2CORMAR~EF sue 0,00 o,oo 0,00 0,00 o,oo 10,1,e o,oo o,oo 
MEM2LYGNYSERI SAP 0,00 0,00 0,00 o,oo o,oo 0,00 11, '11 o,oo 
MEM2LYGNYSERI sue o,oo 0,00 0,00 0,00 z,e8 z.,z 14,47 0,00 
MEM1LYGP£RSAS sue 0,00 0,00 0,00 0,00 o,oo 11,01 11,'1'5 o,oo 
MEMZM!R TWO sue 0,00 o,oo 0,00 o,oo Z0,'58 o,oo o,oo o,oo 
M!Mi!NABNABALT PRE 0,00 0,00 0,00 o.oo 0,00 I• 'IIJ It• 'le o,oo 
M!M2P!EPTE!NC sue 0,00 o.oo "2,20 0,00 10,,2 za.u 10,50 o,oo 
M0"11COC ONE sue 0,00 o,oo 0,00 0,00 n,oo o,oo Z,80 o,oo 
M0'4ZAPM ONE sue 0,00 o,oo o,oo 0,00 o,oo 'l,lll IZ,77 o,oo 
HOMi!APM TWO sue o,oo o,oo 0,00 0,00 0,00 o,oo 11, Ill o,oo 
M0'4l'C l C sue o,oo 0,00 25, 17 0,00 8,i.e o,oo o,oo o,oo 
MOM2CIC ONE sue o,oo o,oo 0,00 o,oo 2.0 o,oo 0,00 o,oo 
H0'4i!CICACE sue 0,00 o,oo 0,00 0,00 7,06 o,oo 0,00 o,oo 
MOMZCICAC!ONE sue 0,00 o,oo 0,00 0,00 4,70 ,.21 Z,75 0,00 
HOMi!C?CATMO~E SIJC o,oo o,oo 0,00 0,00 o,oo o,oo 7. '10 o,oo 
HOM1ClC'-MPASP sue 0,00 0,00 0,00 0,00 o,oo IJ,7'1 o,oo o,oo 
MOMlPSE SIJC 0,00 0,00 0,00 o,oo 5,17 111,01 341,45 o,oo 
MOMlPSE TWO 8UC 0,00 0,00 0,00 0,00 o,oo 7,17 o,oo o,oo 
MY'41CHA >ION 0,00 0,00 IU,60 0,00 4,51 .. ,.3 0,00 o,oo 
MY"'28RA NON o,oo 0,00 I a, 110 0,00 0,00 o,oo 0,00 o,oo 
HYM1CHA NnN o,oo o,oo 14,e& o,oo o,oo o,oo 0,00 o,oo 
MYMZ,OR F!V O"'N 0,00 0,00 0,00 0,00 l,07 o,no o,oo o,oo 
MYMj!,OR FOIi Ol'N o,oo 0,00 i!CI, 1,0 o,oo 8,14 o,on 4,111 o,oo 
HY'4Z,OR TWO OMN 0,00 o,oo 14,88 o,oo 11,31 o,oo 0,00 o,oo 
MYMi!FOR,Ol!HAN OMN 0,00 0,00 Z0,58 0,00 2,11e o,oo o,oo o,oo 
MY"'Z'ORL!PO>IF OM'- 0,00 o,on llt3,o7 0,00 0,00 o,oo o,oo o,oo 
HYMi,>,Oll~yRAME OMN o.oo 0,00 14;99 0,00 0,00 o,oo u, 11 o.oo 
HYM2MY~ NON 0,00 o,oo l•,88 o,oo 0,00 o,oo 0,00 o,oo 
MYMj!MY" ONE NON 0,00 o,oo o,oo o,oo 0,00 o,oo 2,80 o,oo 
HY'4i.'SCEHL NON 0,00 0,00 0,00 0,00 o,oo 0,00 7,0'5 o,oo 
HYMZVl!'.8 ON! N'-C o;oo o,oo 14;so 0,00 o,no o,oo o;oo o,oo 
L!I' CH! o,oo o,oo 0,00 0,00 o,oo JO,J'I 4,U o,oo 
L!I' N!C o,oo 0,00 0,00 o,oo 4,10 o,oo o,oo o,oo 
l'SUCH!OACSIL Pl!! 0,00 0,00 o,oo 0,00 l,71 I' 'IIJ 4,11. o,oo 
PIOi!L?P SAP 0,00 o,oo o,oo 0,00 7,U n,10 11,u o,oo 
SOL ONE PRE 0,00 o,oo o,oo 0,00 o,oo ,,01 o,oo o,oo 
TMS2MAC ON! SAP o,oo o,oo o,oo 0,00 !!I, '.iJ o,oo o,oo o,oo 
TMYIPML sue 0,00 o,oo 0,00 0,00 o,oo I ''1'5 o,oo o,oo 
TMYll'ML THI! sue o,oo o,oo o;oo 0,00 o,oo o,oo s.1111 o,oo 
TMY2PML TWO sue 0,00 o,oo o,oo 0,00 113,84 o,oo o,oo o,oo 
TMV;,>TMR ,oR sue 0,00 0,00 0,00 0,00 o,oo o,oo 

"· 711 
o,oo 

PM!NOLOGY STAGES 

SP!CI!S OIVERSIJY 0,000 0,000 1,077 0,000 I, JO!!I ,;u8 1,J'IJ o;ooo 
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Table 23. Estimated density (no. Im' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Chrysothamnus viscidijlorus 

COUNT~ 

nEoING TVPES APR JUNE JULV AUG 8EPT OCT NOV 

--···············-·-···------------·····································-··--············· ,EEDING TVPE CME 0,000 0,000 21,687 0.000 s. 5'53 z•.753 7,482 0,000 
,EEDING TVPE NEC n,ooo 0,000 17 ,t,<10 0,000 "· 373 0,000 0,000 0,000 
FEEDING TYPE NON n,ooo 0,000 u,9uci 0,000 a,513 <1,U7 4,'127 0,000 
FEEDING TVPE OMN n,ooo 0,000 ae, n3 0,000 6,'SUl 0,000 IO, 1 <11 0,000 
FEEDING TVPE PQE 0,000 0,000 IU,87'1 0,000 12,l>IZ 7, e'IS .,320 0,000 
FEEDING TVPE SAP 0,000 0,000 1u,ea1 0,000 33,1128 511, 711'1 11,263 0,000 
'r!DING TYPE sue o,noo 0,000 23,b~b 0,000 'I, 16<1 IO. '10<1 12,1155 0,000 
TOTAL 0,000 0,000 151>,355 0,000 h,1>'10 11 I ,'113 52,1>38 0,000 

Table 24. Estimated biomass (glm' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Chrysothamnus viscidiflorus 

WEIGMTS 

HEDYNG TYPES APQ MAY JUN! JULY AIJG OCT NOV 

-----·-········-·······················-············-··---------···········--·········-··· FHOING TYPF CMf 0,000 0,000 3, 'I 13 0,000 2,370 I, 3!i2 o, 725 0,000 
"fEDING TVPE NEC 0,000 0,000 U,226 0,000 5,277 0,000 0.000 0,000 
FfEr>ING TYPE NON o,ono 0,000 0,237 0.000 0,054 0,111> 0, 180 0,000 
,n:o!NG TYPE OMN 0,000 0,000 1, 3So 0,000 0,J71 0,000 0, rt II 0,000 
HEDING TVPE PRE 0,000 0,000 6,845 0,000 5,4H J,OO'I I• '1'>'1 0,000 
HEOING TVPE SAP 0,000 0,000 o,oa5 0,000 O, 11 Q 0,170 o, 117 0,000 
HE!IING TYPE sue 0,000 0,000 3,1171 0,000 I, UU2 2,035 0,812 0,000 
TOTAL 0,000 0,000 20,0'3 0,000 15,100 b,bU 11,548 0,000 

Table 25. Estimated invertebrate densities (no.Im' plant canopy) as sampled by D-Vac from 
Sitanion hystrix 

PLANT I SITMVS 

INSECT TAXON TYPE APR MAY JUN! JULY AU(; SEPT OCT t,jOV 

···-····------·-············----····-··---····-·····-·····················--·············-MOMZCIC sue o.oo 0,00 30. 1,q o.oo ~.oo o,oo o.oo o,oo 
HYMZFOII TWO 0MN o,oo 0,00 17,78 0,00 0,00 o,oo 0,00 o,oo 
MY'42FOIIFOIIMAN QMN 0,00 0,00 ~. <10 o,oo 0,00 0,00 0,00 o,oo 
HYM2FOQLASONE O~N 0,00 o,oo !Oe,~1 o,oo 0,00 0,00 o.oo o,oo 
P8E2CMEllACSIL po[ o.oo o.oo 15,311 0,00 o,no 0,00 0,00 o,oo 
THS2MAC ONE SAP o,~o 0,00 30,6<1 o,oo o,oo o,oo 0,00 o,oo 

PMENOLOGY STAGES 

SPECIES D!V!IISITY o,noo o,noo O,b25 0,000 0,000 0,000 0,000 0,000 

Table 26. Estimated density (no. Im' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Sitanion hystrix 

COUNTS 

FHDING TYPES APR MAY JUNE JULY AUG OCT NOV 

;;;~i~;-;;;~--~~;-····;:;~;--··;:~;;···-;:;;;··-·;:~~~----;::;~----:;;~~----~:;;~---·~:;;~ 
FEEDING TYPE NEC 0,000 0,000 0,000 0 9 000 0,000 0 9 000 0,000 0,000 
,~EOING TVPE NON 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
,EEDING TYPE QMN 0,000 0,000 37,817 0,000 0,000 O,OOO 0,000 0,000 
,E!DING TVPE PRE 0,000 0,000 15,343 0,000 0,000 0,000 0,000 0,000 
,E!DING TYPE SAP 0,000 0,000 30,086 0,000 0,000 0,000 0,000 0,000 
,E!OING TYPE sue 0,000 0,000 30,686 0,000 0,000 0,000 0,000 0,000 
TOTAL 0,000 0,000 114,532 0,000 0,000 0,000 0,000 0,000 
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Table 28. 

Table 21: Estimated biomass (g/m' plant canopy) of invertebrates per feeding type as 
sampled by D-Vac from Sitanion hystrtx 

WE IGMU 

,!!DING Tyn:e APR JUN! JULY AUG l!PT OCT NOV 

--·····---···············································-·············-········-········· 'E!OING TYPE CH! 0,000 0,000 0,000 0,000 0,000 0 9 000 0,000 0,000 
,!!DING TYPE NEC 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
,!!DING TYP! NON 0,000 0,000 0,000 0,000 0,000 O,OOO OoOOO 0,000 
,EEOING TYP! OMN 0,000 o,oo~ 1,oq1 0.000 0,000 0,000 0.000 0,000 
,EEOING TYP! PRE 0,000 0,000 0,060 0,000 0,000 0,000 O,OOQ 0,000 
,EEDING TYPE SAP 0,000 0,000 0,oq1 0,000 0,000 0 1 000 0,000 0,000 
,£!DING TYP! sue 0,000 0,000 0,614 0,000 0,000 0,000 0,000 0,000 
TOTAL 0,000 0,000 J,06i 0,000 0,000 0,000 0,000 0,000 

Table 28, continued 

Number of taxa emerged from ART-ATR-SIT VEG TYPE I 
vegetation type 

"O'IT~ T.XA FEED TYPE • E"ERGEO 

-···--·--···· ········- ---------8!PT, ARA PRE 7 
V!G TYPE I 0 ! i>2PHO ONE SAP 3U 

MONTH UXA 'HO TYPE 
HE112NAB,.ABlLT 

I !MERGED H0M2PSf TWO 
PRE 1 
sue 58 

···-·-·-····- --------- --------- HYMICHA NON 1 
HYM2,0R FOR OMN 1 

APRIL ARA PRE I LEP 'l!C 2 
HYM2FOR,ORMAN OMN 3 

OCT, ACA TWO 2 
to!AV ARA PRE 3 ACAOORI FOR I 

ARA ETN PRE 1 ARA PRE 1 
COE2SMI SAP 1 C0!2ISO SAP 7 
DIP2CEC NEC 5 DIP SAP 2 
HVM2FOR,ORMAN OMN 3 DIP2AS! Two PRE I 
LEP2NOC 5 DIP2PMO ON! SAP 18 

HOMICOC TWO sue 80 
JUNE ARA PRE 3 HOM2PS[ TWO sue 30 

CIJE SAP I HYM2!UL NO'I 1 
CllE2SMI ~MI I 
COL CME I NO~, ACA SU 23 
COL2ELHEO CHE 2 UA PRE " DIP2SCI SAP 11 HOM2APM TWO sue 1 
><E'42M IR ~OR sue 1 H0M2PSE TWO sue " "0M2CIC sue 1 
HY'1tCHA 'ION 3 O!C, ACA SIX " HYl12FOR Two OMN I ARA PRE 1 
HYl12FORFOR11AN OMN I 
MYM2FORLfPO'IE OMN I 
LEP CME J 
LEP NEC ~q Table 29. Number of taxa emerged from ANNUALS 

JULY ARA PRE 21 vegetation type 
COL2ANT I SC CHE I 
COL2ANTN0TCAL CME I VEG TYPE I I 
COL2CMRMON CHE 3 
COL2C~RMONCON CME I MONT>< TAX! FHO TYPf • EMEPGEO 
COL2CLE ONE CHE I 

---------···· --------- ---------O!P2D0L PRE I 
DIP2E~P ONF POE 3 APRIL OTP2PMO ONE SAP 
D!P2PMO ONE SAP 12 
HEM sue I ,uv ARA oqE 8 
HPl2LYGNYSERI sue 1:,5n COL 1 
ME112M!R FOR PQE I D!P2PMO O'IE SAP I 
HEM2MIRLABSER PRE I MY"2'0RFORMAN O~N I 
MOM2CIC TNS sue 2 
MOM2CID>"AGONE sue 2 JU~E ARA PRE 
MYM!CMA NON ~ OIP2CM! NEC I 
MYMIPRO NON I 0!P2EMP PRE I 
HYM2FOR Two OMN I MEM2MIR FOR sue 3 
HYM2FORFORMAN QMN 8 kVM!CHA 'ION I 
HYl12,~RLEPON! QMN 8 LEP NEC I 
MYM2MUT FIV PRE I 
HYM2MUTCRYONE PRE I JULY ARA PRE 21 
MYM2TIP NON I CllE2SMl SAP IO 
LEP CHE 3 COL2CAR pqf I 
LEP >1EC 1:,7 COL2CMRMET CME 2U 
LEP2AEG NEC I COL2CMRMONCON CME 1 
SOL ONE PRE I COL2CMRPHY CME 2 

COL2DAC ONE SAP I 
AUG, ARA PRE lb COL2SU ONE CME I 

COL2CURAPI CME 2 OIP2ASIASIONE PQE I 
COL2NIT ONE SAP I O!P2DOL PRE " O!P2PHO ONE SAP QU O!P2EMP ONE PRE 28 
HEM2LYG'IYSERI sue Q OIP2PHO ONE SAP B 
MfM2M!R FOR PRE I ME>"ZL YG sue 2 
HOM2PSE sue I HE112LYGEMBVIC PRE I 
HYMICHA NON 2 "'EM2LYGNYSERI sue 30 
HYMZ,OR O'lf OMN 1 HEM2LYGPERSAS PRE 1 
LEP NEC n HEM2LYGPERSAS SIJC 58 
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Table 29, continued Table 30, continued 

VEG TYPE II vEr. TY~E l V 

MO~T)-j TAX6 FHO TVPF • -€MEPGEO ~a~·T~ T & "t 4 Fffl) TYP~ • fMfOGED 

------------- --------- --------- ------------- ............ 
---------MEM2MIR ,oR PRE 24 COL2ALLMYC OMN " ,<£"12MIR FOR sue 15 COL2CAR PRE 2 

HnM2CIC TNS ~UC I COL2CARTEeCRO PRE I 
M0M2CIOMAG0Nf: sue I COL2CHRMET CHE I 
HY"IICHA NON 2 COL2CLE ONE CHE I 
MYM2CHRMONCON PRE I COL2COC no PRE I 
HYM2SPH ONE ~ON I COL2CUC PRE 2 
LEP CHE 2 COL2DAC ONE CHE 4 

LEP NH 11, COL2MALCOLUTA PRE I 
ORT2ACR CHE 3 COL2MOR CHE 2 
SOL ONE PRE 7 COL2SO ONE OMN 2 
Tl-tY 2AEO ONE sue I COL2SU ONE CHE s 
THY2PHL THR sue I COL2STA ONE PRE I 
THY2THR FOR sue 2 OIP2CEC NON I 

DIP2CHI NEC 2 
AUG, ARA PRE 10 OIP2!MP ONE PRE 7 

eOE2SMI SAP I OIP2PHO ONE SAP 62 
COL2CMRPHY CHE I DIP2SCI ~AP t 
COL2C~Y TWO CHE I HEM2LYGNYSERI sue 543 
CDL2DAS rwo PRE I MYMICHA NON I 
DIP2CEC NON I HYM28RA NIN NON I 
OIP2EMP ONE PRE 2 HYM2,oR,ORMAN OMN I 
DIP2MILMAOGLA NON I HYM2MUTSPHONE PRE I 
D!P2PHO ONE SAP 24 ISO CHE I 
HEM2LYGGEOFOR PRE 'I LF.P CHE 12 
HEM2LYGNYSER! sue t b LEP NEC '51 
HEM2LYGPERSAS sue 172 LEP2COL CHE 3 
MEM2MJR FOR PRE 4 ORT2GRYSTEFUS CHE I 
HO"l2PSE sue 7 PS02LtP SAP 3~ 
LEP NEC I SOL ONE PRE I 
ORT2ACRMEL CHE 2 THY2PHL THR sue 8 
SOL ONE PRE 1 

AUG, ARA PRE 3'5 
SEPT, ARA PRE 1'1 COE2SMI HP I 

COL CHE I eOL2eAR TWO PRE I 
OJP2CEC PRE 2 COL2CMRMET CHE 3 
D!P2EMP PRE I COL2CLE ONE PRE 3 
D!P2P"IO ONE SAP 18 COL2CUR THR CHE I 
HEM2LYG sue 10 COL20AS T•O PRE I 
ME"'2LYG.,YSERI sue 2 OIP2CEC "ION I 
ME"'2M!R ~OR PRE 2 DIPlEMP O'IE PRE I 
HOM2PSE T•O sue "" D!P2M!LMAOGLA "ION I 
MVMICMA NON 18 OIP2PMO ONE SAP 170 

HEM2LYGNYSERI sue 73 
OCT, ARA PRE e H0M2PSE sue I 

COL2ANT TMR CHE I HYMtCHA NON I 
COL2CHRPHY CHE 1 MYM2~RA NIN NON I 
O!P2PMO ONE SAP b MYM28RA TMR l<ON 3 
><EM2LYGPERSAS sue 2 MYM2'0R 'OR OMN I 
MEM2M!R FOR PRE I MYM2SYN "IEC I 
MOM2PSE TWO sue l MVM2T!P NON 2 
MYMICMA NON I LEP NFC 3U 

NEU2ME'4"1CVAR PRE I 
NOV, ACA SIX I SOL ONE PllE I 

ACA SIX PU I THY 'OR sue 22 
ARA PRE ] THY2PHL TMR sue 2 
DIP2PHO ONE NON I 

SEPT, ARA P'IE 2'1 
DEC, COL CME 1 

COL?CAR PRE I 
COL2CLE Two PRE 3 
OIP2PH0 ONE SAP 12 

Table 30. Number of taxa emerged from AGRDES MOM2P8£ TWO sue Qb 

vegetation type MVl'ICMA NON 7 
LEP NEC 2 
LEP2GEL ONE "IEC 1 

VEG TYPE JV 
OCT, ARA PRE IS 

MONTH TUA FfED TYn • EMfRGEO DIP2P>W ONE SAP IQ 

------------- --------- ---------
"IOM2PSE T•O sue 2oq 
HVMICMA NnN b 

APRIL HYM2ENe NON I 
MAY ARA PRE Cl HYM21CH S!W "EC I 

COE2SMI ONE SAP I TMY2AEO ONE sue I 
CD~2TEN FIV CME t THY2PML hO sue I 

JUNE ARA PRE 2 NOV, ARA PPE u 
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Figure 6. General trend in Curlew emergent trapping vs. mean maximum 
monthly temperature (0 C). 
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MAMMALS 

M. Merritt 

INTRODUCTION 

Demographic parameters of small mammal populations 
were continuously monitored in the ART-ATR-SIT and 
AGRDES vegetation associations during 1975. Populations 
were· also censused in the ANNUALS, HALGLO-ART, 
ARTTRI and off-site AGRDES vegetation types during 
August. 

METHODS 

Sherman live traps were placed in a 12 x 12 station grid, 
two traps per station. The total grid area was 2. 72 km'. 
Traps were set in the early morning and checked every 24 hr 
for five consecutive days. Bait was provided at the 
beginning of the trapping period and after every capture as 
a source of energy and preformed and metabolic water. 
Cotton was provided as nesting material to decrease 
temperature extremes within the trap. Animals were 
marked by toe amputation, weighed, sexed and examined 
for reproductive and physiological com;lition. 

Anderson's suggestion (in Shinn et al. 1975) to base all 
population estimates on the number of animals actually cap
tured, rather than on a calculated estimate, was followed. 
Data were analyzed for seasonal and geographical differen
ces in density, number of reproductive cycles per species, 
capture sex structure, diversity and vulnerability of a species 
to trap mortality. Home-range caculations were based on 
the determinant of the capture-point covariance matrix 
(Jennrich and Turner 1969). The probability P'- .95 mea
sures the confidence placed on all data termed "significant." 

Because of the difficulty in distinguishing between two 
species of Dipodomys (ordii and microps), and their 
relatively low numbers, data for these species were grouped. 

REsULTS AND DISCUSSION 

Length of Trapping Period 

While the IBP proposes a five-day trapping period (Balph 
et al. 1973), Olsen (1975) supports the criticisms of Gentry et 
al. (1968) that five days is insufficient. Only 59% of the 
animals in an enclosed community were taken by Olsen in 
five days. To determine if new animal captures in Curlew 
Valley significantly decreased by the fifth day, a linear 
regression of the capture-extinction data for all trapping 
periods was calculated (Fig. 7). Although the correlation 
was low (r' = - 0.41), the fit was significant. The 
regression line indicates that additional new captures were 
possible past the fifth day. Extrapolation resulted in an 
x-intercept of 6.5 days, indicating that the five-day 
trapping period was insufficient. Nevertheless, IBP policy 
was followed to supply continuity in the data-gathering 
process. 
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Density 

Density was calculated by dividing the mean number of 
animals trapped per day by the estimated area sampled 
(Turner et al. 1971). Geographical and seasonal changes in 
density were analyzed to determine areas receiving heavy 
use. Areas supporting greater density may offer larger food 
reserves, a more diverse niche structure or greater species 
compatibility (e.g., a higher degree of coevolution). 

The region supporting the greatest density was the 
ART-ATR-SIT vegetation type .(Table 31). 

During August, density was 24 % less in the ARTTRI 
vegetation type, 49% less in the HAL-ART, 51 % less in the 
AGRDES, 58 % less in the off-site AGRDES type and 83 % 
less in the ANNUALS. The vegetation types supporting the 
greatest density were communities composed of various 
proportions of A. tr.identata. Vegetative height and density 
are major discernible factors between the communities 
composed of A. tridentata and those composed of grasses or 
annuals. Since cover is important to small mammals 
subjected to predation, it is hypothesized that the vegetative 
physiognomy is a major determinant of density distribution 
in Curlew. 
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Figure 7. Linear regression of the capture-extinction 
data. 
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Vegetative physiognomy has been correlated with mam
mal density and diversity by various authors. Rosenzweig 
and W inakur ( 1969) hypothesized that the vegetative height 
diversity allowed a community of desert rodents to coexist. 
Montgomery (1976) correlated Great Basin rodent species 
density and diversity with shrub height density and 
diversity. Brown et al. (1972) correlated distribution and 
abundance of rodents with cactus density. All of the above 
authors postulate that protection from predation is a factor 
relating rodent density and diversity with vegetative 
architecture. 

Seasonal utilization of the ART-ATR-SIT vegetation type 
peaked during June (Table 32). Species exhibiting peaks of 
abundance at this time were Perognathus parous, Eutamias 
minimus and Onychomys leucogaster, representing three 
different trophic levels: granivore, omnivore and carnivore. 
Dipodomys density peaked in August, producing staggered 
times of maximum abundance between the two 
heteromyids. Peromyscus maniculatus density peaked in 
May, resulting in offset times of maximum abundance 
between the two omnivores. 

The rate of immigration by a species can be dependent 
upon the degree of competition it encounters (Watson and 
Jenkins 1968; Connell 1961). It is hypothesized that the 
degree to which Dipodomys utilizes the ART-ATR-SIT 
vegetation association depends upon the amount of 
competition it receives from its trophic level analog, P. 
parvus. Further, the utilization of this vegetation type by E. 
minimus could be dependent upon the level of competition 
offered by P. maniculatus. 

The AGRDES vegetation association, less diverse in plant 
composition and architecture than the ART-ATR-SIT 
vegetation type, was also monitored for seasonal density 
changes (Table 33). Not only was rodent density less, but 
species diversity as well. The only species present in 
appreciable numbers were those occupying different trophic 
levels; Dipodomys and E. minimus were very_ rare. 

Reproduction 

Reproductive activity was ascertained by inspection of 
female genitalia. Swollen mammary glands were indicative 
of reproductive activity in Perognathus and Peromyscus 
(O'Farrell 1975). Females possessing enlarged mammary 
glands were assumed to be in some phase of reproductive 
activity, although no distinction could be made between 
estrus, pregnancy or lactation. Vaginal plugs in Dipodomys 
merriami (Chew 1958), Dipodomys deserti (Butterworth 
1961) and Perognathus penicillatus (Wilken and Ostwald 
1968) are also indicative of reproductive activity. Plugs are 
formed either from sloughed vaginal tissues during estrus or, 
after copulation, from semen. Copulatory plugs last up to 18 
days. The presence of either plug type was assumed to be a 
sign of reproductive activity, although no distinction 
between the two types was made. Testicle descension was 
not considered in the analysis of reproductive • activity 
because of the difficulty encountered in distinguishing 
between inguinal and scrotal testes. 
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Table 31. Density estimates of mammals for various plant 
associations during August 1975 (no. Iha) 

Vegetation types 

Species Off-site ART-ATR-SIT ARTTRI HAL-ART AGRDES AGRDES Annuals 

P. parvue 1. 77 0. 76 0.58 o. 74 0.56 0.34 

P. maniauZ.atus 0. 11 0.66 0.30 0.55 0.62 0.08 

e. minimue 0. 37 0. 56 0.64 0 0 0 

Dipodomye 0.59 0. 39 0.10 0.03 0.02 0.11 

o. Z.eucogaster 0. 34 0.04 0 0.26 0.14 0 

Total 3.18 2.41 1.62 1.58 1. 34 .53 

Table 32. Density estimates of mammals for the ART-A TR-
SIT plant association (no. Iha)• 

Month 
Species 

8 10 11 

P. parvua 1.06 4. 31 4. 79 2.47 1. 77 1. 98 0. 16 

P. manioulatus 0.47 o. 76 0.68 0. 46 o. 11 0.07 0.28 

E. minimus 0. 77 0.51 1.04 0. 36 o. 37 0. 38 0.12 

Dipodomys 0.07 0.09 0. 38 0.59 0.18 0.14 

o. leucoga6 ter 0.15 o. 31 0. 52 0.37 0. 34 0. 06 0.07 

Total 2 .52 5.89 7. 12 4.04 3.18 2.67 0. 77 

• No data for September (9). 

Table 33. Density estimates of mammals for the AGRDES 
plant association (no.Iha)• 

Month 
Species 

8 10 11 

P. parvus 1.52 0.95 0.99 0. 74 1. 16 0 

P. maniculatue 0.48 0.96 0.69 0.55 0.26 0.29 
Dipodomys 0 0 0 0.03 0 0 

o. Z.euoogaeter 0.08 0 0.02 0.26 0 0.02 

Total 2.08 1.91 1.58 1.42 . 31 

• No data for September ( 9) . 



The seasonal pattern of enlarged mammary glands 
relative to plugged vaginas is illustrated in Figures 8-11. The 
percentage of P. parvus females exhibiting plugs was low, 
but a definite peak in those possessing enlarged glands was 
observed in June. The demonstration of only one peak in 
reproductive activity suggests that P. parvus breeds once per 
year. This suggestion is supported by Killpack (1956). 0. 
leucogaster and P. mantculatus females demonstrated peaks 
in reproductive activity in spring and. again in summer, 
suggesting that these species are polyestrous. While females 
of other species discontinue reproductive activity by Octo
ber, P. maniculatus females continue reproducing through 
winter, although at a much lower rate. 

Although E. minimus females demonstrated two peak 
periods of plugged vaginas, only one peak of enlarged 
mammary glands was noted. The discrepancy between the 
two indices of reproductive activity can be explained with 
the following hypothesis: the second peak in reproductive 
activity failed to produce young. If young had been 
produced, some indication of lactating females would have 
been observed. 
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The hypothesized failure of the second reproductive 
attempt might be correlated with its time of occurrence. 
The second peak of reproductive activity in E. minimus 
occurred a month later than the second attempts of P. 
maniculatus and 0. leucogaster. Assuming a gestation 
length of 31 days (Asdell 1964), young would be born in 
September. Plant and soil moisture in Curlew is greatly 
reduced by September. Hodgkinson et al. (in press) have 
measured water potentials in A. tridentata and A. 
confertifolia as low as -50 bars. Franz et al. (1973) and 
Chew and Turner (1974) have associated the presence of 
continued rainfall and succulent vegetation with enhanced 
reproductive ability in desert rodents. Perhaps lack of 
moisture contributed to the hypothesized failure of the 
second reproductive attempt by chipmunks. 

Capture Sex Structure 

• Male captures did not significantly differ from female 
captures. The balanced capture sex ratio infers a 
combination of the following: a 1: 1 litter sex structure; 
equal mortality rates with age; and an equal capture 
probability. 

Month 

----- Mammary glands 
-- Plugged vaginas 

P. manicu/atus 

0. leucogaster 

' 
' 

Fig. 11 
' ' ' ' '' ~· 

4 5 6 7 8 9 10 11 

Figures 8-11. Pattern of reproductive activity in females ( % ). P. 
parvus (Fig. 8); P. maniculatus (Fig. 9); E. minimus (Fig. 10); 0. 
leucogaster (Fig. 11). 
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Trap Torpidity and Mortality 

The state of an animal's health upon release was the 
criterion used in judging capture stress. An active animal 
with normal pelage appearance indicated good health. 
Animals exhibiting sluggish movements and matted, wet fur 
around the jaws and neck indicated torpor, probably 
ten:iperature-induced. Moribund animals indicated an 
extreme amount of capture stress. The degree of stress was 
calculated for each species with a one-way analysis of 
variance. No significant differences in trap vulnerability 
between species groups were found. Thus, trapping does not 
appear to introduce pressure on one specific group. 

Animals exhibiting torpor in October significantly 
differed from all other months. Since food is always placed 
within traps after each capture, torpor would not result 
from starvation, but rather temperature extremes. 
Subjection to cold night temperatures would result in 
torpidity as a survival mechanism. 

Diversity 

Small mammal diversity in desert systems has been cor
related with vegetative physiognomy (Rosenzweig and Win
akur 1969; Montgomery 1976). Curlew vegetative associa
tions varying in architecture were analyzed for diversity to 
test this correlation. The Shannon-Weaver measure pro
duced significantly different estimates of diversity between 
associations. Diversity was greatest in the ART-ATR-SIT 
association, while the monoculture of crested wheatgrass 
demonstrated low diversity. Perhaps variations in vegetative 
height and food sources in the ART-ATR-SIT association 
created greater niche diversity, allowing greater small 
mammal diversity. 

Estimated Area Sampled 

The extent to which the trapping grid actually censuses a 
region is considered by the estimated area sampled, which 
was determined in the following manner: 

EAS = [ V(A/n ) + 165 m]' 

"A" is the pooled home range area for that species, as 
calculated from the method developed by Jennrich and 
Turner (1969), and 165 m is the length of one side of the 
trapping grid. This formula differs from that erroneously 
presented by Anderson in Shinn et al. (1975) in that the 
radius of the home range circle is added to the side of the 
trapping grid, rather than the diameter. The results 
(Table 34) were used in calculation of density estimates. 

Home Range 
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Home range is defined as the smallest subregion within 
which an animal spends 95% of its time (Jennrich and 
Turner 1969). The area of this subregion can be estimated 
with a minimum of three different capture points, assuming 
that the points are a random sample of the animal's 
distribution. Home range areas for each individual were 
calculated using a bivariate covariance matrix developed by 
Jennrich and Turner (1969), which assumes that animal 
activity is distributed according to the bivariate normal 
distribution. While most models, such as those proposed by 

Calhoun and Casby (1958) and Dice and Clark (1953) 
demand an assumption of circularity, Jennrich and Turner's 
model (1969) considers elliptical home range shapes, thus 
increasing the model's flexibility. . 

The elliptical model is not without its drawbacks. A home 
range area calculated from an elliptical model will be 
smaller than one calculated from a circular formula, thus 
increasing density estimates (Turner et al. 1971). Also, an 
elliptical model suffers from a sample size bias (Koeppl et al. 
1975), although Van Winkle (1975) contends that the 
Jennrich and Turner model (1969) is free of such bias. 

lntraspecific Comparisons of Home Range Area 

Kleiber (1961) related a mammal's basal metabolic rate to 
its body weight with the equation M = 70W' 75

, McNab 
(1963) proposed a similar relationship between a mammal's 
home range size and its body weight with the equation A = 
6.7 w·"'. McNab found no significant difference between 
the two exponents, and concluded that home range size is 
proportional to metabolic rate. 

To determine if McNab's proposed relationship applied to 
the small mammals in Curlew, a correlation matrix was 
developed relating home range size to body weight. An 
analysis of a six-year accumulation of data showed no 
significant correlation between home range size and animal 
size (r2 ~ 0.21). These results concur with those of Maza et 
al. (1973), which showed that among heteromyid rodents, 
home range size and body weights are not significantly 
correlated. 

Home range size significantly differed between the sexes. 
Males of all species possessed a mean home range size of 1. 75 
+ .10 ha, while females possessed a home range size of 1.06 
+ .10 ha. Thus, males exhibited a 60. 60 % greater home 
range area than females. This relationship concurs with the 
findings of Maza et al. (1973), which demonstrated a 
significant difference in home range size between sexes. 
Body weights of sexes did not significantly differ, so the 
males' larger home range size is probably not a function of 
body weight. Males have a greater exploratory nature 
(Franz et al. 1973) and conduct more frequent excursions 
outside the home range area (Maza et al. 1973). It is 
hypothesized that the male behavior pattern is a major 
contributing cause to the difference in home range size 
between the sexes. 

Interspecific Comparisons of Home Range Area 

Predators have larger home ranges than herbivores of the 
same weight, because they require a larger area in which to 
find food (Turner et al. 1969; Chew and Chew 1970). A 
correlation matrix relating home range size to species over a 
six-year period showed significant interspecific differences. 
0. leucogaster, an insectivore-carnivore, has a larger home 
range than the omnivores P. maniculatus and E. minimus, 
who, in turn, have larger home ranges than the 
granivore-herbivores P. parvus and the Dipodomys spp. 
(Table 35). Thus, home range area is proportional to the 
trophic level. 



Table 34. Estimated area sampled for all species during 
1975 

P. pru"VuB Dipodomya E. minimue P. manioul-atu:s O, leuoogaeter 

Hectares 5. 06 5. 71 6. 50 7 .24 8.12 

Table 35. Mean home range area for each species over a 
six-year period 

l>ipodomya P. pawue P. manicul.atu8 E. minimu.s 0. leuoogaater 

Mean SE Mean SE Mean SE Mean SE Mean SE 

Hectares 0.21 0.46 0.59 0.23 l.50 0.25 l.64 0.20 3.10 o. 37 

Home Range Activity Center Distribution 

Center of activity may be defined as the average of points 
of capture (Koeppl et al. 1975). To determine if activity 
centers in Curlew were arranged in specific patterns, a 
nearest neighbor analysis (Clark and Evans 1954) was 
performed. All species exhibited significantly aggregated 
activity centers. Aggregation is probably due to the sharing 
of burrow systems by individuals. Aggregated centers would 
provide a greater probability for interaction and 
communication. Increased communication would facilitate 
the finding of mates and the evolution of predator alarm 
calls. It is hypothesized that the pattern of activity center 
spacing may be an index of social behavior. 
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SOIL SEED RESERVES , 
M. Merritt 

INTRODUCTION 

In compliance with the data-gathering efforts of the 
Desert Biome validation sites, soil seed reserves were 
sampled in Curlew Valley. Seed reserves were censused to 
provide data on the amount of seed biomass available for 
seedling production and as a food source for granivores. 

METHODS 

Soil samples, obtained over a span of 1-2 days, were 
collected four times during the summer and' fall of 1975. 
Collection sites were 6-ha plots within the Artemisia
Atrlplex-Sitanion vegetation type. During each sample 
period, 10 decihectares per hectare were chosen randomly. 
At the northwest corner of each decihectare, soil samples 
were taken in three different locations: under the nearest A. 
confertijolia plant, under the nearest A. trldentata plant 
and in a plant interspace. The technique of sampling was as 
follows: a metal ring, 98 ml in volume, was pushed into the 
soil until its edge was flush with the surface. A metal plate 
was then pushed under the ring until its. surface was flush 
with the ring's subterranean edge. The soil sample was lifted 
and placed in labeled plastic bags for analysis. 

In the lab, soil samples were placed in a Dacron organdy 
bag, soaked in warm water for 1 hr and kneaded under a 
stream of water until no soil remained and the wash water 
was clear. Samples were then dried on filter paper. Dried 
samples were examined microscopically for seeds. 
Unidentified seeds comprised 4.56% of the total. While the 
disregard of their numbers is a source of error, it is assumed 
that these species are not an important component of the 
system. 

Since some seeds are inevitably lost during the washing 
and/or examination, known seed numbers of each species 
were processed to determine the percentage of loss. All 
numbers presented are corrected for loss. 

Caloric content of seeds was determined with a Phillipson 
microbomb calorimeter. 

RESULTS 

Seeds are not distributed randomly, but are correlated 
with date and location (Table 36). A split-plot analysis of 
variance test determined that all seed species except A. 
trldentata vary in number over time. Seed numbers also 
differ according to their location. The majority (94 % ) of A. 
trldentata seeds were found under parent shrubs, suggesting 
poor dispersion. A. confertijolia demonstrated slightly 
higher dispersion, distributing 67 % of its seeds under parent 
shrubs and 33.3 % under A. trldentata shrubs. Seeds of the 
annual Descurainia pinnata were concentrated under 
shrubs, with only 15 % found in interspaces. Sitanion hystrlx 
seeds were also concentrated under shrub cover, distributing 
only 12 % of its seeds throughout interspaces. Conversely, 
Halogeton glomeratus had no significant concentration of 
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dispersion, being equally concentrated both under shrubs 
and in interspaces. 

The minimum number of seeds per hectare per month 
(Table 37) was calculated as follows: 

where 

[(no. ·sample area- 1 ·Iocation- 1
) 

x (area encompassed by location/ha)] 
/(sample area) 

sample area 

and (Shinn et al. 1975): 

0.2126 m• 

interspace area/ha 
A. tridentata cover/ha 

A. conjerttjolia cover /ha 

7800 m• 
1000 m• 
900 m• 

Seed density estimates can be calculated only for those 
locations sampled; therefore, the 300 m• of plant cover 
remaining per hectare have no seed density estimates. The 
~eed data presented herein constitute minimum estimates. 

Kilograms of seeds per hectare vary markedly between 
species (Fig. 12). A. confertifolia and S. hystrix contribute 
the greatest biomass to the system, while A. tridentata, a 
dominant species in Curlew Valley, surprisingly contributes 
very little. D. pinnata exhibits a peak reserve in July, while 
A. confertifolia and S. hystrix seed reserves peak in August. 
H. glomeratus is not an important component of the 
vegetation type sampled; its fluctuations are slight and 
relatively insignificant. 

The disparity between species is further exemplified when 
the amount of energy stored within the seeds of each species 
is examined (Table 38). A. conferttfolia contributes the 
greatest energy to the system, followed by S. hystrix and 
then by D. ptnnata. A. tridentata stores very little energy in 
the form of seeds. Interestingly, on a per-seed basis, A. 
conjerttfolta contains the fewest calories per gram of seed, 
while A. tridentata has a relatively high amount of energy 
content (Table 39). 

DISCUSSION 

Seed concentration under plant cover is common within 
desert systems. Chew et al. (1973) calculated that seed 
densities of perennials and annuals at Rock Valley, Nevada, 
are all significantly higher under shrubs than in interspaces. 
In fact, density decreases as distance from the shrub base 
increases. Childs and Goodall (1973) noted that seeds at 
Silverbell, Arizona, also concentrated at the base of shrubs. 
In contrast, Reichman (1976) determined that no differ
ences in seed numbers between interspaces and under plant 
cover occur in Sonoran Desert soils. It is hypothesized that 
the widely spaced, high-canopy-height vegetative commu
nity of the Sonoran Desert may account for the seed concen
tration pattern observed by Reichman. It would be inter
esting to correlate different desert communities with their 
seed concentration patterns, to determine to what extent 
vegetative physiognomy affects the distribution of 
seeds. 
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Table 36. Significance of seed distribution as correlated 
with time of year and location 

Species 

ART TRI 

ATR CON 

DES PIN 

HAL GLO 

SIT HYS 

Month 

" At the 95% significance level. 

Location 

Table 37. Seed number estimates per hectare to 4.611 cm 
below ground 

Species 

ART TRI 

ATR CON 

DES PIN 

HAL GLO 

SIT HYS 

40 

30 

20 

10 

June 

June 

793,500 

30,163,200 

8,391,300 

754,900 

2,570,000 

KEY 

!!· ~ 

July 

924,700 

51,094,500 

23,174,900 

735,700 

3,556,900 

~- confcrt1foli3 

.!!· glomeratus 

S. hystrix 

July 

August 

254,000 

65,033,000 

12,230,000 

92,200 

14,906,800 

August 

October 

247,400 

63,400,300 

15,631,200 

378,700 

11,730,000 

October 

Figure 12. Kilograms of seeds per hectare, to a depth of 
4.6 cm. Monthly changes in biomass are shown. 
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Table 38. Estimates of seed-stored energy (kcal/ha) to a 
depth of 4.611 cm below ground 

Species June July August October 

ART TRl 903 l ,055 288 282 

ATR CON 59,379 100,585 128,023 124,811 

DES PIN 5,632 15,550 8,209 10,488 

HAL GLO l 1 244 1,219 150 2,282 

SIT IIYS 15,249 21,100 88,434 69,585 

Total 82,407 139,509" 225,104 207,448 

Table 39. Ash and caloric content of each seed species 

Species 

AllT TRI 

ATR CON 

DES PIN 

HAL CLO 

SIT HYS 

Caloric content 
(cal/g) ! deviation 

from the mean 

5,634.8 ± 36.8 

3,342.9 t 20. 7 

6,062.5 t 8.5 

5,185.3 ± 2.6 

4,057.7 ± 30.6 

Ash content 
(%) ! s.o. 

6.34 (one 
Sa111Ple only) 
19.65 ± 3.31 

7.15 ± 2.17 

8.04 .t 1.62 

5.44 ± 4.80 

Seeds lodged under plant cover are exposed to more 
favorable germination conditions since the soil moisture 
(Patten and Smith 1974) and organic matter (Chew et al. 
1973) are greater than in interspaces. Since seeds aggregate 
around mother plants (Major and Pyott 1966), the pattern 
of seed concentration under canopies is perpetuated. Thus, 
D. pinnata, a species requiring moisture to germinate, 
perpetuates best under plant cover. In contrast, H. 
glomeratus, a more drought-resistant species, extends into 
interspaces. This difference in water requirements may 
explain the clumped pattern of D. pinnata and the random 
dispersion of H. glomeratus observed in Curlew Valley seed 
reserves. 

The minimum seed biomass in Curlew Valley varied 
monthly: 22.9 kg/ha in June; 38.3 kg/ha in July; 61.6 kg/ha 
in August; and 56. 7 kg/ha in October. The Silverbell 
Validation Site in Arizona possesses a slightly greater seed 
biomass of 83 kg/ha (Childs and Goodall 1973), while the 
Rock Valley Validation Site in Nevada shows a relatively 
small seed biomass of 4.2 kg/ha (Chew et al. 1973). At the 
Jornada Validation Site in New Mexico, small seed biomass 
estimates of 5.9 kg/ha were calculated for the bajada; the 
playa demonstrated a greater seed biomass of 38.2 kg/ha 
(Goodall and Morgan 1974). Sonoran Desert soils were 
calculated to have 70 kg/ha of seeds (Reichman 1976). 

Various authors have stated that mammalian seed 
predation greatly affects soil seed reserves and thus, 
ultimately, plant production. Mares (1976) believes 
mammals are the most important seed removers in North 
America. Reichman (1976) concurs, citing a 300 % increase 



Table 40. Monthly changes in mammalian energy 
requirements' 

Species Month X kcal/dny 2 Assim. %
2 t seeds 

in diet 

ONY LEU 10.0 92.6 113 

9. 7 92.0 

9. 7 91.5 

10 15.0 85.5 

PER PAR 6.8 93.0 68
4 

5. 7 91.0 

5.9 91.0 

10 5.6 89.0 

PER MAN 6 10.0 88.9 224 

9.4 94.6 

9.9 

10 14.0 82. 5 

EUT MIN 6-10 13.3 6 84 .8 6 34
4 

DIP spp, 8 37.z7 92,0 6 78
5 

17 .6
7 

8 6. 1 
7 

10 2. 7 
7 

1. Unless indicated otherwise, all data are from Schreiber 1973. No 
standard error estimates are given. 

2. Male and female averaged. 
3. Schmidt-Nielsen and Haines 1964. 
4. Johnson 1961. 
5. Reichman 1975. 
6. Schreiber and Johnson 1972. 
7. Mulle~ 1971. 
8. Dipodomys £!._dii and Q. micr~ are combined. 

ii). seed biomass when rodents and ants were excluded from 
Sonoran Desert plots for one year. Soholt (1973) noted that 
Dipodomys merriami, a granivore, is notentially food
limited in the Mohave Desert and concluded that desert 
herbivores in general are food-limited. 

It was decided to correlate the amount of energy available 
in seed reserves with the amount of kcal required by the 
trappable mammal population in Curlew Valley to 
determine the impact mammals exert upon seed reserves. 
Note that seed reserves experienced predation prior to 
sampling, resulting in overestimation of the rodents' 
impact. 
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Energy requirements for each species per month, 
assimilation efficiency and the percentage of seed~ in ~he 
diet are show in Table 40. Table 41 presents the minimum 
density er.timates of mammals in Curlew Valley, 1975. 
When the kcal of seeds required per month by each species is 
multiplied by the estimated species density, the minimum 
seed-stored energy required by the trappable mammal 
population is obtained (Table 42). The percentage of energy 
mammals remove from the seed rt>-Serves is 1.24 % in June, 
0.41 % in July, 0.18% in August and only 0.16% in 
October. Thus, contrary to the findings of researchers 
working in other desert systems, mammalian seed-predators 
in Curlew Valley appear to exert no great impact upon soil 
seed reserves. • 

Curlew Valley 

Table 41. Minimum density• for the trappable mammal 
I)Opulation in ART-ATR vegetation, Curlew Valley, 1975 

PER PAR PERMAN ONY LEU EUTMIN DIP spp. 

Jun 4.79 0.68 0.52 1.04 0.09 

Jul 2.47 0.46 0.37 0.36 0.38 

Aug 1.77 0.11 0.34 0.37 0.59 

Oct 1.98 0-07 0.06 0.38 0.18 

*Number of individuals trapped per day per estimated area sampled 

Table 42. Seed-stored energy (kcal) per hectare required 
hy rodents* 

Sped.es June July A11~u~t October 

PER PAR 700 308 230 248 

PER MAN 51 31 8 8 

ONY LP.U 19 13 12 

F:UT MIN 165 55 ,. 6) 

DIP spp a, 166 90 12 

Total 1020 574 198 333 

"" Assimilation efficiency is Lnc.ludl!tl in c~lculations 
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