ABSTRACT
A COMPARISON OF DIPTERAN DIVERSITY ON NATIVE
PLANTS WITHIN AND OUTSIDE THE CALIFORNIA
NATIVE PLANT NURSERY, TRANQUILLITY,
CALIFORNIA
The Endangered Species Recovery Program (ESRP) is supervising land
restoration in southwest Fresno County through the federally funded Land
Retirement Project. The reclaimed land is adjacent to currently farmed land, and
there is grower concern that native vegetation on the reclaimed land will function
as a reservoir for insect pest infestation. The purpose of my research was to
conduct an initial inventory of Diptera present on some of the California native
plants that are utilized in habitat restoration by the ESRP in southwest Fresno
County.
Dipteran populations were sampled on three of the species of native plants
grown within the ESRP’s native plant seed nursery and on the same three plant
species that also occur within non-nursery sites in the general area surrounding
Tranquillity. This research provided preliminary information on dipteran trophic
guilds and the potential amount of ecological redundancy present within this
ecosystem. It also provided baseline biodiversity data for future research. Future
work will estimate species richness, abundance, and pest/beneficial significance
from this baseline data. No significant difference was found between collection
sites in taxa collected, trophic guild, number of Diptera collected, and pest status.
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INTRODUCTION
Arthropods, especially insects, dominate most terrestrial and freshwater
ecosystems, and insects are involved at all trophic levels within an ecosystem
except as primary producers. They function in herbivory, predation, parasitism,
pollination, seed distribution, regulation of animal numbers, soil formation,
nutrient cycling and scavenging, and they are major prey for other animals
(Horwitz et al. 1999, Hutcheson 1999, Keiper et al. 2002, Kremen et al. 1993,
Kruger and McGavin 1997, Thompson and Altoff 1999). This is especially true
for the Order Diptera, one of the largest orders of insects.
Diptera, commonly called flies, are characterized by a single pair of
membranous fore wings, hind wings reduced to balancing organs called halteres,
and holometaboly (Borror et al. 1989). Their distribution is world-wide, ranging
from the Artic to islands near the Antarctic, and they occupy virtually all trophic
levels (Schuldt and Assmann 2010, Vockeroth 2002). Adults and immatures
generally occupy different trophic levels or ecological niches allowing for greater
exploitation of food sources (Ssymank et al. 2008). The majority of immature
dipterans are scavengers; however, others include pollinators, predators,
parasitoids, detritivores, and herbivores (Borror et al. 1989, McAlpine et al. 1981,
Vockeroth 2002). Many are responsible for nutrient cycling within an ecosystem.
Due to their large numbers and presence in most ecosystems, Diptera are
important components of ecosystem functioning (Lowe et al. 2010, Schuldt and
Assmann 2010).
Invertebrates, including the Diptera, have often very complex life histories
that increase the overall biological diversity (biodiversity) within an ecosystem. A
decline in biodiversity includes any changes that reduce the biological complexity
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of a community and can be due to a change in any of the components of ecological
complexity which may include phenotypic plasticity, population genetic
variability, ecotypic variation, species richness, species (α) diversity, functional
diversity, gradient (β) diversity, community diversity, diversity in patchiness and
other factors (Walker 1992). It is important to have more than one representative
of a particular functional guild (e.g. pollinators, predators, detritivores, herbivores)
within an ecosystem in order to ensure the resilience of that ecosystem. Increased
biodiversity stabilizes the functioning of an ecosystem by increasing its resistance
to perturbation (Horwitz et al. 1999). If a perturbation event occurred and caused
a decline in one particular taxonomic group, other redundant groups within that
guild would still be able to maintain that particular functional role. An
understanding of the amount of ecological redundancy within an ecosystem
provides information on the fragility of that ecosystem and can illuminate
ecosystems in need of conservation (Walker 1992, 1995).
Insects in general make ideal indicators for the status of, and biodiversity
within, a particular ecosystem, due to their high diversity within terrestrial
ecosystems, their importance in ecosystem function, and the relative ease of their
sampling (Hutcheson 1999, Lowe et al. 2010). The use of arthropods as indicators
of ecosystem functioning can provide early warnings of ecological changes that
would be discovered later, for instance, in vertebrates. This allows for the
possibility of management of those changes prior to further habitat fragmentation
or ecosystem collapse (Kremen et al. 1993).
Within a particular ecosystem it is important to look at the overall insect
community in order to determine what particular insect trophic guilds are present
and whether or not there is ecological redundancy within those guilds. However,
the large number of insect species, their small size, mobility, seasonal variability
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and often cryptic life styles make it very difficult to characterize complete insect
communities (Hutcheson 1999, Kimsey 1997). It is impossible to collect every
insect within a community spatially or temporally due to their immense numbers
and the time, expense, and difficulty of collecting and identifying the insects.
Consequently many studies have used a few indicator species to evaluate overall
insect biodiversity within particular communities, such as ants (Anderson et al.
2004, Haddden and Westbrooke 1999), beetles (Haddden and Westbrooke 1999,
Hutcheson 1999), and dipterans (Haslett 2001, Hovemeyer 1999, Kitching et al.
2006), although others have looked at the general assemblage of insects but only
identified them to morphologically generalized groupings called morphospecies
(Isaak and Honda 2002, Kruger and McGavin 1997, Oliver and Beattie 1993,
1996, Oliver et al. 1999).
The inclusion of insects in studies of biodiversity is vital due to their
importance in ecosystem functioning. It is also important because the number of
insect species does not necessarily correlate with vertebrate and plant biodiversity,
even though many studies that use vertebrate or plant biodiversity assume that
their biodiversity indicates all other forms of biodiversity (Oliver and Beattie
1993, Schuldt and Assmann 2010). Many terrestrial arthropod taxa include a large
number of species that are endemic to highly localized areas and microhabitats and
inventories of these types of taxa may give a greater resolution of the composition
of communities, habitats, ecotones and biotypes as well as lead to the discovery of
areas of endemism and hotspots of diversity (Kremen et al. 1993).
Many Diptera, like most insects, remain inadequately described, and little
has been done to inventory or monitor them or other terrestrial arthropods.
California is known for the diversity of its ecosystems and consequently the flora
and fauna present within them, and of the 32 currently recognized insect orders, 31
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occur in California (Kimsey 1997). However, little is known about the prevalence
or distribution of these insects, especially Diptera, within most of California’s
habitats. The majority of habitats that are well categorized are localized around
educational institutions and their field stations, major freeways (such as Highway
50 and Interstate 80), and recreational and other protected areas like the state and
national parks (Kimsey 1997). Studies that have been conducted in California on
insect communities include those in chaparral (Force 1981, Isaac and Honda
2002), salt marsh (Cameron 1972), coastal sage scrub (Burger et al. 2003,
Longcore 2003), rivers and streams (Bacey and Spurlock 2007, Hall et al. 2009,
Zickovich and Bohonak 2007), seasonal wetlands (Batzer et al. 1997), agricultural
systems (Altieri and Schmidt 1985, Hogg et al. 2011, Letourneau and Goldstein
2001), mixed-conifer forests (Schowalter and Zhang 2005), and mountain
elevation gradients (Kimsey 1997), but none have been conducted within the
southern portion of the San Joaquin Valley.
In the southern half of California’s San Joaquin Valley there are still
remnants of native Central Valley habitat, primarily protected within preserves;
however, more than 95 percent of native habitat in this area has been lost to
urbanization and agriculture (Kelly et al. 1998, U.S. Fish and Wildlife Service
1998). In addition, much of the soil has become ecologically marginal due to
salinization from irrigation and fertilization without drainage within saline soils
(Bureau of Reclamation 2006). In order to mitigate for this loss, the federal
government has purchased some of this land for retirement from agricultural use,
and several agencies have explored different restoration strategies for these
severely degraded soils and habitats. A number of federal and state agencies
jointly support the efforts of the Endangered Species Recovery Program (ESRP)
of the San Joaquin Valley. One of their goals is to restore retired agricultural
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lands to wildlife habitat, which has been nearly eliminated from the San Joaquin
Valley floor (Selmon et al. 1999, Williams et al. 1998). This has involved revegetation of the retired agricultural land with native plants in an attempt to
restore habitat appropriate for endangered and threatened animal species in the
valley (Selmon et al. 1999, Williams et al. 1998).
The ESRP has supervised land restoration in southwest Fresno County
through the federally funded Land Retirement Program (Selmon et al. 1999).
However, the reclaimed land is adjacent to farmed land, and there has been grower
concern that native vegetation growing on the reclaimed land will function as a
reservoir for insect pest infestation of crops (Curt Uptain, ESRP, personal
communication). There are over 30 different native plant species utilized by the
ESRP that have been grown for seed within the California Native Plant nursery
near Tranquillity, California, and their insect biota is unknown. The plants grown
at the nursery all once commonly occurred on the valley floor (Keil 1993, Moran
1993, Wilken 1993).
The purpose of this research was to conduct an inventory of Diptera present
on some of the California native plants that have been utilized in habitat
restoration by the ESRP in the Westlands Water District region of southwest
Fresno County (Fig. 1), and to determine the effects of environmental and habitat
variables on dipteran species presence. It was hypothesized that there are no
differences in dipteran taxa collected dependent on time and site of collections,
rate of evapotranspiration, average air temperature, average soil temperature,
average precipitation, average relative humidity, average wind speed, or collection
method.
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Fig. 1. General project location map

MATERIALS AND METHODS
Background
Different insect collecting techniques yield different spectrums of the insect
community (Brower et al. 1989). Various studies have used an assortment of
collecting techniques depending on the ecosystem being investigated or the taxa
being collected, e.g. grazed grassland (Hadden and Westbrooke 1999); soil
sampling (Gormsen et al. 2006); insecticidal knockdown (Moran and Southwood
1982); pitfall trapping (Torres and Ruberson 2007); insect suction sampling
(Buffington and Redak 1998); and sweep netting (Brower et al. 1989).
Since different collecting techniques can yield a different spectrum of
insects from a particular plant, and Diptera were the target taxa in this study, two
different collection methods were employed that are routinely and successfully
used to sample adult Diptera: sweep netting and suction sampling (Buffington and
Redak 1998, Brower et al. 1989). These methods allowed the collection of a wide
diversity of the dipteran community associated with the above ground portions of
plant species.
Samples from all collections were placed within a voucher collection at
California State University, Fresno for future research. Diptera were keyed to
genus where possible, using available published keys (Borror et al. 1989,
McAlpine et al. 1981, 1987). General trophic guilds (predator, herbivore,
omnivore, parasitoid, pollinator or detritivore) as well as pest status (pest, nonpest) were identified for each genera where possible as defined by Borror et al.
(1989), McAlpine et al. (1981, 1987), and Hill (1987). Diptera that belonged to
more than one trophic guild were identified as omnivores.
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Collection Methods
Dipteran populations were sampled on three species of native plants grown
within the ESRP’s California Native Plant seed nursery and on the same three
plant species that also occurred within habitat outside the nursery. All collections
were made solely by the principal investigator in order to minimize bias between
collections.
For sweep netting, a 25.4 cm (10 in) diameter net was used in a
standardized method. Each individual collection, where possible, consisted of 10
180º sweeps along a horizontal transect through the target vegetation. Transects
varied in length, from 6 to 10 m, dependent upon plant density. Insect samples
were killed by placing within a potassium cyanide kill jar and preserved in the
laboratory using the appropriate technique as described by Borror et al. (1989).
The insect suction sampler used was an Agricultural Backpack 2-cycle
aspirator Model 1612 (John W. Hancock Company, Gainesville, FL). It was used
to sample vegetation along a horizontal transect for 20 s intervals; the transects
again varied in length, from 12 to 20 m, dependent upon plant density. Samples
were killed and processed in the laboratory in the same manner as the sweep net
samples.
In some cases, the transects sampled were the same for both methods of
collection; in other cases they were different. When environmentally and
logistically possible, each of the three targeted plant species, both within and
outside the nursery, were sampled along three to six transects during each
collection time, as defined below.
Collection Times
Collections were made over 2 yr between June and August 2004 and May
and September 2005. Insect collections were made during the period of peak
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insect activity, generally between 11a.m. and 3p.m. Collections were made both
within and outside the nursery each month during these periods. Collections made
during the same calendar month were treated as being made at the same time.
Collection Sites
The ESRP nursery is located in Section 20 of Township 15 South, Range
15 East, Fresno County, California near the town of Tranquillity (Fig. 2).
Comparison samples were taken from populations of the same plant species
growing at 6 sites per species outside the nursery within the general area
surrounding Tranquillity, California (Fig. 3).
Native Plant Species Sampled
Helianthus annuus L. (common sunflower), an annual herb from the family
Asteraceae, is characterized by upright stems less than 3 m tall with many
branching yellow compound flowers (Fig. 4). They commonly occur within
different habitats below 1,900 m in elevation and are often found in disturbed
areas (Keil 1993).
Heliotropium currassavicum L. (salt heliotrope), a rhizomatous perennial
herb from the Boraginaceae, is characterized by prostrate to slightly mounding
stems with white to bluish coiled bell-shaped flowers (Fig. 5). They can be found
in dry-to-moist saline soils below 2,100 m (Wilken 1993).
Wislizenia refracta Engelm. (jackass clover), an annual or perennial herb
from the Capparaceae, is characterized by upright airily branching stems less than
3 m in height with yellow radial flowers (Fig. 6). They can be found in desert
washes, flats, or along roadsides and are frequently associated with alkaline soils
(Moran 1993).
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Climatic Variables
Weather data collected were monthly evapotranspiration rate, mean
monthly ambient air temperature, mean monthly soil temperature, mean monthly
relative humidity, and mean monthly precipitation. These data were recorded at
the nearest weather station, Westlands #105 (36º 38' 00''N, 120º 22' 5''W, elevation
58.2 m), part of the California Irrigation Management Information System
(CIMIS).
Statistical Methods
Non-parametric statistical techniques were used as the data contravened the
assumptions of the central limit theorem necessary for application of parametric
techniques. Chi-square tests were employed using PASW Statistics 18, Release
Version 18.0.0 (©SPSS, Inc. 2009, Chicago, IL). Independent variables were
tested for their effect on the dependent variables (either dipteran family or genus
present). The following non-climatic variables were analyzed for their effects on
number of Dipteran present: host plant species, collection site (within or outside
the nursery), collection time (month to month within a year, same month between
years), collection method (sweep netting or suction sampling), dipteran trophic
guild (predator, herbivore, omnivore, parasitoid, pollinator or detritivore), and pest
status (pest, non-pest). Additionally, each of the climatic variables listed above
were tested for their effects on dipteran families or genera present.
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Fig. 2. Location map for the ESRP native plant nursery
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Fig. 3. Location map for non-nursery collection sites
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Fig. 4. Helianthus annuus (common sunflower)
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Fig. 5. Heliotropium currassavicum (salt heliotrope)
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Fig. 6. Wislizenia refracta (jackass clover) Photograph used with permission from
Charles Webber © California Academy of Sciences

RESULTS
The purposes of this study were to conduct an initial inventory of the
Diptera present on three species of California native plants utilized in habitat
restoration by the ESRP in southwest Fresno County, and to test the effects of
habitat and environmental variables on dipteran taxa present. Twenty-six families
and 63 genera were identified out of the 808 individual dipterans collected (Table
1). Dipterans collected were dominated by four families: Agromyzidae (58
individuals from three genera), Chironomidae (412 individuals from seven
genera), Chloropidae (103 individuals from seven genera), and Empididae (48
individuals from one genus). Both agromyzids and chloropids were further
dominated by one genus within their groups (79% and 29%, respectively). Of the
808 Diptera collected, 365 could not be keyed to genus and another 58 could not
be keyed to family due to damage resulting from suction sampling.
Approximately 99% of the unkeyable genera were from four nematoceran
families: Cecidomyiidae, Ceratopogonidae, Chironomidae, and Psychodidae. The
remaining unkeyable genera belonged to one acalypterate muscoid family, the
Ephydridae. Out of all unkeyable Diptera collected, approximately 85% were
chironomids (Table 1).
Taxa Collected
As shown in Table 2, taxa collected differed significantly due to host plant,
collection method, and trophic guild (P < 0.05) but not due to site (P > 0.05).
Timing of collections (month or year) did not significantly affect genera
collected (P > 0.05, Table 3). However, families collected differed due to the
month of collection (P = 0.024) but not due to year of collection (P = 0.137).
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Table 1. Number of diptera collected by host plant and site
HEANa
Family
Agromyzidae

Anthomyiidae
Bombyliidae

Calliphoridae
Cecidomyiidae

Ceratopogonidae

Chironomidae

Chloropidae

Conopidae
Dolichopodidae
Drosophilidae

Genus
Agromyza
Liriomyza
Melanagromyza
Anthomyia
Hydrophoria
Geron
Mythicomyia
Toxophora
Bufolucilia
Lasioptera
Peromyia
Unkeyable
Atrichopogon
Culicoides
Dasyhelea
Isohelea
Leptoconops
Phaenobezzia
Unkeyable
Heterotrissocladius
Monodiamesa
Parachironomus
Paracladopelma
Procladius
Symbiocladius
Tanypus
Unkeyable
Chlorops
Dicraeus
Fiebrigella
Liohippelates
Meromyza
Rhopalopterum
Thaumatomyia
Zodion
Achradocera
Drosophila

N

d

-f
1
1
1
1
1
5
16
1
-

HECUb

WIREc

e

E

N

E

N

E

3
1
1
5
1
1
2
14
4
-

1
1
2
5
8
1
1
2
2
1
1
1
1

3
4
5
1
8
1
7
1
1
10
32
1
1
1
348
1
-

8
1
1
1
4
3
3
1
1
-

2
33
3
1
6
6
1
1
6
2
5
-

Total
8
46
4
6
1
3
12
1
1
16
1
1
8
12
3
1
5
1
3
1
2
10
37
2
1
1
358
30
2
1
11
1
2
5
1
1
1
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HEANa

HECUb

WIREc

Nd

Ee

N

E

N

E

Drapetis
Allotrichoma
Athyroglossa
Ilythea
Mosillus
Ptilomyia
Unkeyable
Heleomyzidae
Heleomyza
Milichiidae
Desmometopa
Neophyllomyza
Muscidae
Azelia
Caricea
Spilogona
Otitidae
Pseudotephritina
Phoridae
Beckerina
Gymnophora
Pseudacteon
Piophilidae
Arctopiophila
Mycetaulus
Psychodidae
Unkeyable
Sarcophagidae
Euphyto
Sciaridae
Bradysia
Scatopsciara
Sepsidae
Sepsidimorpha
Syrphidae
Syrphus
Tachinidae
Mauromyia
Tephritidae
Neaspilota
Paraterellia
Trupanea
Urophora
Unkeyable nematocerans
Unkeyable acalypterate muscoids
Unkeyable

1
1
6
7
3
1
2
7
1
4
6

2
1
1
2
1
3
1
1
9
6
1
3

19
1
3
1
1
1
1
1
4
3
1
2
8
1
1
5
2
3

18
3
2
2
4
1
1
3
1
2
13
4
3

8
1
1
2
1
1
-

1
1
1
3
2
1

Total

66

63

482

37

75

Family

Genus

Empididae
Ephydridae

a

HEAN = Helianthus annuus
WIRE = Wislezenia refracta

c

b

85

Total
48
4
1
1
5
1
2
1
2
1
1
13
2
8
5
3
1
1
6
1
1
7
1
2
2
8
2
1
17
2
32
10
16
808

HECU = Heliotropium currassavicum
N = ESRP nursery sites eE = Non-nursery sites

d
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Table 2. Chi square tests for taxa collected, non-temporal variables
Family versus Host Plant
Genus versus Host Plant
Family versus Site
Genus versus Site
Family versus Collection Method
Genus versus Collection Method
Family versus Trophic Guild
Genus versus Trophic Guild
N of Valid Cases

Value

df

114.099
217.377
34.726
67.802
54.207
87.630
1185.601
2007.000
223

58
136
29
68
29
68
261
612

Asymp. Sig.
(2 sided)
0.000
0.000
0.214
0.484
0.003
0.055
0.000
0.000

Table 3. Chi square tests for taxa collected, temporal variables
Family versus Month
Genus versus Month
Family versus Year
Genus versus Year
N of Valid Cases

Value

df

Asymp. Sig.
(2 sided)

147.856
309.228
37.388
84.618
223

116
272
29
68

0.024
0.060
0.137
0.084

Heliotropium currassavicum was host to the greatest number of families
(21), unique families (8), genera (43), and unique genera (27) collected between
both the nursery and non-nursery sites. Helianthus annuus and W. refracta were
similar for total families collected (14 and 12, respectively) and unique family
collected (3 and 2, respectively). Although the number of total genera collected
between the two (26 and 21, respectively) was similar, the number of unique
genera collected from H. annuus was double that of W. refracta (14 versus 7).
Families collected differed significantly due to monthly and bimonthly
climatic variables (P < 0.05, Tables 4 to 8); however, genera collected differed
only due to bimonthly relative humidity (P = 0.003, Table 7).
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Table 4. Chi square tests for taxa collected versus evapotranspiration rates
Family versus Monthly Evapotransipiration
Genus versus Monthly Evapotransipiration
Family versus Bimonthly Evapotransipiration
Genus versus Bimonthly Evapotransipiration
N of Valid Cases

Value

df

270.541
521.763
270.541
521.763
223

203
476
203
476

Asymp. Sig.
(2 sided)
0.001
0.072
0.001
0.072

Table 5. Chi square tests for taxa collected versus precipitation
Value
Family versus Monthly Precipitation
Genus versus Monthly Precipitation
Family versus Bimonthly Precipitation
Genus versus Bimonthly Precipitation
N of Valid Cases

188.034
363.793
270.541
521.763
223

df

Asymp. Sig.
(2 sided)

145
340
203
476

0.009
0.179
0.001
0.072

Table 6. Chi square tests for taxa collected versus ambient air temperature
Family versus Monthly Air Temperature
Genus versus Monthly Air Temperature
Family versus Bimonthly Air Temperature
Genus versus Bimonthly Air Temperature
N of Valid Cases

Value

df

270.541
521.763
270.541
521.763
223

203
476
203
476

Asymp. Sig.
(2 sided)
0.001
0.072
0.001
0.072

Table 7. Chi square tests for taxa collected versus relative humidity
Family versus Monthly Humidity
Genus versus Monthly Humidity
Family versus Bimonthly Humidity
Genus versus Bimonthly Humidity
N of Valid Cases

Value

df

176.612
345.429
243.820
490.637
223

145
340
174
408

Asymp. Sig.
(2 sided)
0.038
0.408
0.000
0.003
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Table 8. Chi square tests for taxa collected versus soil temperature
Family versus Monthly Soil Temperature
Genus versus Monthly Soil Temperature
Family versus Bimonthly Soil Temperature
Genus versus Bimonthly Soil Temperature
N of Valid Cases

Value

df

270.541
521.763
222.479
435.180
223

203
476
174
408

Asymp. Sig.
(2 sided)
0.001
0.072
0.008
0.170

Trophic Guild and Pest Status
Approximately 30 percent of the families collected contain potential
agricultural pests (8 out of 26) with 1 family, the Agromyzidae, containing definite
agricultural pests (Table 9). The majority of Diptera collected came from families
with a wide range of trophic guilds, and are not known to be agricultural pests
(Table 9).
Although the trophic guild of Diptera collected did not differ significantly
due to site, host plant, or month and year of collection (P > 0.05), it did differ
significantly due to collection method (P = 0.003, Table 10).
Additionally, pest status of Diptera collected differed due to host plant,
collection method, and trophic guild, as well as month and year of collection (P <
0.05) but not due to site (P = 0.165, Table 11).
Pest status of Diptera collected was significant for monthly and bimonthly
climatic variables (P < 0.05, Table 12 and 13).
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Table 9. Trophic guilds and pest status of collected families
Family
Agromyzidae
Anthomyiidae
Bombyliidae
Calliphoridae
Cecidomyiidae

bee fly
blow flies
gall midge

Ceratopogonidae

biting midges

Chironomidae

Midges

Chloropidae
Conopidae
Dolichopodidae
Drosophilidae
Empididae

grass flies
thick-headed flies
long-legged flies
pomace flies
dance flies

Ephydridae
Heleomyzidae
Milichiidae
Muscidae
Otitidae
Phoridae
Piophilidae
Psychodidae
Sarcophagidae

shore flies

Sciaridae
Sepsidae
Syrphidae
Tachinidae
Tephritidae

Common Name
leaf-miner flies

picture-winged flies
hump-backed flies
skipper flies
moth flies
flesh flies
dark-winged fungus
gnats
black scavenger flies
flower flies
fruit flies

Trophic Guild
Herbivore
Herbivore, detritivore, predator
Parasitoid, predator, pollinator
Parasitoid, detritivore
Herbivore
Herbivore, parasitoid,
detritivore, pollinator
Herbivore, predator, detritivore,
pollinator
Herbivore, detritivore, predator,
parasitoid
Parasitoid, pollinator
Herbivore, predator, pollinator
Herbivore, parasitoid, predator
Herbivore, predator, pollinator
Herbivore, predator, detritivore,
pollinator, parasitoid
Detritivore
Detritivore
Detritivore, predator
Herbivore, detritivore
Parasitoid, detritivore
Detritivore
Detritivore
Detritivore, parasitoid, herbivore
Herbivore
Detritivore
Pollinator, predator, herbivore,
detritivore
Parasitoid
Herbivore

Pest Status
Yes
Possible
No
No
Possible
No
No
Possible
No
No
No
No
Possible
No
No
No
Possible
No
No
No
No
Possible
No
No
No
Possible

Source: Borror et al. 1989; Hill 1987; and McAlpine et al. 1981 and 1987
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Table 10. Chi square tests for trophic guild
Site
Host Plant
Collection Method
Month
Year
N of Valid Cases

Value

df

9.198
26.887
25.124
41.457
8.525
223

9
18
9
36
9

Asymp. Sig.
(2 sided)
0.419
0.081
0.003
0.245
0.482

Table 11. Chi square tests for dipteran pest status

Site
Host Plant
Collection Method
Month
Year
Trophic Guild
N of Valid Cases

Value

df

6.494a
25.245b
20.712c
32.106e
10.164f
658.630g
223

4
8
4
16
4
36

Asymp. Sig.
(2 sided)
0.165
0.001
0.000
0.010
0.038
0.000

Table 12. Chi square tests for pest status versus monthly climatic variables
Evapotranspiration
Precipitation
Air Temperature
Humidity
Wind Speed
Soil Temperature
N of Valid Cases

Value

df

Asymp. Sig.
(2 sided)

89.940
64.997
89.940
54.908
70.600
89.940
223

28
20
28
20
24
28

0.000
0.000
0.000
0.000
0.000
0.000
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Table 13. Chi square tests for pest status versus bimonthly climatic variables

Evapotranspiration
Precipitation
Air Temperature
Humidity
Wind Speed
Soil Temperature
N of Valid Cases

Value

df

Asymp. Sig.
(2 sided)

89.940
89.940
89.940
68.516
50.092
77.670
223

28
28
28
24
24
24

0.000
0.000
0.000
0.000
0.001
0.000

DISCUSSION
Very little research has been done on biological assemblages of terrestrial
Diptera (Hovemeyer 1999, Kimsey 1997, Kitching et al. 2004, Winfree and
Kremen, 2009, Force 1981, Isaac and Honda 2002, Cameron 1972, Burger et al.
2003, Longcore 2003), and none has been done on Diptera within the Central
Valley of California. One of the primary purposes of this research was to conduct
an initial inventory of Diptera present within the southwestern portion of Fresno
County, California in order to provide a baseline taxon database for future
research. Associated with this goal, a voucher collection of Diptera was
established within the Biology Department at California State University, Fresno.
Challenges and Drawbacks
This study faced logistical challenges in acquiring samples both between
sites and between plant species for both years of this study. Both the nursery and
non-nursery sites were dependent upon adequate rainfall occurring to promote
seed germination prior to emergence of a particular native plant species. Staff of
ESRP increased emergence rates and survival of nursery plants by periodic
irrigation; despite this, plant abundance in the nursery was still limited for H.
annuus and W. refracta, but not for H. currassavicum.
Non-nursery plants were completely dependent on rainfall as none received
supplemental water supplies (irrigation) before or during the collection periods.
Average monthly rainfall within southern Fresno County for 2004 and 2005 was
1.59 cm (0.59 in) and 1.60 cm (0.63 in) respectively, with the most rainfall
occurring in late winter/early spring (December to February). Rain fell only in
June 2005 (1.5 cm) during the entire 2004 and 2005 collection period, and only
negligible rain (<0.9 cm) fell during the month immediately preceding collection
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for both years; plant emergence both within and outside the nursery in 2004 and
2005 was sporadic and highly localized for all 3 late spring/early summer
emergent plant species (Keil 1993, Moran 1003, Wilken 1993). Many collections
at either location, especially for H. annuus and W. refracta, came from only a few
(<5) plants.
In addition, this study was unable to identify 7% of Diptera collected to
family and 45% to genus (98% of which belonged to the Chironomidae) due to
damage from suction sampling, with smaller flies particularly susceptible to
damage. No previous reports have been made of this consequence of suction
sampling. Although this method collected large numbers of smaller flies, the
application of this method for fragile taxa should be reconsidered. Families
collected differed significantly between collection methods (P = 0.003, Table 2);
genera collected were marginally significantly different (P = 0.055, Table 2),
which is likely due to the inability to identify damaged flies. Consequently, the
number of families and genera collected is likely greater than those that were
identifiable.
Climatic Variables
Family collected differed significantly (P < 0.05) for all monthly and
bimonthly climatic variables examined (evapotranspiration rates, average
precipitation, average air temperature, average soil temperature, and average
relative humidity); however, genera collected only differed for bimonthly average
relative humidity (P = 0.003). Although difference in number of taxa collected is
consistent with other research conducted on insect biodiversity, which found
temperature, precipitation and humidity to be primary climatic variables affecting
insect or dipteran emergence and abundance (Cameron 1972, Devoto et al. 2005,
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Huijie et al. 2010, Vasconcellos et al. 2010), it is unclear why there would be a
significant difference due to the other climatic variables in family collected but not
genus collected. It may be that the difference is again due to the unforeseen
consequences of suction sampling, as discussed above. Additional research is
needed to clarify these discrepancies.
Pest status also differed significantly for all monthly and bimonthly
climatic variables. This is unsurprising as dipteran pest species are herbivorous
and the climatic variables examined impact plant growth, development and
survival, and consequently the presence of herbivorous dipterans that feed on
them.
Floristic Associations
Number of dipteran taxa collected did not differ significantly due to site of
collection but did differ due to host plant likely due to the high localization of
plant species both within and outside the nursery as described previously. The
number of families and genera as well as unique families and genera collected
from H. currassavicum at either site was greater than the other two plant species.
Helianthus annuus and W. refracta were more similar to each other both for
number of families and genera and unique families and genera collected. The
differences in collection results between these plant species are likely a result of
the similarities and differences in the host plants themselves. Heliotropium
currassavicum is a low-growing, compact plant whereas both H. annuus and W.
refracta are upright, relatively tall, airy plants (Keil 1993, Moran 1993, Wilken
1993). In addition, differences in numbers of insects collected could also be due
to the low germination rate of W. refracta outside the nursery as well as the
sporadic emergence of both W. refracta and H. annuus in the nursery. There are
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no published data on dipteran or other insect biodiversity on the plants sampled
here, so whether the results discussed here are typical or anomalous is unknown,
and further research is required.
Trophic Guilds
Trophic feeding guilds of Diptera collected did not significantly differ for
host plant or site (P > 0.05). This is unsurprising as collections from each of the
plant species (both within and outside the nursery) included multiple
representatives of each of the trophic guilds from different dipteran families and
genera. This indicates the likelihood of ecological redundancy and lack of
specialization occurring for Diptera associated with these plant species.
In addition, insect trophic guilds vary highly from extreme specialization
(species-specific herbivore) to broad generalists depending on the habitat type
(Cameron 1972, Novotny et al. 2010, Thompson and Althoff 1999). There are no
published data on insect assemblages associated with these three plant species or
with native habitat remnants within the Central Valley; consequently, the degree
of specialization or generalization within this area and for these plants is unknown
and requires further study.
Existence of a Pest Source
One of the purposes of the study was to determine whether or not
differences existed between the ESRP nursery and non-nursery sites in terms of
pest species presence. Although Diptera are not primarily herbivorous, which
would increase the likelihood of pest species being found, they are known to have
pest species as well as other types of functional groups that could be used to
compare presence of pests to non-pests between the sites.
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Results of this inventory indicate that dipteran assemblages within the
ESRP nursery as well as within the non-nursery sites vary based on floristic
associations rather than location, which is consistent with other biological
diversity studies (Kitching et al. 2004, Haslett 2001, Winfree and Kremen 2009).
This study found no statistical difference between sites in number of pest species
collected, indicating that the ESRP nursery was no more or less likely to function
as a dipteran pest source than naturally occurring plants at non-nursery locations.
Nor is it any more or less likely that the host plants growing outside the nursery
act as a source for pest species invading the nursery. Only 30 percent of the
dipteran families collected contained potential agricultural pests, with the vast
majority of Diptera collected being either neutral or beneficial to agricultural
crops. However, this does not preclude the nursery functioning as a pest source
for other insect groups, such as the primarily herbivorous Heteroptera.
It is possible that the presence of generalist and specialist predators and
parasitoids both within and outside the nursery reduces the likelihood of a pest
source. It is also possible that a diverse insect assemblage is due to the presence
of native plants grown in the nursery within the larger geographic area that is
predominately agricultural. Additional studies are needed to clarify the insect
community present within the nursery and non-nursery sites as well as their
associations with particular habitat types.
Diptera in Biological Diversity Studies
Diptera are one of four insect orders that are considered “mega-diverse” by
entomologists, who estimate that the order has well over one million species
(Kitching et al. 2004). Diptera have been found to be useful for biodiversity
studies due to their ecological diversity, abundance in collection samples at family
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and subfamily levels, and the correspondence between family or subfamily and
trophic guild (Kitching et al. 2004, Ssymank et al. 2008). Often Diptera are one of
the dominant groups identified in general insect surveys (Kuo et al. 2006, Lowe et
al. 2010, Nazim et al. 2010, Wang and Wang 2010) and have been found to be
sensitive to human disturbance at small levels (Haslett 2001) which can make
them early indicators of habitat disturbance. This study identified 26 dipteran
families and 63 genera, which is similar to the diversity of dipteran assemblages
found in other insect and dipteran inventories (Beaulieu and Wheeler 2005, Kuo et
al. 2006, Ssymank et al. 2008).
Future Research
Additional inventories and studies of insect assemblages, including
dipterans, are needed throughout the Central Valley as native habitat continues to
dwindle due to agricultural and urban expansion, and as restoration and
conservation efforts continue to increase the possibility of natural habitat and
ecosystem restoration within the Central Valley. Success of habitat restoration is
often dependent on the presence of insects and other arthropods associated with
plants used in habitat restoration (Burger et al. 2003, Horwitz et al. 1999, Kremen
et al. 1993, Longcore 2003); consequently, an understanding of the insect
community present within the Central Valley is vital for ongoing habitat
restoration programs.
Potential future research that could provide useful insights into dipteran or
other insect assemblages within the Central Valley include comparisons of insects
collected within native habitat remnants (e.g. alkali sinks), established locations
(such as those used for this study), and productive and fallowed agricultural lands.
Collection methods that collect a wider range of insects (nocturnal, larval, aquatic,
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soil dwelling, etc.) or allow for longer sampling periods (e.g., seasonally over
multiple years) should also be used in order to determine patterns in abundance
and assemblage over time and space.
This research provided data on the trophic guild structure, presence, and
biodiversity of Diptera on three species of native plant within the southern San
Joaquin Valley. The Diptera is a biologically diverse insect order that is little
understood in this area and results from this study can be used as a baseline for
future biodiversity research within the Central Valley. This study also provided
much needed information on the potential ecological redundancy present within
the collection area. Results of this study indicate that the native plant nursery is no
more or less likely to be a pest source for agricultural interests than plants
naturally occurring outside the nursery.
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