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NOTE TO READER: 

This report is an account of survey activities conducted by the Biological Monitoring 

Program for the Western Riverside County Multiple Species Habitat Conservation Plan 

(MSHCP). The MSHCP was permitted in June 2004. Reserve assembly is ongoing and is 

expected to take 20 or more years to complete. The Conservation Area includes lands 

acquired under the terms of the MSHCP and other lands that have conservation value in the 

Plan Area (called public or quasi-public lands in the MSHCP). In this report, the term 

“Conservation Area” refers to these lands as they were understood by the Monitoring 

Program at the time the surveys were conducted. 

The Monitoring Program monitors the status and distribution of the 146 species 

covered by the MSHCP within the Conservation Area to provide information to Permittees, 

land managers, the public, and the Wildlife Agencies [i.e., the California Department of Fish 

and Wildlife (CDFW, formerly California Department of Fish and Game) and the U.S. Fish 

and Wildlife Service]. Monitoring Program activities are guided by defined conservation 

objectives for each Covered Species, other information needs identified in MSHCP Section 

5.3 or elsewhere in the document, and the information needs of the Permittees. A list of the 

lands where data collection activities were conducted in 2013 is included in Section 7.0 of the 

Western Riverside County Regional Conservation Authority (RCA) Annual Report to the 

Wildlife Agencies.  

The authors of this report were Field Biologist, Masanori Abe and Monitoring 

Program Administrator, Adam Malisch. This report should be cited as: 

Biological Monitoring Program. 2015. Western Riverside County MSHCP Biological 

Monitoring Program 2014 Delhi Sands Flower-loving Fly (Rhaphiomidas terminatus 

abdominalis) Survey Report. Prepared for the Western Riverside County Multiple 

Species Habitat Conservation Plan. Riverside, CA. Available online: http://wrc-rca.org/
about-rca/monitoring/monitoring-surveys/. 

While we have made every effort to accurately represent our data and results, it 

should be recognized that data management and analysis are ongoing activities. Readers 

wishing to make further use of the information or data provided in this report should contact 

the Monitoring Program to ensure that they have access to the best available or most current 

data.  

Please contact the Monitoring Program Administrator with questions about the 

information provided in this report. Questions about the MSHCP should be directed to the 

Executive Director of the RCA. Further information on the MSHCP and the RCA can be 

found at www.wrc-rca.org. 

Contact Information: 

Executive Director Western Riverside County MSHCP 

Western Riverside County Monitoring Program Administrator 

Regional Conservation Authority c/o Adam Malisch 

Riverside Centre Building 4500 Glenwood Drive, Bldg. C 

3403 10th Street, Suite 320 Riverside, CA 92501 

Riverside, CA 92501  Ph: (951) 248-2552 

Ph: (951) 955-9700 

http://wrc-rca.org/about-rca/monitoring/monitoring-surveys/
http://www.wrc-rca.org/library.asp
http://www.wrc-rca.org/
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INTRODUCTION 

The Delhi Sands flower-loving fly (Rhaphiomidas terminatus abdominalis; Delhi 

fly) is federally listed as endangered, and is narrowly distributed in portions of Riverside 

and San Bernardino Counties in areas with Delhi series soils. The species is known to 

have occurred within three Core Areas defined by the Western Riverside County Multiple 

Species Habitat Conservation Plan (MSHCP): Jurupa Hills, Agua Mansa Industrial 

Center, and Mira Loma (Dudek & Associates 2003). To date, conservation of the species 

within the MSHCP Plan Area has only occurred at the Teledyne site within the Jurupa 

Hills Core Area. There are no lands that are currently part of the Conservation Area 

within the other two Core Areas for this species. 

Delhi fly conservation objective 2 states that successful reproduction shall be 

documented at all Core Areas once a year for the first five years after permit issuance and 

then as appropriate, but not less frequently than every eight years thereafter (Dudek & 

Associates 2003). Reproductive success is defined in the MSHCP as the presence of 

pupal cases (exuviae) or newly-emerged (teneral) individuals. We describe here the 

procedure and results of the MSHCP Biological Monitoring Program’s 2014 effort to 

monitor Delhi fly in the Jurupa Hills. 

Delhi Sands flower-loving fly has distinctive biological and habitat requirements 

and faces a number of threats (U.S. Fish and Wildlife Service [USFWS] 1997). The life 

cycle of the fly includes egg, larval, pupal, and adult stages. Only the adult stage occurs 

above-ground, when adults emerge to breed during the summer months. The species is 

restricted to fine, sandy Delhi series soils, usually with wholly- or partly-stabilized sand 

dunes and sparse native vegetation. Areas with suitable fly habitat have been highly 

affected by anthropogenic activities, including conversion to agriculture, residential and 

commercial development, surface mining for sand, dumping of trash and cow manure, 

and damage by off-road vehicles. Invasive exotic plants are also thought to degrade fly 

habitat by increasing vegetation cover or by altering soil conditions through dune 

stabilization and changes in soil moisture. 

Surveys allowing density estimates of Delhi fly within its accessible Core Area to 

be calculated were conducted from 2005-2010. In  these efforts were reduced to simply 

documenting successful reproduction, greatly reducing necessary resources. However, 

the Management Program has recently been conducting management actions to control 

the spread of non-native vegetation within occupied habitat, and to potentially open up 

more habitat at the edges of the recently occupied area. In order to properly assess the 

effectiveness of these actions, the more intensive study design allowing a density 

estimate of Delhi fly to be calculated was conducted in 2014, which can then be 

compared to previous pre-management species status. 

Survey Goals and Objectives 

1) Document successful reproduction by Delhi Sands flower-loving fly at the

Teledyne site in the Jurupa Hills Core Area.

a. Record observations of teneral individuals and/or exuviae.
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2) Estimate population density of adult Delhi fly during flight season at Teledyne.

a. Calculate distance sampling-based estimates of population density that

account for animal detectability.

3) Document persistence of the population within appropriate habitat and potential

expansion of occupied area as a result of vegetation management.

a. Record observations of adult individuals to potentially assess trends in

distribution in response to management activities or other conditions.

4) Monitor the spread of short-pod mustard (Hirschfeldia incana) and non-native

grasses (Poaceae) across the dune system at the Teledyne site.

a. Record digital images annually from three photo-stations to document

changes in vegetation structure and composition.

METHODS 

Protocol Development 

We began surveying for Delhi fly in 2005 following the Interim General Survey 

Guidelines for the Delhi Sands Flower-loving Fly (USFWS 1996). These USFWS 

guidelines were developed to determine presence/absence of Delhi fly by slowly 

traversing appropriate habitat. We modified the USFWS protocol in 2005 by establishing 

line-transects and measuring the perpendicular distance between the transect centerline 

and individual fly observations, with the goal of estimating population density and 

detection probability following distance sampling methodology (Buckland et al. 2001).  

We continued to use this basic protocol, with minor adjustments, to survey for 

Delhi fly in 2014. Specifically, we increased our efforts to satisfy the assumptions of 

distance sampling, including accurately measuring distances and improving the marking 

of transect centerlines. The survey protocol is described more completely in the Western 

Riverside County MSHCP Biological Monitoring Program Protocol for Delhi Sands 

Flower-loving Fly Surveys, available from the Biological Monitoring Program. 

Training 

All field observers studied a Delhi fly-specific training manual prepared by 

Biological Monitoring Program leads, relevant invertebrate field guides, and preserved 

specimens of co-occurring winged invertebrate species. We placed emphasis on the 

ability to recognize morphological and behavioral field traits of Delhi fly, and proficiency 

in identifying all co-occurring winged insects to family. We also trained observers to 

differentiate between adult and teneral individuals, and to identify plant species common 

at the Teledyne site. All observers participated in field-based training that involved 

observing, capturing, and identifying co-occurring insects to family. All field observers 

who conducted line-transect surveys passed the USFWS Delhi fly practical exam and 

observed adult Delhi fly in the field before participating in surveys. 

Study Site Selection and Transect Placement 

The Teledyne site is located in the Jurupa Hills along the Riverside-San 
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Bernardino County border in the vicinity of Pyrite Street. The site encompasses 6.24 ha 

of Delhi series soils and is primarily composed of coastal sage scrub vegetation (Dudek 

& Associates 2003). Common plants found at the site include Eriogonum fasciculatum, 

Ambrosia acanthicarpa, Amsinckia menziesii, Rhus trilobata, Brassica spp., Croton 

californicus, and various non-native grasses. We noted infrequent off-road vehicle use at 

the site in 2014, despite fences installed to prevent off-road vehicle access. 

We established permanent transects at the Teledyne site in 2005 by first 

delineating Delhi series soils within the target area as identified by the USFWS (1997). 

We then distributed 32 parallel transects, at 15-m intervals across the delineated area, 

randomly orienting them along a 28° bearing. Transects were 50 - 220 m in length for an 

aggregate length of 5.04 km. However, if a transect traversed dense vegetation making it 

logistically impossible to walk the transect without significant damage to vegetation, we 

eliminated those portions of the transect from the survey. Thus, in 2014, the total length 

of the transects actually surveyed was 4.93 km. We marked the centerline of each transect 

with wooden stakes every 30 - 40 m. We also flagged shrubs or grasses between stakes to 

ensure easy navigation of the transect and accurate distance measurements from the 

transect centerline to observed Delhi fly.  

Survey Methods 

We began 2014 line-transect surveys on 2 July after detecting the first Delhi fly at 

Teledyne by area searches, and ended on 22 August 2014 after no Delhi fly observed for 

three survey days. We conducted surveys once (n = 8 days) or twice (n = 19 days) daily, 

depending on personnel availability, between 08:56 h and 15:35 h. We completed surveys 

on 27 days.  

We divided the survey area into three sections (aggregate transect length range: 

1,463-1,815 m) and surveyed each section once or twice a day depending on available 

observers. When three observers were available, we surveyed each section twice 

concurrently. When two observers were available, each observer surveyed whole sections 

and started from opposite ends. When only one observer was available, observer 

surveyed whole sections once. We recorded time, general weather description, 

temperature (°C) in shade 1 m above-ground, average wind speed (mph), and percent 

cloud cover (0, 1-20, 21-40, 41-60, 61-80, 81-100) at the start, end, and at hourly 

intervals of each survey. We walked each transect at approximately 1.2 km/h. When we 

observed a fly, we immediately marked the initial location of the Delhi fly with large 

metal washers with attached flagging. We ensured accurate distance-to-detection 

measurements by clearly marking transect centerlines and carefully recording the 

perpendicular distance between the transect centerline and Delhi fly markers. Observers 

then recorded transect ID, UTM coordinates, time, sex, activity, and age class (1-3) of the 

detected Delhi fly. We recorded flies detected while not walking transects as incidental 

observations. Non-target winged insects were identified to family but distance to 

detection was not measured. If possible, we took photos of teneral Delhi fly individuals. 

Surveyors took care to avoid disturbing any individuals that were detected. 

Habitat requirements of this species include fine sandy soils with sparse native 

vegetation (USFWS 1997). In previous years we collected vegetation status information 

at the Teledyne site using various vegetation sampling methods (Biological Monitoring 
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Program 2011). However, because vegetation surveys require significant staff time and 

were inconclusive in quantitatively determining habitat variables that are important to fly 

presence/absence, no vegetation sampling has been conducted since 2010. Instead, we 

continued to use a more qualitative approach to monitoring vegetation that was first 

begun in 2006. At that time we established three permanent photo-monitoring stations to 

capture the spread of H. incana and non-native grasses (Poaceae) across the dune system. 

These species may pose a threat to fly habitat through dune stabilization (USFWS 1997) 

and are included in vegetation management activities by the Management Program at this 

site. 

Data Analysis 
We used distance-sampling methodology and Program DISTANCE to estimate 

the detection probability and population density of Delhi fly at the Teledyne site in 2014 

(Buckland et al. 2001, Thomas et al. 2009). Distance sampling allows for density 

estimation with incomplete detection of animals (i.e., not all animals present need to be 

observed to estimate density). The method relies on fitting data to a pre-defined detection 

function based on the assumption that objects become less detectable with increasing 

distance from the observer (Buckland et al. 2001). Distance sampling also requires that 

three assumptions be met: 1) complete detection of subjects on the transect line, 2) 

subjects are observed before any movement response to the observer, and 3) distances are 

measured accurately (Buckland et al. 2001). We examined detection histograms (i.e., 

number of observations per distance category) for the survey period for spikes in the 

number of observations away from the transect (suggesting violation of assumption 2), 

and for relatively few observations near the transect centerline in relation to other 

distance categories (suggesting violations of assumptions 1 and 2). 

We pooled data across the entire 2014 survey season to fit a detection function, 

and derived both stratified (i.e., daily) and pooled (i.e., average daily) estimates of 

population density. We also removed from our dataset observations beyond 219 inches 

from the transect to avoid fitting detection functions with extended ‘tails’. Lastly, we 

grouped observations into eleven 20-inch distance categories (e.g., 0-19, 20-39, …, 200-

219 inches) (Buckland et al. 2001). 

We evaluated the full combinations of uniform and half normal key functions with 

cosine, simple-polynomial, and Hermite-polynomial series expansions (Buckland et al. 

2001). We did not use hazard-rate key function for analysis because this model function 

frequently overestimates the unknown parameters unless the detection function curve is 

tightly matched to the hypothetical curve (Buckland et al. 2001). We assessed model fit 

by graphical inspection of the detection function and using a chi-square goodness of fit 

test. We excluded models from the candidate set that demonstrated significant lack of fit 

based on the above criteria. We ranked competing models using Akaike's Information 

Criterion adjusted for small sample size (AICc). 

RESULTS 

We surveyed transects at Teledyne on 27 days in 2014, beginning on 2 July and 

ending on 22 August. We walked a total of 224 km during 46 surveys. We observed the 

first Delhi fly during surveys on 2 July 2014 and the last on 15 August 2014. We 
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observed adult Delhi fly on transects on 46 occasions in 2014 (Fig 1). Surveyors made 

0.21 Delhi fly observations per km surveyed in 2014. Note that the blank strip through 

the middle of Figure 1 is a Metropolitan Water District parcel not currently included in 

the MSHCP Conservation Area. Of the 46 observations, 23 were male, 17 were female, 

and 6 were of indeterminate sex. We also observed five teneral individuals and five 

exuviae while conducting surveys in 2014 (Fig 1). Note that the westernmost exuviae 

symbol in Figure 1 represents three exuviae that were found within a 2 m radius circle. 

Surveyors have found the highest concentration of exuviae in this general area in recent 

survey years.  

The daily density estimate using Program DISTANCE was 0.31 individuals/ha 

(95% CI: 0.21-0.45) and the detection probability was 0.55 (95% CI: 0.44 – 0.69). This 

density estimate is a considerable decrease from previous years, as discussed below. 

Estimated Delhi fly density peaked from 10 - 15 July, then gradually declined until the 

end of the season. The top five ranked distance models were within 1.77 delta AICc 

differences, meaning that none of these models were particularly superior to the others in 

describing the 2014 data. Additionally, none of the series expansions of half-normal key 

function improved the AICc value of the model, thus, three models showed exactly the 

same result. We used the model-averaged method of the top five ranked models to 

estimate parameters (Burnham and Anderson 2002). We also visually checked the 

detection function curve shape criterion and confirmed an appropriate detection function 

curve for each model. 

We recorded digital images in the four cardinal directions at each of three 

previously established photo-stations. These images are stored with those from previous 

years and will be used to qualitatively track vegetation changes through time and to 

visually complement quantitative changes in vegetation if additional sampling is 

conducted in the future. 

DISCUSSION 

In 2014 our goals were to document successful reproduction by Delhi fly at 

Teledyne, estimate population density of adult Delhi fly to compare to previous 

estimates, document persistence of the population within appropriate habitat and evaluate 

potential expansion of occupied area as a result of vegetation management, and 

qualitatively monitor vegetation at the site. 

We confirmed successful Delhi fly reproduction again at Teledyne in 2014, 

documenting five teneral individuals and five exuviae. However, density estimates and 

observations per km in 2014 were sharply declined compared to 2009 and 2010 which 

were the most recent years the same study design was conducted. The daily density 

estimate in 2014 was 0.31 individuals/ha as compared to 2.76 in 2009 and 1.44 in 2010. 

The number of observations per km surveyed was 0.21 in 2014 as compared to 0.90 in 

2009 and 0.75 in 2010 (Fig 2). Although the sample size for density estimation using 

Program DISTANCE was low [n>40 recommended by Buckland et al. (2001)], our 

sample did exceed this threshold (46 observations), and the calculated detection 

probability of 0.55 in 2014 was the same as in 2010. Therefore we feel it is a valid 

estimate.
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Figure 2. Delhi Sands flower-loving fly observations per km surveyed from 2005-2014. Surveys from 

2011-2013 were conducted following a different protocol, therefore those data are excluded. 

While the number of Delhi fly observations per km surveyed in 2014 was 

substantially lower than 2009-2010 levels, it was similar to data collected from 2005-

2007. We made 0.14 observations per km surveyed in 2005, 0.08 observations per km in 

2006, and 0.22 observations per km in 2007. Detections rose in 2008 to 0.83 observations 

per km. From 2011-2013 the survey protocol did not include walking the pre-established 

transects; thus comparable data are unavailable for those years. 

As similarly noted in previous years, we detected most Delhi fly individuals in the 

western section of the site, where soils are generally more sandy and loose and vegetation 

is less dense. Furthermore, surveyors generally detected Delhi flies on the edges of 

vegetation, rather than in middle of the open sand dune or in the middle of thicker 

patches of shrubs or trees.   

We began survey efforts relatively early in the year again (2 July 2014) as 

individuals have been consistently observed in July in recent years. However, this 

remains noteworthy as the USFWS Recovery Plan states that the flight season historically 

did not begin until early August (USFWS 1997). We officially ended surveys on 28 

August after four consecutive unsuccessful surveys. The final individual was observed on 

15 August.  

The MSHCP Management Program conducts habitat management activities at 

Teledyne to improve site conditions for Delhi fly in accordance with the habitat 

management plan (Marchant 2005). Previous years’ management actions have included 

fencing portions of the site commonly accessed by off-highway vehicles and erosion 
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control, strategies that seem to have reduced the impact of both disturbances. However, 

Management Program staff have observed an increase in total cover of non-native species 

following the exclusion of off-highway vehicles. Monitoring Program staff and 

Management Program staff met onsite early in 2012 to identify appropriate management 

actions aimed at improving the habitat itself. We agreed that measures to reduce the 

percent cover of vegetation were a priority and that the effort should focus particularly, 

but not exclusively, on non-native vegetation. In the fall of 2013 and 2014, Management 

Program staff trimmed and cut vegetation with hand tools, within areas designated by the 

habitat management plan (Marchant 2005). All management actions were conducted well 

after the adult flight season concluded. Similar management activity is planned for fall 

2015 and will be conducted as site conditions allow. It is encouraging that surveyors 

recorded several Delhi fly observations south and east of the open dune where vegetation 

management has been occurring, including just outside the mapped area of suitable 

habitat (Fig 1). 

Recommendations 

The species-specific objective for Delhi Sands flower-loving fly states that 

successful reproduction shall be documented at all Core Areas once a year for the first 

five years after permit issuance and then as appropriate, but not less frequently than every 

eight years thereafter. The MSHCP permit was issued in 2004; therefore further surveys 

to document successful annual reproduction of Delhi fly are not strictly mandated. 

However, given the endangered status of the species and the minimal effort required to 

document successful reproduction at the sole occupied site within the Plan Area, we 

should continue to monitor the Delhi fly annually so long as personnel are available. 

Furthermore, evaluating the efficacy of ongoing efforts by the Management 

Program to improve habitat conditions for Delhi fly at Teledyne requires the more 

intensive line-distance transect study design. Density estimates during and post-

management can then be compared to earlier measures to track the population status of 

Delhi fly on site. 

Modeling density and detection probability is important as it allows us to 

regularly estimate the density of individuals and determine whether changes in the 

number of detections are due to changes in fly abundance or changes in detectability. 

Line transect sampling allows us to model detection probability and density in order to 

better describe population changes at occupied sites, especially as active habitat 

management continues. 2015 marks two years of management effort, including 

implementing controls on access and erosion and habitat restoration focusing on 

vegetation management. We plan to conduct the more demanding line-transect study 

again in 2015 to continue to monitor impacts of management activities and Delhi fly 

population fluctuations. 

Likewise, vegetation and soil sampling may help us to better determine specific 

vegetation and soil requirements for Delhi fly, in particular as they change in response to 

management. Results of previous years’ surveys tentatively identified A. menziesii, H. 

incana, and stabilized sand as negatively associated with presence of fly, while bare 

ground and loose sand were tentatively identified as positively associated, although 

results have been inconsistent across years and require substantial additional field effort 
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(Biological Monitoring Program 2011). Perhaps above-ground vegetation and habitat 

conditions are not as important for adults as subsurface habitat components (i.e., root 

structure, soil conditions, food sources) are for larvae. The overwintering larval stage is 

by far the longest in the fly’s life cycle (USFWS 1997) but investigating subsurface 

habitat conditions is likely beyond the feasible scope of Monitoring Program activities as 

it is not essential in order to meet the listed monitoring objective and involves additional 

disturbance of habitat for this endangered species. Regardless of any vegetation sampling 

we conduct in the future, we will continue to record digital images at established photo 

stations to qualitatively document the status of invasive plants and changes in community 

structure at Teledyne. 
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