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Executive Summary 
 
Our project aimed to conduct population surveys for Southwestern Willow Flycatcher 
(Empidonax trailii extimus; SWFL) and Yellow-billed Cuckoo (Coccyzus americanus; YBCU) 
in 2018 and 2019, apply existing habitat models to illustrate and predict past, current, and future 
habitat suitabilities for these two species, and update and standardize classification and mapping 
of riparian vegetation to reflect recent conditions   along the lower 50 miles of the Santa Clara 
River.  Models developed by Hatten and Paradzick (2003), Hatten, et al. (2010), Hatten (2016), 
and Johnson et al. (2016) were applied to the SCR to provide California Department of Fish and 
Wildlife (CDFW) and the U.S. Fish and Wildlife Service (USFWS) with useful tools for 
management of resources for SWFL and YBCU.  
.  
 
Objectives.-- 

1. To conduct surveys for SWFL and YBCU on properties throughout the Santa Clara River 
(SCR) during the breeding seasons of 2018 and 2019 to determine their population 
densities and distributions on the river. 

2. To model current habitat availability for SWFL and YBCU on the SCR using existing 
predictive tools, Landsat imagery, and findings from fieldwork in 2018 and 2019.  

3. To measure characteristics of breeding habitat used by the two species; and to summarize 
demographic and habitat use findings in relation to the habitat availability models. 

4. To map current vegetation and habitat conditions using fine-scaled imagery 
supplemented with LIDAR data and coupled with focused field assessments. 

5. To conduct a time-series analysis of habitat and vegetative changes on the SCR from 
1986-2019 (using Landsat and other aerial imagery) for a historical overview of changes 
in habitat availability over time. 

6. To create conceptual models of vegetation trajectories following disturbances from 
floods, fire, and active horticultural restoration.  

 
Study Area.--The primary Study Area encompassed approximately 80 km (50 miles) of the 
mainstem of the SCR and associated riparian and floodplain habitat, from the estuary in Ventura 
County upstream to the confluence with Bouquet Canyon in Los Angeles County. Bird surveys 
were conducted on 20 properties owned and managed by TNC, Friends of the Santa Clara River, 
and Ventura Watershed Protection District in the Ventura County portion of the SCR, as well as 
on the Newhall property in the Los Angeles County portion of the river. Landsat-based modeling 
of SWFL and YBCU nesting habitat suitability was conducted for the entire study area. 
 
Methods.--Southwestern Willow Flycatcher and Yellow-billed Cuckoo surveys were conducted 
per standard protocols (Sogge et al. 2010, Halterman et al. 2015) in 2018 and 2019 in predicted 
breeding habitat on the river.  The application of Landsat-based SWFL and YBCU models to 
predict the distribution and abundance of suitable habitat along the SCR was conducted in spring 
2018 and 2019 for SWFL, and in mid-June 2018 and 2019 for YBCU.  Landsat 8 imagery was 
the primary input used in the models. Output for each species in each survey year included a 
continuous probability grid, a five-class probability grid, and a binary (predicted suitable or 
unsuitable) habitat grid, with higher cell values in each case indicating relatively better SWFL 
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9. Conduct research into the ecology of the polyphagous shothole borer and its effects on 
native riparian cottonwood-willow habitats, and thus, by extension, on SWFL and YBCU 
populations, and potential control or management actions. 

10. Test the utility and cost-effectiveness of LIDAR to improve our ability to assess and 
monitor vegetation and habitat structure, and to improve models of habitat suitability. In 
particular, we recommend detailed testing of the use of LIDAR to quantify vertical 
habitat structure to see if it can be used to model habitat suitability for avian species 
including SWFL, YBCU, and LBVI.  In addition, to reduce the need for labor-intensive 
field estimates of such structure. 

11. Consider recommending modifications to farmland management such as reducing 
pesticide inputs through integrated pest management, and maintaining or restoring 
uncultivated field margins for all agricultural lands bordering the SCR for the benefit of 
insectivorous bird species using the Santa Clara River corridor. 

  



13 
 

TABLE OF CONTENTS 
1.0  INTRODUCTION .......................................................................................................................... 18 

2.0 OBJECTIVES ................................................................................................................................. 18 

3.0  STUDY AREA ............................................................................................................................... 19 

4.0  METHODS ..................................................................................................................................... 19 

4.1 Southwestern Willow Flycatcher and Yellow-billed Cuckoo Surveys ....................................... 19 

4.1.1         Flycatcher Surveys .............................................................................................................. 20 

4.1.2 Cuckoo Surveys .................................................................................................................. 20 

4.2  Modeling Habitat Suitability and Vegetation Composition on the Santa Clara River ................ 21 

4.2.1 Landsat-based Modeling of SWFL and YBCU Habitat...................................................... 21 

4.2.2 Vegetation and Habitat Mapping ........................................................................................ 23 

4.2.3 Vegetation and Habitat Dynamics ...................................................................................... 24 

5.0 RESULTS ....................................................................................................................................... 24 

5.1 Population Status of Southwestern Willow Flycatchers and Yellow-billed Cuckoos on the Santa 
Clara River .............................................................................................................................................. 24 

5.1.1  2018 Survey Results........................................................................................................... 24 

5.1.2  2019 Survey Results........................................................................................................... 25 

5.2 Habitat Suitability Modeling ....................................................................................................... 26 

5.2.1  2018 Habitat Suitability Model Performance .................................................................... 27 

5.2.2  2019 Habitat Suitability Model Performance .................................................................... 27 

5.2.3  Time-series analyses of habitat availability for SWFL ...................................................... 28 

5.2.4  Time series analyses of habitat availability for YBCU ...................................................... 28 

5.3 Vegetation Classification and Mapping ...................................................................................... 29 

5.3.1  2018 and 2019 Field Verification, Map Refinement, and Data Processing ....................... 29 

5.3.2  Vegetation Alliances and Land Cover Types ..................................................................... 29 

5.3.3  Arundo Distribution and Abundance ................................................................................. 30 

5.3.4  LIDAR-based Assessment of Habitat Structure ................................................................ 30 

5.4 Time-Series Analyses of Suitable Habitat and Vegetation Changes .......................................... 33 

5.4.1 Temporal Changes in Suitable Habitat for SWFL and YBCU from 1986-2019 ................ 33 

5.4.2  Changes in Riparian Forests from the Early 1800s to Present ........................................... 33 

5.4.3 Temporal Dynamics of Riparian Vegetation and Habitat in the Historical East Grove ..... 36 

5.5 Conceptual Models of Vegetation and Habitat Responses ......................................................... 37 









17 
 

the present-day Hedrick Ranch Nature Area) is the largest and most intact under current conditions.
 109 

11.5.2 Figure E.2.  Extent of the floods of 1938 (in blue) and 2005 (in red), based on analysis of 
aerial photographs (Stillwater 2007). ................................................................................................ 110 

11.5.3 Figure E.3.  Riparian corridor conditions at river mile 11 (lower portion of Reach 3) in 1938 
and 2005. The Freeman Diversion is visible in the lower left corner of the 2005 photograph. ........ 111 

11.6 APPENDIX F:  Historical Time Series Images of the Santa Clara River ................................. 112 

11.7 APPENDIX G:  Conceptual Models ......................................................................................... 119 

11.7.1  Figure G.1. Conceptual physical and biological framework for alluvial river systems 
illustrating key ecological linkages and interactions. Adapted and modified from Stillwater Sciences 
(2001) and Vaghti and Greco (2007). ............................................................................................... 119 

11.7.2 Figure G.2. Conceptual model of key ecosystem drivers, ecological patterns and processes, 
and ecosystem functions plus primary categories of human impacts for Cottonwood ecosystems. . 120 

 

  













23 
 

The three vegetation variables were extracted from Landsat-5 or Landsat-8 imagery, and the 
FLOODPL variable was extracted from a 30-meter resolution DEM. Probability classes and 
thresholds were calculated at different values (i.e., 10% intervals, 20% intervals, and 40% and 
60% thresholds) (Hatten and Paradzick, 2003, Hatten, 2016). Previous research has found the 
likelihood of habitat suitability and territory densities increase exponentially with class values. In 
the case of binary (threshold) grids, the probability of habitat or territory occurrences are 
significantly greater above a selected threshold (e.g., higher thresholds are expected to contain a 
greater density of SWFL or YBCU territories).   

YBCU model: The YBCU satellite model uses a logistic regression equation developed by 
Johnson et al. (2017) to calculate the probability of YBCU breeding habitat with the following 
equation:  

YBCU habitat probability = exp(logit) / 1 + exp(logit)    (3) 
where, 
                                       Logit is 0.343(NDBEST) + 0.62(ND_SD480)  (4), 
 
and whereby the two variables are defined as follows: 

1) NDBEST = amount (percent) of densest vegetation (NDVI>0.41) within a 120-m radius 
(4.5-ha neighborhood); 

2)  ND_SD480 = the standard deviation in NDVI (12 classes) within a 480-m radius 
(72-ha neighborhood). 

The two vegetation variables were extracted from Landsat-5 or Landsat-8 imagery. Probability 
classes and thresholds were calculated at different values (i.e., 10% intervals, 20% intervals, and 
40% and 60% thresholds) (Johnson et. al. 2017). 

4.2.1.3  Habitat Time-Series Analyses 

One of the project objectives was to create habitat time series of predicted SWFL and YBCU 
habitat summarized by reach and project area. We accomplished this by populating the satellite 
models with Landsat imagery from 1986 to 2019, summing predicted habitat by reach, and 
creating bar charts (Hatten et al. 2010; Orr et al. 2014). The two habitat time series were created 
with Landsat imagery dating from 1986 to 2019, obtained from the GEE satellite archive. 
Creating a habitat time series involved running the satellite model annually as close to the same 
date as possible and producing a habitat map for each respective year (Hatten et al. 2010). 
Habitat maps were created by applying a 40% or 60% probability threshold to the continuous 
probability grids output by the satellite model using the same methodology as outlined by Hatten 
(2016). 

4.2.2 Vegetation and Habitat Mapping 
This project created a comprehensive vegetation map representing current conditions (as of 
2018) in the Santa Clara River. Classification and mapping followed current California and 
National Vegetation Classification standards. Stillwater Sciences (led by Dr. Bruce Orr) 
compiled previous vegetation maps in GIS, including the 2005 mapping of the Ventura County 
river reaches (Stillwater Sciences and URS Corporation 2007, Orr et al. 2011), a 2015 map of 
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The  vegetative alliances and associations that characterized the YBCU breeding habitat models 
in 2018 and 2019 on the Ventura County portion of the river were much less variable than for 
flycatchers, and included  the Salix laevigata Woodland Alliance, Salix laevigata/Arundo donax 
Association, Populus trichocarpa - Salix laevigata Association, Populus trichocarpa Forest 
Alliance, and Populus trichocarpa/Arundo donax Association.  On the Los Angeles 
County/Newhall portion of the river the associations included the Salix laevigata/Arundo donax 
Association, Populus fremontii Forest Alliance, and Populus fremontii - Salix laevigata/Arundo 
donax Association. 

5.2.1  2018 Habitat Suitability Model Performance 
The habitat suitability models for flycatchers and cuckoos used to delineate survey areas for the 
species in 2018 seemed to perform very well, i.e., when visited on the ground, the predicted 
breeding habitat generally met the characteristics of high-quality breeding vegetation as 
described in Sogge et al. (2010) and Halterman et al. (2015).  Only one factor (flowing water in 
June) seemed to be less abundant than we would have hoped for flycatchers in 2018, and thus 
may have led to flycatchers not settling to breed in predicted suitable vegetation in 2018. The 
satellite models do not contain a distance-to-water variable due to the resolution of Landsat 
imagery (30-m), effects of overhanging vegetation affecting detectability, and the 
intermittent/ephemeral nature of water along many reaches. There was some flow from winter 
2017/2018 that persisted in the main channel even into August 2018, but outside of the ca. 10 m-
wide main channel there was no other flowing water in the river. 

5.2.2  2019 Habitat Suitability Model Performance 
In 2019 Dr. Hatten updated the habitat suitability models for SWFL and YBCU breeding habitat 
on the SCR.  Landsat imagery from April 2019 (for flycatchers) and June 2019 (for cuckoos) 
were used.  Due to the significant 2019 winter and spring rainstorms that occurred in southern 
California, and the resulting lush growth of annual native and non-native plants (especially black 
mustard [Brassica nigra]), the >40% probability habitat suitability maps for SWFL and YBCU 
in 2019 included some predicted breeding habitat that was of lower quality for the species. This 
rapid greening of annual vegetation has been noted in other portions of SWFL range in the 
southwestern U.S. during wet years, and can result in increased commission errors, especially in 
the lower probability classes (Hatten 2016).  After visiting these particular locations in our Study 
Area during the first two rounds of SWFL surveys in May and early June 2019, the PI made the 
decision to skip surveys in some of these areas for both species, because they were unsuitable for 
breeding (see notes in Tables 3-5). 

Aside from some changes in plant cover and NDVI values in 2019, another factor that changed 
was the presence of strongly-flowing, turbid water outside of the usual high stormwater flow 
period.  Although SWFL are known to breed near flowing water in riparian areas (Sogge et al. 
2010), and this water is usually calm, clear, and relatively slow-moving, or even reduced to a 
very small amount of above-ground flow by early June when SWFL breed in the southwestern 
United States.  In 2019, however, unusual water releases were conducted from late May through 
mid-August from the Piru and Castaic reservoirs, causing a substantial increase in flow on the 
SCR, which greatly increased speed and turbidity. We cannot tell if flycatchers that may have 
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5.5.1 General Conceptual Model for Riverine Riparian Ecosystems Associated with Alluvial 
Rivers 
 
Alluvial rivers are dynamic systems that are affected by complex interactions between numerous 
inputs and processes. Factors that vary at broad landscape scales, such as climate, topography 
and lithology, shape processes and attributes that affect the riparian community structure and 
composition through a hierarchy of interaction and feedback. A simplified conceptual model 
illustrating these interactions is shown in Appendix G Figure G.1. In the model, landscape 
context (climate, topography, geology) and natural watershed inputs (such as water, sediment, 
and nutrients) drive physical processes (such as sediment transport and channel migration) that, 
in turn, determine geomorphic attributes and physical habitat structure of the river-floodplain 
system.  The geomorphic attributes and habitat structure drive biological responses and are 
important determinants of plant and animal species abundance, distribution, and composition.  
Modification of any of the key inputs or processes will influence channel and floodplain 
geomorphic attributes and, subsequently, affect riparian plant communities and fish and wildlife 
populations.  For example, reduction in peak flows (a watershed input) can alter fluvial processes 
such as the timing, frequency, extent, and duration of floodplain inundation.  This alteration in 
inundation patterns can result in changes in riparian plant species composition and age-class 
structure, which can alter habitat suitability for native birds and thus result in a shift in bird 
community species composition.  In turn, riparian vegetation can feed back to hydraulic and 
geomorphic processes.  For example, increased hydraulic roughness provided by newly 
established vegetation can increase sediment deposition and floodplain accretion, and 
encroachment of vegetation into the active channel following flow regulation commonly 
contributes to channel deepening. Natural and anthropogenic disturbances can occur at different 
scales, ranging from global climate change effects on regional temperatures, precipitation, and 
evapotranspiration rates, to a 20,000 ha wildfire in the watershed headwaters, to landslides or 
flood scour and deposition along a single alluvial reach, to vegetation removal and soil 
disturbance by invasive animal populations within a single floodplain site. The effects of these 
disturbances also can occur at multiple scales, including the scale of the original disturbance 
event, to finer scale processes and structures within a watershed, including habitat structure, 
complexity, connectivity, and biotic responses (Stillwater Sciences 2001, Vaghti and Greco 
2007, Downs et al. 2011). Restoration ecologists need to understand how these landscape- and 
watershed-scale processes in and around their restoration area respond to abrupt and/or long-term 
(e.g., punctuated vs. press) sources of disturbance and stress in order to chart a path towards 
functional recovery or enhancement of resilient riparian ecosystems within the targeted 
restoration area (see Rasmussen and Orr 2017).  
 

5.5.2  Cottonwood in California Forested Riparian Systems 

5.5.2.1  Riparian Vegetation Dynamics in California Alluvial Rivers 
Riparian vegetation dynamics are tightly coupled with riverine processes; flooding, scour, and 
sediment deposition strongly influence riparian plant species composition, distribution, and 
physical structure and are major drivers of riparian community succession along with depth to 
groundwater.  At a fine scale, riparian zones can be seen as non-equilibrium ecosystems, in 
which patches of vegetation become established and are seasonally altered (and often 
extinguished) by inputs of water and nutrients and by deposition and scour of sediment (McBride 

















46 
 

However, early nesting dates for YBCU from Ventura County (e.g., Santa Paula 4 June 1904) in 
addition to another 11 historical early laying dates from 15 May to 17 June (Table 11), may also 
signal that cuckoos could breed earlier on the river than we, and other California surveyors, have 
assumed.  For example, we saw a cuckoo in high quality habitat near Lost Creek on the southern 
end of the Levy property on 10 June, and recorded an alarm-calling cuckoo at the same place on 
22 June 2019.  Alarm-calling is usually associated with defensiveness by nesting cuckoos 
(Halterman et al. 2015), and although we never had a cuckoo respond to our playback in this 
vicinity in 2018 or 2019, and we did conduct quiet listening surveys in this same area in July 
2018 and 2019, we never observed any nesting behavior or other sign of cuckoos, nor did the 
microphone record any additional calls.  However, nesting could have already finished by the 
time we conducted quiet listening, and it could even be that observations of cuckoos calling or 
responding to playback into July and August east onto the HRNA were from a  family group on 
south Levy. Thus, future quiet listening surveys will be very important in this zone, and any 
future restoration activities must only be conducted during the non-breeding season in predicted 
high quality breeding habitat on the Levy, Hedrick Ranch, Taylor, and Kenter Canyon properties 
to avoid disturbing nesting cuckoos. 
 
The habitat suitability models accurately predicted occupancy of high quality habitat by cuckoos 
in the historic East Grove.  This area alone made up approximately 30% of all high probability 
predicted habitat on the river.  However, the models also predicted that cuckoos would occur in 
approximately another 700 ha of habitat on the SCR, and so it was enlightening to note their 
absence in this remaining habitat on the river, even in predicted habitat on the Newhall property. 
It could be that migrating, or even breeding, cuckoos were present in these predicted patches of 
habitat but were missed during sampling over the two years:  cuckoos seldom call without 
playback, and have a relatively low level of responsiveness to playback (Halterman 2009).  In 
addition, cuckoos call infrequently, at a rate of only about one call/hour, and they have large 
home ranges, from approximately 20 to 42 ha (summarized in Halterman 2009, Halterman et al. 
2015), and so even if a cuckoo was using a particular patch of habitat, it might not have been 
present in the immediate area being surveyed at any given time. Halterman et al. (2015) 
summarized that population studies have indicated that the cuckoo is adapted to locating and 
utilizing resources that are highly variable in time and space, requiring multiple years of 
surveying to obtain a reasonable estimation of occupancy, habitat use, and distribution in 
particular habitat patches.  Thus, after only two years of consecutive surveys it is difficult to say 
if the absence of cuckoos in predicted habitat was due to the birds being absent or the birds being 
missed during surveys.  However, even with this taken into consideration, it was clear that the 
quality of the habitat patches outside of the East Grove seemed of lesser quality, and likelihood, 
of cuckoo occupancy.  No sign of cuckoos was ever detected in areas at the estuary end of the 
SCR, for example, nor on Shiells or on the Fillmore Cienaga, because the habitat quality is too 
low (currently).  Thus, our recommendation is that surveys be conducted primarily in >60% 
probability class habitat, as well in in the >40%probability habitat immediately around the higher 
quality habitat, because it could provide foraging areas for migrating and breeding cuckoos.  
Low probability class habitat that is not in proximity to higher probability class habitat need not 
be surveyed unless sufficient funds and personnel are available.  The exception to this would be 
areas where formerly high quality predicted habitat changed dramatically form one season to the 
next, such as occurred on the southern Levy property due presumably to PSHB beetle 
infestations (and on the HRNA where many mature red willow trees died between 2018 and 
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4. Before surveys occur, create filters for the habitat suitability models to remove pixels 
dominated by Arundo or other exotic plant species, and continue to use agricultural 
filters.  

 
5. When satellite models are employed in other watersheds, and especially in basins 

with a lot of agriculture, wildfires, and foggy conditions, carefully delineate the 
project boundary used for masking purposes (blocking out background to reduce 
noise), and carefully inspect every satellite image to be used, to reduce spectral 
confusion. 

 
6. Conduct insect and frog monitoring in the East Grove to determine if quantities of 

available prey for YBCU, and SWFL, continue to be suitable for supporting breeding 
within predicted high quality breeding habitat on the SCR.  After restoration of the 
Sespe Cienaga site with willow and cottonwood trees and associated wetlands, begin 
insect and frog monitoring on this site to determine if prey abundances will be 
adequate for the support of nesting cuckoos and willow flycatchers. 

 
7. Conduct periodic updating of the vegetation map, approximately every 10 years or 

following a major flood or fire event, to systematically track vegetation and habitat 
changes throughout the primary 50-mile SCR corridor. More detailed, finer-scaled 
site-specific vegetation classification and mapping should also be conducted for any 
proposed projects along the SCR. This is particularly important since a number of 
locally rare plant alliances and associations generally occur in patch sizes too small to 
be picked up by river corridor-scale mapping, and often (especially for herbaceous 
vegetation types) can only be accurately classified by field surveys. 

 
8. More quantitative analysis of time-series data on vegetation dynamics and wildlife 

habitat suitability is needed to improve our understanding and ability to accurately 
predict future system trajectories in response to changes in natural or anthropogenic 
drivers. Such analyses would improve our conceptual models and, ideally, would lead 
to quantitative models to predict how changes in key drivers (such as flow, depth to 
groundwater, and surface water-groundwater interactions) or management actions 
(e.g. surface water diversion or augmentation, groundwater extraction and recharge, 
Arundo removal and revegetation of native riparian plants, or control of the 
polyphagous shothole borer) would affect riparian ecosystem dynamics. 

 
9. Conduct research into the ecology of the PSHB and its effects on native riparian 

cottonwood-willow habitats--and thus, by extension, on SWFL and YBCU 
populations--and potential control or management actions. 

 
10. Test the utility and cost-effectiveness of LIDAR to improve our ability to assess and 

monitor vegetation and habitat structure, and to improve models of habitat suitability. 
In particular, we recommend detailed testing of the use of LIDAR to (1) quantify 
vertical habitat structure to see if it can be used to model habitat suitability for avian 
species including SWFL, YBCU, and LBVI, and (2) assess its potential to reduce the 
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9.0 FIGURES 

 

9.1 FIGURE 1.  STUDY AREA FOR SOUTHWESTERN WILLOW FLYCATCHER AND WESTERN YELLOW-BILLED CUCKOO SURVEYS, 
HABITAT MODELING, AND VEGETATION MAPPING ON THE SANTA CLARA RIVER, IN VENTURA AND LOS ANGELES COUNTIES, 
CALIFORNIA, 2018-2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 




























































































































