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pallescens = C. townsendii townsendii1 
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Yuma clapper rail Rallus longirostris yumanensis (also known as Yuma Ridgway's 
rail = R. obsoletus yumanensis) 
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Mosquitofish Gambusia affinis 
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Freshwater parasites 

Ich Ichthyophthirius multifiliis 
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MacNeill’s sootywing skipper Pholisora gracielae = Hesperopsis gracielae (MacNeill) 
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Bulrush Scirpus spp. 

California bulrush Schoenoplectus californicus 
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Honey mesquite Prosopis glandulosa 

Johnsongrass Sorghum halepense 

Mesquite Prosopis spp. 

Mexican fan palm Washingtonia robusta 

Ocotillo Fouquieria splendens 

Olney’s three-square bulrush Scirpus olneyii 

Quailbush Atriplex lentiformis 

Sacaton Sporobolus sp. 

Saguaro cactus Carnegiea gigantea 

Saltcedar Tamarix spp. 

Softstem bulrush Scripus tabermontani 

Sticky buckwheat Eriogonum viscidulum 

Willow Salix spp. 

Reptiles 

Northern Mexican gartersnake Thamnophis eques megalops 

 

Small mammals 

Colorado River cotton rat Sigmodon arizonae plenus 

Hispid cotton rat Sigmodon hispidus 

Desert pocket mouse Chaetodipus penicillatus sobrinus 

Yuma hispid cotton rat Sigmodon hispidus eremicus 

     1 Genetic analyses on the pale Townsend’s big-eared bat indicate that the lower Colorado River is likely in the range 
of the Pacific Townsend’s big-eared bat (Corynorhinus townsendii townsendii) rather than the pale Townsend’s big-
eared bat (Piaggio and Perkins 2005).  The bats recorded along the lower Colorado River will be referred to as pale 
Townsend’s big-eared bats in this report, as the nomenclature change has not yet been verified by U.S. Fish and Wildlife 
Service. 
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INTRODUCTION 
 
The Lower Colorado River Multi-Species Conservation Program (LCR MSCP) 
is a multi-stakeholder, Federal, and non-Federal partnership responding to the 
need to balance the use of lower Colorado River (LCR) water resources and 
the conservation of native species and their habitats in compliance with the 
Endangered Species Act.  This program is a long-term, 50-year plan to conserve 
at least 27 Federal and State-listed candidate and sensitive species along the LCR, 
from Lake Mead to the Southerly International Boundary with Mexico, through the 
implementation of a Habitat Conservation Plan (HCP) (LCR MSCP 2004a).  The 
Bureau of Reclamation (Reclamation) is the entity responsible for implementing 
the LCR MSCP.  A Steering Committee, currently consisting of 57 entities, was 
formed as described in the LCR MSCP Funding and Management Agreement 
(LCR MSCP 2004b) to provide input and oversight functions in support of 
LCR MSCP implementation. 
 
The HCP conservation measures were designed to meet the biological needs of 
27 covered species and potentially benefit 5 evaluation species included in the 
LCR MSCP.  The HCP provides program-level guidance for ensuring that 
implementation of the conservation measures will be based on scientific 
information, methods, principles, and standards.  Through utilization of adaptive 
management principles, new information obtained on species and their habitats can 
be used to implement biologically effective and cost-efficient conservation actions.  
The HCP acknowledged the need for implementing research and monitoring 
priorities within the first 20 years of the LCR MSCP period; implementation costs 
for monitoring, research, and adaptive management reflect these priorities (HCP, 
Table 7-1). 
 
A Final Science Strategy was drafted in August 2006 and finalized in 
November 2007, which outlines the adaptive management process (LCR MSCP 
2007).  The Science Strategy describes a two-tier planning process to ensure 
effective implementation of research and monitoring actions:  (1) a 5-year planning 
cycle and (2) annual work plans.  Every 5 years, a plan will be developed that 
describes the current knowledge of covered species and their habitats, priorities for 
research and monitoring to provide additional information needed over each 
ensuing 5-year period, and any potential challenges that may inhibit successful 
implementation of the scientifically sound conservation measures.  An annual work 
plan that summarizes prior year accomplishments, describes current year ongoing 
activities, and outlines the proposed activities for the coming fiscal year (FY) is 
presented to the Steering Committee each year.  These annual work plans enable 
adaptive management to occur in a timely manner and ensure implementation of 
5-year priorities. 
 
  



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 
 
 

 
 
2 

A four-step process for identifying 5-year priorities is described in the Science 
Strategy: 
 

(1) Identify current knowledge and data gaps 
(2) Initial ranking of data needs 
(3) Review initial data ranking and propose priorities 
(4) Determine final data need priorities 

 
Annual priorities are established during the work plan process as described in the 
Science Strategy.  The first priority is the continuation of long-term research and 
monitoring projects identified and implemented during prior planning.  Additional 
information obtained through these research and monitoring programs will help 
determine the need for additional data.  These data are prioritized by balancing 
need with potential annual budgets as described in Table 7-1 of the HCP 
(LCR MSCP 2004a).  Priorities may shift as new information is obtained, 
opportunities are identified, and adaptive management recommendations are 
adopted. 
 
The first 5-year planning cycle for LCR MSCP implementation covered FY08 
through FY12.  This document outlined the accomplishments of the monitoring and 
research priorities for each implementation element described in the HCP from 
2008 through 2012:  fish augmentation, species research, system monitoring, post-
development monitoring, and restoration (created habitat) research. 
 
The second 5-year monitoring and research priorities covered years 2013 through 
2017; it included all of the above implementation elements and individual covered 
species, species guilds, and/or their habitats needed to successfully implement 
conservation measures described in the HCP.  Priorities have been established 
based on information outlined in the species accounts completed in 2007 
(LCR MSCP 2016), through extensive additional literature searches, through 
research and monitoring information gained in the period of 2008 through 2012, 
and through outreach to partners and other interested parties. 
 
This document is the third 5-year monitoring and research priorities for the 
LCR MSCP, which covers years 2018 through 2022; it also builds upon the 
previously discussed elements covered in the FY08 through FY17 priorities.  The 
establishment of conceptual ecological models (CEMs) is intended to provide a 
synthesis of the current understanding of the LCR MSCP covered species and to 
build a framework to inform ecosystem restoration and adaptive management 
processes.  The monitoring and research priorities listed below for the 2018 
through 2022 period are described broadly.  For more specific information on a 
priority, refer to the work task associated with it in the annual work plans. 
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New data accumulated from monitoring and research activities will be reviewed 
throughout this 5-year planning cycle.  The results of monitoring and research 
activities outlined in this document will be evaluated during FY22, and new 
priorities will then be established for the next 5-year cycle (2023–27). 
 
 

FISH RESEARCH AND MONITORING 
 
The following section describes the LCR MSCP fish activities, including fish 
augmentation, species research, system-wide monitoring, post-development 
monitoring, and restoration research.  The information provided includes 
accomplishment of activities for FY13 through FY17.  Information obtained 
through these activities has led to the research and monitoring priorities listed as 
proposed activities for FY18 through FY22. 
 
 
Fish Augmentation 
2013–2017 Accomplishments 
Much of the basic knowledge of, and refinements to, the culture of bonytail 
and razorback suckers were developed prior to 2008 as a result of LCR MSCP 
efforts in cooperation with Federal and State fish hatcheries as well as researchers 
throughout the region.  Because of this previously completed work, 2013 through 
2017 was not a period of major advancement in the knowledge of the culture of 
these species.  Accomplishments during this period focused on increasing 
hatchery rearing capacities and native fish production numbers, strategies to 
improve rearing practices with the goal of producing as many large fishes as 
possible in response to program needs, refining fish handling practices, securing 
an alternate genetic broodstock of bonytail, and identifying potential remedies, 
improvements, or techniques that could reduce the probability of future disease 
outbreaks and/or the severity of unplanned events at hatchery facilities. 
 
Major capital improvements were made at the Southwestern Native Aquatic 
Resources and Recovery Center (Center) (Work Task B4) to expand bonytail 
rearing capabilities at this facility.  These improvements included construction of 
four, approximately 0.25-acre lined ponds that are expected to increase annual 
production at the Center to 8,000–10,000 bonytail per year.  The Lake Mead Fish 
Hatchery (Work Task B6) dedicated additional rearing space for bonytail and 
razorback suckers to expand annual production and developed additional capacity 
for flow conditioning of native fishes.  The Achii Hanyo Native Fish Rearing 
Facility (Work Task B3) also began rearing additional razorback suckers to 
meet future program goals.  The expansion of native fish rearing capabilities at 
these facilities is necessary to meet increased program stocking requirements  
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(accelerated stocking into Reaches 3, 4, and 5) scheduled to begin in FY19–20 
and to have additional resiliency in the fish augmentation program for 
contingencies such as major disease outbreaks. 
 
Starting in FY15, the Willow Beach National Fish Hatchery (Willow Beach NFH) 
(Work Task B2) implemented a new rearing strategy to produce larger razorback 
suckers (> 400 millimeters [mm] total length [TL]) for Lake Mohave.  Data 
collected under Work Tasks C12 (closed), C33 (closed), and D8 suggest that 
stocking larger fish would have a more pronounced effect on increasing the 
population size through greater survival and would also increase the probability 
of stocked fish contributing to the genetic diversity of Lake Mohave populations 
within the first year of repatriation.  The rearing strategy employs decreasing fish 
year-class densities over a 5-year period to encourage greater growth, which will 
result in a slow ramp up of fish > 400 mm TL.  The expectation is to have an 
entire year-class (8,000–10,000 fish) averaging > 400 mm TL available for 
stocking each year.  The approach is somewhat conservative but also has 
incorporated the logistic realities of the hatchery’s capacity as well as economic 
considerations.  The outcome of this strategy will be evaluated at the end of the 
initial 5-year period.  A similar approach to lower density rearing was completed 
at the Lake Mead Fish Hatchery in FY17.  Razorback suckers from the 2010–14 
year-classes were reared with the goal of producing stocking cohorts with an 
average TL > 400 mm and a subset of fish with a TL > 500 mm.  Of the 
Lake Mead Fish Hatchery stockings completed in FY17, 62% of the fish were 
> 400 mm TL and 16% were > 500 mm TL.  These efforts demonstrated that 
400-mm razorback suckers can be produced within 3 to 4 years and 500-mm TL 
razorback suckers in 5 to 6 years when reared at low densities.  Future monitoring 
efforts will focus on tracking these larger fish in order to continue evaluating the 
differential in post-stocking survival of different size classes of fish. 
 
Fish handling practices were evaluated through research completed in FY13 
under Work Task C46 (closed).  The Center evaluated physiological stress 
responses of bonytail and razorback suckers exposed to established handling and 
hauling protocols used by the facility.  The results of this work are summarized in 
the “Fish Species Research” section and can be found in Physiological Stress 
Response in Bonytail and Razorback Sucker to Handling and Transport—Final 
Report (Sykes 2013).  This research was used to establish handling and transport 
protocols for other hatchery facilities and to directly inform future work under 
Work Task C65. 
 
A second bonytail broodstock was developed by the U.S. Fish and Wildlife 
Service (USFWS) in FY12–14; it is currently being maintained at the Mora 
National Fish Hatchery in Mora, New Mexico (Work Task B12).  This second 
broodstock is intended to be used as a refuge population and not for additional 
bonytail production at this time.  Its purpose is to provide a backup to guard 
against any potential catastrophic event (disease, mortality, etc.) that may limit 
production or result in loss of the bonytail broodstock maintained at the Center. 



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 

 
 

 
 

5 

Additional actions were completed as discussed under the “Fish Augmentation 
“section in response to concerns identified by LCR MSCP partners or due to 
unplanned events that required subsequent action: 
 

• In early FY15, the “Fish Augmentation” section of the California 
Endangered Species Act permit was analyzed, as there was some 
inconsistency with the target TL for fishes in Reaches 4 and 5 of 
California.  This inconsistency was due to the conversion from standard 
to metric units.  The California Department of Fish and Wildlife provided 
clarification and affirmation that fishes stocked into Reaches 4 and 5 
were required to be ≥ 305 mm TL.  In response, records of previously 
credited fishes that were less than 305 mm TL at the time of stocking 
into Reaches 4 and 5 were removed from reach totals; this included 
265 bonytail and 401 razorback suckers.  All partner hatcheries were 
notified of this length requirement for fishes in Reaches 4 and 5, and all 
subsequent stockings have been completed with fishes ≥ 305 mm TL. 
 

 

• An outbreak of Ich occurred in October 2016 (FY17) at the Willow Beach 
NFH.  Ich is a protozoan ectoparasite that feeds on the skin and gill tissues 
of fishes, causing irritation, damage, and commonly leading to host death.  
The hatchery began immediate treatments to combat the infection, but it 
spread rapidly, resulting in high mortality of almost all the year-classes of 
razorback suckers on station.  Approximately 32,000 razorback suckers 
died, leaving approximately 13,500 razorback suckers on station. 
 
The LCR MSCP worked with the Willow Beach NFH and the Lake Mead 
Fish Hatchery to identify any potential remedies, improvements, or 
techniques that could reduce the probability of future disease outbreaks 
and/or severity of unplanned events.  Actions taken in FY17 included a 
review of all hatchery protocols and standard operating procedures, 
identification of additional potential vectors for contamination, 
implementation of some additional precautionary measures to reduce 
vectors for contamination (where applicable), and coordination meetings 
between hatcheries and partners. 

Additional measures were initiated in FY17 to rebuild stocks of razorback 
suckers at the Willow Beach NFH and to supplement additional hatcheries 
to create an opportunity for increased razorback sucker production in 
future years.  In support of these measures, additional razorback sucker 
larvae were collected from Lake Mohave in FY17 (Work Task B1). 

 
The loss of razorback suckers at the Willow Beach NFH will delay 
implementation of the new rearing strategy outlined above and implementation 
of the accelerated stocking portion of the fish augmentation plan.  Razorback 
suckers from other hatchery facilities will need to be routed to Lake Mohave in 
the absence of fish from the Willow Beach NFH, which will reduce the number of   
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fish available for other reaches.  A portion of accelerated stockings (bonytail into 
Reaches 4 and 5) may begin in FY18–19, but additional stockings of razorback 
suckers will be delayed until hatchery stocks are rebuilt. 
 
 
Proposed 2018–2022 Activities 
The LCR MSCP Fish Augmentation Program is committed to providing the level 
of funding necessary to produce up to 620,000 bonytail and 660,000 subadult 
razorback suckers of at least 300 mm TL for release into the LCR (Reclamation 
2015).  Of these fishes, up to 220,000 bonytail and 330,000 razorback suckers of 
at least 305 mm TL will be produced for release into LCR MSCP Reaches 4 
and 5.  Initiation of accelerated stockings of native fishes is expected to 
commence during the next 5 years.  These stockings will contribute an additional 
4,000 bonytail and 12,000 razorback suckers toward augmentation goals each 
year for a 10-year period.  It is unlikely that accelerated stocking rates can be 
maintained for each of the targeted reaches at this time due to current native 
fish production levels and the need to rebuild stocks at partnering hatchery 
facilities; however, current production levels will support a staggered approach to 
initiating this requirement.  This staggered approach will implement a portion of 
accelerated stockings while continuing to develop additional rearing capacity at 
existing and new facilities over the next 5 years.  Each reach will still receive the 
additional fishes over ten consecutive years, but it is likely that 12–14 years will 
be needed to complete stockings in all reaches. 
 
Long-term numeric goals for fish augmentation may ultimately be revised 
downward if the size (TL) for acceptable survival increases and results in an extra 
cost for raising larger fishes to meet augmentation needs. 
 
There are two focus areas for monitoring and research under the Fish 
Augmentation Program between 2018 and 2022:  (1) fish size and condition 
at stocking and (2) fish distribution methods. 
 
 
Fish Size and Condition at Stocking 
Although the fish augmentation portion of the HCP does not dictate goals for fish 
survival post-stocking, making all possible efforts to ensure adequate survival 
continues to be a priority.  To date, post-stocking survival of native fishes has not 
met expectations.  The low survival rate for stocked fishes is likely due to the 
combination of size at stocking, altered habitat, and predation by birds and non-
native fish species.  These factors interact with each other to some degree; larger 
size at stocking and physical habitat providing cover might lessen the ability of 
birds and non-native fish species to harass and prey upon native fishes. 
 
The production of larger fishes has been identified as a potential rearing strategy 
for improving post-stocking survival, and attempts to produce larger fishes are 
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currently underway at multiple facilities.  Some preliminary data appear to 
indicate that fishes released at or near 500 mm TL survive better than smaller 
fishes.  A significant differential in size-dependent survival has not yet been 
confirmed, nor has the presumed survival benefit been compared to the increased 
cost of raising larger fishes.  Regardless of differential survival exhibited by 
larger fishes, rearing bonytail and razorback suckers to 500 mm TL is near the 
realistic limit of the current hatcheries.  The LCR MSCP will continue to work 
with partnering hatcheries toward the goal of producing the largest native fishes 
feasible for release into the LCR. 
 
Although early indications point to better survival by 500 mm TL fishes, the 
practical limitations of raising large numbers of large fishes continue to mandate 
exploring other possible ways to improve survival in concert with larger size 
at stocking.  Direct control of predation, whether avian or piscivorous, is not 
practical in any LCR MSCP reach at this time.  It may be possible, however, to 
reduce predation rates by ensuring that fishes are aware of predators and in the 
best possible physical condition when stocked.  Additionally, the stocking 
practice used could also be refined. 
 
Previous work focusing on techniques to condition bonytail and razorback 
suckers to detect and avoid non-native fish predators was completed under Work 
Tasks C10 (closed) and C11 (closed) and will continue under Work Task C61.  
Results from this work will be incorporated into rearing strategies, where 
practical, if post-release data suggest improved survival of conditioned fishes. 
 
Conditioning native fishes in raceways with flowing water will continue at the 
Lake Mead Fish Hatchery.  These efforts build on the approach of rearing fishes 
in better physical condition prior to release.  With the additional capabilities 
developed at the hatchery, the number of fishes that can undergo this pre-stocking 
treatment has increased to several thousand per conditioning period.  Post-release 
monitoring of these fishes will continue during the proposed period to determine 
if the improvements in conditioning translate to better survival in the wild. 
 
 
Fish Distribution Methods 
In concert with producing larger fishes and exploring effective means to condition 
fishes for improved post-stocking survival, the effects of distribution and stocking 
methods (how and when fishes are stocked) will continue to be examined.  
Distribution methods will include stocking native fishes at targeted locations 
(habitat selection), during different seasons, using different batch sizes, and using 
netted off portions of selected backwaters to acclimate fishes prior to release into 
the system.  Because of low initial recontact rates of stocked fishes, these 
treatments will need to be tracked for several years before data can be used to 
detect trends.  Distribution methods will be evaluated through research and 
monitoring described in the “Fish Species Research” and “Fish System-Wide 
Monitoring” sections below.  
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Fish Species Research 
2013–2017 Accomplishments 
Research priorities in 2013–17 continued to build on previous work and 
focused on further evaluating and/or defining (1) hatchery handling techniques, 
(2) alternative rearing and stocking practices, (3) post-stocking survival, (4) post-
stocking distribution and habitat use of native fishes, (5) habitat requirements 
and assessments, and (6) genetic management of fish populations.  Fish research 
presented in this section details recent program accomplishments in these priority 
areas.  While accomplishments have been reported under their appropriate 
section, the majority of these accomplishments have broad overlap and may be 
viewed in a holistic manner to inform the adaptive management process. 
 
 
Hatchery Handling Techniques 
Refinements to fish handling practices were identified through research 
completed in FY13 under Work Task C46.  The Center evaluated physiological 
stress responses of bonytail and razorback suckers exposed to established 
handling and transport protocols used by the facility.  The severity and duration 
of these responses were monitored for 21 days following handling and transport to 
discern the level of recovery.  Results suggested that a minimum recovery period 
of 48 hours between handling events would allow blood chemistry to return to 
acceptable levels (Sykes 2013).  An additional 48-hour recovery period at the 
stocking location may also be beneficial prior to full release of fishes into their 
native waters.  The results from this research were used to establish handling and 
transport protocols for other hatchery facilities and to directly inform work 
initiated under Work Tasks C61 and C65. 
 
 
Alternative Rearing and Stocking Practices 
The majority of native fish populations in the LCR are currently maintained 
only through annual augmentation.  Despite intensive conservation and 
repatriation efforts, low post-stocking survival has limited the expansion of 
existing populations.  Focused research was completed during the previous 5-year 
period to evaluate the benefits alternative rearing and stocking practices may have 
on post-stocking survival of native fishes. 
 
Predation by non-native fishes may be the main source of mortality for native 
fishes stocked into the LCR.  Conditioning hatchery-reared fishes for predator 
recognition was identified as a potential method for increasing survival of fishes 
stocked into the wild, and it was evaluated through research completed under 
Work Tasks C10 and C11.  Results of this work suggested that predator 
recognition conditioning may improve post-stocking survival of bonytail and 
razorback suckers.  A significant increase (p > 0.001 to 0.02) in survival of  
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conditioned bonytail and razorback suckers was observed during 24-hour trial 
observations (O’Neill and Stewart 2014).  Additional research will build off 
these findings to evaluate how the length of time between conditioning and 
stocking may impact survival and to assess the feasibility of incorporating this 
conditioning as an alternate or additional rearing practice. 
 
Physically conditioning native fishes by using increased flow during hatchery 
rearing was also identified as a potential practice for improving fish fitness and 
potentially increasing post-stocking survival.  Native fishes are generally reared 
in standing water systems or grow-out ponds and are not exposed to flowing 
water conditions or subject to the physical benefits that may be gained in such 
conditions.  Previous research completed under Work Task C26 showed that food 
conversion efficiency, growth, and swimming performance were highest among 
razorback suckers exposed to flowing water conditions (Senger and Sjöberg 
2011).  Additional studies have shown that fishes conditioned in flowing water 
have increased predator avoidance skills compared to unconditioned fish (Mueller 
et al. 2007).  As flow conditioning capabilities were developed at the Lake Mead 
Fish Hatchery, rearing and pilot stockings of flow-conditioned bonytail and 
razorback suckers were implemented through Work Task C61.  Approximately 
50% of 2,000 bonytail released into Reach 3 and 1,200 razorback suckers released 
into Reach 4 were flow conditioned prior to release.  Post-release tracking of 
these fishes will be accomplished through long-term monitoring (Work Task D8) 
in order to evaluate if improvements in physical condition translate to better 
survival in the wild. 
 
Additional alternative stocking practices investigated during the accomplishment 
period included a comparison of day versus night stockings, the manipulation of 
cohort stocking quantities, and the evaluation of onsite acclimation periods prior 
to release (Work Task C61): 
 

• A total of 37,723 razorback suckers were repatriated into Lake Mohave 
during FY13–15 as 18 paired cohorts released in day and night stocking 
events.  Through FY17, approximately 2.3% of FY13, < 1% of FY14, and 
1% of FY15 releases had been captured or contacted through monitoring 
efforts.  While little overall difference in survival has been observed 
between day and night releases, approximately 62% of contacts from 
FY14 releases represent fishes stocked at night. 
 

• The first of three study years in which survival of razorback suckers 
stocked into Lake Mohave was compared using cohorts of different 
quantities was completed in FY16.  Approximately 7,000 fish were 
stocked at 4 locations over a 3-week period, with each location receiving a 
different-sized cohort of fish (250, 500, or 1,000) each week.  The total 
number of razorback suckers stocked at each location was the same; 
however, cohort stockings were staggered so that no more than two 
locations received the same number of fish during any one week.  Through 
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the end of FY17, approximately 1% of these fish had been captured or 
contacted, with little difference observed between contact rates and cohort 
quantities.  Additional stockings to evaluate comparative survival between 
cohorts of different quantities have been postponed due to the loss of 
razorback suckers at the Willow Beach NFH.  These treatments may be 
evaluated in future years as hatchery stocks are rebuilt and fish become 
available. 
 

• Onsite acclimation treatments for stocked razorback suckers were 
completed in three Topock Gorge backwaters (Reach 3) in FY16 and 
FY17.  These treatments consisted of fish being released in paired cohorts; 
one cohort was released and held in a netted off portion of a selected 
backwater for 72 hours, and the other was released into the open 
backwater and allowed to disperse without restrictions.  Telemetered fish 
were released with each group, and remote passive integrated transponder 
(PIT) tag scanning was conducted to look at immediate dispersal.  A final 
iteration of this work is expected to occur in FY18. 
 

Program research will continue to prioritize improving post-stocking survival 
of native fishes.  Monitoring data collected through various work tasks have 
demonstrated that stocked fishes are often not contacted for 3 or more years post-
release.  To ascertain if alternative rearing or stocking practices translate to 
improved survival, long-term monitoring may be required.  If identified or new 
treatments show improvements to post-stocking survival of native fishes, they 
may be implemented as regular practices where applicable. 
 
 
Post-Stocking Survival 
The LCR MSCP Habitat Conservation Plan does not target any specific goals 
for post-stocking survival of covered fish species; however, obtaining some 
understanding of the fate of stocked fishes provides the framework for 
implementing a successful augmentation program.  This will inform the 
adaptive management process as needed and continues to be both a research 
and conservation priority. 
 
Low post-stocking survival for native fishes, as demonstrated by low contact 
rates, has been linked to a combination of factors, including size at stocking, 
altered habitat conditions, and predation by birds and non-native fish species.  
Specific research focused on evaluating the relationship between size at stocking 
and post-stocking survival was completed in FY12–14 under Work Task C33.  
Results from this work suggested that contact rates of razorback suckers may be 
directly related to the size of the fish at release.  Relative contact rates were observed 
to increase with larger size classes and were proportionally highest for fish released at 
≥ 450 mm (Ehlo et al. 2015).  Information obtained through this and other efforts 
has been used to inform current rearing practices at partnering hatchery facilities. 
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Observations from past stocking events have indicated relatively high and 
immediate post-stocking mortality of bonytail and razorback suckers.  This 
pattern appears commonly in backwater habitats and occurs even in instances 
where no or low numbers of predatory fishes are present and where water 
quality should not be a source of mortality.  Anecdotal evidence suggested that 
piscivorous birds could be a source of this mortality.  A pilot research study was 
initiated in FY15 under Work Task C65 to document bird predation on native 
fishes using remote PIT tag scanners and game cameras deployed at known bird 
roosts.  Two PIT tags were detected on multiple scanners within 24 hours post-
release, and photo documentation confirmed that the fishes had been consumed 
by cormorants.  Additional work completed in FY16 and FY17 documented 
predation of 1–5% of fishes stocked in the study area over a 10-day period in 
December and May, with reduced observations of predation occurring in May.  
Longer-term scanning (September – May) suggested that bird predation pressure 
may be continuous on stocked fishes.  Information obtained through this research 
will be used to direct future augmentation efforts.  Stocking locations containing 
adequate habitat to provide cover for stocked fishes will be identified, and the 
time of year that stockings occur may be altered as needed. 
 
 
Post-Stocking Distribution and Habitat Use 
Reach 1 (Lake Mead) 
Long-term monitoring conducted in Lake Mead has provided some evidence of a 
recruiting population of razorback suckers.  While capture of juvenile razorback 
suckers still remains rare, research was initiated in FY13 to investigate post-
stocking distribution and habitat use of hatchery-reared juvenile razorback 
suckers as a means to locate additional wild juvenile fish and to better understand 
this relatively understudied, yet important life stage (Work Task C57).  Fifty-three 
sonic-tagged juvenile razorback suckers (< 300 mm TL) were released into 
different areas of the lake, during different seasons, over a 3-year study period 
(FY13–15).  Active and passive telemetry were conducted to assess post-stocking 
movements of these fish, and intensive sampling was completed in locations 
where sonic-tagged fish were found in an effort to capture wild juvenile or adult 
razorback suckers associating with the same habitat.  No wild juveniles were 
captured through additional targeted sampling efforts; however, 25 adult 
razorback suckers were captured in direct association with sonic-tagged juvenile 
fish.  Generally, sonic-tagged, juvenile razorback suckers were associated with 
shallow habitat characterized by inundated cover and high turbidities during 
spring and early summer; offshore, deeper habitat during summer months; and 
shallow habitat again in fall and winter (Kegerries et al. 2017).  This habitat 
association is similar to that observed for adults of the species.  During the final 
year of the study, juvenile razorback suckers released during the first 2 years 
were recaptured in direct association with other sonic-tagged juveniles.  These  
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recaptures provided evidence of survival and recruitment to the adult life stage of 
several razorback suckers released at < 300 mm TL whose sonic tags had expired.  
Survival of this life stage is limited in other river reaches, which suggests the 
potential importance of habitat features such as turbidity and inundated vegetation 
found in Lake Mead. 
 
 
Reach 2 (Lake Mohave) 
Evaluation of post-stocking distribution and habitat use of bonytail and razorback 
suckers in Lake Mohave was initiated in FY15 under Work Task C64.  Fifty-nine 
sonic-tagged bonytail were released into Lake Mohave in conjunction with pilot 
augmentation stockings in FY16–17.  These fish were implanted with 9-month 
sonic tags and released at various sites where bonytail were historically captured.  
Active tracking was conducted intensively for 6 weeks after each release to 
maintain contact with these fish; however, despite these intensive efforts, the 
majority of these fish became difficult to locate within the first 3 weeks post-
release.  Contacts with these fish steadily declined during each study period, with 
only a minor increase in activity observed in late spring and summer.  At the 
conclusion of each 9-month study period (when sonic tag batteries were expected 
to fail), over 90% of sonic-tagged fish were confirmed as mortalities or had an 
unknown status. 
 
Nineteen adult razorback suckers were captured from the lake, implanted with 
3-year sonic tags, and released back into the lake in FY15.  An additional 15 
hatchery-reared, sonic-tagged razorback suckers were also released in FY17 to 
allow for continued sonic surveillance through FY19.  All razorback suckers 
used for this study were > 500 mm TL at the time of release.  Passive and active 
tracking of these fish allowed for the identification of both large-scale movements 
and the use of specific habitats at various locations.  Based on passive contacts, 
fish were observed to disperse throughout the lake within approximately 3 months 
of release, often traveling more than 60 kilometers (km) from their release 
location.  Active contacts provided information regarding seasonal habitat use, 
with fish using deeper, mid-channel habitat in late spring and summer and 
shallow inshore habitat in late fall and spring.  Survival rates for these cohorts 
were relatively high when compared with releases in other reaches and may be the 
result of size (TL) at stocking.  However, some evidence of avian predation was 
still observed, with the recovery of a single sonic tag below a cormorant roost in 
Reach 3.  This tag was originally implanted in a razorback sucker with a TL of 
592 mm at the time of stocking. 
 
 
Reach 3 (Davis to Parker Dam) 
Multiple telemetry studies were completed in LCR MSCP Reach 3 to evaluate 
habitat use of native fishes.  Bonytail stocked into the reach in 2013 and 2014 
were released in either the main channel or in off-channel, connected backwaters 
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as part of research conducted under Work Task C39.  Study fish released into the 
main channel were the only fish to disperse out of Blankenship Bend, as fish 
released into the backwater remained near their point of release throughout the 
study.  Fish released in the main channel dispersed less than 6 km up- and 
downstream from the release site.  The majority of passive contacts with sonic-
tagged bonytail were recorded between sunset and sunrise throughout the study 
period, indicating that bonytail may be more active at night.  The post-stocking 
dispersal and habitat use observed during this study will be used to inform future 
stockings in the reach.  Fish stocked in the main channel, where habitat features 
may be more limited, tended to disperse more widely than those released in 
backwaters with existing cover.  Targeting stockings in areas with adequate 
cover may reduce instances of predation and lead to improved survival of stocked 
fish. 
 
Beginning in early 2013, research was implemented to quantify razorback sucker 
usage of the selected backwaters in Reach 3 under Work Task C45.  Backwaters 
selected for the study were stocked with razorback suckers at a density of 20 fish 
per acre, and remote PIT scanners were used to monitor backwater use by these 
fish.  Results indicated that most of these fish left the backwaters fairly quickly 
after their release.  Scanners deployed at the mouths of some of the backwaters 
showed 35 to 70% of stocked fish leaving within 24 hours.  Additionally, very 
little movement between backwaters was detected:  only 13 of the 3,018 (0.4%) 
fish were detected in a backwater other than the one they were stocked into.  
The peripheral data that has continued to be collected throughout the reach 
suggest that available cover in backwaters is the primary characteristic for 
determining razorback sucker use; this includes turbidity and/or vegetation 
type.  These findings further demonstrate the importance of identifying 
stocking locations with appropriate habitat features for the release of native 
fishes. 
 
Work to evaluate juvenile flannelmouth sucker habitat selection and use in 
Reach 3 was also conducted during the accomplishment period under Work 
Task C53.  This work is being completed to provide recommendations for 
enhancing juvenile flannelmouth sucker habitat as a requirement of LCR MSCP 
habitat creation goals.  Over 100 sonic-tagged and 20 radio-tagged juvenile 
flannelmouth suckers were released into upper Reach 3 from FY13 through FY16 
as part of this effort.  Manual and passive tracking were initiated immediately 
following each release to help determine fish locations.  Sonic and radio tags were 
both effective, and habitat data were collected during each year of the study.  Fish 
were routinely detected in a mix of both backwater and riverine habitats, and 
multiple fish were detected within the backwater at the Big Bend Conservation 
Area (BBCA).  In lower turbidity environments (i.e., main channel and select 
backwaters), fish were associated with stands of bulrush.  Fish remained 
concealed during daylight hours and moved out during the evenings and night, 
presumably to forage, and then returned to the same bulrush stand each day. 
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This association with emergent vegetation was not seen in habitats with higher 
turbidity; fish in these environments remained stationary in the open water of the 
backwater.  In addition, active tracking indicated that fish were moving around 
in open water in backwaters at night and were tracked up to 1.6 km up- and 
downstream from their stocking location.  Fish would return to similar locations 
of bulrush stands by daybreak.  Data collected during each year of the study 
provided additional information regarding habitat use of juvenile flannelmouth 
suckers.  Results from this research will be used to inform future habitat creation 
for this species. 
 
 
Reach 4 (Parker Dam to Reclamation’s Cibola Gage) 
Bonytail and razorback suckers have been stocked below Parker Dam (Reach 4) 
since 2005.  Previous research conducted in this area under Work Task C8 
estimated that annual survivorship of stocked razorback suckers was less than 
30%.  The geographic scope of this research was limited, as most of this reach 
occurs on lands held by the Colorado River Indian Tribes.  Additional research 
to evaluate post-stocking survival, movement, and habitat use of bonytail and 
razorback suckers released between Parker and Palo Verde Diversion Dam was 
completed during the accomplishment period under Work Task C49.  Per 
the study plan, 60 sonic tags were surgically implanted in 30 bonytail and 
30 razorback suckers, and 15 of each species were stocked into 2 different reaches 
separated by Headgate Dam (Blue Water Lagoon and River Island State Park).  
Both species showed variable dispersal patterns, and survival of telemetered fish 
was poor; over 75% of the fishes were presumed dead within 6 weeks of release 
and 100% after 4 months.  These mortality rates are similar to those observed 
in other projects within Reach 4 and have been documented in past reports.  
Predation continued to be the major suspected reason for mortality, and a 
large number of these telemetered fishes were presumably consumed by 
avian predators, specifically cormorants.  Numerous tags from fishes released 
below Headgate Dam were later detected above the dam at a cable crossing, 
which is frequently occupied by cormorants.  An additional tag was recovered 
in Lake Havasu above Parker Dam, also likely due to an avian predator.  In the 
next iteration of this work, paired releases of razorback suckers from two 
different rearing environments, hatchery and backwater, were released to 
monitor dispersal and relative survival.  The average net movement of all 
backwater razorback suckers was 15% greater than hatchery-reared fish, and 
mortality of backwater razorback suckers (36%) was greater than hatchery-reared 
fish (32%), but varied based on stocking location.  Due to the inability to draw 
meaningful inference from these data because of few recontacts of released 
fishes, work in this section of Reach 4 was not continued.  A new strategy 
and a new set of research questions may be evaluated in this area at a future 
time. 
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Habitat Requirements and Assessments 
Species-specific research from FY13 through FY17 was also focused on 
evaluating the threshold levels of various water quality parameters needed to 
sustain early life stages of bonytail and razorback suckers in backwater habitats 
developed by the LCR MSCP.  Laboratory testing suggested that successful 
development of bonytail embryos may be expected at salinities as high as 
12,500 microsiemens per centimeter (µS/cm), at a pH of 9.5, and in dissolved 
oxygen concentrations as low at 2 milligrams per liter (mg/L).  Observations of 
bonytail larvae indicated similar survival thresholds with tolerances near salinities 
of 15,000 µS/cm, pH 10, and dissolved oxygen concentrations of 2 mg/L.  
Salinity tolerances of juvenile bonytail and razorback suckers were observed to 
be slightly higher, with limited mortality at 17,500 µS/cm for bonytail and at 
20,000 µS/cm for razorback suckers.  Juvenile razorback suckers were also 
observed to be fairly tolerant of low dissolved oxygen concentrations; however, 
mortality at 2 mg/L increased from 3% at 25 degrees Celsius (°C) to over 30% 
at 30 °C, indicating that survival in these conditions may be temperature 
dependent. 
 
Research to evaluate current selenium levels within created backwater and marsh 
habitats was conducted under Work Task C59.  These habitat assessments will 
be used to establish a selenium monitoring plan for pre- and post-development 
monitoring as required by the LCR MSCP Habitat Conservation Plan.  Biannual 
sampling was conducted during the accomplishment period at the BBCA, 
Hart Mine Marsh, the Imperial Ponds Conservation Area (IPCA), and 
McAllister Lake.  Whole-body fish, invertebrates, periphyton, sediment, 
and water were collected at each site (when available) and analyzed.  Analyses 
of all water samples indicated that current dissolved selenium levels are well 
below the Environmental Protection Agency’s 2016 criterion for safe selenium 
concentrations for aquatic organisms.  Sediment samples from individual sites 
indicated concentrations above the threshold for selenium toxicity in sediment; 
however, all other sediment samples were below the moderate toxicity threshold.  
Elevated selenium concentrations were also identified in a whole-body fish 
sample and mysid shrimp collected from the BBCA – a conservation area with 
direct connection to the LCR.  Selenium monitoring will continue through annual 
sampling, and data will be summarized as they become available.  These initial 
data points will be used to develop a long-term selenium monitoring plan for 
created sites. 
 
 
Genetic Management of Fish Populations 
Genetic research completed during the accomplishment period was focused on 
(1) developing and maintaining a genetic management program for razorback 
suckers and (2) quantifying genetic and demographic parameters necessary for 
long-term management of native fishes in off-channel habitats. 
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Under the LCR MSCP Fish Augmentation Program, the production and release of 
large numbers of fishes will continue annually and may have the potential to alter 
the genetic diversity of extant LCR populations in a relatively short period of 
time.  Monitoring the genetic composition of razorback sucker populations in the 
LCR over many years is necessary to detect changes in genetic diversity as these 
populations mature.  The genetic structure of razorback sucker populations 
in reservoirs and river reaches within the LCR were evaluated during the 
accomplishment period under Work Task C31.  During the accomplishment 
period, over 4,500 genetic samples were collected from LCR razorback sucker 
populations.  Analyses of these samples indicated that genetic diversity within the 
region was maintained through current augmentation activities; however, some 
changes have been observed within specific river reaches.  Most notably, there 
has been a decrease in genetic diversity over the last 2 years in the Lake Mohave 
basin population (although diversity is still greater than it was in the mid-2000s), 
comparatively higher levels of genetic diversity may be appearing in the Lake 
Mohave river population (which may reflect sampling differences between 
regions), and larval samples from Reach 3 exhibited similar or higher levels of 
allelic and gene diversity than those observed in Lake Mohave.  Genetic research 
or monitoring will be necessary in future years to track these changing trends, 
continue the development of a genetic management program, and support the 
maintenance of main stem LCR razorback sucker populations. 
 
In addition to main stem LCR genetic management, research was initiated during 
the accomplishment period to evaluate spawning interactions in off-channel 
native fish habitats under Work Task C40.  In Lake Mohave and elsewhere, 
bonytail and razorback suckers demonstrate a group spawning behavior whereby 
a female will spawn with multiple partners many times over a period of a few 
weeks.  It is possible that individual adults do not spawn every year, or that even 
if they do, they do not always contribute genetic material to the next generation.  
Initial research focused on this hypothesis was completed in order to assist in 
modeling a population structure within isolated habitats over subsequent 
generations and to help identify at what frequency genetic material will need to 
be exchanged between habitats to maintain the diversity of isolated native fish 
populations.  Parentage analyses of offspring in multiple off-channel habitats 
containing populations of bonytail were completed over multiple years and have 
indicated that genetic diversity was preserved between parental and progeny 
generations consistent with high reproductive success.  Results from similar 
research for razorback sucker populations identified considerable variability in 
individual reproductive success within and especially among different isolated 
habitats.  This research will likely continue in the near future to further evaluate 
these interactions within multiple habitats. 
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Proposed 2018–2022 Activities 
Species research will be conducted in accordance with LCR MSCP Habitat 
Conservation Plan, as described in Section 5.11.2,, and species-specific 
conservation measures.  Research will focus on filling data gaps needed to guide 
the design and implementation of conservation measures through the adaptive 
management process.  These efforts will inform creation and management of 
restoration sites through the collection of data related to post-stocking survival, 
habitat requirements, and population genetics to ensure the continued survival 
of covered species in created habitat.  The LCR MSCP will continue to 
communicate with all of its partners’ resource agencies and groups as well as 
upper Colorado River fisheries programs to share information and to ensure 
that duplicative efforts are not undertaken.  In particular, the LCR MSCP will 
communicate with personnel involved in the Glen Canyon Dam Adaptive 
Management Program. 
 
Research priorities in 2018–22 will continue to build on previous work and will 
focus on further evaluation of: 
 

• Post-stocking survival of native fishes:  This factor is of increasing 
importance, as it will (1) evaluate the efficacy of alternative rearing 
strategies such as predator avoidance and flow conditioning, (2) evaluate 
the success of alternative stocking practices such as acclimation 
treatments, and (3) play a key role in determining future augmentation 
strategies. 
 

 

 
 
  

• Post-stocking distribution and habitat use of native fishes:  This research 
is expected to continue, as it also provides an evaluation of native fish 
stockings in both established and new areas of the LCR.  Additional 
importance will be placed on this work as bonytail stockings begin in 
Reach 2 (Lake Mohave) and accelerated stockings are implemented in 
Reaches 3–5. 

• Genetic management of native fish populations:  It is anticipated that long-
term genetic management will be required in off-channel, isolated habitats 
created by the LCR MSCP.  Initial work has been completed in these 
habitats to suggest the level of parental contribution expected, but further 
research will be needed to identify a management strategy for multi-
generation populations.  Development of new genetic markers (single 
nucleotide polymorphisms) will be researched to inform future genetic 
management.  An independent review of the LCR MSCP genetics 
program will also be completed to identify improvements and/or 
recommendations for a future sampling protocol. 
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Fish System-Wide Monitoring 
2013–2017 Accomplishments 
Large-scale monitoring efforts began with implementation of the LCR MSCP.  
Building on previous sampling efforts and LCR MSCP research work tasks, 
routine monitoring of Lake Mead, Lake Mohave, and the LCR has been 
completed since 2005.  Prior to 2009, monitoring efforts were generally 
completed using traditional sampling gear.  During that time however, significant 
advances in both PIT tag technology and remote detection capabilities were 
developed by the industry and researchers at large.  The progression of these 
capabilities and the subsequent widespread deployment of remote PIT scanning 
technology has likely been the single most important new development in system-
wide monitoring since implementation of the program.  Continued improvements 
in this area have made it an integral part of system-wide monitoring for fish 
species in the region.  Since initial deployments began in 2009, the number of 
fishes contacted by remote PIT scanning have increased in each subsequent year.  
Multiple reports detailing ongoing monitoring efforts have been completed and 
are available on the LCR MSCP Web site (https://www.lcrmscp.gov/) or upon 
request.  Accomplishments for system-wide monitoring have been summarized 
by river reach below.  Estimates have been provided for razorback sucker 
populations in each river reach (when available); no estimates are available for 
other native fish species. 
 
 
Reach 1 (Lake Mead) 
Long-term monitoring of the Lake Mead razorback sucker population has 
occurred annually since 2005.  Monitoring primarily takes place during the 
spawning season and consists of larval fish collections, trammel netting, and sonic 
telemetry (Work Task D8).  Remote PIT scanning is also used in this reach, but 
due to a large portion of the population being unmarked, emphasis continues to be 
placed on traditional capture methods for population monitoring.  Additional 
monitoring is conducted outside of the known spawning season but is limited to 
monthly sonic telemetry for the purpose of identifying razorback sucker habitat 
use and movements.  Fin ray sections are removed from all captured adult and 
subadult fish for the purpose of age determination, while additional capture 
information is used to determine average annual growth and to develop a 
population estimate.  The LCR MSCP Habitat Conservation Plan does not provide 
any specific requirements for stocking razorback suckers into Reach 1, and there 
are no requirements for bonytail in this reach.  Any augmentation-related actions 
were identified as part of the Interim Surplus Criteria/Secretarial Implementation 
Agreement commitments that were completed in 2015.  In the absence of active 
augmentation in Reach 1, annual population estimates for razorback suckers in 
Lake Mead remained fairly consistent during the accomplishment period (table 1).  
Since 2005, approximately 600 razorback suckers have been captured and aged 
through this effort. 
  

https://www.lcrmscp.gov/
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Table 1.—Razorback sucker population estimates, LCR MSCP Reach 1 (Lake Mead), 2013–17 

Year Mark-recapture period 
Population 
estimate 

95% confidence 
interval 

2013 07/01/2011 to 06/30/2013 597 474–776  

2014 07/01/2012 to 06/30/2014 589 370–808  

2015 07/01/2013 to 06/30/2015 NA1 NA 

2016 07/01/2014 to 06/30/2016 418 327–559  

2017 07/01/2015 to 06/30/2017 421 305–615  

     1 No estimate was provided for the 2015 study year, as low recapture rates produced an unrealistic 
estimate. 

 
 
Reach 2 (Lake Mohave) 
A total of 52,868 razorback suckers were successfully repatriated into 
Lake Mohave in FY13–17.  A total of 1,597 bonytail were also released, 59 of 
which were sonic tagged as part of ongoing research being carried out under 
Work Task C64. 
 
Reach 2 capture and contact data were acquired through Work Tasks C64 and D8, 
and from other annual surveys conducted by LCR MSCP partners.  Annual 
netting events targeting razorback suckers were conducted in December and 
March of each year.  During these efforts, 607 razorback suckers were captured 
using trammel nets.  Electrofishing surveys conducted during summer months in 
the river section of Lake Mohave above the Willow Beach NFH also resulted in 
the capture of 292 razorback suckers.  The use of remote PIT scanning, which was 
expanded in 2011 to include the lotic portion of Lake Mohave upstream of the 
Willow Beach NFH, also continued.  Continued improvements in remote PIT 
scanning technology have allowed for sampling in the high flow conditions of that 
area, thereby contacting a larger number of razorback suckers that had been 
previously undersampled using other methods. 
 
Since FY13, 1,115,316 remote PIT scanning contacts have been recorded 
throughout the lake.  After duplicate PIT tags contacted in multiple lake sections 
were removed from analyses, the number of unique PIT tags contacted annually 
ranged from 2,777 to 3,707.  Contacts were made primarily in two distinct 
sections of the lake, the river section above the Willow Beach NFH and the basin 
portion of the lake, with approximately 1,500–2,200 and 1,400–1,900 unique PIT 
tags contacted each year, respectively. 
 
Annual estimates of the razorback sucker population in Lake Mohave were 
generated using two data sources from FY13–17:  (1) trammel net capture data 
obtained during the annual, multi-agency March netting event and (2) remote PIT 
scanning data collected during the sample year.  Annual estimates are provided in 
table 2.  
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Table 2.—Razorback sucker population estimates, LCR MSCP Reach 2 (Lake Mohave), 
2013–17 

Year 
Netting population estimate 
(95% confidence interval) 

Scanning population estimate 
(95% confidence interval) 

2013 1,854 (941–3,782) 3,588 (3,259–3,950) 

2014 2,525 (1,180–5,741) 3,284 (3,067–3,516) 

2015 2,230 (922–5,963) 3,505 (3,279–3,756) 

2016 1,707 (603–3,897) 3,656 (3,418–3,912) 

2017 1,291 (531–3,436)  3,815 (3,573–4,073) 

 
 
Reach 3 (Davis to Parker Dam) 
A total of 24,557 bonytail and 33,676 razorback suckers were released into 
Reach 3 in FY13–17. 
 
Reach 3 capture and contact data were acquired through Work Tasks C53, C65, 
D8, F5, and from other annual surveys conducted by LCR MSCP partners.  A fall 
and spring netting event was conducted throughout Topock Gorge and lower 
Lake Havasu each year during the accomplishment period. 
 
Since FY13, all survey methods used in Reach 3 have resulted in an annual 
contact of approximately 2,000–4,200 unique razorback suckers.  Annual capture 
and contact rates for other native fish species varied during the accomplishment 
period, with approximately 1,000 bonytail and fewer than 100 flannelmouth 
suckers being captured or contacted.  Bonytail contacts are still rare in this reach 
and typically only occur for the first several months post-release; the increase in 
contacts in recent years was a result of the ongoing avian predation study being 
conducted in Laughlin Lagoon under Work Task C65.  Annual estimates of the 
Reach 3 razorback sucker population are provided in table 3.  This population 
continues to show signs of growth, as estimates have increased by more than 
800 fish over the last 5 years. 
 
 

Table 3.—Razorback sucker population estimates, LCR MSCP Reach 3 (Davis to Parker Dam), 
2013–17 

Year Mark-recapture period 
Population 
estimate 

95% confidence 
interval 

2013 11/01/2012 to 08/31/2013 4,524 4,027–5,081 

2014 11/01/2013 to 08/31/2014 4,456 4,089–4,855 

2015 11/01/2014 to 08/31/2015 4,795 4,496–5,124 

2016 11/01/2015 to 08/31/2016 4,923 4,652–5,209 

2017 11/01/2016 to 08/31/2017 5,337 5,043–5,633 
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Reaches 4 and 5 (Parker to Imperial Dam) 
A total of 23,306 bonytail and 30,014 razorback suckers were stocked into 
Reaches 4 and 5 in FY13–17. 
 
Capture and contact data for Reaches 4 and 5 were obtained primarily through work 
being conducted under Work Task C64 in FY16–17.  Supplemental scanning and 
electrofishing were also conducted in an effort to increase contacts and locate 
potential spawning aggregates; no native fish aggregates were observed.  Ongoing 
research and monitoring efforts in this reach resulted in contacting a total of 
579 bonytail and 1,134 razorback suckers.  Insufficient data are currently available 
to generate a razorback sucker population estimate for Reaches 4 and 5. 
 
 
Proposed 2018–2022 Activities 
System-wide monitoring will be conducted in accordance with the LCR MSCP 
Habitat Conservation Plan as described in Section 5.11.1.  System-wide 
monitoring will be used to collect data on existing populations and their habitats 
in order to assess covered species status, distribution, density, productivity, and 
other ecologically important parameters.  Ongoing monitoring of endangered 
species will continue.  Data gaps identified through research and other means will 
be addressed through additional monitoring activities directed toward areas for 
which little information is known.  As these data gaps are filled, it is anticipated 
that system-wide monitoring will decrease during the latter years of LCR MSCP 
implementation. 
 
System-wide monitoring of covered fish species will continue in all reaches of the 
program planning area.  Particular attention will be paid to areas where natural 
recruitment has been documented, or is thought to exist; areas where genetic 
diversity of extant populations is important for species conservation; and areas 
where populations appear to be growing or surviving at a higher rate than other 
areas within the LCR.  Additional research and monitoring will also accompany 
accelerated stockings planned for Reaches 3–5.  Monitoring in reaches that seem 
to be experiencing greater success in terms of higher survival will focus not 
only on monitoring the status of the population but also on determining which 
environmental factors and habitat features may be contributing to any successes 
observed. 
 
More remote scanning work is expected to be conducted throughout the LCR over 
the next 5 years.  This increase in remote scanning will be vital for monitoring 
accelerated stocking efforts and for evaluating if those efforts provide additional, 
ecologically important data or lead to more fishes surviving in the river.  If 
increased monitoring suggests that low survival rates are persisting, and there are 
no plausible ways to mitigate that low survival, it may be necessary to (1) alter the 
planned accelerated stockings, (2) focus on placing additional fishes in areas 
where they are expected to survive, and (3) continue stocking appropriate 
numbers of native species in the remaining reaches.  
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Fish Post-Development Monitoring 
2013–2017 Accomplishments 
Post-development monitoring for fish species focused on three areas:  the BBCA, 
Beal Lake, and the IPCA.  Monitoring was completed in each area and was 
focused on population dynamics in general as well as water quality and habitat 
use.  The results of these monitoring activities will inform future management 
actions at these areas and will be implemented through the adaptive management 
process. 
 
The BBCA, a connected backwater near Laughlin, Nevada, was monitored 
seasonally for water quality, water chemistry, and fish usage – particularly usage 
by flannelmouth suckers.  Monitoring included electrofishing, trammel netting, 
remote PIT scanning, and larval light trapping in areas where native fishes 
have been historically contacted.  Trammel netting and remote PIT scanning 
documented use of the area by both bonytail and razorback suckers, and larval 
light trapping resulted in the capture of razorback and flannelmouth sucker larvae 
during most years.  Sonic- and radio-tagged flannelmouth suckers, released 
locally as part of Work Task C53, were also found within the dense bulrush 
stands at the BBCA backwater for extended periods during tracking events, and 
several additional flannelmouth suckers were contacted immediately outside of 
the area in higher flow conditions.  The backwater has a direct surface connection 
to the LCR; consequently, water quality parameters remained within thresholds 
for all native fishes during the accomplishment period. 
 
Prior to 2013, native fishes stocked into Beal Lake had low apparent post-
stocking survival, and large numbers of non-native species were consistently 
present during fish monitoring efforts.  In February 2013, a large fishkill was 
observed throughout the lake, and analyses of water samples confirmed the 
presence of golden algae.  The lake was isolated from Topock Marsh following 
the detection of golden algae; however, this isolation resulted in a rapid 
increase in specific conductivity, which approached 11,000 µS/cm in FY14.  
Improvements to the water delivery system were completed following this event, 
and specific conductivity decreased to approximately 2,200 µS/cm in FY16.  The 
non-native fish community has rebounded since the fishkill and is once again 
comprised of multiple non-native fish species.  Native fish monitoring activities 
were suspended in 2013 due to the lack of native fishes, but water quality was 
monitored continuously throughout the accomplishment period; all parameters 
remained within the known ranges of acceptability for native fishes.  Improved 
water quality also reduced the likelihood of additional golden algae “blooms,” and 
golden algae were not detected after 2013.  Renovation of Beal Lake is expected 
to occur during the next 5 years and will include dredging activities to enhance 
existing habitat and to provide deeper areas within the lake for native fishes to 
seek thermal refuge and escape from predation.  Fisheries work is expected to 
resume following renovation. 
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Early post-development monitoring at the IPCA revealed that the ponds were not 
performing well as refugia for native fish species primarily due to introduced non-
native fish species that appeared to prey on the native species.  To eliminate non-
native fish species from the conservation area, pond renovations were completed 
in FY15.  Following renovation, the ponds were monitored for approximately 
2 years to confirm that non-native fish species had not reestablished.  Following 
this monitoring period, native fishes were reintroduced to all ponds at the IPCA, 
and post-development monitoring was initiated.  All ponds were stocked with 
native fishes in FY17.  Ponds 1, 3, and 4 were stocked with razorback suckers, 
and Ponds 2, 5, and 6 were stocked with bonytail.  Each pond was stocked with 
300 adults in an even ratio of males to females, and a tissue sample was collected 
from each adult to aid in genetic monitoring research.  Monitoring of native fish 
populations was primarily completed using remote PIT scanning.  Each pond was 
equipped with a minimum of two permanent solar-powered PIT scanners that 
were programmed to run continuously.  Population estimates were calculated 
biweekly using the PIT scanner data, and at the end of FY17, population estimates 
for each pond were: 
 

• Pond 1 – 199 razorback suckers 
• Pond 2 – 142 bonytail 
• Pond 3 – 185 razorback suckers 
• Pond 4 – 224 razorback suckers 
• Pond 5 – 273 bonytail 
• Pond 6 – 219 bonytail 

 
Larval fish monitoring and minnow traps were used to search for signs of 
recruitment in each of the ponds.  In April, larval bonytail were detected in 
Pond 2, and thousands of young fish could be observed along the shoreline for the 
remainder of the year.  Minnow traps confirmed this large spawn with the capture 
of 799 young-of-year fish in only 15 minnow trap sets.  No larvae or young-of-
year fish were detected in the other ponds.  A subset of larvae and young-of-year 
were preserved for genetic analyses being conducted under Work Task C40.  
Mosquitofish were detected in Pond 5, but no non-native fish species were 
detected in any of the remaining ponds.  These ponds have been free of non-
native fish species since pond renovations were completed. 
 
Water quality probes were deployed to record water quality parameters 
(temperature, pH, dissolved oxygen, and specific conductivity) at 12-hour 
intervals.  Each pond received a target volume of water per month based on the 
established water management schedule.  Observations in FY17 suggested that 
pond water management continued to be effective, with all water quality 
parameters remaining within acceptable ranges for native fishes. 
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Proposed 2018–2022 Activities 
Post-development monitoring will be conducted in accordance with the 
LCR MSCP Habitat Conservation Plan as described in Section 5.11.4.  Five-year 
post-development monitoring priorities and anticipated restoration activities have 
been summarized below for both established conservation areas and those in 
development. 
 
 
Big Bend Conservation Area 
 

 

 

 
 

 

 

 

 

• Native fish usage will be monitored via electrofishing, trammel netting, 
remote PIT scanning, and larval light trapping. 

• Water quality will be monitored seasonally. 

• Existing habitat conditions will be evaluated, and options for site 
renovations will be developed as needed. 

Beal Lake Conservation Area 

• Permitting and environmental compliance for the proposed dredging will 
begin in FY18. 

• Dredging will be completed in FY19–20. 

• Existing non-native fish populations will be removed and relocated prior 
to post-dredging native fish stockings. 

• Monitoring of water quality will be completed at a reduced level until 
renovation is complete. 

 
 

 

 

 

 

Mohave Valley Conservation Area 

• Native fish usage will be monitored via trammel netting and remote PIT 
scanning. 

• Surveys for bonytail, razorback sucker, and flannelmouth sucker larvae 
will be conducted, coinciding with spawning periods for these fishes 

• Phyto- and zooplankton will initially be monitored quarterly from two 
fixed locations to assess biomass and relative abundance.  The frequency 
of monitoring may be reduced as the conservation area matures. 

• Water quality will be monitored seasonally, and water chemistry will be 
analyzed once each year.  



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 

 
 

 
 

25 

Imperial Ponds Conservation Area 
 

 

 

 
 

 

 

 

 
 

• Native fish populations will be monitored using a variety of gear types. 

• Surveys for bonytail and razorback sucker larvae will be conducted, 
coinciding with spawning periods for these fishes. 

• Water quality will be monitored continuously. 

Planet Ranch 

• Excavation of the first set of native fish refugia ponds will begin in 
FY19; several years of construction will be required for full site 
development. 

• A Restoration Development and Monitoring Plan will be drafted prior to 
completion of construction activities. 

• Future post-development monitoring activities will likely include 
monitoring of native fish populations, phyto- and zooplankton abundance, 
water quality, and water chemistry. 

Yuma Meadows Conservation Area 
 

 

 
 

• Construction of native fish grow-out ponds will begin in FY19–20 and is 
expected to be completed by FY21. 

• Post-development monitoring priorities will be developed prior to 
completion of construction activities. 

WILDLIFE RESEARCH AND MONITORING 
 
The following section describes LCR MSCP research and monitoring of covered 
and evaluation wildlife species.  Information provided includes accomplishment 
of activities for FY13 through FY17 and research and monitoring priorities for 
FY18 through FY22. 
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Wildlife Species Research 
 
In general, 2013–17 wildlife research efforts focused on: 
 

1. Developing effective methods to detect covered and evaluation species 
with known levels of accuracy.  This will enable the species populations 
and their use of conservation areas to be monitored in order to determine 
habitat characteristics. 
 

 

 

 
 

 

2. Finding out more about the range, status, population biology, and factors 
that limit abundance and distribution of specific species. 

3. Measuring characteristics of habitat occupied by covered and evaluation 
species to determine the components that are critical to support breeding 
populations. 

4. Improving methods for management of created habitat. 

Marsh Birds 
2013–2017 Accomplishments 
The research priority for marsh birds was to: 
 

• Further define habitat requirement ranges for all three covered species 
(western least bitterns, Yuma clapper rails, and California black rails).  
These requirements could include minimum patch size, water depth, 
vegetation cover, and percent vegetation/open (Monitoring and Research 
Measure [MRM] MRM1, LEBI1, CLRA1, and BLRA1). 

• Establish protocols that may or may not already exist over a number of 
years and then monitor selenium in created backwaters and marshes.  If 
monitoring indicates management of conservation areas increases levels 
of selenium in created backwaters and marshes, then conduct research to 
develop feasible methods to manage the conservation areas in a manner 
that will eliminate or compensate for the effects of increased selenium 
levels (MRM5). 

 
The scientific information currently available for western least bitterns, Yuma 
clapper rails, and California black rails was reviewed.  The existing knowledge 
was incorporated into species accounts (Work Task C3) and CEMs (Work 
Task G6) (Marty et al. 2015a, 2015b; Johnson and Unnasch 2015c).  Species 
accounts include current knowledge about each species’ legal status, life history, 
distribution, habitat requirements, and behavior.  These species accounts were 
developed to quantify existing knowledge for each species and identify 
information gaps that, if addressed, would better inform the creation and 
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management of covered species’ habitats, enabling the successful completion 
of LCR MSCP conservation measures.  CEMs integrate and organize existing 
knowledge concerning (1) what is known about an ecological resource, with what 
certainty, and the sources of this information, (2) critical areas of uncertain or 
conflicting science that demand resolution to better guide management planning 
and action, (3) crucial attributes to use while monitoring system conditions and 
predicting the effects of experiments, management actions, and other potential 
agents of change, and (4) how the characteristics of the resource are expected to 
change as a result of altering its shaping/controlling factors, including those 
resulting from management actions. 
 
A study was conducted that analyzed existing data to identify the range of water 
depths in Yuma clapper rail and California black rail breeding sites throughout the 
breeding season in order to identify the ranges of daily, monthly, and annual 
water depth variability that has occurred (Work Task C66) (Dodge and Rudd 
2017).  The LCR MSCP conservation measures for western least bitterns and 
Yuma clapper rails (LEBI1 and CLRA1) include creating and managing at least 
512 acres of marsh habitat so it contains patches of bulrush and cattails with small 
patches of open water maintained at depths no more than 12 inches.  In addition, 
Conservation Measure BLRA1 includes creating at least 130 acres, of the 
512 acres of marsh habitat for Yuma clapper rails, and also creating 130 acres 
for California black rails in Reaches 3–7.  This habitat would include an 
integrated mosaic of patches of cattails, bulrush, and mudflats interspersed with 
small patches of open water with varying water depths.  These conservation 
measures were based on knowledge available about these species’ habitat 
characteristics when the HCP was being developed.  Managing marshes for only 
small variation of water depth throughout the breeding season is challenging and 
affects which marsh vegetation will grow, as some species like stable marshes and 
others are found in areas with changing marsh levels.  Clarifying the range in 
variation of water depth Yuma clapper rails and California black rails experience 
along rivers and coastal tide zones where they regularly breed would help inform 
how to manage the 512 acres of marsh the LCR MSCP is creating to benefit the 
species. 
 
 
Yuma Clapper Rail 
A literature review was conducted, and Yuma clapper rail data and water gage 
data in Topock Gorge were analyzed.  The results indicated that Yuma clapper 
rail breeding areas in Topock Gorge have > 12 inches of water depth changes 
throughout the breeding season and that detection probability varies by year and 
survey period.  There was no evidence for the variability in water depths having 
an effect on Yuma clapper rail occupancy. 
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California Black Rail 
A literature review was conducted to locate information about California black 
rail breeding habitat and breeding locations.  There are much larger populations of 
this species, and the bird’s use of water depths has been fairly well documented in 
the areas outside the United States portion of the LCR.  The birds were detected in 
locations with water depths averaging 0.83 inch.  The researchers recommended 
shallow water, gently sloping landscapes, and variable water levels when 
managing created marsh for California black rails.  In Yuba County, California, 
a population of California black rails use areas of irrigated, created marsh that 
may provide relevant, useful data for LCR MSCP creation and management of 
California black rail habitat. 
 
Research to evaluate current selenium levels within created backwater and marsh 
habitats was conducted under Work Task C59.  These habitat assessments will 
be used to establish a selenium monitoring plan for pre- and post-development 
monitoring as required by the LCR MSCP Habitat Conservation Plan.  Biannual 
sampling was conducted during the accomplishment period at the BBCA, 
Hart Mine Marsh, the IPCA, and McAllister Lake.  Whole-body fish, 
invertebrates, periphyton, sediment, and water were collected at each site (when 
available) and analyzed.  Analyses of all water samples indicated that current 
dissolved selenium levels are well below the Environmental Protection Agency’s 
2016 criterion for safe selenium concentrations for aquatic organisms.  Sediment 
samples from individual sites indicated concentrations above the threshold for 
selenium toxicity in sediment; however, all other sediment samples were below 
the moderate toxicity threshold.  Elevated selenium concentrations were also 
identified in a whole-body fish sample and mysid shrimp collected from the 
BBCA – a conservation area with direct connection to the LCR.  Selenium 
monitoring will continue through annual sampling, and data will be summarized 
as they become available.  These initial data points will be used to develop a long-
term selenium monitoring plan for created sites. 
 
 
Proposed 2018–2022 Activities 
The research priority for marsh birds is to: 
 

• Further define habitat requirement ranges for all three covered marsh bird 
species (western least bitterns, Yuma clapper rails, and California black 
rails) for management purposes (MRM1, LEBI1, CLRA1, and BLRA1).  
This will include completing the study of water depth variation in 
Yuma clapper rail and California black rail breeding areas (Work 
Task C66), finding ways to measure vegetation cover (Work Task F1), 
and percent vegetation/open (F1). 
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Riparian Birds 
2013–2017 Accomplishments 
Southwestern Willow Flycatcher 
The research priorities for southwestern willow flycatchers were to: 
 

• Further refine and standardize soil moisture units, such as terminology, 
differences between surface water, saturated and wet soils, soil moisture 
range for southwestern willow flycatchers, and acres to be managed.  
Studies would provide ranges for these qualitative statements to allow 
restoration sites to be constructed and managed for the habitat parameters 
that are required by the species. 
 

• Assess the hydrology at restoration sites and then, if necessary, conduct 
hydrology studies/demonstrations to determine the appropriate water 
regime for breeding southwestern willow flycatcher habitat.  Varying 
irrigation regimes will be tested to determine the appropriate regime to 
create and/or maintain breeding flycatcher habitat (MRM1, MRM2, and 
WIFL1). 

 
The scientific information currently available for southwestern willow flycatchers 
was reviewed.  The existing knowledge was incorporated into a CEM (Work 
Task G6) (McClure et al. 2016). 
 
Efforts were made to define and standardize the qualitative observations of soil 
moisture (McLeod et al. 2017).  During southwestern willow flycatcher surveys, 
field personnel completed site description forms for each flycatcher survey site at 
least three times throughout the survey season:  early season (mid-May), mid-
season (mid-June), and late season (mid-July).  Three measuring periods were 
used because vegetation structure and surface soil moisture conditions within 
riparian habitats are seasonally dynamic.  Habitat suitability in each southwestern 
willow flycatcher survey site was rated for wet soils based upon the observer’s 
general impression, which was loosely guided by the criteria described in table 4. 
 
Estimated metrics of hydrology included percentage of soil within the site that 
was inundated, saturated, damp, or dry (to the nearest 5%, unless one category 
comprised only 1 or 2% of the site), depth of any standing water (to the nearest 
centimeter [cm] or nearest 5 cm if > 5 cm), and distance to water (to the nearest 
meter) if no saturated or inundated soil (hereafter wet soils) was documented 
in the site.  Surface soil moisture categories were qualitatively determined as 
follows:  inundated soils were those that had water visible on the surface, soils 
were considered saturated if compression of the soil (e.g., by stepping on it) 
caused water to be expressed, soils were considered dry if squeezing a handful of 
soil did not result in the soil sticking together, and damp soils were any that did  
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Table 4.—Criteria for suitable and preferred habitat for southwestern willow flycatchers 
along the LCR and its tributaries 

Habitat metrics and 
components Suitable habitat Preferred nesting habitat 

M
et

ric
 Patch width ≥ 10 meters ≥ 20 meters 

Canopy height ≥ 4.5 meters ≥ 5.5 meters 
Canopy closure ≥ 85% ≥ 90% 

C
om

po
ne

nt
 

Species composition Native or exotic Native or exotic 
Midstory structural 
components1 

Dense layer of 
vegetation capable of 
providing cover for nests 

Dense layer of vegetation 
capable of providing cover 
for nests 

 Dense twig structure for 
nest placement 

Dense twig structure for nest 
placement 

 Flight paths present 
within the midstory 

Flight paths present within 
the midstory 

 Surface water or 
saturated soil2 

Present or absent Present within or adjacent to 
woody vegetation in at least 
May and June 

     1 Structural components are those that have been observed in the field but that have not been 
quantitatively measured as part of this project.  Components are recognizable, even though they 
are not measured. 
     2 Standing water or saturated soil is required to maintain suitable vegetation structure.  
Suitable vegetation structure may persist for a few years without nearby wet soils. 

 
 
not have surface water and did not meet the criteria for either saturated or dry 
(i.e., compressing a handful of soil caused the soil to stick together, but no water 
was expressed). 
 
Research was conducted to more quantitatively determine soil moisture 
conditions at southwestern willow flycatcher occupied sites that will be used 
to determine if LCR MSCP created habitat at conservation areas are within that 
range.  A soil moisture monitoring pilot study was completed in Phase 2 of the 
Palo Verde Ecological Reserve (PVER); the results and lessons learned from 
this study were used to inform protocols for the salinity and soil moisture 
monitoring network that were finalized during FY16.  The protocols developed 
were utilized under Work Task F1 to expand the monitoring network to 
LCR MSCP conservation areas where these parameters are of concern for 
evaluating species’ habitat requirements and maintaining vegetation health.  
The soil and groundwater monitoring network was established at portions of 
six LCR MSCP conservation areas (Beal Lake Conservation Area [BLCA], 
PVER, Cibola National Wildlife Refuge Unit #1 Conservation Area [Cibola 
NWR Unit #1], Cibola Valley Conservation Area [CVCA], Yuma East 
Wetlands, and Hunters Hole), three non-LCR MSCP sites on the Middle 
Rio Grande in New Mexico, and the Salt River Project’s Rockhouse Riparian 
Demonstration Site near Roosevelt Lake, Arizona.  Monitoring southwestern  
  



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 

 
 

 
 

31 

willow flycatcher-occupied sites that have different vegetation or hydrologic 
characteristics increased the amount of available data (both spatial and temporal) 
available to make informed decisions. 
 
In addition to the priority research questions published in the 2013–17 monitoring 
and research priorities, banding and nest monitoring of southwestern willow 
flycatchers, habitat threats analyses, and microclimate analyses were conducted 
(Work Task D2).  In 2013–17, 278 between-year returns were detected for adult 
flycatchers.  The vast majority (90%) of these were of flycatchers returning to 
the same study area where they were last detected in a previous year.  Of the 
27 returns that resulted in movements between study areas, 25 were by flycatchers 
that had failed to produce young in the previous year.  The distance moved 
between years for all flycatchers ranged from 0.001 to 213.71 km (median = 
0.04 km).  In 2013–17, 73 flycatchers were detected for the first time since they 
were banded as juveniles.  Of these, 39 (53%) returned to their natal study area 
and 34 (47%) dispersed to a different study area.  With the exception of one 
juvenile that dispersed from Alamo Lake, Arizona, to the Pahranagat National 
Wildlife Refuge, Nevada, all dispersal distances were < 60 km. 
 
Researchers conducted nest monitoring of southwestern willow flycatchers from 
2013–17.  Of all nests monitored, 417 were known to contain flycatcher eggs and 
were used in calculating nest success and productivity.  A total of 189 (45%) 
nests were successful and fledged young, 193 (47%) failed, and 35 (8%) had an 
unknown fate.  The effects of several covariates on nest survival were modeled in 
Program MARK.  Of the individual covariates used to model nest survival, nest 
substrate and the age of the nest and year proved to be the most important. 
 
Defoliation of saltcedar by tamarisk beetles, and in some cases the subsequent 
dieback of the tamarisk, has been observed at multiple study areas where 
southwestern willow flycatchers nest in stands with a significant tamarisk 
component.  Defoliation is expected to have adverse effects on nesting flycatchers 
and other riparian obligate birds via increased solar radiation at nests, increased 
visibility of nests that leads to depredation or parasitism, and increased nest 
abandonment and desertion.  In 2013–17 in tamarisk-dominated sites at 
Topock Marsh, the Bill Williams River, and Alamo Lake, Arizona, nests at 
which defoliation occurred during building, laying, and/or incubation were less 
likely to fledge young (0 of 13 nests) than nests at which defoliation did not occur 
during these nest stages (22 of 38 nests). 
 
A temperature/humidity data logger was deployed at a subset of southwestern 
willow flycatcher nests that were confirmed to have progressed beyond the laying 
phase.  These loggers recorded data every 30 minutes and remained in place until 
the end of the breeding season.  Across all study areas, the average maximum 
daily temperatures at flycatcher nests in the second half of June and in July, when 
many nests are in the incubation stage, approached the temperature (41 °C) above 
which eggs may experience embryonic mortality, even for short exposure periods.  
At Topock Marsh, the Bill Williams River, and Alamo Lake, Arizona, maximum 



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 
 
 

 
 
32 

daily temperatures were markedly higher, in respect to those recorded at nearby 
weather stations, during periods of defoliation than in years prior to the arrival 
of tamarisk beetles.  These data suggest that defoliation resulted in increases in 
maximum temperatures at flycatcher nests. 
 
 
Yellow-billed Cuckoo 
The research priority for yellow-billed cuckoos was to: 
 

• Assess and compare the diversity and abundance of the prey base at 
created sites and other nesting sites in order to fill a life history data gap 
(MRM1, MRM2, YBCU1, and YBCU2). 

 
The scientific information currently available for yellow-billed cuckoos was 
reviewed.  The existing knowledge was incorporated into a CEM (Work Task G6) 
(McClure et al. 2015). 
 
Survey detections of yellow-billed cuckoos increased along the LCR as new 
planted Fremont cottonwood-Goodding’s willow (Populus fremontii-Salix 
gooddingii (hereafter cottonwood-willow) habitat became available at 
LCR MSCP conservation areas (Work Task D7).  From 2008 to 2015, the 
estimated number of possible, probable, and confirmed breeding territories in the 
study area (southern Nevada to Yuma, Arizona) increased from 47 in 2008 to 
80 in 2012 to 93 in 2015.  The total number of confirmed breeding territories at 
LCR MSCP conservation areas increased from 2 in 2008 to 46 confirmed cuckoo 
territories in 2015.  From 2013 to 2017, yellow-billed cuckoos were detected 
during nesting season within the following LCR MSCP conservation areas:  the 
BLCA, Cibola NWR Unit #1, the CVCA, the Laguna Division Conservation 
Area, the PVER, and Yuma East Wetlands.  They were confirmed breeding 
primarily at the PVER and also at the BLCA, Cibola NWR Unit #1, and the 
CVCA (McNeil et al. 2013; Parametrix, Inc., and Southern Sierra Research 
Station 2015, 2016a, 2016b, 2018). 
 
A study was conducted to investigate the effects of abiotic factors on insect 
populations in riparian restoration sites (Work Task C5) (Weisenborn 2014).  The 
study found that fertilizing trees with nitrogen had a small but significant positive 
effect on insect abundance and mass.  It identified the levels of four nutrients 
(nitrogen, resilin, sulfur, and phosphorus) in arthropods that are prey of covered 
riparian birds.  A separate study lead by researchers from the University of 
California, Berkeley in 2015 sampled insects at distances perpendicular to the 
Colorado River to assess prey availability for insectivores in constructed habitats 
as an indicator of restoration effectiveness (Rubin et al. 2018).  Using sticky traps 
as a proxy to estimate aerial insect flux, this study found the number of aquatic 
insects, proportion of aquatic insects, total number of insects, and the number of 
insect orders were all significantly lower in LCR MSCP restoration sites than at 
the river’s edge.  Riparian restoration sites over 100 meters from the river had 
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only 4% of the aquatic insects, 20% of the total insects, and only half as many 
insect orders as sites adjacent to the river.  This indicates that the distance 
from the river may influence food availability and overall habitat quality for 
insectivores. 
 
Development of additional studies on the effects of irrigation frequency on 
densities of arthropods was initiated, but the study was not conducted between 
2015 and 2017 following a review of program priorities in light of successful 
colonization of LCR MSCP conservation areas by yellow-billed cuckoos.  It was 
assumed that the density of cuckoos may be influenced by the amount of prey 
available in association with other habitat characteristics and that continued 
occupancy by yellow-billed cuckoos indicated that the habitat characteristics they 
need were present where they nested.  Therefore, further study of insect prey base 
diversity and abundance was deemed a low priority from 2013 through 2017. 
 
In addition to the priority research questions published in the 2013–17 monitoring 
and research priorities, an updated (draft) survey protocol was released by the 
USFWS (Halterman et al. 2016).  The work conducted through the LCR MSCP 
between 2008 and 2017 greatly contributed to the current knowledge of the 
natural history of the species and the updated survey protocol (Work Task D7).  
Much of the habitat information, including patch size, canopy closure, and stand 
age, were obtained from the work funded by the LCR MSCP.  In addition, 
incidences of late season nesting, nest site characteristics, clutch sizes, parental 
care of the nestlings and fledglings, incidences of conspecific parasitism, and 
double and triple brooding have been documented during the LCR MSCP project 
(Halterman 2009; McNeil et al. 2013; McNeil and Tracy 2013; Parametrix, Inc., 
and Southern Sierra Research Station 2015, 2016a, 2016b, 2018).  Foraging 
habitat now includes such areas as flooded fields, younger habitat, and sacaton 
grasslands that are adjacent to riparian habitat, based on observations on the LCR 
and San Pedro Rivers by LCR MSCP contractors.  This research indicates that the 
San Pedro River and the LCR and its tributaries are migratory corridors in 
addition to being breeding areas.  Many cuckoos captured and equipped with 
transmitters in suitable nesting habitat left the area before breeding.  Several 
within-season movements to other riparian areas were detected ranging from 
1 to nearly 500 km.  Large population fluctuations are possible and have been 
documented from the Bill Williams and San Pedro Rivers, showing that the 
surveyed population in the Southwestern United States is not a closed population, 
and therefore, multiple years of surveying are required to obtain a reasonable 
estimation of occupancy, habitat use, and distribution.  Both banded adults and 
fledglings have been recaptured near previous nesting areas, adding to the 
knowledge of site fidelity in this species.  Calling rates, home ranges, and timing 
of peak breeding activity have been determined using research conducted on the 
LCR (Halterman 2009; McNeil et al. 2013; McNeil and Tracy 2013; Parametrix, 
Inc., and Southern Sierra Research Station 2015, 2016a, 2016b, 2018). 
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Some of the limitations of the yellow-billed cuckoo survey protocol have been 
addressed based on work from the LCR, including criteria for confirmation of 
breeding (requiring the observation of an active nest, fledglings, a distraction or 
alarm display, or copulation).  Previous to the work on the San Pedro River 
conducted by the LCR MSCP, vocalizations alone were sometimes used to 
indicate mating status and sex of the individual.  Detection probability determined 
by McNeil et al. (2013) contributed to the timing and number of visits stipulated 
in the protocol.  Documentation of cuckoos using habitat planted during the 
previous year or within 2 years of planting has occurred numerous times on the 
LCR, expanding the knowledge of habitat use and allowing the LCR MSCP to 
correctly schedule when surveys at a new site should begin. 
 
 
Vermilion Flycatcher 
The research priorities for vermilion flycatchers were to: 
 

• Conduct population surveys to document all breeding populations of 
vermilion flycatchers in the LCR MSCP planning area.  This will be 
completed in an atlas-type approach, not random sampling, in order to get 
comprehensive coverage (Avoidance and Minimization Measure [AMM] 
AMM1, AMM2, and MRM1). 
 

• Conduct research to define habitat use, timing and location of use, and 
appropriate range of parameters for creation and management of vermilion 
flycatcher habitat (MRM1 and VEFL1). 

 
• Conduct winter habitat use studies for vermilion flycatchers, as they are 

resident birds year round in the LCR (AMM1, AMM2, MRM1, and 
VEFL1). 

 
The scientific information currently available for vermilion flycatchers was 
reviewed.  The existing knowledge was incorporated into a species account (Work 
Task C3) (LCR MSCP 2016) and a CEM (Work Task G6) (Miller et al. 2016). 
 
A review was conducted of vermilion flycatcher detections from published and 
unpublished literature since the 1970s (Work Task C51) (Raulston 2013).  
Information was from Christmas Bird Counts, USFWS files, sightings reported on 
the eBird database (http://ebird.org/), various LCR MSCP reports, and personal 
communications with local bird watchers and professional biologists.  During 
2012, 40 locations along the LCR from Yuma, Arizona, to Needles, California, 
were visited.  Vermilion flycatchers were present at eight locations between 
Yuma and Lake Havasu City, Arizona, and nesting was documented at four of 
these locations.  Locations where vermilion flycatchers were present included the 
Parker Dam Camp (Parker, Arizona), River Lodge Golf Course (near Parker, 
Arizona), Big River Community Park (on the California side of the LCR near 
Parker, Arizona), Emerald Canyon Golf Course (Parker, Arizona), La Paz County 

http://ebird.org/
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Park (Parker, Arizona), Blythe Golf Course and Blythe Cemetery (Blythe, 
California), and Hidden Shores Resort (north of Yuma, Arizona).  Breeding was 
confirmed at River Lodge Golf Course, Big River Community Park, La Paz 
County Park, and Hidden Shores Resort.  In addition, vermilion flycatchers were 
reliably reported by others in 2012 from Rotary Park (Lake Havasu City, 
Arizona), Quartermaster Depot State Park (Yuma, Arizona), ‘Ahakhav Tribal 
Preserve (Parker, Arizona), and McIntyre Park (Blythe, California).  Minimal 
taped calls were played in the vicinity of breeding vermilion flycatchers and 
indicated vermilion flycatchers are highly responsive to this survey technique, 
although it is not necessary to detect them. 
 
The detection review and surveys conducted in 2012 verified that vermilion 
flycatchers on the Bill Williams River National Wildlife Refuge were detected in 
the mesquite grasslands with unirrigated grass and scattered honey mesquites with 
cottonwood and Gooding’s willow adjacent along the river.  Along the LCR, 
vermilion flycatchers are reliably found year round on most golf courses, in parks, 
and in residential areas where older, mature honey mesquite trees and irrigated 
grass are present.  Current and future habitat being created and managed at the 
PVER, the CVCA, Cibola NWR Unit #1, the BLCA, and the Laguna Division 
Conservation Area is based on the description of vermillion flycatcher habitat 
from the HCP (LCR MSCP 2004a) and fits the descriptions in the literature of the 
native habitat used by vermillion flycatchers in the recent past.  Cottonwood-
willow types I–V and honey mesquite type III are expected to provide native 
habitat for vermillion flycatchers. 
 
Without year-round banding of the LCR vermilion flycatcher population, the 
relationship between the wintering and breeding populations remains unknown.  
Rosenberg et al. (1991) suggest they may represent separate populations.  
Rosenberg et al. (1991) also note that, in the winter, vermilion flycatchers are 
more likely to be found near agricultural and vegetated urban areas rather than 
riparian woodlands.  This is also indicated by the specific locations vermilion 
flycatchers are found during the Bill Williams River Delta Christmas Bird Count, 
which is centered at the Bill Williams Bridge over Arizona Highway 95:  golf 
courses, parks, campgrounds, and other open, urban areas with irrigated grass and 
scattered honey mesquites. 
 
 
Arizona Bell’s Vireo, Sonoran Yellow Warbler, and Summer Tanager 
The research priorities for Arizona Bell’s vireos, Sonoran yellow warblers, and 
summer tanagers were to: 
 

• Continue to conduct research to define habitat use, timing, and location of 
use, and appropriate range of parameters for creation and management of 
habitat for Arizona Bell’s vireos, Sonoran yellow warblers, and summer 
tanagers.  Assess whether microclimate is important for these species 
(MRM1, MRM2, BEVI1, YWAR1, and SUTA1). 
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• Evaluate the habitat models and use them to refine the management 
guidelines if necessary (MRM1, MRM2, BEVI1, YWAR1, and 
SUTA1). 

 
The scientific information currently available for Arizona Bell’s vireos, Sonoran 
yellow warblers, and summer tanagers was reviewed.  The existing knowledge 
was incorporated into species accounts (Work Task C3) (LCR MSCP 2016) and 
CEMs (Work Task G6) (Johnson and Unnasch 2015a; McClure and Unnasch 
2015; Miller 2015-b). 
 
During riparian bird monitoring from 2011 to 2015 under Work Tasks C24, D6, 
and F2), additional information was collected on the natural history and 
distribution of Arizona Bell’s vireos, Sonoran yellow warblers, and summer 
tanagers (Great Basin Bird Observatory [GBBO] 2018).  This included 
the current population status, information on habitat requirements, phenology 
(i.e., arrival and breeding season in the study area), survey techniques, 
and current distributional information in the form of territory density maps. 
 
 
Arizona Bell’s Vireo 
 
Observed Habitat Use in the Project Area: 
 

• Breeding Arizona Bell’s vireos are generally associated with mesquite, 
although along the Bill Williams and Virgin Rivers, they were found 
breeding in other plant associations away from mesquite, such as 
arrowweed and Baccharis spp. 

 
• Many territories observed were within a few hundred meters of standing 

or running water; therefore, the proximity to surface water appears to 
be an important habitat component.  An analysis of field vegetation 
assessments in Arizona Bell’s vireo territories collected during the project 
could shed further light on this issue. 
 

• Areas that have an understory consisting mainly of saltcedar appear to be 
avoided.  Shrub understory composition and density preferences are not 
well understood.  In the Bill Williams River National Wildlife Refuge, 
Arizona Bell’s vireos were absent from the cottonwood and willow forest 
interior when a dense understory or midstory of saltcedar was present.  
Small numbers (one to three territories per plot) were, however, 
consistently found breeding in closed-canopy cottonwood-willow forest 
with an open understory and a small mesquite component. 
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• Arizona Bell’s vireos were absent or uncommon (fewer than two 
territories per plot) in some apparently suitable habitats (e.g., in much of 
the Havasu National Wildlife Refuge, Lake Havasu, the Cibola National 
Wildlife Refuge, and the Picacho/Imperial National Wildlife Refuge 
[Imperial NWR] area north of Martinez Lake). 
 

 

 

 

 
 

• The BLCA had higher numbers of territories than surrounding areas of the 
region; at least one territorial male was detected on the outskirts of the 
PVER, and the one breeding site in and near Cibola, Arizona, was on 
plantings in the Cibola NWR Unit #1 Nature Trail in 2011–15 and in 
Crane Roost in 2015.  These conservation areas all consist of honey 
mesquite plantings, sometimes with a cottonwood-willow overstory, often 
with other shrub understory plant components such as Baccharis spp., 
arrowweed, coyote willow, Johnsongrass, or quailbush. 

• Proximity to open spaces may be a positive factor for Arizona Bell’s 
vireos, as they are primarily found where dense riparian vegetation 
transitions into desert uplands, but this association has not yet been 
modeled. 

 
Phenology in the Project Area: 
 

• Males arrive in early to mid-March (Rosenberg et al. 1991), prior to the 
start of LCR MSCP riparian bird surveys. 

• At the start of the season, it is difficult to distinguish true migrants from 
males setting up territories.  However, it appears, based on observations 
made by surveyors, that true migrants are infrequently detected.  For 
example, surveyors rarely recorded this species using a plot on the first 
visit where they didn’t find the species again on the second visit. 

• Based on confirmed breeding evidence collected during the 5-year study, 
a range of incubation initiation of April 8 to June 1 was observed for 
Arizona Bell’s vireos.  The peak of incubation initiation was in late April, 
which is consistent with previously published nesting phenology in the 
region (Rosenberg et al. 1991; Corman and Wise-Gervais 2005; Kus et al. 
2010). 

Sonoran Yellow Warbler 
 
Observed Habitat Use in the Project Area: 
 

• Sonoran yellow warblers are strongly tied to cottonwood-willow habitat 
associations along the LCR.  They were also found using areas with a 
saltcedar component when a few large willow trees and inundated or moist 
soils are present. 
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• This species is primarily found in sites with nearby surface water, such as 
along river or lake shores or in areas that have been recently flooded.  
Nearby wetlands may be important to this species based on high territory 
densities in these areas. 

 
Phenology in the Project Area: 
 

• Observations of territories suggest that local breeders arrive in late March, 
consistent with published data (Phillips et al. 1964). 
 

• Migrants appear to arrive mid- to late April (usually after April 20) and 
are present through early June. 
 

 
 

 

 

• Observations of confirmed breeding provided a range of incubation 
initiation of April 19 to May 18, with a peak in late April.  This is earlier 
than previously published nesting phenology in the region and elsewhere 
(Lowther et al. 1999; Corman and Wise-Gervais 2005), but breeding 
attempts may have also occurred later in the season after field surveys had 
ended. 

Summer Tanager 
 
Observed Habitat Use in the Project Area: 
 

• Cottonwood and Goodding’s willow riparian was the only habitat type 
where summer tanagers were consistently found breeding during 2011–15. 

• The areas occupied by summer tanagers contained at least a few tall trees, 
sometimes just one or two willow trees among saltcedar forest, and in 
other cases, they featured a continuous or broken canopy of cottonwoods 
and/or Goodding’s willows. 

 
Phenology in the Project Area: 
 

• Over the 5-year study, the average date of first detection of summer 
tanagers was April 18. 

• Based on confirmed breeding evidence collected during the 5-year study, a 
range of incubation initiation of May 15 to June 13 for summer tanagers 
was observed.  The peak of incubation initiation was in late May, which is 
consistent with previously published nesting phenology in the region 
(Rosenberg et al. 1991; Corman and Wise-Gervais 2005; Robinson 2012). 
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In addition to the priority research questions published in the 2013–17 monitoring 
and research priorities, research was conducted to improve the survey methods 
used to detect Arizona Bell’s vireos, Sonoran yellow warblers, and summer 
tanagers (GBBO 2018) (Work Tasks C24, D6, and F2).  The assumption of 
the double-sampling design that intensive area searches result in unbiased 
estimates of bird numbers was tested.  The overall difference between the 
intensive (8 surveys per plot) and enhanced intensive (16 surveys per plot) results 
was only 16%, and the species that contributed most to this difference differed in 
their natural history from most others.  The species with the largest deviations 
from a detection ratio of 1 were those that breed early, arrive late, are challenging 
to detect, or have poorly defined territories.  The results of the study confirmed 
that the basic approach of the double-sampling method produced the desired 
monitoring data, and it resulted in additional indepth information about birds and 
their natural history on the LCR that was previously unavailable. 
 
 
Elf Owl 
The research priorities for elf owls were to: 
 

• Conduct research to define habitat use, timing and location of use, and 
appropriate range of parameters for creation and management of elf owl 
habitat (MRM1 and ELOW1). 
 

 

 

• Evaluate the effectiveness of elf owl nest boxes within created habitats 
(MRM2 and ELOW2) and clarify nest box temperature requirements. 

• Determine breeding habitat selection for elf owls within the cottonwood-
willow and honey mesquite land cover types (MRM1 and ELOW1). 

• Evaluate interspecific competition for nest sites between elf owls and 
European starlings (MRM3). 

 
The scientific information currently available for elf owls was reviewed.  The 
existing knowledge was incorporated into a species account (Work Task C3) and 
a CEM (Work Task G6) (Miller et al. 2015a). 
 
A study was initiated under Work Task C24 to record elf owl use of riparian 
habitat, and, on a broad scale, document what type of riparian habitat elf owls are 
using, and to test the elf owl’s responsiveness to call-playback at short distances 
(50–250 meters) in obstructed habitat (Boone and Flesch 2017).  This study was 
needed, because under previous surveys for elf owls on the LCR, only one was 
detected near Blankenship Bend during a 2-year period.  Elf owls were 
documented nesting and foraging in or near riparian habitat in Arizona.  The 
probability of elf owl occurrence increased markedly with the presence of mature 
(> 3 meters tall and > 20 centimeters diameter at breast height) saguaro cacti.  
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Occurrence probabilities at stations dominated by mesic and xeric riparian 
vegetation were much higher in areas with saguaro cacti than without and lowest 
at stations dominated by exotic riparian vegetation without saguaro cacti.  In the 
absence of any riparian vegetation, the probability of elf owl occurrence was low 
regardless of whether saguaro cacti were present or absent, although sample sizes 
were low (n = 55).  With regard to plant species composition in riparian areas, the 
probability of elf owl occurrence increased with cover of broadleaf deciduous 
trees other than willows and with cover of mesquite.  The remaining study results 
are still being analyzed, but they are anticipated to provide information on habitat 
use, timing and location of use, and breeding habitat attributes within the 
cottonwood-willow and honey mesquite land cover types.  The report will also 
include improved survey methods for detecting elf owls and their nest cavities. 
 
Nest box and captive breeding information were acquired from the available 
literature and experts under Work Task C24.  A nest box design was acquired 
that was successfully used by elf owls in Texas (McKinney 1996).  The range of 
potentially acceptable ambient temperatures for viable elf owl nests was identified 
(Ligon 1968; Lowery and Ingraldi, unpublished).  Microclimate data from 
weather stations throughout LCR MSCP conservation areas was formatted so it 
may be analyzed to see if any areas of the conservation areas that stayed within 
the acceptable ambient temperatures for viable elf owl nests.  This analysis is still 
ongoing. 
 
The following research priority for elf owls was not addressed: 
 

• Evaluate interspecific competition for nest sites between elf owls and 
European starlings (MRM3). 

 
 
Gila Woodpecker 
The research priorities for Gila woodpeckers were to: 
 

• Conduct research to define habitat use, timing and location of use, 
and appropriate range of parameters for creation and management 
of Gila woodpecker habitat.  Assessments continue as to whether 
microclimate is important for this species (MRM1, MRM2, and GIWO1). 

 
• Conduct a study on artificial snags and nest box structures to determine the 

best way to provide artificial nesting structures for this species (GIWO2). 
 

• Conduct a winter distribution, seasonal movement, and habitat use study.  
Gila woodpeckers are non-migratory and use the habitat along the LCR 
after they breed.  Late winter habitat may also be important to them as 
they choose their nesting sites during the winter season (MRM1, MRM2, 
and GIWO1). 
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The scientific information currently available for Gila woodpeckers was reviewed.  
The existing knowledge was incorporated into a species account (Work Task C3) 
(LCR MSCP 2016) and a CEM (Work Task G6) (Miller and Unnasch 2016). 
 
During riparian bird monitoring from 2011 to 2015 under Work Tasks C24, D6 
and F2, additional information was collected on the natural history and 
distribution of Gila woodpeckers (GBBO 2018).  This included the 
current population status, information on habitat requirements, phenology 
(i.e., arrival and breeding season in the study area), survey techniques, and 
current distributional information in the form of territory density maps. 
 
Observed Habitat Use in the Project Area: 
 

• Gila woodpeckers require mature trees, snags, saguaro cacti, or manmade 
substrates such as telephone poles for nest cavities. 

 

 

 

  

• The species appears to be most common in areas dominated with native 
riparian trees (e.g., Bill Williams River area) but is also found where a 
few sizeable trees are interspersed with non-native or other habitat types 
(e.g., the Havasu National Wildlife Refuge) and near human settlements 
that feature some large trees, including the non-native Eucalyptus spp. and 
Athel tamarisk. 

• In the Bill Williams River area, most nests are in saguaro cacti on the 
fringes of the riparian corridor, but nests are also commonly built in large 
cottonwoods, even when there are apparently suitable cacti in the territory. 

• Based on habitat data collected from 2008 to 2010, Gila woodpeckers 
were more likely to establish a territory if large trees, large snags, and 
large branches were available within or nearby the territory than if they 
were not available.  The presence of Goodding’s willows (p < 0.006) 
and cottonwoods (p < 0.06) were significantly positively correlated 
with the presence of a breeding territory (GBBO 2011).  In addition, 
Gila woodpeckers selected territories with tall canopy trees (> 10 meters 
tall) and a denser canopy than was found in non-use sites (p < 0.05 for 
each) (GBBO 2011). 
 

Phenology in the Project Area: 
 

• Gila woodpeckers are year-round residents in the project area.  Nest 
construction occurs mainly in February, before the start of the area search 
surveys conducted each year in 2011–15 (Corman and Wise-Gervais 
2005). 
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• Based on confirmed breeding evidence collected during the 5-year study, a 
range of incubation initiation of March 27 to May 4 for Gila woodpeckers 
was observed.  The peak of clutch initiation was in mid-April, which is 
consistent with previously published nesting phenology in the region 
(Grinnell 1914; Rosenberg et al. 1991; Edwards and Schnell 2000; 
Corman and Wise-Gervais 2005). 

 
 
Gilded Flicker 
The research priorities for gilded flickers were to: 
 

• Conduct surveys to define initial distribution and population estimates 
along the LCR and refine a survey protocol.  Little is known regarding the 
status, distribution, and habitat use of this species along the LCR (AMM1, 
AMM3, MRM1, and GIFL1). 

 
• Conduct research to define habitat use, timing and location of use, and 

appropriate range of parameters for creation and management of gilded 
flicker habitat (MRM1 and GIFL1). 
 

• Conduct artificial snags or nesting structure research to determine the best 
way to provide artificial nesting structures for this species (GIFL2). 

 
• Conduct studies on winter distribution and seasonal movement.  Gilded 

flickers are non-migratory and winter along the LCR.  From the little 
observational data conducted, it appears that flickers may be using the 
riparian habitat after they breed in winter instead of during the breeding 
season (MRM1 and GIFL1). 

 
The scientific information currently available for gilded flickers was reviewed.  
The existing knowledge was incorporated into a species account (Work Task C3) 
(LCR MSCP 2016) and a CEM (Work Task G6) (Johnson and Unnasch 2015b). 
 
During riparian land bird monitoring from 2011 to 2015 under Work Tasks C24, 
D6, and F2, additional information was collected on the natural history and 
distribution of gilded flickers (GBBO 2018).  This included the current population 
status, information on habitat requirements, phenology (i.e., arrival and breeding 
season in the study area), survey techniques, and current distributional 
information in the form of territory density maps. 
 
Observed Habitat Use in the Project Area: 
 

• Habitat in the extremely limited areas where this species was found was 
characterized by fairly narrow, open, braided active river channels with 
perennial flow and adjacent upland slopes with plentiful saguaro cacti. 
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• All confirmed nest sites of 2011–15 were in saguaro cavities near the 
riparian zone (upland areas were not surveyed), and family groups were 
observed foraging in the riparian areas.  Historically, the species also 
nested in cavities of old cottonwoods and, presumably, other overstory 
riparian trees.  It is currently unclear why riparian trees nearby were not 
used for nesting. 
 

• Suitable saguaro cacti and large cottonwoods for nesting are likely the 
most important habitat features for gilded flickers. 
 

• They may forage in a wide variety of habitat types, and during this project, 
they were most often observed foraging in riparian areas. 
 

Phenology in the Project Area: 
 

• No phenology information on gilded flickers was recorded, as no confirmed 
breeding behavior was observed beyond an independent fledgling. 

 
Surveying This Species: 
 

• Riparian land bird monitoring from 2011 to 2015 identified little new 
information on best survey practices for this species based on their very 
limited distribution and the limited detections along the LCR.  Generally, 
northern flickers, which are the only species that they could be confused 
with during nesting season, have moved out of the project area by the end 
of April.  Therefore, any flicker observed between mid-April and the end 
of September should be thoroughly examined for the possibility of being a 
gilded flicker. 
 

• Riparian land bird monitoring from 2011 to 2015 did not employ call-
playback methods on gilded flickers, which are effective with other 
species, and they did not provide information on how they would improve 
detection ratios.  This species is not particularly cryptic based on 
observations, but should survey records increase in the project area, new 
inventory methods may better document distribution and habitat use. 
 

Status and Distribution in 2011–15: 
 

• Grinnell (1914) found gilded flickers only in a saguaro forest in the 
vicinity of Laguna Dam, where they were fairly common.  He surmised 
that the species was formerly more widespread, with specimens from 
Fort Mohave taken in 1861, as well as probable flicker cavities found 
above Picacho and near Yuma, Arizona.  Grinnell did not explore the 
Bill Williams River, where the species was documented during area search 
surveys. 
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• Gilded flickers were only found on riparian plots in 2011–15 between 
Lincoln Ranch and Alamo Dam.  In all cases, breeding was suspected to 
be in upland saguaro cacti; the Bill Williams river riparian areas were used 
for foraging. 
 

• The system-wide population size estimate for 2011–15 was 22 (standard 
error = 15) pairs of gilded flickers; however, extremely small sample sizes 
make these estimates prone to error.  Fewer than 10 pairs of gilded flickers 
were estimated to be breeding on the Bill Williams River below Alamo 
Dam, all above Planet Ranch, and the species was not detected breeding 
on the main stem of the Colorado River. 

 
• Others have reported recent gilded flicker sightings along the main stem 

of the Colorado River (Sabin 2012): 
 

o A pair was at McIntyre Park south of Blythe, California, in 
April 2012, and the female was seen into late May.  A nest was 
suspected but never confirmed (eBird 2015). 
 

o A male was seen in Yuma (Yuma West Wetlands) on April 22, 
2012 (Harter and Vander Pluym 2012). 
 

o Non-breeding individuals have been recorded between October 
and February in recent years, including at Topock Marsh, 
Lake Havasu, and Parker Dam (eBird 2015). 

 
Specific research was conducted to define gilded flicker habitat, timing, and 
location of use; conduct studies on their distribution and seasonal movement; 
and refine a survey protocol (Work Task C52).  A radio telemetry study was 
conducted in Sonoran desert scrub where gilded flickers are most common.  
General habitat use of gilded flickers ranged from the flat lowlands and arroyos 
consisting of sparse to thick trees and shrubs and numerous saguaro cacti to steep 
uplands that consisted of rocky outcroppings with little overstory cover and few 
cacti.  Further call-play back surveys along riparian areas of Arizona detected 
gilded flickers in Sonoran desert scrub with saguaro cacti adjacent to riparian 
woodlands.  It is uncertain if they were using the riparian habitat.  Gilded flickers 
were observed foraging on ocotillo and saguaro flowers in April and saguaro 
flowers and fruits in April and late May.  Foraging from the ground for insects 
was often observed when flowers and fruits were out of season.  Pair formation 
occurred generally from February to March, and nesting peaked in late March to 
early April.  Fledging occurred in May and June.  Radio tracking of gilded 
flickers provided enough positional data to estimate that breeding ranges are, on 
average, 1.3 square kilometers (km2), and summer ranges are, on average, 0.8 km2 
in size, with total home ranges averaging 2.9 km2.  Seasonal maximum movement 
was 1.7 km during breeding season and 1.6 km during summer.  Protocols were 
developed for radio tracking, presence/absence surveys, and nest monitoring. 
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No research was conducted on artificial snags for gilded flickers.  A nest 
box design for northern flickers was obtained from the Cornell Lab of 
Ornithology’s Nest Watch program (https://nestwatch.org/learn/all-about-
birdhouses/birds/northern-flicker/).  A nest box is recommended to be 7.25 inches 
wide, 7.25 inches long, and 24 inches deep, with an entrance hole 2.5 inches in 
diameter.  The boards should be 1.5 inches thick with 0.25-inch parallel kerfs 
on the inside walls like a ladder to assist the nestlings in climbing out. 
 
 
General Birds 
The research priorities for general birds were to: 
 

• Evaluate the need for additional heterogeneity such as herbaceous cover, 
different age structure of trees, additional shrub layer, and/or open 
water/marsh component within restoration sites (MRM1 and MRM2). 
 

• Conduct research to determine and address the effects of nest site 
competition with European starlings on cavity-nesting species (MRM3). 

 
The double-sampling riparian bird surveys for Arizona Bell’s vireos, Sonoran 
yellow warblers, summer tanagers, Gila woodpeckers, and gilded flickers 
included mapping of territories of all riparian woodland territorial birds and 
estimating their populations along the LCR (GBBO 2018) (Work Tasks C24, D6, 
and F2).  This provides information about their distribution by vegetation type.  In 
addition, detections and territory locations can be analyzed along with vegetation 
to identify habitat characteristics if there is a future need. 
 
The following research priority for general birds was not addressed: 
 

• Conduct research to determine and address the effects of nest site 
competition with European starlings on cavity-nesting species (MRM3). 

 
This research area was not addressed in order to focus on higher priority research 
and monitoring.  Currently, the majority of trees at the LCR MSCP conservation 
areas are young and contain few nest cavities to monitor.  There is knowledge 
available from published studies on competition between native cavity nesters 
(woodpeckers and northern flickers) and European starlings that indicates that 
competition for nest cavities will occur (Kerpez and Smith 1990; Ingold 1994, 
1998).  The impact on native cavity-nesting species is greater if there are limited 
nest cavities available and if near habitat European starlings prefer (agriculture 
and areas with turf) (Kerpez and Smith 1990).  European starlings do not create 
their own nest cavities; competition occurs when breeding of species overlaps and 
they need to use the limited number of cavities at the same time (Kerpez and 
Smith 1990; Ingold 1989).  The available studies do not indicate that European 
starlings will exclude all native cavity-nesting birds and, that if additional natural 
cavities or artificial nest boxes are available, that native cavity-nesting bird 

https://nestwatch.org/learn/all-about-birdhouses/birds/northern-flicker/
https://nestwatch.org/learn/all-about-birdhouses/birds/northern-flicker/
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species can increase in numbers even with European starlings present.  Leaving 
dead branches and trees can increase available sites for creation of nest cavities. 
 
 
Proposed 2018–2022 Activities 
Research priorities for riparian birds are to: 
 

• Analyze the vegetation at LCR MSCP conservation areas and system-wide 
monitoring sites used by covered riparian birds.  Determine if there are 
any further habitat characteristics in common between utilized sites that 
can be used to improve created habitat for these species (MRM1, WIFL1, 
YBCU1, GIFL1, GIWO2, BEVI1, YWAR1, and SUTA1). 
 

• Continue to assess the hydrology at restoration sites and then, if necessary, 
conduct hydrology studies/demonstrations to determine the appropriate 
water regime for breeding southwestern willow flycatcher habitat.  
Varying irrigation regimes will be tested to determine the appropriate 
regime to create and/or maintain breeding flycatcher habitat (MRM1, 
MRM2, and WIFL1). 
 

• Continue to assess the range of potentially acceptable ambient 
temperatures for placement of nest boxes for elf owls.  Microclimate data 
from weather stations throughout LCR MSCP conservation areas will be 
analyzed to identify locations within the conservation areas that stayed 
within the acceptable ambient temperatures for safe placement of nest 
boxes for elf owls. 

• Review all prey-base studies that have been previously conducted by the 
LCR MSCP to determine if knowledge gaps still exist.  Evaluate whether 
there are available tools or methods that can influence prey-base 
abundance at conservation areas.  Evaluate need for prey abundance 
monitoring. 

 
 
Bats 
2013–2017 Accomplishments 
The research priorities for bats were to: 
 

• Finalize breeding and roosting habitat study for western red and western 
yellow bats.  Characteristics include canopy cover, density, distance to 
open water, roost tree preference, foliage density, and microclimate 
(MRM1, MRM2, WRBA2, WYBA2, and WYBA3). 
 

• Conduct research to define habitat use, timing and location of use, and 
appropriate range of parameters for creation and management of western 
red and western yellow bat habitat. 
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• Initiate a distance from roost to foraging habitat for California leaf-nosed 
and pale Townsend’s big-eared bats.1  The HCP calls for habitat to be 
created within 5 miles of known roosts if possible for these species, but 
more data are needed to evaluate whether these species are limited to a 
5-mile foraging range (CLNB1, CLNB2, PTBB1, and PTBB2). 

 
Western red and western yellow bats were tracked using radio telemetry (Work 
Task C35).  The study provided information about roosting and foraging habitat 
for both bat species.  The majority of western red bat roosts were found roosting 
in Fremont cottonwoods, and almost all western yellow bat roosts were found in 
Mexican fan palms.  It does not appear that western yellow bats roost in 
cottonwood-willow dominated habitat, but they do use cottonwood-willow and 
honey mesquite forests for foraging along the LCR.  Western red bats use the 
cottonwood-willow and honey mesquite forests for both roosting and foraging.  
At the microscale, western red and western yellow bats were associated with 
roost tree characteristics.  Occupancy modeling was attempted at the meso- 
and macroscales to assess trends in habitat use; however, the sample size was 
insufficient to confirm these trends.  This study demonstrates that western red 
bats use LCR MSCP conservation areas similarly to non-restoration sites as 
roosting habitat. 
 
The longest western red bat movement between roosting sites of the 35 move-
ments of 23 western red bats that were tracked was an adult male at the PVER 
during the cold season who moved 11.23 km between roosts on two separate 
occasions.  In contrast, a subadult male western red bat at the CVCA moved only 
6 m between tree roosts.  The mean distance moved between western red bat 
roosts was 0.99 km, with a median distance of 0.081 km.  This mean distance 
estimate was driven by cold-season male western red bat movements.  Once these 
four cold-season events were removed from the analysis, the mean distance 
between roosts declined to 0.12 km and the median dropped to 0.078 km.  The 
maximum movement between roosts of six bats observed was 5.17 km and the 
minimum was 3 m.  Western yellow bats moved a mean of 1.16 km between 
roosts, with a median of 0.093 km. 
 
Western red bats were thought to be migratory throughout the Southwest, but 
winter captures and detections with acoustic monitoring indicate the presence of 
a wintering population on the LCR.  Western yellow bats are believed to be a  
  

                                                 
     1 Genetic analyses on the pale Townsend’s big-eared bat indicate that the LCR is likely in the 
range of the Pacific Townsend’s big-eared bat (Corynorhinus townsendii townsendii) rather than 
the pale Townsend’s big-eared bat (Piaggio and Perkins 2005).  The bats recorded along the LCR 
will be referred to as pale Townsend’s big-eared bats in this report, as the nomenclature change 
has not yet been verified by U.S. Fish and Wildlife Service. 
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warm-season migratory species on the LCR, but they have been infrequently 
detected with acoustic stations at the BLCA and PVER during the coldest winter 
months (December – January). 
 
A foraging distance study of pale Townsend’s big-eared bats and California leaf-
nosed bats was conducted along the LCR (Work Task D9).  From these results, it 
is clear that California leaf-nosed bats are capable of flying more than 5 miles 
(CLNB1) between roost sites and foraging habitat provided by conservation areas 
(actually they can travel up to 10 miles) and that created habitat within 10 miles 
of pale Townsend’s big-eared bat roosts (PTBB1) can be used for foraging.  Roost 
locations surveyed from FY02 through FY16 are within foraging distance of a 
number of conservation areas.  Not all roosts are known.  The acoustic and 
capture detections reported under Work Task F4 verify that the BLCA, Cibola 
NWR Unit #1, the CVCA, the PVER, and Planet Ranch in Reaches 3–5 as well 
as Hunters Hole and Yuma East Wetlands in Reaches 6–7 support foraging 
California leaf-nosed bats and that the BLCA, Cibola NWR Unit #1, the CVCA, 
Planet Ranch, and the PVER (Reaches 3–5) support foraging pale Townsend’s 
big-eared bats. 
 
In addition to the priority research questions published in the 2013–17 monitoring 
and research priorities, a genetics study to characterize California leaf-nosed 
bat populations at roost sites was completed (Work Task C43).  Ninety-nine 
samples from the LCR and other areas within the species range were collected.  
Representative samples were submitted for Next-Gen sequencing to identify 
specific genetic markers that will best contribute to the full-scale analysis of the 
genetic diversity and relatedness among roosts.  There were 18 haplotypes 
identified across the range, with 5 haplotypes present in the samples taken from 
the LCR and 3 haplotypes unique to the bats captured along the river.  Genotypic 
clustering analyses of 6 microsatellite loci across 87 individuals from 19 localities 
inferred that there are 2 genetic groups present in the species’ range, with none 
being unique to the LCR and surrounding areas and low levels of genetic 
variation in the northern range of the species, which is typical of animals residing 
at an edge of a species’ range or a recent range expansion.  Further inferences 
could not be made regarding demographic parameters such as population size, 
previous population expansion or contraction, or dispersal among roosts. 
 
 
Proposed 2018–2022 Activities 
The research priority for bats is to: 
 

• Analyze the vegetation at LCR MSCP conservation areas and system-wide 
monitoring sites used by western red bats, western yellow bats, California 
leaf-nosed bats, and pale Townsend’s big-eared bats and determine if there 
are any further habitat characteristics in common between utilized sites 
that can be used to improve created habitat for these species. 
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Rodents 
2013–2017 Accomplishments 
The research priorities for rodents were to: 
 

• Finalize research to describe habitat requirements for Colorado River 
cotton rats in both marsh and cottonwood-willow habitats, including 
limiting factors influencing habitat use or selection, patch size, vegetative 
cover, vegetation composition, microclimate conditions, and distance to 
standing water (MRM2, CRCR1, and CRCR2). 
 

• Initiate research to describe habitat requirements for Yuma hispid cotton 
rats.  These may include factors influencing habitat use or selection, patch 
size, vegetative cover, vegetation composition, microclimate conditions, 
and distance to standing water (MRM2, YHCR1, and YHCR2). 

 
The field work for the Colorado River cotton rat and Yuma hispid cotton rat 
mark-recapture/habitat study was completed (Work Task C27).  Prior to this 
study, no quantitative analysis of habitat for Colorado River cotton rats had been 
conducted; however, the ecologically similar hispid cotton rat selects for shrubs 
at least 1 meter high and high herbaceous cover but does not select for any 
specific vegetation type (Bowne et al. 1999).  Colorado River cotton rats 
were found to occupy sites with different species and life forms of dominant 
vegetation, with the PVER primarily driving any observed differences in vertical 
cover among sites (Neiswenter 2016).  It appears that they use sites with similar 
structure to Yuma hispid cotton rats and that multiple vegetation types can create 
the structural characteristics of habitat that will be used by Colorado River 
cotton rats (Neiswenter 2016).  Data suggest that trapping success is greatest for 
Colorado River cotton rats in locations with dense herbaceous vegetation at least 
0.5 meter in height (Neiswenter 2016). 
 
Of particular interest to restoration efforts is the shrub Chloracantha.  This 
shrub provides vertical cover up to 1 meter within the range of what Colorado 
River cotton rats are using along the LCR.  At the Pintail restoration area on the 
Havasu National Wildlife Refuge, a strip of Chloracantha runs perpendicular 
through the center of the trapping grid.  Colorado River cotton rats were usually 
captured in the very dense patch of Chloracantha.  The shrub appears to be low 
maintenance and drought tolerant, and it creates a thick cover that excludes other 
vegetation.  At full height, it is just over 1 meter tall and would probably require 
little management to maintain appropriate habitat for both Colorado River cotton 
rats and Yuma hispid cotton rats.  It is also native (unlike Pulicaria or Sorghum) 
and may be a useful species to incorporate in restoration sites that will be irrigated 
infrequently or in areas that receive less water.  It was suggested, when used, that 
Chloracantha be incorporated into a broader mosaic with native grasses instead of 
monocultures to avoid negative or unanticipated consequences of having a single 
plant species dominate an area such as reduced biodiversity or loss of a minor but 
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essential resource necessary for Colorado River cotton rat and Yuma hispid cotton 
rat survival.  The plant may also prove useful for filling clearings where trees did 
not grow and there is open canopy (Neiswenter 2016). 
 
In addition to the priority research questions published in the 2013–17 
monitoring and research priorities, genetic samples of Colorado River cotton 
rats, Yuma hispid cotton rats, and desert pocket mice were submitted for 
Next-Gen sequencing to identify genetic markers that can be used to differentiate 
the cotton rat species and the subspecies of the desert pocket mouse (Work 
Task C27). 
 
 
Proposed 2018–2022 Activities 
The research priorities for rodents are to: 
 

• Analyze the vegetation at LCR MSCP conservation areas and system-wide 
monitoring sites used by Colorado River cotton rats and Yuma hispid 
cotton rats and determine if there are any further habitat characteristics in 
common between utilized sites that can be used to improve created habitat 
for these species. 
 

• Look into habitat management actions that could provide Colorado River 
cotton rat and Yuma hispid cotton rat habitat structure back into 
conservation areas that have matured and lost their structure. 

 
• Clarify the use of marsh by cotton rats.  Detections indicate that cotton rats 

likely use the grassland edge of the marsh but not the regularly inundated 
portions of the marsh. 

 
 
Insects 
2013–2017 Accomplishments 
The research priorities for MacNeill’s sootywing skippers (hereafter sootywing) 
were to: 
 

• Refine the habitat mosaic for sootywings, including quailbush, nectar-
producing plants, and honey mesquite and determine limiting abiotic 
factors of plants such as water needs, soil conditions, and nutritional needs 
(MRM2, MNSW1, and MNSW2). 

 
Habitat information was also collected at plots and included the size of quailbush 
(sootywing larval host plant), nectar plant metrics, information on soil moisture, 
air temperature, and relative humidity (Work Task F6).  Quailbush lushness was  
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the only characteristic that differed significantly between plants occupied by early 
life history stages and unoccupied plants.  Quailbush was recorded as a possible 
new nectar plant for sootywings. 
 
In addition to the priority research questions published in the 2013–17 
monitoring and research priorities, an alternative sampling method (supported 
by Reclamation’s Science &Technology Program) using deoxyribonucleic acid 
(DNA) was trialed to design sootywing primers for detection of environmental 
DNA (Work Task F6).  Sootywing samples were analyzed using universal DNA 
primers to obtain an initial mitochondrial gene cytochrome oxidase I sequence 
that could be used to design sootywing specific polymerase chain reaction (PCR) 
primers.  Primers were tested against known sootywing samples and a moth 
sample.  The moth sample gave no PCR product, while both sootywing samples 
gave positive PCR results.  Detection bias for sootywings can be reduced by 
sampling for a suitable length of time, at the appropriate time of day, with 
repeated sampling at quailbush plots.  Sampling for environmental DNA has the 
potential to identify occupied sites where visual detections are challenging. 
 
 
Proposed 2018–2022 Activities 
The research priorities for sootywings are to: 
 

• Analyze the vegetation at LCR MSCP conservation areas and system-wide 
monitoring sites used by sootywings and determine if there are any further 
habitat characteristics in common between utilized sites that can be used 
to improve created habitat for these species. 

 
• Look into habitat management actions that could bring quailbush back into 

conservation areas that have matured and lost stands of the shrub. 
 
 
Amphibians 
2013–2017 Accomplishments 
Research priorities for lowland leopard frogs and Colorado River toads were to: 
 

• Finalize distribution studies of lowland leopard frogs and Colorado River 
toads (CRTO1 and LLFR1). 
 

• Determine habitat preferences and the basic ecology of lowland leopard 
frogs and Colorado River toads (CRTO1 and LLFR1). 

 
• Determine the feasibility to translocate or create refugia for lowland 

leopard frogs and Colorado River toads, including determining if those 
parameters can be recreated at restoration sites (CRTO3 and LLFR3). 
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• Conduct a study/demonstration to create refugia and translocate lowland 
leopard frogs and Colorado River toads to determine survivability of 
translocation (CRTO3 and LLFR3). 

 
A total of 139 locations along the LCR and the Bill Williams River were surveyed 
for lowland leopard frogs and Colorado River toads (Work Task D12).  Neither 
species was detected on the main stem of the LCR.  Lowland leopard frogs and 
Colorado River toads were detected on the Bill Williams River.  Further 
distribution studies detected both species breeding on the Big Sandy River, 
Santa Maria River, Agua Fria River, and the Verde River in Arizona. 
 
Habitat data were collected where lowland leopard frog and Colorado River toad 
egg masses were detected, including minimum and maximum water depth and 
temperature, substrate type (e.g., gravel and sand), water temperature, pH, 
turbidity, stream discharge, and vegetation composition.  Non-native predators 
were also documented (Work Task C62).  Lowland leopard frog breeding habitat 
was most likely to occur in sites with average canopy cover of 15.63%.  Egg 
masses were found at an average distance to vegetation cover of 16.9 inches and 
were found either on the surface or at an average depth of 2.3 inches.  The data 
suggest that suitable habitat characteristics include shallow water, an exit 
accessible by crawling (e.g., a streambank or downed tree), and moderate 
canopy cover (i.e., willow trees).  Breeding for Colorado River toads is strongly 
correlated with summer monsoon rain events; they lay their eggs in areas where 
water pools.  Colorado River toads lay long strings of eggs that can cover a very 
large area averaging 23 by 19 feet.  Sites are very ephemeral; data on water depth 
or pH do not represent the moment of oviposition.  The data analysis suggests that 
Colorado River toads select shallow water averaging 0.42 inch with no canopy 
cover for oviposition. 
 
In addition to the priority research questions published in the 2013–17 monitoring 
and research priorities, relict leopard frog conservation activities (supported by 
Work Task C4 funds) were conducted by the National Park Service at 19 sites 
within southern Nevada and northwestern Arizona and included the release of 
tadpoles and juvenile frogs at 6 experimental sites and 1 natural site as well as 
diurnal and nocturnal surveys conducted year round at all 19 natural and 
experimental sites. 
 
The following research priorities for amphibians were not addressed: 
 

• Determine the feasibility to translocate or create refugia for lowland 
leopard frogs and Colorado River toads, including determining if 
those parameters can be recreated at restoration sites (CRTO3 and 
LLFR3). 
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• Conduct a study/demonstration to create refugia and translocate lowland 
leopard frogs and Colorado River toads to determine survivability of 
translocation (CRTO3 and LLFR3). 

 
Lowland leopard frogs and Colorado River toads were both found along the 
Bill Williams River below Alamo Dam and have been documented on 
Planet Ranch.  The LCR MSCP will monitor for lowland leopard frog and 
Colorado River toad colonization of created habitat at Planet Ranch and then 
assess whether translocation of these species to appropriate created habitat or 
creation of refugia would be needed to benefit conservation of the species.  
Existing successful methods for translocating and creating refugia for relict 
leopard frogs and conservation strategies for Amargosa toads are available that 
may be used to reintroduce lowland leopard frogs and Colorado River toads, if 
necessary. 
 
 
Proposed 2018–2022 Activities 
No research is proposed for lowland leopard frogs or Colorado River toads.  If 
they become a covered species, additional research may be conducted if they do 
not colonize habitat created at Planet Ranch. 
 
 
Wildlife Post-Development and System-Wide 
Monitoring 
 
Five-year priorities for monitoring restoration sites are similar for covered species 
that have conservation measures describing restoration goals.  Prior to initiation 
of restoration projects, pre-development surveys will be conducted if habitat is 
present.  After each restoration project or phase has been completed, post-
development monitoring will occur for targeted covered species and their habitats.  
Species monitoring protocols will be similar to those used for system-wide 
monitoring when appropriate.  Habitat models will be created and tested to more 
efficiently monitor pre- and post-development.  Decision support tools will be 
developed for managing created habitats to ensure these habitats provide the 
required site characteristics for targeted covered species.  Because the LCR 
MSCP is a habitat-based program, presence/absence of covered species is not a 
requirement for determining success.  However, information gained from the 
presence of targeted covered species may increase the ability to provide habitat 
requirements for these species. 
 
System-wide monitoring will be conducted in accordance with the LCR MSCP 
Habitat Conservation Plan as described in Section 5.11.1.  System-wide 
monitoring includes collecting data on existing populations and their habitats to 
determine covered species status, distribution, density, migration, productivity, 
and other ecologically important parameters.  Data gaps identified will be filled 
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by conducting monitoring activities directed toward covered species in which 
little information is known.  As these gaps are filled, it is anticipated that 
system-wide monitoring will decrease during the latter years of LCR MSCP 
implementation. 
 
 
2013–2017 Post-Development Monitoring Accomplishments 
The post-development monitoring priorities were to: 
 

• Conduct covered species specific monitoring using the same or similar 
protocols as the system-wide surveys in order to determine occupancy, 
distribution, and population trends at restoration sites to assist in adaptive 
management. 
 

• Conduct monitoring to evaluate whether the restoration sites meet the 
conservation measures for credit determination, where appropriate, and to 
determine whether the sites are meeting the management guidelines to 
adaptively manage the site. 
 

Post-development monitoring was conducted for all covered and evaluation 
species except relict leopard frogs, three-corner milkvetch, and sticky buckwheat, 
which are only located in Reaches 1 and 2 and are not expected to colonize 
LCR MSCP conservation areas located in Reaches 3–7. 
 
Monitoring for riparian birds has been conducted using single species or multi-
species protocols depending on purpose and need.  Southwestern willow 
flycatcher presence/absence surveys have been conducted on an annual basis 
since 1996, using a slightly modified version of the USFWS-approved protocols.  
In 2006, system-wide monitoring for yellow-billed cuckoos was initiated using a 
presence/absence protocol developed jointly by the U.S. Geological Survey and 
Southern Sierra Research Station (Johnson et al. 2005).  Southwestern willow 
flycatcher and yellow-billed cuckoo surveys will help determine the status and 
trends of these important umbrella species.  Single species protocols were 
developed for surveying elf owls and gilded flickers, as elf owls must be surveyed 
for at night and gilded flickers were not being detected during double-sampling 
bird surveys.  Monitoring for the other covered bird species was conducted using 
multi-species protocols (Bart et al. 2010). 
 
Table 5 shows the species surveyed for and detected at each LCR MSCP 
conservation area between 2013 and 2017. 
 
  



Five-Year Monitoring and Research Priorities for the 
Lower Colorado Multi-Species Conservation Program, 2018–2022 

 
 

 
 

55 

Table 5.—Species detected at each LCR MSCP conservation area between 2013 and 2017 
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Arizona Bell’s vireo X  X X    X X  X  X 
California black rail     X  X    X   
California leaf-nosed bat X NS X X NS  NS NS X NS X NS X 
Colorado River cotton rat X X X X NS   X X NS NS NS  
Colorado River toad NS NS NS NS NS NS NS NS NS NS NS NS NS 
Desert pocket mouse X X            
Elf owl NS  NS NS  NS  NS NS NS  NS NS 
Gila woodpecker X  X      X X X  X 
Gilded flicker              
Lowland leopard frog NS NS   NS  NS NS  NS NS  NS 
McNeill’s sootywing skipper X  X X X X  NS X NS NS X  
Northern Mexican gartersnake X NS NS  NS  NS NS   NS  NS 
Pale Townsend’s big-eared bat X NS X X NS X NS NS X NS X NS X 
Sonoran yellow warbler X  X X  X  X X  X  X 
Southwestern willow flycatcher X        X     
Summer tanager X  X X     X    X 
Vermilion flycatcher   X      X  X   
Western least bittern X    X  X X     X 
Western red bat X  X X  X  NS X NS X NS X 
Western yellow bat X  X X  X  NS X NS X NS X 
Yellow-billed cuckoo X  X X    X X     
Yuma clapper rail X X   X  X X     X 
Yuma hispid cotton rat      X       X 
     1 X = detected at the conservation area at least one year between 2013 and 2017; NS = Surveys were not conducted for 
the species at that site, but the land cover type is present; blank cell = not detected; and grey shading = Land cover type for 
the species was not present, so surveys were not conducted or the site is outside the range of the species. 
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Proposed 2018–2022 Post-Development Monitoring Activities 
The post-development monitoring priorities are to: 
 

• Conduct covered species-specific monitoring to determine presence at 
restoration sites to assist in adaptively managing the site. 
 

• Conduct monitoring to evaluate whether the restoration sites meet the 
conservation measures for credit determination, where appropriate, and to 
determine whether the sites are meeting the management guidelines to 
adaptively manage the site. 
 

• Track the yellow-billed cuckoo colonization curve at restoration sites.  
Are they attracted to younger vegetation?  Will presence decrease as 
vegetation gets more mature? 
 

• Look at the level of effort required to confirm nesting of yellow-billed 
cuckoos to ensure followups are meeting monitoring needs. 
 

• Conduct surveys for gilded flickers and elf owls in LCR MSCP 
conservation areas near occupied nesting habitat to document if created 
habitat is used for foraging or nesting.  Wait until cavity density in the 
conservation areas are appropriate before monitoring (these species are 
expected to use cavities created by other woodpeckers). 
 

• Conduct surveys for northern Mexican gartersnakes at the BLCA and 
Planet Ranch and conduct surveys for lowland leopard frogs, Colorado 
River toads, and other amphibians at Planet Ranch to determine where 
potential prey and habitat is located for northern Mexican gartersnakes. 

 
 
2013–2017 System-Wide Monitoring Accomplishments 
Marsh Birds 
The system-wide monitoring priorities for marsh birds were to: 
 

• Continue the interagency marsh bird surveys, using the current multi-species 
protocol, at historical survey points in order to estimate population trends 
over time. 

 
• Evaluate the current survey protocol to determine if the third survey 

period for marsh birds should continue to be conducted in the May to 
increase western least bittern detections.  The most recent survey protocol 
calls for three separate survey periods ending April 30 (Conway 2011). 
 

The effectiveness of conducting surveys in May to increase western least bittern 
detections was not specifically analyzed in the reports, but from 2013 to 2017, the 
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third survey period was conducted in May (Work Task D1).  Surveys conducted 
in May had higher detections than March or April (table 6).  It was deemed that 
further research was not required. 
 
 

Table 6.—Western least bittern detections in Topock Gorge from 
2013 to 20171 

Year 
Survey sessions and detections 

March April May 
2013 5 10 24 
2014 2 13 23 
2015* 18 8 45 
2016 20 41 73 
2017 21 28 54 
     * Surveys conducted April 28 – May 1, 2015. 

 
 

• Develop a protocol to monitor marsh habitats for covered species 
requirements, such as prey abundance and selenium concentrations. 

 
• Evaluate the sampling design to ascertain if there is a statistical 

relationship between marsh birds (western least bitterns, Yuma clapper 
rails, and California black rails) survey results (i.e., call-playback surveys) 
and true population estimates. 
 

Using the marsh bird data collected in Topock Gorge from 2006 to 2015, the 
LCR MSCP conducted an occupancy analysis of Yuma clapper rail detections 
using fluctuation in water levels as a covariate (Work Task C66).  The strongest 
models in the analysis had the detection probability varying by both survey period 
and year.  This means that there was no constant detection probability through 
time that would allow for survey results to be used to calculate abundance 
estimates.  Abundance estimates were calculated using N mixture models, but the 
confidence intervals were fairly large.  It is likely that abundance estimates can 
only be calculated, with small enough confidence intervals to be usable, at a 
region-wide scale such as the entire LCR.  The LCR MSCP is now working with 
the USFWS and other groups and agencies to coordinate an effort to analyze the 
marsh bird survey results for the entire LCR. 
 
 
Riparian Birds 
System-wide monitoring for riparian birds has been conducted using single 
species or multi-species protocols depending on purpose and need.  Southwestern 
willow flycatcher presence/absence surveys have been conducted on an annual 
basis since 1996, using a slightly modified version of the USFWS-approved 
protocols.  In 2006, system-wide monitoring for yellow-billed cuckoos was 
initiated using a presence/absence protocol developed jointly by U.S. Geological 
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Survey and Southern Sierra Research Station (Johnson et al. 2005).  Southwestern 
willow flycatcher and yellow-billed cuckoo surveys will help determine the status 
and trends of these important umbrella species.  Single species protocols were 
developed for surveying elf owls and gilded flickers, as elf owls must be surveyed 
for at night and gilded flickers were not being detected during double-sampling 
bird surveys.  Monitoring for the other covered bird species was conducted using 
multi-species protocols (Bart et al. 2010). 
 
The 5-year system monitoring priorities for 2013–17 were based on the 
knowledge of status, distribution, trend, and demography for each covered species 
in 2012.  These 5-year priorities are to: 
 

• Continue system-wide presence/absence surveys for southwestern willow 
flycatchers.  All presently known breeding sites will be surveyed every 
year.  Sites below Parker Dam will be surveyed on a rotational basis every 
3 years. 
 

• Continue system-wide presence/absence surveys for yellow-billed 
cuckoos.  All presently known breeding sites will be surveyed every year; 
other sites will be surveyed on a rotational basis. 
 

• Continue to monitor population status and distribution of Gila 
woodpeckers, gilded flickers, vermilion flycatchers, Arizona Bell’s 
vireos, yellow warblers, and summer tanagers within the LCR MSCP area 
using either species-specific protocols or general bird system-wide 
surveys. 
 

• Monitor winter habitat use of vermilion flycatchers. 
 
Between 2013 and 2017, presence/absence surveys for southwestern willow 
flycatchers were conducted (Work Task D2) at the following system-wide sites:  
Mesquite, Nevada; Mormon Mesa, Nevada; Muddy River, Nevada; Warm 
Springs, Nevada; Pahranagat National Wildlife Refuge, Nevada, Meadow Valley 
Wash, Nevada; Topock Marsh, Arizona; Alamo Lake, Arizona; Bill Williams 
River National Wildlife Refuge, Arizona; and potential habitat below Parker Dam 
(surveyed on a rotational basis every 3 years).  Additional activities included 
banding, nest monitoring, a habitat threats analysis, and a microclimate analysis.  
The Mesquite and Morman Mesa sites on the Virgin River were only monitored 
in 2013 due to safety concerns.  The Pahranagat National Wildlife Refuge, 
Meadow Valley Wash, and Alamo Lake sites were added in 2014 to replace 
Mesquite and Mormon Mesa.  The Key Pittman Wildlife Management Area and 
River Ranch were funded by Nevada Department of Wildlife and the survey 
results were published with the LCR MSCP system-wide monitoring site results.  
Six of the 10 study areas occupied in 2016 by resident (i.e., one detected for a 
week or more) or breeding flycatchers (Key Pittman Wildlife Management Area, 
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Pahranagat National Wildlife Refuge, Muddy River, Topock Marsh, Bill Williams 
River National Wildlife Refuge, and Alamo Lake) held resident or breeding 
flycatchers in each year they were surveyed (Braden and McKernan 2006; 
McLeod et al. 2008; McLeod and Pellegrini 2013, 2014, 2015, 2016, 2017).  
While resident flycatchers were detected in all of the typically occupied study 
areas, breeding and resident flycatchers were detected in new locations within the 
Key Pittman Wildlife Management Area, the Bill Williams River National 
Wildlife Refuge, and Alamo Lake.  Of the other four occupied study areas, 
three (River Ranch, Warm Springs, and Meadow Valley Wash) have been 
intermittently occupied over the years, and one (PVER) was occupied for the 
second time since surveys began in 2009.  No nesting of southwestern willow 
flycatchers along the LCR has been detected south of Parker Dam.  Migrant 
willow flycatchers were detected annually.  Given that willow flycatchers are one 
of the last long-distance neotropical migrant passerines to arrive in the Southwest 
in spring, the occurrence of northbound, migrant flycatchers along the Colorado 
River until late June is expected. 
 
System-wide surveys for yellow-billed cuckoos were conducted from 2013 to 
2015 (Work Task D7).  System-wide monitoring was not conducted in 2016 or 
2017, as nesting occurred primarily on LCR MSCP conservation areas.  Breeding 
yellow-billed cuckoos were detected nesting on system-wide transects along the 
Bill Williams River.  They are also known to nest around Alamo Lake.  In 2014 
and 2015, 14 yellow-billed cuckoos were fitted with Global Navigation Satellite 
System tags to assess pre- and post-breeding movements.  Seven yellow-billed 
cuckoos were recaptured, and the data show a fall migration route for this 
population following the west coasts of Mexico and Central America.  The new 
data also lend support for wintering grounds for this population in the Gran Chaco 
region of northern Argentina and southern Bolivia.  In addition, all of the yellow-
billed cuckoos tracked used a 660-km stretch of a largely unprotected region of 
western Mexico from Nayarit to Michoacán during fall migration. 
 
Monitoring of the population status and distribution of Gila woodpeckers, gilded 
flickers, vermilion flycatchers, Arizona Bell’s vireos, yellow warblers, and 
summer tanagers within the LCR MSCP area was conducted in 2013–15 
(Work Task D6).  Sonoran yellow warblers had the largest population size, with 
1,786 territories estimated to be present system-wide on average.  Population 
size estimates for Arizona Bell’s vireos were the most stable of the LCR MSCP 
covered focal species during the project, with an average of 1,365 territories and 
a difference among years of up to about 400 territories.  Gila woodpecker and 
summer tanager population estimates varied among years, with an apparent 
system-wide increase in Gila woodpecker territories in 2014 and 2015.  Very few 
vermilion flycatcher and gilded flicker territories were recorded throughout the 
project, and their rarity on the landscape produces wide confidence intervals that 
make annual attempts at population size estimates for these species tenuous.  No 
system-wide surveys were conducted in 2016–17.  System-wide surveys will  
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resume after evaluation of the monitoring protocol to clarify the monitoring 
questions the data will inform and to improve the accuracy of monitoring 
methods. 
 
 
Bats 
System-wide monitoring for western red bats, western yellow bats, California 
leaf-nosed bats, and pale Townsend’s big-eared bats was conducted using 
acoustic monitoring, bat captures, mine outflight counts, and radio-telemetry 
tracking. 
 
The system monitoring priorities for bats were to: 
 

• Continue monitoring the distribution and abundance of western red bats 
and western yellow bats along the LCR in order to track distribution and 
long-term trends in populations. 
 

• Record all bat species during acoustical surveys using long-term bat 
stations so that possible surrogate species may be monitored for long-term 
trends in distribution and abundance of covered bat species. 
 

• Continue to conduct outflight counts of California leaf-nosed and pale 
Townsend’s big-eared bats to evaluate long-term trends in distribution and 
abundance. 

 
Bats were monitored under Work Task D9.  Western red bats, western yellow 
bats, California leaf-nosed bats, and pale Townsends big-eared bats were 
monitored using acoustic detectors at five locations:  Pintail Slough in the Havasu 
National Wildlife Refuge, the Bill Williams River National Wildlife Refuge, the 
Cibola National Wildlife Refuge-Island Unit, the Picacho State Recreation Area, 
and the Mittry Lake Wildlife Area.  In addition, the acoustic data were also 
analyzed to determine presence for pallid bats, big brown bats, spotted bats, 
greater mastiff bats, hoary bats, California myotis, Arizona myotis, Yuma myotis, 
canyon bats, and Mexican free-tailed bats. 
 
Mine outflight counts were conducted at 18 mines/mine complexes along the 
LCR to record presence of California leaf-nosed and pale Townsend’s big-eared 
bats to evaluate long-term trends in distribution and abundance.  California leaf-
nosed bats were detected at all of these mines, and pale Townsend’s big-eared 
bats were detected at four mines. 
 
 
Rodents 
Presence/absence surveys have been conducted on riparian restoration 
demonstration sites and at restoration sites along the LCR.  The current 
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distribution and range of Colorado River cotton rats and Yuma hispid cotton rats 
are assumed from existing literature.  It is unknown whether these two species’ 
distributions overlap.  Because these species cannot be adequately determined in 
the field, genetic material will need to be taken from captured individuals to 
determine range restrictions. 
 
The system-wide monitoring priority for rodents was to: 
 

• Conduct surveys to evaluate the distribution and range of Colorado River 
cotton rats and Yuma hispid cotton rats to determine population trends and 
separation of populations of these two species. 

 
Rodent trapping for Colorado River cotton rats and Yuma hispid cotton rats were 
conducted under Work Task D10 at Pintail Slough on Havasu National Wildlife 
Refuge, Arizona; Kohen Ranch on the Bill Williams River National Wildlife 
Refuge, Arizona; Ehrenberg southwestern willow flycatcher site south of 
Ehrenberg, Arizona; Imperial NWR, near Yuma, Arizona; Mittry Lake-Betty’s 
Kitchen Restoration Area, Arizona; Gila Valley-Laguna Dam near Yuma, 
Arizona; US-95 bridge over the Gila River near Yuma, Arizona; West Highline 
Canal in Imperial Valley, California; and the Limitrophe area in the Yuma Valley, 
Arizona.  It is currently believed that the range of these two species do not 
overlap.  Those captured south of the Trigo and Chocolate Mountains in the 
area of the Imperial NWR and south to Yuma Valley, Arizona, and the 
Limitrophe area to date are Yuma hispid cotton rats.  Those captured north of the 
aforementioned mountain ranges to date are Colorado River cotton rats.  The 
northernmost historic records of Colorado River cotton rats are from an area just 
south of Laughlin, Nevada (Hall 1946; Bradley 1966).  Currently, the LC MSCP 
has not found this species farther north than the BBCA in Laughlin, Nevada. 
 
 
Insects 
The system-wide monitoring priority for insects was to: 
 

• Continue to monitor trends in sootywing populations throughout the 
LCR MSCP planning area. 

 
Presence surveys were conducted along the LCR (Work Task F6).  Sootywings 
were detected in Reaches 3, 4, and 7, indicating that their distribution remains 
similar to what was documented from 2008 to 2012.  In 2015, they were 
documented at Hunters Hole in Reach 7 just north of the Southerly International 
boundary with Mexico, which is farther south than they were detected from 2008 
to 2012.  In 2017, sootywings were detected at the Cibola National Wildlife 
Refuge-Island Unit, which was occupied before it burned in 2011, and where they 
had not been detected since the fire.  It is unknown if they persisted in unburned 
portions of the Island Unit or if they recolonized. 
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Amphibians 
Two evaluation species have system-wide monitoring priorities under the 
LCR MSCP:  the Colorado River toad and the lowland leopard frog.  The system-
wide monitoring priorities for amphibians were to: 
 

• Continue to monitor the current distribution of Colorado River toads and 
lowland leopard frogs. 
 

• Identify occupied Colorado River toad and lowland leopard frog habitat 
for possible protection. 

 
A total of 139 locations along the LCR and the Bill Williams River were surveyed 
for lowland leopard frogs and Colorado River toads (Work Task D12).  Neither 
species was detected on the main stem of the LCR.  Lowland leopard frogs and 
Colorado River toads were detected on the Bill Williams River.  Further 
distribution studies detected both species breeding on the Big Sandy River, 
Santa Maria River, Agua Fria River, and the Verde River in Arizona. 
 
The only location of lowland leopard frog and Colorado River toad habitat within 
the LCR MSCP planning areas is along the Bill Williams River below Alamo 
Dam.  They have been detected between Lincoln Ranch and Planet Ranch and 
may also occur on the Bill Williams River National Wildlife Refuge downstream 
from Planet Ranch.  LCR MSCP acquisition of a lease on Planet Ranch for a 
conservation area in 2015 may benefit these species. 
 
 
Proposed 2018–2022 System-Wide Monitoring Activities 
System-wide and post-development monitoring priorities are listed below. 
 
 
Marsh Birds 
The system-wide monitoring priorities for marsh birds are to: 
 

• Continue the interagency marsh bird surveys, using the current multi-
species protocol, at long-term survey points in order to detect the presence 
of California black rails, western least bitterns, and Yuma clapper rails, 
and to monitor their occupancy trends over time. 
 

• Continue to coordinate with the USFWS Ecological Services Field Offices 
and refuges to pool detection data so that Yuma clapper rail population 
trends can be monitored range-wide. 
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• Analyze the vegetation at system-wide monitoring sites used by marsh 
birds and determine if there are any further habitat characteristics in 
common between utilized sites that can be used to improve created habitat 
for these species (MRM1, CLRA1, BLRA1, and LEBI1). 

 
 
Southwestern Willow Flycatcher 
The system-wide monitoring priorities for southwestern willow flycatchers are to: 
 

• Continue work on soil moisture and physiognomic structure needs 
(MRM1, MRM2, and WIFL1). 
 

• Analyze the vegetation at system-wide monitoring sites used by 
southwestern willow flycatchers and determine if there are any further 
habitat characteristics in common between utilized sites that can be used 
to improve created habitat for this species (MRM1 and WIFL1). 

 
 
Yellow-billed Cuckoo 
The system-wide monitoring priorities for yellow-billed cuckoos are to: 
 

• Look at Bill Williams River historical detection locations to determine if 
yellow-billed cuckoos were targeting younger patches of habitat similar to 
what they use in LCR MSCP conservation areas.  How is the habitat 
similar or different to habitat at LCR MSCP conservation areas? 
 

• Analyze the vegetation at system-wide monitoring sites used by yellow-
billed cuckoos and determine if there are any further habitat characteristics 
in common between utilized sites that can be used to improve created 
habitat for this species (MRM1 and YBCU1). 

 
 

Arizona Bell’s Vireo, Sonoran Yellow Warbler, Summer Tanager, 
Gila Woodpecker, and Vermilion Flycatcher 
The system-wide monitoring priorities for Arizona Bell’s vireos, Sonoran yellow 
warblers, summer tanagers, Gila woodpeckers, and vermillion flycatchers are to: 
 

• Analyze the vegetation at system-wide monitoring sites used by covered 
riparian birds and determine if there are any further habitat characteristics 
in common between utilized sites that can be used to improve created 
habitat for these species (MRM1, BEVI1, GIWO2, SUTA1, and 
YWAR1). 
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• Define system-wide monitoring objectives.  Determine if stratified random 
sampling and Monitoring Avian Productivity and Survivorships methods 
should be replaced with other system-wide monitoring methods.  This will 
take into account where the species are most likely to occur. 

 
 
Gilded Flicker 
The system-wide monitoring priorities for gilded flickers are to: 
 

• Analyze the vegetation at system-wide monitoring sites used by gilded 
flickers and determine if there are any further habitat characteristics in 
common between utilized sites that can be used to improve created habitat 
for these species (MRM1 and GIFL1). 

 
• Conduct surveys to identify gilded flicker territories near LCR MSCP 

conservation areas to document if created habitat is used for foraging. 
 
 
Elf Owl 
The system-wide monitoring priorities for elf owls are to: 
 

• Analyze the vegetation at system-wide monitoring sites used by elf owls 
and determine if there are any further habitat characteristics in common 
between utilized sites that can be used to improve created habitat for these 
species (MRM1 and ELOW1). 

 
• Conduct surveys to identify elf owl territories near LCR MSCP 

conservation areas to document if created habitat is used for foraging. 
 
 
Rodents 
The system-wide monitoring priority for rodents is to: 
 

• Clarify the use of marsh by cotton rats.  Detections indicate that cotton rats 
likely use the grassland edge of the marsh but not the regularly inundated 
portions of the marsh. 

 
 
Insects 
The system-wide monitoring priorities for insects are to: 
 

• Continue to monitor sootywing occupancy in quailbush patches in the 
cottonwood-willow land cover type and along marsh edges to determine if 
these land covers regularly provide sootywing habitat when quailbush is 
present. 
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• Monitor quailbush patches near proposed conservation area honey 
mesquite plantings to determine where sootywing populations are located 
that could colonize the new habitat.  This may help inform the likelihood 
of colonization after fire. 

 
 

PROPOSED 2018–2022 ADAPTIVE 
MANAGEMENT PRIORITIES 
 
Other adaptive management priorities are to: 
 

• Review LCR MSCP research and existing scientific literature on 
evaluation species (desert pocket mice, California leaf-nosed bats, pale 
Townsend’s big-eared bats, Colorado River toads, and lowland leopard 
frogs).  Identify a method to evaluate the impacts of covered activities on, 
and identifying conservation needs of, these evaluation species.  Evaluate 
and document the results. 
 

• Develop tools to track progress when completing milestones 
(i.e., conservation measure accomplishment, fish augmentation numbers, 
acres of land cover type established, where covered species have been 
detected). 
 

• Identify the goal for species response to land cover established.  Refine 
what is needed to monitor species response. 
 

• Explore whether more efficient and effective soil moisture monitoring 
techniques are available for use in evaluating habitat characteristics.  In 
particular, evaluate the use of data fusion techniques using in-situ soil 
moisture data and remotely sensed data that could provide spatially 
continuous soil moisture information. 
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