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ABSTRACT 

I conducted call-response surveys for Yuma clapper rails in the Colorado River delta, 

Mexico during the breeding seasons of 1999 and 2000 to estimate abundance, determine 

distribution, and identify patterns of habitat use. The maximum estimate of abundance 

was 6,629 individuals (95% C.L 4,859 to 8,399). Rails were widely distributed in the 

delta, occupying almost all marshlands dominated by cattail. Rail density was higher in 

the Cienega de Santa Clara than in the other wetlands of the delta. High densities of 

clapper rails were associated with increased water depth, high cattail coverage, high 

vegetation coverage, low saltcedar coverage, proximity to shoreline, and increased 

salinity up to 8 ppt. As this is an endangered subspecies shared by Mexico and the U.S., 

the conservation of the delta ecosystem should be the interest of both countries, 

especially when management decisions upstream in the U.S. have an impact over natiiral 

areas downstream in Mexico. 
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INTRODUCTION 

Loss and degradation of wetland ecosystems have caused population declines of 

marshbirds over the last 100 years in North America (Ribic et al. 1999). Rails have been 

especially susceptible, as members of this family are obligate wetland users and their 

secretive nature make monitoring and conservation of populations difScult (Eddleman et 

al. 1988). 

The Yuma clapper rail {Rallus longirostris yumanensis) is one of the three subspecies of 

endangered clapper rails in western U.S. and Mexico (Eddleman and Conway 1998). It is 

endemic to freshwater and brackish marshes of the Lower Colorado River, from Topock 

Marsh in Arizona to the delta region in Baja California and Sonora, Mexico (Rosenberg 

etal. 1991). 

Before dam construction in the Lower Colorado Basin most of the Yuma clapper raUs 

inhabited marshes in the Colorado River delta in Mexico (U.S. Fish and Wildlife Service 

1983, Todd 1986). Rails colonized marshes in Arizona and California as these areas were 

created along the Colorado River by silt deposition near dams (Anderson and Ohmart 

1985). Main locations supporting breeding rails in the U.S. are Mittry Lake, West Pond, 

Imperial National Wildlife Refuge, Bill Williams Delta, Topock Gorge, Topock Marsh, 

and the Salton Sea (Rosenberg et al. 1991). Total population in the U.S. is estimated to be 

about 1,500 individuals (Piest and Campoy 1999). 

Water management, reduction of instream flows, channelization, and dredging projects 

along the river have caused a massive reduction and degradation of the Colorado River 
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delta ecosystem in Mexico (Glenn et al. 1996), with an estimated loss of >80% of the 

wetland area (Valdes-Casillas et al. 2000). This has caused a major impact on the 

breeding habitat of Yuma clapper rails (U.S. Fish and Wildlife Service 1983), resulting in 

a drastic decline of the population of clapper rails dependant on Colorado River flows in 

Mexico. 

The river floodplain in the delta was dominated by native emergent vegetation in the 

1960's and 1970's, supporting half of the population of clapper rails at that time (Todd 

1986). However, large floods in the 1980's destroyed this vegetation (U.S. Fish and 

Wildlife Service 1983), and subsequent periods of extended droughts and increased water 

salinity fevored the establishment of a near monoculture of saltcedar (Glenn et al. 1996), 

which is not a preferred habitat feature by Yuma clapper rails (Conway et al. 1993). 

However, agricultural run-off accidentally restored wetlands in the delta during the 

1980's and 1990's. The Cienega de Santa Clara, the largest marsh in the region (about 

5,800 ha), is supported by agricultural drainage from the Wellton-Mohawk Valley in 

Arizona (salinity > 3 ppt), that arrives through the Main Outlet Drainage Exit (MODE) 

canal (Glenn et al. 1992, 1996). The Cienega is located in the southeast side of the delta, 

near the river mouth, within the limits of the Upper Gulf of California and Colorado 

River Delta Biosphere Reserve (Biosphere Reserve) (SEMARNAP 1995). Results from 

previous surveys suggest that this wetland is an important area for Yuma clapper rails, 

probably supporting the largest population in their entire range (Eddleman 1989, Abarca 

et al. 1993, Piest and Campoy 1999). 
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Other marshlands in the delta have been restored with agricultural wastewater from, the 

Mexicali Valley (Glenn et al. 1996), providing potential habitat for the subspecies. These 

include the Hardy River, El Mayor River, Laguna del Indio, Pescaderos River, and 

wetlands supported by Ayala and Zacatecas drains. 

Despite past survey efforts carried out ia the delta (U.S. Fish and Wildlife Service 1983, 

Todd 1986, Eddleman 1989, Abarca et al. 1993, Piest and Campoy 1999), there are no 

detailed data on the distribution, abundance, and patterns of habitat use of Yuma clapper 

rails in these wetlands. The importance of this information for the conservation of the 

subspecies has been recognized by the U.S. Fish and Wildlife Service in the Yuma 

Clapper Rail Recovery Plan (U.S. Fish and Wildlife Service 1983), and by the Mexican 

Ministry of Environment, Natural Resources, and Fisheries in the research and 

conservation priorities of the Biosphere Reserve (SEMARNAP 1995). 

Shared interest for the conservation of the subspecies in both countries triggered a bi-

national collaboration process to conduct research designed to generate information on 

the status of the Yuma clapper rail in the Colorado River delta, in Mexico. This started 

with surveys in the Cienega organized by the Arizona Game and Fish Department in 

collaboration with Mexican agencies (Abarca et al. 1993, Piest and Campoy 1999), and 

continued with a multi-institutional effort. Participants included Arizona Cooperative 

Fish and Wildlife Research Unit, University of Arizona, Arizona Game and Fish 

Department, and U.S. Fish and Wildlife Service from the United States; and the Center 

for Conservation of Natural Resources (CECARENA) - ITESM Campus Guaymas, the 

Upper Gulf of California and Colorado River Delta Biosphere Reserve, and the Institute 
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for the Environment and Snstainable Development of Sonora (IMADES) from Mexico. 

The development of this thesis resulted from this bi-national project. 

Specific objectives of my study were to (1) estimate the abundance of Yuma clapper rails 

in the Cienega de Santa Clara during the breeding season, (2) determine the distribution 

of the subspecies in the Colorado River delta, and (3) identify patterns of habitat use of 

Yuma clapper rails in the delta during breeding season. Beside these objectives, another 

research interest was to assess the survey protocol for Yuma clapper rails in the Cienega 

de Santa Clara, and to contribute information on the general effectiveness of call-

response surveys for monitoring elusive marshbirds. 

These research objectives resulted in three manuscripts, included as appendices in this 

thesis, each one prepared as an independent research paper to be published in a scientific 

journal. The manuscript in Appendix A includes the estimation of abundance of Yuma 

clapper rails in the Cienega de Santa Clara and the distribution of the subspecies in the 

wetlands of the Colorado River delta. It was prepared for a special issue of the Joumal of 

Arid Environments for research in the Colorado River delta and Upper Gulf of California. 

The manuscript in Appendix B describes patterns of habitat use of Yuma clapper rails in 

the delta, based on the association between rail densities and environmental 

characteristics of these wetlands. This chapter was prepeired following guidelines of the 

joumal Ecology. Finally, the manuscript on Appendix C was prepared following 

guidelines of the Joumal of Field Ornithology, as the main focus is on the assessment of 

the sxirvey protocol for Yuma clapper rails in the Cienega de Santa Clara. Additional data 

not included in the papers are attached as tables and figures in Appendix D. 
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THE PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the manuscripts 

appended to this thesis. Following is a summary of the most important findings in this 

study. 

DISTRIBUTION AND ABUNDANCE 

The estimated abundance for Yuma clapper rails in the Cienega de Santa Clara ranged 

fi"om 3,217 (95% C.L ± 905) to 3,978 (95% C.I. ± 1,062) individuals during the breeding 

seasons of 1999 and 2000. Assuming a 60% response rate of clapper rails to the taped 

vocalizations, the estimated abundance ranged fi:om 5,362 (95% C.L ± 1,508) to 6,629 

(95% C.L ± \,nO) individuals. These results show that the Cienega de Santa Clara 

supports >70% of the total population of Yuma clapper rails, thus the conservation of this 

wetland should become a priority in conservation and recovery plans of the subspecies in 

a bi-national firamework. 

Clapper rails were widely distributed in the delta, occupying almost all marshlands 

dominated by cattail. Rails were more abundant at Riito Drain and Laguna del Indio. 

Pairs were found consistently during the study at El Mayor River and El Doctor wetlands 

in small numbers. Individuals were found only occasionally at the Cucapa Complex and 

Hardy River. No rails were found in the riparian corridor of the Colorado River during 

breeding season; however, individuals were found during fall and winter. 
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As this is an endangered subspecies shared by Mexico amd the U.S., the conservation of 

the delta ecosystem should be the interest of both countiries, especially when management 

decisions upstream in the U.S. have an impact over natuiral areas downstream in Mexico. 

HABITAT USE 

Yuma clapper rails were detected throughout the Cienega de Santa Clara during the 

breeding seasons of 1999 and 2000, and their density (rraean = 1.74, « = 16) was 13.46 

times (SE = 1.47) higher than the median rail density at the other marsh wetlands of the 

Colorado River delta (mean = 0.33, « = 7) (ANOVA linear contrast, F/.g = 45.71, P < 

0.001). Rails were present in differing arrays of vegetation composition, marsh habitat 

type, vegetation coverage, water depth, and salinity. Nevertheless, we found patterns of 

associations between specific habitat characteristics and jail density. 

High densities of clapper rails were associated with incre=ased water depth, high cattail 

coverage, high vegetation coverage, low saltcedar coverage, proximity to the interface 

between shoreline and emergent vegetation, and increased salinity up to 8 ppt. Diversion 

of Colorado River water, flood control activities in the d>«lta floodplain, and management 

practices in local drains have negatively affected the abundance of Yuma clapper rails in 

Mexico. 

Recovery efforts in the delta should include the maintenamce of a constant instream flow 

to favor the establishment of native emergent vegetation. The management of local 

agricultural drains should also follow environmental crite^ria, securing constant flows and 
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low salinity levels (3 to 8 ppt) to areas with established emergent vegetation. Drain 

maintenance and flood control operations should avoid damaging these emergent 

vegetation patches. 

The Cienega maintains the highest population of Yuma clapper rails in their entire 

geographic range, thus it should continue to be protected under the existing scheme of 

Core Zone of the Upper Gulf of California and Colorado River Delta Biosphere Reserve. 

EVALUATION OF CALL-RESPONSE SURVEYS 

During the breeding season of2000, we evaluated the use of call-response surveys to 

monitor breeding Yuma clapper rails at the Cienega de Santa Clara, Colorado River delta, 

Mexico. We assessed the effect that time of day, stage of breeding season, and number of 

survey periods had on the average rails detected at a station. Conducting 2 survey periods 

resulted in a significant increase in the number of detected rails over conducting either 1 

survey period or passive listening. The estimated difference between 2 survey periods 

and passive listening was 1.14 rails detected/station (± 0.24, 95% C.I.). There was no 

difference between the number of rails detected during early breeding season and late 

breeding season for any of the survey techniques. However, the number of rails detected 

with passive listening during early breeding season appeared to be higher than during late 

breeding season. The number of rails detected during the afternoon surveys was 

consistently higher for all the survey techniques and both breeding seasons; however, the 

differences were not statistically significant (P = 0.28). Our results show that call 
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response sxirveys improve the detection of Yuma clapper rails over passive listening. 

Using this technique also appears to reduce the variation of rates of responses by rails 

through the breeding season when compared to passive listening. The established 

protocol developed by the U.S. Fish and Wildlife Service for Yuma clapper rail surveys 

is adequate for monitoring, and it should continue to be implemented on a yearly basis at 

the Cienega de Santa Clara and other wetlands of the Colorado River delta in Mexico. 
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APPENDIX A 

Distribution and abundance of the Yuma clapper rail 

(Rallus longirostris yumanensis) in the Colorado River delta, Mexico 

Manuscript prepared for submission to the Journal of Arid Environments 
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Distribution and abundance of the Yuma clapper rail 

(Rallus longirostris vumanensis) in the Colorado River delta, Mexico. 

Osvel Hinojosa-Huerta', Stephen DeStefano^ & William W. Shaw' 

'School of Renewable Natural Resources. Biological Sciences East. University of 

Arizona Tucson. AZ. 85719. USA 

^U.S. Geological Survey. Massachusetts Cooperative Fish and Wildlife Research 

Unit. Holdsworth Natural Resource Center. University of Massachusetts Amherst. 

Massachusetts 01003 USA. 

We estimated the abundance of Yuma clapper rails in the Cienega de Santa Clara and 

determined the distribution of the subspecies in the Colorado Eliver delta region in 

Mexico. The maximum estimate of abundance was 6,629 individuals (95% C.I. 4,859 to 

8,399), assuming a response rate by reiils to taped calls of 60%. Rails were widely 

distributed in the delta, occupying almost all marshlands dominated by cattail. As this is 

an endangered subspecies shared by Mexico and the U.S., the conservation of the delta 

ecosystem should be the interest of both countries, especially when management 

decisions upstream in the U.S. have an impact over natural areas dovmstream in Mexico. 



Keywords: call-response surveys, Cienega de Santa Clara, Colorado River delta, 

endangered species, marshbirds, marsh wetlands, Rallus longirostris vumanensis. Yuma 

clapper rail. 

Introduction 

The Yuma clapper rail rRalliis longirostris vumanensis) is a marsh bird endemic to the 

Lower Colorado River and its delta. It is listed as a Federal Endangered Species in the 

U.S. and as a state threatened species by both California and Arizona (Rosenberg et al.. 

1991). It is endangered because only a few thousand hectares of breeding habitat remain, 

much of which is threatened by human activities and natural events (Anderson & Ohmart. 

1985; Eddleman & Conway, 1998). Most of the Yuma clapper rails in the U.S. breed 

along the lower Colorado River and around the Salton Sea. Total population in the U.S. is 

estimated to be about 1,500 individuals (Piest & Campoy, 1999). 

In the Colorado River delta, Mexico, Yuma clapper rails are known to inhabit remnant 

wetlands (Eddleman & Conway, 1998), which cover >60,000 ha (Valdes-CasiUas et al.. 

1998). The subspecies is also listed as endangered in Mexico (SEMARNAP, 1995), and 

its conservation is one of the priorities of the Upper Gulf of California and Colorado 

River Delta Biosphere Reserve (SEMARNAP, 1995). 

Previous Yuma clapper rail surveys in Mexico have identified the delta wetlands as 

important breeding areas for the subspecies, especially the Hardy River (Todd, 1986; 

Eddleman, 1989) and the Cienega de Santa Clara (Abarca et al.. 1993; Piest & Campoy, 

1999), which was found to potentially support the largest population of the subspecies 
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(Piest & Campoy, 1999). Nevertheless, there is no accurate estimate of abundance of 

Yuma clapper rails in the main marshlands of the delta, and no information on the 

distribution of the subspecies on these wetlands. This information is necessary for 

management, restoration efiforts, and for the conservation of critical sites for the Yuma 

clapper rail in the Colorado River delta. 

The purpose of our study was to estimate the abundance of Yuma clapper rails in the 

Cienega de Santa Clara and determine the distribution of the subspecies in the delta 

region in Mexico. 

Methods 

Study Areas 

We surveyed wetlands in the Colorado River delta south of San Luis Rio Colorado, 

Sonora, in both Baja California and Sonora, Mexico. Our main focus was the Cienega de 

Santa Clara, the largest marsh wetland in the delta. This Cienega covers about 5,800 ha of 

cattail dominated areas interspersed with open lagoons (Glenn et al.. 1996). The main 

source of water supporting the Cienega is agricultural run-ofif (salinity >3 ppt) from the 

Yuma Irrigation Valley, which arrives through the Wellton-Mohawk canal. Other 

wetland areas we visited included Hardy River, El Mayor River, Pescaderos River, Riito 

Drain, Riparian Corridor, Cucapa Complex, Laguna del Indio, El Doctor, and Eastern 

Drains (Fig. 1). 

The surveyed wetlands included riparian areas maintained by flooding events and 

emergent marshes fed by agricultural run-ofif and natural springs, as well as streams and 
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drains. Vegetation included emergent plants dominated by cattail ("Typha dominguensis). 

with, presence also of common reed (Phragmvtes australist and bulrush (Scirpus 

americanus); monotypic stands of introduced saltcedar CTamarisk ramossisima): and 

native cottonwood (Populus fremontii) — willow fSalix ^noddingii) association. A 

description of each wetland area is included in Valdes-Casillas et al. (1998) and Glenn ^ 

d. (1999). 

Survey Methodology 

We conducted call-response surveys (Johnson et al.. 1981) following the protocol 

established by the U.S. Fish and Wildlife Service for Yuma clapper rails (Piest & 

Campoy, 1999). This consisted of playing taped vocalizations of Yuma clapper rails for 

two periods of two min playing and two min listening at each station. The tape included 

five dififerent vocalizations of Yuma clapper rails arranged in a one min loop and was 

provided by Arizona Game and Fish Department, Yuma OfiSce. Tapes were broadcasted 

using Radio Shack Power Horns and Sony Sports Walkmans. Surveys started at sunrise 

and continued no later than 1030 h. Survey stations were circular plots (100-m radius) 

located at least 200 m apart, and grouped in mini-routes with 5 to 14 stations per route 

(Bystrak, 1980). We visited each station once during early breeding season (February -

April), and once during late breeding season (May — June). 

The surveys were surveyed in teams of two persons and were run by canoe for mini-

routes inside the marsh wetland, and by foot for mini-routes along shorelines and stations 

through the emergent vegetation. The information recorded at each station included: 

Global Positioning System (GPS) position (Garmin II hand-held GPS unit), number of 
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responding clapper rails, number of pairs, time, environmental conditions (cloud cover, 

air temperature, and wind velocity), and habitat characteristics (marsh habitat type 

[interface of open water with emergent vegetation, interface of shoreline with emergent 

vegetation, or interior of the emergent vegetation], dominant vegetation association, 

vegetation height, water depth, and water conductivity). When recording the number of 

responding rails, we assumed rails to be different individuals when responses came from 

a location separated by >30° bearing. Two individuals calling simultaneously within 30° 

were considered a pair. 

We used a Geographic Information System (GIS) (Arc View 3.1 NT) and an existing 

database for the Colorado River delta (Valdes-CasiUas et al.. 1998) to randomly select the 

location of each mini-route in the Cienega de Santa Clara. Other wetland areas 

considered potential habitat (based on the presence of marsh vegetation, saltcedar, native 

riparian plants, and surface water) were much smaller and mini-routes were placed non-

randomly to provide as much coverage of these areas as possible. 

We conducted surveys at 16 mini-routes (average number of stations = 10.85, SE = 

0.47) in the Cienega during the breeding seasons of 1999 and 2000, with total number of 

stations ranging from 153 to 188 (Table 1). We determined this sample size based on the 

amount of available marshlands (Glenn et al.. 1996) and on previous data on clapper rail 

surveys in the Cienega (Piest & Campoy, 1999). We surveyed a maximum of 8 additional 

mini-routes (56 stations) located in available wetland areas in other zones of the Colorado 

River delta to determine the distribution of the subspecies in the region (Tables 1 & 2). 
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We made observations and aural detections of rails without using call-response 

surveys (passive listening) at other times of year besides the breeding season, while 

conducting waterbird surveys in the Colorado River delta (Hinojosa-Huerta et al. 2001). 

Estimation of abundance 

We estimated the abundance of Yuma clapper rails in the Cienega de Santa Clara with a 

95% confidence interval for each season of the two-year study. For this estimate, we used 

the average number of rails/ha and SE of the mini-routes. We multiplied the average 

number of rails/ha by the total number of marsh hectares of the Cienega (from remote 

sensing data, F. Zamora et al. unpublished data) to obtain the estimate. 

Using this estimate as a base, we conducted a less conservative estimation of 

abundance by correcting for the expected response rate of the rails to the playback 

surveys. We used an expected response rate of 60%, as suggested by Piest & Campoy 

(1999). This rate is based on the study of responses by rails fitted with telemetry 

transmitters in Arizona (Conway et al- 1993), with a reported highest response rate of 

40%, and on the assumption that high densities of rails in the Cienega caused higher 

response rates (Zembal & Massey, 1981). 

Distribution 

We based the distribution description of Yuma clapper rails in the delta region on 

presence/absence of rails at the surveyed stations. We based a description of the use of 

each of the surveyed wetlands by clapper rails on their presence through seasons and 

years, and on rail densities. If we detected rails at the same sites during both early and 
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late breeding season, or late breeding season and later in the summer, we assumed that 

rails were nesting at the site. If we detected individual rails during only one season, or 

later during summer, fall, or winter, we assumed that rails were using the sites during 

dispersal or post-breeding movements, but had not nested there. If a pair was detected 

only during one season, we assumed that rails attempted unsuccessfully to nest at the site. 

Results 

Estimation of Abundance 

The average number of rails that we counted during the four surveys on the Cienega de 

Santa Clara was 329 rails/survey (SE - 12), with an average number of rails/ha of 0.63 

(SE = 0.03). The average number of rails/ha was higher during the late breeding season 

of2000, and lower during the early breeding season of2000 (Table 2). The average 

estimate of abundance for the entire marsh habitat tj^e in the Cienega for the four 

surveys was 3,267 individuals (SE = 188) (Table 3). The highest estimate of abundance 

was from the late breeding season of2000, with 3,977 rails (95% C.I. 2,915 to 5,039). 

However, the estimates were similar for the four surveys, with a maximum difference of 

760 and with no significant difference among them (ANOVA, F = 0.67, p = 0.57, df - 3). 

Adjusting for a response rate of 60%, the average estimate of Yuma clapper rails in 

the Cienega de Santa Clara for the four surveys was 6,040 individuals (SE = 313), and the 

maximum estimate was of6,629 individuals during late breeding season 2000 (95% C.I. 

4,859 to 8,399) (Table 3). 



25 

Distribution 

Yuma clapper rails were widely distributed in the Colorado River delta wetlands during 

breeding season, occupying almost all available marshlands dominated by cattail and few 

zones dominated by saltcedar and common reed (Table 1; Fig. I). We found rails in 76% 

of all stations in which the dominant vegetation was cattail, and rails were present in 65% 

of all the surveyed stations. 

The Cienega de Santa Clara was the wetland area with highest number of clapper rails 

(93% of all rails detected at 78% of all the surveyed stations in the delta) and highest 

densities per station; the maximum number of rails detected at a station was 8 (2.55 

rails/ha), and the maximum number of rails detected at a mini-route was 60 (1.59 

rails/ha). We found rails at 77% of the sxirveyed stations at the Cienega. We detected rails 

at the Cienega during the entire breeding season (February to July). We also made 

observations and aural detections of rails by passive listening during late summer (July -

August 1999 and 2000), fall (November 1999), and winter (January 1999 and 2000). 

The marsh wetlands formed by the Riito Drain, north of the Cienega de Santa Clara, 

also supported breeding pairs of Yuma clapper rails, especially in the wetlands located 

between the San Luis-Golfo de Santa Clara highway and the end of the Wellton-Mohawk 

canal. We found the highest density of clapper rails per wetland zone at this area (1.27 

rails/ha), and detected rails at a 100% of surveyed stations. 

Clapper rails were scarce at the Cucapa Wetland Complex; we only found three pairs 

during the late breeding season of 1999. The pairs were at diSerent stations, at least 1.5 
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km away from each other. This area is dominated by a near-monoculture of saltcedar and 

all rails at these stations were located adjacent to the river stream. We were not able to 

collect data on the breeding success of the pairs; however, the pairs were not detected at 

visits later that summer, and the next year we detected no rails in the area. We detected 

rails only at 7% of the surveyed stations in the area. During fall (November 1999) we 

detected two individuals by passive listening. Yuma clapper rails appear to be rare 

visitors to the Cucapa Complex, although occasionally a few pairs might attempt to nest 

here. 

El Doctor wetlands supported a small population of clapper rails. We detected pairs 

during the 2000 surveys in the areas dominated by emergent vegetation (cattail and 

bulrush) in the southern marshes of El Doctor, known as El Mirador. We heard clapper 

rail calls during winter (early February 2000) and summer (late June and July 2000) at 

the same locations. During the 1999 surveys we only visited the northern stretches of El 

Doctor, where saltcedar was the dominant vegetation. We did not detect any rails at those 

sites. We detected clapper rails at 44% of the surveyed stations in El Doctor wetlands. 

We also found breeding pairs of clapper rails at a small marsh dominated by cattail of 

El Mayor River, known as Mariana Drain. Pairs were found during the four surveys, 

although in small numbers. We also made aural detections of rails during summer (July 

1999 and 2000) and fall (November 1999) by passive listening. We detected rails at 28% 

of the surveyed stations. 

We found a few rails at the northern stretches of the Hardy River, at secondary drains 

where cattails were present. We detected rails here only during the surveys of late 
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breeding season, at different locations (0.5 km apart), and in small numbers. We were not 

able to detect any rails later in the summer (July and August); therefore it is possible that 

rails did not nest successfully in the area. We did not find any rails in the southern 

stretches of the Hardy River near the levee system. We detected rails at 5% of the 

surveyed stations in both sections of the river. 

In the wetlands of Laguna del Indio and Eastern Drains we found rails during the four 

surveys in small numbers, except for the late breeding season of2000 when we found 18 

rails. We detected rails at 47% of all surveyed stations. At Lagima del Indio we found at 

least one pair calling during each survey, in the same general sites. Other areas where we 

detected rails were Campo Rafael, with two rails during late breeding season of 1999, one 

during early breeding season of 2000, and 10 during late breeding season of2000; 

Zacatecas Drain, with three rails during the late breeding season of 2000; and Ayala 

Drain, with one detection during the early breeding season of 1999 and two during the 

late breeding season of2000, in a location dominated by common reed. 

We did not find any rails at the survey stations in the Riparian Corridor during the 

breeding season. Nevertheless, we did find rails during fall (November 1999): one 

individual at Pescaderos River near the levee, where dominant vegetation was common 

reed; another individual at a backwater lagoon dominated by wdllows; and a third one at a 

secondary stream in an area composed of an understory of emergent vegetation (cattail 

and common reed) and overstory of cottonwoods. All individuals were heard during 

passive listening surveys. 
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In addition to the major concentration of clapper rail in the Cienega de Santa Clara, we 

found a maximum of 48 clapper rails during a single survey (late breeding season of 

2000) in other marsh areas in the delta, with an average 24% of all stations with >1 rails 

detected. 

Discussion 

Estimate of Abimdance 

The methodology we followed is not a direct measure of number of individuals, as it is 

based on responses of rails to the tapes. However, this method has been found to be very 

reliable for estimating abundance of vocalizing marsh birds, which are otherwise 

inconspicuous (Marion et al.. 1981; Gibbs & Melvin, 1993). This is supported by the low 

variation that we had in our estimates among seasons and years, and by the similarity 

with results of responses by station obtained during previous surveys at the Cienega 

(Piest & Campoy, 1999). 

The accuracy of the estimation of abundance of Yuma clapper rails in the Cienega is 

unknown due to the uncertainty of the response rates. However, using a conservative 

estimate, we show that this wetland supports the largest population of the subspecies, 

with probably >70% of all breeding Yuma clapper rails in Mexico and the United States. 

Densities here were also higher than average for wetlands in the lower Colorado River 

and similar to the highest estimates reported for the subspecies (Anderson & Ohmart, 



29 

1985; Todd, 1986), which suggests that the Cienega provides high-quality habitat for 

Yuma clapper rails. 

The conservation of the Cienega de Santa Clara should become a priority in 

conservation and recovery plans of the subspecies in a bi-national framework. However, 

there are plans in the U.S. to reduce flows and increase salinity in water directed to the 

Cienega, as the water from the Wellton-Mohawk canal is scheduled to be diverted to the 

Yuma Desalting Plant in Yuma, Arizona, with the remaining brine (10-12 ppt) directed to 

the Cienega (U.S. Bureau of Reclamation, 1996). This would severally impact the native 

emergent vegetation (Glenn et al.. 1995, 1998) thus causing habitat loss for Yuma clapper 

rails. 

Distribution 

The presence of cattail patches and perennial surface water appear to be the two most 

critical aspects defining distribution of Yuma clapper rails in the Colorado Eliver delta. 

Unfortunately with the exception of the Cienega, not much of this habitat type exists in 

the delta, as land and water management practices do not favor the establishment of 

native emergent vegetation. 

Areas influenced bv agricultural drains 

Most of the areas influenced by agricultural drains are heavily managed by dredging and 

vegetation removal to keep the drainage fimctioning. Extended periods of desiccation are 

common on the wetlands supported by agricultural drains. Nevertheless, the main source 

of water supporting habitat for Yuma clapper rails in the delta is agricultural drainage, in 
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both the Cienega de Santa Clara and in other areas such as La Mariana Drain, Laguna del 

Indie, and Campo Rafael, where the drainage conies from the Mexicali Valley. 

Community stewardship and local management has favored the establishment of 

cattail marshes in El Indio and Campo Rafael. Local ejidos (communally owned lands), 

the Biosphere Reserve, and the environmental agency of Sonora (IMADES) have 

cooperated to maintain agricultural drainage in the most beneficial areas, and to avoid 

dredging, vegetation clearing, and extended periods of desiccation (M. Roman, personal 

communication). 

The case of Mariana Drain is different, as the maintenance of the marsh area is the 

result of an accidental management practice. This drain is dredged only on one side due 

to accessibility constraints, thus allowing the establishment of vegetation at one margin, 

which supported breeding clapper rails. This area is a good example of a management 

practice that maintains drain flmctionality while preserving environmental values. 

Areas influenced bv Colorado River instream flows 

At the Cucapa Complex, where the Hardy and Colorado rivers meet and the floodplain 

extends, there are no human activities being carried out to clear streamside vegetation. 

Nevertheless, the management of the river flows reaching the area does not allow the 

establishment of cattail marshes. Extended periods of drought and increased salinity due 

to evaporation and tidal intrusion favors the establishment of saltcedar over native 

emergent plants (Glenn et al.. 1998). Our findings of low use of this area by Yuma 

clapper rails is consistent with other studies that have found that saltcedar areas poorly 
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support Yuma clapper rails and avifauna in general (Ohmart et ai.. 1988). The confluence 

of the Hardy and Colorado rivers was suggested to be the most important breeding habitat 

for clapper rails in the 1970s and 1980s (Todd, 1986), when a sandbar retained the 

agricultural drainage water coming through the Hardy River and created an extensive 

marsh (Glenn et al.. 1996). Floods during the 1980s washed away the sandbar, and 

subsequent extended periods of drought in the early 1990s allowed the establishment of 

the near monoculture of saltcedar (Valdes-Casillas et al„ 1998). 

A recent initiative by local communities in the Cucapa Complex intends to re-create 

marshes for the benefit of wildlife and local development (Valdes-Casillas et al.. 2000), 

following an original plan by Ducks Unlimited (Payne et al.. 1992) for the construction of 

a dam that would perform the functions of the sandbar. This initiative, combined with 

management of instream flows with a consideration for the impacts on the entire 

ecosystem (Hinojosa et al.. 2001), could allow cattail marshes to establish in the southem 

areas of the floodplain, thus restoring habitat for Yuma clapper rails as well as for other 

wildlife in the region. 

Research needs 

Our results show the importance of the delta wetlands for the Yuma clapper rail. 

However, there are still information gaps on the ecology of the subspecies in the 

Colorado River delta required for effective conservation strategies for the rails and their 

habitat. Most information about Yuma clapper rails is based on studies conducted at 

wetlands in Arizona (Anderson & Ohmart, 1985; Eddleman, 1989; Conway et al.. 1993). 
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However, environmental features and population characteristics appear to be different in 

the delta wetlands, especially in the Cienega de Santa Clara. Research needs include: 

1. Monitor population trends in the wetlands of the Colorado River delta, with an 

emphasis on the Cienega de Santa Clara, and on the responses of rail populations to 

management practices. 

2. Identify dispersal patterns of birds in the delta wetlands, including juvenile dispersal, 

post-breeding and winter movements, and the relation of the delta population with 

other populations and wetlands in the Lower Colorado River. An important issue is to 

clarify the role of the Cienega de Santa Clara as a potential source of individuals for 

other areas. 

3. Assess the risk of contaminants for Yuma clapper rails in the delta. The 

Environmental Research Laboratory of the University of Arizona has performed a 

detailed study of contaminant levels through the trophic levels in the wetlands of the 

Colorado River delta (Garcia-Hemandez et al.. 2000). Nevertheless, there is no 

information on contaminant levels in clapper rails (or other marsh birds) and their 

eggs. 

4. Identify prey and food items, as well as predators, causes of mortality, and causes of 

nesting failure in Yuma clapper rails. This has been described in the Lower Colorado 

region (Ohmart & Tomlinson, 1977; Eddleman, 1989; Eddleman & Conway 1998), 

but not in the delta. Since environmental characteristics are different, describing these 

demographic parameters is important for population management. 
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5. Measure the success of restoration efforts in terms of benefits to Yuma clapper rails. 

Several restoration activities are in process, including wetland areas around the Hardy 

River (Valdes-Casillas et al.. 1998), the Laguna del Indio, and El Doctor (project 

directed by the Biosphere Reserve and EMADES, J. Campoy, personal 

communication). An appropriate measure of success or failure of the projects would 

be the detection of changes in wetland use by clapper rails on these areas. 

6. Evaluate the potential of expanding the distribution of Yuma clapper rails through 

management of instream flow patterns of the Colorado River in the delta. 

Conclusions 

Wetlands in the Colorado River delta support the majority of breeding Yuma clapper 

rails. As this is an endangered subspecies endemic to the Lower Colorado River, and 

shared by Mexico and the U.S., the conservation and restoration of the delta ecosystem 

should be the interest of both countries. Binational cooperation is extremely important, 

because management decisions upstream in the U.S. have an impact on natural areas 

downstream in Mexico. 

Decisions on water management issues in the region should consider water 

requirements for wildlife and the ecological importance of the Cienega de Santa Clara. 

This wetland should continue to be protected under the existing scheme of Core Zone of 

the Upper Gulf of California and Colorado River Delta Biosphere Reserve. 
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A conservation strategy for the Yuma clapper rail should include expanding the 

breeding areas outside the Cienega, as the majority of the population relies on a single 

source of water that is not secured. Instream flows in the floodplain should be managed in 

a way that favors the maintenance of the native riparian vegetation in the northern 

stretches and for creating cattail marshes in the southern parts of the delta. Agricultural 

drains should also follow environmental criteria such as avoiding or minimizing 

vegetation clearings and extended periods of desiccation, in order to maximize the 

benefits of these waters and maintain and enhance habitat for the Yuma clapper rail. 
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Table 1. Mini-routes and stations surveyed and number of Yuma clapper rails found for 

each season and year in the Colorado River delta, 1999-2000. EBS = early breeding 

season (March and April); LBS = late breeding season (May and June). 

EBS L^S 

Routes Stations Rails Routes Stations Rails 

Cienega de Santa Clara 1999 16 153 313 17 188 357 

Other delta wetlands 1999 5 46 7 7 45 14 

Total 1999 21 199 320 24 233 371 

Cienega de Santa Clara 2000 16 173 305 16 181 341 

Other delta wetlands 2000 8 55 33 8 56 48 

Total 2000 24 228 338 24 237 389 
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Table 2. Mini-routes, survey stations, number of Yuma clapper rails found, and rails/ha at 

each of the surveyed wetland areas of the Colorado River delta during 1999 and 2000. 

EBS = early breeding season (March and April); LBS = late breeding season (May and 

June). 

Year and Season Wetland Mini-routes Stations Rails Rails/ha 

1999 EBS Cucapa Complex 1 16 0 0.0000 

El Mayor River 1 10 4 0.1273 

Hardy River 1 7 0 0.0000 

Lagima del Indio 1 8 3 0.1194 

Riparian Corridor 1 5 0 0.0000 

Cienega de Santa Clara 16 153 313 0.6512 

Total 21 199 320 0.5119* 

1999 LBS Cucapa Complex 1 10 6 0.1910 

El Doctor 1 6 0 0.0000 

El Mayor River 1 9 2 0.0707 

Hardy River 2 9 2 0.0707 

Laguna del Indio 1 6 4 0.2122 

Riparian Corridor 1 5 0 0.0000 

Cienega de Santa Clara 17 188 357 0.6044 

Total 24 233 371 0.5068* 
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2000 EBS Cucapa Complex 1 10 0 0.0000 

Riito Drain 1 5 20 1.2732 

El Doctor 1 5 7 0.4456 

El Mayor River 1 10 3 0.0955 

Hardy River 2 10 0 0.0000 

Laguna del Indio 1 10 3 0.0955 

Riparian Corridor I 5 0 0.0000 

Cienega de Santa Clara 16 173 305 0.5612 

Total 24 228 338 0.4719* 

2000 LBS Cucapa Complex 1 10 0 0.0000 

Riito Drain 1 5 13 0.8276 

El Doctor 1 5 5 0.3183 

El Mayor River 1 10 8 0.2546 

Hardy River 2 11 4 0.1157 

Laguna del Indio 1 10 18 0.5730 

Riparian Corridor 1 5 0 0.0000 

Cienega de Santa Clara 16 181 341 0.5997 

Total 24 237 389 0.5225* 

* Mean number of rails/ha for all wetland areas. 
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Table 3. Estimates of abundance of Yuma clapper rails in the Cienega de Santa Clara, 

Sonora, Mexico, 1999-2000. EBS = early breeding season (March and April); LBS = late 

breeding season (May and June). The adjusted response rate assumes a response of 60% 

of the rails to taped vocalizations. 

Season Estimate (95% C.I.) Adjusted response rate 

EBS 1999 3,911.99 (±931.10) 6519.98 (± 1551.83) 

LBS 1999 3,401.55 (± 966.96) 5669.25 (± 1611.60) 

EBS 2000 3,217.12 (± 904.89) 5361.87 (± 1508.15) 

LBS 2000 3,977.64 (± 1,062.02) 6629.40 (± 1770.03) 
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Figure 1 — Surveyed wetland areas and locations where Yuma clapper rails were detected. 

General locations where rails were detected are based on the location of individual 

stations where clapper rails were >1. These stations are not shown due to scale 

constraints 
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APPENIDX B 

Habitat Use by Yuma Clapper Rails in the Colorado River Delta, Mexico 

Manuscript prepared for submission to the joiumal Ecology 



45 

HABITAT USE BY YUMA CLAPPER RAILS IN THE 

COLOBIADO RIVER DELTA, MEXICO 

OSVEL HINOJOSA-HUERTA 

Biological Sciences East, Room 104 

School of Renewable Natural Resources, University ofArizona 

Tucson, Arizona. 85721. USA. 

STEPHEN DESTEFANO 

US. Geological Survey 

Massachusetts Cooperative Fish and Wildlife Research Unit 

Holdsworth Natural Resource Center, University of Massachusetts 

Amherst, Massachusetts. 01003. USA 

WILLIAM W. SHAW 

School of Renewable Natural Resources, University of Arizona 

Tucson, Arizona. 85721. USA. 



Abstract: The Yuma clapper rail (Rallus longirostris yumanensis) is an endangered 

subspecies of bird endemic to the Lower Colorado River. Critical information for their 

recovery in the Colorado River delta, Mexico is not known. As the delta wetlands support 

a large population, this information is necessary for management and. restoration efforts. 

The purpose of this study was to describe habitat use by Yuma clapper rails during 

breeding season in the Colorado River delta, Mexico. We measured rail abundance and 

habitat characteristics in the delta wetlands during February — June 1999 and 2000. Rail 

density was higher in the Cienega de Santa Clara than in the other marsh wetlands of the 

delta. High densities of clapper rails were associated with increased water depth, high 

cattail coverage, high vegetation coverage, low saltcedar coverage, proximity to the 

interface between shoreline and emergent vegetation, and increased salinity up to 8 ppt. 

Diversion of Colorado River water, flood control activities in the delta floodplain, and 

management practices in local drains have negatively affected the abundance of Yuma 

clapper rails in Mexico. Recovery efforts in the delta should include the maintenance of a 

constant instream flow. The management of local agricultural drains should also follow 

environmental criteria. The Cienega maintains the highest population of Yuma clapper 

rails in their entire geographic range, thus it should continue to be protected under the 

existing scheme of Core Zone of the Upper Gulf of California and Colorado River Delta 

Biosphere Reserve. 
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Key phrases: 

Rafl density was higher in the Cienega de Santa Clara than in the other marsh wetlands of 

the Colorado River delta. 

High densities of clapper rails were associated with increased water depth, high cattail 

coverage, high vegetation coverage, low saltcedar coverage, the interface between 

shoreline and emergent vegetation, and increased salinity up to 8 ppt. 

Existing management practices in the delta floodplain and local drains negatively affect 

the abundance of clapper rails. 

Recovery efiforts in the delta should include the maintenance of a constant instream flow. 

The Cienega should continue to be protected under the existing scheme of Core Zone of 

the Upper Gulf of California and Colorado River Delta Biosphere Reserve. 

Key words: Cienega de Santa Clara, Colorado River delta, endangered species, 

marshbirds, marsh wetlands, Rallus longirostris yumanensis, Yuma clapper rail. 
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INTRODUCTION 

The Yuma clapper rail (Rallus longirostris yumanensis) is one of the western 

subspecies of clapper rails whose populations have declined drastically over the past 100 

years (Eddleman and Conway 1994). It is endemic to the Lower Colorado River, and it is 

federally protected in the United States and Mexico (SEMARNAP 1995, Eddleman and 

Conway 1998). This subspecies has become endangered due to loss and degradation of 

breeding habitat caused by water management practices in the Lower Colorado Basin 

(Eddleman and Conway 1994). 

Yuma clapper rails are known to inhabit remnant wetlands of the Colorado River 

delta, Mexico (Eddleman and Conway 1998), which cover >60,000 ha (Valdes-Casillas et 

al. 1998). The Cienega de Santa Clara, the largest marshland in the delta (about 5,800 ha) 

(Glenn et al. 1996), is estimated to support >70% of the total population of the subspecies 

(Hinojosa-Huerta et al. 2001). 

The Cienega is located in the southeast side of the delta, within the limits of the Core 

Zone of the Biosphere Reserve of the Upper Gulf of California and Colorado River Delta 

(SEMARNAP 1995). Patterns of habitat use of the Yuma clapper rail in the Cienega are 

not known. As this wetland is one of the key areas for this subspecies, this information is 

necessary for wetland management, restoration efforts, and for the conservation of 

critical zones for the Yuma clapper rail in the Cienega de Santa Clara. The purpose of 

this study was to describe habitat use by Yuma clapper rails during the breeding season in 

the Colorado River delta, Mexico, with an emphasis in the Cienega de Santa Clara, to 

determine preferred habitat characteristics in relation to clapper rail densities. 
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METHODS 

We followed the protocol established by the U.S. Fish and Wildlife Service for Yuma 

clapper rail surveys (Piest and Campoy 1999). These call-response surveys are based on 

the response of birds to tape recordings of vocalizations from the same species (Johnson 

et al. 1981). Survey stations were circular plots (100 m radius) located 250-300 m apart, 

and grouped in mini-routes (5 to 14 stations per mini-route) (Bystrak 1980). We visited 

each station once during early breeding season (February - April), and once during late 

breeding season (May - June). 

We conducted surveys at 16 mini-routes (average number of stations = 10.85, SE = 

0.47) in the Cienega during the breeding seasons of 1999 and 2000, with total number of 

stations ranging from 153 to 188 (Fig. 1). We determined this sample size based on the 

amount of available marshlands (Glenn et al. 1996) and on previous data on clapper rail 

surveys in the Cienega (Piest and Campoy 1999), with goals for precision (± 900 

individuals) and confidence intervals (95%) for the estimate of abundance (Hinojosa-

Huertaet al. 2001). 

We surveyed 8 additional mini-routes (56 stations) located in available marsh areas in 

other wetlands of the Colorado River delta, to compare rail densities with the Cienega. 

These wetlands were the Hardy River, El Mayor River, Pescaderos River, Laguna del 

Indio, Cucapa Wetland Complex, El Doctor wetlands, and Eastern Drains (Fig. 2). 

We used a Geographic Information System (GIS) to randomly select the location of 

each mini-route in the Cienega de Santa Clara. Other wetland areas were much smaller 
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and mini-routes were placed non-randomly to provide as much coverage of these areas as 

possible. 

We divided all available marsh areas into three strata according to the general kinds of 

marsh habitat types available: (1) interface of open water with emergent vegetation (open 

water), (2) interface of shoreline with emergent vegetation (shoreline), and (3) interior of 

the emergent vegetation (emergent vegetation) (stations located >200 m away from 

shoreline or open water). Based on percent coverage, we determined the number of 

stations for each stratum. 

For each station we recorded marsh habitat type; vegetation species composition 

(percent covered by each of the common species, including cattail \Typha domingensis], 

bulrush \Scirpus americanus], common reed \Phragmytes australis^, and saltcedar 

{Tamarisk ramossisimaY)', percent vegetation cover (from remote sensing data; F. Zamora 

unpublished data); height of emergent vegetation (cm); water depth (cm); and salinity 

(parts per thousand [ppt]) estimated from conductivity (HACH Conductivity/TDS-meter). 

We used a hand-held Geographic Positioning System (GPS) unit to determine position at 

each station. 

We used mini-routes for analysis, averaging the data among stations, and log 

transforming the number of rails. We tested for correlation of explanatory variables. If 

two variables were correlated >80%, the one least related to rail density was excluded. To 

analyze the association of habitat characteristics with rail densities, we used multiple 

linear-regression, fitting separate models for early and late breeding season and for 1999 

and 2000 (a total of 4 models). We fitted one set of models only with mini-routes at the 
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Cienega, and a different set of models in which we included all the wetland areas in the 

Colorado River delta. We used MANOVA with a repeated measures design to compare 

the habitat characteristics of the delta wetlands through seasons and years. We used 

ANOVA linear contrast to compare habitat characteristics and rail densities between the 

Cienega and the other marsh wetlands. 

RESULTS 

Yuma clapper rails were detected throughout the Cienega de Santa Clara during the 

breeding seasons of 1999 and 2000, with an estimated 13.46 times (SE = 1.47) higher 

median rail density (mean = 1.74, « = 16) than the other marsh wetlands of the Colorado 

River delta (mean = 0.33, « = 7) (ANOVA linear contrast, Fi,6 = 45.71, P < 0.001). 

Rails were present in differing arrays of vegetation composition, marsh habitat type, 

vegetation coverage, water depth, and salinity (Tables 1 and 2). Nevertheless, we found 

patterns of associations between specific habitat characteristics and rail density. The only 

habitat characteristics that were highly correlated with each other were saltcedar and 

cattail coverage (pair-wise correlation = -0.815). We excluded saltcedar from the 

analyses. Other characteristics were correlated as well but <80%. 

Habitat characteristics 

The Cienega de Santa Clara was a dense marsh wetland (mean vegetation coverage = 

69.19%, SE = 1.62), with high stands of emergent vegetation (mean vegetation height = 

222.65 cm, SE = 6.85) interspersed wdth shallow pools of open water (mean water depth 

= 39.93 cm, SE = 3.90). The dominant vegetation was cattail (mean coverage - 86.58%, 
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SE = 1.78). Saltcedar was not common (mean coverage = 5.92%, SE = 1.01). Salinity 

ranged from 2.70 to 8.90 ppt (mean = 3.94 ppt, SE = 0.21) (Table 1). 

The six additional delta marsh wetlands had mean vegetation coverage of55.04% (SE 

= 2.86). Dominant vegetation was saltcedar (mean coverage = 50.64%, SE = 5.15), while 

mean coverage of cattail was 32.39% (SE = 4.96). Mean water depth was 56.12 (SE = 

7.69) and salinity ranged from 1.00 to 4.37 ppt (mean = 2.41, SE = 0.21) (Table 1). 

Comparison of habitat characteristics among delta wetlands 

We found no differences of the habitat characteristics among seasons (early and late 

breeding season) and years (1999 and 2000) on the wetlands of the Colorado River delta 

(MANOVA repeated measures, all F3,i5<3.00, all P > 0.05). Therefore we made a 

comparison of habitat characteristics among delta wetlands using only one set of data 

(early breeding season of2000). 

We found differences in habitat characteristics between the Cienega and other marsh 

areas in the delta. Vegetation cover was 12.54% higher in the Cienega (ANOVA linear 

contrast, = 3.80, P — 0.0687, SE = 6.43). Cattail coverage was 46.77% higher in the 

Cienega (ANOVA linear contrast, F/.^ = 47.77, P < 0.0001, SE = 6.76). Saltcedar 

coverage was higher in the other delta wetlands (ANOVA linear contrast, F/.g = 101.78, 

P < 0.0001), with an estimated difference of 37.05% (SE = 3.67). Common reed coverage 

was also higher in the other delta wetlands (ANOVA linear contrast, F/.g = 5.20, P 

0.0365), with an estimated difference of 7.92% (SE = 3.47). Salinity was lower in these 

wetlands (ANOVA linear contrast, F/.tf = 5.02, P = 0.0396), with an estimated difference 
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of 1.94 ppt (SE = 0.87). Vegetation height was lower in the Cienega (ANOVA linear 

contrast, F/.g = 8.11, P = 0.0116), with an estimated difference of 71.22 cm (SE = 25.00). 

We found no differences between the Cienega and other wetlands in values of bulrush 

coverage and water depth. 

Cienega de Santa Clara 

Early breeding season 

The habitat characteristics that best explained reiil density during early breeding season 

of 1999 in the Cienega were water depth, habitat type, the interaction between water 

depth and habitat type, and the interaction between percent vegetation cover and habitat 

type (^4,15 = 8.92, P = 0.003, adjusted r = 0.69) (Table 2). 

Rail density increased with water depth (range from 5.2 to 100 cm). The habitat type 

of open water was negatively associated with rail density. However, the interaction of 

this habitat type with percent vegetation cover was positively associated with rail density. 

The interaction of the emergent vegetation with water depth was negatively associated 

with rail density. 

During the early breeding season of2000, the habitat characteristics that best 

explained rail density in the Cienega were habitat type, salinity, percent cover of reed, the 

interaction between habitat type and percent cover of reed, and the interaction between 

salinity and habitat type (F4,i5 == 5.65, P = 0.011, adjusted r~ = 0.65) (Table 2). 

Rail density was positively associated with the habitat type of shoreline and wdth 

salinity (range 2.0 to 6.9 ppt). However, the interaction between shoreline and salinity 
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was associated with an estimated decrease of the median rail density. The percent cover 

of common reed (range 0 to 26 %) and the habitat type of emergent vegetation were 

negatively associated with rail density. However, the interaction between the habitat type 

of emergent vegetation and common reed was associated with an increase of the median 

rail density. 

Late breeding season 

The habitat characteristics that best explained rail density during late breeding season 

of 1999 in the Cienega were water depth, salinity, percent cover of cattail, percent cover 

of bulrush, habitat type, the interaction between water depth and salinity, and the 

interaction between cattail and habitat type (Fyjs = 25.05, P = 0.0002, adjusted r = 

0.9232) (Table 2). 

Increase in the median rail density was associated with water depth (range 1.10 to 

97.77 cm), percent cover of cattail (range 53.00 to 100.00), salinity (range 3 to 8 ppt), and 

the habitat type of emergent vegetation. The percent cover of bulrush (range 0 to 32 %) 

was associated with a decrease in the median rail density. The effect of water depth 

depended on salinity; water depth showed a decreased effect in rail density with higher 

salinity levels. The effect of cattail was dependent on the habitat type with decreased 

effects shown in emergent vegetation. 

Water depth, percent cover of bulrush, habitat type, the interaction between bulrush 

and cattail, and the interaction between bulrush and water depth were the habitat 
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characteristics that best explained rail density during the late breeding season of2000 in 

the Cienega de Santa Clara (^5,15 = 7.96, P == 0.0029, adjusted r = 0.6988) (Table 2). 

An increase in the median rail density was associated with proximity to shoreline and 

with increased water depth (range fromlO.83 to 93.33 cm). A decrease in the median rail 

density was associated with an increase in % cover of bulrush (range from 0 to 32 %). 

The percent cover of bulrush also was associated with a negative eflfect of water depth on 

rail density. However, the effect of bulrush was dependant on the vegetation association, 

being associated with an increase in rail density in the presence of cattaU. 

Marsh wetlands in the Colorado River delta 

Early breeding season 

The habitat characteristics that explained rail density for the entire delta during early 

breeding season of 1999 were % of cattail (range from 0 to 100 %), salinity (range from 

1,2 to 8.0 ppt), and the interaction between cattail and salinity (^3,19 = 34.15, P < 0.0001, 

adjusted r^ = 0.8467) (Table 3). Both percent cattail and salinity were associated with an 

increase in the median rail density, but the effect of cattail depended on salinity, being 

associated with a decrease in rail density with higher salinity levels. 

The habitat characteristics that explained rail density for the delta wetlands during 

early breeding season of2000 were percent vegetation cover (range from 35 to 96 %), 

percent of cattail (range from 0 to 100 %), percent of bulrush (range from 0 to 33 %), and 

the interaction between cattail and percent vegetation cover (^4^2= 11.20, P < 0.0001, 

adjusted = 0.6496) (Table 3). AH habitat characteristics were associated with increases 



in rail density. However, the efifect of cattail depended on the percent vegetation cover, 

having a negative Eissociation with rail density at higher percent vegetation covers. 

Late breeding season 

During the late breeding season of 1999, the habitat characteristics that explained rail 

density in the delta were water depth (range from 0 to 138.88 cm), salinity (range from 

1.6 to 8.0 ppt), percent of cattail (range from 0 to 100 %), the interaction between salinity 

and water depth, and the interaction between cattail and water depth (F5.19 = 34.87, P < 

0.0001, adjusted r = 0.8991) (Table 3). All habitat characteristics were associated with 

increases in rail density. However, the efifect of both cattail and water depth depended on 

salinity, having negative associations with rail density at higher salinity levels. 

The habitat characteristics that best explained rail density during late breeding season 

of2000 in the delta were percent vegetation cover (range from 35 to 95 %), vegetation 

height (range from 117.5 to 320 cm), water depth (range from 4.4 to 102.0 cm), percent 

of cattail (range from 0 to 100 %), percent of common reed (range from 0 to 35 %), the 

interaction of cattail with percent vegetation cover, and the interaction of cattail with 

water depth = 31.10, P < 0.0001, adjusted r"' = 0.9054) (Table 3). 

Increase in rail density was associated with percent vegetation cover, percent of 

cattail, and percent of common reed. Vegetation height and water depth were negatively 

associated with rail density. The efifect of cattail depended on percent vegetation cover, 

with negative efifect on rail density with higher percent vegetation cover; and on water 

depth, with positive efifect on rail density with increases in water depth. 
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DISCUSSION 

The association of rail densities with habitat characteristics is not a direct 

measurement of habitat use by Yuma clapper rails during the breeding season; however, 

the eflSciency of the survey methodology (Hinojosa-Huerta et al. unpublished 

manuscript) and the small size of core areas of individual Yuma clapper rails during 

breeding season (<1 ha) (Eddlemzin 1989) suggests that these detections of breeding 

adults are related to nest sites. 

There were no important differences between the patterns of habitat use between early 

and late breeding season at the Cienega. Our results of higher rail densities associated 

with shoreline are similar to results of nesting Yuma clapper rails in Arizona (Conway et 

al. 1993). However, rail density was also associated with increased water depth. 

Telemetry studies have found that Yuma clapper rails use moderate water depths for 

foraging and shallow areas for nesting (Conway et al. 1993). Our results which suggest 

rails selecting increased water depth might be related with the wetland configuration of 

the Cienega, in which deep areas (>50 cm) are close to shore or vegetative edges, and 

might also be a reflection of foraging adults near their nesting sites. Increased rail 

abundance in deeper water areas might also be related to predator avoidance, as well as 

prey availability. Coyotes (Canis latrans) and raccoons (JProcyon lotor) were common 

around the Cienega, and crayfish {Procambarus clarkii) and small fish were abundant in 

the edges of emergent vegetation and deeper open waters. 
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Salinity was an important characteristic in explaining rail density in the Cienega. 

However, increased salinity over 8 ppt can be associated with a decrease in percent 

coverage of cattail and an increase in saltcedar coverage (Glenn et al. 1995, Zengel et al. 

1995). Our results might be a temporal association, and probably related to prey 

availability; in addition salinity might fluctuate temporally in the Cienega because of tidal 

interaction (Garcia-Hemandez 1998). 

During the late breeding season in the Cienega, increased rail densities related to 

cattail coverage and to the interior of the emergent vegetation might be related to 

movements of rails. These vegetative cover types may provide protection from predators 

and better foraging and moving opportunities for the recently hatched brood (Smith 1975, 

Conway et al. 1993). 

The differences we found in habitat characteristics between the Cienega and the other 

wetlands appeared to be associated with the differences in rail density, with cattail and 

saltcedar being key features. This is consistent with other studies, in which cattail was a 

preferred habitat characteristic while saltcedar was not (Anderson and Ohmart 1985, 

Conway et al. 1993). 

The percent of vegetation coverage has been found to be negatively associated with 

rail densities in Arizona (Conway et al. 1993), but we foimd it to be an important feature 

explaining differences between the Cienega and other delta wetlands. However, percent 

vegetation coverage was not a significant variable explaining rail distribution within the 

Cienega. This might be a result of the homogeneous vegetation coverage throughout the 
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Cienega. Vegetation cover might be a factor in avoiding predators, especially during 

breeding season, when adults and nests are susceptible. 

The differences in habitat characteristics between the Cienega and the other marsh 

areas might be associated with the fluctuations in water flows and salinity. Most of the 

delta wetlands are maintained by a combination of agricultural drainage, tidal water from 

the Upper Gulf of California, and occasional excess water flows from the Colorado River 

(Valdes-Casillas et al. 1998). When there is river water, water levels are high and salinity 

is low. This was the case during our study, which was conducted during a "wet" period, 

with average river flows from 1997 to 1999 of 50.99 m^/s. This is a high average 

compared to recent periods of drought, in which average flows were 0.52 m^/s (1989-

1992) and 0.88 m^/s (1994-1996) (Intemational Boundary and Water Commission 2000). 

When there are no river flows, water levels drastically diminish and salinity increases 

ten-fold; some areas in the floodplain became dry (Valdes-Casillas et al. 2000). River 

flows to the delta have had high fluctuations in the last 50 years, with extensive periods 

of drought (Intemational Boundary and Water Commission 2000) (Fig. 3). These 

fluctuations in water flows and associated salinity are related to the invasion of saltcedar, 

especially during periods of drought, low water levels, and/or high salinity (Busch and 

Smith 1995). These conditions might be associated with decreases in rail abundance. 

Other factors that might contribute toward a deterioration of rail habitat in the other 

delta wetlands are human activities related to the maintenance of drains and flood control 

operations, in which patches of vegetation are removed. No studies have been done to 

evaluate the damage caused by these management practices, but our results suggest that 
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this is important. In contrast, the Cienega is maintained by agricultural drainage water 

from the WeUton-Mohawk Valley, with relative constant flows and salinity (Zengel et al. 

1995), and is protected by Mexican environmental laws (SEMARNAP 1995). 

Our data suggest that Yuma clapper rails require native emergent vegetation (mainly 

cattails and bulrush) for nesting. Since this vegetation type requires a perennial source of 

fresh or brackish water (< 8 ppt), the availability of this wetland community has declined 

dramatically as a result of water impoundment and diversion projects on the lower 

Colorado River watershed. A recovery plan for the subspecies must therefore focus on 

water management as a tool for preserving the marshes that remain and for creating 

additional native emergent vegetation wetlands throughout the Colorado River delta. 

MANAGEMENT IMPLICATIONS 

The criteria for managing excess water flows of the river to the delta have only 

considered human uses (Luecke et al. 1999); thus the potential environmental benefits 

have not been optimized. Constant instream flow, which would allow a stable water level, 

constant and lower salinity levels, and the establishment of emergent vegetation, could 

lead to habitat improvement for Yuma clapper rails in the delta floodplain. The 

management of local agricultural drains should also follow these environmental criteria, 

securing constant flows and low salinity levels (3 to 8 ppt) to areas with established 

emergent vegetation. Drain maintenance and flood control operations should avoid 

damaging these emergent vegetation patches. 
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The Cienega is probably the wetland maintaining the highest population of Yuma 

clapper rails, thus its conservation is critical. Nevertheless, there are plans in the U.S. to 

reduce flows and increase salinity in drainage going to the Cienega, as this water is 

scheduled to be diverted to the Yuma Desalting Plant, and the remaining brine (10-12 

ppt) would be directed to the Cienega (U.S. Bureau of Reclamation 1996). Our results 

suggest that these practices would decrease habitat quality for Yuma clapper rails. The 

Cienega de Santa Clara should continue to be protected under the existing scheme of 

Core Zone of the Upper Gulf of California and Colorado River Delta Biosphere Reserve. 
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Table 1. Average number of Yuma clapper rails per ha and habitat characteristics of 

marsh wetlands in the Colorado Eliver delta, Mexico. 

Veg. Veg. Water 

Average cover height depth Salinity Cattail Saltcedar 

Wetland rails/ha (%) (cm) (cm) (ppt) (%) (%) 

Cienegade 0.60 69.73 222.97 40.77 4.29 87.25 5.14 

Santa Clara 

Cucapa 0.05 66.00 297.60 105.67 2.22 0.00 92.81 

Complex 

DrenRiito 1.05 53.13 245.10 26.21 5.50 67.33 26.00 

El Doctor 0.25 75.74 258.22 10.30 1.22 37.73 39.71 

El Mayor 0.14 54.25 297.36 52.74 3.19 44.30 45.50 

River 

Hardy 0.05 36.18 248.79 54.42 2.11 26.00 50.84 

River 

Lagunadel 0.25 59.75 232.38 37.48 3.32 42.00 43.17 

Indio 
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Table 2. Habitat characteristics associated with Yuma clapper rail densities in the 

Cienega de Santa Clara, Sonora, Mexico during the breeding seasons of 1999 and 2000. 

Estimates refers to the increase or decrease (negative sign) in the median rail density 

associated with the habitat characteristic. EBS refers to early breeding season; LBS refers 

to late breeding season. 

Season Habitat characteristic Estimate 95% C.I. FU5 P 

EBS 1999 Water depth 2.70% 1.06 to 4.37 13.56 0.0040 

Open water -5.43% -2.38 to -8.36 15.46 0.0030 

Open water * % 0.05% 0.01 to 0.08 9.02 0.0130 

vegetation cover 

Emergent vegetation * -0.03% -0.01 to -0.05 10.92 0.0080 

water depth 

EBS 2000 Shoreline 15% 6.55 to 24.19 17.11 0.0030 

Salinity 5.38 times 2.27 to 12.75 19.51 0.0020 

Common reed -90.76% -22.56 to 98.90 6.42 0.0320 

Emergent vegetation -13.83% -3.43 to -23.11 8.73 0.0160 

Shoreline * salinity -3.25% -1.67 to -4.80 21.27 0.0010 

Emergent vegetation * 15.90% 1.96 to 31.73 6.79 0.0290 

common reed 

LBS 1999 Water depth 20.80% 16.14 to 25.63 129.44 <0.0001 
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Salinity 6.17 times 4.00 to 9.51 98.94 <0.0001 

Cattail 3.27% 1.90 to 4.66 32.60 0.0007 

Bulrush -3.84% -1.65 to-5.98 16.97 0.0045 

Emergent vegetation 4.11% 2.18 to 6.08 25.84 0.0014 

Salinity * water depth -4.94% -3.91 to-5.95 125.03 <0.0001 

Emergent vegetation * -0.07% -0.04 to -0.09 45.57 0.0003 

cattail 

LBS 2000 Water depth 1.27% 0.25 to 2.32 7.63 0.0200 

Bukush -29.62% -15.19 to-41.59 17.61 0.0018 

Shoreline 0.51% -0.08 to 0.11 3.67 0.0843 

Bulrush * cattail 0.85% 0.44 to 1.25 21.87 0.0009 

Bulrush * water depth -0.96% -0.27 to-1.64 9.68 0.0110 
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Table 3. Habitat characteristics associated with Yuma clapper rail densities in the 

Colorado River delta, Mexico during the breeding seasons of 1999 and 2000. Estimates 

refers to the increase or decrease (negative sign) in the median rail density associated 

with the habitat characteristic. EBS refers to early breeding season; LBS refers to late 

breeding season. 

Season Habitat characteristic Estimate 95% C.L FU5 P 

EBS 1999 Salinity 3.52 times 1.93 to 6.40 20.00 0.0004 

Cattail 9.70% 6.43 to 13.06 42.68 <0.0001 

Cattail * salinity -1.59% -0.72 to -2.46 14.89 0.0015 

EBS 2000 % vegetation cover 9.89% 0.00 to 20.78 4.40 0.0502 

Cattail 12.65% 4.78 to 21.10 11.95 0.0028 

Bulrush 5.30% -0.60 to 11.55 3.53 0.0764 

Cattail * % vegetation -0.11% 0.00 to -0.23 4.73 0.0430 

cover 

LBS 1999 Water depth 9.30% 6.12 to 12.59 41.64 <0.0001 

Salinity 6.81 times 3.87 to 11.97 53.12 <0.0001 

Cattail 8.97% 6.27 to 11.73 54.10 <0.0001 

Salinity * water depth -2.34% -1.44 to -3.24 30.64 <0.0001 

Cattail * salinity -1.60% -0.87 to -2.32 22.08 0.0003 
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LBS 2000 % vegetation cover 6.05% 1.00 to 11.36 6.59 0.0214 

Vegetation height -0.71% -0.15 to-1.27 7.31 0.0163 

Water depth -5.59% -3.60 to-7.53 34.61 <0.0001 

Cattail 5.17% 0.15 to 10.44 4.82 0.0441 

Common reed 5.05% 0.41 to 9.92 5.39 0.0347 

Cattail *% vegetation -0.09% -0.02 to-0.16 7.70 0.0141 

cover 

Cattail * water depth 0.07% 0.04 to 0.10 27.49 <0.0001 
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Figure 1. Cienega de Santa Clara and location of survey stations. 

Figure 2. Wetlands of the Colorado River delta and location of sxirvey stations. 

Figure 3. River flows (millions of m^) to the Colorado River delta from 1950 to 2000, 

measured at the Southern Intemational Boundary. Data from the Intemational Boundaries 

and Water Commission (2000). 
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Abstract. - During March - June of2000, we evaluated the use of call-response surveys 

to monitor breeding Yuma clapper rails at the Cienega de Santa Clara, Colorado River 

delta, Mexico. We assessed the effect that time of day, stage of breeding season, and 

number of survey periods had on the average rails detected at a station. Conducting 2 

survey periods resulted in a significant increase in the number of detected rails over 

conducting either 1 survey period or passive listening. The estimated difference between 

2 survey periods and passive listening was 1.14 rails detected/station (± 0.24, 95% 

confidence interval). There was no difference between the number of rails detected 

during early breeding season and late breeding season for any of the survey techniques. 

However, the number of rails detected with passive listening during early breeding 

season appeared to be higher than during late breeding season. The number of rails 

detected during the afternoon surveys was consistently higher for all the survey 

techniques and both breeding seasons; however, the differences were not statistically 

significant (P = 0.28). Our results show that call response surveys improve the detection 

of Yuma clapper rails over passive listening. Using this technique also appears to reduce 

the variation of rates of responses by rails through the breeding season when compared to 

passive listening. The established protocol developed by the U.S. Fish and Wildlife 

Service for Yuma clapper rail surveys is adequate for monitoring, and it should continue 

to be implemented on a yearly basis at the Cienega de Santa Clara and other wetlands of 

the Colorado River delta in Mexico. 
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Call-response surveys are a common and useful tool for monitoring secretive 

waterbirds in North America (Ribic et al. 1999). This survey technique has been shown to 

increase the detection rates of marsh-breeding birds (Gibbs and Melvin 1993) and for 

some species it has been described as the only practical way for estimating population 

size (Marion et al. 1981). This is the case for rail species, which are elusive, inhabit dense 

vegetative cover, and tend to vocalize and respond to taped bird calls (Marion et al. 1981, 

Johnson and Dinsmore 1986, Eddleman and Conway 1998). Monitoring of endangered 

rails in the western United States, including the Yuma clapper rail (Rallus longirostris 

yumanensis), is based on call-response surveys (Eddleman 1989, Eddleman and Conway 

1998, Spear etal. 1999). 

Call response surveys have been used to study Yuma clapper rail populations since the 

1970s (Anderson and Ohmart 1985, Todd 1986, Eddleman 1989). In the early 1990s, a 

protocol was established for monitoring the subspecies. The protocol specifies survey 

dates (March 15—15 May), timing of broadcasts of taped calls (2 periods of 2 min rail 

calls with 2 min of listening), and time of day (from 30 min before sunrise until no later 

than 3 h after sunrise), among other parameters (Yuma Clapper Rail Recovery Team 

2000). The establishment of a standard survey protocol has been the result of multiple 

studies in the Lower Colorado River in the U.S. (Eddleman 1989, Conway et al. 1993), 

and has facilitated estimating population size (Powell 1990, Hinojosa et al. 2001) as well 

as population trends (Piest and Campoy 1999). 

Nevertheless, the assessment of the effectiveness of call-response surveys as a method 

for determining relative abundance, distribution, and population trends has been 
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identified as a research need for marsh birds in general (Ribic et al. 1999) and for the 

Yuma clapper rail in particular (Eddleman and Conway 1994). Two important aspects to 

evaluate for the Yuma clapper rail protocol are the efiectiveness per field effort and the 

effectiveness of the protocol under different wetland conditions. 

During the breeding season of2000, we conducted call-response surveys for Yuma 

clapper rails at the Cienega de Santa Clara, in the Colorado River delta, Sonora, Mexico, 

the wetland that supports the majority of the breeding population of the subspecies 

(Hinojosa et al. 2001). Our objective was to evaluate the protocol at the Cienega de Santa 

Clara, as well as to contribute information on the general effectiveness of call-response 

surveys for monitoring elusive marshbirds. This research was part of a bi-national effort 

to determine the abundance, distribution, and habitat use of the Yuma clapper rail in the 

Colorado River delta, Mexico (Hinojosa et al. 2001). 

METHODS 

Studv area. - We conducted the study at the Cienega de Santa Clara, the largest marsh 

wetland in the Colorado River delta, which covers about 5,800 ha of cattail fTvpha 

domineensis) dominated areas interspersed with open lagoons (Glenn et al. 1996). The 

main source of water supporting the Cienega is agricultural run-off firom the Yuma 

Irrigation Valley, which arrives through the Wellton-Mohawk canal and attains salinity of 

>3 ppt. 
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Survey methods and assessment. - We conducted call-response surveys following the 

protocol established by the U.S. Fish and Wildlife Service for Yuma clapper rails (Piest 

and Campoy 1999). Survey stations were circular plots (100-m radius) located at least 

200 m apart, and grouped in mini-routes (5 stations per mini-route) (Bystrak 1980). We 

conducted surveys at 35 stations (7 mini-routes). The locations of the mini-routes were 

selected randomly. 

We collected data to evaluate the effect that time of day (morning and afternoon), stage 

of breeding season (early breeding season and late breeding season), and number of 

survey periods (passive listening, 1 period, and 2 periods) had on the average number of 

rails detected at a station. We visited each station during early breeding season (March 10 

- 25 March), and during late breeding season (May 10-25 May), conducting morning 

surveys (between 0500 and 1030) and afternoon surveys (between 1700 and 1930) of the 

same day, with a total of 4 visits at each station. 

At each station we added a period of passive listening of 2 min before playing the 

taped vocalizations, during which we recorded all responding rails. We then conducted an 

initial survey period (2 min playing and 2 min listening), recording number of rails 

responding, and finally a second survey period, in which we recorded new individuals 

responding to the taped calls. We assumed rails to be different individuals when 

responses came from a location separated by a 30° bearing. We treated the passive 

listening survey and the call-response surveys independently, recording all individuals 

responding to the tapes even if they were calling before and detected during the passive 

listening period. 
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Statistical analysis. - We conducted a multivariate analysis of variance (MANOVA) 

based on a repeated measures experimental design (Ramsey and Schafer 1996: 472-474), 

fitting a model with the average number of rails detected per mini-route for each of the 

survey techniques, and a distinct model with the difference of rails detected between the 

survey techniques. We used JMP IN 3.2.6 (SAS Institute) to perform the statistical 

analysis. 

RESULTS 

Number of survey periods. - Conducting 2 survey periods resulted in a significant 

increase in the number of rails detected over conducting 1 survey period and passive 

listening (MANOVA F-test = 102.99, df=1, 25, P < 0.001; Table 1). The estimated 

difference between 2 survey periods and passive listening was 1.14 rails detected/station 

(± 0.24, 95% confidence interval). This represents an increase in the number of rails 

detected of 128% over all stations (estimated difference of average number of rails 

detected between 2 survey periods and passive listening divided by the average number 

of rails detected with passive listeningtimeslOO; 1.14/0.89*100). The estimated 

difference between 2 survey periods and 1 survey period was 0.75 rails detected/station 

(± 0.17, 95% confidence interval), representing an increase in the number of rails 

detected of 59%. Conducting 1 survey period resulted in an estimated increase of 0.39 

rails detected/station over passive listening (± 0.22, 95% confidence interval), 

representing an increase of 44%. 
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Stage of the breeding season. - There was no difiference between the number of rails 

detected during early breeding season and late breeding season for any of the survey 

techniques (MANOVA F-test = 0.4578, df = 1, 25, P = 0.51; Table 1). However, there is 

suggestive evidence that the estimated difference between rails detected during call-

response surveys (1 and 2 periods) and passive listening was higher during late breeding 

season (MANOVA F-test = 2.94, df = 1,25, P = 0.09; Table 2). The estimated difference 

between performing 2 periods and 1 period was almost the same for early breeding 

season and late breeding season (Table 2). This was related to a higher number of rails 

detected with passive listening during early breeding season (an average of 1.11 during 

early breeding season versus 0.66 during late breeding season). Although this difference 

was not significant (MANOVA F-test = 2.56, df = 1,25, P = 0.12), it suggests that the 

variation of responses of rails between seasons is reduced by call-response surveys, 

especially when compared with the average number of rails detected with 1 and 2 survey 

periods for the 2 seasons, which were very similar (Table 1). 

Time of dav. - The number of rails detected during the afternoon surveys was 

consistently higher for edl the survey techniques and both breeding seasons (Fig. 1); 

however, the differences were not statistically significant (MANOVA F-test = 1.1945, df 

= 1,25,P = 0.28). 

DISCUSSION 

Our results show that call-response surveys improve the detection of Yuma clapper 

rails over passive listening, and that having 2 survey periods is worth the extra time spent 

in the field. Using call-response surveys also appears to reduce the variation of rates of 
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responses by rails through the breeding season when compared to passive listening. Other 

studies have found significant variation of response rates of Yuma clapper rails through 

the breeding season, with peaks between mid-April and mid-May (Anderson and Ohmart 

1985, Todd 1986, Eddleman 1989). Our results for passive listening are consistent with 

this variation, but our results using call-response surveys did not vary through the period 

of study. This consistency in the response rate might be the result of higher densities of 

clapper rails in the Cienega de Santa Clara (Hinojosa-Huerta et al. 2001), as response 

rates have been found to be increased by higher rail densities (Zembal and Massey 1981). 

Our results also show a tendency for higher detection rates during afternoon surveys 

than during morning surveys. This contrasts with other studies, which have found higher 

detection rates during rmoming than afternoon for other marsh birds (Gibbs and Melvin 

1993), and with recommendations for conducting call-response surveys (Conway et al. 

1993, Ribic et al. 1999). However, for the purposes of adapting a standardized 

monitoring program, conducting surveys at just one time of day would be preferable. As 

the established protocol for Yuma clapper rail surveys in the Lower Colorado River 

recommends surveys during mornings (Yuma Clapper Rail Recovery Team 2000), 

monitoring at the Colorado River delta in Mexico should also follow the same criteria. 

For circumstances in which evening surveys would be more feasible (e.g. volunteer 

programs; see Ribic et aL. 1999), results would probably not yield less rails detected. 

Further issues to study are the vocalizing behavior of rails throughout the day and the 

response rates of clapper rails at different population densities. 
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Conclusion. - Improved detection rates and reduction of variation through the breeding 

season of the number of rails found per station obtained with call-count surveys showed 

that this technique should continue to be used for monitoring breeding Yuma clapper 

rails, even though it provides an index to relative abundance that requires an estimation 

of the response rates by rails in order to calculate total abundance. This estimate of 

response rates is critical, as our results suggest that vocalization behavior and response 

rates vary with densities of rails. The established protocol for Yuma clapper rail surveys 

is adequate for monitoring purposes, and it should continue to be implemented on a 

yearly basis at the Cienega de Santa Clara and other wetlands of the Colorado River delta 

in Mexico. 
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TABLE 1. Average of Yuma clapper rails detected with each survey technique at the 

different stages of breeding season and time of day on the Cienega de Santa Clara, 

Sonora, Mexico. Silence = passive listening; 1 Period = taped calls for 1 period of 2 

min; 2 Periods = taped calls for 2 periods of 2 min. Standard errors are shown in 

parenthesis. 

Silence 1 Period 2 Periods 

Early breeding season 1.11 (0.14) 1.30(0.13) 2.04 (0.17) 

Late breeding season 0.65 (0.14) 1.24 (0.13) 2.00 (0.17) 

Morning 0.75 (0.14) 1.14(0.13) 1.82 (0.17) 

Afternoon 1.01 (0.14) 1.40 (0.13) 2.21 (0.17) 

Average 0.89 (0.14) 1.27 (0.13) 2.02 (0.17) 
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TABLE 2. Estimated differences of Yuma clapper rails detected between surveys 

techniques at different stage of the breeding season and time of day on the Cienega 

de Santa Clara, Sonora, Mexico. 2P — Silence = difference of rails detected between 

2 survey periods and passive listening; 2P — IP = difiference of rails detected 

between 2 survey periods and 1 survey period; IP — Silence = difference of rails 

detected between 1 survey period and passive listening. Standard errors are shown in 

parenthesis. 

2P - Silence 2P - IP IP - Silence 

Early breeding season 0.92(0.12) 0.74(0.12) 0.19 (0.12) 

Late breeding season 1.34(0.12) 0.75(0.12) 0.59 (0.12) 

Morning 1.07(0.12) 0.68(0.12) 0.39 (0.12) 

Afternoon 1.20(0.12) 0.81 (0.12) 0.39(0.12) 

Average 1.14(0.12) 0.75(0.12) 0.39 (0.12) 



FIGURE 1. Average of Yuma clapper rails detected with each survey technique during 

morning and afternoon surveys on the Cienega de Santa Clara, Sonora, Mexico. 

Silence = passive listening; 1 Period = taped calls for I period of 2 min; 2 Periods = 

taped calls for 2 periods of 2 min. 

•A— Afternoon 

Morning 

Silence I Period 
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APPENDIX D: Supplemental Tables and Figures 

Table I. Habitat characteristics of mini-routes from the Yuma clapper rail surveys in the 

Colorado River delta, 1999-2000. 

Veg. Veg. Water 

Cover Height Depth Salinity Cattail Bulrush Saltcedar Reed 

Route (%) (cm) (cm) (PPt) (%) (%) (%) (%) 

Early Breeding Season 1999 

1 77.5 210 73.5 3.8 100 0 0 0 

2 75 259.5 65.5 3.1 100 0 0 0 

3 74 260 64.28 3.6 99.29 0 0 0 

4 89.2 283 74 3.7 98 0 0 2 

5 65.75 257 12 6 100 0 0 0 

6 53 154 8.5 5.52 95 5 0 0 

7 36.5 230 19 4.6 53 32 14 0 

9 56 191.42 11.85 3.5 95.71 0 1.86 0 

10 73.5 300 100 3 68.57 0 5.71 25.71 

11 60.75 192.72 27.72 5.7 83.18 14.09 2.73 0 

12 63 222 15.5 5.1 65 6 26 0 

13 56 152.22 11.33 5 61.11 26.67 11.11 0 
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173 15.5 

253.33 47.5 

5.8 

6.2 

100 

97 

97 

0 

0 

0 

76.5 250 50.4 33.65 15.78 

61.5 

59.75 

37.23 

54.25 

66 

35.12 

282 

305 

256 

298 

334 

290 

20 

44 

34 

58.5 

94 

120 

3.2 

2.6 

71.33 

42 

42 

0 22 

0.83 43.17 

2.4 54.1 

0 

0.8 

47 

32.5 

2.1 

2.8 10 0 

0 

0 

3.33 

14 

11 

12 

0.31 92.81 6.88 

54.67 34.7 

Late Breeding Season 2000 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

79 252.5 56.67 

83.5 232.5 58.75 

75.25 313.33 42.5 

92.5 283.33 78.75 

3.1 

3.2 

100 

100 

97 

98 

0 

0 

0 

0 

59.25 123.75 10.83 6.2 63.07 

52.5 162.5 12.08 

55.25 202.5 13.5 

62.25 117.5 10.83 

51.5 212 19 

73.5 301.11 70 

6.2 

3.4 

5.3 

87 

61 

81 

3.5 90.71 

32 

0 

68.57 0 

0 

29.43 

8 

7 

14 

6.86 

5.71 

0 

0 

0 

0 

0 

0 

25.71 



11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

0 

0 

0 

0 

0 

0 

0 

3.33 

14 

11 

12 

6.88 

34.7 

60.75 176.67 27.22 

63 164.17 16.75 

96 260 82.08 

88 220 93.33 

72 180 21.25 

81 232.5 50 

76.5 288 4.4 

61.5 208 44 

59.75 197 48 

37.23 185 27.5 

54.25 287 60 

66 288 92 

35.12 320 102 

83.18 9.09 7.73 

75 10 14 

100 0 0 

100 0 0 

97 2 0 

97 2 0 

50.4 33.65 15.78 

71.33 0 22 

42 0.83 43.17 

42 0 47 

54.1 0.8 32.5 

0 0.31 92.81 

10 0 54.67 

6.89 

5 

5 

3 

4.2 

4.2 

1 

3 

3.6 

2.33 

3.1 

2.1 

1.4 



Table 2. Dominant habitat type, wetland, and number of stations of each route from 

Yuma clapper rail surveys in the Colorado River delta, 1999-2000. 

Dominant No. of 

Route Habitat Type Wetland stations 

Early Breeding Season 1999 

1 Water Cienega de Santa Clara 10 

2 Water Cienega de Santa Clara 10 

3 Water Cienega de Santa Clara 14 

4 Water Cienega de Santa Clara 10 

5 Marsh Cienega de Santa Clara 10 

6 Marsh Cienega de Santa Clara 10 

7 Shoreline Cienega de Santa Clara 5 

9 Shoreline Cienega de Santa Clara 7 

10 Water Cienega de Santa Clara 7 

11 Marsh Cienega de Santa Clara 12 

12 Shoreline Cienega de Santa Clara 10 

13 Shoreline Cienega de Santa Clara 9 

14 Water Cienega de Santa Clara 10 

15 Shoreline Cienega de Santa Clara 10 

18 Shoreline Cienega de Santa Clara 6 
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19 Shoreline Lagima del Indio 8 

21 Water El Mayor River 10 

22 Water Cucapa Complex 16 

23 Shoreline Hardy River South 7 

24 Water Riparian Conidor 5 

Late Breeding Season 1999 

1 Water Cienega de Santa Clara 13 

2 Water Cienega de Santa Clara 15 

3 Water Cienega de Santa Clara 18 

4 Water Cienega de Santa Clara 15 

5 Marsh Cienega de Santa Clara 10 

6 Marsh Cienega de Santa Clara 11 

7 Marsh Cienega de Santa Clara 15 

9 Shoreline Cienega de Santa Clara 6 

10 Water Cienega de Santa Clara 11 

11 Marsh Cienega de Santa Clara 10 

12 Shoreline Cienega de Santa Clara 11 

13 Shoreline Cienega de Santa Clara 6 

14 Water Cienega de Santa Clara 7 

15 Shoreline Cienega de Santa Clara 10 

18 Shoreline Cienega de Santa Clara 8 



19 Shoreline Laguna del Indio 6 

20 Shoreline Hardy River North 4 

21 Water El Mayor River 9 

22 Water Cucapa Complex 10 

23 Shoreline Hardy River South 5 

17 Shoreline EI Doctor 6 

24 Water Riparian Corridor 5 

Early Breeding Season 2000 

1 Water Cienega de Santa Clara 10 

2 Water Cienega de Santa Clara 12 

3 Water Cienega de Santa Clara 10 

4 Water Cienega de Santa Clara 12 

5 Shore Cienega de Santa Clara 10 

6 Shore Cienega de Santa Clara 12 

7 Shore Cienega de Santa Clara 12 

8 Water Cienega de Ssinta Clara 10 

9 Shore Cienega de Santa Clara 11 

10 Water Cienega de Santa Clara 12 

11 Shore Cienega de Santa Clara 8 

12 Shore Cienega de Santa Clara 12 

13 Water Cienega de Santa Clara 10 



14 Water Cienega de Santa Clara 10 

15 Shore Cienega de Santa Clara 10 

16 Shore Cienega de Santa Clara 12 

17 Shore El Doctor 5 

18 Shore Dren Riito 5 

19 Shore Laguna del Indio 10 

20 Shore Hardy River North 5 

21 Shore El Mayor River 10 

22 Water Cucapa Complex 10 

23 Shore Heirdy River South 5 

24 Water Riparian Corridor 5 

Late Breeding Season 2000 

1 Water Cienega de Santa Clara 12 

2 Water Cienega de Santa Clara 12 

3 Water Cienega de Santa Clara 12 

4 Water Cienega de Santa Clara 12 

5 Shore Cienega de Santa Clara 12 

6 Shore Cienega de Santa Clara 12 

7 Shore Cienega de Santa Clara 12 

8 Water Cienega de Santa Clara 12 

9 Shore Cienega de Santa Clara 10 



10 Water Cienega de Santa Clara 9 

11 Shore Cienega de Santa Clara 9 

12 Shore Cienega de Santa Clara 12 

13 Water Cienega de Santa Clara 12 

14 Water Cienega de Santa Clara 9 

15 Shore Cienega de Santa Clara 12 

16 Shore Cienega de Santa Clara 12 

17 Shore El Doctor 5 

18 Shore Dren Riito 13 

19 Shore Laguna del Indio 10 

20 Shore Hardy River North 6 

21 Shore EI Mayor River 10 

22 Water Cucapa Complex 10 

23 Shore Hardy River South 5 

24 Water Riparian Corridor 5 



Table 3. Total number of Yuma clapper rails and rails/station detected at each mini-route 

from Yuma clapper rail surveys in the Colorado River delta, 1999-2000 

Route Total rails Rails/st 

Early Breeding Season 1999 

1 28 2.80 

2 17 1.70 

3 13 0.92 

4 38 3.80 

5 20 2.00 

6 15 1.50 

7 10 2.00 

9 17 2.42 

10 25 3.57 

11 11 1.00 

12 21 2.10 

13 17 1.88 

14 39 3.90 

15 15 L50 

18 9 1.50 

19 3 0.38 
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21 4 0.20 

22 0 0.00 

23 0 0.00 

24 0 0.00 

Late Breeding Season 1999 

1 9 0.69 

2 46 3.07 

3 22 1.22 

4 56 3.73 

5 19 1.90 

6 25 2.27 

7 28 1.86 

9 3 0.50 

10 21 1.90 

11 19 1.90 

12 18 1.63 

13 5 0.83 

14 26 3.71 

15 24 2.40 

18 7 0.88 

19 4 0.67 
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21 2 0.22 

22 6 0.66 

23 0 0.00 

17 0 0.00 

24 0 0.00 

Early Breeding Season 2000 

1 i 0.10 

2 11 0.92 

3 15 1.50 

4 13 1.08 

5 12 1.20 

6 10 0.83 

7 27 2.25 

8 17 1.70 

9 14 1.27 

10 33 2.75 

11 13 1.63 

12 45 3.75 

13 14 1.40 

14 21 2.10 

15 29 2.90 



16 30 2.50 

17 7 1.40 

18 20 4.00 

19 3 0.30 

20 0 0.00 

21 3 0.30 

22 0 0.00 

23 0 0.00 

24 0 0.00 

Late Breeding Season 2000 

1 20 

2 19 1.58 

3 13 1.08 

4 11 0.92 

5 25 2.08 

6 60 5.00 

7 35 2.92 

8 22 1.83 

9 10 1.00 

10 14 1.56 

11 29 3.22 
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12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

44 

26 

19 

25 

19 

5 

13 

18 

4 

8 

0 

0 

0 

3.67 

2.17 

2.11 

2.08 

1.58 

1.00 

2.60 

1.80 

0.67 

0.80 

0.00 

0.00 

0.00 
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Table 4. Average number of rails detected at each mini-route with the dififerent survey 

techniques, for different stages of breeding season and times of day. 

Early Breeding Season 

Morning Afternoon 

Mini-route Silence I Period 2 Periods Silence 1 Period 2 Periods 

1 0.20 0.20 0.20 0.00 0.80 LOO 

2 0.20 0.40 1.20 1.00 2.20 2.80 

3 0.80 1.20 1.80 0.80 0.80 1.60 

4 0.80 1.00 1.40 2.40 1.40 2.20 

5 0.80 1.20 1.80 0.60 1.20 2.20 

6 2.80 2.60 4.40 3.00 2.60 3.40 

7 0.60 1.40 1.80 1.60 1.20 2.80 

Late Breeding Season 

Morning Afternoon 

Mini-route Silence 1 Period 2 Periods Silence 1 Period 2 Periods 

I 0.00 1.20 1.80 0.20 0.40 1.80 

2 0.40 1.60 2.80 0.80 2.20 3.40 

3 0.20 0.60 1.00 LOO 2.00 2.40 

4 0.40 1.00 1.80 0.20 0.60 1.20 

5 LOO 1.40 1.60 0.40 0.40 0.80 

6 1.00 1.20 2.00 LOO 1.40 2.20 

7 1.40 1.00 2.00 1.20 2.40 3.20 
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Figure 1. Average number of Yuma clapper rails/station for each one of the survey 

techniques. OP refers to passive listening; IP refers to 1 survey period; 2P refers to 2 

survey periods. 

2.5 

OP IP 2P 
Survey Technique 
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Figure 2. Average number of Yuma clapper rails/station for each of the survey techniques 

and for early and late breeding season. OP refers to passive listening; IP refers to 1 survey 

period; 2P refers to 2 survey periods. EBS refers to early breeding season; LBS refers to 

late breeding season. 
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