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ABSTRACT 

I estimated the risk of selenium toxicity to endangered Yuma 

clapper rail and other marsh birds of the lower Colorado River (LCR). I 

collected sediment, invertebrates, Virginia rails, and least bitterns 

from 4 locations within the LCR valley, in May-August 1990, and 

collected additional bird species from 1 of the sites in April 1991. I 

analyzed the samples for selenium and other trace elements. Selenium 

accumulated in the backwater marshes of the LCR and was uniformly 

distributed among the backwaters sampled. Selenium increased 1-16X 

between successive trophic levels, however, selenium levels did not 

differ significantly among species with different diets. Based on the 

selenium levels in bird tissues and prey species, marsh birds in the LCR 

valley are at low risk of adult mortality, but moderate to high risk of 

teratogenicity. The rate of selenium accumulation in the backwaters 

must be reduced to decrease the risk of toxicity. 
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INTRODUCTION 

The Yuma clapper rail (Rallus lonairostris vumanensisl is 1 of 24 

clapper rail subspecies. It was first identified as the distinct 

species Rallus vumanensls. or Yuma rail, in 1923 (Dickey 1923). The 

species has since been grouped with similar rails into the single 

species Rallus lonairostris. or clapper rail. Clapper rails are 

typically coastal species; the Yuma clapper rail is the only western 

subspecies that inhabits freshwater marshes. Its range extends the 

length of the lower Colorado River (LCR) from Davis Dam to the Mexican 

delta with smaller populations on the Gila River in southwestern Arizona 

and at Salton Sea in southeastern California (Eddleman 1989). 

In 1967 the U.S. Fish and Wildlife Service (USFWS) listed the Yuma 

clapper rail as an endangered subspecies (DOI 1968). The California 

Fish and Game Commission and the Arizona Game and Fish Commission 

subsequently added the subspecies to their state lists in 1971 and 1978, 

respectively (USFWS 1983). There was limited published information on 

Yuma clapper rails at the time of listing; however, in the following 20 

years, a series of studies have provided critical information about the 

life history and status of the species. In particular, a telemetry 

study of Yuma clapper rails (Eddleman 1989) provided the first 

comprehensive life history data. 

In 1989, the USFWS proposed to reclassify the Yuma clapper rail 

from endangered to threatened. Recent habitat loss along the Colorado 

River and a potential contaminant problem caused the USFWS to 

investigate these issues further before considering reclassification. 



The contaminants issue arose because of elevated selenium levels in dead 

Yuma clapper rails recovered during an 1985-87 life history study 

(Eddleman 1989). 

Selenium, which naturally occurs in shale rock and soil, is an 

essential trace element. However, in the mid-1930's, studies to 

determine the benefits of selenium supplements to egg production in 

chickens showed that high levels of dietary selenium had adverse effects 

(Poley and Moxon 1938). Since that time, several incidents of selenium 

poisoning have been reported, and it is now known that selenosis is the 

animal disease Marco Polo described during his travels to China in 1295 

(Yang 1983). Although minor occurrences of selenium poisoning in humans 

have been reported in the United States, selenium toxicity in fish and 

birds is a more widespread problem. 

The most publicized incident of selenium toxicity in the United 

States occurred at Kesterson National Wildlife Refuge in the San Joaquin 

Valley, California. High concentrations of selenium in evaporation 

ponds killed and deformed resident birds (Ohlendorf et al. 1986). Tile 

drains from irrigation in the San Joaquin Valley supplied water for the 

evaporation ponds. In response to congressional requests, the 

Department of Interior (DOI) initiated a series of reconnaissance 

investigations to evaluate contamination associated with irrigation 

drainage in the western United States. The DOI initially identified 19 

target locations, including the lower Colorado River valley. 

The U.S. Geological Survey (USGS), the USFWS, and the U.S. Bureau 

of Reclamation (USBR) cooperated on a 1986-87 DOI reconnaissance 
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investigation of the LCR valley (Radtke et al. 1988). The participating 

agencies evaluated contaminant levels in water, sediment, and biota 

collected from 11 locations from Davis Dam to the U.S.-Mexico 

international border. Of the organic and inorganic compounds analyzed, 

only selenium occurred at levels of concern. Selenium levels in the LCR 

met or exceeded adverse-effect levels for fish and birds. Sixteen 

percent of the carp (Cvurinus carpio) samples from the study contained 

selenium residues a the recommended guideline (2.0 ug/g [ppm] wet weight 

[WW]) for reproductive impairment in fish, and Radtke et al. (1988) 

reported values as high as 4.0 ppm WW. The elevated levels of selenium 

reported in fish, double-crested cormorants (Phalocrocorax auritusl. and 

sediments, combined with the relatively low levels in plants and water, 

suggested an unusual distribution of selenium in the valley. 

Radtke et al. (1988) consistently found the highest levels of 

selenium along the LCR in backwaters and oxbow lakes. These systems 

readily accumulate selenium because they are lacustrine, with shallow, 

standing, or slow moving water, and have sediment of fine particle size 

(Radtke et al. 1988). The backwaters become "contaminant sinks" because 

of the deposition of fine selenium-laden particles. These sinks 

increase the possibility of toxic bioaccumulation in species, including 

the Yuma clapper rail, that inhabit these areas. 

The Yuma clapper rail is almost entirely carnivorous. It feeds 

extensively on crayfish /Procambarus clarkii) and to a lesser degree on 

freshwater shrimp IPalaemonetes paludosus\. other invertebrates, and 

small vertebrates, e.g. mosquitofish fOambusia affinis)(Ohmart and 



Tomlinson 1977, Eddleman 1989). In contrast, American coot (Fulica 

americana) and common moorhen (Gallinula cloropusl are primarily 

herbivorous, feeding on aquatic vegetation (DuBowy 1989, Kepner et al. 

unpubl.). Selenium residues in livers of Yuma clapper rails from Topock 

Gorge and Mittry Lake ranged from 8.6 to 38.9 ppm dry weight (DW, 2.2-

16.3 ppm WW) in livers, 3.3 and 5.2 ppm DW (1.1 and 1.5 ppm WW) in 2 

whole body carcasses, and 12.0 and 13.0 ppm DW (3.2 and 3.7 ppm WW) in 2 

egg composites (Kepner et al. unpubl.). These values are comparable to 

selenium levels at Kesterson (Ohlendorf et al. 1986, Ohlendorf 1989). 

Selenium residues in coot livers, coot eggs, and in moorhen eggs 

collected from the LCR averaged 6.7 ppm, 3.4 ppm, and 2.0 ppm DW, 

respectively. The higher residual levels of selenium in the clapper 

rails as compared to the herbivorous rallids sharply contrast with the 

results of DuBowy and Ohlendorf who found the highest levels of selenium 

at Kesterson in herbivorous water birds (DuBowy 1989). The data from 

the LCR may indicate different cycling pathways for selenium in the LCR 

than at Kesterson. 

The relative availability of selenium in sediment and water may 

explain the difference in selenium accumulation between birds from the 

LCR and those from Kesterson. The selenium in sediments of LCR 

backwaters (<0.1-7.1 ppm DW) is readily available to benthic feeders, 

such as crayfish, which accumulate high concentrations of selenium (3.7 

ppm and 4.6 ppm DW in crayfish samples from Mittry Lake and Topock 

Gorge, respectively). Conversely, aquatic plants, which primarily 

accumulate selenium across leaf cell membranes, are subject only to the 
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relatively low levels of selenium in the water. At Kesterson, the high 

level of selenium in water explains the high concentrations in aquatic 

plants, and subsequently in herbivorous birds. The unusual distribution 

of selenum in the LCR valley complicates using established models of 

selenium toxicity to determine risk levels as suggested by DuBowy (1989) 

and Ohlendorf and Skorupa (1989). 

A possible decline in the Yuma clapper rail population during the 

late 1980's, and the potentially detrimental effects of the reported 

selenium levels, caused the USFWS to initiate this study (J. Young USFWS 

memorandum). No data are available from the LCR to indicate whether 

Yuma clapper rails are unique in accumulating high levels of selenium, 

or whether other marsh birds with similar feeding habits also accumulate 

high levels. The majority of the LCR contaminants data pertains to fish 

from the primary channel of Colorado River. There is virtually no 

contaminants information for species similar to the clapper rail or for 

biota in the backwaters of the river. The objectives of this study are 

to: 

1. Determine if backwater areas of the lower 
Colorado River contain higher concentrations of 
selenium than the main channel. 

2. Determine if selenium is distributed uniformly among lower 
Colorado River backwaters. 

3. Evaluate the levels of trace elements in lower Colorado 
River birds. 

4. Determine the biomagnification rate of selenium 
through the Yuma clapper rail food chain. 
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5. Determine the relative accumulation of selenium in 
water bird species inhabiting the lower Colorado 
River. 

6. Evaluate tissue levels of selenium in lower 
Colorado River birds according to contrasting 
hypotheses of selenium toxicity. 
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STUDY AREA 

The LCR separates Arizona from California and includes 453 km of 

the Colorado River from Davis Dam, near Bullhead City, Arizona, to the 

Mexico-United States international boundary. The LCR has an average 

annual precipitation of 10-13 cm and average annual evaporation of 230 

cm. It is one of the most arid regions of the world. Temperatures 

range from average highs and lows of 21°C and 4°C in the winter to 41°C 

and 23°C in the summer, and exceed 32°C >160 days each year (Ohmart et 

al. 1988). 

Agriculture accounts for >2/3 of water consumption from the LCR. 

Dams and other water impoundments channel river flow and storm runoff to 

agricultural entities and municipalities. These impoundments created 

large cattail (Tvpha spp.), bulrush tScirpus spp.) marshes well suited 

for clapper rails and other marsh birds not previously abundant in the 

Colorado River valley. However, these impoundments restrict drainage 

and flushing, accumulate silt, and concentrate contaminants in the 

marshes. 

The study area includes 4 locations in the LCR: Mittry Lake, 

imperial Reservoir, Cibola Lake, and Topock Marsh (Fig. 1). I 

considered the distribution of clapper rails, water management 

practices, and previous contaminants data when I selected the collection 

sites. 

Mittry Lake, the most southern site, is located between Imperial 

and Laguna Dams. Mittry Lake was previously an oxbow lake of the 

Colorado River, but now receives water via a diversion from Imperial 



NEEDLES#^# TOPOCK 
\ MARSH 
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YUMA 
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Figure 1. Location of the lower Colorado River study areas. 
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Reservoir. The lake is a wildlife area managed through a cooperative 

agreement among the Arizona Game and Fish Department (AGFO), USBR, and 

the U.S. Bureau of Land Management (BLM). The south and southwest 

portions of the management area have been extensively dredged for 

wildlife mitigation. A flood in 1983 scoured the northern portion of 

the lake, leaving an open channel through the shallow marsh. Mittry 

Lake supports a stable population of clapper rails and is one of the 

locations included in Eddleman's 1985-87 Yuma clapper rail study. 

Although Radtke et al. (1988) did not sample Mittry Lake in the 1986-87 

contaminants study, the USFWS has collected contaminants data for the 

area (USFWS unpubl. data). The USFWS recently analyzed black rails 

<Laterallus iamaicensisl, Virginia rails (Rallus limicola), clapper 

rails, and crayfish collected at Mittry Lake from 1985-88 for selenium 

and other contaminants (Radtke et al. 1988, Eddleman 1989, Kepner et al. 

unpubl.). 

Imperial Reservoir, built in 1938, acts as a settling basin and 

supplies water to the Imperial Valley. This shallow reservoir is 

periodically dredged to maintain flows and surface water for recreation 

(Ohmart et al. 1988). Although a fire in 1987 destroyed the surrounding 

marsh vegetation, the vegetation is rapidly reestablishing around the 

reservoir and on large silt islands within the reservoir. The 1990 

clapper rail census recorded 64 birds in the lower Imperial region 

compared to 14 and 20 birds recorded in 1987 and 1989, respectively 

(USFWS Yuma clapper rail census summary 1990). Although the area was 

more intensively surveyed in 1990, the results suggest the species is 
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responding favorably to the marsh reestablishment. In the 

reconnaissance study (Radtke et al. 1988), the sediment samples with the 

highest selenium levels were collected from Imperial Reservoir, and 

selenium levelB in carp and double-crested cormorants collected from 

Imperial were some of the highest recorded in the study. Imperial 

Reservoir has great potential for contamination because it is a settling 

basin, but is also the area that is least amenable to water management 

to reduce contamination. 

Cibola Lake is located on Cibola National Wildlife Refuge (CNWR), 

48 km south of Blythe, California. This 240 ha lake, formed in 1974, 

provides habitat for resident and wintering waterfowl and other wetland 

species, including a 50 clapper rails. Water is pumped from the 

Colorado River into the north end of the lake and returned to the 

Colorado River via a similar outlet structure on the south end. 

Although the USBR built the lake and maintains the dike separating the 

lake from the river, CNWR manages the lake and manipulates water flow as 

necessary. The Arizona Cooperative Fish and Wildlife Research Unit is 

currently studying contaminants of CNWR with extensive sampling in 

Cibola Lake (Welsh unpubl.). Cibola Lake may be an ideal location for 

an experimental study to establish methods for reducing contaminant 

levels in Colorado River backwaters given the contaminants data 

available and the ease of controlling flows. 

Topock Marsh on Havasu National Wildlife Refuge (HNWR), adjacent 

to Needles, California, is the most northern location used in the study. 

The marsh receives water from the Colorado River via a 6.4 km inlet. A 



series of dikes contain and divert water to different parts of the 1600 

ha. impoundment. I selected Topock Marsh as the fourth study location, 

although the majority of clapper rail contaminants data are from Topock 

Gorge (directly south of Topock Marsh). I chose Topock Marsh because of 

accessibility, the lack of Virginia rails at Topock Gorge, and the 

greater potential for contamination at Topock Marsh. Radtke et al. 

(1988) included the Topock Marsh inlet as a sampling site in their 1986-

87 study, and the USFWS collected contaminants data within the marsh 

(USFWS unpubl. data). The low levels of selenium in the inlet combined 

with elevated levels found in biota from the marsh support the' 

hypothesis that selenium is concentrated in backwaters and lakes. 
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METHODS 

Observing embryo development for selenium induced teratogenesis is 

the preferred method for evaluating the extent of selenium contamination 

within a location. However, this approach is difficult in the marshes 

of the LCR because the nests are hard to find in the dense vegetation. 

Therefore, I hypothesized that species with similar life-history should 

reflect similar contaminant levels within the same area. I hoped to 

estimate the potential toxicity of selenium to clapper rails and other 

marsh birds of the LCR by determining the distribution of selenium in 

tissues of surrogate species, and comparing the selenium levels to those 

from other selenium toxicity studies. Tissue residues during the 

breeding season best reflect exposure levels during egg laying. The 

rail breeding season on the LCR extends from late February through July. 

Therefore, I conducted the study during May, June, and July 1990, and in 

April 1991. In 1990, I collected surrogate species from the 4 study 

sites to estimate selenium available to clapper rails and the relative 

degree of contamination throughout the U.S range of the Yuma clapper 

rail. In 1991, I collected additional species of marsh birds from 

Mittry Lake to determine the relative uptake of selenium in different 

water birds at the same location. Finally, I correlated selenium 

concentrations in livers and kidneys to determine relative body burdens 

among species. 
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Soeciea Selection 

In 1990, I sampled 2 bird species and various prey species to 

estimate the extent of selenium contamination throughout the U.S. range 

of the Yuma clapper rail. Birds primarily accumulate selenium through 

the food chain, and species with similar food habits typically reflect 

similar selenium levels in tissue. Virginia rails and least bitterns 

lIxobrvchus exilisl are 2 resident marsh birds which have diets similar 

to clapper rails. The Virginia rail is the resident species most 

similar in morphology, life history, and distribution to the Yuma 

clapper rail, and therefore the most likely surrogate to the Yuma 

clapper rail. However, least bitterns may be a more practical surrogate 

because of their abundance and visibility. 

Crayfish, freshwater shrimp, and Asiatic clams (Corbicula 

fluminea) comprise the majority of the clapper rail diet and portions of 

the Virginia rail and least bittern diets. I did not expect selenium 

levels in invertebrates to be as high as levels found in the birds 

because selenium biomagnifies, or increases in concentration through the 

food chain. However, because these species constitute the primary Yuma 

clapper rail prey (Ohmart and Tomlinson 1977), their selenium levels 

should directly correlate to levels in Yuma clapper rails. 

Sediment and water are commonly monitored to track watershed 

contamination. However, recent data suggests selenium levels in LCR 

water does not correlate well with sediment and biota selenium levels 

(Radtke et al. 1988, Welsh unpubl.). Therefore, I did not include water 

as a test medium in this study. I did include sediment as a test medium 
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because selenium levels in sediments correlated well with selenium 

levels of biota in other LCR studies (Radtke et al. 1988). 

In 1991, I sampled herons, rails, gallinules, and ducks from 

Mittry Lake to assess further the relative uptake of selenium in species 

with differing prey bases. I selected species within these groups based 

on occurrence and availability. 

snonimen Collection arlH sampia preparation 

I located Virginia rails by soliciting responses to call tapes 

played on a portable cassette player, or by listening for unsolicited 

rail vocalizations at dawn and dusk. I used trapping methods described 

by Zembal and Masey (1983) with the trip mechanism modification designed 

by Eddleman (1989). I set traps in the most suitable, accessible areas 

if I did not locate rails vocally. Trapping consisted of placing drift 

fences (leads) of 1 to 2 m tall nylon mesh across travel lanes or 

through the marsh from open water to the upland edge of the marsh. I 

used 25 box traps of 2 sizes: 16 traps 45x45x45 cm constructed of 2.5 cm 

mesh from 14 gauge galvanized welded wire, and 9 traps 24x40x30 cm of 

1.25x2.5 cm mesh. Trap-sets consisted of 24 to 60 m of lead in any 

variety of configurations with 4 to 9 traps systematically distributed 

along the lead. I operated as many as 4 trap-sets at a time, and trap-

sets remained in place for 4 to 9 days before I moved them to a new 

site. 

I trapped least bitterns with the same method used to trap 

Virginia rails or by shooting with a shotgun loaded with size 4 steel 



shot. Least bitterns feed in open water at the marsh edge and can be 

observed perching on cattail stocks. Bitterns "freeze" to camouflage 

themselves when approached, thereby becoming easy targets. I motored 

slowly through the lakes parallel to the cattails at 10 to 24 m from the 

edge and watched for bitterns perched in the cattails. I identified the 

birds, then shot and retrieved the bitterns. In 1991, I also collected 

birds from Mittry Lake using a shotgun but reduced the load to size 6 

steel shot. 

I used techniques outlined by Patuxent Analytical Control Facility 

(PACF, Smith 1989 PACF Reference Manual) to dissect each bird, and 

removed the liver, kidneys, breast muscle, and ovaries. I rinsed the 

scissors, forceps, and scalpels in distilled water and sterilized the 

utensils in acetone and hexane before each dissection. I transferred 

the tissues to sterile Whirlpak bags, and then weighed, sealed, labeled, 

and immediately froze the samples. I performed the dissections on 

aluminum foil cleaned with hexane and wore disposable, sterile, latex 

gloves during the procedure. After I removed the tissues, Z froze the 

carcasses and delivered them to the University of Arizona Bird 

Collection for preparation and housing as voucher specimens. 

I set 5 modified minnow traps (traps with larger opening) along 

the open water edges of the marsh where I estimated the birds fed. I 

used these traps, baited with anchovies, hot dogs, or chicken livers, to 

collect crayfish and shrimp. I checked the traps every 8 to 12 hours 

and removed traps in 12 to 48 hours. I collected clams in the same 

locations as the crayfish by repeatedly dredging the open water marsh 



edges with an Eckman dredge. 

I transferred crayfish and shrimp from the traps directly into 

sterile Whirlpak bags. Each bag contained a composite of whole body 

specimens. Using the sterile techniques described above, I dissected 

clams and composited the internal organs of several clams into each 

sample. I recorded total sample weights, sealed and labeled the bags, 

and immediately froze the samples. 

I collected sediment by 2 methods. At Hittry Lake, Imperial 

Reservoir, and Cibola Lake, I sampled sediment with an Eckman dredge at 

locations of the invertebrate sampling. I collected sediment within the 

vegetation or in open water £ 30 cm from the vegetation edge. I 

transferred samples to an aluminum foil lined pan, removed the large 

debris, and used a stainless steel ladle to transfer 3 subsamples into a 

chemically cleaned sterile polypropylene jar. I composited 3 dredge 

passes into a single sample and collected 3 samples from each location. 

Because the dredge broke during the study, I scooped sediment samples 

from Topock Marsh with the stainless steel ladle. I composited 9 ladle 

scoops into a single sample (the same number of ladle scoops composited 

using the dredge method) and collected 3 samples at each location. I 

tightly closed each jar, and then weighed, labeled, and froze the 

samples. I also sampled sediment in the Colorado River above Mittry 

Lake, above Imperial Reservoir, and in the Topock Marsh inlet to verify 

whether areas with flowing water contain lower selenium levels than the 

lakes they supply. 



24 

Residue Analysis 

Research Triangle Institute (RTI), North Carolina, analyzed the 

element residues in all the samples collected in 1990. Each sample was 

homogenized, lyophilized, digested, and analyzed for selenium using 

Graphite Furnace Atomic Absorption (GFAA). RTI also analyzed the liver 

samples for 20 elements using Inductively Coupled Plasma Spectroscopy 

(ICP). 

To prepare the samples for analysis, the crayfish and shrimp 

samples were rough ground in a Hammer Cutter Mill and finely ground in a 

Kitchen Aid food processor. An aliquot of sample was subsequently 

frozen in a weighed, 60 mL amber bottle covered with a Kimwipe. Each 

sediment sample was mixed, and an aliquot was weighed and frozen. Liver 

and kidney samples were frozen without being ground. All frozen samples 

were placed in a Vitris freeze dryer to remove the moisture 

(lyophilized), and homogenized using a mortar and pestle. Percent 

moisture was calculated from the moisture lost during lyophilization. 

For ICP measurement, 0.25 to 0.5 g of homogenized liver sample was 

weighed into an acid washed 120 mL Teflon vessel, and 5 mL of 

concentrated nitric acid was added. The vessel was capped, torqued to 

12-15 psi, and heated in a MDS-81DCEM microwave oven. Samples were 

heated for 3 minutes at 120 watts, followed by 3 minutes at 300 watts, 

and 15 minutes at 450 watts. Upon completion, the vessel was removed, 

cooled in a fume hood, and the contents transferred with deionized water 

to a 50 mL volumetric flask. The ICP measurements were made using a 

Leeman Labs PlasmaSpec I sequential spectrometer. The instrument was 
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standardized using a multi-element standard at 3 concentration levels. 

The detection limit was determined by analyzing 7 separate digests of a 

low level tissue sample, and 3X the standard deviation of the mean was 

used as the detection limit. Quality control samples were then analyzed 

to check the ICP operation, and a standard was analyzed every 5 samples 

to check for drift. 

Digestion for selenium analysis was identical to sample digestion 

for the ICP measurement. GFAA measurements were made using a Perkin 

Elmer Zeeman 3030 atomic absorption spectrophotometer with an HGA-600 

graphite furnace and an Al-60 autosampler. The samples were analyzed by 

additions-calibration using 4 to 6 point calibration. A check sample 

was analyzed following calibration and reanalyzed every 10 samples 

throughout the procedure. The detection limit for selenium was 

determined by running a blank or low level digested sample 7 times and 

multiplying the standard deviation by 3, approximately 3 ug/L (ppb). 

The detection limit in ug/g was then computed using the DW of the sample 

which was digested and diluted to 50 mL (e.g., [3 ug/L X 0.05 L)/0.5 g = 

0.3 ug/g). 

Patuxent Wildlife Research Center analyzed the samples collected 

in April 1991 using methods described by Krynitsky (1987). 

Data Analysis 

I used parametric and non-parametric analysis of variance (ANOVA) 

to test for differences in concentrations of elements among locations 

and species. I statistically analyzed only those elements recorded 
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above detection limits in at least half of the livers. Values below 

detection limits included in the statistical analyses were set at the 

detection limit to provide the moBt conservative estimate. Before 

testing for differences, I tested the data for normality and equal 

variance. I log,0 transformed all of the data prior to the parametric 

ANOVAs because data were neither normal nor of equal variance. 

I calculated the correlations between tissue selenium 

concentrations and body weight using regression analysis. I corrected 

the analyses for age and sex, and compared the curves to those reported 

in the literature. 

I conducted the statistical analysis using PC-SAS. I used the 

General Linear Model (GLM) procedure and the NPAR1WAY procedure to 

perform the ANOVA. These procedures correct for an imbalanced sample 

design. A Tukey test identified significant differences. I used the 

Regression procedure to run the correlation analyses. I considered any 

a < 5% (P < 0.05) to be significant. 



RESULTS 

gporimon rnllijction 

In 1990, I collected a total of 8 Virginia rails and 7 least 

bitterns (Table 1). Sampling capabilities and effort varied among the 

locations. Additionally, several non-target species were captured, 

including Yuma clapper rails (Table 2). Some of the individuals caught 

died in the traps. 

Two of the Virginia rails, 1 each from Mittry Lake and Topock 

Marsh, were fledglings with too little breast muscle to sample. 

Likewise, only 1 female Virginia rail and 1 female least bittern had 

ovaries developed enough for sample extraction. I included muscle 

samples from 2 least bitterns from Mittry Lake collected in 1986, as 

well as liver and kidney samples from 1 of the bitterns. 

As with the birds, sampling success for invertebrates varied among 

locations. I collected crayfish from all of the locations including 

upriver of Imperial Reservoir and from the Topock Marsh inlet. The 

number of crayfish per sample varied among sites but not within sites. 

I collected clams only upriver of Imperial Reservoir and within Imperial 

Reservoir, and shrimp only from Topock Marsh. 
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Table 1. Avian species collected on the lower Colorado River, Hay-Aug 

1990. 

Bird Species Location 
Tissues" 

Age* Sexb Sampled Method 

MV01 Virginia rail 

MV02 Virginia rail 

MV03 Virginia rail 

MV04 Virginia rail 

HV01 Virginia rail 

HV02 Virginia rail 

HV03 Virginia rail 

HV04 Virginia rail 

IB01 Least bittern 

IB02 Least bittern 

CB01 Least bittern 

CB02 Least bittern 

HB01 Least bittern 

HB02 Least bittern 

HB03 Least bittern 

Mittry Lake A M L,K,M Trapped 

Mittry Lake J ? L,K Trapped 

Mittry Lake A F L,K,M,0 Trapped 

Mittry Lake A M L,K,M Trapped 

Topock Marsh A M L,K,M Trapped 

Topock Marsh A M L,K,M Trapped 

Topock Marsh J F L,K Trapped 

Topock Marsh A M L,K,M Trapped 

Imperial Resd A F L,K,M,0 Trapped 

Imperial Resd A M L,K,M Trapped 

Cibola Lake A F L,K,M Trapped 

Cibola Lake A M L,K,M Shot 

Topock Marsh A F L,K,M Shot 

Topock Marsh A F L,K,M Shot 

Topock Marsh A F L,K,M Shot 

' Adult (A), Juvenile (J) 
b Male (M), Female (F), Sex unknown (?) 
0 Liver (L), Kidney (K), Breast Muscle (M), Ovaries (O) 
4 Location upstream of Imperial Reservoir 
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Trap hours and non-target species captured on the lower 

Colorado River, May-Aug 1990. 

Location Trap hours Non-target species 

Mittry Lake 4000 2 Yuma clapper rails* 

1 Muskrat' 
(Ondatra zibethical 

1 Cotton rat* 
fSiamodon hisDidus) 

2 Bullfrogs' 
(Rana catesbeianat 

Imperial Reservoir and channel 1400 1 Cotton ratb 

1 Bullfrog* 

Cibola Lake 2800 1 Green-backed heron* 
(Butorides striatusl 

3 Cotton rats (2*, lb) 

3 Bullfrogs' 

3 Toads' 
fBufo S D . )  

3 Largemouth bassc 

(Microoterus salmoidest 

Topock Marsh 2400 1 Passerine* 

4 Cotton rats' 

2 Bullfrogs; 

'released unharmed 
*trap mortality 
clead (net) mortality 
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Sediment sampling was consistent among locations. I collected 3 

samples of sediment from all the invertebrate sampling sites and in the 

Colorado River above Mittry Lake. 

During the April 1991 sampling session, I collected adults of 6 

additional species of water birds from Mittry Lake: 2 American coots, 2 

common moorhens, 2 black-crowned night herons (Nicticorax nicticoraxl. 2 

soras IPorzana CarolinaI. 1 green-backed heron, and 1 ruddy duck (Oxvura 

•iamaicensisl. I removed the liver and kidneys from each bird (a total 

of 10 liver samples and 10 kidney samples), and donated all the skins to 

the University of Arizona Bird Collection as voucher specimens. 

Residue Analysis 

RTI analyzed all tissue, invertebrate, and sediment samples 

submitted in 1990 for selenium using GFAA, and analyzed the 16 liver 

samples for 20 elements using ICP. Many tissue samples did not meet 

minimum weight requirements, therefore, RTI did not determine percent 

moisture of these samples. Likewise, RTI did not lyophilize extremely 

small samples because to do so would have failed to leave sufficient 

aliquots for digestion. 

RTI used spike recovery, blank analysis, and duplicate analysis to 

test the accuracy of the results. The average percent recovery of 

analytes in spiked samples of tissue and sediment ranged from 57% for 

silver to 102% for molybdenum and selenium. The precision of the 

methods, as demonstrated by 95% confidence intervals for measurements 

from 3 progressively higher ranges of sample concentration, were 



calculated from the average relative difference of duplicate samples. 

Results of duplicate analysis for the samples submitted in 1990 deviated 

as much as 29% and 17% for chromium and selenium, respectively. Spike 

recoveries ranged from 82% for zinc to 140% for silver, and 90 to 113% 

for selenium. These values are considered generally acceptable by PACF. 

All 20 of the liver and kidney samples submitted to Patuxent in 

1991 were analyzed for percent moisture, but only 5 of the 10 kidney 

samples were analyzed for selenium. In the 1991 analysis, my first 

priority was to obtain percent moisture determination to compensate for 

the lack of percent moisture data for kidneys in 1990. The duplicate 

analysis deviated 0.2% for moisture and 9.5% for selenium in a common 

moorhen liver. Spike recovery was 88.6% for selenium in a reference 

material and 102.9% for selenium in a night heron liver. PACF considers 

the results of the duplicate and spike analyses acceptable. 

Data Analysis 

I statistically analyzed the data using both parametric and non-

parametric tests. Results of the methods were essentially the same. 

Following are the results of the parametric analyses. 

Trace elements 

Of the elements analyzed, 9 were below detection limits in all of 

the livers: antimony, barium, beryllium, chromium, lead, nickel, silver, 

tin, and vanadium. A single bittern liver contained a detectable 

concentration of boron (1.42 ppm DW), a Virginia rail liver contained a 



detectable concentration of cobalt (1.42 ppm DW), and 2 bittern livers 

contained detectable concentrations of strontium (8.55 and 6.56 ppm DW). 

Four of the 16 livers contained aluminum concentrations above the 

5.0 ppm DW detection limit. Three of these values were near the 

detection limit, ranging from 5.59 to 6.35 ppm DW. However, RTI 

reported 46.5 ppm DW aluminum in a bittern liver collected at Cibola 

Lake. 

Five of the liver samples contained cadmium above the 0.300 ppm DW 

detection limit. The concentrations ranged from 0.324 to 0.963 ppm dry 

weight. The detectable levels were found in Virginia rails from Mittry 

Lake and Topock Marsh, and in the 2 least bitterns collected in the 

channel above Imperial Reservoir. 

RTI determined 6 of the 20 elements were above the detection limit 

in a 8 of the liver samples: copper, iron, magnesium, manganese, 

molybdenum, and zinc. With 2 exceptions, concentrations of elements 

were not significantly different among species and locations. Virginia 

rails from Topock Marsh had a mean molybdenum level that was 

significantly higher than the level in Virginia rails from Mittry Lake 

(x = 3.76 ± 0.45SE and x = 2.32 ± 0.34SE ppm DW, respectively, P = 

0.04), and least bitterns from Topock Marsh had a mean copper level that 

was significantly higher than the level in Virginia rails from Topock 

Marsh (x = 55.1 ± 9.9SE and x = 25.9 ± 3.64SE, P = 0.03). 

I ranked the birds for each of the 6 elements from highest to 

lowest concentration, and tested for differences in the means of the 

ranks. I used this technique to determine if individuals consistantly 



had higher concentrations of the trace elements. The results were 

significant (P = 0.02) based on 2 differences. First, the female least 

bittern and a female Virginia rail from Mittry Lake had significantly 

higher mean ranks (x = 12.8 ± 1.8SE and x *= 12.8 ± 1.0 SE, respectively) 

than the male least bittern from the river channel above Imperial 

Reservoir and 2 male Virginia rails from Topock Marsh (x = 5.7 ± 0.5SE, 

x = 5.3 ± 1.5SE, and jc = 5.2 ± 1.3SE, respectively). Secondly, the 

fledgling Virginia rail from Topock Marsh had a significantly higher 

mean rank than 2 of the adult male Virginia rails from Topock Marsh (x = 

12.3 ± 1.96SE, x = 5.3 ± 1.5SE, and x = 5.2 ± 1.3SE, respectively). 

There was no apparent relationship between the rank and selenium levels 

in the livers. 

Selenium - spatial distribution 

The mean selenium concentration in the livers of Virginia rails 

from Topock Marsh was significantly higher than in those from Mittry 

Lake (x = 24.8 ± 1.6SE and x = 15.4 ± 2.8SE ppm DH, respectively, P < 

0.01). 

Least bitterns from the Colorado River above Imperial Reservoir, 

Cibola Lake, and Topock Marsh did not have significantly different 

selenium levels (x = 27.6 1 3.8SE, x = 34.1 ± 17.3SE, and x = 26.8 ± 

6.4SE ppm DW, respectively, P = 0.95). I did not include the least 

bittern collected from Mittry Lake in 1986. 

I compared selenium concentrations in crayfish among 5 of the 6 

sites sampled. There was no significant differences among the sites (P 
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= 0.08, Table 3). I did not include Imperial Reservoir in the analysis 

Table 3. Mean selenium (ppm OH) in crayfish from the lower Colorado 

River, May-Aug 1990 (Selenium levels in crayfish not 

significantly different among locations at £ = 0.05). 

Location 

Selenium 

X 

(DPm DW> 

SE n 

Colorado River above Imperial Reservoir 3.88 1.11 2 

Cibola Lake 2.80 0.44 3 

Topock Marsh 2.04 0.47 3 

Mittry Lake 1.76 0.45 3 

Imperial Reservoir 1.57 1 

Topock Marsh inlet canal 1.51 0.24 3 

because I collected only 1 sample in the reservoir. 

Selenium concentrations in sediment were significantly different 

among sites (P < 0.01, Table 4). 
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Mean selenium in sediment from the lower Colorado River, 

May-Aug 1990. 

Location 

Selenium 

X 

1DDRI DW1 

SE n group* 

Mittry Lake 3.88 0.96 3 A 

Topock Marsh 1.89 0.55 3 A,B 

Colorado River above Mittry Lake 0.66 0.11 3 B,C 

Cibola Lake 0.61 0.14 3 B,C 

Imperial Reservoir 0.57 0.14 3 B,C 

Topock Marsh inlet canal 0.41 0.11 3 C 

Colorado River above Imperial Reservoir 0.30" 3 C 

'locations with same group are not significantly different by ANOVA (P £ 
0.05). 
ball results below limit of detection. 

Selenium - species comparison 

I did not correct for age and sex of birds when comparing species 

because of small sample size and inadequate information on birds 

collected prior to 1990. I found no significant difference between 

selenium levels in livers of Virginia rails collected in 1990 at Mittry 

Lake compared with Virginia rails collected in the 1980s at Mittry Lake 

(x = 15.4 ± 2.8SE and x = 8.7 ± 2.9SE, respectively, P = 0.24). 

Likewise, I found no significant differences among selenium levels in 
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livers of bird species collected at Mittry Lake in 1991 (£ = 0.17, Table 

5). In comparing all the birds collected at Mittry Lake since 198S, 

Table 5. Mean liver selenium (ppm DW) in bird species collected at 

Mittry Lake, April 1991 (Selenium levels not significantly 

different among species at P = 0.05). 

Selenium 

X 

(DDm DW) 

SE n 

Black-crowned night heron 8.5 1.0 2 

American coot 8.1 1.9 2 

Sora 7.7 to
 

• o
 

2 

Green-backed heron 5.6 1 

Common moorhen 4.2 0.1 2 

Ruddy duck 2.6 1 

I found no significant differences among selenium levels in livers of 

the different species (P = 0.07, Table 6). 

Topock Marsh was the only location where I collected both Virginia 

rails and least bitterns. I found no significant difference among 

selenium levels in livers of Virginia rails compared to levels in least 

bitterns from Topock Marsh (x = 24.8 ± 1.61SE and £ = 26.8 ± 5.2SE DW, 



37 

Table 6. Mean liver selenium (ppm DW) in bird species collected at 

Mittry Lake, 1985-1991 (Selenium levels not significantly 

different among species at P = 0.05). 

Selenium 

X 

fDDm DWl 

SE n 

Yuma clapper rail 26.0 1 

Black rail 15.2 1.6 2 

Least bittern 13.6 1 

Virginia rail 13.1 2.4 6 

Black-crowned night heron 8.5 1.0 2 

American coot 8.1 1.9 2 

Sora 7.7 2.0 2 

Green-backed heron 5.6 1 

Common moorhen 4.2 0.1 2 

Ruddy duck 2.6 1 

respectively, P = 0.83), nor did I find a significant difference between 

selenium levels in livers of Virginia rails and least bitterns collected 

in 1990, combining locations (x = 20.1 ± 2.3SE and x = 29.1 ± 4.5SE DW, 

respectively, P « 0.11). I did not statistically compare selenium 

levels of all bird species collected from the valley because I collected 

species during different years and from different locations (Table 7). 
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Table 7. Mean liver selenium (ppm DW) in bird species collected in 

the lower Colorado River valley, 1985-1991. 

Selenium 

X 

fDDm DW) 

SE n 

Least bittern 27.2 4.4 8 

Yuma clapper rail 25.3 5.9 5 

Virginia rail 16.9 2.4 11 

Black rail 15.2 1.6 2 

Black-crowned night heron 8.5 1.0 2 

Sora 7.7 2.0 2 

American coot 7.6 1.2 3 

Green-backed heron 5.6 1 

Common moorhen 4.2 0.1 2 

Ruddy duck 2.6 1 

Selenium concentrations in clams and shrimp were higher than in 

crayfish at the same locations. In the Colorado River above Imperial 

Reservoir, the selenium concentrations in crayfish were 2.76 and 4.99 

ppm DW, compared with 6.54 ppm DW selenium in clams. In the reservoir, 

the crayfish sample contained 1.57 ppm DW selenium compared to 2.94 to 

6.39 ppm DW selenium in clams. Similarly, shrimp from Topock Marsh 

contained a selenium concentration significantly higher than crayfish 
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from the marsh (x = 6.76 ± 0.33SE and £ = 2.04 ± 0.47SE, respectively, £ 

< 0.01). 

Selenium - biomagnification 

I could not calculate regression equations for the correlation 

among selenium concentrations of trophic levels because I did not 

collect enough samples to do a regression analysis. However, by 

comparing mean selenium levels of the media sampled I found an increase 

in selenium concentrations, or biomagnification, in successive trophic 

levels (sediment < crayfish < bird livers) (Fig. 2). 

Virginia Rail Least bittern 
20.1 ± 5.4 29.1 ± 11.0 

fv / 3-10X 4-16X 

Invertebrates 
8-43X 3.5 1 1.0 10-67X 

t 
-8X 

I 

1-8X 

Sediment 
1.2 1 0.6 

Figure 2. Selenium concentration (x ± 95%CI ppm OH) in sediment, 

invertebrates, Virginia rails, and least bitterns from the 

lower Colorado River, Hay-Aug 1990, and the magnification of 

selenium concentration through the food chain. 
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Selenium - body burden 

It is hypothesized that the distribution of selenium among tissues 

relates to the body burden, or physiological stress. I compared liver, 

kidney, and muscle selenium levels, and body weight to determine 

relative body burdens of selenium in the species sampled. I corrected 

all of the analyses for age and sex. 

Selenium levels in livers did not correlate to selenium levels in 

kidneys for Virginia rails (P = 0.15) or least bitterns (£ = 0.45). 

However, for all of the species combined (increasing the sample size 3 

fold), the selenium levels in livers correlated to the selenium levels 

in the kidneys (P < 0.01, R2 = 0.45). The equation log,0Se in kidney = 

0.5835 + 0.4721(logl0Se in liver) describes the correlation. I compared 

the relationship to that found for coots at Kesterson and Volta 

(Ohlendorf et al. 1990) and from data reported by Arnold et al. (1973) 

for chickens consuming sodium selenite (Fig. 3). I also correlated the 

liver:kidney ratio to increasing liver levels to better illustrate the 

rate of increase of selenium between the tissues (Fig. 4). 

Selenium levels in livers did not correlate to selenium levels in 

muscle for Virginia rails (P = 0.35) or for least bitterns (P = 0.62) 

analyzed separately or combined (P = 0.57). Likewise, the ratio of 

selenium in liver to muscle did not significantly change with an 

increase in liver concentration for Virginia rails or least bitterns 

analyzed separately (P = 0.99 and P = 0.13, respectively) or combined (P 

=  0 . 0 8 ) .  

I did not find significant relationships between adult body weight 



41 

and selenium concentrations in different tissues for Virginia rails or 

least bitterns. 
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Figure 3. The correlation between selenium levels in the liver (ppm 
DW) and selenium levels in the kidneys (ppm dry weight) of 
birds from the lower Colorado River (LCR) collected in 1990-
91 compared to the same relationship for coots from 
Kesterson (Ohlendorf et al. 1990) and chickens (Arnold et 
al. 1973). 
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Figure 4. The correlation between selenium levels in the liver (ppm 
dry weight) and the liver:kidney selenium ratio of birds 
from the lower Colorado River (LCR) collected in 1990-91 
compared to the same relationship for coots from Kesterson 
(Ohlendorf et al. 1990) and chickens (Arnold et al. 1973). 
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DISCUSSION 

Specimen collection 

Mittry Lake and Topock Marsh were ideal locations for using drop 

door box traps. The slopes were gradual, the ground relatively hard, 

and the marsh accessible by foot. In contrast, at Imperial Reservoir, I 

could not walk through the marsh because of the silt deposition in the 

reservoir, and the sparse vegetation would have provided numerous escape 

routes around traps and leads. Although I set traps upriver of the 

reservoir, across natural dikes separating the river and small 

backwaters, and in marshes surrounding Martinez Lake, fluctuating water 

levels often inundated the traps within a day. At Cibola Lake I set 

traps in the marsh surrounding the inlet. The steep banks of Cibola 

Lake precluded setting traps deep into the vegetation because traps 

cannot be set in deep water. Deep-water marshes are adequate for 

clapper rails, but are not heavily utilized by Virginia rails which 

prefer marshes in shallow water (H. R. Eddleman, U.R.I., pers. commun.). 

Data analysis 

The results of the parametric and non-parametric analyses were 

essentially the same. I presented the parametric results to facilitate 

comparisons with data from the literature, which were presented almost 

entirely with parametric descriptors. 



45 

Trace elements 

I analyzed the bird livers for trace elements to determine if 

elements other than selenium were elevated in birds in the LCR. Radtke 

et al. (1988) reported normal levels of trace elements in water, 

sediment, and biota from the LCR. With few exceptions, elements in the 

birds I collected also reflect normal levels (Custer and Mulhern 1983, 

White and Cromartie 1985, Eriksson et al. 1989) and do not likely affect 

the toxicity of selenium (Hill 1974, Jensen 1975, Hoffman et al. 1991). 

I did not analyze for arsenic or mercury, 2 elements that interact with 

selenium (Ohlendorf 1989). However, based on previous data from the LCR 

(Radtke et al. 1988), I do not consider the levels of these elements 

significant. 

I did not find many significant differences in trace element 

levels among species and locations. The variability in levels suggests 

an influence of species and/or location on levels of elements in 

tissues. However, with the small sample sizes, I cannot draw any 

concrete conclusions regarding the significance of species or location 

on concentrations of trace elements in bird tissues. There were 

individuals that consistantly had the highest levels of the 6 trace 

elements. The results suggest that age and/or sex potentially influence 

concentrations of trace elements. 

The trace elements appear to be distributed uniformly across 

locations. The levels of the metals are normal for birds, and I found 

no significance relationship between total load and selenium levels in 

the livers. Based on this information, and data from previous studies, 
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I believe that none of the trace elements analyzed (with the exception 

of selenium) is at threatening levels to birds in the LCR. 

Selenium - spatial distribution 

The results clearly show that the backwater sediments contain 

higher selenium levels than sediments of the Colorado River main channel 

and inlets. The data are in agreement with Radtke et al. (1988). The 3 

main channel locations (above Mittry Lake, above Imperial Reservoir, and 

in the Topock Marsh inlet) did not significantly differ in selenium 

levels, thereby suggesting no point sources of selenium occurred in the 

LCR valley. These results are supported by other studies on the 

Colorado River which identified the highest selenium levels in the upper 

Colorado River, and in those LCR areas directly receiving Colorado River 

water (Stephens et al. 1988, Welsh unpubl.). Marine shales, which 

typically contain a high concentration of selenium (Presser and 

Ohlendorf 1988), dominate the upper basin of the Colorado River, 

covering much of southern Utah, northeastern Arizona, and northwestern 

New Mexico. Elevated levels of selenium have been recorded in these 

areas since 1935 (Williams and Byers 1935, Stephens et al. 1988, Harris 

and Morris 1989, Roy pers. comm.). Agriculture, coal mining, and 

erosion in the upper basin are probably the source of selenium 

contamination in the lower Colorado River valley. 

Sediments in Mittry Lake contained significantly higher levels of 

selenium than both Cibola Lake and Imperial Reservoir. However, because 

of sampling locations and sampling methods the results may not represent 
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the true relationship. The Eckman dredge removes sediment in a closed 

container, thus preserving the sediment layers. Hand scooping the 

sediment at Topock Marsh may have caused the surface layer to have 

"washed off" when the spoon was lifted through the water, thereby 

removing the portion of sediment most likely due to silt deposition 

during evaporation and settling). This "wash off" would likely result 

in a lower selenium level in the sediment than would be found using the 

Eckman dredge sampling method. The selenium levels in sediments at 

Imperial Reservoir may be influenced by the ash deposited by the 1987 

fire which covered the surface of the sediment. 

The samples may not represent selenium levels throughout the 

respective backwaters. In Welsh's study at Cibola (Welsh unpubl.), 10 

subsamples along transects across the lake were composited for analysis. 

Welsh (unpubl.) reported 2.4 ± 0.2SE ppm DW selenium in sediment samples 

from Cibola Lake. I found levels of 0.61 ± 0.14SE ppm DW selenium in 

sediment samples from Cibola Lake. I collected sediment from Cibola 

Lake only along the vegetation perimeter, and only from a site near the 

inlet. Both of these factors influenced the results and likely account 

for the difference between the results of the 2 studies. 

There was no significant difference in selenium levels of crayfish 

among the locations sampled. I placed crayfish traps in denser 

vegetation than where I sampled sediment. The sampling location and the 

possibility that baiting drew crayfish to the area may explain the 

conflicting sediment and crayfish results. 

Neither sediment nor crayfish contained significantly different 



levels of selenium between Topock Marsh and Mittry Lake. However, 

Virginia rails from Topock Harsh had significantly higher levels of 

selenium in their livers than Virginia rails from Mittry Lake. Selenium 

levels in sediment significantly differed between Topock Marsh and the 

Colorado River above Imperial Reservoir. However, selenium levels in 

livers of least bitterns did not significantly differ between these 

sites. I cannot explain the conflicting results, except that the 

mobility of the birds is much greater than the mobility of crayfish and 

sediment, and crayfish are only a portion of the bird diets. 

The distribution of selenium among these LCR backwaters appears 

uniform. None of the sites consistently tested higher or lower in 

selenium than any other. However, to describe adequately the spatial 

distribution of selenium in the LCR valley, additional studies with more 

extensive spatial and species sampling is necessary. Fortunately, 

studies at Cibola and Imperial National Wildlife Refuges are underway, 

and additional studies are planned for the valley. 

Selenium - species comparison 

Based on the comparison between Virginia rails collected in the 

1980's and Virginia rails collected in 1990, selenium concentration at 

Mittry Lake did not increase significantly in the latter half of the 

1980's. However, I based this conclusion on 1 sample each from 1986 and 

1988, and 1 composite sample of a 1985 and a 1987 bird. This limited 

sample may not represent the entire picture. Estimating changes in 

selenium levels in other media among years from the Virginia rail data 
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are not possible because selenium concentrations among trophic levels 

did not correlate. 

Selenium levels in livers of Virginia rails and least bitterns at 

Topock Marsh did not significantly differ. The data suggest that the 2 

species, which have similar but not identical diets, accumulate selenium 

at the same rate. Similarly, selenium levels of bird species collected 

at Mittry Lake in 1991 did not significantly differ. The results 

indicate that there is no difference in accumulation rates based on 

diet. These conclusions are similar to those made at Kesterson, where 

species differences were attributed primarily to residence time and 

foraging range rather than diet (Ohlendorf et al. 1990). DuBowy (1989) 

designed models to estimate selenium uptake among species. He 

determined that although selenium levels are typically higher in animal 

species than plant species, carnivores and herbivores accumulate 

selenium at similar rates because herbivores consume a greater quantity 

of food than carnivores for the same caloric intake. This increase in 

consumption increases the total selenium intake by herbivores. Other 

factors which may have influenced the results include the small sample 

sizes and time of collection. Because many of the species are 

migratory, tissue levels in April may reflect accumulation from a 

wintering site rather than levels accumulated at Mittry Lake. 

Several studies indicate that marine species accumulate higher 

levels than freshwater species (Ohlendorf 1989); however, whether marine 

species have a greater tolerance for selenium has not been identified. 

Because clapper rails are typically a coastal species, I predicted that 
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the selenium levels in the Yuma clapper rails would not reflect levels 

of other rails in the region. Kepner et al. (unpubl.) compared selenium 

levels in Yuma clapper rail eggs from the LCR to selenium levels in 

California clapper rail (Rallus lonoirostris obsoletus) eggs from a 

sites with a known selenium source and a control site. Kepner et al. 

(unpubl.) found that the Yuma clapper rail eggs contained selenium 

levels 3X the levels in the California clapper rail eggs from the site 

with a selenium source and 6X the levels in eggs from the control site. 

These resultB indicate that although the clapper rails are a coastal 

species, the levels in the Yuma clapper rails from the LCR are well 

above normal concentrations for the species. Additionally, the Virginia 

rails and the least bitterns had similar selenium levels as the Yuma 

clapper rails, suggesting that the selenium levels in the Yuma clapper 

rails collected in the 1980's (Radtke et al. 1988, Eddleman 1989, Kepner 

et al. unpubl.) did reflect levels in other species in the LCR. 

At Topock Marsh, the mean selenium level in shrimp was 

significantly higher than the mean selenium concentration in crayfish. 

Similarly, the selenium levels in clams were higher than the levels in 

the crayfish at the 2 sites. These results indicate that at locations 

where shrimp or clams are abundant, and more available for consumption 

by birds, there is greater potential for selenium accumulation in Yuma 

clapper rails. This information is important because at the confluence 

of the Gila River, Yuma clapper rails primarily feed on clams (Ohmart 

and Tomlinson 1977). 
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Selenium - biomagnification 

Biomagnification, the progressive increase of a contaminant 

concentration in successive trophic levels of the food chain, can cause 

toxicity in species at the top of the food chain even when levels in 

water are low. Many organic (e.g., DDT) and inorganic (e.g., mercury) 

compounds biomagnify alOOOX in successive trophic levels. Lemly (1989) 

reported that at waterborne concentrations of 5-30 ppb selenium, 

selenium typically biomagnifies 3-7X in successive trophic levels. 

Because of the narrow gap separating essential and toxic concentrations, 

this level of biomagnification can result in toxicity at low water 

concentrations (< 5 ppb). My results indicate 1-16X magnification 

between trophic levels of the Yuma clapper rail food chain. Assuming 2 

ppb selenium in the water (Radtke et al. 1988), the bioconcentration 

factors—the measure of selenium concentration in the organism versus 

the concentration in water—are approximately 600X and 1800X for 

sediment and invertebrates, respectively. Lemly (1989) reported similar 

bioconcentration factors of 200-400X for sediment and 800-2000X for 

benthic invertebrates. At this level of biomagnification, <5 ppb 

waterborne selenium can result in embryotoxicity in birds (Skorupa and 

Ohlendorf in press). Similarly, 5 ppm selenium in the diet (level 

reported in some invertebrate samples from the LCR) is known to be toxic 

to most birds and mammals (Schuler 1989). Because of biomagnification, 

selenium levels in sediment and invertebrates in the LCR can be toxic to 

birds. 
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Selenium - body burden 

Studies of selenium toxicity introduced 2 hypotheses to interpret 

body burden. The first argument suggests that the selenium level in the 

liver directly correlates to toxic effect. This hypothesis is supported 

by field and laboratory studies with a variety of species and with a 

variety of selenium compounds. However, the correlation between levels 

of selenium in the liver and toxicity varies among species and dietary 

forms of selenium. The second hypothesis attempts to correct for 

differences in species tolerance levels and selenium sources by 

suggesting that the ratio of liver selenium to kidney selenium 

(liver:kidney) better correlates with toxicity, and that the correlation 

is similar across species (Ohlendorf et al. 1990, Ohlendorf and Skorupa 

1989). Although correlations have been reported between the 

liver:kidney ratio and toxicity, the hypothesis has not been tested 

across a wide variety of species or dietary forms of selenium. If the 

second hypothesis is true, body burdens can be accurately determined for 

species where little or no toxicity data are available (eg., endangered 

species). 

If selenium levels in the liver measure body burden accurately, 

birds from the LCR contain selenium levels comparable to levels 

associated with teratogenicity in some studies. Heinz et al. (1989) 

associated reduced hatchability of mallard eggs with 11.7-24.3 ppm DW 

selenium in livers of adult females. Selenium levels in livers of males 

receiving the same dietary treatment (selenium supplements in the form 

of selenomethionine) were 30.3-93.3 ppm DW. Reduced survival of 



ducklings in the same study correlated with selenium levels from 8.0-

11.7 ppm DW in female livers and 13.3-30.3 ppm DW in male livers. At 

selenium levels of 8.0 and 13.3 ppm DW in female and male livers, 

respectively, Heinz et al. (1989) did not observe toxic effects. 

A dietary concentration of 8 ppm sodium selenite produced average 

liver concentrations in hens of 8.2 to 13.1 ppm DW and significantly 

reduced hatchability of fertile eggs and reduced hen-day production 

(Arnold et al. 1973). At a dietary concentration of 2 ppm selenite, 

mean liver concentrations ranged from 3.1-3.4 ppm DW selenium in hens, 

with no toxicity observed. 

At Kesterson, selenium levels in livers of adult coots averaged 

56.4 ppm DW in 1983 (Ohlendorf and Skorupa 1989, Ohlendorf et al. 1990), 

and the mean selenium concentration in coot eggs was 32.4 ppm DW. In 

1983, 64.4% of coot nests contained at least 1 dead or deformed embryo, 

and a 1 normal chick hatched in only 89.8% of nests (Ohlendorf et al. 

1986). Similarly, from 1983 to 1985, adult black-necked stilts 

fHimantopus mexicanusl contained an average 41.8 to 67.9 ppm DW selenium 

in livers (Ohlendorf and Skorupa 1989). Stilt eggs contained an average 

of 24.8 to 37.0 ppm DW selenium. In 1984, 22.2% of stilt nests 

contained at least 1 dead or deformed embryo, and a 1 normal chick 

hatched in only 76.2% nests (Ohlendorf et al. 1990, 1986). Ohlendorf et 

al. (1986) observed similar failure in the other 2 years. At reference 

sites with £ 2.0 ppb waterborne selenium, selenium concentrations in 

bird livers ranged from 2.0-11 ppm DW. Bird eggs from the same 

locations contained 0.8-6.4 ppm DW selenium (Ohlendorf and Skorupa 



54 

1989). Ohlendorf and Scorupa (1989) observed no embryotoxicity or 

reduced hatchability attributable to selenosis. 

Heinz et al. (1988) fed mallard ducklings several concentrations 

of sodium selenite or selenomethionine to compare the toxicity of the 

compounds. At 80 ppm dietary selenium, sodium selenite caused 97.5% 

mortality by 6 weeks and selenomethionine caused 100% mortality. The 

selenium levels in livers of dead ducklings receiving the same dietary 

treatments averaged 23 and 170 ppm DW selenium, respectively. At 40 

ppm, the 2 forms caused 25 and 12.5% mortality, respectively. Selenium 

levels in livers of dead ducklings averaged 60.0 and 200 ppm DH, 

respectively. No deaths occurred at 10 and 20 ppm dietary selenium of 

either form. These dietary levels produced average liver levels of 16.7 

and 10.7 ppm DW selenium in live ducklings for selenite and 16.0 and 

87.0 ppm DW selenium for selenomethionine. 

Selenium concentrations averaged > 80 ppm DW in livers of adult 

coots collected at Kesterson. All of the birds were diagnosed as 

suffering or having died from selenosis (Ohlendorf et al. 1988). At 

Volta, the control area for the Kesterson study, selenium concentrations 

averaged < 6 ppm DW selenium in livers of healthy adult coots. 

The effects associated with liver selenium concentrations vary 

depending on the age and species of the bird, and the dietary form of 

selenium. The Colorado River birds contain selenium concentrations in 

their livers ranging from no effect levels to levels associated with 

embryotoxicity. The levels do not reach those levels associated with 

adult or juvenile mortality. Because of the overlap of effect and no-
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effect levels (toxic effects observed at liver concentrations as low as 

8.0 ppm DW and no toxic effects observed at liver concentrations as high 

as 11.0 ppm DW), I cannot accurately determine whether the LCR birds 

suffer from toxic effects of selenium. However, all of the least 

bitterns, and most of the Virginia rails and Yuma clapper rails had 

liver selenium levels above the highest no effect levels reported. 

The second hypothesis regarding body burden of selenium is based 

on the relationship among multiple tissue levels (e.g., liver:kidney 

ratio) and toxicity. The association between toxicity and the 

distribution of contaminants in tissues is well documented in 

toxicology. For instance, chromium at normal levels is evenly 

distributed in red blood cells and plasma, but at elevated levels the 

chromium concentration in red blood cells increases faster than in 

plasma (Goyer 1986). Previous studies of selenium toxicity reported 

that as selenium levels increase in a bird, selenium concentrations in 

the liver increase at a faster rate than in the kidney, and that 

liver:kidney ratios <1 indicate "normal" levels and ratios >1 indicate 

elevated levels of selenium (Ohlendorf et al. 1990, Ohlendorf and 

Skorupa 1989). The low Rzs I calculated for the regressions (0.45 for 

the correlation between livers and kidneys and 0.33 for the correlation 

between the liver:kidney ratio and liver concentration) are likely due 

to variability across age, sex, and species of birds, and the small 

sample size. The slope of liver-kidney regression equation is not as 

steep for the Colorado River birds as for the coots from Kesterson 

(Ohlendorf et al. 1990) or chickens (Arnold et al. 1973). These data 
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indicate that the rate of increase of liver selenium in relation to 

kidney selenium is faster in birds from the LCR. This result could be 

very important if the ratio better indicates toxicity than the liver 

level alone. 

Fewer chicken eggs hatched when the average selenium concentration 

was 8.2-13.1 ppm OW in hen livers (Arnold et al. 1973) and a 

liver:kidney selenium ratio was 1.1-1.4. In comparison, embryotoxicity 

in coots was associated with an average liver concentration of >56 ppm 

DW, and a liver:kidney selenium ratio of £1.0 (Ohlendorf and Skorupa 

1989, Ohlendorf et al. 1990). No embryotoxicity was associated with 

£3.4 ppm DH selenium in chicken livers or a liver:kidney ratio £0.99, 

nor was embryotoxicity associated with £5.41 ppm DW selenium in coot 

livers at Volta (Ohlendorf and Skorupa 1989) or a liver:kidney ratio 

£0.77. 

Selenium concentrations in livers of 26 of the 36 LCR birds 

sampled met or exceeded the selenium levels associated with 

embryotoxicity in chickens, but no bird had levels exceeding the mean 

selenium levels in coot and black-necked stilt livers from Kesterson. 

In contrast, 15 out of 20 LCR birds had a liver:kidney selenium ratio 

above the 1.0 level associated with embryotoxicity in both the chicken 

laboratory studies and the coot field observations. Without additional 

laboratory analyses, the significance of the liver:kidney selenium ratio 

can not be verified; however, a correlation between the ratio and 

embryotoxicity is apparent. 

The dietary form of selenium may explain why the liver:kidney 
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selenium ratio is higher at lower selenium levels in LCR birds than in 

birds from other studies. Studies on chickens (Arnold et al. 1973, 

Scott and Thompson 1971) used sodium selenite and the field studies 

involved a mixture of selenium compounds. Fortunately, studies of 

mallards compared the toxicity of selenomethionine and sodium selenite 

(Heinz et al. 1988, Heinz et al. 1989). Heinz et al. (1988) observed 

mortality at 40 and 80 ppm dietary selenium of either form, but recorded 

3X-7X higher concentrations of selenium in the livers of mallards fed 

the organic form than in those fed the inorganic form. If the dietary 

form is unknown, the liver level does not accurately indicate the level 

of toxicity, but whether the liver:kidney ratio approximates toxicity 

better then the liver level alone is yet unknown. The mallard studies 

did not report selenium levels in kidneys. 

If liver selenium is the determining factor in toxicity, then 

teratogenesis may be occuring in birds in the LCR valley. If the 

liver:kidney ratio is the determining factor then teratogenicity should 

be prevalent in birds in the lower Colorado River valley. 

Risk summary 

The recommended maximum for selenium levels in water range from as 

low as 2.3 ppb to 54 ppb (Gisler 1985, Ohlendorf and Skorupa 1989). 

Waterborne selenium in the LCR is £ 2 ppb, yet selenium levels in 

backwater sediments, invertebrates, and particularly in birds reflect 

contaminated levels. Whether the high levels of selenium are due to the 

form of selenium, the evaporation rates within the backwaters, or some 
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other factor, has not been determined. However, I tentatively conclude: 

1. With the exception of selenium, trace elements in birds from 
the I>ower Colorado River are not elevated above normal 
levels. 

2. Selenium in the Colorado River concentrates in the 
backwaters of the lower Colorado River. 

3. Selenium is distributed uniformly among lower Colorado River 
backwaters. 

4. Selenium biomagnifies 1-16X between trophic levels in the 
Yuma clapper rail food chain. 

5. Selenium levels in prey species of the Yuma clapper rail are 
at or approaching levels known to be toxic to birds. 

6. Selenium levels in birds are not significantly influenced by 
differences in diets. 

7. Based on both liver selenium levels and the liver:kidney 
selenium ratios, marsh birds in the lower Colorado River 
valley are at low risk of adult mortality but at high risk 
of teratogenicity. 
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MANAGEMENT IMPLICATION 

Currently the only way to determine if selenium is causing 

teratogenesis in bird populations of the LCR is to monitor reproductive 

Buccess. This would require identification and observation of a large 

number of nests throughout the LCR valley and controlled laboratory 

experiments. 

I recommend additional laboratory studies to varify the accuracy 

of the liver level of selenium and the liver:kidney selenium ratio as 

indicators of toxicity. Accurate indicators would facilitate future 

risk analyses and monitoring studies. These indicators are critically 

important if nest success cannot be determined. 

While studies are being conducted to assess whether selenium is 

causing teratogenesis in LCR birds, other studies are needed to 

determine the best methods for reducing selenium levels in the backwater 

marshes. Although I did not prove that selenium is impacting 

reproduction, the Yuma clapper rail population cannot afford significant 

losses. To assure that selenium does not effect the species, the 

selenium levels in the LCR backwaters should be reduced. Contaminant 

reduction might be accomplished by flushing or dredging lakes 

periodically to remove the bottom sediments. However, the effects and 

feasibility of these types of management have not been tested in the 

lower Colorado River drainage. I recommend that studies be conducted on 

the National Wildlife Refuges or State Management Areas to determine the 

best method for reducing selenium levels in the LCR backwaters. 



APPENDIX A 

Supplemental Data 



61 

Appendix A-l. Identification code for samples collected May-Aug 

1990. 

1st letter: Location 

M: Mittry Lake 

I: Imperial Reservoir 

C: Cibola Lake 

H: Topock Marsh 

2nd letter: Species 

V: Virginia rail 

B: Least bittern 

C: Crayfish 

I: Other invertebrate (shrimp or clam) 

S: Sediment 

3rd letter: Sample type 

L: Liver 

K: Kidney 

M: Breast muscle* 

O: Ovary 

W: Whole body 

I: Internal organs 

B: Backwater 

M: Mainstemb 
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Appendix A-2. Detection limits (ppm DW) for trace elements in livers 

of birds collected from the lower Colorado River, May-

Aug 1990. 

Aluminum (Al) 5.00 Antimony (SB) 12.0 

Barium (Ba) 1.30 Beryllium (Be) 0.200 

Boron (B) 1.30 Cadmium (Cd) 0.300 

Cobalt (Co) 1.20 Chromium (Cr) 1.30 

Copper (Cu) 1.30 Iron (Fe) 20.0 

Lead (Pb) 3.00 Magnesium (Mg) 20.0 

Manganese(Mn) 1.30 Molybdenum (Mo) 1.50 

Nickel (Ni) 1.50 Silver (Ag) 5.00 

Strontium (Sr) 1.50 Tin (Sn) 10.0 

Vanadium (V) 1.30 Zinc (Zn) 2.00 



Appendix A-3. Trace element residues (ppm OW), as determined by ICP, 

in livers of birds collected from the lower Colorado 

River, May-Aug 1990. 

Sample A1 B Cd Co Cu Fe Mg Mn Ho Sr Zn 

MVL01 ND* ND ND ND 22.3 3160 596 19.6 2.73 ND 99.7 

MVL02 ND ND ND ND 59.6 829 650 16.3 1.71 ND 198 

MVL03 6.23 ND 0.411 ND 19.1 816 555 10.9 3.05 ND 86.4 

MVL04 6.35 ND ND ND 29.0 1920 579 13.7 1.77 ND 106 

HVL01 ND ND 0.324 ND 29.6 2130 674 12.3 2.69 ND 140 

HVL02 ND ND 0.963 ND 27.9 2960 666 13.0 3.75 ND 174 

HVL03 ND ND ND ND 6.06h 323b 200b 3.69b ND ND 40.5h 

HVL04 ND ND ND 1.42 30.9 1180 711 12.5 4.88 ND 158 

HBLOl ND 1.42 ND ND 22.0 1590 491 8.13 3.00 8.55 72.9 

CBL01 ND ND ND ND 247 1220 587 12.1 2.81 ND 129 

CBL02 46.5 ND ND ND 25.0 2130 693 15.1 2.37 6.56 89.6 

IBLOl ND ND 0.346 ND 31.5 1280 685 13.8 3.53 ND 118 

IBL02 ND ND 0.436 ND 32.3 797 717 12.4 ND ND 93.0 

HBLOl ND ND ND ND 48.9 867 754 11.0 4.47 ND 96.6 

HBL02 ND ND ND ND 42.0 971 671 10.1 3.19 ND 80.1 

HBL03 5.59 ND ND ND 74.5 804 660 11.1 3.50 ND 111 

'below detection limit 

bresults in ppm WW 
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Appendix A-4. Selenium residues (ppm DW), as determined by GFAA, in 

bird tissues, invertebrates, and sediment collected 

from the lower Colorado River, May-Aug 1990. 

Detection Percent Number per 
Sample Result Limit Moisture Composite 

MVL01 16.8 0.300 55.5 1 

MVK01 13.2 1.70 - 1 

MVM01 3.57 0.300 58.6 1 

MVL02 7.19 0.300 58.0 1 

MVK02 ND 11.0 1 

MVL03 18.5 0.300 62.5 1 

MVK03 5.56* 0.300* 1 

HVM03 6.69 0.300 59.4 1 

MV003 9.91 0.700 1 

MVL04 19.0 0.300 60.0 1 

MVK04 13.9 0.900 1 

MVM04 5.67 0.300 61.9 1 

MBL01 13.6 0.300 1 

MBK01 6.86* 1.50* 1 

MBM01 4.81 0.300 1 

MBH02 5.80 0.300 1 

*wet weight 
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Appendix A-4. Continued. 

Detection Percent Number per 
Sample Result Limit Moisture Composite 

IBL01 31.3 0.300 57.2 1 

IBK01 6.35' 0.300* 1 

IBH01 8.48 0.300 60.2 1 

IBOOl 2.94* 0.100* 1 

IBL02 23.8 0.300 60.0 1 

IBK02 1.80* 0.300* 1 

IBM02 3.68 0.300 62.6 1 

CBL01 51.4 0.300 57.5 1 

CBK01 10.0 1.20 1 

CBM01 3.77 0.300 60.9 1 

CBL02 16.8 0.300 58.2 1 

CBK02 14.0 0.900 1 

CBM02 4.27 0.300 64.8 1 

HBL01 27.5 0.300 56.9 1 

HBK01 4.48' 0.300* 1 

HBM01 5.79 0.300 64.7 1 

HBL02 17.4 0.300 63.2 1 

HBK02 3.34* 0.500 1 

*wet weight 
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Appendix A-4. continued. 

Detection Percent Number per 
Sample Result Limit Moisture Composite 

HBM02 3.64 0.300 65.4 1 

HBL03 35.4 0.300 68.6 1 

HBK03 6.55* 0.800* 1 

HBM03 9.17 0.300 57.0 1 

MCW01 1.58 0.300 67.3 5 

MCW02 1.08 0.300 66.3 5 

MCW03 2.62 0.300 67.6 5 

ICW01 4.99 0.300 70.0 3 

ICW02 2.76 0.300 66.5 3 

ICW03 1.57 0.300 64.4 2 

CCW01 2.23 0.300 67.1 5 

CCW02 2.52 0.300 64.6 5 

CCW03 3.66 0.300 68.7 5 

HCWOl 1.80 0.300 70.2 5 

HCW02 1.69 0.300 65.4 5 

HCW03 1.03 0.300 63.9 5 

HCW04 1.50 0.300 63.8 2 

HCW05 2.98 0.300 64.9 2 

"wet weight 
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Appendix A-4. Continued. 

Detection Percent Number per 
Sample Result Limit Moisture Composite 

HCW06 1.65 0.300 64.3 2 

III01 6.54 0.300 70.0 3 

III02 6.39 0.300 73.7 5 

III03 2.94 0.300 74.4 5 

XII04 6.32 0.300 72.9 5 

HIW01 7.14 0.300 65.2 6 

HIW02 6.10 0.300 64.0 6 

HIH03 7.04 0.300 66.2 6 

MSB01 5.52 0.300 77.4 9 

MSB02 2.21 0.300 67.5 9 

MSB03 3.90 0.300 74.1 9 

MSM01 0.845 0.300 37.7 9 

MSM02 0.469 0.300 36.9 9 

MSM03 0.669 0.300 34.5 9 

ISBOl 0.666 0.300 33.9 9 

ISB02 <0.300 0.300 34.1 9 

ISB03 0.753 0.300 33.7 9 

ISMOl <0.300 0.300 33.0 9 

*wet weight 
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Appendix A-4. Continued. 

Sample Result 
Detection 
Limit 

Percent 
Moisture 

Number per 
Composite 

ISM02 <0.300 0.300 29.4 9 

ISM03 <0.300 0.300 28.2 9 

CSB01 0.610 0.300 30.0 9 

CSB02 0.858 0.300 32.4 9 

CSB03 0.368 0.300 28.9 9 

HSB01 2.14 0.300 40.5 9 

HSB02 2.69 0.300 36.3 9 

HSB03 0.837 0.300 33.4 9 

HSM01 <0.300 0.300 28.0 9 

HSM02 0.622 0.300 26.9 9 

HSM03 <0.300 0.300 25.4 9 

*wet weight 
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Appendix A-5. Selenium residues (ppm DW), as determined by GFAA, in 

livers and kidneys of adult birds collected at Mittry 

Lake, April 1991. 

Detection Percent 
Species Sex Tissue Result Limit Moisture 

American coot 3 liver 10 

American coot 3 kidney 10 

American coot $ liver 6.2 

American coot $ kidney 9.6 

common moorhen 3 liver 4.2 

Common moorhen 3 kidney 

Common moorhen 9 liver 4.1 

Common moorhen 9 kidney 

Night heron 3 liver 7.5 

Night heron <J kidney 7.3 

Night heron 9 liver 9.4 

Night heron $ kidney 9.5 

Sora 3 liver 9.6 

Sora 3 kidney 

Sora 9 liver 5.7 

Sora 9 kidney 

liver 5.6 Grn-backed heron 9 

0.33 

0.39 

0.34 

0.37 

0.32 

0.32 

0.27 

0.32 

0.33 

0.34 

0.34 

0.36 

0.35 

71.92 

74.88 

72.28 

73.63 

71.22 

74.50 

70.94 

73.45 

66.99 

73.17 

71.50 

74.00 

70.73 

62.75 

73.47 

70.21 

72.06 



70 

Appendix A-5. Continued. 

Detection Percent 
Species Sex Tissue Result Limit Moisture 

Grn-backed heron 9 kidney 

Ruddy duck 6 liver 

Ruddy duck 6 kidney 

72.34 

2.6 0.34 74.00 

3.4 0.38 74.00 
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