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ABSTRACT 

I studied selenium contamination at Cibola National 

Wildlife Refuge (Cibola NWR) in the lower Colorado River 

Valley, California and Arizona. My objectives were to: 

1) determine whether local irrigation practices 

resulted in exposure of fish to toxic levels of 

selenium. 

2) assess the risks to humans of consuming fish from 

Cibola NWR. 

12 

3) assess whether diversity and abundance of fish were 

related to selenium concentrations or other water 

quality variables. 

Water, sediment, fish, crayfish, and aquatic plants 

were collected from sites which received irrigation return 

flows and sites which did not. Selenium was below toxic 

levels at sites receiving irrigation return flows. Selenium 

was at the toxicity threshhold for fish at two sites 

receiving water directly from the Colorado River. 

Concentrations of selenium in fillets of largemouth 

bass (Micropterus salrnoides) from one lake exceeded levels 

that elicit consumption advisories in California. Most 

people would be unlikely to consume toxic amounts of fish, 

but an advisory should be posted to inform people about 

potential risks. 
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Gill nets were used to determine species diversity and 

abundance. There were no strong correlations between 

selenium levels and indices of species richness and 

equitability. There was a consistent inverse relationship 

between selenium levels and catch-per-unit-effort for all 

species combined. This inverse relationship suggested that 

selenium may be one of a suite of factors limiting abundance 

of fish. Correlations between indices of species diversity 

and abundance and values of water quality variables 

generally were not significant. Temperature and salinity 

may have limited abundance of some species seasonally. 

Increases in selenium levels at sites that are already 

at the toxicity threshhold could impair reproduction of 

sensitive species. Population declines and concern about 

edibility of fish could impair the recreational fishery. 

Therefore, site-specific ways to reduce selenium 

accumulation should be studied and implemented. site

specific limnological conditions may playa role in 

accumulation of selenium to toxic levels, but major sources 

of selenium appear to be upstream in the Colorado River 

basin rather than local agricultural practices. Therefore, 

selenium input to the Colorado River from sources throughout 

the basin should be monitored and reduced where possible. 
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CHAPTER ONE 

CONCENTRATIONS OF SELENIUM IN BIOTA, SEDIMENTS, AND WATER AT 
CIBOLA NATIONAL WILDLIFE REFUGE. 

INTRODUCTION 

since 1967, the National Contaminant Biomonitoring 

Program (NCBP) has monitored concentrations of arsenic, 

cadmium, copper, lead, mercury, selenium, and zinc in fish 

from major rivers throughout the united states and in the 

Great Lakes (Walsh et al. 1977; Lowe et al. 1985; Schmitt 

and Brumbaugh 1990). The NCBP documents temporal and 

geographic trends in concentrations of these elements and 

identifies potential toxic threats to fish and wildlife 

(Schmitt and Brumbaugh 1990). Concentrations of an element 

are considered high when they exceed the 85th percentile of 

the nationwide geometric mean value for that element in fish 

from the NCBP (Lowe et al. 1985). The 85th percentile 

values are not based on toxicity levels or regulatory 

standards; however, they provide a frame of reference to 

help identify elements of potential concern. 

Fish from the five NCBP monitoring stations on the 

Colorado River (Lake Powell, Lake Mead, Lake Havasu, Lake 

Martinez, and Yuma) contained high concentrations of 

arsenic, cadmium, copper, lead, selenium, and zinc in one or 

more years (Schmitt and Brumbaugh 1990). Selenium 
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on National wildlife Refuges (Havasu, Cibola, and Imperial) 

along the lower Colorado River were recommended (Radtke et 

ale 1988). 

Here I report on selenium concentrations in fish, 

crayfish, aquatic plants, sediments, and water from Cibola 

National wildlife Refuge (Cibola NWR) and vicinity. My 

objectives were to determine if areas receiving agricultural 

return flows contained elevated levels of selenium and other 

elements relative to areas not receiving return flows, and 

to assess whether fish were at risk of selenium-induced 

toxicity. 

METHODS 

study Area 

Cibola NWR was established in 1964 to provide wintering 

habitat for migratory waterfowl. The refuge is 32 km south 

of Blythe, California, and contains portions of La Paz 

County, Arizona, and Imperial County, California (Fig. 1.1). 

The refuge covers 6,735 ha, most of which are wetlands or 

bottomlands containing dense stands of saltcedar (Tamarix 

chinensis) and mesquite (Prosopis spp.) 

The Colorado River is channelized between levees over 

its entire course through Cibola NWR to control flooding. 

The other lotic systems on the refuge are the Old Channel of 
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Figure 1.1. The lower Colorado River, Arizona and 
California. 
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the Colorado River and the Palo Verde Outfall Drain (Fig. 

1.2). The Outfall Drain returns water diverted from the 

Colorado River at Blythe back into the Old Channel. Much of 

the water in the Outfall Drain has been used for irrigation 

prior to returning to the river. 

The major lentic systems on the refuge are Cibola Lake, 

Pretty Water, and Hart Mine Marsh (Fig. 1.2). Cibola Lake 

was created in 1964 as mitigation for backwater lakes lost 

due to channelization. Water control structures at each end 

of Cibola Lake connect the lake to the Colorado River (Fig. 

1.2). Cibola Lake does not receive irrigation return flows. 

Pretty Water has no direct connection with the main channel 

of the Colorado River, and seepage through the levees is its 

main water source. The Outfall Drain and Pretty Water are 

connected by a narrow boat channel through a cattail/bulrush 

(Typha/Scirpus) marsh, but the direction of flow is from 

Pretty Water to the Outfall Drain. Hart Mine Marsh also has 

no direct connection to the Colorado River, but is 

accessible from the river via a series of irrigation canals. 

The primary water source for Hart Mine Marsh is irrigation 

return flows from farming operations on the refuge, with 

runoff down Hart Mine Wash providing additional inputs 

during storms. 

Although not within the refuge boundaries, the Palo 

Verde Oxbow Lake (Fig. 1.2) is functionally part of the 
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Figure 2. Sampling sites on and adjacent to cibola NWR. 
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complex of aquatic sites that make the refuge important to 

migratory birds. Like Cibola Lake, the Oxbow Lake receives 

water directly from the main channel of the Colorado River. 

The Oxbow Lake also receives water intermittently from a 

canal that parallels Highway 78. This canal contains 

irrigation water, not drainwater (R. Colby, California 

Department of Fish and Game, pers. comm.). 

sampling Locations 

I collected fish, crayfish, aquatic plants, sediment, 

and water from six sites in the vicinity of Cibola NWR: Palo 

Verde Outfall Drain, Cibola Lake, Pretty Water Lake, Hart 

Mine Marsh, the Old Channel of the Colorado River, and Palo 

Verde Oxbow Lake. I sampled at Palo Verde Oxbow Lake only 

in 1990, and at the other sites in 1989 and 1990. This 

combination of sites was selected to allow comparison of the 

impacts of agricultural return flows with those in 

backwaters receiving water from the main stream of the 

Colorado River. 

Sample Collection 

I captured sunfish (Lepomis macrochirus, ~. 

microlophus, and ~. gu1osus) during three sampling sessions: 

27 May-2 July 1989, 12-16 August 1989, and 28 May-13 July 

1990. I used seines, gill nets, minnow traps, and angling 
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gear to capture fish. seining was my primary method of 

capture in 1989. I switched to gill nets in 1990 to enable 

me to sample additional sites and capture larger fish. 

Sunfish were selected for study because the family 

Centrarchidae is considered sensitive to selenium 

contamination (Lemly 1985a,b), and data on sunfish are 

available from other studies of selenium contamination 

(Baumann and Gillespie 1986, Gillespie and Baumann 1986, 

Saiki and May 1988). 

I placed fish in aluminum foil, plastic bags (Whirl-Pak 

or Zip-Lock), or acid rinsed glass bottles. I chilled fish 

on ice until they could be weighed, measured (total length), 

and frozen. I made composite samples consisting of three 

whole fish of the same species and similar size per sample. 

Red swamp crayfish (Procambarus clarki) were captured 

in minnow traps, and each composite sample consisted of 

three whole crayfish. crayfish were selected because they 

are eaten by predatory fish and are benthic, dwelling in 

close proximity to potentially contaminated sediments. 

Plant samples were composites consisting of leaves and 

stems from numerous specimens of water milfoil (Myriophyllum 

exalbescens) or Ceratophyllum sp., and were collected by 

hand. 

I collected tissue samples from largemouth bass 

(Micropterus salmoides) and channel catfish (Ictalurus 
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punctatus) at Cibola Lake during spring of 1989 and 1990. I 

also collected tissues from largemouth bass netted at Oxbow 

Lake in the summer of 1990. During March 1989, I collected 

livers and ovaries from largemouth bass and channel catfish 

captured by anglers. I made composite samples each 

consisting of three livers or three ovaries from fish of the 

same species. Angler success at Cibola Lake was poor in 

March 1990, so I obtained most bass and catfish samples by 

electrofishing and netting during March and April. Liver 

and ovary samples were composited as in 1989. In 1990, I 

also collected axial muscle from largemouth bass at Cibola 

Lake. Each muscle sample consisted of skinless fillets from 

one fish rather than a composite sample. Livers (composite 

samples) and fillets (not composited) were collected from 

largemouth bass at Oxbow Lake in July 1990. Preservation 

methods for tissue samples were the same as described above 

for whole-body fish, except aluminum foil was not used. 

Sediment samples (three per site) were collected as 

composites, each consisting of the top eight cm of 10-15 

cores collected with a gravity core sampler lined with a 

plastic tube. Samples were taken along transects of the 

cross section of streams and channels (Old Channel, Pretty 

water) or the longitudinal section of lakes (Cibola Lake, 

Oxbow Lake, and Hart Mine Marsh). The Outfall Drain has a 

firm bed which lacks a sediment layer except along the 



vegetated edge and in coves. Therefore, sediment samples 

from the Outfall Drain consisted of composite core samples 

from such locations rather than along transects. All 

sediment and tissue samples were frozen until analysis. 
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The same transects used in sediment collections were 

used in water collections, except I sampled the Outfall 

Drain from the refuge bridge as a cross section of the 

stream. Water samples were collected using a U.S. 

Geological Survey model DH-59 depth-integrated sampler at 

10-15 sampling locations per transect. The water samples 

were composited using a U.S. Geological Survey churn 

splitter, producing 2 composite samples per location. Each 

composite sample was split into two subsamples. One 

subsample was filtered using a Gehlman Apparatus and filters 

with 0.45 micrometer diameter pores, enabling me to analyze 

the supernatant for dissolved contaminants (Kister and 

Garrett 1984). The other subsample was not filtered, and 

was analyzed for total contaminants (Kister and Garrett 

1984). All water samples were acidified with nitric acid to 

pH < 2 as a preservative and were stored at room temperature 

until chemically analyzed. 

Analytical Procedures 

Samples were prepared and analyzed for total 

concentrations of elements at Environmental Trace Substances 
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Research Center (ETSRC), Columbia, Hissouri (samples from 

March-July 1989 and Hart Mine Marsh samples from August 

1989) or at Hazleton Laboratories, Madison, Wisconsin 

(remaining samples from August 1989 and all samples from 

1990). Samples were homogenized and their moisture contents 

determined as described by Saiki (1990). 

Arsenic and selenium concentrations were determined at 

ETSRC by hydride generation atomic absorption 

spectrophotometry (AAS) following nitric percholoric (HN03-

HCClO~) acid digestion (details in Saiki 1990). Hazleton 

used graphite furnace AAS to analyze for arsenic and 

selenium following digestion with nitric acid (EPA 1984). 

Both laboratories used cold vapor AAS to analyze for 

mercury. Samples analyzed by ETSRC were prepared using a 

refluxing HN03 procedure and analytical techniques described 

by Saiki (1990). Samples analyzed by Hazleton were digested 

with sulfuric acid, potassium permanganate, and potassium 

persulfate, and mercury was reduced with sodium borohydrate. 

Analytical methods were those of EPA (1984). 

Sunfish, sediment, and water samples collected from 

May-July 1989 as well as sediment and water collected at 

Hart Mine Marsh in August 1989 were analyzed for trace 

elements and metals by inductively coupled plasma emission 

spectrometry (ICP) at ETSRC. Samples were prepared using 
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the same digestion procedure used for selenium. Analytical 

methods for sunfish followed Saiki (1990), except the 

digestate was preconcentrated by addition of high purity 

N~OH to pH 6 instead of pH 3. Water and sediment samples 

were not preconcentrated. 

Quality Assurance! Quality Control 

Quality assurance/quality control (QA/QC) methods used 

by both labs included analysis of procedural blanks, 

duplicate samples, spiked samples, and standard reference 

materials. All QA/QC samples met or exceeded the standards 

of the Patuxent Analytical Control Facility, indicating the 

analytical data are of high quality. 

statistical Methods 

I used analysis of variance (ANOVA) to compare log 

transformed (loglOx + 1) element concentrations between 

locations. When F-tests from ANOVA's were statistically 

significant (£ < 0.05) I used Tukey's Studentized Range Test 

to compare means (£ < 0.05). If a concentration was below 

detection limits, a value of half the detection limit was 

assigned to that sample to facilitate comparisons of means. 

Means were not calculated and statistical analyses were not 
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performed if more than 50% of the samples from any site and 

sampling period were below detection limits. 

concentrations of inorganic chemicals in biotic samples 

are reported in the literature on a dry weight (dry-wt) or 

wet weight (wet-wt) basis. In order to compare my data to 

as much relevant literature as possible, I report my results 

both ways. However,my statistical comparisons are made on 

dry-wt concentrations. The exception is water, which is 

always reported and statistically analyzed on a wet-wt 

basis. I report my concentrations in parts-per-billion 

(ppb) for water and parts-per-million (ppm) for everything 

else. 

RESULTS 

sampling Success 

I captured sunfish at Cibola Lake, Pretty Water, and 

the Outfall Drain in May-July 1989, and again in August 

1989. I was unsuccessful at capturing sunfish from the Old 

Channel during May-July 1989, and did not attempt to sample 

that site during August 1989. I did not sample Hart Mine 

Marsh and Oxbow Lake for fish until 1990. switching to gill 

nets in 1990 enabled me to sample additional sites and 

capture larger fish (Table 1.1). However, only a few 

sunfish were captured from the Old Channel and Oxbow Lake in 

1990, despite comparable effort to the other sites. 
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Table 1.1. Total lengths, masses, and moisture contents of 
sunfish analyzed for contaminants from Cibola NWR 
and vicinity, 1989-90. 

Site/Date 
length (mm) 

n mean range 

Outfall Drain 
5-7/89 
8/89 
5-7/90 

Cibola Lake 

27 
9 

15 

5-7/89 21 
8/89 9 
5-7/90 15 

Pretty Water 
5-7/89 27 
8/89 18 
5-7/90 21 

Hart Mine Marsh 
5-7/90 15 

75 
96 
79 

58-96 
89-106 
66-99 

84 60-124 
94 70-124 

155 114-210 

82 62-96 
101 82-119 
132 72-191 

121 95-156 

Old Channel 
5-7/90 3 104 92-119 

Oxbow Lake 
5-7/90 3 106 105-107 

mass (g) 
mean range 

8 3-18 
15 10-21 
10 6-19 

13 4-40 
16 6-43 

107 26-258 

10 4-17 
18 10-28 
61 7-170 

41 15-94 

23 15-35 

24 22-26 

moisture(%) 
mean 1 range 

75 
73 
74 

75 
74 
75 

75 
72 
76 

76 

74 

76 

72-76 
72-73 
73-75 

74-75 
73-75 
73-77 

72-78 
72-73 
75-78 

75-76 

1 Moisture contents are based on composite samples of three 
fish per sample. 
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I attempted to capture crayfish at the same sites and 

times as sunfish, except that I collected crayfish and not 

sunfish from Hart Mine Marsh in August 1989. Crayfish were 

more easily captured than sunfish, increasing the number of 

sites where sample sizes were sufficient for between-site 

comparisons (Table 1.2). My sampling objective of five 

composite samples per site was obtained everywhere except 

the Old Channel (n=2 in May-June 1989 and n=3 in 1990) and 

Pretty Water (n=4 in August 1989). 

With one exception, three sediment samples were 

collected per sampling session at each site where I 

attempted to capture sunfish or crayfish (Table 1.2). No 

sediment samples were collected from the Outfall Drain 

during August 1989. 

Selenium 

Selenium was detectable in all sunfish samples (Tables 

1.3 and 1.4). The sunfish data from the three sites (Cibola 

Lake, Outfall Drain, and Pretty Water) that were sampled in 

all three sessions were analyzed by two-way ANOVA using 

location and sampling session as the main effects terms in 

the ANOVA model. The location term and the interaction term 

(date*location) were statistically significant. Because of 

the significant interaction term I used one-way ANOVA to 

compare selenium concentrations among locations for each 
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Table 1.2. Moisture contents of crayfish and sed~=en~ 
samples from Cibola NWR and vicinity, :989-90. 

site/Date 

outfall Drain 
May-July 1989 
August 1989 
May-July 1990 

Cibola Lake 
May-July 1989 
August 1989 
May-July 1990 

Pretty Hater 
May-July 1989 
August 1989 
May-July 1990 

Hart Mine Marsh 
August 1989 
May-July 1990 

Old Channel 
May-July 1989 
May-July 1990 

Oxbow Lake 
May-July 1990 

n 

5 
5 
5 

5 
5 
5 

5 
4 
5 

5 
5 

2 
3 

5 

Crayfish 

mean 

70 
68 
67 

74 
68 
66 

72 
70 
70 

72 
74 

76 
72 

69 

range 

68-74 
65-70 
65-69 

73-75 
64-71 
64-69 

70-75 
68-72 
69-72 

71-74 
72-75 

75-76 
72-72 

67-72 

n 

3 
o 

3 
3 ., 
-' 

3 

3 

3 

Sedi:Jen't. 

:::ean 

29 

39 

55 
6l 
63 

55 
56 

54 
66 

38 
/
-=:::> 

42 

range 

25-34 

30-45 

51-58 
57-65 
61-66 

34-47 
48-59 
51-60 

48-58 
65-67 

33-41 
42-51 

39-48 



Table 1.3. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
selenium in sunfish and crayfish from Cibola NWR and vicinity, 1989-90. 

Mean Selenium concentration (ppm, dry-wt)I 

Matrix/Date Outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

Sunfish 

5-7/89 2.8 B 7.6 A 1.6 C 
2.2-3.3 6.3-9.2 1.1-2.6 

8/89 2.1 A 5.3 A 2.3 B 
2.0-2.2 4.4-5.9 1.8-2.8 

5-7/90 2.3 B 5.9 A 1.8 B 2.4 B 2.0 11. 0 
1. 6-3.0 5.7-6.2 1. 2-2.6 2.0-2.9 

Crayfish 

5-7/89 1. 8 B 4.1 A 1.8 B 1. 8 B 
1. 5-1. 9 3.4-4.6 1. 2-2.5 1. 8-1. 9 

8/89 1. 3 B 1.9 A 0.81 B 1. 3 B 
1. 0-1. 6 1.4-2.8 0.57-1.1 1. 0-1. 6 

5-7/90 1.0C 1. 8 B 1.5 C 1.1C 1. 5 C 3.6 A 
0.73-1. 6 0.51-3.2 1.1-1. 8 1. 0-1. 1 1. 4-1. 6 

I within a time period, means not sharing the same letter are significantly 
different (Tukey's Studentized Range Test, P < 0.05). 

2.8-4.7 

w 
o 



'1'.lIdl~ I .'1. (;('lll111~tt'ic IllL'i.1Il (\"rith minima and m(\x\m,\) concunl-,l",Liunu (pPIII, wut-wt) ll\ 

:a'IL'lll.um ill lilll1fioh .. mel crayr.h;h f\."om cibola N\~H "Iltl vicillil.y,I()I3()_cl(). 

f>1atrix/Date 

Sunfish 

5-7/89 

8/89 

5-7/90 

Crayfish 

5-7/89 

8/89 

5-7/90 

Mean Selenium cOl1cL!l1tration (PPIII, wct-wt) 

outfall Dr. Cibola Lk. Pretty wtr. Hart Mine Old Challn;;-l-"oxl;ow LIe 

0.71 1.9 
0.55-0.82 1. 6-2.4 

0.57 1.4 
0.55-0.59 1. 2-1. 6 

0.58 1.5 
0.44-0.74 1. 3-1. 6 

0.52 1.0 
0.45-0.58 0.84-1.2 

0.41 0.61 
0.32-0.50 0.46-0.81 

0.31 0.62 
0.26-0.51 0.16-1. 1 

0.39 
0.27-0.73 

0.64 
0.51-0.78 

0.44 0.57 
0.30-0.66 0.47-0.69 

0.49 
0.33-0.64 

0.24 0.37 
0.18-0.31 0.29-0.42 

0.45 0.27 
0.33-0.54 0.26-0.29 

0.51 

0.45 
0.45-0.46 

0.43 
0.40-0.45 

2.7 

1.1 
0.94-1.3 

W 
f-' 
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sampling session. F-tests were significant in each one-way 

ANOVA. In all sampling sessions, selenium concentrations 

were significantly higher in sunfish from Cibola Lake than 

from the other locations. Concentrations of selenium in 

sunfish from the Outfall Drain were significantly higher 

than at Pretty Water in May-July 1989, but not in the other 

sampling sessions. In 1990, concentrations of selenium in 

sunfish from Hart Mine Marsh were significantly lower than 

at Cibola Lake, but were not significantly different from 

Pretty Water or the Outfall Drain. 

Two sites (Old Channel and Oxbow Lake) were not 

included in statistical analyses because only one sunfish 

sample was obtained per site. The sample from the Old 

Channel had 2.0 ppm selenium, about the same as in sunfish 

from the Outfall Drain. The sample from Oxbow Lake 

contained 11.0 ppm selenium, exceeding the highest selenium 

concentration in sunfish from Cibola Lake. 

Data for crayfish were statistically analyzed the same 

way as data for sunfish. The interaction term and both main 

effects terms (date and location) in the two-way ANOVA were 

statistically significant. Therefore, the data for each 

sampling session were analyzed separately by one-way ANOVA. 

In May-July 1989 and in August 1989, selenium 

concentrations in crayfish were significantly higher at 

Cibola Lake than at the other locations (Table 1.3). Data 
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from the Old Channel and Hart Mine Marsh were included in 

these analyses. There were no other significant differences 

in either sampling session in 1989. In 1990, crayfish from 

Oxbow Lake contained significantly higher selenium 

concentrations than the other five sites. Selenium in 

crayfish from Cibola Lake was significantly higher than in 

those from the Outfall Drain, but was not significantly 

different from those at the Old Channel, Pretty Water, or 

Hart Mine Marsh. There were no other significant 

differences in 1990. 

Submerged aquatic plants were not found at Cibola Lake 

until August 1989. Samples from the other sites were 

obtained in May and June 1989. There were no submerged 

aquatic plants at Hart Mine Marsh. Selenium concentrations 

were low in plants from all sites. Plants from Cibola Lake 

and the Old Channel had significantly higher selenium levels 

than plants from Pretty Water, but there were no other 

significant differences (Table 1.5). 

Selenium concentrations in organs of game fish varied 

between species and years (Table 1.6.). Two-way ANOVA 

revealed significant between-year and between-species 

differences in selenium content of fish livers from Cibola 

Lake. Livers of channel catfish contained significantly 

higher concentrations of selenium than livers of largemouth 

bass. At Cibola Lake, selenium concentrations in livers 



Table 1.5. Geometric mean concentrations of selenium in 
aquatic plants from Cibola NWR and vicinity, 
1989. 

Mean Selenium 
Concentration 

34 

site n (ppm, dry-wt) Significance i 

Outfall Drain 5 0.94 AB 

Cibola Lake 5 1.19 A 

Pretty Water 5 0.40 B 

Old Channel 5 1. 02 A 

i Means from sites not sharing the same letter are 
significantly different (Tukey's Studentized Range Test, 
P < 0.05). 



Table 1.6. Mean (with mlnlma and maxima) concentrations of 
selenium in tissues of largemouth bass and 
channel catfish from Cibola Lake (1989-90) and 
Palo Verde Oxbow Lake (1990). 

site/Year/Tissue N 

Cibola Lk. 1989 

Bass Liver 5 

Bass Ovary 3 

Catfish Liver 5 

Catfish Ovary 2 

Cibola Lk. 1990 

Bass Liver 3 

Bass Ovary 2 

Bass Muscle 5 

Catfish Liver 3 

Catfish Ovary 2 

Oxbow Lk. 1990 

Bass Liver 2 

Bass Muscle 5 

%Moist 

77 

68 

78 

67 

74 

57 

80 

80 

77 

77 

79 

Selenium Concentration 
ppm, dry-wt ppm, wet-wt 

13.0 
12.0-18.0 

7.6 
7.3-7.8 

17.0 
14.0-22.0 

12.0 
10.0-14.0 

9.3 
8.4-10.0 

5.7 
5.4-6.1 

5.1 
4.5-5.9 

15.0 
14.0-16.0 

5.6 
5.0-6.4 

14.0 
11. 0-16.0 

14.0 
12.0-16.0 

3.1 
2.7-4.5 

2.4 
2.2-2.6 

3.7 
3.1-4.7 

3.7 
3.4-4.1 

2.4 
2.4-2.5 

2.0 
2.0-2.0 

1.0 
0.9-1.2 

3.0 
2.7-3.3 

2.4 
2.1-2.8 

3.2 
2.8-3.6 

3.0 
2.4-3.4 

35 
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were higher In 1989 than in 1990. The mean concentration of 

selenium in livers of bass from Oxbow Lake was about the 

same as in livers of bass from Cibola Lake. No catfish were 

captured at Oxbow Lake. 

In the two-way ANOVA comparing selenium concentrations 

in ovaries of fish from Cibola Lake, only the year term was 

significant. Selenium concentrations in ovaries were higher 

in 1989 than in 1990. Because the spawning season was over 

prior to collection of bass at Oxbow Lake, ovaries were not 

analyzed from those fish. Selenium concentrations in 

fillets were three times higher at Oxbow Lake than at Cibola 

Lake (3.0 ppm vs 1.0 ppm, wet-wt). 

Selenium concentrations in sediment were higher at 

Cibola Lake than the other sites in May-July 1989 (Tables 

1.7 and 1.8). The selenium concentrations in sediment from 

the Old Channel and Pretty Water were not significantly 

different. However, sediments from Pretty Water were 

significantly higher than those from the Outfall Drain, 

while selenium concentrations in sediment from the Old 

Channel and Outfall Drain did not differ significantly. 

Selenium concentrations in sediment from Cibola Lake were 

significantly higher than at Pretty Water and Hart Mine 

Marsh in August 1989. Pretty Water and Hart Mine Marsh did 

not differ significantly in August 1989. In 1990, selenium 

concentrations in sediment from Cibola Lake were 



Table 1.7. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
selenium in sediment from Cibola NWR and vicinity, 1989-90. 

Mean Selenium concentration (ppm, dry-wt)i 

Date outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel OXbOVl Lk. 

5-7/89 

8/89 

5-7/90 

0.23 C 
0.20-0.30 

0.25 B 
0.16-0.42 

2.3 A 
2.0-2.7 

2.5 A 
2.3-3.0 

2.2 A 
1.6-3.3 

0.58 B 
0.40-0.84 

0.77 B 
0.73-0.84 

0.49 B 
0.28-1.0 

0.85 B 
0.61-1.3 

<0.30 B 
<0.30-1. 2 

0.29 BC 
0.20-0.40 

0.29 B 
0.21-0.37 

i Within a time period, means not sharing the same letter are significantly 
different (Tukey's Studentized Range Test, P < 0.05). 

0.62 AB 
0.34-1.3 

W 
'.l 



Table 1.8. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
selenium in sediment from Cibola NWR and vicinity, 1989-90. 

Mean Selenium concentration (ppm, 

Date Outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine 

5-7/89 0.16 1.1 0.34 
0.14-0.20 0.99-1.2 0.26-0.51 

8/89 1.0 0.35 0.39 
0.83-1.2 0.33-0.38 0.32-0.54 

5-7/90 0.15 0.82 0.22 <0.10 
0.11-0.23 0.61-1.3 0.11-0.50 <0.10-0.41 

vlet-wt) 

Old Channel 

0.18 
0.13-0.23 

0.16 
0.12-0.18 

Oxbml Lk. 

0.36 
0.21-0.65 

w 
OJ 



Table 1.9. Geometric mean (with minima and maxima) concentrations (ppb) of total 
and dissolved selenium in water samples from Cibola NWR and vicinity, 
1989-90. 

Mean Selenium concentration (ppb) 

Matrix/Date Outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

Total 

5-7/89 

8/89 

5-7/90 

Dissolved 

5-7/89 

8/89 

5-7/90 

1.0 
1. 0-1. 0 

7.0 
2.0-27.0 

<1.0 
<1. 0-1. 0 

0.5 
0.5-0.6 

2.0 
2.0-2.0 

4.0 
2.0-8.0 

1.0 
1.0-1.0 

2.0 
1. 0-5.0 

3.0 
3.0-4.0 

0.7 
0.7-0.8 

1.0 
1.0-2.0 

2.0 
2.0-3.0 

0.3 
<0.4-0.6 

<1.0 
<1. 0-1. 0 

1.0 
1. 0-2.0 

0.3 
<0.4-0.6 

<1.0 
<1. 0-<1. 0 

<1.0 
<1. 0-1. 0 

0.8 
<0.4-3.0 

<1.0 
<1. 0-<1. 0 

0.7 
<0.4-2.0 

<1.0 
<1. 0-<1. 0 

0.5 
0.4-0.7 

1.0 
1. 0-1. 0 

0.8 
0.6-1.0 

<1.0 
<1. 0-1. 0 

3.0 
2.0-5.0 

2.0 
2.0-2.0 

W 
\D 



significantly higher than at all other sites except Oxbow 

Lake. 
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with the exception of the Outfall Drain in August 1989, 

all average selenium concentrations in water samples were 

below the Environmental Protection Agency's national 

criterion of 5.0 ppb for protection of freshwater aquatic 

life (Table 1.9). The highest selenium concentration was 

27.0 ppb in an unfiltered sample collected from the Outfall 

Drain in August 1989 (Table 1.9). In 1990, a filtered 

sample from the Outfall Drain contained a selenium 

concentration of 8.0 ppb. However, the unfiltered split 

from that sample contained only 1.0 ppb. The 5.0 ppb 

criterion was reached but not exceeded in two unfiltered 

samples: one from Cibola Lake in August 1989 and one from 

the Oxbow Lake in 1990. 

Other Elements 

Mean arsenic concentrations in sunfish were barely 

above detection limits at the three locations sampled in 

May-July 1989 (Tables 1.10 and 1.11). All samples from 

August 1989 and May-July 1990 were below detection limits, 

which were higher at Hazleton than at ETSRC. Arsenic was 

detectable in all crayfish samples, with means ranging from 

0.4 ppm at Pretty Water in August 1989 to 4.2 ppm at Hart 

Mine Marsh in August 1989 (Table 1.10). Arsenic 



Table 1.10. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
arsenic in sunfish and crayfish from Cibola NWR and vicinity, 1989-90. 

Mean Arsenic Concentration (ppm, dry-wt) 

Matrix/Date Outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

Sunfish 

5-7/89 

8/89 

5-7/90 

Crayfish 

5-7/89 

8/89 

0.3 
0.2-0.4 

<0.4 
<0.4-<0.4 

<0.4 
<0.4-<0.4 

1.7 
1.3-2.1 

1.3 
0.90-1.8 

0.3 
0.2-0.5 

<0.4 
<0.4-<0.4 

<0.4 
<0.4-<0.4 

1.8 
1.4-2.0 

1.4 
1. 0-1. 8 

0.3 
<0.2-0.6 

<0.4 
<0.4-<0.4 

<0.4 
<0.4-<0.4 

1.0 
0.60-1.2 

0.38 
0.31-0.44 

<0.4 
<0.4-<0.4 

4.2 
3.8-4.7 

<0.4 

2.1 
1.6-2.8 

<0.4 

5-7/90 1.6 
1. 4-1. 9 

1.1 
0.86-1.4 

0.99 
0.75-1.1 

1.4 
1. 0-1. 8 

1.2 
1.0-1.4 

0.93 
0.66-1.3 

,p. 
f-' 



Table 1.11. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
arsenic in sunfish and crayfish from Cibola NWR and vicinity, 1989-90. 

Mean Arsenic Concentration (ppm, wet-wt) 

Matrix/Date Outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

sunfish 

5-7/89 

8/89 

5-7/90 

Crayfish 

5-7/89 

8/89 

0.07 
0.05-0.1 

<0.1 
<0.1-<0.1 

<0.1 
<0.1-<0.1 

0.51 
0.34-0.64 

0.43 
0.31-0.64 

0.08 
0.05-0.1 

<0.1 
<0.1-<0.1 

<0.1 
<0.1-<0.1 

0.45 
0.37-0.49 

0.47 
0.34-0.59 

0.06 
<0.03-0.2 

<0.1 
<0.1-<0.1 

<0.1 
<0.1-<0.1 

0.27 
0.16-0.35 

0.11 
0.10-0.12 

<0.1 
<0.1-<0.1 

1.2 
1. 1-1. 3 

<0.1 

0.52 
0.40-0.66 

<0.1 

5-7/90 0.53 
0.46-0.61 

0.35 
0.31-0.44 

0.29 
0.21-0.33 

0.36 
0.27-0.44 

0.33 
0.28-0.39 

0.29 
0.21-0.35 

.I'> 
N 
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Table 1.12. Mean (with minima and maxima) concentrations of 
arsenic in tissues of largemouth bass and channel catfish 
from Cibola Lake (1989-90) and Palo Verde Oxbow Lake (1990). 

Arsenic Concentration 
site/Year/Tissue N %Moist ppm, dry-wt ppm, wet-wt 

Cibola Lk. 1989 

Bass Liver 5 77 0.6 0.14 
0.3-1.0 0.07-0.22 

Bass Ovary 3 68 0.2 0.06 
<0.2-0.4 <0.05-0.13 

Catfish Liver 5 78 <0.2 <0.05 
<0.2-<0.2 <0.05-<0.05 

Catfish Ovary 2 67 <0.2 <0.08 
<0.2-<0.2 <0.08-<0.08 

Cibola Lk. 1990 

Bass Liver 3 74 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 

Bass Ovary 2 57 <0.3 <0.1 
<0.3-<0.3 <0.1-<0.1 

Bass Muscle 5 80 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 

Catfish Liver 3 80 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 

Catfish Ovary 2 77 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 

Oxbmv Lk. 1990 

Bass Liver 2 77 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 

Bass Muscle 5 79 <0.5 <0.1 
<0.5-<0.5 <0.1-<0.1 



Table 1.13. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
arsenic in sediment from Cibola NWR and vicinity, 1989-90. 

Date 

5-7/89 

8/89 

5-7/90 

Mean Arsenic Concentration (ppm, dry-wt) 

Outfall Dr. Cibola Lk. 

3.7 
3.2-4.9 

3.2 
2.4-4.0 

6.6 
6.3-6.9 

5.3 
4.9-5.8 

5.3 
4.8-6.4 

Pretty \oJtr. 

3.5 
3.0-4.1 

3.3 
2.5-4.6 

4.4 
3.5-5.8 

Hart Mine Old Channel Oxbow Lk. 

3.8 
2.6-4.6 

5.6 
5.5-5.7 

4.8 
3.7-6.2 

4.9 
4.0-5.5 

3.0 
2.3-4.1 

,r" 
,r,. 



Table 1.14. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
arsenic in sediment from Cibola NWR and vicinity, 1989-90. 

Date 

5-7/89 

8/89 

5-7/90 

outfall Dr. Cibola Lk. 

2.6 
2.3-3.2 

2.0 
1.7-2.2 

3.0 
2.7-3.4 

2.1 
1.7-2.3 

2.0 
1.7-2.5 

Mean Arsenic Concentration (ppm, dry-wt) 

Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

2.1 3.0 
1.6-2.7 2.5-3.6 

1.5 1.7 
1.2-2.0 1.3-2.1 

1.9 1.9 2.7 1.7 
2.3-3.1 1. 9-1. 9 2.3-3.1 1.4-2.1 

~ 
U1 



Table 1.15. Geometric mean (with minima and maxima) concentrations (ppb) of total 
and dissolved arsenic in water samples from Cibola NWR and vicillity, 
1989-90. 

Mean Arsenic Concentration (ppb) 

Matrix/Date outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel oxbow ]~. 

'1'ot~ 

5-7/89 

8/89 

5-7/90 

Dissolved 

5-7/89 

8/89 

5-7/90 

2.0 
2.0-2.0 

2.0 
2.0-3.0 

2.0 
2.0-3.0 

1.5 
1. 5-1. 5 

2.0 
2.0-2.0 

2.0 
2.0-2.0 

2.6 
2.6-2.6 

4.0 
4.0-4.0 

2.0 
2.0-3.0 

2.1 
2.1-2.2 

3.0 
3.0-3.0 

2.0 
2.0-3.0 

1.6 
1. 6-1. 7 

<1. 0 
<1. 0-<1. 0 

2.0 
2.0-3.0 

1.4 
1. 3-1. 6 

<1.0 
<1. 0-<1. 0 

2.0 
2.0-2.0 

2.0 
0.9-4.5 

<1. 0 
<1. 0-1. 0 

1.6 
0.5-4.3 

<1. 0 
<1. 0-<1. 0 

1.9 
1. 7-2.1 

2.0 
2.0-2.0 

1.6 
1. 6-1. 6 

1.0 
1. 0-1. 0 

2.0 
2.0-2.0 

2.0 
2.0-2.0 

.jO. 

G\ 
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concentrations were below detection limits in most tissue 

samples from largemouth bass and channel catfish, and 

statistical comparisons were not possible (Table 1.12). 

Arsenic was detectable in all sediment samples (Tables 1.13 

and 1.14). Mean arsenic concentrations in sediment ranged 

from 3.1 ppm at Oxbow Lake in 1990 to 6.6 ppm at Cibola Lake 

in May-July 1989. Arsenic concentrations ranged from less 

than 1.0 ppb to 4.5 ppb in water samples (Table 1.15). 

Mercury was detectable in the majority of sunfish and 

crayfish samples from May-July 1989 (Tables 1.16 and 1.17). 

with the exception of sunfish from Cibola Lake, the majority 

of samples from each location were below detection limits in 

August 1989 and May-July 1990. 

Mercury concentrations were significantly higher in 

catfish livers than in bass livers, and between-year 

differences were not significant. Mercury concentrations 

were below detection limits in all ovary samples from 1990, 

and the sample sizes from 1989 alone were insufficient for 

statistical comparisons (Table 1.18). 

Sediment samples contained low concentrations of 

mercury, with most samples below detection limits in August 

1989 and May-July 1990 {Tables 1.19 and 1.20). Mercury 

concentrations in water samples were near detection limits 

in May-July 1989 (Table 1.21). Mercury was below detection 



Table 1.16. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
mercury in sunfish and crayfish from Cibola NWR and vicinity, 1989-90. 

Mean Mercury Concentration (ppm, dry-wt) 

Matrix/Date outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine old Channel oxbow Lk. 

Sunfish 

5-7/89 

8/89 

5-7/90 

crayfish 

5-7/89 

8/89 

5-7/90 

0.03 
0.01-0.06 

NOS 
NO-NO 

NO 
NO-NO 

0.02 
0.01-0.04 

NO 
NO-NO 

NO 
NO-NO 

0.09 0.03 
0.08-0.12 <0.01-0.06 

NO NO 
NO-0.20 NO-O.12 

0.10 
NO-0.15 

NO 
NO-0.23 

0.04 0.02 
0.04-0.06 0.02-0.04 

NO NO 
NO-NO NO-NO 

NO 
NO-NO 

NO 
NO-NO 

NO 
NO-0.40 

NO 
NO-0.10 

NO 
NO-NO 

NO 

0.02 
0.02-0.03 

NO 
NO-NO 

NO 

NO 
NO-NO 

S NO = less than 0.009 ppm (all May-July 1989 samples and Hart Mine Marsh crayfish 
from August 1989) or less than 0.10 ppm (all other samples). 

,j:>. 

()) 



Table 1.17. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
mercury in sunfish and crayfish from Cibola NWR and vicinity, 1989-90. 

Mean Mercury Concentration (ppm, wet-wt) 

Matrix/Date outfall Dr. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

Sunfish 

5-7/89 

8/89 

5-7/90 

Crayfish 

5-7/89 

8/89 

5-7/90 

0.007 0.023 0.008 
0.003-0.015 0.020-0.030 NO-0.017 

NOa 0.020 0.015 
NO-NO NO-0.038 NO-0.032 

NO 0.026 NO NO NO 
NO-NO NO-0.038 NO-0.059 NO-0.096 

0.006 0.011 0.007 0.006 
0.003-0.011 0.010-0.015 0.005-0.010 0.005-0.008 

NO NO NO NO 
NO-NO NO-NO NO-NO NO-0.10 

NO 
NO-NO 

NO 
NO-NO 

NO 
NO-NO 

NO 
NO-NO 

NO 
NO-NO 

NO 

NO 
NO-NO 

a NO = less than 0.0025 ppm (all May-July 1989 samples and Hart Mine Marsh crayfish 
from August 1989) or less than 0.025 ppm (all other samples). 

~ 

\D 
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Table 1.18. Mean (with minima and maxima) concentrations of 
mercury in tissues of largemouth bass and channel catfish 
from Cibola Lake (1989-90) and Palo Verde Oxbow Lake (1990). 

Mercury Concentration 
site/Year/Tissue N %Moist ppm, dry-wt ppm, wet-wt 

Cibola Lk. 1989 

Bass Liver 5 77 0.088 0.021 
0.053-0.12 0.012-0.03 

Bass Ovary 3 68 0.010 0.003 
0.009-0.01 0.003-0.003 

Catfish Liver 5 78 0.84 0.189 
0.32-1.9 0.074-0.448 

catfish Ovary 2 67 0.049 0.015 
0.036-0.064 0.015-0.015 

Cibola Lk. 1990 

Bass Liver 3 74 0.11 0.029 
<0.094-0.17 <0.025-0.048 

Bass Ovary 2 57 <0.08 <0.025 
<0.08-<0.08 <0.025-<0.025 

Bass Muscle 5 80 0.35 0.071 
0.16-0.94 0.032-0.188 

Catfish Liver 3 80 1.5 0.291 
0.24-3.6 0.052-0.708 

Catfish Ovary 2 77 <0.06 <0.025 
<0.06-<0.06 <0.025-<0.025 

Oxbow Lk. 1990 

Bass Liver 2 77 <0.11 <0.025 
<0.11-<0.11 <0.025-<0.025 

Bass Muscle 5 79 0.29 0.056 
0.16-0.50 0.032-0.103 
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Table 1.20. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
mercury in sediment from Cibola NWR and vicinity, 1989-90. 

Mean Mercury Concentration (ppm, wet-wt) 

Oate outfall Or. Cibola Lk. Pretty Wtr. Hart Mine Old Channel Oxbow Lk. 

5-7/89 0.02 0.03 0.02 0.02 
0.01-0.02 0.03-0.03 0.02-0.03 0.02-0.02 

8/89 NOB NO 0.02 
NO-NO NO-NO 0.02-0.02 

5-7/90 NO NO NO NO NO NO 
NO-0.05 NO-0.06 NO-NO NO-NO NO-NO NO-NO 

a NO = less than 0.025 ppm, wet-wt. 

lJ1 
N 



Table 1.21. Geometric mean (with minima and maxima) concentrations (ppb) of total 
and dissolved mercury in water samples from Cibola NWR and vicinity, 
1989-90. 

Mean Mercury Concentration (ppb) 

Matrix/Oate outfall Or. Cibola Lk. Pretty wtr. Hart Mine Old Channel Oxbow Lk. 

Total 

5-7/89 0.35 NOa 0.39 0.21 
0.30-0.40 NO-NO 0.30-0.50 NO-0.30 

8/89 NO NO NO NO 
NO-NO NO-NO NO-NO NO-NO 

5-7/90 NO NO NO NO NO NO 
NO-NO NO-NO NO-NO NO~NO NO-NO NO-NO 

oissolved 

5-7/89 0.30 0.45 0.35 0.21 
0.30-0.30 0.40-0.50 0.30-0.40 NO-0.30 

8/89 NO NO NO NO 
NO-NO NO-NO NO-NO NO-NO 

5-7/90 NO NO NO NO NO NO 
NO-NO NO-NO NO-NO NO-NO NO-NO NO-NO 

a NO = less 0.3 ppm (all May-July 1989 samples and Hart Mine Marsh samples from 
August 1989) or less than 0.4 ppm (all other samples). lJl 

w 



limits in all water samples from August 1989 and May-July 

1990. 
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Fish from the three sites successfully sampled in May

July 1989 were analyzed for eleven elements, including 

cadmium, copper, lead, and zinc (Tables 1.22 and 1.23). 

Mean concentrations of beryllium, lead, and thallium were 

below detection limits at all sites. The majority of 

samples at all locations contained detectable concentrations 

of cadmium. Aluminum, chromium, copper, iron, manganese, 

nickel, and zinc were above detection limits in all samples. 

crayfish and organs of largemouth bass and channel catfish 

were not analyzed for elements other than selenium, arsenic, 

and mercury. 

Cadmium, molybdenum, silver, and thallium were not 

detectable in the majority of sediment samples (Table 1.24). 

The remaining 14 elements in the rep SCan were detectable in 

all sediment samples. Beryllium, cadmium, and thallium were 

below detection limits in the majority of water samples, but 

the remaining 7 elements in the rcp scan were generally 

detectable (Tables 1.25 and 1.26). 

DISCUSSION 

Selenium was the only inorganic constituent to exceed 

any existing standard, criterion, or guideline for 

protection of fish and wildlife resources in the u.s. 



Table 1.22. Geometric mean (with minima and maxima) concentrations (ppm, dry-wt) of 
elements in sunfish from Cibola NWR and vicinity, 1989. 

Concentratrions of Elements (ppm, dry-wt) 

Element 

Aluminum 

Beryllium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Nickel 

Thallium 

Zinc 

PVOO (n=9) 
mean min.-max. 

267 182-373 

<0.01 N03 -O. 02 

0.06 <0.04-0.24 

4.7 3.1-6.2 

2.1 1.3-6.4 

286 209-377 

<0.6 NO-NO 

56.2 33.9-79.5 

2.4 1. 6-4.2 

<0.7 NO-NO 

93.9 80.5-114 

a NO = less than detection limit 

Cibola Lk (n=7) 
mean min.-max. 

152 67-408 

<0.01 NO-NO 

0.06 0.03-0.12 

1.4 0.78-2.2 

2.4 1. 7-4.2 

157 101-289 

<0.6 NO-0.9 

33.9 20.6-85.7 

1.1 0.74-2.4 

<0.7 NO-NO 

124 97.3-165 

Pretty Water (n=9) 
mean min.-max. 

17.6 9.7-50.7 

<0.01 NO-NO 

0.04 <0.04-0.07 

2.3 0.69-5.7 

1.6 1.2-3.2 

66.6 45.6-94.8 

<0.6 NO-NO 

26.7 8.59-54.5 

1.6 0.75-5.2 

<0.7 NO-NO 

109 88.8-148 

Ul 
Ul 



Table 1. 23. Geometric mean (with minima and maxima) concentrations (ppm, wet-wt) of 
elements in sunfish from Cibola NWR and vicinity, 1989. 

Concentrations of Elements (ppm, wet-wt) 

Element PVOD (n=9) Cibola Lk (n=7) Pretty Water (n=9) 
mean min.-max. mean min.-max. mean min.-max. 

Aluminum 67.8 45.1-103 38.6 17.3-106 4.38 2.43-14.3 

Beryllium <0.002 ND8_0.005 <0.002 ND-ND <0.002 ND-ND 

Cadmium 0.02 <0.01-0.06 0.02 0.01-0.03 0.01 <0.01-0.02 

Chromium 1.2 0.74-1.7 0.36 0.20-0.57 0.57 0.15-0.96 

Copper 0.54 0.34-1.6 0.61 0.43-1.1 0.40 0.29-0.82 

Iron 72.7 51.8-104 39.9 26.2-75.4 16.6 11. 4-23.8 

Lead <0.2 ND-ND <0.2 ND-0.9 <0.2 ND-ND 

Manganese 14.3 8.88-21.8 8.60 6.76-22.4 6.66 2.41-14.2 

Nickel 0.62 0.40-1.0 0.29 0.19-0.61 0.39 0.19-0.68 

Thallium <0.2 ND-ND <0.2 ND-ND <0.2 ND-ND 

Zinc 23.8 21. 6-27.4 31.5 23.9-41.7 27.2 21. 0-36.6 

a ND = less than detection limit 
Ul 
(j\ 
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Table 1.24. (continued). 

PVOD Cibola Lk Pretty \'1ater Hart Mine Old Channel 

Lead 8 28 7 27 9 
8-9 26-30 6-9 16-49 8-]0 

I'-1agnesium 6550 13500 5530 17800 7210 
5760-8360 12800-14300 4040-7370 13100-23300 6680-7960 

Manganese 997 652 311 852 1150 
710-1450 649-656 205-392 537-1470 870-1400 

Nickel 7.9 20 6.2 20 8.4 
6.9-9.2 8.0-21 5.2-8.1 15-31 7.3-9.6 

strontium 136 337 338 979 215 
121-168 310-354 242-430 703-1610 183-244 

Vanadium 20 41 15 48 20 
18-26 38-46 12-20 33-66 18-22 

Zinc 30 83 21 86 33 
27-35 77-89 16-30 53-146 28-38 

--+~-:- -.- '--~_·· __ ~ _____ ,"_"_· _______ ·_~"_rr_~"~. ~., .-.,.....,-....... --.. - +.c-~-""-=----'---c-------=--.--o-=----,-=-_---,-,-.~,-o--_.~-.--

• Nt> ,- :t t\:\:~ thnn (1t~b.~GtJoll 11mJt'.. Molybdenum, nJver, ftnd thnlllum \-Jere bolm-J 
dl'tuct.ion LilllJtu JI\ all LH.llllpleu tlnd Ul:u not lm::l.udud l.ll tho table. 

Ul 
0) 



Table 1.25. Geometric mean (with minima and maxima) total concentrations (ppb) of 
elements in water from Cibola NWR and vicinity, 1989 (n=2 per site). 

Element" 

Aluminum 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Nickel 

Zinc 

PVOD 

1310 
1230-1390 

3.3 
3.0-3.6 

5.6 
8.3-29 

1340 
1300-1390 

27 
25-29 

169 
155-185 

2.0 
2.0-2.0 

14 
7.1-27 

Mean Element Concentrations (ppb) 

Cibola Lk 

1720 
1600-1840 

4.6 
3.6-5.8 

29 
22-38 

1370 
1350-1390 

20 
18-22 

114 
114-114 

3.8 
3.0-4.7 

22 
11-44 

Pretty Water 

532 
350-808 

3.0 
3.0-3.0 

11 
10-12 

605 
462-791 

17 
16-18 

58.2 
53.0-63.8 

2.4 
2.0-3.0 

1.8 
1.5-2.2 

Hart Mine 

623 
340-1140 

3.6 
3.0-4.2 

46 
26-79 

968 
928-1010 

36 
30-43 

732 
143-3750 

5.3 
4.2-6.6 

1.5 
1.2-2.0 

• Beryllium, cadmium, and thallium were below detection limits 
(0.1, 0.2, 5.0 ppb, respectively) in all samples, except one 
from Hart Mine Marsh which contained 0.3 ppb cadmium. 

Old Channel 

2170 
1970-2390 

8.0 
5.4-12 

14 
12-17 

2350 
2290-2420 

14 
10-19 

259 
217-309 

3.5 
3.0-4.0 

3.5 
3.0-4.0 

lJl 
W 



Table 1.26. Geometric mean (with m1n1ma and maxima) dissolved concentrations (ppb) of 
elements in water from Cibola NWR and vicinity, 1989 (n=2 per site). 

Mean Element Concentrations (ppb) 

Elnmnnt~ PVOD Cibolo Llc Pr~tty '~otfll,1 

-- -~--;:-:-:;----------;:--::::-:;-::::-: --:;-;:----,.-:::-=-~.:::,.-;- .• "-;--:--::~=--:-::-::==-=::~;::':: 

1\ 1 1\ ilL! IlIUII .. :.:~ • 0 <1 11 
NIJ~·NIJ NlJ~9 lU~13 

Chromium 1 2 1 
1-2 2-3 ND-2 

Copper 6.7 3.1 4.6 
3.7-12 2.9-3.3 4.5-4.6 

Iron 69 202 116 
59-81 197-208 84-161 

Lead 19 14 15 
8-47 10-19 9-24 

Manganese 31 22 4.8 
28-35 21-23 4.5-5.2 

Nickel 9 2 2 
2-42 2-2 1-5 

Zinc 3.0 13 1.3 
2.0-4.5 2.0-81 1. 0-1. 8 

a Beryllium, cadmium, and thallium were below detection 
respectively) in all but two samples: one from Cibola 
and one from the Old Channel with 0.3 ppb cadmium. 

Ilort Mino Old Ch'1nnol 
.--::-::::-=-:-:::::=~:::=-:~:::-:'--~::-:-:-""-::-:-:::'~~~-:--:"--:-":7: 

1-
;) 

NI)= 1·1 

1 
ND-2 

8.3 
5.7-12 

144 
85-245 

9 
9-10 

555 
86-3570 

2 
ND-7 

2.0 
1. 6-2.4 

o 
NIJ=Jl 

2 
2-2 

4.8 
4.7-5.0 

66 
50-87 

8 
6-10 

12 
11-14 

2 
2-2 

1.9 
1.8-2.0 

limits (0.1, 0.2, 5.0 ppb, 
Lake with 0.4 ppb cadmium, 

0'1 
0 
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Department of Interior's survey of contaminants in the lower 

Colorado River (Radtke et ale 1988). My study also 

indicates that selenium is the element of greatest concern 

at Cibola NWR. Selenium concentrations were elevated in 

biota, sediment, and water, and concentrations of other 

elements generally ~ere not elevated. 

The standard used in other drainwater investigations 

(Knapton et ale 1988, Peterson et ale 1988, Radtke et ale 

1988, Wells et ale 1988) for evaluation of element 

concentrations in sediments was Shacklette and Boerngen's 

(1984) geochemical baselines for soils from the western 

united states. In that study, geometric mean concentrations 

and 95% confidence intervals were calculated for hundreds of 

soil samples (Table 1.27). Selenium, arsenic, mercury and 

10 of the 18 elements I analyzed by ICP were analyzed in 

that study. My results were within the 95% confidence 

intervals from Shacklette and Boerngen (1984) for most 

elements. Exceptions were: mean selenium concentrations 

exceeded the baseline range at Cibola Lake during all three 

sampling sessions; barium was below the baseline range at 

the Outfall Drain, Pretty Water, and Old Channel; boron was 

below the baseline range at all sites except Hart Mine 

Marsh; and vanadium was below the baseline range at Pretty 

Water. 
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Table 1.27. Geochemical baselines for soils from the western 
united states (Shacklette and Boerngen 1984). 

Geometric Mean Baseline Range 
Element (ppm, dry-wt) (95% CI of mean) 

Arsenic 5.5 1.2-22 

Barium 580 200-1700 

Boron 23 5.8-91 

Chromium 41 8.5-200 

Copper 21 4.9-90 

Lead 17 5.2-55 

Manganese 380 97-1500 

Mercury 0.046 0.0085-0.25 

Molybdenum 0.85 0.18-4.0 

Nickel 15 3.4-66 

Selenium 0.23 0.039-1.4 

Vanadium 70 18-270 

Zinc 55 17-180 
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Table 1.28. Baseline concentrations and regulatory criteria 
for elements in water. 

Interquartile Range" Regulatory Standardb 

Element (ppb) (ppb) 

Arsenic <1 to 3 50 
(dissolved) 

Cadmium <2 to <2 10 
(dissolved) 

Chromium 9 to 10 50 
(dissolved) 

Lead 3 to 6 50 
(dissolved) 

Iron 36 to 157 none 

Manganese 11 to 51 none 

Mercury 0.2 to 0.3 0.2 (total) 

Selenium <1 to 1 5 (total) 

Silver none 50 
(dissolved) 

Zinc 12 to 21 500 
(dissolved) 

" Fifty percent of the observations in a nationwide water 
testing program were between these values (Smith et al. 
1987) . 

h Arizona's water quality criteria for protection of aquatic 
life (McClennan 1986). 
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Arizona has water quality standards for protection of 

aquatic life for 8 of the 14 elements analyzed (Table 1.28). 

One water sample from the Outfall Drain contained 27.0 ppb 

total selenium, which exceeded the standard of 5.0 ppb. In 

addition, one sample from Cibola Lake and one from the Oxbow 

Lake equalled the standard. Water quality standards for 

mercury were exceeded in all samples from May-July 1989, 

except those from Cibola Lake. Detection limits in the 

other sampling sessions were too high to evaluate compliance 

with water quality standards for mercury. My data are point 

samples and would exceed standards if these concentrations 

of selenium and mercury persisted for several days. The 

water quality criteria are for mean concentrations over a 4-

day period and are not to be exceeded more than once in any 

3-year period. Concentrations of other elements did not 

exceed water quality criteria for protection of aquatic 

life. 

Average concentrations of lead in water from all of my 

sites were higher than 75% of the samples reported in a 

nationwide study of element concentrations in water (Smith 

et al. 1987) (Table 1.28). Zinc concentrations were highly 

variable at Cibola Lake, and the mean concentration exceeded 

the 75% baseline for the United states (Table 1.28). 

Manganese concentrations were highly variable at Hart Mine 

Marsh. The average concentration (1950 ppb) of total 
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manganese exceeded the 75% baseline for the united states 

(Table 1.28). The average was based on two samples, one 

from each side of the dirt road which travels east-west and 

separates Hart Mine Marsh into two bodies of water. The 

high concentration of 3750 ppb came from the north pond, 

whereas the concentration in the south pond was within the 

range found at other sites on the study area. All fish and 

crayfish analyzed from Hart Mine Marsh came from the south 

pond, which was permanent. The north pond was dry during 

the summer of 1990; thus all samples from 1990 came from the 

south pond. 

The only element for which the mean concentration in 

sunfish exceeded the 85th percentile from the NCBP was 

selenium (Table 29). Concentrations of arsenic and mercury 

were below the 85th percentile from the NCBP in all samples. 

Several samples exceeded the 85th percentile concentrations 

of cadmium, copper, lead, or zinc, but mean concentrations 

of these elements were below the 85th percentile 

concentration at all sites. 

Selenium concentrations in all sunfish samples from 

Cibola Lake and Palo Verde Oxbow Lake exceeded 0.73 ppm 

(wet-wt), the 85th percentile for the NCBP. The maximum 

concentrations in sunfish from Hart Mine Marsh, Pretty Water 

Lake, and the Palo Verde Outfall Drain were at or slightly 



Table 1. 29. Concentrations (ppm, wet-wt) of elements in composite whole-body samples 
of fish from the National contaminants Biomonitoring Program 
Brumbaugh 1990). 

1976-77 1978-79 1980-81 

Element GMI 85%2 GM 85% GM 85% GM 

Arsenic 0.27 0.38 0.16 0.23 0.15 0.22 0.14 

Cadmium 0.07 0.11 0.04 0.09 0.03 0.06 0.03 

Copper 0.82 1.1 0.65 0.9 0.65 

Mercury 0.12 0.19 0.12 0.18 0.12 0.17 0.10 

Lead 0.28 0.44 0.19 0.32 0.17 0.25 0.11 

Selenium 0.48 0.70 0.46 0.71 0.42 

Zinc 23.8 46.3 21.4 40.1 21.7 

I GM = Nationwide Geometric Mean from the NCBP. 

2 85% = Nationwide 85th percentile concentration from the NCBP. 

(Schmitt and 

1984 

85% 

0.27 

0.05 

1.0 

0.17 

0.22 

0.73 

34.2 

G\ 
G\ 



above the 85th percentile, but mean concentrations were 

below 0.73 ppm. 
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Radtke et al. (1988) reported elevated concentrations 

of selenium in common carp (Cyprinus carpio) from Palo Verde 

Oxbow Lake. The mean selenium concentration in three carp 

samples from the Oxbow Lake was 2.9 ppm, wet wt. This was 

the highest mean among the 11 sites sampled. They also 

sampled carp in the Outfall Drain. The mean for three carp 

samples from the Outfall Drain was 0.78 ppm, wet wt, the 

second lowest mean in the study. The lowest mean selenium 

concentration (0.71 ppm, wet wt) came from the Lower Drain 

on the Colorado Indian Reservation near Parker, Arizona, 

about 90 km north of Cibola NWR (Radtke et al. 1988). 

Toxic effects of selenium in fish include reproductive 

effects and mortality of juveniles and adults (Lemly and 

Smith 1987). Selenium is physiologically distributed to 

eggs, and may cause death or developmental malformations in 

embryos ILemly 1985a, Gillespie and Baumann 1986). Fish 

population declines attributed to selenium toxicity occurred 

in Belews Lake, North Carolina, a coal-fired power plant 

cooling reservoir contaminated with effluent from ash 

settling ponds (Lemly 1985a,b). In that study, 17 of 20 

fish species were entirely eliminated due to selenium

induced reproductive failure and adult mortality. Among the 



species eliminated were six species of Lepomis (Lemly 

1985b) . 
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Reproductive impairment of centrarchid fish may occur 

when selenium residues in fish reach 2-3 ppm (wet-wt) in 

whole body samples (Baumann and May 1984, Lemly and smith 

1987). In their guidelines for protection of aquatic life, 

The California state Water Resources Control Board (CSWRCB) 

considers 1.1 ppm to be the no adverse effect level (NOAEL) 

and 2.87 ppm the lowest adverse effect level (LOAEL) for 

wet-wt selenium concentrations in fish tissue (Lillebo et 

al. 1987, Radtke et al. 1988). Selenium concentrations in 

all whole-body sunfish samples from the Outfall Drain, 

Pretty Water, Hart Mine Marsh, and the Old Channel were at 

or below the NOAEL. Thus, sunfish from these four sites 

have a margin of safety with regards to selenium toxicity. 

All sunfish samples from Cibola Lake exceeded the NOAEL, and 

the two highest (2.4 ppm and 2.3 ppm, wet-wt) approached the 

LOAEL. The sample from Oxbow Lake (2.7 ppm, wet-wt) was 

less than 0.2 ppm below the LOAEL. Sunfish have little 

margin of safety from selenium toxicity at Cibola Lake and 

Oxbow Lake. 

Selenium concentrations in bass and catfish tissues 

from Cibola Lake and Oxbow Lake were intermediate between 

those reported from a selenium-contaminated coal-fired power 

plant cooling reservoir (Hyco Lake, North Carolina) and an 
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Table 1.30. Comparison of selenium concentrations in organs 
of bass and catfish from Cibola NWR with levels 
in fish from other sites. 

Mean Selenium Concentration (ppm, wet-wt) 

si tel/species Muscle Ovaries Liver 

Hyco Lake, NC 

Largemouth Bass 6.7 10.3 10.2 

Channel Catfish 8.3 9.9 11. 9 

White Catfish2 5.4 8.9 10.8 

Roxboro City Lake, NC 

Largemouth Bass 0.3 0.9 1.3 

white Catfish 0.2 2.1 1.3 

cibola Lake, AZ, 1989 

Largemouth Bass 2.4 3.1 

Channel Catfish 3.7 3.7 

Cibola Lake, AZ, 1990 

Largemouth Bass 1.0 2.0 2.4 

Channel Catfish 2.4 3.0 

Oxbow Lake, AZ/CA, 1990 

Largemouth Bass 3.0 3.2 

I Hyco Lake and Roxboro City Lake data are from Sager and 
Cofield (1984). 

Ictalurus catus 
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uncontaminated lake (Roxboro city Lake, North Carolina) by 

Sager and Cofield (1984) (Table 1.30). Selenium toxicity was 

responsible for declines in the largemouth bass population 

at Hyco Lake (Baumann and Gillespie 1986); thus the selenium 

concentrations in bass tissues from Hyco Lake are residues 

associated with toxic effects. While selenium 

concentrations in bass and catfish tissues from Cibola Lake 

and Oxbow Lake were elevated relative to Roxboro City Lake, 

they were 2-5 times lower than concentrations in fish 

tissues from Hyco Lake. The selenium concentrations in 

organs of fish from Hyco Lake are not LOAEL's. Lemly and 

smith (1987) estimated the LOAEL for onset of reproductive 

failure in fish at 8 ppm (dry-wt) in skeletal muscle. 

Assuming an average moisture content of 80%, this LOAEL 

equates to 1.6 ppm, wet-wt. Selenium concentrations in bass 

fillets from Cibola Lake were below 1.6 ppm, while 

concentrations in bass fillets from Oxbow Lake exceeded this 

LOAEL. Concentrations of selenium in bass fillets from the 

oxbow Lake exceeded criteria (2.0 ppm, wet-wt) for 

protection of human health (Fan et ale 1988, Saiki 1990), 

and a consumption advisory may be necessary at that lake. 

Chapter 2 is an assessment of the risk to humans of 

consuming fish from Cibola Lake and Oxbow Lake. 

Our data for fish, crayfish, and sediments indicate 

that selenium concentrations are elevated at Cibola Lake, 
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but not to toxic levels. However, there is little margin 

for safety at Cibola Lake, and additional inputs of selenium 

to the system may result in population declines due to 

selenium toxicity. Based on data for sunfish and bass, 

selenium toxicity is an even greater threat at Oxbow Lake. 

The data for crayfish from Oxbow Lake support the conclusion 

that selenium concentrations are elevated at that site. 

Additional monitoring of fish populations in Cibola Lake and 

Oxbow Lake is advised to determine if sensitive species have 

been affected at the population level. Chapter 3 is a 

summary of population monitoring data from 1990 and 1991. 

The highest selenium concentrations in water were in 

samples from the Outfall Drain. Despite this, selenium 

concentrations in sunfish and crayfish from the Outfall 

Drain and the Old Channel were low relative to other sites 

on the study area. The Outfall Drain contributes to the 

selenium load of the Colorado River, which may affect biota 

downstream of Cibola NWR. However, selenium in the Outfall 

Drain does not appear to be an important risk factor 

affecting fish on Cibola NWR. Likewise, the relatively low 

selenium concentrations in sunfish from Hart Mine Marsh 

suggest that irrigation practices on the refuge are not 

jeopardizing that aquatic system. 

Concentrations of selenium in biota were elevated in 

backwater lakes (cibola Lake and Oxbow Lake) which receive 
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their water from the main channel of the Colorado River 

rather than from irrigation return flows. This fact rules 

out local irrigation return flows as the major source of 

selenium. These data support the conclusion of Radtke et 

ale (1988) that most selenium in the lower Colorado River is 

from upstream sources and not mobilized from local soils by 

irrigation practices. 

Potential sources of selenium upstream of Cibola 

National Wildlife Refuge include irrigation return flows, 

ash from coal-fired power plants, and erosion of naturally 

seleniferous rock formations (Radtke et ale 1988). Selenium 

inputs to the river from these sources should be monitored, 

and where possible controlled, to protect backwater lake 

fisheries which may have little or no margin of safety from 

selenium toxicity. In addition, limnology of backwater 

lakes should be explored in greater detail to identify the 

extent to which chemical and biological processes within the 

lakes influence the bioavailability and subsequent 

biomagnification of selenium. 

SUMMARY 

I studied concentrations of selenium and other elements 

in fish, crayfish, aquatic plants, sediment, and water from 

lakes and streams on or adjacent to Cibola National wildlife 

Refuge in the lower Colorado River Valley, California and 



73 

Arizona. I compared selenium concentrations in samples from 

waters which received irrigation drainwater and waters which 

did not. Selenium concentrations in sunfish from waters 

receiving irrigation drainwater did not exceed California's 

no observed adverse effect level (NOAEL) of 1.1 ppm, wet-wt. 

In contrast, selenium concentrations in sunfish from two 

lakes which received water directly from the Colorado River 

exceeded California's NOAEL and were close to California's 

lowest adverse effect level (LOAEL) of 2.87 ppm, wet-wt. 

Selenium concentrations were elevated in crayfish and in 

tissues of sport fish from lakes where concentrations in 

sunfish were high. Concentrations of other elements were 

not elevated in biota. Local irrigation practices appear 

not to be responsible for elevated selenium concentrations 

on the refuge, suggesting that the source of selenium is 

upriver. Selenium input to the Colorado River from 

irrigation projects, coal-fired power plants, and natural 

sources should be reduced to reduce potential for selenium

induced toxicity in fish in backwaters along the lower 

Colorado River. 
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CHAPTER 2 

ASSESSMENT OF THE RISK TO HUMANS FROM IOG})~jl!l:J .. &ETION OF FISH 
FROM TWO LAKES ALONG THE LOWER 'OGlIG3.A:J1)o! RIVER 

INTRODUCTION 

Excessive amounts of selenium, anesserrnt:ial dietary 

trace element, may cause toxicosis or irr~Dili~d reproduction 

of fish and aquatic birds (Presser and '0.bl.il.e.rrr.r:rtor:E 1987) . 

Selenium contamination is a potential tpI'Qljll.il.e.11l1 in many areas 

of the western United States because the s@ilis. of these 

areas are derived from cretaceous mari:ne slli:a:.lies. that contain 

high levels of selenium, and because .mett:ltrrr.m.Js OiE agricultural 

irrigation of these soils release seleniiu.!l:TIl ii.rrnto, aquatic 

ecosystems (Presser and Ohlendorf 1987)) ~ nr:a:.tU1!ral I'Jeathering 

processes and industrial activities may ra.il.S:(QJ release 

selenium into aquatic systems (Lemly rg:8S" Radtke et al. 

1988) . 

At Kesterson Reservoir in Californir3" a.r;n evaporation 

facility for the disposal of used irrigattiC2rrn water, high 

concentrations of selenium in water ana :~.:,n!iment I'Jere 

biomagnified in the aquatic food chain ((Saiki and Lowe 

1987). This biomagnif ication resul tedLiil lhliLgh rates of 

death and deformity in embryos of aquatic ~i~ds (Ohlendorf 

et al. 1986). People were advised nOl: "to l:::.:~t f ish and 

waterfowl from Kesterson and other areasiml the San Joaquin 

Valley where the total selenium content ·of edible tissues 
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-,.-e-=--.·.-L: (Fan et al. 1988) . 

Tr.e ;:.rcl:::le::.:= :::.:: :~e.:=::erson prompted a series of 

reconnaissance .:=~~~~es ~~i=h evaluated potential effects of 

~ish and wildlife in areas where 

the co::binatic:-. ::~ .:=e::"e.::i::::,-rich soils and irrigated 

agriculture o==::r. ~~ese :::.reas include the lower Colorado 

Fish from the Colorado 

River have so::e =~ ::~e ~i~hest selenium concentrations in 

p.lthougrt sele.:::'..::.:::. ::"e-.'91s ·dere not high (1-2 J.Lg/liter or 

parts-per-bill~=.:: i.:: ~:::.::er samples from the lower Colorado 

River (Radtke e:: :::.::... ~~33) , ~hole-body samples of fish from 

back~aters con::ai.::e~ ::"e~els of selenium (4 ppm, wet-wt) that 

have been assc=ia::e~ ~i::h reproductive impairment of fish in 

Edible tissues were not sampled 

in the reconnai.:=.:=a.::=e s::~dy_ 

This paper ~re.:=e.::::s a~ assessment of the risk to humans 

fro:: ingestion == se::"e.::i::~ in fillets of fish from Cibola 

Lake and .?alo ,er::e =:.;;.:..::c:: =-a~:e in the Lower Colorado River 

Valley_ These da:::::. ~ere collected as part of a larger study 

of selenium on fish at 
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Table 2.1. The ten highest mean selenium concentrations in 
fish among the 117 stations sampled nationwide in 
the National contaminants Biomonitoring Program 
(Schmitt and Brumbaugh 1990). 

station 

Lake Martinez, AZ 

~va ikele Stream, HI 

San Joaquin River, 

Arkansas River, co 

Lake Powell, AZ 

Lake Mead, AZ 

Lake Havasu, AZ 

Yuma, AZ 

Pecos River, TX 

Big Horn River, MT 

CA 

Mean Selenium Concentration 
(ppm, wet-wt) 

2.2 

1.8 

1.7 

1.6 

1.5 

1.3 

1.3 

1.2 

1.1 

1.0 
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METHODS 

Risk assessment has two components: hazard assessment 

and exposure assessment (Cohrssen and Covello 1989). Hazard 

assessment consists of a review of the toxicity literature 

for the compounds of concern. Exposure assessment consists 

of determining the concentrations of toxic compounds in 

media to which people are exposed, as well as identifying 

the routes and durations of exposure. 

For this hazard assessment, the literature regarding 

carcinogenicity, teratogenicity, acute toxicity, subacute 

toxicity, and chronic toxicity of orally ingested selenium 

compounds were reviewed. To assess human exposure, fillets 

from fish were analyzed for their selenium content, and 

exposure scenarios were developed to estimate permissible 

dietary intakes of fish. 

Gill nets were used to capture largemouth bass 

(Micropterus salmoides) in two lakes (Cibola Lake and Palo 

Verde Oxbow Lake) in the vicinity of Cibola NWR, California 

and Arizona. Fish were captured between 14 March and 13 

April 1990 at Cibola Lake, and between 27 June and 11 July 

1990 at Palo Verde Oxbow Lake. Each fish was weighed and 

measured, wrapped in aluminum foil, placed on ice, and 

transported to the refuge laboratory. At the laboratory, a 

skinless fillet was taken from each specimen, placed in a 

labeled polyethylene bag, and frozen. Frozen fillets were 



shipped on dry ice to a contract laboratory (Hazleton 

Laboratory, Madison, Wisconsin) for chemical analyses. 
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Total selenium contents of fillets were determined 

using graphite furnace atomic absorption spectrophotometry 

after homogenization and nitric/perchloric acid digestion 

(EPA 1984). Quality assurance methods consisted of analyses 

of duplicate samples (deviation between duplicates = 0.0%, 

n=l), spiked samples (% recovery = 104.9, n=l), and standard 

reference materials (range of % recovery = 93.0-109.0, 

n=10) . 

Permissible intakes of fish under acute, subchronic, 

and chronic conditions were estimated using the following 

formula (Fan et al. 1988): 

(ADI - DI)/C = PI 

where: PI = Permissible Intake (g), ADI = Acceptable Daily 

Intake of selenium (Mg/day), DI = Normal Daily Intake of 

selenium (Mg/day), and C = Concentration of selenium in 

fillets (ppm, wet-wt). 

HAZARD ASSESSMENT 

carcinogenicity 

Although selenate and selenite are weakly mutagenic in 

bacterial assay systems (Noda et al. 1979), there is little 
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evidence that they are carcinogenic in mammals. 

Hepatocellular adenomas and carcinomas were found in rats 

fed diets containing 10 ppm selenite or 5-10 ppm selenium as 

the natural form in corn or wheat (Nelson et al. 1943). 

However, rats with tumors had cirrhosis of the liver, and 

cancer may have resulted from tissue damage rather than 

genotoxicity. Mice treate~ with 55.24 mg/kg selenium as 

selenium disulfide showed elevated rates of hepatocellular 

carcinomas in females but not in males (EPA 1986). Selenium 

disulfide is unlikely to be found in the environment as a 

pollutant (EPA 1986). 

Other studies in which selenate or selenite were 

administered orally to rats or mice at concentrations as 

high as 16 ppm found no elevated rates of cancer (Harr et 

al. 1967, Schroeder and Mitchener 1972). Selenium compounds 

have protective effects against several cancers and 

carcinogens. Examples include 2-acetyl aminofluorene

induced mammary tumors in mice (Harr et al. 1972) and 

dimethylaminobenzene-induced liver tumors in rats (Clayton 

and Baumann 1949). There is no epidemiologic evidence to 

suggest that selenium is a human carcinogen (EPA 1986). 

Therefore, cancer will not be considered a potential outcome 

of consuming seleniferous fish in this risk assessment. 
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Teratogenesis and Reproductive Effects 

Birds on diets containing 5 ppm selenium may produce 

eggs containing deformed embryos (Skorupa and Ohlendorf 

1991). Selenium-induced teratogenesis was first described 

in chickens (Frank and Tully 1935, Frank et al. 1936), but 

has been documented in waterfowl under laboratory and field 

conditions (Ohlendorf et al. 1986, Heinz et al. 1987, 

Hoffman and Heinz 1988, Hoffman et al. 1988). Terata 

consisted of multiple gross malformations of the eyes, 

brains, feet, and bills, with eye and foot defects most 

common (Hoffman et al. 1988). 

The effect of selenium on mammalian reproduction is not 

as well documented as in birds. In a multi-generation 

study, exposure of mice to 3 ppm selenate in drinking water 

resulted in a high rate of runts among offspring (Schroeder 

and Mitchener 1971). In the same study, low survival rates 

of offspring were noted, but no congenital malformations 

were reported. At 10 ppm in the diet, selenite caused a 19% 

increase in still births of pigs (Wahlstrom and Olson 1959). 

Selenium-induced teratogenesis needs further study in 

mammals. Although abnormal fetal development and fetal 

malformations have occurred in rats, pigs, sheep, and cattle 

consuming seleniferous diets, lack of exposure data limit 

use of these studies in risk assessment (EPA 1986). In 

general, reproductive impairment occurs at levels below 
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those associated with other toxic effects (Combs and Combs 

1986). ADI's have not been set by EPA, but a conservative 

approach is warranted. 

Subchronic and Acute Effects 

Dose-response data are generally lacking in studies of 

the subchronic toxicity of selenium (EPA 1986). Dose

response data are available for weanling male Sprague-Dawley 

rats fed wheat-based seleniferous diets or diets spiked with 

selenite (Halverson et ale 1966). In that study, rats had 

depressed growth rates after 6 weeks on a diet containing 

4.8 ppm selenite. other toxic effects, including increased 

mortality, occurred in both groups at dietary levels of 6.4 

ppm selenium. The lowest dietary level of selenium 

producing no adverse effects in either group was 3.2 ppm, 

which corresponded to 0.16 mg/kg/day. EPA (1986) multiplied 

this animal dose by 70 (the average mass of an adult human 

in kg), then divided by an uncertainty factor of 50 (5 for 

interspecies extrapolation multiplied by 10 to protect 

especially sensitive populations, such as people living in 

seleniferous areas) to obtain their acceptable subchronic 

oral exposure value of 0.224 mg/day (224 Mg/day). 

Minimum lethal doses (MLO) of selenium as selenate or 

selenite vary between 1.5-3.0 mg/kg in rabbits, rats, dogs, 

and cats regardless of the route of administration (reviewed 
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by Koller and Exon 1986). The LDso values for orally

administered selenate or selenite in several laboratory 

animals range from 1.8-6.0 mgjkg (Table 2.2). Cases of 

acute human selenosis are usually accidental and exposure 

data are not available. Extrapolation from the lowest 

animal MLD data would place the estimated lethal consumption 

of selenium in a 70 kg human at 105 mg in one meal. 

Applying the same safety factor EPA (1986) used for 

subchronic exposure would result in an acceptable exposure 

value for prevention of death of 2.1 mg. Because no data 

are available to estimate sublethal acute effects, the value 

used for subchronic exposure will also be used for acute 

exposure in this risk assessment (i.e., 0.224 mgjday or 224 

Mgjday). 

Chronic Effects 

Epidemiological data on chronic ingestion of 

seleniferous food by humans (Yang et al. 1983) are the basis 

for acceptable daily intake values used by EPA (1986). Yang 

et al. (1983) studied human health in relation to selenium 

content of food in selenium-deficient, selenium-sufficient, 

and selenium-toxic regions of China. The selenium intake of 

people (n=6) with symptoms of selenosis (hair and nail loss, 

skin lesions, polyneuritis, and digestive system disorders) 



Table 2.2. Acute toxicity (LD50) of selenium compounds 
(Combs and Combs 1986). 

Species Dose (mg/kg) Route Form 

rabbit 1.8 oral selenate 

rabbit 2.25-2.85 oral selenite 

rabbit 0.9 iv selenite 

rat 4.8-6.0 oral selenite 

rat 5.7 iv selenite 

83 

mouse 8.9 iv selenomethionine 



84 

ranged from 3200 to 6690 ~g/person/day. In another area, 

people (n=3) consumed 240 to 1510 ~g/person/day and did not 

have symptoms of selenosis. The value of 3200 Mg/day is 

used as a LOAEL by EPA (1986). A safety factor of 15 

(reflecting more efficient absorption of selenium from water 

than from food) was applied to this LOAEL to derive an ADI 

of 210 ~g/day for chronic exposure (EPA 1986). 

Symptoms of selenosis have been documented In rural 

families of Nebraska, South Dakota, and Wyoming, and were 

associated with high levels of selenium in home-grown plant 

and animal products (Smith et al. 1936, smith and Westfall 

1937). Symptomology (including individuals with no 

symptoms), urinary selenium content, and selenium contents 

of selected dietary items were determined for 31 individuals 

from 14 families (Smith and Westfall 1937). On the basis of 

data on urinary excretion, smith and Westfall (1937) 

estimated that people in their study consumed 700-7000 Mg of 

selenium per day. smith and Westfall (1937) did not base 

their estimates of daily selenium consumption on selenium 

contents of dietary items. Because smith and Westfall 

(1937) did not perform these calculations, their study is 

usually dismissed for lacking exposure data (Fan et al. 

1988). In this risk assessment, the ADI of 210 Mg/day used 

by EPA (1986) and based on the work of Yang et al. (1983) 

will be used in calculations of permissible consumption. 
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EXPOSURE ASSESSMENT 

The permissible intake (PI) of fish depends on the 

allowable daily intake (ADI) of selenium for the exposure 

scenario (acute/subchronic or chronic), the daily intake of 

selenium (01) from other sources, and the selenium 

concentrations (C) in the fillets (Fan et al. 1988). 

Selenium concentrations in bass fillets from Cibola Lake and 

Palo Verde Oxbow Lake averaged 1.0 and 3.0 ppm, wet wt, 

respectively (Table 2.3). EPA (1986) set the ADI's for 

subchronic and chronic oral exposure to selenium at 224 and 

210 Mg/g, respectively. Daily intakes of selenium may vary, 

but estimates for the u.s. population are between 60-170 

Mg/day (Fan et al. 1988). Scenarios involving the low and 

high 01 values may be used to estimate permissible intake of 

fish from Cibola Lake and Palo Verde Oxbow Lake. 

Assuming a daily selenium intake of 60 Mg/day from 

other sources, a person would exceed the ADI for subchronic 

(several weeks to several months) exposure if that person 

ate 164 g/day (about 1.4 fillets/day) of fish from Cibola 

Lake or 55 g/day (about 0.5 fillets/day) of fish from Palo 

Verde Oxbow Lake. The ADI for chronic exposure (i.e., 

exposure for several years) would be exceeded if a person 

ate 150 g/day (about 1.2 fillets/day) of fish from Cibola 
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Table 2.3. Selenium concentrations (ppm, wet-wt) in fillets 
of largemouth bass from Cibola Lake and Palo 
Verde Oxbow Lake, 1990. 

Cibola Lake Oxbow Lake 

Mean Concentration (ppm) 1.0 3.0 

Minimum Concentration (ppm) 0.9 2.4 

Maximum Concentration (ppm) 1.2 3.4 

Sample Size 5 5 

Mean Fillet Weight ( g) 124 116 

Mean Fish Weight ( g) 900 793 

Minimum Fish Weight (g) 220 280 

Maximum Fish Weight ( g) 1764 1335 

Mean Fish Length (mm) 365 375 

Minimum Fish Length (mm) 258 265 

Maximum Fish Length (mm) 485 470 



Lake or 50 g/day (about 0.4 fillets/day) of fish from Palo 

Verde Oxbow Lake. 
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Assuming a daily selenium intake of 170 Mg/day from 

other sources, a person would exceed the ADI for subchronic 

exposure if that person ate 54 g/day (about 0.4 fillets/day) 

of fish from Cibola Lake or 18 g/day (about 0.2 fillets/day) 

of fish from Palo Verde Oxbow Lake. The ADI for chronic 

exposure would be exceeded if that person ate 40 g/day 

(about 0.3 fillets/day) of fish from Cibola Lake or 13 g/day 

(about 0.1 fillets/day) of fish from Palo Verde Oxbow Lake. 

Also of interest is the amount of fish a person could 

consume on a chronic basis without exceeding the NOAEL from 

other studies of humans (i. e. , 1510 Mg/daYi Yang et al. 

1983). Assuming a high (170 Mg/day) selenium intake from 

other sources, a person could consume 1341 g (about 11 

fillets) of fish per day from Cibola Lake or 447 g (about 4 

fillets) of fish per day from Palo Verde Oxbow Lake without 

exceeding the NOAEL. Consumption of 2979 g (about 25 

fillets) of fish per day from Cibola Lake or 993 g (about 8 

fillets) of fish per day from Palo Verde Oxbow Lake on a 

chronic basis would place a person at the intake level (3150 

Mg/day) known to be associated with symptoms of toxicity. 
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DISCUSSION 

The average fish consumption by Arizonans is 6.5 gjday, 

the same assumption used by EPA nationwide (F. Woodewick, 

Arizona Department of Environmental Quality, pers. comm.). 

Under this assumption, average Arizonans would not exceed 

ADI's for subchronic or chronic oral exposure to selenium 

even if their daily intake from other sources was 170 ~gjday 

and all of the fish in their diet came from Palo Verde Oxbow 

Lake. Data from other sources support this conclusion for 

other species of fish from other locations in the lower 

Colorado River Valley (Table 2.4). 

Although the average Arizonan is probably not at risk, 

subpopulations which might consume large quantities of fish 

from the Colorado River may exist. Mild winter weather 

enables many retirees to spend several months per year in 

campgrounds along the river (pers. obs.). Some campgrounds 

(e.g., the regional park at Palo Verde Oxbow Lake) employ 

campground hosts who spend 3-6 months per year at the same 

location. These people might exceed the EPA recommended 

ADI's for subchronic exposure if they ate 2 or more bass 

fillets per week from Palo Verde Oxbow Lake. 

Because the ADI's contain 15-50 fold safety factors, 

exceeding the calculated PI's for fish consumption would not 

necessarily result in ill health. Indeed, individuals would 

have to consume one kg of fish from Palo Verde Oxbow Lake 



Table 2.4. Selenium concentrations (ppm, wet-wt) in fish 
fillets from the Lower Colorado River". 

Location 

Cibola Lake 
Cibola Lake 
Cibola Lake 
Cibola Lake 
Topock Marsh 
Topock Marsh 
Topock Marsh 
Topock Marsh 
Needles 
Needles 
Needles 
Imperial Dam 
Imperial Dam 
Imperial Dam 
Imperial Dam 
Imperial Dam 
Palo Verde Drain 
Palo Verde Drain 
Palo Verde Drain 
Palo Verde Drain 
Lake Havasu 
Mexican Border 

Date 

1989 
1989 
1989 
1989 
1989 
1989 
1989 
1989 
1987 
1987 
1988 
1987 
1987 
1987 
1987 
1989 
1986 
1986 
1987 
1987 
1987 
1988 

species 

Largemouth Bass 
Common Carp 
Channel Catfish 
Tilapia 
Largemouth Bass 
Common Carp 
Channel Catfish 
Black Crappie 
Bluegill Sunfish 
Common Carp 
Channel Catfish 
Bluegill Sunfish 
Common Carp 
striped Bass 
Tilapia 
Largemouth Bass 
Common Carp 
Channel Catfish 
Common Carp 
Tilapia 
Bluegill Sunfish 
Largemouth Bass 

[Selenium] 

1. 86 
1.16 
0.79 
1. 99 
2.83 
2.83 
1. 30 
3.36 
1. 70 
2.00 
0.35 
1. 70 
2.50 
1. 80 
3.30 
2.30 
0.90 
0.48 
0.71 
1.10 
1. 60 
0.79 

" Cibola Lake and Topock Marsh data obtained from unpubl. 
data of u.S. Fish and wildlife Service, Phoenix, AZ. 
All other data are from Rasmussen and Blethrow (1990). 
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per day before exceeding the intake level (3150 ~g/day) of 

selenium known to result in symptoms of toxicity. However, 

the safety factors are necessary because the LOAELs and 

NOAELs available from human and animal studies are only 

estimates, and are often based on small sample sizes. 

A consumption advisory for bass from Palo Verde Oxbow 

Lake would be consistent with advisories issued for the 

Salton Sea where selenium concentrations in fish fillets 

were high. Because concentrations of selenium in fillets 

from bairdiella (Bairdiella icistia), orangemouth corvina 

(Cynoscion xanthulus), sargo (Anisotremus davidsoni), and 

tilapia (Tilapia mossambica) from the Salton Sea exceeded 

2.0 ppm, wet-wt, the California Department of Health 

Services issued a consumption advisory urging people to 

limit their consumption of these fish (Saiki 1990). The 

advisory stated that "no one should eat more than 4 oz. 

(about 113 g) of croaker (bairdiella), orangemouth corvina, 

sargo, and tilapia taken from the Salton Sea in any two-week 

period. Women who are pregnant or who may soon become 

pregnant, nursing mothers, and children age 15 and under 

should not eat fish from this area" (Saiki 1990). 

At Palo Verde Oxbow Lake and other locations along the 

Colorado River where selenium concentrations in fillets 

exceed 2.0 ppm, information on potential health risks of 

ingesting too much selenium should be made available to the 
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public in the form of a consumption advisory. As at Salton 

Sea, the advisory should recommend that people limit their 

consumption to a specified amount within a specified time 

period, and should be more restrictive for people in 

sensitive groups (i.e., pregnant women, nursing mothers, and 

children age 15 and under) than for the general population. 

Health officials should be consulted to determine if 

consumption advisories aimed at people in sensitive groups 

are needed at Cibola Lake. Prohibition of fish consumption 

is unnecessary at these lakes, but information on the 

potential risks should be provided to allow citizens to make 

informed decisions about their health. 

SUMMARY 

Mean selenium concentrations in fillets of largemouth 

bass (Micropterus salmoides) from Cibola Lake and Palo Verde 

Oxbow Lake in the lower Colorado River Valley were 1.0 and 

3.0 ppm wet-wt, respectively. Effects considered in a 

hazard assessment included carcinogenesis, teratogenesis, 

acute and subchronic toxicity, and chronic toxicity. The 

potential for consumers of fish from the two lakes to suffer 

toxic effects from subchronic or chronic exposure was 

evaluated. 

The u.s. Environmental Protection Agency considers 210 

~g/day as the maximum acceptable daily intake (ADI) of 
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selenium by people chronically exposed via the oral route. 

People consuming 'average' amounts (6.5 gjday) of fish would 

not consume more than 210 Mgjday of selenium, even if all 

their fish came from Palo Verde Oxbow Lake and the selenium 

content of the remainder of their diet was at the upper end 

of the range considered normal (60-170 Mgjday) for 

Americans. However, people consuming larger amounts of fish 

from these lakes (40 gjday from Cibola Lake or 13 gjday from 

Palo Verde Oxbow Lake) would exceed the ADI. A consumption 

advisory is needed at Palo Verde Oxbow Lake. Selenium 

concentrations in fillets were below 2.0 ppm at Cibola Lake, 

but health officials should be consulted about the possible 

need for an advisory suggesting that pregnant women, nursing 

mothers, and children age 15 and under limit their 

consumption of bass from that lake as well. 
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CHAPTER 3 

FISH SPECIES DIVERSITY AND ABUNDANCE IN RELATION TO WATER 
QUALITY AT CIBOLA NATIONAL WILDLIFE REFUGE 

INTRODUCTION 

Elevated concentrations of selenium in food or water 

adversely affect reproduction of fish (Gillespie and Baumann 

1986, Woock et ale 1987, Hermanutz et ale 1992). Reduced 

embryo hatchability and fry survival, as well as adult 

mortality, have caused population declines and reduced 

species diversity of fish in selenium contaminated 

environments (Lemly 1985a). 

Belews Lake, North Carolina, was polluted with leachate 

from coal-fired power plant ash containing high 

concentrations (100-200 ppb) of selenium (Lemly 1985b). As 

a result, 17 of 20 fish species, including all species of 

game fish (families Percichthyidae, Percidae, and 

centrarchidae) were eliminated from Belews Lake. These 

effects were due primarily to biomagnification of selenium 

in the aquatic food chain (Finley 1985, Lemly 1985b). 

Selenium contamination of aquatic systems also occurs 

in agriculturally-influenced environments. At Kesterson 

National wildlife Refuge (Kesterson NWR) in California's San 

Joaquin Valley, use of selenium-contaminated subsurface 

irrigation drainwater for marsh management caused high rates 

of death and deformity in embryos of aquatic birds 
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(Ohlendorf et ale 1986a,b). Biomagnification of selenium ln 

the food chain was again implicated as the cause of toxicity 

(Ohlendorf 1989). 

The mosquitofish (Gambusia affinis), a selenium

tolerant species which survived at Belews Lake (Lemly 

1985a), was the only fish species found in Kesterson 

Reservoir and in the San Luis Drain, which carried 

drainwater to Kesterson. The San Luis Drain contained at 

least 13 species of fish prior to a fish kill in 1983 (Saiki 

1986, Saiki and Lowe 1987). Selenium concentrations in the 

dead fish were at potentially toxic levels, suggesting that 

selenium played a role in their deaths (Saiki and Lowe 

1987). 

At the time of the fish kill, the sole water supply for 

the San Luis Drain and Kesterson Reservoir was subsurface 

drainwater from irrigated land. Selenium concentrations in 

the San Luis Drain (290 to 330 ppb) were nearly ten times 

higher than the existing u.s. EPA standard of 35 ppb set for 

protection of freshwater aquatic life, and 30 times higher 

than the 10 ppb which was toxic to fish at Belews Lake 

(Saiki and Lowe 1987). The EPA standard has since been 

reduced to 5 ppb (U.S. EPA 1987). 

Lower reaches of the San Joaquin River and its 

tributaries in the San Joaquin Valley also receive 

agricultural drainwater (Saiki 1984, Saiki and Schmitt 



1985). Fish from drainwater-affected reaches of these 

streams contain elevated concentrations of selenium, and 

potential toxicity is a concern (Saiki and May 1988). 

Circumstantial evidence suggests that populations of 

bluegills (Lepomis macrochirus) and largemouth bass 

(Micropterus salmoides) are declining in streams most 

modified by drainwater, but selenium contamination has not 

conclusively been linked to the declines (Saiki et ale 

1991) . 
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The negative effects of irrigation drainwater on fish 

and wildlife in california prompted a series of 

reconnaissance studies at other federally-funded irrigation 

projects in the western united states (Deason 1988). One of 

these sites was the lower Colorado River. Selenium 

concentrations in fish from backwater areas in the lower 

Colorado River were potentially high enough to cause 

reproductive impairment (Radtke et ale 1988). Community 

level assessment of environmental quality was not within the 

scope of the reconnaissance studies, but Radtke et ale 

(1988) recommended detailed studies of the impacts of 

selenium on organisms in aquatic habitats at each of the 

national wildlife refuges in the lower Colorado River 

(Havasu, cibola, and Imperial NWRs). 

I studied selenium contamination at Cibola NWR. My 

objectives were to assess the ecological risks of selenium 
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contamination to fisb~ ~nd to evaluate whether diversity and 

abundance of fish ~ere lower at sites with elevated 

concentrations of selenium. 

HETHODS 

I used expericsntal gill nets to assess fish diversity 

and abundance at sites on and adjacent to Cibola NWR: Cibola 

Lake, Pretty Hater [.a3:e, the Old Channel of the Colorado 

River, Hart Mine Marsh. and Palo Verde Oxbow Lake. I 

measured concentrations of selenium and other elements in 

water, sediment, an~ biota from these five sites in 1989 and 

1990. The Palo Ver,::.eOutfall Drain was also sampled for 

selenium in 1989 an:: 2990, but could not be included in this 

assessment because strong currents prevented use of gill 

nets. However, the CUTfall Drain flows into the Old 

Channel, and selenie~ concentrations did not differ in 

samples from these t-.,-o sites in 1989 and 1990. 

Experimental gill nets were all identical (length = 100 

ft; depth = 6 ft; 9a~el length = 20 ft; mesh sizes = 0.75, 

1.5, 2.0, 2.5, an~ ~_D in, square measure; material = 

monof ilament). Hel:'= ~,'.-ere set in the evening, checked the 

following morning, ~~~ ~he number of fish captured of each 

species was reccrd~~_ 

In the SUQrner ~= 2390, the primary objective was to 

capture sunfish ~c: =~e~ical analyses. I used experimental 



gill nets for this purpose between 29 May and 12 July. 

Sampling effort varied from 1 to 4 nets/night depending on 

how many fish were needed for chemical analyses. 
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In 1991, assessment of species diversity was the 

primary objective and sampling was more intensive and 

systematic. I sampled the five sites on five consecutive 

nights (one site per night) in winter (4 January-8 January) 

and spring (11 March-15 March) of 1991. Initially, I used 

six nets per site. However, one net was accidently 

destroyed midway through the January session. Thereafter, I 

used five nets. 

Diversity has two components, richness (the number of 

species) and equitability (the evenness of distribution of 

individuals among the species present) (Hair 1980). I 

assessed richness using the Shannon-Weaver diversity index 

(Shannon and Weaver 1949). This index measures the average 

degree of uncertainty in predicting the species of an 

individual picked at random from a community, and is 

calculated using the following formula: 



S 
HI - E Pi logh Pi 

i=l 

where: HI is the Shannon-Weaver Diversity Index 

S is the number of species present 

Pi is the proportion of the total number of 
individuals consisting of the ith species 

b is usually 10, but can be any logarithmic base 

Pielou's Index was used to estimate equitability 

(Pielou 1966, 1967). The formula for this index is: 

J I HI /H II1U1Ximllnl 

where: JI is Pielou's Index 

H' is the Shannon-Weaver Diversity Index 

H'maximum is 10gb S 

S is the number of species 

I quantified abundance using catch-per-unit-effort 
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(CPUE), where CPUE is the average number of fish caught per 

net per night at a given site. I calculated CPUE for total 

fish (all species combined), total centrarchids (all species 

in the family Centrarchidae combined), total sunfish (all 
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species In the genus Lepomis combined), and total bass (all 

largemouth bass) . 

Based on chemical analyses from the summer of 1990, I 

ranked (low to high) selenium concentrations in sunfish from 

the five sites (Pretty water, Old Channel, Hart Mine Marsh, 

Cibola Lake, and Oxbow Lake). I ran nonparametric 

correlation analyses (Spearman 1904) to examine 

relationships between selenium concentrations and indices of 

species richness, equitability, and abundance. 

I did not measure water quality parameters other than 

element concentrations in 1989 and 1990. To provide 

additional information about factors potentially limiting 

fish abundance and species diversity I measured general 

water quality variables at each site on the same days I 

checked nets in 1991. In January and March I measured 

dissolved oxygen, temperature, conductivity, total dissolved 

solids, pH, transparency, alkalinity, and nitrate. In 

March, I measured these variables and chloride, sodium 

chloride, hardness, sulfate, and phosphorus concentrations. 

Water quality variables were measured using standard 

instruments or chemical tests (Table 3.1). 

Water qUality variables were measured at a single 

location per site, including the Outfall Drain. Samples 

were taken midway between the launching ramp and the 

opposite bank at all locations except the Outfall Drain, 
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Table 3.1. Methods for assessing water quality. 

Test 

pH 
Conductivity 
Total Dissolved Solids 
Transparency 
Dissolved Oxygen 
Temperature 
Alkalinity 
Hardness 
Chloride 
Sodium Chloride 
Sulfate 

Phosphate 

Nitrate 

January 

Hach pH Meter 
Hach Meter 
Hach Meter 
Secchi Disk 
Winkler Method 
Hach Meter 
H2S04 Titration 
not tested 
not tested 
not tested 
not tested 

not tested 

Cd Reduction/ 
colorimetry 

March 

Hach pH Meter 
Hach Meter 
Hach Meter 
Secchi Disk 
YSI Meter 
YSI Meter 
H2S04 Titration 
EDTA Titration 
Mercuric Nitrate 
Mercuric Nitrate 
Turbidimetric/ 
colorimetry 
Ascorbic Acid/ 
colorimetry 
Cd Reduction/ 
colorimetry 



which was sampled from the refuge bridge. Instrument 

readings were taken one meter below the surface. Water 

samples for chemical tests were collected with a depth

integrated water sampler as a profile from surface to 

bottom. 

I used Pearson product-moment correlation analysis 

(Pearson 1920) to examine relationships between water 

quality variables and indices of species richness, 

equitability, and abundance. 

Fish Species Diversity 

A) Summer 1990 

RESULTS 
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According to Ohmart et al. (1988), 21 species of fish 

(all introduced) occur in the central reach (Parker Dam to 

Cibola Lake) of the lower Colorado River (Table 3.2). I 

captured ten of these species during the summer of 1990 

(Table ].]). The catch was dominated by threadfin shad at 4 

of 5 sites (Table ].3). I set only one net at Cibola Lake, 

and warmouth were the predominant fish captured. However, 

when I set the same net for 6 more hours (1130-1730) at 

another location in the lake, 9 of the 10 fish captured were 

shad. Total CPUE (all species combined) ranged from 10.7 

fish/net at Oxbow Lake to 56.5 fish/net at Old Channel 

(Table 3.4). The number of species captured ranged from] 
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Table 3.2. Fish species of the central reach of the lower 
Colorado River (Ohmart et al. 1988). 

Species 

Threadfin Shad 
Rainbow Trout 
Carp 
Goldfish 
Golden Shiner 
Red Shiner 
Flathead Catfish 
Channel catfish 
Yellow Bullhead 
Mosquitofish 
Sailfin Molly 
Striped Bass 
Smallmouth Bass 
Largemouth Bass 
Warmouth 
Green Sunfish 
Bluegill 
Redear Sunfish 
Black Crappie 
zill's Tilapia 
Blue Tilapia 

Scientific Name 

Dorosoma petenense 
Oncorhynchus mykiss 
Cyprinus carpio 
carassius auratus 
Notemigonus crysoleucus 
Notropis lutrensis 
pilodictis olivaris 
Ictalurus punctatus 
Ictalurus natalis 
Gambusia affinis 
Poecilia latipinna 
Morone saxatalis 
Micropterus dolomieui 
Micropterus salmoides 
Lepomis gulosus 
Lepomis cyanellus 
Lepomis macrochirus 
Lepomis microlophus 
Pomoxis nigromaculatus 
Tilapia zilli 
Tilapia aurea 

I Applies only to species captured at Cibola NWR. 

TFS 

CAR 
GOL 

RES 
FHC 
CHC 

LMB 
WAR 

BLU 
RED 
BLC 

BLT 



Table 3.3. Number of fish of each species captured in gill nets at Cibola NWR. 

# £ Fish CaQtured Per SQecies Total 
Site/Date Nets LMB CHC FHC BLU WAR RED BLC BLT CAR GOL TFS RSH Species 

Hart Mine 
6/12/90 2 8 0 0 8 3 0 0 12 24 0 49 6 7 
1/07/91 5 7 0 0 0 0 0 0 0 20 0 0 0 2 
3/11/91 5 12 0 0 0 1 0 0 0 37 0 3 0 4 

Cibola Lake 
5/29/90 1 4 0 0 0 5 2 0 0 0 0 0 0 3 
1/04/91 6 1 0 0 0 0 0 1 0 40 1 0 0 4 
3/12/91 5 2 2 0 0 1 0 0 0 29 0 6 0 5 

Pretty Water 
6/20/90 2 2 1 0 0 3 18 0 4 0 0 19 0 6 
1/05/91 6 11 1 1 0 2 3 2 0 33 0 32 0 8 
3/13/91 5 7 1 0 0 4 1 1 56 25 o 141 0 8 

Oxbmv Lake 
6/27/90 3 4 0 0 1 0 0 0 0 2 0 25 0 4 
1/08/91 5 21 0 0 0 0 3 0 0 9 0 0 0 3 
3/14/91 5 4 4 1 0 0 1 1 0 11 0 0 0 6 

Old Channel 
7/12/90 4 12 5 0 1 0 0 3 2 12 o 191 0 7 
1/06/91 5 4 2 0 0 0 0 0 4 3 0 95 0 5 
3/15/91 5 0 3 2 0 0 0 0 64 7 1 57 0 6 

Total 
Fish 

110 
27 
53 

11 
43 
40 

47 
85 

236 

32 
33 
22 

226 
108 
134 

t-' 
o 
w 
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Table 3.4. Average number of fish caught per net per night 
(CPUE) at Cibola NWR. 

CPUE 

Site/Date Fish Centrarchidae Lepomis M. salmoides 

Hart Mine 
6/12/90 55.0 9.5 5.5 4.0 
1/07/91 5.4 1.4 0.0 1.4 
3/11/91 10.6 2.6 0.2 2.4 

Cibola Lake 
5/29/90 11. 0 11. 0 7.0 4.0 
1/04/91 7.2 0.3 0.2 0.2 
3/12/91 8.0 0.6 0.2 0.4 

Pretty Water 
6/20/90 23.5 11. 5 10.5 1.0 
1/05/91 14.2 3.0 0.8 1.8 
3/13/91 47.2 2.6 1.0 1.4 

Oxbow Lake 
6/27/90 10.7 1.6 0.3 1.3 
1/08/91 6.6 4.8 0.6 4.2 
3/14/91 4.4 1.2 0.2 0.8 

Old Channel 
7/12/90 56.5 4.0 0.2 3.0 
1/06/91 21.6 0.8 0.0 0.8 
3/15/91 26.8 0.0 0.0 0.0 
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at Cibola Lake to 7 at Hart Mine Marsh and Old Channel. 

Centrarchids were rela~ively common at Cibola Lake, Pretty 

Water, and Old Channel. I did not make quantitative 

comparisons between sites due to insufficient sampling 

effort at some sites and the wide range in dates of sample 

collection. 

B) January 1991 

I captured ten species of fish during January (Table 

3.3). Common carp, threadfin shad, and largemouth bass were 

the numerically dominant species. However, dominant species 

differed between sites. I captured shad only in Pretty 

Water and the Old Channel. I captured bass at all sites, 

but they were the dominant species only in Oxbow Lake. 

Other than bass, centrarchids were not abundant. Sunfish 

(redear and warmouth) were captured only at Pretty Water and 

the Oxbow Lake. Black crappie, the only other centrarchid 

captured, were taken at Cibola Lake and Pretty Water. 

The highest rate of fish capture was at the Old 

Channel, and the lowest rate was at Hart Mine Marsh (Table 

3.4). However, 88% (95 of 108) of the fish captured in the 

Old Channel were shad. The most species (8) were captured 

at Pretty Water and the least (2) at Hart Mine Marsh. 

Species richness (H') was highest at Pretty Water and lowest 

at Cibola Lake (Table 3.5). Equitability was highest at 
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Hart Mine Marsh and lowest at Cibola Lake (Table 3.5). 

Correlations between selenium concentrations in sunfish 

and diversity and equitability indices were weak (Table 

3.6). The correlation between selenium concentrations and 

CPUEtot;d was stronger but not statistically significant (P > 

0.05). Correlations between selenium concentrations and 

CPUE for centrarchids, sunfish, and bass were weak (Table 

3.6) . 

C) March 1991 

I captured the same 10 species of fish in March as in 

January (Table 3.3). The numerically dominant species were 

carp, shad, and blue tilapia. Tilapia were captured only at 

Pretty Water and the Old Channel, but were abundant at those 

sites. I captured few shad except at Pretty Water and the 

Old Channel. Bass were most common at Hart Mine Marsh. 

Sunfish and crappie were not common at.any of the sites. 

The sites with the highest and lowest rates of capture 

were Pretty Water and Oxbow Lake, respectively (Table 3.4). 

The number of species captured ranged from 8 at Pretty Water 

to 4 at Hart Mine Marsh. Species richness was greatest at 

Oxbow Lake and lowest at Hart Mine Marsh (Table 3.5). 

Equitability was highest at Oxbow Lake and lowest at Pretty 

Water (Table 3.5). 



Table 3.5. species richness (HI) and equitability (JI) of 
fish communities at Cibola NWR. 

Indices of Richness and Equitability 

Site/Date HI JI 

Hart Mine Marsh 
1/07/91 0.570 0.823 
3/11/91 0.816 0.589 

Cibola Lake 
1/04/91 0.332 0.240 
3/12/91 0.916 0.569 

Pretty Water 
1/05/91 1. 394 0.671 
3/13/91 1.158 0.557 

Oxbow Lake 
1/08/91 0.863 0.785 
3/14/91 1. 393 0.777 

Old Channel 
1/06/91 0.522 0.324 
3/15/91 1. 044 0.583 

107 
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Table 3.6. Correlation coefficients for concentrations of 
selenium in sunfish with richness (HI), 
equitability (JI), and abundance (CPUE) indices. 

Indices 

HI 

JI 

CPUEcenlrarchidac 

CPUEsunlish 

Spearman Correlation Coefficients 
significance Levels 

January March 

-0.30 0.10 
0.62 0.87 

0.10 0.70 
0.87 0.19 

-0.60 -1. 00 
0.28 0.00 

0.10 -0.21 
0.87 0.74 

-0.22 -0.22 
0.72 0.72 

0.10 -0.10 
0.87 0.87 
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The correlation between species richness and selenium 

concentration was weak (Table 3.6). The correlation between 

selenium concentration and equitability was stronger, but 

not statistically significant (Table 3.6). There was a 

strong inverse correlation between selenium concentration 

and CPUE~~ (Table 3.6). Correlations between selenium 

concentrations and the 3 CPUE measurements involving just 

centrarchids were weak. 

Water Quality 

A) January 1991 

Water at all sites was slightly basic (pH range 8.06 to 

8.55) and well buffered (alkalinity 122 to 255 mg/l) (Table 

3.7). Dissolved oxygen concentrations were high at all 

sites. Secchi disk transparency was highest (191 cm) and 

TDS and conductivity lowest (0.58 gil and 1.16 mS/cm, 

respectively) at Oxbow Lake. The highest TDS and 

conductivity were in the Outfall Drain (1.38 gil and 2.76 

mS/cm, respectively) followed by levels in the Old Channel 

(1.34 gil and 2.65 mS/cm, respectively). I did not measure 

transparency and dissolved oxygen in the Outfall Drain 

because of the strong current. Nitrate was detectable in 

the Outfall Drain and at Pretty Water. Water temperature 

was lowest (9.6° C) at Oxbow Lake and highest (15.5° C) in 
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Table 3.7. Water quality of aquatic sites1 at Cibola NWR in 
January and March, 1991. 

variable 

pH 
Conductivity 
TDS 
Transparency 
Dissol ved O~ 
Temperature 
Alkalinity 
Nitrate 

pH 
Conductivity 
TDS 
Transparency 
Dissol ved O2 
Temperature 
Alkalinity 
Hardness 
Chloride 
NaCl 
Nitrate 
Sulfate 
Phosphorus 

units 

pH 
mS/cm 
gil 
meters 
ppm 
',C 

mg/l 
mg/l 

pH 
mS/cm 
gil 
meters 
ppm 
°C 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 

HMM 

8.06 
2.02 
1. 00 
0.54 
9.3 

10.6 
164 
0.00 

7.78 
7.32 
3.63 
0.45 

11. 2 
17.0 

242 
1510 
1595 
2630 

0.25 
>100 
1. 70 

CL 

8.20 
1. 95 
1. 00 
0.98 

13.9 
10.7 

128 
0.00 

8.38 
2.10 
1. 02 
0.61 
9.9 

16.5 
127 
390 
306 
505 
0.25 
>100 
0.05 

PW ox 

January 

8.40 
2.25 
1.12 
1. 42 

12.3 
11. 2 

158 
0.20 

8.55 
1.16 
0.58 
1. 91 

10.2 
9.6 
122 
0.00 

March 

8.33 
2.24 
1.11 
0.72 

11. 5 
16.5 

187 
405 
273 
429 
0.00 
>100 
1. 30 

8.36 
1.15 
0.57 
2.82 
9.9 

16.0 
120 
316 
113 
186 
0.00 
>100 
0.12 

OC 

8.13 
2.65 
1. 34 
0.45 
7.7 

15.5 
253 
0.00 

8.20 
2.41 
1. 21 
0.45 
9.0 

15.0 
238 
490 
295 
487 
0.25 
>100 
0.55 

PVOD 

8.17 
2.76 
1. 38 

13.0 
255 
0.50 

8.07 
2.40 
1. 20 

17.0 
245 
494 
313 
516 
0.50 
>100 
0.25 

1 HMM = Hart Mine Marsh, CL = Cibola Lake, PW = Pretty 
Water, OX = Oxbow Lake, OC = Old Channel, PVOD = Palo 
Verde Outfall Drain. 
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the Old Channel. 

Indices of species diversitj and equitability were not 

significantly correlated with ~ater quality variables (Table 

3.8). The largest correlation coefficients were between pH 

and HI, transparency and HI, and temperature and JI. 

Several water quality variables were correlated with 

CPUE (Table 3.8). There were s~atistically significant (P < 

0.05) correlations betHeen temperature and CPUEIO~II' pH and 

CPUEcelllrarchids' and transparency and C?UE:mtrardllus. Other strong 

correlations were alkalinity, TDS, and conductivity with 

CPUE1owl ; pH and transparency with CPUE',L:nfi,h; and pH and 

transparency with CPUEb,,, (Table :; . .3). There was an inverse 

relationship of CPUEha" vii th TDS and conducti vi ty. Dissolved 

oxygen concentrations Here weakly correlated with all 

indices of richness, equitability, and abundance. 

B) March 1991 

Water at all sites was slightly basic (pH range 7.78 to 

8.38) and well buffered (alkali~ity 120 to 245 mg/l) (Table 

3.7). Dissolved oxygen concen~ra~ions were high at all 

sites. Secchi disk transparency ~as highest (282 cm) and 

TDS and conductivity lowest (0.57 gil and 1.15 mS/cm, 

respectively) at oxbow Lake. ~he lowest transparency (45.0 

cm) and highest TDS and conduc~i~ity (3.63 gil and 7.32 
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Table 3.8. Correlations of water quality variables with 
indices of species richness (HI), equitability 
(JI), and abundance (CPUE) 1 at Cibola NWR in 
January 1991. 

variable 

pH 

Conductivity 

TDS 

Transparency 

Dissol ved 02 

Temperature 

Alkalinity 

Pearson Correlation Coefficient 
Significance Level 

HI 

0.64 0.36 
0.25 0.56 

-0.07 -0.50 
0.91 0.39 

-0.10 -0.54 
0.87 0.34 

0.58 0.39 
0.30 0.51 

0.14 -0.23 
0.82 0.70 

-0.22 -0.56 
0.73 0.33 

-0.16 -0.35 
0.80 0.57 

-0.16 
0.80 

0.77 
0.13 

0.77 
0.13 

-0.34 
0.57 

-0.43 
0.47 

0.92 
0.03 

0.87 
0.06 

0.89 
0.04 

-0.70 
0.18 

-0.72 
0.17 

0.87 
0.05 

-0.04 
0.95 

-0.51 
0.38 

-0.44 
0.45 

0.86 
0.06 

-0.35 
0.56 

-0.37 
0.54 

0.82 
0.09 

0.27 
0.66 

-0.39 
0.52 

-0.38 
0.53 

1 CPU~ = CPUE for all species, CPU~ = CPUE for all 
centrarchid species, CPUEs = CPUE for all sunfish 
(Lepomis) species, CPUEb = CPUE for largemouth bass. 

0.81 
0.10 

-0.77 
0.13 

-0.79 
0.12 

0.79 
0.11 

-0.18 
0.76 

-0.49 
0.41 

-0.40 
0.50 
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Table 3.9. Correlations of water quality variables with 
indices of species richness (HI), equitability 
(JI), and abundance (CPUE)l at Cibola NWR in 
March 1991. 

variable 

pH 

Conductivity 

TDS 

Transparency 

Dissolved 02 

Temperature 

Alkalinity 

Hardness 

Chloride 

NaCl 

Pearson Correlation Coefficient 
Significance Level 

HI 

0.63 0.23 
0.25 0.71 

-0.73 -0.34 
0.16 0.57 

-0.73 -0.34 
0.16 0.57 

0.85 0.97 
0.07 0.01 

-0.17 -0.26 
0.79 0.67 

-0.38 -0.17 
0.53 0.79 

-0.53 -0.52 
0.36 0.37 

-0.68 -0.25 
0.21 0.69 

-0.71 -0.28 
0.18 0.65 

-0.71 -0.28 
0.18 0.65 

0.16 
0.80 

-0.15 
0.81 

-0.14 
0.82 

-0.41 
0.49 

0.36 
0.55 

-0.15 
0.81 

0.38 
0.53 

-0.21 
0.73 

-0.22 
0.72 

-0.22 
0.72 

-0.45 
0.45 

0.54 
0.35 

0.54 
0.35 

-0.06 
0.92 

0.98 
0.00 

0.79 
0.12 

0.20 
0.74 

0.53 
0.36 

0.54 
0.36 

0.53 
0.36 

0.25 
0.68 

-0.14 
0.83 

-0.14 
0.83 

-0.08 
0.90 

0.76 
0.14 

0.41 
0.50 

-0.08 
0.89 

-0.19 
0.76 

-0.17 
0.78 

-0.17 
0.78 

I CPU~ = CPUE for all species, CPU~ = CPUE for all 
centrarchid species, CPUEs CPUE for all sunfish 
(Lepomis) species, CPUEh = CPUE for largemouth bass. 

-0.72 
0.17 

0.79 
0.11 

0.79 
0.11 

-0.12 
0.85 

0.87 
0.06 

0.81 
0.10 

0.34 
0.57 

0.79 
0.11 

0.80 
0.10 

0.80 
0.10 
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mS/cm, respectively) were at Hart Mine Marsh. As in 

January, conductivity and TDS were nearly identical in the 

Outfall Drain and Old Channel. Nitrate was detectable in 

the Outfall Drain, Old Channel, Cibola Lake, and Hart Mine 

Marsh. Phosphorus and sulfate were detectable at all 

locations. Chloride and sodium chloride concentrations were 

highest at Hart Mine Marsh (1595 and 2630 mg/l, 

respectively) and lowest in the Oxbow Lake (113 and 186 

mg/l, respectively). Water temperature varied little 

between sites (range 15.0 to 17.0°C). 

Transparency and equitability were significantly 

correlated, and the correlation between transparency and 

richness was also high (Table 3.9). Water quality variables 

bearing the weakest relationship to richness were dissolved 

oxygen and temperature. Richness was inversely related to 

conductivity, TDS, and NaCl concentration. with the 

exception of transparency, water quality variables were 

weakly correlated with equitability. 

Unlike in January, CPUEww was not strongly correlated 

with temperature or other variables (Table 3.9). However, 

correlations of temperature with cPUEcmlrarchids and CPUEhass were 

high. Dissolved oxygen levels were significantly correlated 

with CPUEc~ru~~s and highly correlated with CPUEw~~ and 

CPUEhass . The var iables bearing strong relationships to 



CPUEha" included conductivity, TDS, dissolved oxygen, 

temperature, NaCl concentration, and total hardness. 

DISCUSSION 
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Of the 21 species of fish which Ohmart et al. (1988) 

reported from the central reach of the lower Colorado River, 

4 species (golden shiner, red shiner, mosquitofish, and 

sailfin mollie) we"re too small to reliably be captured by 

the gear I used. Shiners, mosquitofish, and mollies were 

present at most sites where I seined to obtain samples for 

chemical analyses in 1989, but I did not attempt to quantify 

their abundance. Rainbow trout are only present where they 

are stocked (Ohmart et al. 1988), and are not stocked near 

the sites I studied. zill's tilapia are rarely found in 

this reach of the river, having been replaced by blue 

tilapia (Barrett 1983). 

I expected to capture a maximum of 15 species (shiners, 

mollies, mosquitofish, rainbow trout, and zill's tilapia not 

included) in this study. I captured 11 species; yellow 

bullheads, striped bass, smallmouth bass, and green sunfish 

were not captured. My study sites did not contain optimal 

habitats for some of these species. In the Colorado River, 

striped bass are usually associated with the main channel 

and reservoirs (Ohmart et al. 1988). 



I only captured bluegill during summer of 1990, 

possibly because water temperatures were suboptimal in 

January and March. In another study where CPUE was 

calculated for bluegill, capture rates were low if 

temperatures were not between 18°C and 24°C (Bettross and 

Willis 1988). 
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Species diversity could be affected by the adequacy of 

the sampling effort. I feel that my sampling effort was 

inadequate for quantitative assessment of species diversity 

in summer of 1990, but was greater and more systematic in 

1991. The cumulative number of species captured per site 

did not increase between the penultimate and ultimate net at 

any site in January and at only two sites in March (Table 

3.10). This tendency for the cumulative number of species 

captured to level off suggests that my sampling effort was 

adequate in 1991. 

In January, capture rates were highest at Pretty Water 

and the Old Channel. High capture rates were largely due to 

presence of shad. Kennedy (1979) found that shad move out 

of backwater lakes in fall because low water temperatures 

become lethal. Shad winter in the main channel of the 

Colorado River or in shallow areas where temperatures stay 

higher. The Old Channel was readily accessible from the 

main channel and contained warmer water than the other sites 
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Table 3.10. Cumulative number of species captured in nets 
(A to F) at each site during January and March. 

Cumulative Number of Species Captured 
site/Date A B C D E F 

Hart Mine Marsh 
1/07/91 2 2 2 2 2 
3/11/91 2 3 3 4 4 

Cibola Lake 
1/04/91 1 2 2 3 4 4 
3/12/91 3 5 5 5 5 

Pretty ~vater 
1/05/91 6 7 8 8 8 8 
3/13/91 5 6 7 7 8 

Oxbow Lake 
1/08/91 2 3 3 3 3 
3/14/91 5 5 5 5 6 

Old Channel 
1/06/91 2 3 5 5 5 
3/15/91 3 3 4 6 6 
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in January. Pretty water, which is also accessible to the 

main channel via the Old Channel, also contained relatively 

high numbers of shad. Shad were present in small numbers at 

Cibola Lake and Hart Mine Marsh by March, when temperatures 

had increased. Shad were common at Oxbow Lake and Hart Mine 

Marsh in summer. Shad are an important dietary item for 

predatory fish, and their seasonal changes in abundance can 

affect populations of other fish by reducing availability of 

food (Kennedy 1979). 

Centrarchids are more vulnerable to selenium toxicity 

than most other families of fish and should be rare in lakes 

where selenium concentrations are elevated to toxic levels 

(Lemly 1985a). Selenium concentrations in sediment and 

biota collected in 1989 and 1990 indicated potential 

selenium toxicity problems at Oxbow Lake and, to a lesser 

extent, Cibola Lake. Selenium levels in samples from the 

Outfall Drain, Old Channel, Pretty Water, and Hart Mine 

Marsh were below concentrations associated with toxicity to 

fish. Therefore I hypothesized that centrarchids would be 

less common at Oxbow Lake and Cibola Luke than at the other 

sites. 

Bass did not follow the expected pattern of abundance, 

particularly in January; Oxbow Lake, the most contaminated 

site, had the highest bass capture rate. Cibola Lake had 

the lowest bass capture rate of all sites in January, but 



the rate was high in summer of 1990. 
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Sunfish and crappie 

~ere not common anywhere, but were present at Oxbow Lake and 

Cibola Lake. The weak correlations between selenium 

concentration in sunfish and CPUE for bass, sunfish, and 

centrarchids do not support the hypothesis that centrarchid 

populations are low due to selenium contamination. The low 

correlations between selenium concentrations in sunfish and 

species diversity indices do not support the hypothesis that 

low species diversity is due to selenium contamination. 

However, a strong inverse relationship between selenium 

concentration and CPUE~~I in March, coupled with a moderately 

strong inverse relationship between these variables in 

January, suggests selenium may be one of a suite of factors 

affecting overall abundance of fish. 

Other factors besides selenium contamination could 

affect species diversity and abundance. For example, 

dissolved oxygen levels were correlated with CPUE for bass, 

sunfish, and centrarchids in March. However, low dissolved 

oxygen is generally associated with warm weather and high 

rates of decay, neither of which is to be expected in 

January and March. 

Temperature could have limited some species in January. 

Water temperatures at most sites were close to those known 

to be lethal to shad; 79% died when exposed to water at 
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9.0"C (strawn 1965). Tilapia appeared to also be adversely 

affected by low temperatures. I found hundreds of tilapia 

dead or in a torpid condition on the banks and sandbars of 

the Old Channel in January. Local residents told me tilapia 

die-offs occur regularly during cold weather. 

There was a strong correlation between water 

temperature and CPUEl<lI;t1 in January, but correlations between 

water temperature and species richness and equitability 

indices were not strong. Temperature differences between 

sites were minor (range 15.0"C to 17.0"C) in March and I am 

uncertain if there was any biological significance to 

correlations between temperature and CPUE for bass and 

·sunfish. 

Elevated salinity sometimes causes toxicity of 

irrigation drainwater (Ingersoll et al. 1992). Often, 

atypical ion ratios contribute to toxicity at elevated 

salinity (Burnham and Peterka 1975, Ingersoll et al. 1992). 

I did not quantify concentrations of ions other than 

chloride, so it is not possible to evaluate whether ion 

ratios were atypical. 

Based on conductivities, all of my sample sites were 

oligosaline, and none could be considered fresh (Cowardin et 

al. 1979). with the exception of Hart Mine Marsh in March, 

conductivities did not exceed the range (770-4150 MS/cm) in 



North Dakota lakes that support game fish populations 

(Swanson et al. 1988). Drainwater with a conductivity of 

12,700 ~mhos was not acutely toxic to fathead minnows 

(Pimephales promelas) or striped bass (Ingersoll et al. 

1992). However, both of these species are tolerant of 

euryhaline conditions (Ingersoll et al. 1992). 
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This study emphasized chemical rather than physical 

quality of the environment. Physical characteristics of the 

environment may also be limiting factors to fish 

populations. Hart Mine Marsh does not contain the habitat 

diversity of the other sites. Dead mesquite trees provide 

an abundance of submerged structure, but other types of 

emergent or submerged vegetation are absent. The other 

sites I studied were bordered by cattail and bulrush 

marshes, and also contained flooded trees. 

These data do not indicate a reduction in fish species 

diversity has occurred in lakes containing elevated 

concentrations of selenium at Cibola NWR. There were no 

strong correlations between selenium concentrations in 

sunfish and species richness and equitability. 

Centrarchids, a family considered vulnerable to selenium 

toxicity, were captured at all locations, and bass were 

relatively common at oxbow Lake, the most contaminated site. 

Seasonal use patterns rather than selenium levels may 

explain the variation in species diversity and abundance I 
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observed. Temperature is probably limiting for some species 

(e.g. shad and tilapia) at some locations in winter. 

Salinity could also be limiting for some species at some 

locations, such as Hart Mine Marsh. Mortality or emigration 

of fish in response to suboptimal water quality may result 

in seasonal variation in species diversity and abundance. 

I recommend systematic monitoring of selenium levels, 

water quality, and fish populations at Cibola NWR. Selenium 

is not the only factor with the potential to limit diversity 

and abundance of the fish community. Therefore I recommend 

that water quality measurements, particularly temperature 

and salinity, be included as part of the u.S. Fish and 

wildlife Service's Biomonitoring of Environmental status and 

Trends program at this refuge. 

Chemical analyses (1989 and 1990) of fish tissues 

indicated that selenium concentrations at Cibola Lake and 

Oxbow Lake were at the toxicity threshold. Therefore the 

effect of selenium on reproduction of centrarchid fishes 

needs further evaluation. Reproductive toxicity studies are 

difficult under natural conditions (M.K. Saiki, u.S. Fish 

and \vildlife Service, pers. comm.), but could help evaluate 

whether the risks predicted from chemical analyses of fish 

tissue actually occur. 

Because increases in selenium concentrations could put 

sensitive species over the toxicity threshold, I recommend 
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monitoring of reproduction in fish populations on the 

refuge. Low reproductive success could result in population 

declines. Monitoring of reproductive success could be done 

systematically using seines or gill nets with finer mesh 

than those used in my study. An added benefit of monitoring 

would be better knowledge of the population dynamics and 

movements of the fish community and the seasonal importance 

of specific sites to individual species. Such knowledge 

could provide opportunities to enhance the fishery on the 

refuge. 

SUMMARY 

Diversity and abundance of fish species at five 

aquatic sites on and adjacent to Cibola National wildlife 

Refuge (Cibola NWR) were assessed with gill nets in January 

and March 1991. Selenium levels in sunfish were compared to 

indices of diversity and abundance using correlation 

analysis. 

Most correlations between selenium contamination and 

indices of diversity and abundance were weak. An exception 

was the consistent inverse relationship between selenium 

concentration and CPUE for all fish species combined. This 

inverse relationship suggests that selenium may be one of a 

suite of factors limiting abundance of fish. 

Water at all sites was slightly basic, well buffered, 
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and well oxygenated. I examined correlations between 10 

water quality variables and indices of diversity and 

abundance. Low water temperatures may limit abundance of 

shad and tilapia in backwaters in winter, and high salinity 

may limit fish abundance at Hart Mine Marsh in spring. 

There is no indication that selenium levels have 

impacted fish species diversity at Cibola NWR. However, I 

believe that impacts may occur if selenium inputs increase. 

Measurements of diversity, abundance, and reproduction of 

fish and measurements of water quality should be components 

of the monitoring plan being developed for Cibola NWR by the 

u.s. Fish and wildlife Service. 
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