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Abstract 

The effects of aquatic contaminants generated by soda ash mining processes on the North American 
eared grebe (Podiceps nigricollis) population illustrates important issues associated with human- 
induced habitat degradation on the health of a migratory species. Eared grebes have been extensively 
studied in their staging and breeding habitats, but little is known about their 2- to 3-day migratory 
 period^.^.^^^ During migration, few bodies of water are available to the birds for refuge between 
freshwater breeding areas in Canada and hypersaline lakes (e.g., Great Salt Lake in Utah or Mono 
Lake in California) to which they migrate. One geographic refuge area includes a series of “tailings” 
ponds associated with soda ash mining operations in southwestern Wyoming. The ponds range from 
100- 1200 acres, with water containing high concentrations of sodium decahydrate (Na,CO,. 1 OH,O). 
At cool temperatures (generally < 40°F) sodium decahydrate precipitates out of the water and 
crystallizes on solid objects in the ponds or on the water surface. Bird mortality on these ponds has 
been recognized since the early 1 9 7 0 ’ ~ ~  and the mining companies have developed hazing strategies 
and rehabilitation programs in order to minimize mortality. In order to determine causes of grebe 
mortality and devise strategies to reduce mortality, a field epidemiologic investigation was 
developed with the following objectives: 1) to determine whether eared grebes have quantifiable 
physiologic abnormalities associated with exposure to soda ash mine pond water; 2) to evaluate 
physical effects of sodium decahydrate crystallization on grebe survival; 3) to establish cause of 
death based on necropsy of deceased grebes; 4) to determine long-term survivability of eared grebes 
after exposure to the pond water; and 5) to evaluate water quality and determine whether aquatic 
invertebrates are present in the ponds as a possible food source. 

This is an ongoing study, with objectives still in progress. Preliminary data presented here include 
serum biochemical parameters from 27 adult, eared grebes of both sexes, and brain biochemical 
concentrations from five adult and juvenile, eared grebes collected in August 2001 and August 2002. 
Grebe “controls” refer to grebe data collected from birds captured or shot on Mono Lake (n = 8 for 
serum biochemical data; n = 2 for brain biochemical data). Blood samples were opportunistically 
collected from grebes caught on the ponds, and our sampling protocol was incorporated into the 
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standard rehabilitation procedures employed by the mines. We requested that all birds captured be 
maintained on freshwater for 24 hr in order to collect a pre- and postcapture blood sample for 
comparison of serum biochemical changes over time. Water samples from several different ponds 
were analyzed in August 2000. 

Eared grebes captured on soda ash mine pond water had significantly higher mean (fSD) serum 
sodium concentrations prerehabilitation (1 55.8 f 5.2 mg/dl) compared to both postrehabilitation 
(149.2 f 3.6 mg/dl) and control grebes (152.3 f 2.9 mg/dl). Recently deceased eared grebes removed 
from the surface of the pond water had elevated brain sodium concentrations (4041.6 f 1895.3 ppm) 
compared to control grebes from Mono Lake (1429.8 f 142.3 ppm). All grebes collected at the soda 
ash ponds had brain sodium concentrations greater then 2000 ppm, while controls had brain sodium 
concentrations below 2000 ppm (Table 1). Gross and histopathologic lesions from the deceased 
Wyoming grebes were consistent with drowning. Samples of pond water contained sodium 
carbonate decahydrate (Na,CO,a 1 OH,O), with hydrated sodium sulfate (Na,SO,* 1 OH,O) and NaCl. 
The water was highly alkaline (pH > 10.2; range 10.25-10.66), salinities were in excess of 174 ppt 
(range 174-240 ppt), and total dissolved solids ranged between 80,000: 150,000 ppm. There was a 
complete absence of zooplankton in the ponds, however, phytoplankton was relatively dense, with 
flagellated chlorophytes being most prevalent. 

Our preliminary data indicate that eared grebes landing on soda ash mine tailings ponds may be 
experiencing mortality due to the effects high brain sodium concentrations, with drowning being the 
ultimate cause of death.',' The toxic range for sodium in domestic species is considered to be greater 
than 2000 ppm in the brain, and the diagnosis of salt toxicosis in wildlife species has been 
extrapolated from this inf~rmation. '~~ However, we currently have limited control data, and cannot 
attribute cause of death with confidence. It is possible that the normal brain sodium concentrations 
of eared grebes is high compared to other bird or mammal species, and that this species has evolved 
physiologic compensatory mechanisms. Alternative explanations for causes of mortality include; 
weight of sodium decahydrate crystal encrustation directly leading to drowning, and hypothermia. 
Due to the natural history and behavior of the eared grebe, susceptibility to water-borne 
contaminants may be particularly important. Eared grebes are diving birds, which, when hazed, will 
retreat underneath the water surface. This defensive behavior keeps them immersed in the water, 
allowing for more rapid accumulation of sodium decahydrate crystals. In addition, when preening 
and/or attempting to remove encrusted sodium decahydrate from feathers, eared grebes will ingest 
feathers and sodium decahydrate crystals, thereby increasing the likelihood of systemic absorption. 
Unfortunately, grebes are not the only species affected on these ponds, with total mortality of all bird 
species approximating 1000- 1500 annually. The mining companies are attempting to develop 
methods for reducing pond size by either recycling the tailings water or promoting water 
evaporation. Ultimately, these techniques may successfully reduce bird mortality, but as long as the 
pond water is present, aquatic birds will continue be impacted. 
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Table 1. Individual brain sodium concentrations in parts-per-million @pm) on five eared 
grebes found dead on soda ash mine ponds in southwestern Wyoming, and two “control” 
eared grebes collected at Mono Lake, California. 

Bird Number AgeISex Brain Sodium Concentration 
~~ ~ 

1 (4782-1) Adult Male 4022.82 
2 (4782-2) Adult Female 4363.6 
3 (4782-3) Juvenile Male 2288.03 
4 (4782-4) Juvenile Female 7018.31 
5 (4782-5) Juvenile Female 2515.38 

Control Grebe 1 Unknown 1530.45 
Control Grebe 2 Unknown 1329.23 
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