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ABSTRACT 

The toxicity of selenium to avian embryos is one of the most restrictive constraints on 
options for managing agricultural drainage water. Although selenium in eggs strongly 
predicts embryotoxicity, waterborne selenium (on a total recoverable basis) often is an 
unreliable predictor of average realized selenium in eggs. For the San Joaquin Valley, 
however, the algebraically derived equation Log (Mean Egg Se) = 3.66 + 0.57 Log 
(Waterborne Se) is a good predictor of the maximum potential for selenium 
bioaccumulation in avian eggs. Using eared grebes (Podiceps ni~ricollis) as an indicator 
species for bioaccumulation ptential, the average absolute difference between observed 
and predicted mean selenium in eggs was only 6 percent for test cases at waterborne con- 
centrations gf 2.8, 15, 126, 176 p/b (total recoverable) selenium. Various estimates of 
biologically important thresholds indicate that it would be prudent to consider 
drainage water with 3 to 20 p/b selenium as peripherally hazardous to aquatic birds (i.e., 
hazardous to some species under some environmental conditions) and drainage water 
with more than 20 p/b selenium as widely hazardous to aquatic birds (i.e., hazardous to 
most species under most environmental conditions). To prevent most avian toxicity, a 
reasonable goal for chemical or biological decontamination technologies would be 
concentrations of waterborne selenium < 10 p/b. Likewise, to minimize avian contami- 
nation, a reasonable goal of purity would be waterborne selenium < 2.3 p/b. When 
these water standards are technically or financially unattainable, actions to significantly 
reduce avian use of contaminated drainage water are necessary. 

Over the past four decades, many water projects made it possible to  irrigate 
large tracts of otherwise nonarable land in the  arid western United States. For  
example, irrigated croplands increased in the Central Valley of California by 43 
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will be fully or only partially realized. For example, the counter-intuitive 
finding that waterfowl eggs from TLDD-S were equally or more contaminated 
than waterfowl eggs from Kesterson (table 2) is probably due to ecologically 
mediated behavioral variation. TLDD-S is isolated within an intensively 
developed agricultural landscape mostly devoid of nondrainwater wetlands 
during the spring. Kesterson was in a landscape with abundant neighboring 
wetlands that contained considerably lower concentrations of selenium (Ohlen- 
dorf et al., 1987). Thus, ducks at Kesterson had opportunities to use habitat 
that would reduce exposure to drainage-water contaminants whereas ducks at 
TLDD-S did not. This interpretation is supported by the results (table 2) for 
eared grebes (avery sedentary forager during the breeding season) that suggest 
duck eggs at TLDD-S were representative of local contaminant conditions, 
whereas duck eggs at Kesterkon may have realized only 15 to 30 percent of the 
site potential for bioaccumulating selenium. 

Because of eared grebes' long residency time (they are usually the latest 
breeders; C J. Henny, U.S. Fish and Wildlife Service, pers. comm.; pers. 
obser.), localized foraging range (most foraging on evaporation pond systems 
is done in the same cell as the nest colony; pers. obser.), and stereotyped food 
preferences (for aquatic invertebrates; Johnsgard, 1987), grebes may consis- 
tently come the closest to realizing the full potential for selenium bioaccumu- 
lation in eggs at any site (i.e., realized egg selenium may often equal poteatial 
egg selenium). Eared grebes probably come close to meeting the special 
circumstances required for a one-to-one correspondence between steps 4 and 
5 (in figure 2). This correspondence, in turn, best meets the special condition 
for predicting egg selenium from waterborne selenium: 

111 If, Log (FCS) = a + b Log (WS) 
[2] and, Log (MES) = c + d Log (DS) 

and, FCS = DS (the special condition) 
then, Log (MES) = c + d[a + b Log (WS)] 

= (c + da) + db Log (WS) 
[31 =e+fLog(WS)  

where, DS = p/b dry weight dietary selenium 
FCS = p/b dry weight food-chain selenium 
MES = p/b dry weight arithmetic mean egg selenium 
WS = p/b total recoverable waterborne selenium 
a-d = fitted regression parameters 
e = (c + da) 

and, f = db. 

Basedon different taxa ofaquatic invertebrates, Sheltonet al. (unpubl. data) 
calculated four estimates of equation [I] for evaporation ponds in the Tulare 
























