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ABSTRACT

The National IrrigatiotWater Quality Program (NIWQP) investigated contaminants associated with drainwa

ter in the Salton Sea area from 1986-1990 and concluded that Department of the Interior (DOI) trust resources
were adversely at risk to contaminants, especially reduced reproductive capacity due to elevated levels of sele
nium, oganochlorine pesticides and possibly boron in the Salton Sea environfhengalton Sea project

advanced to Phase,lkémediation planning, in the NIWQRypically, in that phase of work, remediation pro

jects are planned, and/or additional data collection is conducted if needed. In the case of the Salten Sea pro
ject, fairly extensive additional data collection was conducted during 1992-1994 to clarify the biological

effects of the environmental contaminants documented to occur in the previous investigations.

This report describes the biologicalesits of environmental contaminants on several important fish and

wildlife species in the Salton Sea area that were investigated in 199th82e studies were conducted to

obtain information about species either thought to be at particular risk, or those for whofadtseoéfseleni

um and DDE (a DDAnetabolite) are fairly well understoodhe studies: 1) determined embryotoxicity of

colonial waterbirds (fish-eaters); 2) determined the embryotoxicity and nesting proficiency of black-necked

stilts (shoreline aquatic invertebrate feeders); and 3) determined contaminant body burdens of sailfin mollies, a
surrogate species for the endangered desert pupfish that inhabits agriculturalTdrainscent bird die-&f

which have occurred at the Salton Sea are being investigated separately because of the need to incorporate dit
ease and biotoxicity studies in addition to contaminants data.

The findings indicated: 1) colonial nesting water birds (great egrets, snowy egrets, and black-crowned night
herons) are at risk of reduced reproduction from DDE-induced eggshell thinning and, to a lesser extent, seleni
um-induced embryo mortality; in addition, egret embryos displayed a high incidence of abnormalities (possi
bly over 100 times normal) of unknown causes; 2) 95% of black-necked stilt eggs sampled indicated they
came from nests with a fofwld increased risk of nest failure due to selenium-induced embryo moréaldy

that stilts are experiencing a 4.5% reduction in nesting proficiency due to selenium exposure in the Salton Sea
area; and 3) the federal and state endangered desert pupfish inhabiting agricultural drains are at risk of repro
ductive failure due to selenium concentration in the adult fishes sampled.

Management implications are that the biologic&ab of selenium in the Salton Sea area are more clearly
understood.These dects include reproductive depression in black-necked stilts, hazard to reproduction of the
desert pupfish, and selenium levels in fish which make them hazardous food items for fish-eatinghleirds.
apparent high incidence of egret embryo abnormalities would require additional verification to idertify man
agement options.



INTRODUCTION

The Salton Sea area is located within a very important agricultural region that includes the Coachella and
Imperial Valleys which currently support a $1 billion per year agricultural industry (Steve Knell, Imperial
Irrigation District, personal communication, 1995). Because approximately 97% of California's wetlands have
been converted to other uses, fish and wildlife now frequently use agricultural waterways as alternative habi
tat. Therefore, Coachella and Impenéllley agricultural drains and the Salton Sea are also important fish

and wildlife habitat. In addition to its importance as the single major inland nesting and wintering area for
hundreds of species of birds, the Salton Sea also supports habitat for four endangered species and is the site ¢
both a federal and state wildlife refuge.

The U.S. Fish anwvildlife Service (USFWS) is concerned that contaminants in the Salton Sea area present a
risk to fish and wildlife resourcesthe area is a critical component of the Pacific Flyway with over 270
species of birds utilizing the Imperidalley as either permanent residents or seasonal migraiésarea also
contains habitats of several endangered species includiiyitie clapper raifRallus longiostris yumane

nis), brown pelicar(Pelecanus occidentalisperegrine falcoifFalco peegrinus) and the desert pupfish
(Cyprinodon macularius) There are also several wildlife management areas in the Imgatiey including

the USFWS Salton Sea Nationlldlife Refuge (SSNWR) and the California Department of Fish and Game
(CDFG) ImperiaWildlife ManagemenArea.

The NIWQPinvestigated contaminants associated with drainwater in the Salton Sea area of California in
1986-1990 (Setmire et al. 1990; Schroevera et al. 1993; and Setmire et al. 1993)ose studies found
irrigation drainwater from various locations in the Impevialley contained from 3 to 360 micrograms per

liter (ug/l) selenium, with higher values typically found in subsurface draihe. federal water quality criteria

for protection of aquatic life is pg/l (USERA 1987a). Biological sampling in these studies found that drain
water contaminants including selenium, boron and the-Bfbolite DDE were accumulating in tissues of
migratory and resident birds that use food resources in the Imyaliey and the Salton Sea. Selenium-con
centrations in fish-eating birds, shorebirds and the endanyared clapper rail were at levels that could

affect reproduction. Setmire et al. (1993) also concluded that waterfowl and fish-eating birds may also be
experiencing reproductive impairment as a result of DDE contamination in food resources. DDE concentra
tions measured in biota in that study are some of the highest values documented in CalifeséaNIWQP
studies clearly documented that certain drainwater contaminants were elevated in the Vfaleyiahd

Salton Sea environment. Howeytite studies had not been designed to quantify the associated biological
impacts. Therefore, the Salton Sea NIW@RudyTeam decided to conduct additional studies and collect
information describing biological fefcts associated with this contamination in order to determine the need for
remediation planning.

Several other studies have indicated persistent contaminants that bioaccumulate are at levels in the environ
ment that could reduce resource productivity in the Salton Sea area. For example, a recent study of the endan
geredYuma clapper rail (Roberts 1996) found that eggs collected from the @@$t&r Wildlife

Management Unit when drainwater was being used as the water source for wetlands had maximum selenium
concentrations of 7.8 micrograms per grag/¢) dry weight (DW), an amount considered hazardous to
reproduction as described in detail below

In addition to selenium, ganochlorine compounds are a persistent contaminant problem for the area's
wildlife. Exceptionally high concentrations of DDE were found in black-crowned night-kiisanticorax
nycticorax) and great egret eggs collected from the Salton Sea area in 1985 (Ohlendorf and Marois 1990).



The geometric mean DDE concentration in black-crowned night-heron eggs was 8.62 parts per million (ppm)
wet weight (WW), and was 24.0 ppiiW in great egretsThe reproductive &cts of DDE in night herons

becomes significant at residue levels in the eggs of about 8ppinwith efects including eggshell thinning,

egg breakage, and reduced clutch size, hatching success and subsequent productivity (Custer et al. 1983, and
Henny et al. 1984)Although Ohlendorf and Marois (1990) did not determine reproductive success in their
study based upon exposure-response relationships known for DDE they concluded that heron and egret repro
duction at the Salton Sea could almost certainly be impaired.

A dramatic decline in colonial waterbird nesting productivity was documented at Salton Sea nest sites since
1986 (USFWS 1991 and 1992, alddet et al. 1997).The total number of nesting colonial birds at Salton

Sea shoreline colonies declined from 1,950 in 1987 to 231 in 1989, with precipitous reductions in productive
nests observed for great blue herOhglea heodias) cattle egre{Bubulcus ibis) snowy egre{Egretta thula)

and great egrdCasmeodius albus) Double crested cormorar({8halaciocorax auritus) and white pelicans
(Pelecanus occidentalisapparently no longer attempt to nest at the Sea. Other species of colonial waterbirds,
such as the black skimm@Rynchops niger)and gull-billed tern(Sterna nilotica) have had relatively stable
numbers of active nests, but have experienced low reproductive success for several years (USFWS 1992, and
USFWS 1994). It is unknown to what extent contaminant-induced reproductive failure has contributed to the
decline in nesting success of fish-eating birds at the Salton Sea shoreline colonies.

There is also concern about the influence of contaminants on fish resources in the Salton Sea. Four species of
recreational fish from the Salton Sea were studied in 1985 to determine if certain elemental contaminants were
accumulating to unacceptable levels in the fishery (Saiki 1990). In that study whole bodies of bairdiella
(Bairdiella icistia), orangemouth corvingCynoscion xanthulusyago (Anisotemus davidsoniand

Mozambique tilapigTilapia mossambica)contained average selenium residues of 10.3, 9.05, and 8.7

ppm DW respectively Selenium toxicity thresholds for saltwater fishes are not known (White et al. 1987),

but levels of 4 ppm selenium in whole bodies of freshwater fish are known to cause adeets€lefmly

1993). Saiki (1990) concluded the excessive accumulations of selenium could serfeasihaffishes and

sport fishery of the Salton Sea. In addition, the selenium levels observed in those fish greatly exceed the 3
ppm DW(dietary toxicity threshold for other wildlife (Lemly 1993), meaning they should be viewed as toxic

to other fish and aquatic birds that consume them.
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OBJECTIVES

This project was designed to more clearly define the biologitedtefof contaminants associated with drain
water on fish and wildlife resources in the Salton Sea arbeee studies were conducted in 1992-94 to obtain
information about species thought to be at particular risk, and for those whorfetts ef selenium and

DDE (in particular) are fairly well understoodhe three studies and their objectives were:

Study 1. Determine the embryotoxicity of colonial waterbirds nesting at the Salton Sea. Fish-eating
birds, black-crowned night herons, and snowy and great egrets were found to have among the highest concen
trations of contaminants that bioaccumulate including selenium, boron, gambohlorine pesticides (Setmire
et al. 1993). In this study those species were examined for eggshell thinning, embryo deformities, and egg
contamination.

Study 2. Determine the nesting proficiency and embryotoxicity of black-necked stilts, a resident
species at the Salton Sea. Most stilt eggs sampled in the NDE@HFed Study contained from 3-35 ppm
DW selenium, meaning those eggs were at an increased risk of embryonic death and possibly embryonic
deformity (Setmire et al. 1993). In this studyaluations were made of black-necked stilt nest proficiency
embryotoxicity and egg contamination.

Study 3. Determine the body burdens of contaminants in a surrogate species for the endangered desert
pupfish. This issue was not previously investigated, but was a concern because the pupfish inhabit drains that
convey various amounts of contaminants in drainwater to the Salton Sea.



GUIDELINES FOR EVALUATING BIOLOGICAL RISK FROM
SELENIUM EXPOSURE

A large amount of information has been generated recently on the biological hazards of selenium to fish and
wildlife resources, and general toxicity guidelines have been developed by several reseatsheaswork

ing group of the Kendrick Project f@ming) and Middle Green River Basin (Utah) Interdisciplinary teams of
the NIWQPsynthesized the scientific information regardinfgetf thresholds of selenium in various environ
mental compartmentsAs a result, general predictive thresholds for biological hazards have been developed
for use in hazard assessment relative to selenium [Bureau of Reclamation 1993 Internal Memorandum to
NIWQP Manager regarding Predicted Seleniurfe&f Levels for Kendrick and Middle Green River

Remediation (Irrigation Drainage) 4 p.These thresholds are summarizedable 1. A summary of the

recent literature regarding selenium hazards to fish and wildlife resources is presented below to provide back
ground for these guidelines, and to aid in the interpretation of results from this study

Table 1. Predicted selenium fefct levels (Bureau of Reclamation 1993).

Water No Effectl | Level of Concerr? Toxicity Threshold
Water (ppb, total recoverable) <1 1-3 >3
Sediment (ppm dry wt.) <2 2-4 >4
Dietary* (ppm dry wt.) <2 2-6 >6
Waterbird egg (ppm dry wt.) <3 3-8 >8
Warmwater fish (ppm dry wt., whole body) <3 3-6 >6
Coldwater fish (ppm dry wt., whole body) <2 2-5 >5

1 selenium concentrations below this level in various media do not appear to be related to any discernablefecteensefish
and wildlife and are typical of background levels in environments not impacted by selenium.

2 selenium concentrations at this level in various media rarely appear to be related to any discernablefadisecsefish and
wildlife, but are elevated above typical background levels.

3 Selenium concentrations exceeding this level in various media do appear related to adotssenefome fish and wildlife
species, such as increased risk of teratogenesis and embryo mortality

4 Dietary criteria are on an average daily exposure basis.

S Waterbird criteria are based on population means.



Selenium in the Envionment

Freshwater ecosystems that are not heavily influenced by agriculturally or industrially mobilized sources of
selenium usually contain less than 0.5 parts per billion (ppb) total recoverable selenium in théneeter

saline sinks surveyed in Oregon, California, Nevada, and Utah typically contained less than 1 ppb tetal recov
erable selenium. Chemicallyelenium behaves similarly to sulfur and therefore is biologically active in that it

can enter into the metabolism of plants and animrAajgatic plant and insect tissues in selenium-normal-envi
ronments usually contain on average less than 2 ppnidiNrecoverable selenium. Bird's eggs, one of the

best wildlife tissues for monitoring exposure to selenium, usually have concentrations that average less than 3
ppm DW Whole body concentrations in freshwater fishes are usually less than 2 pprRlakts take up

selenium from water and concentrate it in their tissues to varying degrees depending upon the species of plant.
Fish and wildlife bioaccumulate selenium in their tissues principally by eating contaminated plants, insects,

and other animals. Selenium has a uniquely narrow separation between dietary exposures that are nutritionally
beneficial and those that are toxicilvér 1980, Hodson and Hilton 1983). Experiments with less than 1 ppb
seleno-amino acids in the water have led to tissue concentrations of selenium in aquatic insects that would be
toxic to fish and wildlife eating those insectss a very general rule, environmental concentrations just 10-

times or more above normal background concentrations dre@enifto cause biological hazards (Skorupa

1994).

Selenium Risk to Birds

Avian embryos are very sensitive to the toxfeef of selenium (Ohlendorf 1989). Hatchability of fertile

eggs is considered the most sensitive measure of selenium toXieéyhatchability of chicken eggs is

reduced when concentrations of selenium are 6 to 9 ppm in the egg. Fertility iectdafbut excess seleni

um causes unusually high rates of embryo mortality and developmental abnormalities (teratogenicity) in birds.
Malformations of embryos caused by selenium apparently result from tissue necrosis of the brain and spinal
cord, optic cups and lens vesicles, mesenchyme of the limb buds, and sometimes the tail region (Gruenwald
1958). These malformations include microphthalmia, anomalies of the extremities, and micracephaly

Extensive field studies of avian response to elevated environmental selenium have been conducted in the San
Joaquin River Basin and near fhigare Lakebed in California, and, to a lesser degree, in other regions of the
western United StatesThese studies have provided agladata base for classic dose-response and epidemio
logical statistical analyses of avian response to selenium exposure that have proven to be taxonomically and
geographically robust (Skorupa et al. 1992, and USFWS 1995). It has been determined, on a bird population
basis, that when the mean selenium concentration in the eggs are below 3 pitrer®W a low risk of

reproductive failure due to seleniuiVhen bird egg concentrations are above 20 ppm seleniuntigvpop

ulation is considered to be at high risk to selenium toxicity and is essentially certain to experience reproductive
failure. Therefore, the low and high risk ends of the toxicity response for birds, with respect to reproductive
performance, is clearly defined and is relatively narr@vihen egg selenium concentrations fall within 3-20

ppm DWthat bird population is at some intermediate amount of risk and direct studies of reproductive perfor
mance are generally necessary for more precise risk assessment (SkorugalR Métman, J.S. Sefchick-

Edwards 1996, Internal Memorandum to the NIW@dgarding Guidelines for Interpreting Selenium

Exposures of BiotAssociated with Nonmaringquatic Habitats, 74 p.)Those assessments have specifically
determined that nests with black-necked stilt eggs containing as little as 4.2-9.7 ppm selenarmdddut

four times more likely to be reproductively impaired than nests with sample eggs containing < 4.2 ppm sele
nium (Ohlendorf et al. 1993, Skorupa 1994).



Selenium Risk to Fish

Lemly (1993) provided guidelines for evaluating the risk posed to fish by selenium in aquatic environments.
Biological efect thresholds for the health and reproductive success of freshwater and anadromous fish are 4
ppm DWselenium for whole body8 ppm DWfor skeletal muscle, 12 ppm DY¥ur liver, and 10 ppm DWor
ovaries and eggs. Furthéne chronic dietary selenium threshold for fish and wildlife is considered 3 ppm

DW, food oganisms containing that level of selenium would supply a toxic dose of selenium while being
unafected themselvesTaxa of fish difer in their sensitivity to selenium, with cold water fishes, such as
salmonids, more sensitive than warmwater fishes. In laboratory studies, rainbow trout fry (Oncorhynchus
mykiss) experienced significant mortality when whole-body residues exceeded 4 pifiubiet al. 1987).

Juvenile rainbow trout exposed to waterborne and dietary sodium selenite exhibited significant changes in
blood chemistry when whole-body tissue residues reached about 3 ppselBWim; survival was reduced

when whole body residues reached 5 ppm (&dson et al. 1980, and Hilton et al. 1980). Hamilton et al.
(1986, 1989, and 1990) studied juvenile chinook salf@mcothynchus tshawytschaxposed to waterborne

and dietary selenium and observed growth was impaired at whole body residue levels of only 2 to 3 ppm DW
selenium, and mortality occurred when concentrations exceeded 10 ppm.

Lemly (1993) studied the teratogenideets of selenium in natural populations of centrarchids and other
warm-water fish speciesiVhole-body selenium concentrations of 15 ppm B¥fe associated with a 10-fold
higher incidence of defects in centrarchid populations in a contaminatedTlageelationship between tissue
selenium residues and the prevalence of malformations approximated an exponential function over the range

of 1-80 ppm DWselenium and 0-70% deformities?#0.881, P<0.01). Lemly concluded that this relationship
could be used to predict the role of teratogenic defects in warm-water fish populations suspected of having
selenium-reproductive failure. Hermanutz et al. (1992) observed pronounced mortality and deformities in lar
val bluegill (Lepomis maarchirus) when breeding adults were experimentally exposed {ogliOW selent

um (as sodium selenite) in the water for 40 weeks prior to egg-laying. Statistically signifitenendis (g

0.05) between the control and 1§/l treatment were observed in mortality (69.7 and 28.8 percent larvae sur
vival, respectively), larvae with edema or body swelling (0.1 and 80.0 percent, respectively), larvae with
hemorrhaging (0.1 and 28.5 percent, respectively), and larvae with lordosis or crooked spine (1@ jpeid 1
cent, respective)yp< 0.10). The whole body residues of selenium in adult bluegills at the end of 365 days in
the 10ug/l water averaged 4.6 ppWiW (approximately 18.4 ppm converted to a [DAsis).

Juvenile fathead minnow®imephales mmelas) had growth inhibition at whole body tissue levels of 6 to 8

ppm DWselenium and above (Bennett et al. 1986, and Ogle and Knight 1989). In outdoor experimental
streams dosed with sodium selenite, Hermanutz et al. (1992) observed that reproductive success of fathead
minnows (ability of fry to swim-up) was impaired when the ovarian tissue of spawning females contained
about 15 ppm and resultant fry contained about 8 ppmsBMhium on a whole body basi&.significant (=

0.05) increase in edema and lordosis was also observed in larval fathead minnows when adults were exposed
to 10ug/l selenium in the water (Schultz and Hermanutz 1990). Control and selenium-exposed fathead min
now larvae had a 0.9 and 24.6 percent occurrence of edema, respeatigtedy5.6 and 23.4 percent oecur

rence of lordosis, respectivelyselenium residues in the fathead minnow embryos spawned in the selenium-
treated stream averaged 3.9 ppfV (about 15.64 ppm when converted to PA¥suming 80% moisture).
Depending upon the specific tissue sampled, concentrations of selenium in fish from control groups or habi-
tats with low ambient selenium levels usually ranged from 1 to 8 ppnfiiidle body would have lower lev

els than liver or ovary tissues) (Lemly 1993). Howetissue damage in majorgams, reproductive impair

ment, and mortality were observed when levels reached 4 to 16 ppnTh%vextremely narrow mgin

between "normal" background and toxic levels, along with the propensity of selenium to bioaccumulate in
aquatic food chains, underscores the biological importance of even slight increases in environmental selenium.



Lemly (1993) also recommended that 4 ppm B&lenium in whole bodies, 8 ppm in skeletal muscle, 10 ppm

in ovary and eggs, and 12 ppm in liver be considered tofactehresholds for the overall health and repro
ductive vigor of freshwater and andronomous fish. Laboratory and field studies indicate that reproductive suc
cess is the most sensitive indicator of selenium impacts on both fathead minnow (Pyron and Beitinger 1989,
Schultz and Hermanutz 1990) and centrarchid populations (Cumbiéaanidorn 1978, Gillespie and

Baumann 1986Moock et al. 1987, Hermanutz et al. 1992, and Coyle et al. 1993).



STUDY AREA AND METHODS

Study 1. Colonial Werbird Eggshell Thickness and Embtoxicity

Egg collections for this study in 1992 and 1993 focused on nesting colonies of black-crowned night-herons,
and great and snowy egrets that have historically been located at both the north and south ends of the Salton
Sea. The colonies were assigned names based on nearby roads and waterways and are indicated in Figure 1.
Most nest sites were on snags, dikes or islands surrounded by 0.1 to 0.2 meters of water and were approached
by kayak or small boat with an outboard mot&ggs were placed in an egg carton and chilled on ice until
returned to the SSNWR where they were refrigerated until transfer to the Carlsbad fiéeldOhe USFWS

for processing.

Study 2. Black-Necked Stilt Nestinaftiency

The study area for the black-necked stilt nesting study was five locations around the Salton Sea (Figure 1).
The Johnson Drain site consisted of a small island edghadéwater River Delta near where Johnson Drain
empties into the Sealhe Elmore Ranch site is a detached levee that functions as a small island in the south
west portion of the Sealhe Davis Road site consisted of plowed roadsides along the main road that runs
north-south through théister Unit of the CDFG Imperiddildlife Area. The Hazardlract site is on land

leased from CDFG and managed by SSNWRis included nesting areas in the dry pond bed of the Hazard 1
Unit and those on the earthen dike at the north end of the Hazard 10Tgmnarst Road Barnacle Bar nest

ing site was along the south dike of a small pond adjacent to Garst Road and immediately west of Hazard 4
pond (north of the ElImore Geothermal plant where Garst Road runs adjacent to the Sea).

Black-necked stilt nests monitored in this study were located in May and June of 1993. Nests were located
along dike roads by sighting incubating adult black-necked stilts from a vehicle. Nests were indirectly marked
with a numbered piece of flagging attached to a flat metal washer placed 20 meters (m) south of nest bowls.
Eggs were immersed in water to determine the sequence in which eggs were laid. For cqoribistérsty

egg laid was collected for contaminant analysis and all remaining eggs were returned to the néshieawl.
possible, egg handling took place without the observer leaving the vehicle, to minimize the possibility of leav
ing a scent trail for predators. Nests were monitored at weekly intek¥élen incubating adults were no

longer present, nests were checked for hatching. Nest bowls with signs of predation of eggs or no sign of
eggshell fragments were considered nests which had been preyed upon and eliminated from further hatchabili
ty analysis. Unhatched eggs were also collected for contaminant analysis.

Study 3. DeséPupfish Exposwr Evaluation using Sailfin Mollies as $ogates

The desert pupfish was listed as a state endangered species by the CDFG in 1980, and as a federally endan
gered species by the USFWS in 198te species' current distribution is limited to shoreline pools of the

Salton Sea, two natural streams, eight artificial ponds, and several irrigation draingydigchato the Sea.
Because of the extremely limited range of this species, degradation of habitat that could limit its reproductive
capacity is an important issue. Howeusgcause the pupfish is a state and federal endangered species it could
not be extensively sampled for this studyherefore, a surrogate species was sampled instead of desert pup
fish. Sailfin mollies(Poecilia latipinna)were collected to represent the chemical body burdens of the-endan
gered desert pupfish. Of the fish species inhabiting irrigation drains, the sailfin molly was thought to-be a rea
sonable surrogate for the pupfish. Sailfin mollies, native to the Southeastern U.S. and Mexico, are primarily
vegetarians that feed on a variety of algae and detrithsse fish have been introduced to the Salton Sea area
where they are thought to compete with desert pupfish due to similarities in feeding habits (McGinnis 1984).
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Figure 1. The locations of snowy egret and great egret nesting colonies are indicated
by A . Locations of the black-necked stilt survey are indicated by the solid purple lines.
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Sailfin mollies sampled in this study were primarily collected during a desert pupfish survey conducted in
1994 by the Imperial Irrigation District (IID). Some additional fish collections were conducted by USFWS
biologists using methods similar to those employed in the 1ID pupfish survey (Remington and Hess 1993).
Fish collections were conducted from July 2@tagyust 12, 1994. Sailfin mollies were collected from 13

drains (Figure 2).Wire mesh minnow traps were set at locations along the last 2-5 km of a drain before it
entered the Salton Sedraps were placed in slow-moving areas of water at depths of about 6 centimeters to 1
meter and baited with cat food in perforated, sealed plastic bBlgs.traps were left in place for approxi

mately 4 to 24 hours, then retrieved and their contents recorded. Up to seven traps were placed along the
lower portion of a drain for purposes of the IID desert pupfish subegyfor this studymollies were colleet

ed from only three traps generally located at upstream, midpoint, and downstream locations of the trapline. In
most cases, approximately 20 to 60 grams of whole body mollies (several fish) were taken from a trap and
composited into a chemically clean glass jar and frozen until analysis. In one instance (at arifajuom

Drain 13) only a single fish was collected, so in that case only a metal scan analysis was conducted on that
sample.All other samples received both a metal scan analysis andjanmozhlorine scan analysis. Chemical
concentrations in the mollies from each of the three trap locations along a drain were averaged to determine
the geometric mean chemical content of mollies in that drain. In one drdmaiyj there was unexplained
mortality of desert pupfish in two trap3hat situation presented the opportunity to conduct contaminant
analysis on desert pupfish to compare with mollies collected at the same location.

Analytical chemistry methods for the bird and fish tissues are detaifgabendix 1.



—{ Avenue 76
Avenue 81

Niland

Trifolium 23_
Trifolium 22

|Vail 7

Trifolium 197 Trifolium 12
Trifolium 18 Trifolium 13

Figure 2. Thelocations of drains from which sailfin mollies were collected.



RESULTS AND DISCUSSION

Study 1. Colonial terbird Eggshell Thickness, Emyjmtoxicity and Egg Contamination

Relatively low numbers of colonial waterbirds were nesting at the Salton Sea in 1993 and eggs for this portion
of the study were collected opportunistically and included failed-to-hatch egdijar\\Radke, personal com
munication, 1993). In some cases, two eggs were collected from gArtesdl of 35 great egret eggs were

collected from 29 nests, 24 snowy egret eggs from 21 nests, and 17 black-crowned night-heron eggs from 13
nests. Fifteen great egret eggs were collected from locations at the southern end of the Salton Sea (Poe and
Lack/Lindsey Roads), but all other egret and heron eggs were collected from the northern end of the Sea at the
Whitewater River coloniesAll eggs were measured and the embryos removed and observed for gross defor
mities. The contents from 10 great egret and 10 snowy egret eggs were submitted for further analysis includ
ing a detailed examination for malformed embryos and chemical analysis.

In calculating average eggshell thickness measurements for each species, averages were first calculated for
sibling eggs from the same nest, and then the nest averages were combined for the speciedJ e erage.

age eggshell thickness measurements for the snowy egret wasQQ2@/millimeter (mm) (n=21);

0.282t0.024 mm (n=29) for great egrets; and 0.2474®19 (n=13) for night-herons.

Little information is available regarding "normal” shell thickness of these species from clean environments,
but Ohlendorf and Marois (1990) report mean shell thickness for night-heron eggs collected before 1947 (i.e.,
pre-DDT) was 0.2860.011 mm at San Francisco Bay and 02845 mm at the San Joaqwalley. In the

present Salton Sea studlye night-heron egg shells were 7-12% thinner than the predd®iiight-heron

eggs from those sited he night-heron shell thinning observed in this study approaches the amount observed
in Lake Ontario night-herons in 1972-1973 (14-17%) when hatching success was 36-39% of normal (Price
1977). Davis (1993) presented a summary of pre- and postdpdd@ggshell thickness for black-crowned
night-herons from a variety of studies in Noftfmerica. The mean for the former was 0.284.014 mm.

The mean thickness found for black-crowned night-herons in this study was among the lowest of post-DDT
era means and was lower than all pre-D&d means provided in that summaltg the present studgreat

egret eggs were 13% thicker than the mean shell thickness o0f:0.248 mm reported for 1985 Salton Sea
great egret eggs that contained a geometric mean concentration of 2¥WIDDE (Ohlendorf and Marois

1990).

Seventeen egret eggs contained embryos that could be examined for embryonic malformations. Of those, five
embryos had some sign of deformity and three embryos exhibited some signs of embryo toxicity but did not
show defects.The malformations observed in the egret embryos are detailedia 2. Although the

observed beak defects could be in keeping with selenium terata, other chemical agents are also capable of
causing them, and, in general, the embryos examined did not present the multiple deformities involving the
eyes, bill and limbs that are typical of classic selenium-induced teratogenicigidd Hofman, NBS,

Patuxent Environmental Research Centaurel, MD; and DrJoseph Skorupa, USFWS, Sacramento, CA;
personal communications, 1999.single egret embryo (Great Egrét) Hid have multiple malformations and
was a co-joined twin (two embryos) joined at the body cavity with a single head. Hpthevisvinning mal
formation is not typical of selenium terata (Doseph Skorupa, personal communication, 1996 phenom

enon of twinning ("duplicity") has previously been described in common($enna hiundo)embryos and in

that case was attributed taganochlorine contamination (Hays and Risebrough 197Bgrefore, aganochle

rine contamination (including, but not limited to, DDE) may be related to the unusual malformation observed
in the single egret embryo.
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Table 2 Description of malformations observed in egret eggs collected in the Salton Sea area in 1993.

Embryo Identification Nest Location Embryo Development and Malformation

Great Egret 3 Poe Road 1/2 incubation stage; twisted upper beak and shorfer
lower beak (could be due to deterioration of embryo)

Great Egret 10 Whitewater River 3/4 incubation stage; some signs of embryotoxicity
including mild to moderate swelling of the neck and
slight hemorrhaging of the body

Great Egret 1 Whitewater River 2/3 incubation stage; cojoined twins (two embryos
sharing the same head, misshapen toes with left fgot
exhibiting an extra toe, left eye absent (anoph-
thalmia), cranium open, lower beak showed little
development relative to the upper

Snowy Egret 2 Whitewater River 2/3 incubation stage; signs of embryotoxicity inclug-
ed slight swelling of throat.

Snowy Egret 4 Whitewater River 3/4 incubation stage; swelling of throat, lower beak
appeared slightly shorter than upper (may be due tp
deterioration).

Snowy Egret 18 Whitewater River 3/4 incubation stage; swelling of throat, left ventricy-

lar wall of heart appeared thinner than expected (may
be due to deterioration).

Snowy Egret 19 Whitewater River 1/3 incubation stage, signs of embryotoxicity included
hemorrhaging.

Snowy Egret 21 Whitewater River 1/3 incubation stage; lower beak appeared shorter
than upper

The apparent high incidence of abnormal embryos in fish-eating birds nesting at the Salton Sea is a situation
that merits additional investigatiol.he combined rate of embryo deformity observed in this study in great

and snowy egret eggs was 29 percent (5 of the 17 egret eggs containing embryos that were of adeguate condi
tion and stage of development for examination). If this incidence of abnormal embryos is actually representa
tive of the Salton Sea population of fish-eating birds, then the rate is approximately 100 times higher than the
typical incidence of abnormal embryos (Doseph Skorupa, USFWS, personal communication, 1995). It

would be desirable to conduct additional field work on egrets nesting at the Salton Sea to determine if rates of
embryonic malformations are truly that high, or were a function of the small number of embryos examined in
this study and to compare these rates with egrets nesting at other wetland locations in the \falpeyialf

the situation described in this study is real, a possible management solution would be to encourage egrets to
nest at alternative, less hazardous locations, if they exist.

Geometric mean concentrations of the principal contaminants in the snowy and great egret eggs collected at
the Salton Sea in 1993 are presentetiainle 3. The average moisture and lipid content in the snowy egret
eggs was 80.2 and 5.5%, respectivatyd the average moisture and lipid content of the great egret eggs was



76.6 and 6.2 %, respectivelfhe geometric mean selenium concentration was 4g8y DW (range 3.51 to

8.32) in the snowy egret eggs and 7utfg DW (range 6.1 to 9.9) in the great egret eggs, which places those
populations at the Level of Concern (3-8 ppm) for selenium toxicity [Bureau of Reclamation 1993 Internal
Memorandum to NIWQmanager regarding Predicted SeleniurfeEf Levels for Kendrick and Middle

Green River Remediation (Irrigation Drainage) 4 p.]. In 1985, 10 black-crowned night-herons and 10 great
egret eggs were collected from the Salton Sea area (Ohlendorf and Marois 1990), and (when converted to
DW) they contained geometric mean selenium concentrations of 4.4 (range 3.7-5.6) |agid 2262-3.3),
respectively In this study great egret eggs on average contained over 2.7 times the amount of selenium than
eggs observed in 1985. On a individual egg basis, birds are at increased risk of reproductive failure when
selenium concentrations in the egg is 5.1-20 ppm(BW¥érupa et al. 1992)Therefore, 30% of the snowy

egret eggs and 100% of the great egret eggs were in that reproductive depression range due to their selenium
concentrations.
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Table 3 Principal contaminants detected in snowy and great egret eggs collected at the Salton Sea in 1993. In calcu
lating the geometric mean a value of one half the detection limit was used for samples in which no measurable quantity
was detected. Geometric means are presentefi(fo of samples contained measurable quantities of a given centami
nant. No mean is presented if < 50% of samples contained measurable quantities of a given contaminant.

Species Location Egg Boron Selenium Dieldrin p’-DDEp PCB Toxaphene
Id. Hg/gdw Hg/gdw Hg/g ww Hg/g ww Hg/g ww Hg/g ww
Snowy Eget [Whitewaterl 2 <.503 4.8 0.06 4.3 0.14 <.05
3 <.996 4.6 0.03 2.6 <.05 <.05
4 <.501 4.7 <.01 13 <.05 <.05
9 <.504 5.3 0.19 2.1 <.05 <.05
15 <.502 4.6 0.02 2.1 <.05 <.05
16 <.505 8.3 0.2 41 0.35 1.3
18 <.502 4.1 0.17 14 0.07 <.05
19 <.504 4.1 <.01 27 0.05 0.62
20 <.506 3.5 0.05 6.1 <.05 <.05
21 0.77 7.4 0.02 1.7 <.05 <.05
Mean 4.97 0.04 6.33
Minimum 3.51 <.01 1.7
Maximum 8.32 0.2 41
Whitewater 1 <.51 6.1 0.26 23 0.42 13
6 <502 6.6 0.08 4.5 0.55 <.05
Sl S 8 <.504 6.6 0.25 50 0.75 .063
10 2.1 6.4 047 6.4 11 0.76
11 0.63 7.9 0.26 7.2 047 14
Poe Road 1 <.5 7.8 0.41 17 0.8 2.2
2 0.57 6.9 0.42 16 0.7 2.2
3 1.28 6.8 0.37 14 0.6 2.1
5 0.78 9.9 0.45 15 2.5 0.77
Poe Road
Delta 3 0.90 7.1 0.16 11 4.6 13
Mean 0.55 7.14 .28 13.11 0.90 0.68
Minimum ND 6.1 0.08 4.5 0.42 ND
Maximum 21 9.9 0.45 50 4.6 22




The geometric mean DDE concentration in snowy egret eggs wap@®®a/W (range 1.7 to 41) and the

geometric mean in great egret eggs waslli3glg WW (range 1.7 to 41) @ble 3). This mean concentration

is below that found in 1985 by Ohlendorf and Marois (1990) for great egretsu@4.@/W), but the maxi

mum in this study was slightly higher than the maximum ofig® WW measured in that studyrhe maxi

mums from both snowy egrets and great egrets measured in this study exceeded the maxinugiy 9¥\20
measured in black-crowned night-herons by Ohlendorf and Marois (198@)mean for black-crowned
night-herons in that study was 8.68/g WW, between the two means for the species examined fbee.

geometric mean DDE contamination in Salton Sea snowy egrets approaches and in great egrets exceeds the
8.0 ug/gWW level associated with reduced reproductive success in night-herons (Custer et al. 1983, and
Henny et al. 1984). Nearly half of the egret eggs contained from 1.5 to 6 times the amount of DDE associated
with reproductive décts in night-herons (reproductivdesdts associated with DDE include eggshell thinning,

egg breakage, and reduced clutch size, hatching success and subsequent productivity). In addition, this study
observed exceptionally high concentrations of DDE in some egret eggs, with one snowy egret egg containing
41 ug/gWW DDE and a great egret egg containingus@g. This was twice the amount of DDE observed in

a great egret egg considered remarkable by Ohlendorf and Marois (1990) because it confaifeged/v

DDE in 1985. Three other snowy egret egg samples and six other great egret egg samples individually
exceeded the 840g/g WW level described by Custer et al. (1983) and Henny et al. (1984).

The geometric mean boron concentration in great egret eggs wasgfgaI5W and the single snowy egret

with measurable quantities of boron contained (ug/g DW (Table 3). Because these amounts are below the
3 ug/g DW level associated with reduced weight gain in ducklings (SmithAadérs 1989), egrets do not
seem to be at risk to boron toxicity

Toxaphene is a persistengganochlorine pesticide that was present in most great egret eds 8). The
geometric mean toxaphene concentration in great egrets eggs wag/g.88VN. This value was nearly 5

times higher than the geometric mean concentration of toxaphene (@/HAYW, range ND-0.33) observed

in egret eggs from the Salton Sea in 1985 (Ohlendorf and Marois 188&3phene was banned for use in
1986 (USER 1982), but has a half life in soil of up t@ §ears (Eisler and Jacknow 1983pxaphene has

been shown to cause severe embryorieces including dislocated joints and poor growth in mallard duck
lings when used at application rates in excess of 1.12 kilograms per hectdneafHand Eastin 1982).

Dieldrin and PCBs are two other persistent contaminants that were also found at measurable, but non-haz
ardous, quantities in many of the egret eggs, and those results are also preSettied3in

Study 2. Black-Necked Stilt Ergbtoxicity Nesting Poficiency and Egg Contamination

In 1992, 38 black-necked stilt eggs were collected from the Salton Sea area for embryonic and chemical analy
sis, but nesting was not followed that ye@wenty of those eggs contained embryos that could be examined

in detail for malformations and all of the 38 stilt eggs collected in 1992 were submitted for chemical analysis.
In 1993, 40 stilt eggs were collected from several locations around the Saltomw&edy-eight of the stilt

eggs collected contained embryos that could be examined in detail and all 40 eggs collected in 1993 were sub
mitted for chemical analysis. Each of these 1993 nests was observed for nest proficiency (defined-as produc
ing a full clutch of viable eggs) and those results are presented. below

The principal contaminants observed in each of the stilt eggs collected in 1992 and 1993 are presented in
Tables 4 and 5, respectivelPn a population basis, the 1992 stilt eggs contained a geometric mean of 6.60
ug/g DWselenium (range 3.74 to 14.2) and the 1993 stilt eggs contained a geometric meaquofgbCB2/
selenium (range 3.67 to 8.96)hese levels indicate the Salton Sea black-necked stilt populations are,-on aver
age, at the Level of Concern for bird hazard [Bureau of Reclamation 1993 Internal Memorandum to NIWQP
Manager regarding Predicted SeleniurfeEf Levels for Kendrick and Middle Green River Remediation
(Irrigation Drainage) 4 pp.].



18

Table 4 Principal contaminants in black-necked stilt eggs collected around the Salton Sea in 1992.- In calcu
lating geometric mean a value of one half the detection limit was used for samples in which no measurable
guantity was detected. Geometric means are presertéfd¥% of samples contained measurable quantities

of a given contaminant. No mean is presented if < 50% of samples contained measurable quantities of a given
contaminant.

Black-necked Stilt Eggs Collected in 1992

Egg. Percen Percent Borpn  Seleium  Dieldrin p,p'-POBxaphene

Id Moisturg Lipid| po/g dw| pg/g dw | pg/g ww | pg/g ww pa/g ww

1 73 14 0.7 8.1 0.05 19 <0.0}

2 72 13 <0.5 4.0 Q.1 B.5 <0.p5
3 74 14 <0.5 5.7 <001 B.6 <0.05
4 74 12 0.64 5.9 <001 2.3 <0.05
5 75 12 1.29 4.7 <0l01 .62 <0.05
6 73 14 0.51 5.1 0.05 .9 <0.05
7 73 10 <0.5 8.3 0.04 1 <0.05
8 76 10 <0.5 6.1 <0.01 B.4 <0.0b5
9 76 8 <0.5 12.4 Q.12 .7 <0.05
10 70 17 0.76 6.24 0{03 14 <0.05
11 76 12 0.52 8.3 0]03 1.1 <0.45
12 68 17 <0.5 3.7 0.p7 22 <0.05
13 73 16 <0.5 6.5 0.p1 0.69 <0.0b
14 74 15 <0.5 5.1 0.p6 3.8 <0.0b
15 72 14 <0.5 6.3 0.p4 42 <0.05
16 75 6 0.9 4.8 <001 0436 <0.05
17 76 12 0.93 7.3 <0.p1 1 <0.0b
18 73 12 0.7 5.7 0.p4 0.92 <0.0p
19 70 18 <0.5 7.9 0.p6 24 0.9




Black-necked Stilt Eggs Collected in 1992

Egg. Percen Percept Borpn  Selefjium  Dieldrin p,p'-POBxaphene
Id Moisture Lipid | pg/g dw| pg/g dw | pg/g ww | pg/g ww pa/g ww
20 74 14 0.7p 7.9 <0.p1 5 <0.05
21 72 6 0.9¢% 5.5 0.p2 1 <0.05
22 74 15 <0.5 12.9 0.p5 0 <0.05
23 74 10 <0.5 6.8 <0.p1 o] <0.05
24 73 14 0.6p 5.7 0.p4 2 <0.05
25 74 12 <0.5 7 0.03 1 <0.05
26 75 9 <0.5 13.6 0.4 2 <0.05
27 72 12 1.1 6.2 0.4 ? <0.05
28 70 13 <0.5| 1.31 0.04 1.8 <0.05
30 75 12 <0.5 4.6 0.96 2 <0.05
31 75 12 2 6.9 0.017 2 <0.05
32 69 14 0.6 6 0.04 4. <0.05
33 72 13 1.3 5.2 0.0p 2 <0.05
34 69 14 0.5 6.1 0.0p 3 <0.05
35 66 13 0.7 6.1 0.02 il <0.05
36 63 14 0.7 7.3 0.06 5 3.2
37 5 39 <0.5 14.2 0.0§ ® <0.05
38 26 32 <0.5 4.3 0.09 5 <0.05
39 0.1 36 1.2 5.6 0.01 7 <0.05
Mean
0.47 6.60 0.03 2.02
Minimum
<0.05 3.74 <0.01 0.36
Maximum 20 |142 0.12 7.5
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Table 5 Principal contaminants in black-necked stilt eggs collected around the Salton Sea in 1993. In calculating geometric
mean, a value of one half the detection limit was used for samples in which no measurable quantity was detected. Gewosnetric mea
are presented # 50% of samples contained measurable quantities of a given contaminant. No mean is presented if < 50% of sam
ples contained measurable quantities of a given contaminant.

Black-necked Stilt Eggs Collected in 1993
Egd. Location Percel;lt Perdent Bofon Selgnium  Digldrin p,p'-PDé&xaphene
Id Moistuile Lip|dug/g dw| ug/g dw | po/g ww| pg/g ww pa/g ww
1 Davis Road 73 15 2.26 D.0 $0.01 5.9 .05 | <0
2 Davis Road 70 iR 40.5 8.9 0.06 31 005 |<
3 Davis Road 70 § 2119 5{7 D.01 Q.96 .05 |<0
4 Davis Road 71 1b .77 1.1 0.04 B.7 0.32
5 Davis Road 71 4 1.85 q.5 0.05 .9 0.05 |<
6 Davis Road 70 1B 2.89 11 0.03 P3 005 |<
7 Davis Road 72 1p 1169 1.2 <0.01 d.65 05 | <O.
8 Davis Road 69 16 177 q.7 0.01 4.4 0.05 |<
9 Davis Road 70 1b 1p1 q.3 0.03 4.9 0.05 |<
10 | Davis Road 69 138 147 q.5 0.02 1.7 .05 ([<0
11 | Davis Road 68 17 0.p6 54 D.03 216 05 |<O.
12 Hazardract 71 15 1.4 4.1 0]03 1 <40.05
13 Hazardract 71 15 0.9b 4.4 0j17 9.7 £0.05
14 Hazardract 71 14 <0.5 57 0|07 3.1 0.05
15 Hazardract 72 12 1.4 5.6 0]04 1.1 0.05
16 | Hazardract 68 15 1.08 4.4 0Jjo4 1.4 0.05
17 Hazardract 67 16 1.96 7.4 0{o7 1.4 £0.05
18 | Hazardract 70 17 0.58 4.3 0Jo3 14 0.05
19 Hazardract 69 14 1.9y 4.9 0]06 3 <0.05
20 Hazardract 70 17 1.1 4.3 0]06 2.1 40.05
21 Hazardract 70 15 <0.5 4.2 0[1 2.8 <0.05
22 | Hazardract 64 19 <0.5 6.( 0]03 8.2 <0.05
23 | Hazardract 70 14 <0.5 3.7 0|02 11 <40.05




Black-necked Stilt Eggs Collected in 1993

Egg Location Percent Pergent Borgn Selgnium Digldrin p,p'-PDixaphene

Id Moistufe  Lipifl pg/g dw |pg/g dw| pg/g ww | pg/g ww ug/g ww
24 Hazardract 72 13 <0.5 1.7 (.02 1.5 <0.05
25 Hazardract 72 13 1.3 5.4 (.03 3 <0.p5
26 Davis Road 70 14 1y 4.0 0.06 38 005 <
28 Davis Road 72 13 2.B7 6.9 <0.01 2.6 05 <q@.
29 Davis Road 70 15 21 4.7 0.06 2 0.05 <
30 Davis Road 72 13 1.89 7.5 q0.01 P3 05 <Q.
31 Hazardract 71 13 <0.5 6{9 0]3 1.2 1{6
32 Hazardract 73 n 1.65 7.9 0.04 1.3 <0.04
33 Hazardract 59 25 1.5¢ 4.4 0{o4 4.3 <0405
34 Hazardract 62 19 15 3.9 0104 1.9 <0J05
35 Hazardract 71 18 0.8% 6.6 0{37 q.7 24
36 | Johnson Drain 70 14 1.9 438 D.02 0.7 .05 <(ﬁ
37 | Johnson Drai{ 70 13 2.2 g9 .02 11 .05 <0
38 Barth Road 71 10 15 717 0.15 2.1 <0.05

39 Barth Road 69 15 0.95 6{7 D.02 14 005 <
40 Barth Road 74 10 2 6.B 0.05 1.5 <0.05

41 Hazardract 71 1 1.87 8.0 0.0% 1% <0.04
42 Hazardract 70 14 2.48 6.4 0jo8 1.9 <0{05
43 | Hazardract 64 17 <0.5 6.6 0139 5.3 1{6
44 | Hazardract 39 32 1.29 4.5 0{06 P.5 0j41
45 | Hazardract 65 14 <0.5 5.8 0}31 b <0.p5
Mean 1.09 5.82 0.040 2.48

Minimum 0.25 3.67 <1).01 .65

Maximum 2.89 8.96 1).39 p3

The number of stilt eggs collected from nests in 1992 and 1993 considered at increased risk to hatching fail
ure because of selenium toxicity is presented in Figure 3. In both years of the58sdyf the stilt eggs

sampled contained4.2 ppm selenium, meaning the nests those eggs came from were four times more likely
to fail than if the eggs contained less than 4.2 ppmd@i&nium (Ohlendorf et al. 1993, Skorupa 1994).



Figure 3. Number of black -necked stilt eggs collected in 1992 and 1998&etmifevels of reproductive rsk
relative to selenium concentrations in the egg. Eggs containing 4.2 ppm or more selenium are about four
times more likely to be from reproductively impaired nests than eggs with less than 4.2 ppm selenium
(Ohlendorf et al. 1993, Skorupa 1994).




The stilt eggs contained geometric mean concentrations ofi§/d/DW boron in 1992 and 1.0%g9/g DW
boron in 1993 (@bles 4 and 5). Both geometric mean concentrations are belowtfig BWthreshold
value for boron décts to duckling growth (Smith akhders 1989).

The stilt eggs also contained geometric mean concentrations gig@@/W DDE in 1992 and 2.48 DDE in
1993. In 1993, when 40 stilt eggs were sampled, a single stilt egg was found to copigig\®3V DDE, a

value twice as high as the 1216/g WW maximum observed when 84 stilt eggs were analyzed in the 1988-90
NIWQPirrigation drainwater study of the Salton Sea area (Setmire et al. 188@rse diects occur in

many fish-eating birds at <10 ppm DDE, but the level of DDE associated with reproductive failures in black-
necked stilts is not specifically known.

One stilt egg collected in 1992 (Egg IM)Ihad signs of embryotoxicity that included hemorrhaging of the

throat and had a selenium content of 898y DW (Table 4). One stilt egg collected in 1993 at Johnson Drain

at the north end of the Salton Sea (Egg ID Johnson Drain 36) had a lower mandible slightly smaller relative to
the upperand had a selenium content of g DW (Table 5). Neither of these malformations by them

selves are considered selenium terata, as selenium induced deformities typically include multiple malforma
tions of the eyes, hills and limbs.

The fate of the black-necked stilt nests monitored at the Salton Sea in 1993 is prestatél6nThe black-

necked stilt nest proficiency data set was analyzed to determine the proportion of nests with reproductive
impairment by havingl eggs that failed to hatch. Of the 37 nests observed, 27 were full term nests that were
not preyed upon, abandoned or destroyed. Howéwar of those full term nests were excluded from further
analysis because their fate was ambiguous in that at least one egg from each nest was known to have hatched
but the fate of the remaining eggs could not be determined (these four nests are indiaikdGras having
hatched 1+ eggs). One full term nest (Elmore Ranch 1) was observed to initially contain a full clutch of eggs
and, although the fate of two eggs in that nest was unknown, the nest did contain one egg that failed to hatch.
Two other nests each contained one failed-to-hatch egg (Davis Road 10 andTHazat®). Therefore,

three of the 23 full term nests hadl fail-to-hatch eggs, or 13% of the black-necked stilts nests studied were
affected by hatching failure.
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Table 6. Fate of black-necked stilts nests (and associated egg contamination) located around the Salton Sea in
1993. Shaded selenium values indicate the selenium concentration in that egg was in the hatchability depres
sion range (5.1-20 ppm) for individual recurverostrid eggs (Skorupa et al. 1992).

Nest Fate and Egg Contaminant Information of Black-Necked Stilts Nestinground Salton Sea, 1993
I_Nest_ Nest Clitch Number — Number Nunfiber enium
ocation Id. Size| Hatched Fail to HatchYoung Deagl
Johnson Drair 2 3 1+ 0 0
3 3 1+ 0 0
Elmore Ranch 1 3 0 1 0
2 3 1+ 0 0
3 3 1+ 0 1
Davis Road 1 3 3 0 1
2 3 3 0 0
3 3 3 0 0
4 3 3 0 0
5 3 0 0 0
6 3 3 0 0
7 3 3 0 0
8 3 3 0 0
9 3 3 0 0
10 3 2 1 0
11 3 3 0 0
26 3 0 0 0 P
27 3 0 0 0
28 3 3 0 0
29 3 3 0 0 .
30 3 3 0 0 Hat
HazardTract 12 3 0 2 (g Abandone 4.7
13 3 3 0 0 Hatghed 4.6




Nest Fate and Egg Contaminant Information of Black-Necked Stilts Nestingr ound Salton Sea, 1993

Nest Nest Clutdh Numbler Number Nun enium

Location d. Sike Hatched Fail to Hatch Young Deag
14 3 3 0 0
15 3 3 0 0
16 3 0 3 0
17 3 3 0 0 Hat
18 3 2 1 0 Hatthed 413
19 2 2 0 0 Hatched 419
20 3 0 0 0 Destroyed 413
21 3 0 0 0 Pregated 4)2
22 3 0 3 0 |Abandone
23 3 0 0 0 Pregated 3|7
24 3 3 0 Hat
25 3 3 0 Hat
31 3 3 0

Garst Road 32 2 0 2

1Clutch size after removal of one egg
2 Chemical content of single egg removed from clutch

Normally, only 8.9% of stilt nests with less than 4.1 ppm B¥lenium in their eggs hawé fail-to-hatch

eggs, orconversely91.1% of normal nests are ufeated by fail to hatch eggs (USFWS 1998Yhen the

Salton Sea black-necked stilt productivity (87.0% fewéd nests) is compared to normal productivitwas
calculated the Salton Sea population had 4.5% reproductive depression when compared to stilts in selenium-
normal environments [(91.1-87.0)/91.1 =0.04B]though the sample size was not adequate for statistical
evaluation, this amount of reproductive depression in the Salton Sea black-necked stilt population is attributed
to the selenium concentrations in the eggs because: 1) the reproductive success calculations were based only
on data from full-term nests that did not fail due to predation, disturbance or abandonment, and 2) selenium
was the single contaminant measured at known reproduction hazard threshold concentrations in the stilt eggs.

Therefore, there is an apparent small (4.5%ctin black-neck stilt reproduction that is consistent with
known exposure-response data, and there is good reason to consider it biologically real. , ldowedoehe
small magnitude of &ct, and the low statistical power of the sample size of 23 nests, the possibility that the



26

result represents pure chance cannot be rejected. For example, a chi-square comparing the null expectation of
2.0 impaired nests (and 21.0 unimpaired, i.e., 8.9% impaired, the background rate) against the observed ratio
of 3 impaired nests and 20 unimpaired nests yields a chi-square value of <1.0 (d.f.=1), which does not
approach statistical significance at the 5% level. Based on the rate of impairments observed, it has been calcu
lated that a sample size of about 225 full term nests would need to be monitored in order to statistically verify

a 4.5% reduction in nesting proficiencilonitoring that sample size of black-necked stilts is not realistic for

any given year at the Salton Sea. Howgiteould realistically be achieved over several nesting seasons.

The avian reproductive hazard in the Salton Sea area was reviewed in a presentation at the 1994 Salton Sea
Symposium (Skorupa 1994). Because there is a close correlation between waterborne selenium and egg sele
nium in nonmigratory species of water birds, and a close correlation between egg selenium arfddtssic ef
toxicity thresholds for avian eggs can be used to estimate toxicity thresholds in water and fhieedietrela

tionships and estimates have been independently field validated in two recent studies of avian exposure to
selenium (USFWS 1995), therefore, the general toxicological relationships documented for the San Joaquin
Valley also appear to apply to data from the Salton Sea. For exampletoseger selenium ratios for black-

necked stilts documented for the Salton Sea fall on the same regression line as data from Kesterson Reservoir
and theTulare Basin (DrJoseph Skorupa, personal communication, 1995). Using that information, it could be
predicted that approximatelyl D% (or when rounded to the nearest whole number of nests for this sample

set, three) of Salton Sea stilt nests would fecedd by hatching failure. In fact, 13% (i.e., three) of Sea stilt

nests were observed to béeated by hatching failure in this studyherefore, black-necked stilts nesting at

the Sea appear to display the same selenium exposure response described for birds in other localities (Skorupe
1994, USFWS 1995)This demonstrates again the taxonomic and geographic robustness of the selenium toxi
city thresholds currently established for birds, and thatge lamount of predictive information about bird
reproductive hazard can be obtained simply by knowing the concentration of selenium in the environment and
the egg.

This study demonstrated that black-necked stilts are a good species to monitor for selenium- ifetised ef

the Salton Sea because: 1) no other contaminant was observed in their eggs at concentrations high enough to
be a known reproductive impairment, and 2) the biological response of the stilts to the selenium exposure is
apparently consistent with exposure-response data, although the sample size of Salton Sea stilt nest success
data is small relative to desirable statistical powdrerefore, it would be desirable to continue monitoring
black-necked stilts in the Salton Sea area to describe selerfasts @ the area's waterbirds, and more clear
conclusions can be reached within a few breeding seasons.

Study 3. DeseéPupfish Study Using Sailfin Molly Sopates

Sailfin mollies were trapped in 13 agricultural draifi$e principal contaminants detected in sailfin mollies
and desert pupfish collected in drains around the Salton Sea in 1994 are presEaiéel in Geometric mean
boron concentrations in the fish ranged from 3.3 to 8/ DW, with the maximum concentration (32.3
po/g) observed in mollies frorifolium 12 Drain. It is not possible to compare these boron results with
those of the NIWQMPetailed Study (Setmire et al. 1993) because in that study the boron reporting limit in
sailfin molly tissues was 18g/g. The results are ditult to evaluate further because there are no boron crite
ria or efect levels for fish. Geometric mean DDE concentrations in mollies ranged from 0.03 {@@93
WW, with the higher DDE concentrations seen in fish collected frorivdii& Drain (0.51ug/g DDE), the R
Drain (0.52ug/g DDE), and th&trifolium 23 Drain (0.93.g/g DDE). These concentrations of DDE are not
hazardous to the fish themselves, but some approach the Natmawkeimy of Sciences|dg/g oganochlorine
pesticide threshold for protection of fish-eating birds (NAS 19220, the elevated DDE concentrations
probably indicate the relative DDE contamination in a particular drainage sy$teminformation could be
used to determine if particular drainages are contributing more bioavailghl@ochlorines to the ecosystem
than others.
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Table 7. Geometric mean (range) concentration of principal contaminants in sailfin mollies and desert pupfish
from drains around the Salton Sea in 1994. Lightly shaded selenium values indicates the concentrations in
fish were in the Level of Concern (3-6 ppm dw), and dark shaded values indicate concentrations in fish were
above theToxicity Threshold (>6 ppm dw) for warmwater fish reproductive hazards (BOR 1993).

Sailfin Mollies Collected in 1994
Location Sample Boro Selenjum Dieldlrin p,p'-DDHE
Size po/g dw pa/g ww pa/g ww
Avenue 76 3 3. 0.022 0.37
3.1-4.7 <.01-0.030 0.27-0.43
Avenue 81 3 9.3 <01 0.23
5.7-11.7 0.16-0.33
Niland 1 3 6.0 <.01 0.12
5.1-7.3 0.11-0.14
Poe Road 3 6.1 <.01 0.13
5.5-7.0 0.12-0.15
R Drain 2 4.7 <.01 0.52
3.4-6.1 0.44-0.59
Trifolium 12 3 28.0 <.01 0.064
24.2-32.3 0.06-0.066
Trifolium 13 1 5.4 No data No data
Trifolium 18 3 1B <.01 0.03
11.0-11..8 0.029-0.031
Trifolium 19 1 4.4 <.01 0.13
Trifolium 22 3 4.3 0.049 0.35
4.2-4.6 0.048-0.051 0.34-0.37
Trifolium 23 1 3.3 0.082 0.93
Vail 7 3 16.7 0.025 0.44
9.5-22.2 0.015-0.031 0.31-0.51
W Drain 3 6.2 <.01 0.24
5.3-7.1 0.21-0.26
W Drain
Pupfish 2 8.8 <.01 0.17
8.6-9.1 0.14-0.18
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In the case oW Drain, where both sailfin mollies and desert pupfish were collected and submitted fer analy

sis, there was general agreement in contaminant levels between the two species, particularly in selenium where
mollies contained 5.Ag/g DWand desert pupfish contained pig/g DW. Therefore, it seems that sailfin

mollies are reasonably good indicators for desert pupfish selenium contamination loads.

Sailfin mollies from 1 of the 13 drains and the desert pupfish from one of the drains contained geometric
mean concentrations between 3 to 6 ppm &aénium and therefore were at the Level of Concern for
warmwater fishes [Bureau of Reclamation 1993 Internal Memorandum to NM&RRger regarding

Predicted Selenium fefct Levels for Kendrick and Middle Green River Remediation (Irrigation Drainage) 4

p.]. Sailfin mollies in two other drains YAnue 76 andrifolium 18) contained geometric mean concentra

tions of 6.4 and 10.Ag/g selenium DWrespectivelyand so were over the toxicity threshold (>6 ppm ) for
warmwater fish reproductive hazards. Selenium hazards to desert pupfish are not precisely known, but they
may have a sensitivity similar to that of the fathead minmmether warmwater fish in the same family
Cyprinidae (Dr Steve Hamilton, National Biological Service, personal communication 1995). Juvenile fat
head minnows exhibit growth inhibition at whole body concentrations of gugggBDW selenium (Bennett et

al. 1986, and Ogle and Knight 1989), and there is a significant increase in edema and lordosis (curved spine)
in larval fathead minnows when adults were exposed to selenium water at concentrations as logflas 10
Lemly (1993) concluded thatilg/g DW selenium be considered the toxiéeet threshold for the overall

health of and reproductive vigor of freshwater fiSiherefore, the desert pupfish is apparently at reproductive
risk in many of the drains where they are known to occur

Finally, fish collected from all drains exceeded either the Level of Concern (2-6 ppm Ddjioity
Threshold (>6 ppm DW) for dietary criteria, indicating that besides the risk to the fish themselves, the fish
also present a risk toganisms that consume them.



CONCLUSIONS

The amount of eggshell thinning (up to 12%) observed in black-crowned night herons nesting at the Salton
Sea in 1993 indicates that species is likely to be experiencing reproductive depression related to egg failures.
Embryonic malformations were observed in 29% of the snowy egret and great egret embryos examined in
detail. A variety of defects were observed, including the unusual malformation of a twin embryo joined at the
body but with a single head, but none of these malformations were considered typical selenium-induced terata.
The deformities observed could be related to the multiple kinds of contaminants observed in the egret eggs,
but these kinds of syrgistic efects are poorly understood. Chemical analysis of the egret embryos indicated
the egg selenium content ranged from 3.5p@&) DW -- levels that put the birds at risk to lowered productiv

ity but unlikely to produce observable rates of teratogenicity in the small number of egret eggs examined.
Therefore, neither the kinds of deformities observed in the egrets nor the associated levels of selenium in their
eggs indicate that selenium-induced terata is occurring in egrets nesting at the Salton Sea area, ti#owever
egret eggs also exhibited high levels of DDE with a geometric mean ofi/@8/W in the snowy egrets and

13.11 pg/gWW in the great egretsThese levels of DDE approach and exceed the amowg/¢} associated

with reduced reproductive success in black-crowned night herons (Custer et al. 1983, and Henny et al. 1984).
An additional concern is that some egrets contained surprisingly higher levels of DDE and toxaphene in this
study than in another study of contaminants in egrets from the Salton Sea imPAp@&Bently high levels of

these persistent contaminants are still available to some of these birds. Setmire et al. (1993) identified DDE
contamination at all trophic levels (including resident species) in the Salton Sea ecosystem. In fact, it was
detected in 99% of the samples analyzed, and concentrations in biota were correlated with tropfibdével.
study concluded that resident species of birds in the Impéilagly are likely to experience reproductive
impairment as a result of the DDE contamination. Other sources of DDE, including possible sources in
Mexico, are potentially available to migratory species. Howevegcent study by Mora (1997) indicates that
there is no clear evidence for increased bioaccumulation of DDE in migratory species while wintering in
Mexico. The limited data suggest that bioaccumulation is similar in Mexico and the Southwestern United
States. The reported declines in colonial nesting bird success at the Salton Sea is likely to be related to the
high levels of multiple contaminants in these fish-eating birds, particulay@nochlorines.

The black-necked stilt study indicates that this species is likely to be experiencing selenium-induced-reproduc
tive depression. Nesting proficiency of Salton Sea area stilts was 4.5% lower than that reported for stilts with
low selenium exposure (USFWS 1995), with 13% of the full term stilt ndstsed by having at least one

egg that failed to hatchThe geometric mean selenium content of the stilt eggs (&&0DWin 1992 and

5.82ug/g DWin 1993) places the stilts at a fetimes greater risk to reproductive depression due to egg mor
tality than if they had selenium levels below 4.1 ppm (Skorupa 199#.stilts at Salton Sea did not exhibit
selenium-induced terata, but the likelihood of observing embryo deformation at those eggs selenium concen
trations and the samples sizes of this study would be very law¢Beph Skorupa, personal communication,
1995). Therefore, when assessing the hazard of selenium to stilts at the Salton Sea, the most appropriate type
of investigation is a nesting proficiency study with chemical analysis of one egg from each nest.

One aspect that needs to be considered when evaluating the data for black-necked stilts is their level of sensi
tivity to selenium toxicity Stilts are moderately sensitive to the reproductifects of selenium toxicity as
compared to ducks which are considered sensitive to thiestsgfSkorupa, J..PS.P Morman, J.S. Sefchick-
Edwards 1996 Internal Memorandum to the NIW@dgarding Guidelines for Interpreting Selenium

Exposures of BiotAssociated with Nonmaringquatic Habitats, 74 pp.)While the efect measured here

was small, an &ct was detectable in a moderately sensitive spedieis. raises concerns about the potential

for reproductive impairment in more sensitive species that nest in the Salton Sea ecosystem.
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The sailfin mollie study indicated that the endangered desert pupfish is probably also at risk to reproductive
hazards from selenium. In addition, the sailfin mollie data indicate that fishes in the agricultural drains are
presenting a selenium hazard as a dietary food item.

To summarize the management implications of this stindyreproductive depression in birds due to both

selenium and DDE, hazards to the endangered pupfish, and levels of selenium in fish as a dietary food item
have emaged as the most serious concerns for fish and wildlife resources in the Salton S&hearsalogt

cal hazards relative to persistent contaminants in the Salton Sea area are now more clearly understood and the
information indicates which species and endpoints are most relevafurte af improving and monitoring the

Salton Sea contaminant issues, with respect to NIVe¢Qponsibilities.
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APPENDIX 1

Analytical Chemistry Methods for Birflissues

Chemical analyses for ingainic compounds in bird tissues were performed at Res€aaciyle Institute
(ResearcHriangle Park, NC). Elements analyzed included arsenic, aluminum, boron, barium, beryllium, cad
mium, chromium, coppeiron, magnesium, manganese, mercurglybdenum, nickel, lead, selenium, stron

tium, vanadium, and zincTissue samples were prehomogenized using a food processor and a portion of the
sample was freeze-dried for determination of moisture content and ground through a 100-mesh screen with a
mill. Using a CEM microwave oven, 0.5 g of the freeze-dried samples were heated in a capped vessel in the
presence of 5 ml of Baker Instra-Analyzed nitric acid for three minutes at 120 watts, then three minutes at 300
watts, and finally for 35 minutes at 450 watifessel caps were rinsed into the vessel with additional nitric

acid and the uncapped vessel was returned to the microwave and heated until the volume remaining was less
than 1 ml. Samples were then diluted to 5 ml with laboratory pure water and centrifuged to precipitate the
suspended material. Samples then underwent inductively coupled plasma spectroscopy (ICP) analysis
(USERA 1987hb, Dahlquist and Knoll 1978) using a Leeman Labs Plasma Spec | sequential or ES2000 simul
taneous spectrometeSamples that underwent graphite furnace or cold vapor atomic absorption were homog
enized as described above for |@Ralysis. These samples were similarly heated in a microwave, however the
duration of microwave heating at 450 watts reduced to 15 minutes. Residues produced were then diluted to 50
ml with laboratory pure waterGraphite furnace atomic absorption measurements for arsenic and selenium
(USERA 1984) were made with a Perkin-Elmer Zeeman 3030 or 41@@athic absorption spectrometer

Cold vapor atomic absorption measurements for mercury (A13884) were conducted using SHG@s a
reducing agent with a Leeman PS200Adglyzer

Chemical analyses for gainic compounds in bird tissues were performed at Mississippi State Chemical
Laboratory (Starkville, MS). @ganic analytes analyzed included@nochlorine pesticides (OCs), polychiori

nated biphenyls (PCBs), cis-nonachland delta BHC. Tissue samples were thoroughly mixed with anhy

drous sodium sulfate and soxhlet extracted (USE¥B6) with hexane for seven hours. Extracts were cencen
trated via rotary evaporation and concentrated todryness for lipid determinatienweighing, samples were
dissolved in petroleum ether and extracted four times using acetonitrile saturated with petroleum ether
Residues were partitioned into petroleum ether which was then washed, concentrated, and transferred to a
glass chromatographic column containing 20 g of FloriBile column was eluted with 200-ml 6% diethyl

ether and 94% petroleum ether followed by 200-ml 15% diethyl ether and 85% petroleuntle¢hsecond

fraction was concentrated to the appropriate volume for quantification by packed or capillary column electron
capture gas chromatography usingaaian 6000/6500 ovarian 3600 gas chromatographhe first fraction

was concentrated and transferred to a silicic acid chromatographic column for the additional clean-up required
to separate PCB's from the other OCrfiree fractions were eluted from the silicic acid column, and each was
concentrated to the appropriate volume for quantification by packed or megabore column electron capture gas
chromatography using\&arian 6000/6500 odvarian 3600 gas chromatograph.

Analytical Chemistry Methods for Fiskissues

Chemical analyses for ingainic elements in fish tissues were performed at Hazleton Labor#oregca,

Inc. (MadisonWI). Analysis included quantification of the same elements as in the bird tissue analysis
described above. Percent moisture was determined by weighing the sample in a tared aluminum dish then dry
ing in an oven at 100 C for 12-18 hours until a constant weight was reached (AOAC 1990). Elemental analy
sis was conducted via ICHigestion was carried out in nitric acid in a microwave digedenission intensi

ties were compared to series of identification standards udihgrano JarrelAsh ICAP61E spectrometer

with the spectrometer program correcting for background and interfering elements. Mercury analyses were
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conducted using cold vapor atomic absorption spectroscopy QB#R). Samples were digested using sul-

furic and nitric acids, and the mercury was reduced with sodium borohydride for determination. Mereury con
centrations were determined at wavelength of 253.7 nm using a Leeman Labs PS200 atomic absofption spec
trophotometer with an MHS-20 hydride generation unit, with the signal compared to standard solutions.
Arsenic and selenium analyses were conducted using graphite furnace atomic absorption spectroscopy
(USEFA 1984) on a Perkin-Elmer Zeeman 5100 PC spectrophotanteéenples were digested with nitric

acid in a microwave digesteArsenic was determined at 193.7 nm wavelength and selenium was determined
at 196.0 nm wavelengthThe nickel matrix modification was employed in the analysis, and standard additions
were conducted when interferences were indicategartic analyses of the fish samples were also performed

at Hazelton Laboratoriesmerica, Inc. These methods included the determination of OCs and PCBs, but did

not include cis-nonachlor and delta BHC. Percent moisture was determined by weighing a 1-10 g of sample in
a pre-weighed aluminum pan. Samples were dried in an oven at 105 C for 16 hours and allowed to cool in a
desiccator before being weighed again (USEB86). The following equation was used to calculate the per

cent moisture: [mass (g) pan + wet sample] - [mass (g) pan + dry sample] x 100/grams of sample= % mois
ture grams of sample. Spiking solutions are added to the samples after the tissues were ground. Pesticide
spikes were added to a portion of the sample matrices and control spikes of 2,4,5,6-tetrachloro-m-xylene
were used as a blank spike solution for all other sampiissue samples were then dried under a hood using
anhydrous sodium sulfaté soxhlet extractor was

used with methylene chloride to extract the desired fractions from the sampleA(USEHy. The resulting

extracts were then concentrated in a Kuderna-Danish apparatus to a volume of 5 ml on a hot water bath, then
diluted to 10 ml with methylene chloride. One ml subsamples of this extract were used for lipid determina
tion. Subsamples were placed in a pre-weighed aluminum pan and placed under a hood to evaporate the sol
vent. Pans were weighed again, and the following equation used to calculate percent lipid: [(weight (g) of pan
+ lipid) - weight (g) of pan] x 10 ml x 100/grams of sample = % lipid grams extracted. Five ml volumes of

the remaining extract were injected onABC Laboratories Model 1002B Gel-Permeation Chromatography
system for clean-up (USBPL990) using a column packed with 70 g of S-X3 Bio-beads with methylene chlo
ride as the carrier solventhis extract was again concentrated to 5 Wilen 50 ml of hexane was added to

the samples and they were concentrated for a third time to a 5 ml volddg#ional clean-up and separation

of PCBs from the OCs was carried out in a silica gel coluiire first fraction was eluted with petroleum

ether and the second fraction was extracted using a mixture of 1% acetonitrile, 19% hexane and 80% methyl
ene chloride. Both fractions were then concentrated using the Kuderna-Danish apparatus, followed by dilution
with hexane and a repeat of the concentration skbp. fractions underwent electron capture gas chromatogra
phy using a Hewlett-Packard 5890 gas chromatograph for quantification of individual constituents.

Any use of trade, product, or firm names in this report is for descriptive purposes only and does not imply
endorsement by the U.S. Government.



