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Abstract

Ti ssue sanples fromAsiatic clam (Corbicula fluninea) fromthe | ower Col orado

Ri ver were analyzed for trace el enent concentrations Sel enium and arsenic were

el evat ed

above U.S. background | evels at 89% and 83% (respectively), of the sites. Sel enium
concentrations were significantly higher in backwaters than at river sites. The

i nci dence of

Se concentrations above background | evels for sanples of a variety of biota and
sedi nent s

(recently collected at specific sites) was used to classify the contam nation state
of these

sites. Classification of the contamination state of these sites based on seleniumin
cl anms

agreed with the contami nation state of a site based on other neasures at |east 78% of
t he

time. There is a strong correl ation between sel enium concentrations in clanms and
sel eni um

concentrations in vascular aquatic plants (ry = 0.98) and carnivorous birds (ry =
0. 999).

C. flum nea can he used as a bioindicator of seleniumcontam nation on the |ower

Col orado River. Seleniumlevels in clans at several sites exceeded |evels that have
been

shown to result in teratogenicity for birds in |aboratory studies. Birds that eat
clams in the

study area coul d have increased risk of |owered reproductive success.
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1. 0 | NTRODUCTI ON

The National Contami nant Biononitoring Program (NCBP) docunented that
arseni c, cadm um copper, lead, nercury, seleniumand zinc in fish fromthe | ower
Col orado River were above background levels (Lowe el al. 1985). Subsequent studies
have reported that sel enium concentrati ons were above background levels in fish
(Radt ke
et at 1988) and in marsh birds (Rusk 1991) in the |ower Colorado River and in biota
from
Cibola National WIldlife Refuge (CNAR) (Wl sh 1992) and Inperial National WIldlife
Refuge (I NVWR) (Lusk 1991).

The Col orado River watershed contains soils that are naturally high in sel enium
(Se). Reservoir storage and high evaporation rates may increase the sel eni um
concentration in water. Seleniumis deposited in sedinments fromreservoirs and
irrigated
| ands and may enter aquatic food chains through deposition in the sedinents and then
be
renobi li zed by rooted plants and benthic feeders (Lemy 1987). Corbicula flum nea,

t he

Asiatic clam is a filter feeding benthic bivalve that feeds on phytopl ankton and
detritus.

Such aninmals may be sonme of the first to be affected by high |levels of Se. Rusk
(1991)

noted that C. flum nea tissues generally had seleniumlevels above background al ong
t he

| ower Col orado River. She also noted that C. flum nea was an inportant food itemfor
carnivorous birds and fish. It would be beneficial to managers if such an organi sm
coul d

be used as a bioindicator of the availability of contanminants to aninmals at higher
trophic

| evel s and of baseline levels within the system

1.1 Bioindicators

Cont ani nant | evel s in bioindicator organisnms can be nore useful than records of
concentrations in water because contam nant levels in biota reflect exposure over
tinme and
t he magni tude of exposure. They al so provide an indication of long-termeffects on
t he

8

ecosystem and possi ble effects on other taxa. Bioindicators are used to nmake hazard
assessnents (anal ysis of the potential exposure and effects fromcontanmi nants at a

particular site) and for surveillance (routine nonitoring of current and | ong-term
trends in

| evel s of exposure). They al so can be used to neasure effectiveness of remedial or

managenment actions. Phillips (1977) suggests that indicator organisns for trace

el emrent s

cont am nati on shoul d:

1. accunulate the pollutant w thout suffering nortality,

2. be sedentary,

3. have a life span sufficiently long to allow for the sanpling of nore than
one year

http://orion.cr.usgs.gov/dec_reports/115/report.html (4 of 42) [10/17/2000 1:17:16 PM]
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cl ass,
be abundant in the study region,
be | arge enough to all ow adequate tissue sanples for analysis,
be easy to sanple and hardy enough to be nmaintained in the |aboratory,
tol erate bracki sh water,
exhibit a high nmetal concentration factor
have a sinple correlation between the netal concentration of the organism
and the average netal concentration in the surroundi ng water,
10. exhibit the same correlation between their nmetal content and that of the

surroundi ng water for all |ocations studied under all biotic and abiotic
condi ti ons.

C. fluminea fits the first seven of these criteria (Cherry et at. 1980,
Rodgers et al.
1980, Graney et al. 1983). C fluminea also fulfills criteria 8 and 9 for Cd, Cu and
possibly Zn (Graney et al. 1983). It fails to satisfy criterion 10 because substrate,
pH and
tenperature effect cadm um uptake (Graney el al. 1984). However, the effects of
violating criterion 10 can be ninimzed by docunenting pH, tenperature, and substrate
at
sites of collection.

v 0 N L

Bi val ve nol | usks have been used extensively for trace el ements assessnent
(Phillips 1976). Tessier et al. (1984) investigated the relationships between
partitioning of
trace netals (Pb, Fe, Zn, Cu and M) in sedinents and their accunulation in the
ti ssues of
the nollusk Elliptio conplanata. Abaychi and Mustafa (1988) found a correl ation
bet ween netal content in nollusks and netal content in particulate matter. Abaychi
and
Must af a (1988) established that C. fluminea is capable of accumnul ating and
elimnating
trace elements in relation to their concentration in anbient water and concluded that
C
flumnea is a suitable bioindicator for nonitoring trace netal pollution. Doherty
(1990)
concurs that C. flunminea is a valid bioindicator of trace netal contanination and
satisfies
the criteria established by Phillips (1977). Johns et al. (1988) successfully used C
flum nea as an indicator of seleniumdistribution in San Franci sco Bay.

1.2 njectives
The objectives of this study were to:

1. Determine |levels of trace metals in C. flunminea and correlate these data with
records of contaminants in a variety of species and sedinents collected at
t he same
sites in previous studies (within the past 3 years or less) in order to
eval uate the
efficacy of using C flumnea as a bioindicator of some contam nants.

2. Provide an evaluation of the spatial distribution and nmagnitude of sel eni um
contam nation in the | ower Colorado River as reflected in body burden of
C. flum nea

3. Document habitat parameters of C. flum nea.

http://orion.cr.usgs.gov/dec_reports/115/report.html (5 of 42) [10/17/2000 1:17:16 PM]
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1.3 Corbicula flum nea

The Asiatic clamis an exotic filter-feeding freshwater bivalve that feeds
primrily
on phytopl ankton (Foe and Knight 1985). C. flum nea has been docunmented in the | ower
Col orado River since 1953 and is abundant as far upstream as Separation Rapids, 450
mles upstreamfromthe International Boundary with Mexico (Kubly and Landye 1984).
C. flum nea' s abundance and distribution nake it a prine candidate as a bi oi ndi cator
in the
| ower Col orado River.

In filter-feeders, uptake of trace elenents occurs in the soluble state via
respiration
(bi oconcentration) and via ingestion of particulate matter (bioaccunulation). Filter-
feedi ng nol l usks nay be particularly good bioindicators since they reflect
cont am nant s
that are avail able through three different avenues: biotic particulate nmatter,
sol ubl e ions
available in the water colum, and ions associated with sedinent. Fow er and Benayoun
(1976) and Phillips (1977) determi ned that nobst sel enium uptake is by bioaccunul ati on
in
C. flumnnea, since it has an extrenely high filtering rate (Foe and Kni ght 1986).

C. flum nea is hermaphroditic and capable of self-fertilization; gonads contain
mature eggs all year |ong (Kraener 1986). Spermatogenesis occurs during the
reproducti ve seasons when tenperatures rise above 17 C (Kraener 1986). Marsupi al
| arvae brood about 1 nonth and are rel eased as pl anktoni c pediveligers or juveniles
(Eng 1977, Kraenmer 1986). C. fluminea spawn biannually in North Anerica, in the
spring/early summer and also in late sumer. Spawning seens to be tied to favorable
thermal conditions (Eng 1977, Kraener 1986). Thousands of juveniles, (<200 &), are
rel eased fully formed with bivalves, digestive system statocysts, foot and gills.
Juvenil es
devel op a byssus after spawni ng and have been seen attached to soil particles in the
wat er
colum (Kraener 1977). Juveniles attach to the sides of streanms and are eventually
recruited to the bottomas they grow larger (Eng 1977). Cans in bottom sedi nents of

11

concrete-lined Delta Mendota Canal of central California attained shell |engths (SL)
of

over 40 mmand lived at |least 4 years (Eng 1977). Eng (1977) reported that younger,
smal l er clans, on the sides of canals, were yell owgreen, whereas clans in bottom
sedi nents were dark brown and exhi bited heavy erosion of their shells.

C. flumnnea exhibits Iife history traits (self-fertilization, high fecundity,
and
bi annual reproductive periods) that enable it to survive in unstable environments.
G owt h
rates of C. flunminea are high initially, but slow down as clans get older. Gowh
peaks at
25 C and ceases during cold winter nonths (Mattice and Wight 1986). Up to 89% of

http://orion.cr.usgs.gov/dec_reports/115/report.html (6 of 42) [10/17/2000 1:17:16 PM]
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assinilation goes to tissue production (Foe and Knight 1986). Initial rapid growth
hel ps

the mollusk to evade predators at an early life-stage. C. flum nea has the highest
popul ati on production rates for any species of freshwater bivalve (Burky 1983).

C. flumnea in Texas State parks were found in three major mcrohabitats:
1) areas of internediate flowin streans with sandy or rock substrate; 2) |oose
gravel
substrata in shall ow pools between riffles in streans, 3) |ake shores where wave
action
renoves silt and clay particles (Neck 1986).

12
2.0 STUDY AREA

The | ower Col orado River (LCR) stretches for 276 river mles (RM from Davis
Dam near Laughlin, Nevada, south to the International Boundary between the U S. and
Mexi co. The river forms the boundary between California and Arizona. There are
nunerous | arge dans that have caused the river to back up into old channels and oxbow
| akes and created a diversity of waterfow habitats. The nmarsh-1like backwaters have
many cattails (Typha spp.) and bulrush (Scirpus spp.) and have becone feedi ng and
nesting habitat for migratory birds.

Clanms were collected in backwater sites (lentic) and in river sites (lotic) to
compare trace el enment accunul ation in each type of environment. Ei ghteen collection
sites were sel ected: eight backwater sites and 10 river sites. Previous data (Lusk
1991,

Rusk 1991), indicated that selenium concentrations were higher in backwater sites
than in

river sites. Selection of sites was based, in part, on sanple |ocations of previous
studi es so

that body burden of contaninants in C. fluninea could be conpared to the body burden
of

ot her species. River channel sites spanned much of the | ower Colorado R ver so that
t he

spatial distribution of seleniumcould be determned (Figure 1).

2.1 Backwater Sites
Mttry Lake is |ocated between |nperial and Laguna dams (RM 43). It was
previ ously an oxbow | ake (Rusk 1991) of the Col orado Ri ver and now receives water via
a diversion canal fromlInperial Reservoir. Data fromMttry Lake are avail able for
sel eni um concentrations in sediment, crayfish and birds (Rusk 1991).

Cable and Island | akes are located on Inperial National WIdlife Refuge (I NWR)
and receive mininmal flow fromthe river. There are previous data for Cable and I|sland

13

See Tabl e/ Fi gure

Figure 1. Location of 18 sanple sites for Corbicula fluninea along the |ower
Col or ado
Ri ver.

http://orion.cr.usgs.gov/dec_reports/115/report.html (7 of 42) [10/17/2000 1:17:16 PM]


http://orion.cr.usgs.gov/dec_reports/115/00115001.gif

Published Reports

14

| akes for seleniumconcentrations in sedinments, plants, aufwichs, crayfish, shrinp
and fish
(Lusk 1991), and birds (Rusk 1991).

Pal o Verde Oxbow Lake is | ocated on Cibola National WIdlife Refuge (CNVR)
This lake receives little water fromthe river and may experi ence anoxi c conditions.
A
yel | ow sedi nent rel eased a noxious snelling gas. Welsh (1992) collected sedi nent,
sunfish (Lepom s microl ophus), and | argenouth bass (M cropterus sal noides) fromthis
| ake

Topock Marsh (RM 234) is |located on Havasu National WIldlife Refuge (H\WR).
The marsh receives inflow fromthe river via a concrete canal at the northern end.
Thi s
site contains |arge amounts of phytoplankton. Rusk (1991) coll ected sedi nent,
crayfish
and birds at this site.

2.2 River Sites

Coll ections were made fromtwo river sites on INVR and two on CNVWR (~RM
103). Collections were also made fromriver sites near RM 145 and RM 196, and at
Topock CGorge (~RM 228), and Needl es marina (~RM 245). W collected at two river
sites that had no neasurable flow, the confluence of the Bill WIllianms R ver (~RM
192)
and I nperial QGasis just above |Inperial Dam (RM 49).

15
3.0 METHODS
3.1 Collection

Sanmpl es were taken during 3 weeks in July 1992 to reduce the possible inpact of
seasonal variability. Cans were detected and renmoved by digging into the substrate
with
hands or a shovel. Clans were stored in plastic bags on ice in the field and frozen
on the
eveni ng of the day of collection. Wthin 2 weeks the frozen body tissue was renoved
fromthe shells with a stainless steel knife and placed theminto inert plastic bags
and shel
l ength (SL) was neasured. Four conposite sanples were obtained at all sites except
Pal o
Verde Oxbow Lake at CNWR, where only one sanple of six clanms was collected (after an
i ntensive 4-hour search). Conposites ranged fromfour to 29 clans. At each site the
clans were sorted into the |l argest and smallest. Two subsanpl es from each size
cat egory
were obtained. "Large" and "small" size designations are relative to the size of
cl ans
collected at a site. Sanples were sent to Patuxent Analytical Control Facility for
trace
met al anal ysis on Septenber 28, 1992.

http://orion.cr.usgs.gov/dec_reports/115/report.html (8 of 42) [10/17/2000 1:17:16 PM]
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Tenperature, substrate and depth were noted at each site; these paraneters can
affect trace netal uptake (N el sen 1974, Fow er and Benayoun 1976, Graney et al.
1984).

Clams were collected at the northern and southern ends of three backwater sites
(Mttry Lake, Island Lake and Topock Marsh). There is a net downstream fl ow through
these areas (generally fromnorth to south), although daily fluctuations in vol unme
and
direction of flow occur.

3.2 Residue Analysis

Al l of the sanples collected were anal yzed by Hazel ton Laboratories, Mudison
W. Anulti-elenment scan was performed for selected netals plus As and Se. Quality
assurance mnethods included procedural blanks, duplicate sanples and spi ked sanpl es.
Al l

16

sampl es had acceptable quality assessnment (Patuxent Analytical Control Facility

Quality
Assessnent Report 1993).

Sampl es were anal yzed for 16 elenents (A, Ba, Be, B, Cd, C, Cu, Fe, Pb, M,
Mh, Mb, Ni, Sr, Vn, & Zn) by Inductively Coupled Plasma Spectroscopy (ICP). After
honogeni zation in a tissue mser, 5 grans of clamtissue were conbined in an acid
washed
Teflon vessel with 5 nL of nitric acid and digested in a mcrowave digestor. After
transfer
to a 50-nL volunetric flask, the contents were diluted to 50 nL with 0.005% Triton X-
100 solution. Each analyte concentration in the sanple was determ ned by conparing
its
em ssion intensity with the em ssion intensities of a known series of analyte
standards with
a spectrophotoneter.

Camtissue was tested for arsenic and sel eniumresidues by Graphite Furnace
At omi ¢ Absorption (GFAA). Each sanple of clamtissue was honogeni zed and 1 g was
digested with nitric acid in a mcrowave digestor. The digestate was transferred to a
100-mL volumetric flask and diluted with deionized water. Elenent absorbance val ues
were used to determ ne the concentration of that elenent.

Mercury i n honpbgeni zed cl am sanpl es was detected by Cold Vapor Atonic
Absorption. Clamtissue (2 g) was digested with a m xture of sulfuric and nitric acid
and
diluted to 100 mL Mercury was reduced with sodi um borohydride. The anount of
mercury was determ ned when the sanple was conpared with the signal of standard
solutions as neasured by the atomic absorption spectrophotoneter with the MHS-20
hydri de generation unit.

Moi sture content was determ ned by wei ghing a prepared sanple into a tared

al um num di sh and drying in an oven to constant wei ght (about 12-18 hours). This
net hod quantifies moisture to 0.1%

http://orion.cr.usgs.gov/dec_reports/115/report.html (9 of 42) [10/17/2000 1:17:16 PM]
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3.3 Data Analysis

Nonparanetric statistical tests were run on residue anal yses since the data did
not
have equal variances, sanple conposite nunbers were not equal, and data within site
classes (river vs. backwater sites) were not normally distributed. WIcoxon Rank Sum
tests were used for conparisons between she classes. The Kruskal -Vl lis procedure was
used to conpare data within site classes. Statistical conparisons were rmade on wet
wei ght concentrations of As and Se in parts per mllion (ppm.

A student's T-test was used for conparison of clamsizes (arithnmetic neans) in
backwater and river sites. Dry weight values were used for bioindicator comparisons
because previous investigators have reported Se tissue concentrations on a dry wei ght
basi s.

3.4 Bioindicator Analysis
3.4.1 Species Conparison

Sel eni um concentrati ons were conpared in categories of species collected by
ot her
investigators with Se concentrations in clanms. Sediment Se concentrations were al so
conmpared to clam Se concentrations. Species categories are based on diet.

Table 1. Species categories for bioindicator species conparison

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAASAAAAAARAA
Pl ant s Scavengers Omi vor ous Car ni vor ous Her bi vor ous

Car ni vor ous

fish fish bi rds bi rds
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Spi ny nai ad Crayfi sh Carp Ganbusi a Ruddy duck
Her ons
Shri mp Threadfin Sunfi sh Ameri can Sor a
rail
shad coot
Lar genout h Conmon Clark's
gr ebe
bass noor hen
Channel Least
bittern
catfish
Bl ack crappie Virginia
rail

AAAAAAAAAAAAAAARAAAAAAARAAARAAAAAAAAAAARAAARAAAAAAAARAAAAAARAAAAAARAAAAAAAAARAAAARAAAAAARAAAAAAARAAAARA
See appendix C4 for scientific nanes.

18
3.4.2 Site Conparison

Sel eni um concentrations in sanples collected by other investigators within the
prior 3 years were conpared to Se concentrations in clanms at nine sites (appendix
C2).

Background threshold limts fromLemy (1985) and Radtke et al. (1988) were used to
determine if sanples were above background concentrations for Se (appendix C 3). Each
of the nine sites had a m ni num of four sedinment and/or biota sanples taken recently

http://orion.cr.usgs.gov/dec_reports/115/report.html (10 of 42) [10/17/2000 1:17:16 PM]
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by

ot her investigators. Each prior sanple was assigned a rating. Sanples that were bel ow
background criteria for Se were assigned a "below' rating and sanpl es that exceeded
background criteria were assigned an "exceed" rating (appendix C-1). Ratings were

t hen

totaled for that site and conpared to the rating for Se concentrations in clans at

t he sanme

site (appendix CG2). If the ratings of 50% or nore of the sanples from other recent

i nvestigators were the sane as those for seleniumin clans, then clanms were
consi der ed

successful at predicting the contanmination state of the site. W felt that requiring
at | east

50% of prior sanples to exceed background levels before a site was rated as
"exceedi ng

background” was a conservative approach since evidence of contam nation in only a few
sanpl es could be interpreted as sufficient evidence for classifying a site as
"exceedi ng"

background | evel s.

19
4.0 RESULTS
4.1 Biological Analysis

W collected 629 clans for trace nmetal analysis at the 18 sites: we took four
conposite sanples fromeach of 17 sites and one conposite sanple fromone site, Man
clam size by site ranged from 19.98 to 49.56 nm SL (appendix B-1A & B). Cams in
backwater sites were significantly larger than clans in nmainstreamsites (P<0.01).
This
di fference woul d be even greater if the data fromthe two river sites wthout
nmeasur abl e
velocity were deleted fromthe data set for riverine sites.

Clans were found in many di fferent substrates (coarse sand, fine sand and rich
organi c detritus). Larger clanms, primarily from backwaters, were |ocated in areas
with
rich detritus. The smallest clans were |ocated in fine grained sandbars (e.g.,
Needl es river
site). In backwaters, where flow was mnimal, nost clans lay on the bottom In
mai nstream reaches of high flow, clans were enbedded in the substrate

4.2 Residue Analysis

Al sanpl es had detectabl e Se and As residues (appendi x A-2). These al so, were
the only elenents that reached |l evels of concern. There was no rel ationship between
si ze
of clans and Se body burden within sites (>0.60) or across sites. There was no
rel ati onshi p between water tenperature and Se body burden (see Appendix B-2 for water
tenperature data). Se concentrations in clanms exceeded U.S. background | evels of 0.78
ppm wet weight (Lemy 1985) at 16 out of 18 sites. This background val ue was derived
for mollusks from drai nages with non-seleniferous soils. dans fromnine out of 10
river
sites had el evated | evels of Se (90% and clans from seven out of eight backwater
sites
had el evated Se levels (88% . Background values fromLemy (1985) were used to
eval uate the potential of C fluminea as a bioindicator (appendices C2 and C 3).

http://orion.cr.usgs.gov/dec_reports/115/report.html (11 of 42) [10/17/2000 1:17:16 PM]
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There was no geographic trend (upstream downstream in Se contani nation.
However, at three backwater sites (Mttry Lake, |sland Lake and Topock Marsh) with
direct connections to the river, Se body burden in clams was higher at the northern
end of
the | ake than at the southern end.

Tabl e 2. Geonetric mean Se residues (ppm wet weight) at the northern and
sout hern ends of backwaters that have direct connections to the river.
AAAAAAAAAAAAAAAAAAAARARAAAAARAAAAARAAAAAAAAAAAAAAAAARAAAAAAAAARAAAAAAAAAAAAAARAAAAARAAAAAAAAAAAAAALA

Site Nort hern Sout hern
AAAAAAAARAAAAAAAAAAAARARAAARAARAAAAARAAAARAAAAAAAAAAARARAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARAAAAAAALAALA
Mttry Lake 0. 82 0.74
| sl and Lake 1.57 1.52

Topock Marsh 1.78 1.24

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Doherty (1990) reported background arsenic levels in C. flumnea collected at
five
sites to be 0.43-0.72 ppm wet weight. Sixteen out of 18 sites in our study had cl ans
with
As |levels >0.72 ppm wet wei ght (appendi x A-4). Arsenic body burden in clans from
backwater sites was not significantly different than As body burden at mai nstream
sites
(P>0.40,[WI coxon Rank Suni). There were however, significantly higher (P<0.01) Se
concentrations in clanms from backwaters than at river sites.

Contami nant levels in clanms were conpared within site classes with the Kruskal -
Wal | i s procedure. Sel enium concentrations anong river sites were significantly
di fferent
(P< 0.001). CGams fromlnperial Oasis, the Indian Reservation river site and Havasu
Ref uge sites had hi gher Se body burdens (a = 0.10) than clans at other river sites.
Sel eni um concentrations in clans anong backwater sites were also significantly
di fferent
(P<0.05); levels in clanms from Oxbow and Cabl e Lakes were higher (a = 0.10) than
| evel s
at ot her backwaters.

21

Arsenic concentrations in clans were significantly different (P<0.01) anobng
river
sites. Clams fromRiver reach 1 and R ver reach 2 had significantly higher As body
burdens (a = 0.10) than at other river sites. Cans at backwater sites al so had
significantly different | evels of As (P<0.003); clans fromboth Island Lake sites had
significantly higher values (a = 0.05) than clanms from ot her backwaters.
4.3 Bioindicator Analysis
4.3.1 Species Conparison

Sel eni um concentrations in clans were conpared with Se concentrations in other
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biota collected within the prior 3 years at the sane sites by five other

i nvestigators. Biota

were grouped into plants, scavengers, omnivorous fish, carnivorous fish, herbivorous
birds, and carnivorous birds. Se concentrations in clans had no or weak (ry < 0.60)
correlation with Se concentrations in sedi nent, scavengers, and omnivorous fish. The
medi an correlation (ry = 0.70) of Se in clans with Se in carnivorous fish was not
significant. There were strong correl ati ons between Se concentration in clanms and Se
concentrations in plants (ry = 0.98) and carnivorous birds (ry = 0.999) (Fig. 3 and
4).

4.3.2 Site Conparison

Sel eni um concentrations in clans at nine sites were conpared to Se in sedi nent
and biota reported fromfive earlier studies at the sane sites to determne if C
flum nea is
a good indicator of Se contanmination in the LCR Each of the nine sites had a m ni num
of
four sediment and/or biota sanples. At seven out of nine sites (78%, ratings of Se
concentrations in clans agreed with ratings based on other biota (Table C 2).
Cont am nant ratings based on analysis of clans did not agree with ratings for other
bi ot a

22

See Tabl e/ Fi gure

Figure 3. Correlation of Se residues in clanms vs. spiny naiad collected at the same
sites

al ong the | ower Col orado River by Lusk (1991) and Ruiz (pers. comun.). Sites listed
in

order of Se concentration fromlowto high, in spiny naiad. (BW= Bill WIIlians
confluence, RRL = River reach 1 on INWR |L= Island Lake, DC= Cabl e Lake)

23

See Tabl e/ Fi gqure

Figure 4. Correlation of Se residues in clans vs. carnivorous bird livers collected
at the

same sites along the | ower Colorado River by Rusk (1991) and Ruiz (pers. comun.).
Sites listed in order of Se concentration fromlow to high, in birds. (M. = Mttry
Lake,

BW= Bill WIlianms, TM = Topock Marsh, 10 = Inperial Gasis)

24

or sedinment at two out of the nine sites (22% Contaminant |levels in clans fromBill
WIllianms and the Cibola river site did not agree with levels in other biota; that is,
Se body

burdens for clanms were above background | evels at both sites but the majority of
level s in

ot her animals/plants collected earlier was bel ow background | evels.
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5.0 Discussion
5.1 Biol ogi cal Analysis

Cl anms collected at backwater sites were significantly |larger than clans
col | ected at
river sites. Warmwater, low flow rates, and high phytopl ankton productivity in
backwat ers may be conducive to high growh rates in C. flum nea. Cans al so have a
greater probability of surviving |ong enough to growto a large size in the stable
backwat ers as conpared to the high probability of |oss due to scouring at unstable
river
sites. Recruitment of juveniles to the substrate is | ow when many adults are present
(Eng
1977) thus small, juvenile clanms would be relatively rare in backwaters.

Al ong 359 km (233 mles) of the | ower Colorado River, clanms were found in three
different mcrohabitats. McMihon (1991) reported that the asiatic clamis a
general i st and
is able to adapt to a wide variety of environnental conditions. The greatest nunber
and
| argest clanms were located in warmlentic-like environments (~30 C) with soft, highly
organi c substrates. Internediate sized clans occurred in slow flow ng, warm water
(~26
C) and were enbedded in the sides of the river bank anong the roots of cattails; a
nor e
per manent substrate than sand bars. The snallest clans occurred on sandy substrate in
fast flowi ng reaches of the mainstream These reaches had unstabl e substrate and
relatively cool water (21 C

5.2 Residue Anal ysis
5.2.1 Sel eni um

Se concentrations in clamtissue did not increase fromupstreamto downstreamin
the Col orado River but were closely related to habitat type. Se residues in clans
from
backwaters were significantly higher than in clans fromriver sites. Al though clans
wer e
| arger in backwaters than at river sites, we found no correlation between size of
cl ams and

26

Se body burden either within sites or across all sites. Zhang et al. (1990)
previously

reported such a relationship. Significant differences in Se residues in clans across
di fferent backwaters and across different river sites probably precluded a direct

rel ati onship between size of clanms and Se body burden in our study. Al so, there was
no

rel ati onshi p between water tenperature and Se body burden, although C. flum nea have
been reported to have increased netabolic rates at higher tenperatures (MMhon
1991).
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The hi ghest geonetric nean Se concentration (20.99 ppmdry weight) for clans
col | ected

at a backwater site occurred at Cable Lake. This value far exceeds the predator
protection

| evel of 5.00 ppmdry wei ght (Skorupa and Ohl endorf 1991).

Sel eni um body burden in clans was el evated above U. S. background | evels (0.78
ppm wet weight) established by Lemy (1985) at 16 out of 18 sites. The two exceptions
were Cibola old channel and Mttry Lake southern site. The highest wet residues in
cl ans
occurred at Inperial Gasis (located at |nperial Reservoir) and Topock Marsh (2.09 and
1.78 ppm wet wei ght, respectively). These areas contain abundant nesting sites for
nany
birds. C ans were abundant at |nperial Qasis, and are probably an inportant part of
t he
di et of some carnivorous birds in the area. Island Lake on INAR al so had Se | evel s of
concern; 1.57 and 1.52 ppm wet weight. This backwater |ake provides nesting sites for
bi rds and has an abundance of fish (Lusk 1991). Studies of bird reproductivity could
tel
us whet her Se | oads are adversely affecting birds in the area. O the ten river
sites, River
reaches 1 and 2 on INWR had significantly higher |evels of Se residues than other
river
sites. The Se concentration of clans for those sites were 1.12 and 1.13 ppm wet
wei ght,
respectively. These concentrations exceed the U S. background | evel of 0.78 ppm wet
wei ght and are above the predator protection |evel.

Se body burdens of clans were al ways higher at the northern collection sites of
backwaters than at the southern downstreamsites. This trend and the fact that clans
in

27

backwat er | akes have hi gher Se concentrations than at river sites suggests that
backwat er

| akes are sinks for Se. Since backwater areas provide a high proportion of feeding
and

nesting sites for birds along the | ower Colorado River, bioaccunulation of Se may
pr esent

a hazard to higher trophic |level species such as the Yunma O apper Rail (Rallus
longirostris

yumanansi s) (Rusk 1991) and fish-eating birds.

5.2.2 Arsenic

Arsenic in clamtissues was el evated at 15 out of 18 sites (above the U. S.
background val ue of 0.72 ppm wet wei ght reported by Doherty, 1990). The three | owest
readi ngs were from Oxbow Lake (0.33 ppn), Bill WIlians confluence (0.68 ppn) and
Topock Marsh 2 (0.72 ppmwet weight). Island Lake had the two highest levels (2.54
and
2.76 ppmwet weight). Hi gh As residues in this area nay be a threat to wildlife on
I N\VIR
O her sites with As |evels above background (0.72 ppn) are river reaches 1 & 2, Cable
Lake (all on INWR), and Inperial Casis. The five sites fromthe refuge were anong the
ei ght hi ghest As residue |evels we recorded. Additionally, Mttry Lake had nmean As
| evel s
above 1.70 ppmin clamtissue. Mttry Lake provides many nesting sites for birds and
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is
used by the endangered Yurma C apper Rail

Resi dues of As were not significantly higher in backwaters than in the main
river.
Some pesticides and herbicides are high in arsenic (Goyer 1991), and are presumably
t he
source of high As residues on I NWR |nperial Dam causes the river to slow and form
| akes and backwaters in INAR Mich sedinment carried by the river is deposited in
ar eas
above the dam The deposition of these sedinents could be the reason that Se and As
residues are particularly high on I NMR

28
5.2.3 Resi due Anal ysis Concl usi ons

Geonetric mean Se and As concentrations in clanms fromtwo sites on Island | ake
were in the top five of the 18 collection sites. Se residues at this site approach a
| evel that
has caused a 79%decline in offspring in mallards (10 ppmdry wei ght, Heinz 1989).
I sland Lake may require further study to establish whether reproductivity of
carni vor ous
fish and birds in the backwater is adversely affected. Additionally, Cable Lake,
I mperi al
Reservoir, and the Indian Reservation site also have |levels of Se and As residues in
cl anms
that may cause harmto aninmals that eat clans.

5.3 Bioindicator Analysis
5.3. 1 Speci es Conpari sons

Dry wei ght Se concentrations in clanms had a strong correlation with dry wei ght
Se
concentrations in spiny naiad (Najas marina) collected recently in sone areas (Lusk
1991,
Rui z 1992). These data suggest that asiatic clanms and sone aquatic plants may be
nearly
equi val ent indicators of Se contanmination in this system

There is a strong correlation of Se (dry weight) levels in clanms and in the
I'ivers of
carnivorous birds (Rusk 1991, Ruiz pers. conmun.). This correlation shows that C
flum nea could be used as an indicator of Se contami nation in predators on clans such
as
birds. Se levels (dry weight) in carnivorous birds averaged 1.86 tines higher
(1.46 - 4.95) than Se in clanms. Geonetric nmean Se residue in clanms collected at Cable
Lake was 20.99 ppmdry weight. A conservative estimte based on the rati o above
predicts that birds fromthis area could have liver residues of 39 ppmdry weight.
Thi s
| evel exceeds the level of residues found in duck livers (Chlendorf 1989) at
Kest erson
National WIdlife Refuge in 1983 where reproduction was severely conprom sed.
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5.3.2 Site Conparisons

Se body burdens in C. flumnea were indicative of levels in at |east 50% of
ot her
species or sediments (78% collected earlier at seven sites but were not indicative
of levels
in at least 50% of the sanples at two sites (the confluence of the Bill WIIlianms and
Col orado rivers and the Cbola NWR river site); in both cases Se levels in clans were
hi gher than levels in other species or sedinents (Appendix C 2).

Most biota collected at the confluence of the Bill WIllians River with the
Col or ado
River did not contain elevated |evels of Se. However, Se levels in clams were
slightly
el evated (6.90 ppmdry wei ght) above background | evels. Levels were also elevated in
bl uegill (Lepom s macrochirus) and nosquitofish (Ganbusia affinis). G een sunfish (L

cyanel | us) can accumul ate Se at faster rates than other fish such as catfish
(lctalurus spp.),

(Lemy 1985). Since clanms and sunfish contained high Se residues, it is possible that
t heses species are better indicators of Se |levels than other biota. Thus, the | ack of
agreenent between "ratings" of clam Se concentrations and "ratings" of Se
concentrations

in biota and sedinments collected in prior years does not necessarily indicate the
failure of

clams to reflect the current conditions at the site.

Levels of Se in biota fromthe old river channel site on C bola Nationa
Widlife
Ref uge were bel ow U. S. baseline standards (Wl sh 1992). Clamdata fromour study did
not agree; levels in clans fromthis area were above baseline (7.25 ppmdry wei ght).
One
possi bl e reason why these results differ is that (Wl sh 1992) collected data in
1989-90 and
we collected in 1992. Over the 2 to 3-year period changes have occurred in the area
t hat
may have caused Se residues to increase. Wl sh (1992) reported fresh water inflow
into
the area. However, during our study fresh inflow fromthe river had stopped, and over
hal f of the | ake appeared to be anoxic. The northern half of the |ake was shallow (<
1
nmeter) and energent vegetation was brown and wilted. Anaerobic conditions can lead to

30

the renobilization of Se fromsedinents and entry into the food chain. Therefore,
agai n,

the | ack of agreenment between data for clans and data for other biota and sedinents
does

not necessarily indicate the failure of clanms to reflect the current conditions at
the site.

The majority of biota collected by Lusk (1991) at River reach 1 on | NWR exceed
nati onal baseline standards for Se. Seleniumin C. flumnea at this site al so exceed
t he
nati onal baseline standard. This site should be studied further to determne if there
are any
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actions that could reduce the exposure and uptake of Se in biota.

Se residues in clans from Topock Marsh (13.85 ppmdry weight) were higher than
dietary levels (7 ppmdry weight) that have been reported to cause inpaired
reproduction
in chickens ( Heinz 1987). Heinz reported that liver concentrations in nallards fed
10
ppmdry weight Se leveled off in only 8 days and that a diet containing 15 ppmdry
wei ght
Se affected egg production and hatchi ng success after only 1 week. Topock Marsh
provi des nesting habitat for many different species of waterfow including the
endanger ed
Yuma C apper Rail. If the data off Heinz (1987) can be extrapol ated to waterbirds,
bi rds
occupying the area for only short periods of tinme could encounter diet itens with
sel eni um
| evel s high enough to inpair reproduction.

Mttry Lake does not appear to have a Se problem Eighty percent of the sanples
coll ected by Rusk (1991) contained Se body burdens that were |lower than U. S.
background | evel s. The geonetric nean value for clanms (5.97 ppmdry w.) for this
site
was al so below U. S. baseline values (6.35 ppmdry wei ght), but above the predator
protection |evel.

Ni ne out of 12 (75% of the sanples collected by Lusk (1991) at |sland Lake
during 1991 and 1992 had Se concentrations that exceed background |evels. The
geonetric mean of Se concentrations in clans at |sland Lake was 10.3 ppmdry wei ght.

31

This value al so exceeds the predator protection |level and reaches a |evel that could
adversely affect reproductivity.

Vel sh (1992) collected four sedinent and biota sanples at Oxbow Lake in 1990
and 1991. Two of those sanples were above U S. background val ues and two were
bel ow. My conposite sanple of clans had an extrenely high Se concentration (14.55
ppm dry weight). Both sunfish (Leponmis spp.) and bass (M cropterus sal noi des) sanpl es
collected by Wl sh (1992) also showed high Se concentrations (11.00 and 14.00 ppmdry
wei ght, respectively). As stated previously; sunfish have been shown to be sensitive
to Se
contam nation. Therefore, clanms may predict high Se |levels before | evels show up high
in
other | ess sensitive species.

Ei ghty percent of the sanples collected by Lusk (1991) at Cable Lake had Se
concentrations that exceed background | evels. The geonetric nean of the clam body
burden of Se (20.99 ppmdry weight) al so exceeded background threshold | evels. This
mean reflects four conposite sanples (a total of 32 clans) and is the highest dry
wei ght
mean for any site in this study. The concentration of Se in clans at this site was
t hree
times the Se concentration in the diets of chickens that had inpaired reproductivity.
Cabl e
Lake presently receives very little water flow fromthe nain river channel and
appears to
have becone an area of high Se concentrati on.

5. 3.3 Bioindicator Concl usions
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C. flum nea was a good bi oi ndi cator of Se |levels as shown by species and site
compari sons. The clanms we coll ected showed a significant rel ationship between the Se
levels in their tissue and those in both vascular plants and carnivorous birds at the
same
sites. Projection of concentrations of contamnants in clans |eads to the concl usion
t hat

32

birds at several of these study sites nay have Se levels in livers that have been
shown to be

both toxic and teratogenic. Se levels in clans reflected the site condition based on
| evel s

of contaminants in other biota and sedinments collected earlier at |east 78% of the
time.

Predictability might have been inproved if clans and other species had been collected
during one tine period. However, nbst of the sites in our study that have been

sanpl ed

repeatedly over time have shown a relatively consistent record of contam nation.

Se levels in some sites were statistically higher than those in other sites and
predators of clans are at greater risk at sites with higher residue |l evels. The sites
wher e
predators are at the greatest risk are in backwater |akes with high productivity. Ten
out of
18 sites had Se | evels above 10 ppm dry wei ght. These high levels cluster around | NWR
but also occur at nmore northern |ocations. Levels of Se below 10 ppm dry wei ght have
been shown to inpair waterfow reproductivity (Saiki and Lowe 1987, Heinz 1989).
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APPENDI X A
Trace el enent anal ysis
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Appendi x A-1 Identification code for sanples.
AAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAARAARAAAAAAAAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAALAALRA
1st two characters: 3rd character:

BW Bill WIlianms confl uence 1 First site

CR C bola old river channel 2: Second site

DC. Cabl e Lake
HR: Topock Corge

I L | sl and Lake
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| O | mperial Qasis 4t h character:

IR I ndi an Reservation C G am sanpl es
M Mttry Lake

NR: Needl es river

a: Pal o Verde Oxbow Lake

RR: I mperial NWR river 5th character:

SP: Sand Poi nt 1 &2 Small clanms for
site

™ Topock Marsh 3 & 4: Large clans for
site

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Appendi x A-2 Trace el ement residues (ppmwet wt.) in clans.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent BWLC1 BWLC2 BWLC3 BWL.C4 CR1C1 CR1C2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 61. 20 253. 00 32. 60 38. 20 45. 90 28.70
35.20

As 1.11 0.54 1.47 0.24 0. 85 0. 86
1.49

Ba 2. 69 7.98 1.92 2.11 1.96 1.53
1.72

Be <. 02 <. 02 <. 02 <. 02 <. 02 <. 02
<. 02

B <0. 40 0. 57 <0. 40 <0. 39 0. 43 <0. 40
<0. 40

Cd <0. 06 <0. 06 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr 0.13 . 45 <0. 10 0.11 0.10 <0. 10
<0. 10

Cu 2.79 4.67 3. 06 3.03 2.76 2.10
4.55

Fe 96. 20 386. 00 56. 10 63. 80 126. 00 85. 20
109. 00

Pb <0. 49 <0. 50 <0. 50 <0. 49 <0. 50 <0. 50
<0. 50

My 118. 00 267. 00 116. 00 111. 00 122. 00 116. 00
111. 00

Vh 8. 36 31. 60 4. 80 4.79 12. 30 12. 30
10. 10

Hg 0.01 0.01 0.01 0.0.1 <0. 01 <0.01
0.01

Mo <0. 39 <0. 40 <0. 40 <0. 39 <0. 40 <0. 40
<0. 40

Ni 0.13 0.44 0.18 0.16 0.16 0. 20
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0.33

Se i5 1.23 0. 82 1.06 0.70 0.59
0. 62

Sr 3.96 9.00 4,17 4.26 4.19 4,76
4.57

vn 0. 24 0.90 0.08 0.16 0.18 0.13
0. 14

Zn 12. 40 27.90 14. 50 11. 80 14. 90 15. 60
16. 10

36
Appendi x A-2. Conti nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El ement CR1C4 CrR2C1 CrR2C2 CR2C3 CR2C4 DC1C1
DC1C2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 9.41 76. 50 28. 30 29.70 25. 30 19. 80
15. 30

As 1.37 0. 38 0. 83 1.26 1.68 1.50
2.31

Ba T 1 3.73 1.75 2.07 171 9. 03
21.00

Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B 0.41 0.50 <0. 40 <0. 40 <0. 40 <0. 40
<0. 40

Cd <0. 06 <0. 06 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr <0. 10 0.13 <0. 10 <0. 10 <0. 10 <0. 10
<0. 10

Cu 4.11 3.15 2.24 4.68 34. 24 3.06
6. 06

Fe 48. 30 217. 00 101. 00 103. 00 99. 30 37.60
56. 10

Pb <0. 50 <4.08 <0. 48 <0. 50 <0. 50 <0. 50
<0. 50

My 89. 30 194. 00 133. 00 104. 00 107. 00 79.00
69. 30

Mh 9.54 28. 20 16. 20 14. 10 10. 90 6. 37
5.35

Hg 0.01 0.01 <0.01 0.01 0.01 0.02
0. 02

Mo <0. 40 <0. 38 <0. 40 <0. 40 <0. 40 <0. 40
<0. 40

Ni 0. 27 0.31 0. 33 0.23 0. 39 0.22
0.18

Se 0. 68 1.35 0.92 0.50 0.92 0.97
1.23

Sr 4.55 7.17 4.52 4.26 4.78 5.53
5.03

Vn <0. 05 0. 30 0.10 0.10 0.09 0. 13
0.16

Zn 13. 90 31.10 119.70 12. 70 16. 70 7.86
6.12

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Appendi x A-2. Conti nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent DC1C3 DC1C4 HR1C1 HR1C2 HR1C3 IL1C1
IL1C2
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 43. 30 9. 80 127. 00 145. 00 58. 90 54. 50
10. 80

As 1.16 1.91 1.20 1.24 0.94 2.31
2.46

Ba 78. 10 27.10 4,83 5.63 3.00 1.95
1.35

Be <0.02 <0.02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B <0. 40 <0. 40 <0. 40 <0. 40 <0. 40 <0. 40
<0. 39

cd 0.18 0. 07 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr 0. 15 <0. 10 0. 25 0. 28 0. 13 0.11
<0. 10

Cu 16. 60 7.07 2.92 3.57 2.25 4.99
5.01

Fe 131. 00 37. 20 201. 00 224.00 102. 00 75. 00
26. 60

Pb <0. 50 <0. 50 <0. 50 <0. 50 <0. 50 <0. 50
<0. 49

My 157. 00 67. 00 230. 00 246. 00 158. 00 133. 00
87. 00

Mh 37.60 3. 47 6. 40 7.32 3.91 6. 88
1.94

Hg 0.08 0.02 <0.01 <0.01 <0.01 <0.01
<0.01

Mo <0. 40 <0. 40 <0. 40 <0. 40 <0. 40 <0.40
<0. 39

Ni 0. 37 0.12 0.55 0.54 0. 30 0. 20
<0.12

Se 3.51 1.08 1.49 1.85 1.20 1.28
1.49

Sr 24. 80 5. 05 6. 18 6. 59 4,32 4.48
3.49

Vn 0.44 0.12 0.52 0.59 0.27 0.16
<0. 05

Zn 20. 30 6.83 23.50 23.90 18. 20 12.50
7.96

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Appendi x A-2. Conti nued.
Sanpl e
El ement I L1C3 IL1C4 I L2C1 I L2C2 | L2C3 | L2C4
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| O1C1
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 18. 90 36. 70 39. 60 59. 40 37. 20 1.70
26.70

As 2.85 2.22 2.59 3.11 2.69 2.69
1.25

Ba 8. 39 3.92 2.61 3.72 2.45 1. 43
1.77

Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B <0. 40 <0. 40 <0. 39 <0. 40 <0. 40 <0. 40
<0. 40

d 0.08 <0. 06 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

C 0.10 <0. 10 0.11 0. 15 0.11 <0. 10
<0. 10

Cu 10. 30 7.33 4. 95 5.28 7.42 6. 83
4. 44

Fe 69. 70 63. 60 56. 70 96. 90 79. 40 24.50
58. 50

Pb <0. 50 <0. 50 <0. 49 <0. 50 <0. 50 <0. 50
<0. 50

My 117. 00 93. 30 133. 00 192. 00 89. 00 101. 00
120. 00

vh 4.85 2.36 4. 85 6.78 1.50 2.01
2.60

Hg 0.02 <0. 01 0. 03 <0. 01 0.01 <0.01
<0.01

Mo <0. 40 <0. 40 <. 039 <0. 40 <0. 40 <0. 40
<0. 40

Ni <0.12 <0.12 0.24 0. 15 <0.12 <0.12
0.31

Se 2.08 1.54 1.58 2.05 1. 45 1.13
1. 96

Sr 9.13 3.73 5.96 8.08 3.94 4. 96
3.42

Vn 0.16 0.16 0.13 0.21 0.19 0. 06
0.10

Zn 13. 60 8. 56 14. 70 20. 80 7.54 10. 30
17. 20

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Appendi x A-2. Cont i nued.
Sanpl e

El enment 1 O1LC2 | O1C3 | 014 | R1C1 | R1C2 | R1IC3
| R1CA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 13. 20 20. 30 59. 20 50. 90 44. 90 31. 40
31. 30

As 1.17 1.68 1.49 1.10 1.10 1.05
1.51

Ba 1.58 1.83 2.87 3.26 2.88 2.49
2.26

Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02
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B <0. 40 <0. 39 <0. 40 <0. 40 <0. 39 <0. 39
<0. 39

cd <0. 06 <0. 06 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr <0. 10 <0.10 0.13 0.13 0.13 <0. 10
<0. 10

Cu 3.54 5.95 9.50 3.68 4,73 12. 60
10. 30

Fe 44. 20 43. 10 92. 20 88. 50 75. 60 59. 40
65. 20

Pb <0. 49 <0. 49 <0. 50 <0. 50 <0. 49 <0. 49
<0. 49

My 114. 00 123. 00 139. 00 131. 00 129. 00 91. 40
93. 20

MVh 2.80 2.16 3.78 6. 44 6.13 2. 66
3.41

Hg <0.01 0.02 <0.01 0.01 0.02 0. 05
0.03

Mo <0. 40 <0. 39 <0. 40 <0. 40 <0. 39 <0. 39
<0. 39

Ni 0.29 0. 38 0. 25 0.34 0. 46 0.29
0. 46

Se 1.58 2.05 3.03 1.53 1.29 1.44
1.63

Sr 3.35 5.16 4. 44 3.51 3.34 5.85
3.34

Vn 0. 06 0. 07 0. 20 0.23 0.21 0.11
0.14

Zn 14.50 17. 10 17. 20 21. 30 22.60 15. 70
22.10

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

40
Appendi x A- 2. Cont i nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent M.1C1l M.1C2 M.1C3 M.1C4 M.2C1 M.2C2
M.2C3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 12. 60 18. 90 17.00 28. 50 40. 60 28. 40
25.10

As 1.55 1.44 1.84 2.64 1.42 1.50
1.57

Ba 11. 30 17. 20 30.50 62. 40 1.85 1.73
1.49

Be <0.02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B <0. 39 <0. 40 <0. 40 <0. 40 <0. 40 <0. 40
<0. 39

cd <0. 06 <0. 06 0. 07 0.14 <0. 06 <0. 06
<0. 06

Cr <0. 10 <0. 10 <0. 10 <0. 10 0.11 <0.10
<0. 10

Cu 4.23 2.98 5.15 7.73 1.89 1.74
2.49

Fe 23. 90 24. 40 30. 00 54. 00 71. 00 51.10
40. 20
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Pb <0. 49 <0. 50 <0. 50 <0. 50 <0. 50 <0. 50
<0. 49

My 101. 00 89. 00 112. 00 136. 00 120. 00 115. 00
102. 00

Mh 2.38 2.61 3.31 3.86 6. 66 5.31
3.49

Hg <0.01 <0.01 <0.01 0.02 <0. 01 <0. 01
<0. 01

Mo <0. 39 <0. 40 <0. 40 <0. 40 <0. 40 <0. 40
<0. 39

Ni 0. 20 0.13 0.16 0.16 0.13 0.13
<0.12

Se 0.81 0. 45 1.05 1497 0.84 0.84
0. 66

Sr 6.11 4.45 8. 06 11.10 4,83 4.50
4.20

Vn 0. 09 0. 08 0.08 0.16 0. 16 0.11
0. 09

Zn 12. 10 9.32 15. 50 20.10 20. 00 20. 00
13. 60

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

41
Appendi x A- 2. Conti nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent M.2C4 NR1C1 NR1C2 NR1C3 NR1C4 aLlcl
RR1C1
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 16. 70 40. 10 22.20 16. 10 22.70 <0. 98
7.52

As 1.73 1.21 1.04 1.17 1.18 0. 33
1.95

Ba 1.53 2.84 2.21 1.68 2.53 1711
1.45

Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B <0. 39 <0. 40 <0. 40 <0. 39 <0. 39 <0. 39
<0. 39

cd <0. 06 <0. 06 <0. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr <0. 10 1.03 <0. 10 <0.10 <0. 10 <0. 10
<0. 10

Cu 2.77 2.75 2.06 3.54 3.10 1.52
4. 46

Fe 30. 50 81. 40 50. 00 51. 40 56. 40 10. 40
35. 20

Pb <0. 49 <0. 50 <0. 50 <0. 49 <0. 49 <0. 49
<0. 49

My 99. 10 139. 00 122. 00 94. 20 103. 00 76. 70
111.00

Mh 4.03 4. 35 3.94 2.68 3.51 1.48
2:=5/1:

Hg <0.01 0.01 0. 06 0.02 0.01 <0.01
<0. 01

Mo <0. 39 <0. 40 <0. 40 <0. 39 <0. 39 <0. 39
<0. 39
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Ni <0. 12 0.40 0.29 0.22 0.24 0.16
0. 49

Se 0. 66 1.60 1.18 1.14 1.27 1.63
1.03

Sr 4.94 3.95 4.07 4.51 4.31 7.33
3.55

Vn 0. 06 0.28 0.17 0.14 0.19 <0. 05
<0. 05

Zn 14. 50 16. 70 15. 40 11. 40 12.70 10. 80
19. 50

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

42
Appendi x A- 2. Conti nued.

Sampl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent RR1C2 RR1C3 RR1C4 RR2C1 RR2C2 RR2C3
RR2C4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 10. 30 1.00 14. 70 59. 60 24. 30 14. 40
7.90

As 2.15 1.49 1.39 1.72 1.67 1.54
1.92

Ba 1.96 1.33 1.62 3.97 3.05 2.41
1.38

Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 02

B <0. 39 <0. 40 <0. 39 <0. 39 <0. 40 <0. 40
<0. 40

cd <0. 08 0. 07 10. 06 <0. 06 <0. 06 <0. 06
<0. 06

Cr <0.10 <0. 10 <0.10 0.13 <0. 10 0.15
<0.10

Cu 7.19 8. 07 7.64 4. 07 3.84 5.23
5.17

Fe 39. 10 26. 60 47.50 111. 00 61. 40 45. 60
34. 50

Pb <0. 49 <0. 50 <. 049 <0. 49 <0. 50 <0. 50
<0. 50

My 103. 00 90. 30 95. 70 164. 00 143. 00 131. 00
121. 00

Mh 3.04 1.41 1.97 7.83 6.73 2.50
2.14

Hg <0. 01 0.01 0.01 <0. 01 <0. 01 <0.01
<0. 01

Mo <0. 39 <20. 40 <0. 39 <0. 39 <0. 40 <0. 40
<0. 40

Ni 0. 38 0.53 0.42 0.44 0.58 0. 80
0.47

Se 1.48 1.08 0.94 1.21 0.98 1.17
1.17

Sr 3.43 3.48 4. 17 3.97 4. 07 3.24
3.15

Vn <0. 05 <0. 05 0. 06 0.22 0.12 0. 08
<0. 05

Zn 19. 60 17. 10 16. 70 22.10 22.00 22.00
21.40
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43
Appendi x A-2. Conti nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
El enent SP1C1 SP1C2 SP1C3 SP1C4 TMLC1 T™LC2
TMLC3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 4,95 7.95 1.19 2.48 33.00 40. 10
20. 40

As 0. 62 0.64 0.99 0.95 0.55 0. 59
6.71

Ba 1.22 1.29 1.81 1.14 6.73 3.93
11.10

Be <0.02 <0. 02 <0. 02 <0.02 <0. 02 <0. 02
<0.02

B <0. 40 <0. 40 <0. 40 <0. 40 <0. 39 <0. 39
<0. 33

Cd 0. 07 0. 07 0. 06 0. 08 0.10 <0. 06
0. 07

Cr <0. 10 <0. 10 <0. 10 <0. 10 0.11 <0. 10
0.11

Cu 1.28 1.41 3.40 4.68 4.89 2.83
5.26

Fe 27.50 30. 80 18. 70 22.30 71. 30 65. 50
42.70

Pb <0. 50 <0. 50 <0. 50 <0. 50 <0. 49 <0. 49
<0. 42

My 81. 30 88. 10 68. 10 59. 80 170. 00 138. 00
133. 00

vh 1.51 1.57 0.72 0. 68 3.76 3.09
2.42

Hg <0.01 0.14 0.01 0.01 0. 07 <0.01
<0.01

Mo <0. 40 <0. 40 <0. 40 <0. 40 <0. 39 <0. 39
<0. 33

Ni <0. 12 0.14 0.14 <0.12 0.59 0. 31
0. 26

Se 0.92 1.15 1.09 0. 98 2.33 2.19
2.68

Sr 2.57 2.60 3.17 3.42 5. 68 3. 46
5.18

Vn 0. 06 0. 07 <0. 05 <0. 05 0. 15 0.16
0.12

Zn 15. 00 17. 10 12. 00 12.70 44. 30 22.50
22.90

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

44
Appendi x A- 2. Conti nued.

Sanpl e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAL
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El enent TMLCA TM2CL TMRC2 TM2C3 ™A
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Al 4.55 2.47 4.20 8.18 3.70
As 0.57 0. 30 1.14 0.97 0.79
Ba 2.42 3.09 3.87 6.93 3.29
Be <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
B <0. 40 <0. 39 <0. 40 <0. 40 <0. 40
cd 0. 06 <0. 06 <0. 06 <0. 06 <0. 06
Cr <0. 10 <0. 10 <0. 10 <0. 10 <0. 10
Cu 3.42 1.56 1.75 2.17 2.95
Fe 16. 20 14. 70 19. 20 27.20 16. 90
Pb <0. 50 <0. 49 <0. 50 <0. 50 <0. 50
My 88. 60 102. 00 108. 00 89. 20 82. 40
MVh 1.54 2. 30 2.52 3.16 2.03
Hg <0. 10 <0. 10 <0. 10 <0. 10 <0. 10
Mo <0. 40 <0. 39 <0. 40 <0. 40 <0. 40
Ni 0.32 0. 32 0. 46 0. 36 0.51
Se 0.73 1.32 1.09 1.29 1.29
Sr 3.40 3.43 4. 46 4.14 4.78
Vn <0. 05 <0. 06 <0. 06 <0. 09 0.07
Zn 210.61 152. 21 197. 85 149. 46 151. 14

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN

45
Appendi x A- 3. Geonetric mean (with mnima and nmexi ma) of sel eni um residues
in clans as determ ned by GFAA anal ysi s.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mean Mean
Site ppm wet w . ppmdry w. % i st ure n
Bill WIIains 1.08 6. 90 84 4
(0.82 - 1.27) (4.33 - 9.07)
Ci bola Refuge 1 0. 66 5.92 89 4
(0.59 - 0 70) (5.19 - 7.05)
Ci bol a Refuge 2 0. 87 8.58 90 4
(0.50 - 1.35) (7.12 - 11. 44)
Cabl e Lake 1.46 20. 99 93 4
(0.97 - 3.51) (16.20 - 31.34)
Topock Corge 1.48 13.92 90 3
(1.20 - 1.85) (12.24 - 17.79)
I sl and Lake 1 1.57 11. 26 86 4
(1.28 - 2.08) (8.89 - 16.04)
I sl and Lake 2 1.52 9.41 83 4
(1.13 - 2.05) (8.31 - 11.79)
I nperial CQasis 2.09 14. 23 85 4
(1.58 - 3.03) (11.33 - 20.75)
I ndi an Reservation 1.47 13. 65 89 4
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(1.29 - 1.63) (10.57 - 15.65)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN

46

Appendi x A-3. Conti nued.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mean
Site ppm wet w . ppmdry w . % noi st ure n

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAASAAAALAAAAA

Mttry Lake 1 0. 82 6. 29 87 4
(0.45 - 1.17) (3.84 - 9.14)

Mttry Lake 2 0.74 5. 66 87 4
(0.66 - 0.84) (4.85 - 6.74)

Needl es river 1.29 10. 11 87 4
(1.14 - 1.60) (8.64 - 13.01)

Oxbow Lake 1.63 14.55 89 1

I mperial NVR 1 1.12 7.84 86 4
(0.94 - 1.48) (6.16 - 10.35)

Inperial NVWR 2 1.13 8.19 86 4
(0.98 - 1.21) (7.03 - 9.36)

Sand Poi nt 1.03 12. 22 92 4
(0.92 - 1.15) (11.23 - 13.41)

Topock Marsh 1 1.78 14. 86 87 4
(0.73 - 2.68) (11.02- 18.61)

Topock Marsh 2 1.24 12.92 90 4
(1.09 - 1.32) (11.68- 14.66)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

47

Appendi x A- 4. Ceonetric nean (with mninma and maxi na) of arsenic residues per
site as determ ned by GFAA anal ysis (n represents the nunber of
conposite sanpl es).

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mean Mean
Site ppm wet w . ppmdry w. % mnoi sture n

Bill WIlians 0.68 4. 30 84 4
(0.24 - 1.47) (1.57 - 7.93)

Ci bola Refuge 1 1.11 10. 14 89 4
(0.85 - 1.49) (8.57 - 12.52)

Ci bol a Refuge 2 0.90 8.86 90 4
(0.38 - 1.68) (3.18 - 18.26)
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Cabl e Lake 1. 66 23.94 93 4
(1.16 - 2.31) (10.36 - 40.53)

Topock Gorge 1.12 10. 48 90 3
(0.94 - 1.24) (9.59 - 11.92)

I sl and Lake 1 2.54 18. 16 86 4
(2.31 - 2.46) (15.77 - 26.56)

| sl and Lake 2 2.76 17.12 83 4
(2.59 - 3.11) (13.12 - 21.87)

| mperial CQasis 1.38 9. 40 85 4
(1.17 - 1.68) (8.87 - 10.21)

I ndi an Reservati on 1.18 10. 96 89 4
(1.05 - 1.51) _(9.02 - 13.36)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Appendi x A-4. Cont i nued.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mean Mean
Site ppm wet W. ppmdry W. % moi sture n

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mttry Lake 1 1.81 13. 95 87 4
(1.44 - 2.64) (12.02-20.62)

Mttry Lake 2 1.55 11.81 87 4
(1.42 - 1.73) (10.71 - 12.72)

Needl es river 1.15 9. 02 87 4
(1.04 - 1.21) (8.19 - 9.84)

Oxbow Lake 0.33 2.99 89 1

| mperial NAR 1 1.72 12. 07 86 4
(1.39 - 2.15) (9.14 - 15.35)

I mperial NWR 2 1.71 12. 40 86 4
(1.54 - 1.92) (10.00 - 14.01)

Sand Poi nt 0.78 9.28 92 4
(0.62 - 0.99) (6.90 - 13.07)

Topock Marsh 1 1.06 8. 85 87 4
(0.55 - 6.71) (3.28 - 46.60)

Topock Marsh 2 0.72 7.43 90 4
(0.30 - 1.14) (2.66 - 12.26)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

49
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APPENDI X B

Bi ol ogi cal data

50
Appendi x B-1 A Arithnetic mean size (mm shell |ength) of Corbicula flum nea at

10 river sites along the | ower Col orado River, 1992.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAALALA

Bill WIIianms* 40. 18 32
Ci bol a Refuge 1 31.05 32
Ci bol a Refuge 2 30. 14 32
Topock GCorge 19.98 69
| mperial Casi s* 38. 63 32
I ndi an Reservati on 28.02 34
Needl es Ri ver 20. 00 67
| mperial NWR 1 41. 56 32
Imperial NWR 2 34. 36 32
Sand Poi nt 25.72 48

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Mean for river sites 30. 96
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAAALA
* These sites had | ow water velocity, atypical for "river sites"

51
Appendi x B-1B. Arithnetic mean size (nm shell length) of Corbicula flumnea at 8

backwat er sites along the | ower Col orado River, 1992.
AAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARAARAARAAALAAA

Backwater Site Mean cl am si ze N
AAAAAAAAAAARAAAAAAAARARARAAAAAAAARAAAAAAAAAARAAAAAAAARARAAAAAAAAAARARAAAAAARARAAARAAAA
Cabl e Lake 42.76 32
I sl and Lake 1 47.70 32
I sl and Lake 2 49. 56 32
Mttry Lake | 37.11 32
Mttry Lake 2 32.59 32
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Oxbow Lake 27. 33 5
Topock Marsh 1 31. 30 22
Topock Marsh 2 32.91 32
AAAAAAAAAAAAAAAAAARAAAAAAARAAAAAAAAAAARAARARAAARAAAAAAAAARAAAARAAARAAAAAAAAAAAAAAAAAARAAAAAAR

Mean for backwater sites 38.73
ARAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAARAARAAAAAAA

52

Appendinc B2 v o e TeMErate g oF WAt T by St E8F o nn B s i e R s T
SIE@L s 3t B B T s e g s s fenper al ke Ldegrees: Celishus) i
Bill WIIains 31

Ci bola Refuge 1 27

Ci bol a Refuge 2 27

Topock Corge 22

I mperial CQasis not taken

I ndi an Reservation 26

Needl es Ri ver 21

| mperial NAR 1 27

I mperial NVAR 2 26

Sand Poi nt 32

Cabl e Lake not taken

I sl and Lake 28

Mttry Lake 30

Oxbow Lake 29

Topock Marsh 1 24

Topock Marsh 2 29
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

53
APPENDI X C

Bi oi ndi cat or dat a
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54

Appendi x G 1 Se concentration of sedinent and biota by site (ppmdry w.).

Ri ver Reach 1
AAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAARAAAAAAAAAARAAAAAARAAAAAAAAAAAAARAAAAAARAAAA
Sampl e (# of sanpl es) Mean Se Rat i ng

I nvesti gat or
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAASAAAAAAAAAALAAAAAAAAAAAAAAAAASAAAAAAAAAAAAALAAAAAAL

sedi nent (2) 0.78 bel ow Lusk
naiad (1) 5.24 exceed Lusk
cattail |eaves (2) <. 12 bel ow Lusk
cattail litter (2) 2.54 exceed Lusk
cattail rhizonmes (2) 7.37 exceed Lusk
auf wuchs (2) 3.19 exceed Lusk
bl uegill (3) 9.01 exceed Lusk
carp (2) 7.57 exceed Lusk
bass (2) 6. 16 exceed Lusk
crayfish (3) 5. 57 bel ow Lusk
shrinp (3 12.73 bel ow Lusk

Bill WIlians
AAAAAAAAAAAAAAARAAAAAAAAAARAAAARAAAARAARAARARAARAAAAAAAAAAAAAARAAARARAAAAAAAAAAAAAAAAARAAARARAAAAAAAAAARA
Sampl e (#) Mean Se Rat i ng

| nvesti gat or
AAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAARAAAARAAAAAARAAAAAAAAAARAAAARAAARAAAAAAAAAAARAAARAAAARAAAAAAAAARAAAAA

sedi nent (2) .03 bel ow Rui z

nai ad (2) 1.18 bel ow Rui z

bass (2) 3. 83 bel ow Rui z

bl uegil | (2) 5. 66 exceed Rui z

carp (1) 3.62 bel ow Rui z
nmosqui t ofi sh (3) 8. 47 exceed Rui z

grebe. Liver Ll) s a ot 2o 2o nt 12905 ws o oo Below o st B RUbZ o & s
fererrrerrerrereerreereerrerrerrerretreerrtrrereerrerrerrrrrrrrrrrrerrrbrr e et rrrr e el
55
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Appendi x C 1 Cont i nued.

River Reaehis i co i Tarit St S Sy el Sl e S P S s Pl S
Sanple_(#) Mean Se Rat i ng

Lribestl gaton: Le 2 it e i S R SRt M E SRt B B e R S R e LR B
sedi nent (2) 0.89 bel ow Lusk

cattail |eaves (1) <. 14 bel ow Lusk

cattail litter (2) 4. 00 exceed Lusk

cattail rhizones (2) 7.54 exceed Lusk

auf wuchs (2) 4.02 exceed Lusk

bass (2) 7.05 exceed Lusk

shad (3) 4.16 bel ow Lusk

carp (2) 6. 49 exceed Lusk

bl uegill (1) 10. 74 exceed Lusk

crayfish (3) 7.86 exceed Lusk

dansel fly nynphs (4) 13. 97 bel ow Lusk

shrinmp (3) 13. 36 exceed Lusk

Ci bola River
AAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAARAAARAAARAARAAAARAARAAAARAAAAARARAAAAAARAAAAAAAAAAAAAARAARAAAAAAAR
Sanmpl e (#) Mean Se Rat i ng

| nvesti gat or
AAAAAAAAAAAAAAAAAAARAAAAAAARAAAAAAARAARAARARAARAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAARAAAAAAAAAAAAAAAAAAR
sedi nent (2) 0.03 bel ow Wl sh

plants (1) 1.02 bel ow Wl sh

sunfish (1) 2.00 bel ow Vel sh

56
Appendi x C-1 Cont i nued.

Topock Marsh
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Sampl e (#) Mean Se Rat i ng

I nvesti gator
AAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAARAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAARAAARAAAAAALLAAAAAARAAAAARAAALA
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sedi nent (1) 1.89 exceed Rusk

bass (2) 11.50 exceed Ki ng et

al .

carp (2) 7.95 exceed King et

al .

catfish (2) 5.55 exceed Ki ng et

al .

crappie (2) 17.75 exceed Ki ng et

al .

| east bittern (3) 26.77 exceed Rusk

crayfish (6) 1.78 bel ow Rusk

ShEEDP (Bl s i S s s 6261 Sors g nass BERDREL 2o i i s SHRUISIE S p e i
trerreererrrererrreeerrrrerrr e ettt ettt et brr e et b et e e e
Mttry Lake
AAAAAAAAAAAAARAAAAAAARAAAAAAARAAAAAAARAAAAAAARAAAAAAARAAAAAAARAAAAAAAAAAAAAAAAAAAAARAAARAAAAAAAAAAAAAAA
Sampl e (#) Mean Se Rati ng

| nvesti gator

sedi nent (3) 3.88 exceed Rusk

Virginia rail (4) 15. 37 exceed Rusk

| east bittern (1) 13. 60 bel ow Rusk

coot (2) 8.10 bel ow Rusk

noor hen (2) 4.15 bel ow Rusk

ni ght heron (2) 8. 45 bel ow Rusk

sora (2) 7.65 bel ow Rusk

green heron (1) 5. 60 bel ow Rusk

ruddy duck (1) 2.60 bel ow Rusk
craytisit (3005 Hovwi il Boe it 2 e AR beliow: £oxouf tis h Bl RUSK S Bl
frreerrrrrerrereerrrereereerrereerrerreererrrerrerrrereerrrrr et ererrrr ettt ettt et ern
57

Appendi x C-1 Conti nued.

I sl and Lake
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAAASAAAA
Sampl e (#) Mean Se Rat i ng

| nvesti gat or
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
sedi nent (1) 2.59 exceed Lusk
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nai ad (2) 6. 59 exceed Lusk

cattail |eaves (1) <.09 bel ow Lusk

cattail litter (2) 14. 09 exceed Lusk

auf wuchs (2) 4.97 exceed Lusk

bass (3) 13.08 exceed Lusk

bl uegil | (4) 13.06 exceed Lusk

carp (2) 6. 35 exceed Lusk
nosqui t ofi sh (3) 10. 40 exceed Lusk

shad (6) 4.82 bel ow Lusk
crayfish (3) 10. 64 exceed Lusk
SHEERpLCAFELe - i an S st B 900k T i QEEOW, i i e abe LISl ciiei
trrrerrerrerrerrerreereerrereerrerrerrerreerrerrerrerrrrrrrrr ettt err et ettt et e
Oxbow Lake

Sampl e (#) Mean Se Rat i ng

| nvesti gat or
AAAAAAAAAAAAAAAAAAAARARAAAAAAAARARAAAAAAAARARAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAARAAAARARAAAAA

sedi nent (2) 0.62 bel ow Wl sh

bass (2) 14. 00 exceed Wl sh

sunfish (2) 11. 00 exceed Wl sh
CRAYRIESN2) o ixers e ey e o S IS e DElOW sl s i e e VELal 2o o
Frrrrrrerererrererererrrrerererererrererrrrre et rer e ettt ettt et et ettt et p
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Appendi x C 1 Conti nued.

Cabl e Lake
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAA
Sampl e (#) Mean Se Rati ng

| nvesti gat or
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

sedi nent (2) 3.20 exceed Lusk
nai ad (2) 15.93 exceed Lusk
cattail leaves (1) <. 09 bel ow Lusk
cattail litter (2) 10. 16 exceed Lusk
cattail rhizones (2) 13. 37 exceed Lusk
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auf wuchs (4) 5.54 exceed Lusk

bass (2) 10. 09 exceed Lusk
bluegill (3) 9. 29 exceed Lusk

carp (2) 7.69 exceed Lusk
catfish (1) 9.35 exceed Lusk
nosqui t ofi sh (4) 12.30 exceed Lusk

shad (2) 4.71 bel ow Lusk
crayfish (3) 10. 20 exceed Lusk

dansel fly nynphs (2) 15. 50 exceed Lusk

ShEEDD (8): 2t s Pl s s 11.23 bebow o0 bt il ates PUSKC s
frerrererrerererrererrerererrererrrrererrererrrrrrrrrer et e e b rr ettt et et et e
59

Appendi x C-2 Bi oi ndi cator site evaluation for selenium
AAAAAAAAAAAAAAARAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAARAAAAAARAAAAAAAALAAAAAAAAAAAAAAAAAAAAAAALALAAAA

Site % sanpl es % sanpl es) Cl anms[sup] b Agreenment [ sup] C
b R gt e DRLOW S s SRXOBEH, e S St it SRR T T
Ri ver reach 1 36% 64% exceed yes

Bill WIIians 71% 29% exceed no

Ri ver reach 2 33% 67% exceed yes

Ci bola River 100% 0% exceed no

Topock Marsh 25% 75% exceed yes

Mttry Lake 80% 20% bel ow yes

| sl and Lake 25% 75% exceed yes

Oxbow Lake 50% 50% exceed yes

Cabl e Lake 20% 80% exceed yes

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAA
I Ifo 50% of sanples of sedinment and biota at a site exceed their respective

backgr ound

levels for Se, then the contami nation state of the site is classified as "exceed"

[sup] b exceed = Se concentration in clans 0 6.35 ppmdry w.

[sup]c "Agreenent" = C am and ot her sedi nent/bi ota sanpl es agree on contani nation
state of

the site.
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Appendi x C 3 Ref erences for background threshold limts of selenium

iiAlxiiil&liiAxxiiilxliAlxxii&lxiiAl&iiilxliiAlgiiil&liiAx‘ii&llliilxxii&lliiil&&iil}liiglgiiih

Background

Sanpl e Threshol d Aut hor
Dat e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASAAAAAAAAAAAAAAAD
Sedi nent 1.4 ppmdry wt. Radt ke et al
1988

Pl ant s 1.34 ppmdry w. Radt ke et a
1988

Fi sh 5.0 ppmdry w. Radt ke et a
1988

Birds (liver) 14 ppmdry w. Radt ke et a
1988

Crayfish 7.26 ppmdry w. Lemy
1985

Shri mp 11.56 ppmdry wt. Lemy
1985

I nsects 6.40 ppmdry w. Lemy
1985

Mol | usks 6.35 ppmdry wt. Lemy
1985

AAAA&lAAAllAAAAlAAAAl&jAAAliAAA&ligAAlAAAAlAAAA&&AAAAlAAAA&AAAAlljAAAliAxliligxlﬁjlxlliixlilixh
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Appendi x C-4 Scientific names of plants and aninals used for bioindicator
speci es

conpari sons.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Common nane Scientific nane
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Spi ny nai ad Naj as marina

Crayfish Procanbar us cl arKki
Shrimp Pal aenponet es pal udosus
Threadfin shad Dor osonma pet enense

Bl uegi I | Lepom s macrochi rus
Carp Cyprinus carpio

Mosqui t of i sh Ganbusi a affinis

Sunfi sh Lepomi s spp.
Largenout h bass M cr opt erus sal noi des
Channel catfish | ctal urus punctat us

Bl ack crappie Poroxi s ni gromacul at us
Ruddy duck Oxyura j anai censi s
Anerican coot Ful i ca americana
Common noor hen Gal l'i nul a cl oropus

G een backed heron Butori des striatus

Bl ack- crowned ni ght heron Ni cticorax nicticorax
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Sora rail Porzana Carolina

d ark's grebe Aechnophor us cl ar ki
Least bittern I xobrychus exilis
Virginia rail Rallus |imcola

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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