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ENVIRONMENTAL CONTAMINANTS IN SURROGATE BIRDS AND
INSECTS INHABITING SOUTHWESTERN WILLOW FLYCATCHER

HABITAT IN ARIZONA

MiIGUEL A. MORA. JAMES ROURKE, Susan J. SFERRA, AND KIRKE KING

Abstract.  Several deformed Southwestern Willow Flycatchers (Empidonax traillii extimus) were re-
ported in Anizona during the last few years, Environmental contaminants, particularly persistent bioac-
cumulative pollutants, have been associated with deformities in other birds from diverse areas of the
United States. One objective of this study was to determine if environmental contaminants could be
linked to deformities of the Southwestern Willow Flycatcher in Anzona. We measured levels of
selected inorganic and organic contaminants in potential insect prey of the Willow Flycarcher and in
avian surrogate species at selected sites within the San Pedro River and in Roosevelt Lake. DDE and
PCBs were the only organochlorine compounds quantified above detection limits in all samples, None
of the mean concentrations of DDE and PCBs in eggs. nestlings, or adult birds were near or above
the threshold for potential detrimental effects on the birds themselves or on predators that may feed
on them. Also. none of the concentrations of metals and metalloids in egps. nestlings, and adults were
at levels known to affect reproduction or that have been associated with deformities. Selenium was
relatively elevated in bird samples (up to 5.8 pg/g dry mass); however, these levels were still below
those that have been associaed with deformities in birds. We detected high concentrations of Sr (up
10 450 pgfe dry mass) in whole eggs of Yellow-breasted Chats (feteria virens) that could affect
egpshell strength, but more research is needed. Overall, the contaminants reported in this study are
not likely to be implicated in the deformities observed in Southwestern Willow Flycatchers in the
Lower San Pedro River and Roosevelt Lake.
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The lower San Pedro River, including adjacent
downstream reaches of the Gila River (San Pe-
dro-Gitla rivers) and Roosevelt Lake in Arizona
provide important nesting habitat for many pas-
serine birds, including the federally endangered
Southwestern Willow Flycatcher (Empidonax
traillii extimus). Environmental contaminanis
such as polychlorinated biphenyls (PCBs), po-
lychlonnated dibenzo-dioxins, polychlorinated
dibenzo-furans, and selenium have been associ-
ated with deformities in birds from diverse areas
of the United States (Ohlendorf et al. 1986, Gie-
sy et al. 1994), Some of the most common de-
formities are crossed bills, small or missing
eyes, and clubbed feet. but other types of defor-
mities also occur (Gilbertson et al. 1991). Al-
though fish-cating birds and birds at the top of
the food chain are usually the most affected by
persistent bioaccumulative toxicants (Hoffman
et al. 1996), insectivorous birds may also be af-
fected (McCarty and Secord 2000). Terrestrial
and emerging aquatic insects in the lower San
Pedro River and Roosevelt Lake may accumu-
late toxicants from agricultural pesticides, min-
ing by-products, and wastewater treatment efflu-
ent. Therefore, insectivorous birds breeding on
riparian corridors in both regions may accumu-
late toxicants from feeding on insects or other
diets.

Between 1996 and 2000, 12 adult, one fledg-
ling, and two nestling Willow Flycatchers were

found with bill or eye deformities in Arizona,
Colorado, and New Mexico (Sogge and Paxton
2000). The mandible and beak deformities were
characteristic of those observed in fish-eating
birds from the Great Lakes. which have been
attributed primarily to dioxins and PCBs (Giesy
et al. 1994). Because environmental contami-
nants may be affecting the Willow Flycatcher
and other wildlife of the lower San Pedro River,
it is important to evaluate environmental con-
taminants to determine if there is a connection
with flycaicher deformities in Arizona.

The objectives of this study were to determine
levels of selected inorganic and organic contam-
inants in potential insect prey of the Southwest-
ern Willow Flycatcher and in avian surrogate
species at potentially impacted sites within the
San Pedro River riparian zone and Roosevelt
Lake, Specifically, we determined concentra-
tions of persistent environmental contaminants
to provide useful insights for evaluating causes
of deformities in Willow Flycatchers in Arizona.
We selected surrogate species that occupy the
same habitat and have diets similar to those of
the Willow Flycatcher in Arizona (Drost et al.
1998, Yard 1998). Therefore. we expected that
contaminant burdens in adults, nestlings, and
eggs of surrogate species should reflect those of
the Willow Flycatcher. We analyzed for contam-
inants in adults, nestlings, eggs. and insects in
order to establish the chemical dynamics from
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Roosevelt Lake. Arizona.

the potential food source to adults, eggs, and
young and to discern whether contaminants were
more likely 1o come from local or migratory
routes.

MATERIALS AND METHODS
STUDY AREAS AND SAMPLE COLLECTION

We collected 62 sumples consisting of insects, car-
casses, und eggs of surrogate bird species in the sum-
mer 1999 from several Willow Flycatcher nesting lo-
cations within the riparian zone at the San Pedro-Gila
rivers (Pinal County), and from Roosevelt Lake (Gila
County) in central Arizona (Fig. 1: Table 1). We cap-
tured adult Yellow Warblers (Dendroica petechia),
Yellow-breasted Chats (feteria virens), and Common

Lower San Pedro River

Location of contaminant sampling sites along the Lower San Pedro-Gila rivers riparian zone and

Yellowthroats (Georhlypis frichas) with mist nets and
euthanized them immediately by cervical dislocation:
Nestlings were removed from the nest and euthanized
ulso by cervical dislocation. Adult and nestling car-
casses were weighed, wrapped in aluminum foil,
stored in plastic bags, and kept on ice until taken to
the laboratory for storage at —20°C. Yellow-breasted
Chat eggs were collected from nests (mostly full
clutches), wrapped in aluminum foil. and stored in a
commercial refrigerator until further processing (some
broken eggs were stored in glass jars at —20°C).
Approximately 2-5 g of insects (flies, bees, wasps,
true bugs, leathoppers, and dragonflies, among others)
were collected from Cooks Lake, Indian Hills, and
Kearny in the lower San Pedro River and from Roo-
sevelt Lake, with malaise traps containing a killing jar
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TABLE |. Megax DDE anp PCBS (pa/c WET Mass) IN EGGS AND CARCASSES OF NESTLING AND ADULT INSEC-
TIVOROUS BIRDS AND INSECTS FROM ARIZONA, 1999 (RANGE IN PARENTHESES)
Class Species Location N 4.4'DDE PCBs
Adults Yellow-breasted Chat Cooks Lake 3 0.034 0.016
(0.019-0.051) (0.014-0.018)
Indian Hills 7 0.126 0.021
(0.020-0.250) (0.012-0.050)
Kearny | 0.023 0.040
Roosevelt 5 0.031 0.012
(0.017-0.061) (0.006-0.021)
Yellow Warbler Cooks Lake 2 0.090 0.019
(0.055-0.125) (0.016-0.022)
Indian Hilis | 0.056 0.039
Kearny 8 0.143 0.141
(0.024-0.269) (0.037-0.311)
Common Yellowthroat Cooks Lake 3 0.125 0.025
(0.073-0.215) (0.020-0.031)
Nestlings Yellow-breasted Chat Cooks Lake | 0.016 0.014
Indian Hills 2 0.034 0.013
(0.025-0.044) (0.008-0.017)
Roosevelt 2 0.017 0.007
(0.014-0.020) (0.003-0.012)
Yellow Warbler Cooks Lake 1 0,180 0.022
Kearny 2 0.058 0161
(0.051-0.064) (0.139-0.183)
Eges Yellow-breasted Chat Cooks Lake I 0.034 0.017
Indian Hills 3 0. 165 0.033
(0.019-0.355) (0.010-0.067)
Dudleyville 3 0.035 0.033
(0.019-0.060) (0.015-0.064)
GRS-12 3 0.084 0.032
(0.078-0.093) (0.023-0.048)
PZ Ranch 3 (.099 0.186
(0.049-0.161) (0.024-0.491)
Roosevell 6 0.027 0.026
(0.017-0.041) (0.011-0.056)
Insects Several Cooks Lake 1 0.026 0.224
Indian Hills I 0.102 0.387
Kearny 1 0.024 0.237
Kearny 1 0.003 0,026
Roosevelt 1 0.042 0.258

with a cloth soaked in acetone at the top, The traps
were placed near the sites where the birds were col-
lected and were left for one or more days until enough
insect biomass was gathered, After collection, the in-
sects were transferred w chemically cleaned glass jars
and kept at —20°C until chemical analysis.

CHEMICAL ANALYSIS

Bird carcasses. eges, and insects were analyzed for
organochlorine contaminants and inorganic elements:
The carcasses were obtained by plucking feathers, re-
moving head, legs, beak, and stomach contents. Eges
were analyzed whole (including eggshells) because
some eggs were broken and frozen prior to separation
of the eggshells. This occurred because eggs had to be
carried around for several hours while searching for
more nests. We also analyzed the whole egg 1o deter-
mine total depuration of contaminants from the adult
female to the egg. Contaminant concentrations were
not adjusted for possible moisture loss. After homog-

enization, about 2 g of sample were used for each anal-
ysis. The samples were analyzed at the Geochemical
and Environmental Research Group (GERG), Texas
A&M University.

ORGANOCHLORINE COMPOUNDS

We analyzed the following organochlorine com-
pounds: polychlorinated biphenyls (PCBs), hexachlo-
robenzene (HCB). hexachlorocyelohexane (a. B, v,
and &-HCH) chlordane (o and vy isomers), cis-nonach-
lor. truns-nonachlor, dieldrin, endrin, heptachlor epox-
ide, mirex, oxychlordane, toxaphene, DDT [1,1,1-
trichloro-2,2-bisip-chlorophenyl)ethane|, DDE [1,1-
dichloro-2.2-bis(p-chlorophenyljethylene], and DDD
[ 1. 1-dichloro-2,2-bis(p-chlorophenyljethane]. Approx-
imately 2 g of sample homogenate were mixed with
anhydrous sodium sulfate and extracted with hexane.
The samples were extracted following the NOAA sta-
tus and trends method (McLeod et al. 1985) with some
modifications (Brooks et al. 1989). The extracls were
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purified by silica/alumina column chromatography and
with HPLC. Residues were quantitated by gas chro-
matography and electron capture detector, GC-ECD
("'Ni}) in splitless mode, with a DB-5 (30 % 0,25 mm
D) fused-silica capillary column (Sericano et al,
1990), Ten percent of the samples were confirmed by
second injection on a DB-17 capillary column or by
GC-MS, Spike recoveries were above 80% in all cases:
varation between duplicates remained within 5%,
The lowest detection limit for organochlorine com-
pounds was approximately | ng/g wel mass (ww).

HEAVY METALS AND METALLOIDS

We guantified the following heavy metals and met-
alloids: aluminum (Al), arsenic (As), cadmium (Cd),
chromiim (Cr), copper (Cu), mercury (Hg), nickel
(Ni). lead (Pb). selenium (Se). and strontium (Sr), Ap-
proximately 0.5 g of sample was digested with nitric
and perchloric acids. The digest was analyzed for most
elements with a Perkin Elmer, Model ELAN 5000, in-
ductively-coupled plasma-mass spectrometer (1CP-
MS), Arsenic uand Se were analyzed with a Varian
VGA-T6 hydride generation accessory mounted to an
atomic absorption spectrophotometer, AA Perkin El-
mer. Model 3030, Mercury was analyzed by the stan-
dard cold vapor momic absorption method. The lowest
detection limits for trace elements varied between
0.006 pg/g dw for Cd and 2 pglg dw for Al Percent
recoveries of spiked samples and certified reference
materials were ubove 90% in most cases, Mean rela-
tive percent differences between duplicates were
<10%,

STATISTICAL ANALYSES

Yellow-breasted Chats were the main species col-
lected from most locations; therefore, most compari-
sons among locations were performed only with chat
data. We used the GLM procedure on ranked data
(SAS Institute 1987) 10 test for differences in mean
concentranions of organic and  inorganic  elements
among all sites (within San Pedro and Roosevelt). The
Tukey multiple comparisons procedure was used 1o de-
termine which means were significantly different. We
compared concentrations of organochlorine and inor-
ganic compounds in adult chats with data from three
locations and in eggs with data from five locations, We
compared inorganic element concentrations  among
adults, nestlings, and eggs with data from Roosevell
and Indian Hills and all locations combined, We also
compared concentritions of inorganic elements among
species with combined data for adults from several 1o-
cations. We tested for differences in mean concentra-
tions of organochlorines between locations (San Pedro
vs Roosevelt) and between species (chats vs. warblers)
by two-sample comparison procedures. The level of
significance wus set @ priori at P < 0,05,

ACTUMULATION FACTORS FOR METALS AND
METALLOIDS

We estimated the proportion of inorganic contami-
nants that birds acquired through the diet, assuming
that they were feeding on insects similar to those sam-
pled in our study. We used mean inorganic element
concentrations from Yellow-breasted Chats from spe-
cific locations (Indian Hills and Roosevelt) and from
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all locations to obtain accumulation ratios from insects
to adults and nestlings, adults to eggs, and eggs to
nestlings, The accumulation factor represents the ratio
of the concentralion in & given compartment (e.g., car-
cass) divided by the concentration in another com.
partment (e.g., insects). The accumulation factor indi-
cates whether a contaminant ingested in the food is
potentially accumulated in adults, the proportion that
is depurated by the female through the egg (including
deposition in the eggshell), and accumulation in nes-
tlings. A ratio = | suggests no  bioaccumulation,
whereas a ratio = | imdicates bioaccumulation.

RESULTS
ORGANOCHLORINES

DDE and PCBs were the only organochlorine
compounds detected in all samples (Table 1),
DDE concentrations were low (range 0.003-
0.355 pg/g ww) but were somewhat higher in
adult birds and eggs than in insects and nes-
tlings. Polychlorinated biphenyl concentrations
also were low (range 0.006-0.491 pg/e ww);
however, PCBs were higher in insects and much
lower in adults and nestlings. There were no sig-
nificant differences (GLM of ranked data, P >
0.05) in concentrations of DDE and PCBs
among adult chats from Cooks Lake. Indian
Hills. and Roosevelt Lake. DDE and PCB con-
centrations also were not significantly different
(GLM of ranked data, P > 0.05) among chat
eggs from Dudleyville, Indian Hills, GRS-12 (hy
CB Crossing), and PZ Ranch, in the lower San
Pedro River, and Roosevelt Lake. DDE and
PCBs were not significantly different (1-test. P
= 0.05) between chat eggs or carcasses from the
lower San Pedro River and Roosevelt Lake.
DDE concentrations also were similar (t-test, P
= 0.05) between carcasses of adult chats and
Yellow Warblers from the lower San Pedro Riv-
er; however, concentrations of PCBs were sig-
nificantly greater (t-test. P < 0.01) in Yellow
Warblers than in chats from the same locations.

METALS AND METALLOIDS

Insects had proportionally higher concentra-
tions of Cr, As. Cd, and Ni than bird carcasses
and eggs (Table 2). Mean concentrations of Cr,
As, Cd, Ni. Sr, and Al were similar (GLM of
ranked data, P > 0.05) in adult chats from Cooks
Lake, Indian Hills, and Roosevelt Lake. How-
ever, concentrations of Pb and Se were signifi-
cantly higher (GLM of ranked data. P < (.05)
in adult chats from Indian Hills than in adults
from Roosevelt Lake, but were similar to chats
from Cooks Lake. Copper concentrations were
significantly higher (GLM ol ranked data, P <
0.05) in adult chats from Cooks Lake than in
those from Indian Hills and Roosevelt Lake.
Concentrations of Hg were significantly higher
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(P < 0.05) in adult chats from Roosevell than
-l o e~ in those from Indian Hills and Cooks Lake.
“1F = =7= Concentrations of Cr, As, Cd, Ph. Se, Cu, Ni,
and Al were similar in chat eggs from five lo-
cations in the lower San Pedro River and Roo-
sevelt Lake (GLM of ranked data, P > 0.05).
> 00 insos Concentrations of Sr, however. were significant-
= ly higher (GLM of ranked data, P < 0.,05) in
chat eggs from Dudleyville and PZ Ranch in the
lower San Pedro River than in Roosevelt Lake.
VRN L Mercury was near detection limits in chat eggs,
Z|Z L 232 Concentrations of Cr, As, Cd, Pb, Se, Hg, Ni,
= S and Sr were similar between adults and nestling
chats but differed significantly from concentra-
tions in eggs (GLM of ranked data, see below).
= 2 ae= Concentrations of As, Se. Ni, and Sr were sig-
g B ISR nificantly higher (GLM of ranked data, P <
0.05) in whole eggs than in adults or nestling
chats: however, concentrations of Cr, Cd, Ph,
and Hg were significantly lower (GLM of
#|8 £ g9s ranked data, P < 0.05). Copper concentrations
S © ©o° were significantly higher in nestlings than in
adults or eggs (GLM of ranked data, P < 0.05).
Concentrations of Cr, As, Hg, Ni, and Al were
similar among carcasses of chats, warblers, and
:|1m ¥ S22 yellowthroats (GLM of ranked data, P > 0.05).
S -y Cadmium and Sr were significantly higher
(GLM of ranked data, P < 0.05) in chat car-
casses than in other two species. Copper and Hg
M o P were significantly higher (GLM of ranked data,
£ g 5 = pl ir P < 0.05) in Yellow Warblers than in chats, but
were similar to Common Yellowthroats.
METAL AND METALLOID ACCUMULATION FACTORS
-|lz g Zz=g Table 3 provides mean accumulation factors
Yle & S of metals and metalloids from insects to birds,
nesthings, and eggs. The accumulation factor
was >1 in the following cases: from insects (o
adults for Se, Hg. and Sr; from adults to eggs
2|17 2 FRZE for As, Se, Ni, and Sr: from insects to nestlings
e B for Se, Hg, Cu, Sr, and Al; and from eggs to
nestlings for Cr, Cd, Pb, Hg. Cu. and Al
DISCUSSION
g% & Fan CONTAMINANT PATTERNS AND HAZARD
O R ASSESSMENT
DDE concentrations in birds from Arizona
Ef=t = et were similar to those found in other insectivo-
3| | e, TR rous species collected recently in Big Bend Na-
3= 3 SZEEZz tional Park, but were about 30 times lower than
8 3 5 E * o2 E ~ the DDE residues found in CLiff Swallows (Pe-
z trochelidon pyrrhonota) collected along the Rio
z B [ Grande near El Paso, Texas, during the same
o |22 year (M. Mora, unpubl. data). None of the mean
) }6_ )5 ‘E- DDE concentrations in eggs. nestlings, and adult
3 birds were near or above the threshold for po-
sl N tential detrimental effects on the birds them-
g 443 selves or on predators that may feed on them.

Based on available studies, the Brown Pelican
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MEAN ACCUMULATION FACTORS (RANGES IN PARENTHESES) FOR METALS AND METALLOIDS BASED ON CONCENTRATIONS 1IN YELLOW-BREASTED CHATS AND

INSECTS FROM ARIZONA

TABLE 3,

Cu Ni Sr Al

Hg

Cd
0,57

As
(0.31-0.70)

Cr
0.24

(0.18-0.35)

Category
AdulvInsect

0.20

(0,14-0.24)

™~

0.16

(0.08-0.26)

025
(0.20-0.27)

4.08
(1.61-8.65)

0.43
0.23-0.57)

0.18
(0.09-0.22)

(0.93-3.56)

(0.90-2.26)

0.78

(0.33-1.03)

9,59
(7.85-10.9)

3.06

(2.05-4.63)

0.02
(0.01-0.03)

4.80

(4.36-5.34)

0.53
(0.42-0.71)

Egg/Adult

(0.98-5.19)

(0.30-0.38)

(0.06-0.16)

(0.33-40.79)

5
(1.15-3.72)

ol
~

3.54
(1.26-6.46)

0,11

(0.09-0.16)

1.14
(0.51-1.86)

1.01
(0.13-1.70)

36
(0.8-2)

0.30

(0.12-0.48)

0.20 0,33
(0.26-0.37)

(0.13-0.26)

(.58
(0.24-1.16)

Nestling/Insect
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21.94
(8.48-47.1)

015

(0.13-0.17)

0.39
(0.21-0.61)

16.21

6.16

0.19

(0.09-0.32)

1.50

(0.68-2.5)

37.86

(27-51)

0.25
(0.22-0.27)

398

(3.15-4.66)

Nestling/egg

2-31)

5.0

{

(1-13.5)
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(Pelecanus occidentalis) has been one of the
most sensitive bird species to the eggshell thin-
ning effects of DDE; levels of approximately 3
pg/g ww in eggs increased egg breakage and
decreased productivity. However, there is much
variation in sensitivity to DDE among species
(Blus 1996). The low levels of DDE in adult
birds, nestlings, and insects suggested little, if
any, accumulation along migratory routes: rath-
er, they indicate possible accumulation from lo-
cal sources.

Polychlorinated biphenyl concentrations also
were very low. PCBs were higher in insects and
much lower in adults and nestlings, also sug-
gesting local sources rather than acquisition dur-
ing migration or in wintering grounds. PCBs
were greater in warblers than in chats from
Kearny probably because warblers were feeding
closer to the Kearny sewage ponds, the most
likely source of PCBs in the area. The lowest
concentrations of PCBs that have been associ-
ated with deformities in birds are approximately
3.5 pgleg ww in eggs of Double-crested Cor-
morants (Phalacrocorax auritus, Yamashita et
al. 1993). All PCB values in eggs. nestlings, and
adult birds collected in Arizona were less than
I pg/g ww: thus, it is unlikely that PCBs are
associated with deformities that have appeared
in flycatchers in the area.

Most concentrations of metals and metalloids
in eggs and carcasses of the three bird species
also were not of concern for biological etfects
such as deformities in birds. None of the con-
centrations of Cr, As, Cd, Pb, Hg, Cu, Ni, and
Al in eggs, nestlings, and adults were at levels
known to affect reproduction or that have been
associated with deformities (Heinz 1979; Eisler
19854, 1986, 1987, 1988, 1998; Whitworth et al.
1991, Miles et al. 1993, Mcllveen and Negusanti
1994). Additionally. some inorganic elements
were retiuned in the eggshell since the eggs and
eggshells were analyzed together; therefore,
some elements were less likely to affect the em-
bryos. Recent analyses indicate thar except for
Cu. Mn, Se. and Zn, concentrations of inorganic
elements were 2-35 times greater in eggshells
than in eggs (Mora in press). However, Burger
(1994) found that concentrations of Pb and Cr
were higher in egg contents than in eggshells of
Herring Gulls (Larus argentatus) and Roseate
Temns (Sterna dougallit). Thus, species differ-
ences in deposition of inorganic elements in
eggs and eggshells need to be considered.

A concentration of 0.4 pg/g dw total Hg in
the diet of fish-eating birds has been suggested
as the threshold value at which no negative ef-
fects are known to occur (Eisler 1987). The
mean concentration of total Hg in insects in the
Lower San Pedro River and Roosevelt Dam was
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below 0.15 pgl/g dw, about 1/3 the maximum
recommended level to protect wildlife. Insects
from the same area also had Cu levels ranging
from 27-45 pg/g dw. No data on toxicity of Cu
to wildlife are available; however. poultry stud-
ies indicate that adverse effects could occur
when chickens are fed diets containing 350 pg/
g ww Cu for 25 days (Eisler 1998). Of the few
studies with Ni, Outridge and Scheuhammer
(1993) observed that a diet of 300 pg/pg ww
caused reduced growth in newly hatched chick-
ens. Nickel concentrations in insects from Ari-
zona were all below 11 pg/g dw. Aluminum
concentrations in insects and nestlings from Ar-
izona were somewhat high: however, dietary
concentrations of Al of 200, 1000, and 5000 pg/
£ ww administered to European Starlings (Srur-
nus vulgaris) did not affect their growth, repro-
duction, or survival (Miles et al. 1993).

Selenium, derived primarily from irrigation
drainage of areas with marine sedimentary rocks
of Late Cretaceous age (Seiler 1997), was rela-
tively elevated in bird samples (up to 5.8 pg/g
dw); however, these levels were still below those
that have been associated with deformities in
birds (13-24 pe/g dw; Skorupa and Ohlendorf
1991). Although Se may not be lethal or tera-
togenic at such levels, dietary concentrations of
Se >3 pg/g dw may have negative effects on
fish and wildlife (Lemly 1996). Concentrations
of Se <5 pg/g dw in the diet of adult Screech
Owls (Orus asio) resulted in oxidative stress in
their nestlings (Wiemeyer and Hoffman 1996).
Thus, rapterial birds feeding on songbirds o1 in-
sectivore species along the San Pedro River and
the Roosevelt Lake ares could be affecied by
high concentrations of Se in their prey.

One important finding of this study was the
elevated levels of Sr (up 1o 450 pg/g dw) in eggs
of chats from two locations on the San Pedro
River. The unusually high concentrations of Sr,
however, were present mostly in the eggshell
(Mora in press) with little potential for associa-
tion with deformities in birds, Notwithstanding,
Sr mobilization is closely associated with Ca
metabolism; thus, it is possible that a high de-
position of Sr in the eggshell could affect egg-
shell strength and increase egg breakage (Mraz
et al. 1967), but this deserves further documen-
tation. The distribution of Sr in the environment
is associated with potassium- or calcium-rich
rocks. Some areas in Arizona south of the study
area have been reported with high concentra-
tions of Sr in stream sediments (Theobald and
Barton 1988). Our findings point out the poten-
tial for accumulation of high concentrations of
Sr in eggshells of passerine birds nesting in
some regions of Arizona.

Except for Sr, which showed some geographic
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differences in concentrations among samples
from the San Pedro River. concentrations of
most inorganic elements were similar between
the lower San Pedro River and Roosevelt Lake.
This suggests that the sources of inorganic con-
taminants are distributed somewhat uniformly
throughout the nesting habitat in these two re-
gions, This is also supported by similar concen-
trations of Cr, As, Hg, Ni. and Al among the
three bird species from the lower San Pedro Riv-
er. Additional collection of samples from other
Willow Flycatcher locations would allow for in-
creased sample sizes and more robust compari-
sons to better determine contaminant patterns
and potential impucts on nesting insectivorous
birds,

METAL DYNAMICS AMONG Bloric
COMPARTMENTS

Analysis of the accumulation factors suggests
that of all the inorganic elements, only Se, Hg,
and Sr (ratio > 1) bioaccumulated from insects
to adults. However, the presence of high con-
centrations of metals in insects suggesied acqui-
sition of other metals through the diet. The ac-
cumulation factors also indicate that adult birds
deposited greater concentrations of As, Se, Ni,
and Sr than other metals in eggs, relative to their
body burdens. From insects to adults and then
from adults to eggs. bioaccumulation factors
were 12,5 for Se, and 23.2 for Sr (Table 3). As
indicated earlier most Sr is deposited in the egg-
shell, whereas most Se absorbs directly in the
ege contents (Mora in press). This study docu-
ments the significance of the eggshell for de-
position of Sr by the laying female. The accu-
mulation factors of metals from insects to nes-
tlings were quite similar to those from insects to
adulis suggesting that the possible source of in-
organic contaminants was local rather than from
a distant source, These considerations assume
that the insect samples analyzed represent the
food source for the birds collected in the area
and that the metal concentrations observed were
average concentrations for the area.

CONCLUSIONS AND
RECOMMENDATIONS

Overall, DDE, PCBs, metals, and metalloid
concentriations reported in this study are not
likely to be implicated in the delormities ob-
served in Southwestern Willow Flycatchers in
the Lower San Pedro River and Roosevelt Lake.
Local Willow Flycaicher deformities may be due
to other factors or to exposure to other contam-
inants to which the surrogate species were not
exposed or that were not detected in our analy-
sis. Southwestern Willow Flycatcher deformities
appear to be occurring throughout their breeding
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range (Sogge and Paxton 2000): therefore, sam-
pling of surrogate species from other areas in
Arizona and New Mexico should be conducted
to determine differences and similarities in con-
taminants among sites. Environmental contami-
nants such as metals, organochlorines, and other
persistent chemicals would be expected to exert
their toxic and teratogenic effects on the devel-
oping embryo or young rather than on adults;
therefore, we should be able to document mor-
tality rates and deformities in young to better
assess exposure and effects of contaminants on
the Southwestern Willow Flycatcher. Addition-
ally. the effects of high concentrations of Sr on
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egeshell strength and potential increase in egg
breakage in insectivorous birds should be inves-
tigated.

ACKNOWLEDGMENTS

This project was accomplished with support from
the LS. Bureaun of Reclamation, Department of Inte-
ror. This work would have not been possible without
the help and contribution of many people, in particular
R. Davidson, C. Paradzick, and other personnel from
the Arizona Game and Fish Department: and D. Mus-
quiz and M. Awckinson from Texas A&M University.
Additional logistics support from S. Huckett and J. Ek-
stein of the Nature Conservancy is greatly appreciated.
This manuscript has been greatly improved by com-
ments from various reviewers.




