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Abstract. During 1997 we evaluated reproductive success inin fish at this site, relative to Pharr, could be possibly associated
colonial water birds nesting in the Lower Rio Grande Valley with endocrine disrupting effects gf,p-DDE. DDE, toxa-
(LRGV), Texas, and correlated success with concentrations gfhene, PCBs, and hormones were highest in birds and fish from
contaminants in eggs. We also measured steroid hormones atite eastern edge of the study area.

gonadosomatic index (GSI) as biomarkers of endocrine effects

in common carp Cyprinus carpi9. Nest and fledging success
of green heronsRutorides virescensand great egretsAfdea
alba) were similar to those found in other parts of North . . .
America; however, nesting success of black-crowned night:cl; p 31:2\?;(;’?% GrandtiValley (tLRGVt). of TSetxas :_é:olmprlcs:ed i
herons Nycticorax nycticorakwas lower, very likely due to > four southernmost counties, Starr, Hidalgo, t.am
flooding of the nesting area. Except for DDE and toxaphene, al ron, and Willacy, and encompasses roughly the lower third of

chlorinated pesticides in bird eggs were low and not of concer he Rio Grande basin (Figure 1). Historically, this region was

for negative effects on any of the three species. DDE Wa%ominated by uniqgue Tamaulipan thorny brush vegetation;
. . 0 )

highest in green heron eggs and seemed to increase along gwev?r, togay gn esltlmag[egi 95/9 Olft Talmaullp_a_n blrushdhas

geographic gradient from west to east, with eggs from Falcorlljeen cleared and repiaced by agricuitural, municipal, and in-

Reservoir containing low concentrations, and those at LofUStrIaI developments (Jahrsdoerfer and Leslie 1988). The

: . . . RGV is a major agricultural production area, with approxi-
Indios containing the highest concentrations (approx. 11,00 fnately 320,000 ha (over 75% of the geographical area) devoted

ng/g WW), near or above the threshold for reproductive im-,_ "~ . !
pairment. DDE levels in great egrets and black-crowned night:[0 irmgated cropland (Fipps 1991). Tmeaquiladora(product

herons were below those that are associated with reproducti\féssembly) indugtry in_neighboring border states in Mexico has

impairment. Mean DDE levels in carp at the JAS Farms sited OWnN substantially since the 1.9793 (Texas Center for Policy

were above the threshold level suggested for predator protevﬁtu.d'es 1996), and tog_ether with mcreasgd trade bgtween the
tion. Toxaphene was detected in about 20% of the samples wit hited States and Mexico, has caused rapid population growth
high levels observed in green heron eggs from Los Indiog" south Texas.

(mean= 4,402 ng/g WW). These are the highest toxaphene Much of the LRGV is actually coastal plain and Rio Grande
levels reported in bird eggs in the LRGV. Toxaphene levels indelta' containing oxbow lakes (locally <_:a||elulancos and
esaca$ formed from fragments of old river channels and

fish ranged between 90 and 312 ng/g WW. In general, PCBs ik 4 T .
bird eggs and fish tissue were low and at levels not of ConcerH'bUta”eS: Orlglnally recharged by rver fIqodwatemssacas

for reproductive effects. The greatest concentrations of testodl€ now filled by rainfall, rupoff, or imigation return water.
terone and 11-ketotestosterone were detected in fish from tH4any are now used to store irrigation water pumped from the
JAS Farms site, which also had the greatest concentrations G0 _Grande. Together with artificially created irrigation or
DDE. Increased androgen production and gonad developmeﬁ{a

ttling basinsresacasprovide a major source of freshwater
habitat for LRGV wildlife (Jahrsdoerfer and Leslie 1988). Lack
of regular flushing by floodwaters has caused some of these
basins to become contaminant sinks (Coastal Impact Monitor-

*Present addresdJ.S. Geological Survey, San Francisco Bay EstuaryIng Program 1995)' Several Stl,Jdl.es have_ Indlcated that the
Field Station, 1408 Mesa Road, P.O. Box 2012, Vallejo, California€Vels of contaminants such a3 -dlch_lorodIphenyldlchloro-
94592, USA ethylene p,p-DDE), polychlorinated biphenyls (PCBs), toxa-
phene, mercury (Hg), and selenium (Se) are elevated in the
Correspondence tavl.A. Mora sediments and biota at some of these sites (Wtital. 1983;
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Fig. 1. Map of the Lower Rio Grande Valley showing the locations for the collection of bird eggs and fish. Numbers correspond to the following
locations: 1, Falcon Reservoir; 2, Edinburg; 3, Pharr; 4, Pintail Lake Santa Ana NWR; 5, Donna Reservoir; 6, JAS Farms; 7, Los Indios

Gambleet al. 1988; Texas Department of Health 1993). Suchan indicator of reproductive health and correlated success with
studies have raised concern that chemicals associated wittoncentrations of contaminants in eggs. One common measure
agriculture, increased urbanization, and industrialization mayf exposure and effects of environmental contaminants in birds
be adversely affecting wildlife using freshwater habitats in theis estimating reproductive success and correlating it with con-
LRGV. taminants present in eggs. We also determined steroid hor-
Previous and recent studies have correlated contaminambones and gonadosomatic index (GSI) as biomarkers of endo-
exposure in fish and birds with alterations in endocrine func-crine effects in common carfCyprinus carpi9. Some of the
tion, such as changes in steroid hormone concentrations, prorost commonly used indicators of exposure and effects of
tein production, and gonadal development (Fry and Toonendocrine-disrupting chemicals in fish include measurements
1981; Munkittrick et al. 1992; Joblinget al. 1996; Spies and of vitellogenin and hormone levels in plasma. Common carp
Thomas 1997; Thomas and Khan 1997). Organics such as DDWere selected because they were more abundant and could be
derivatives, alkylphenols, phthalate esters, and styrenes, arabtained more easily from several locations in the LRGV.
metals such as cadmium and lead have been shown to have
endocrine disrupting effecta vitro and/orin vivo (Colbornet
al. 1993; Thomas and Khan 1997; Thomas 1999). Many of
these compounds are products of LRGV industries and waste!!
water treatment facilities (Warshaw 1976; Brownsville Eco-
nomic Development Council 1990). Potentially estrogenic pesBird Survey and Sampling Sites
ticides that are currently in use on agricultural crops throughout
the state of Texas include trifluralin, atrazine, carbaryl, en-The study sites were located primarily in the southern Texas counties
dosulfan, parathion, synthetic pyrethroids, and aldicarb (Gianof Cameron and Hidalgo. One additional site was located in Zapata
essi and Anderson 1995). Additionally, persistent pesticide€ounty (Figure 1). Four settling basins (Edinburg, Pharr, Donna, and
with known or suspected estrogenic and antiandrogenic activos Indios), twobancos(Pintail Lake and JAS Farms Lake), and one
ity, such as DDT, dieldrin, kepone, and toxaphene, were useteservoir (Falcon) were selected as the study sites. Effort was made to
heavily on cotton and vegetable crops in Southern states befogglect sites of each type distributed across k_Joth coqnties; however, it
their use was banned in the 1970s and 1980s (Eisler angas not always possible. In general, settling basins had steep to

Jacknow 1985; Sotet al. 1994; Monossoet al. 1997; Loomis /9Nty sloped edges covered in rip-rap, were typically at depths
d Th 1999 S d Th 1999 between 1.5 and 3.5 m (except during periods when more water was

an O”?as. ’ p_erry an omas )- . distributed for irrigation than was pumped in from the river), were

The objectives of this study were to screen two taxonomicsrounded by river cane or mowed grasses, and had little riparian

levels of wildlife in LRGV aquatic habitats for signs of repro- yegetation.Bancos(oxbow lakes) had gently sloping sides, shallow
ductive impairment and endocrine disruption. Specifically, wedepths that receded during the length of the summer, and remnant
evaluated reproductive success in colonial fish-eating birds agparian vegetation and wetland vegetation along their edges.

aterials and Methods



Contaminants in Birds and Fish from South Texas 103

Nest Monitoring Extraction and Residue Analysis

Small (25-30 nests in each) dispersed green heBartotides vire-  Egg contents were homogenized in their original chemically cleaned
scen$ colonies were studied at two settling basins, Edinburg and Loscontainer using a hand-held tissumizer blender. Frozen whole fish
Indios. Nests in each colony were marked and monitored weekly fromwere sliced using a band saw and then ground in a Hobart grinder until
April to July 1997. All nest observations were made in early morningthoroughly homogenized. The chemical analyses were conducted at
and each monitoring session lasted about 30 min. Most nests were fie¢ Geochemical and Environmental Research Laboratory, Texas
trees at heights above 3-4 m and were observed using a mirrdh&M University, with procedures described in MacLeetlal. (1985)
attached to an extendible pole. Number of eggs and/or chicks, estivith a few modifications (Sericano 1993). Approximgt@lg of avian
mated incubation stage or chick age, and presence or absence of adu#89 homogenate and 10 g of whole carp homogenate were used for the
were observed during each visit. Nests were monitored until 15 dayé_malyss of selected chlorinated pes_t|C|des and PCBs. After th_e addi-
after the first egg hatched. This was considered the fledging date. If #oN Of 50 g of anhydrous N&O,, the tissue was extracted three times
nest failed before the fledge date, cause of failiwe, (depredation, with 100 ml of methylene chloride using a tissumizer homogenlzer._
failure to hatch, abandonment, etc.) was determined if possible. Faile§'€ ©rganic phase was concentrated to 1015 ml and then heated in

nests were checked for reuse during each monitoring session. KuEderna-Iganlsh tutbestto a f'n?l vc;lumet %ftz) mII n hex.aq'e. 80-100
Two larger colonies containing nests of great egrétsiéa albg, 9g and carp extracts were fractionated by alumina:silica (80—

cattle egrets Bubulcus ibi3 snowy egrets Egretta thuld, black- mesh) column chromatography. A_ctlvated copper was adde_d to the top
. ’ . . of the column to remove any residue of elemental sulfur in the egg
crowned night-heronsNycticorax nycticorak green herons, little - : .
blue herons E. caeruled, tricolored heronsE. tricolor), nestropic extracts. The resulting fraction was concentrated as previously de-
: . o - P scribed and further purified by high-pressure liquid chromatography
cormorants Phalacrocorax brasilianys and anhingasAnhinga an-

. . ) . (HPLC) to remove any excess lipid materials. The extract from HPLC
hinga) were monitored at Falcon Reservoir, the westernmost samplin

7 . as concentrated to a final volume of approximately 1 ml in hexane
location in the LRGV. Nests of black-crowned night-heron, greeng,, gas chromatographic/electron capture detection.

herons, and great egrets were checked five times between 18 May andpcps and chiorinated pesticides were analyzed by fused-silica cap-
15 July 1997 by boat, using the methods indicated above. illary column GC-ECD (N#3) using a Hewlett Packard 5890 Series II
Nest initiation, hatch, and termination dates were calculated for aILgas chromatograph in the splittess mode. Tetrachloro-m-xylene
species based on an incubation period of 22 days for green herongcmx) was used as the GC internal standard to calculate the recov-
(Davis and Kushlan 1994) and 25 days for great egrets and blackeries of the surrogates. Mean recoveries of surrogate standards 4,4'-
crowned night-herons (Harrison 1978; Davis 1993). A fledging date ofgibromoocto-fluorobiphenyl (DBOFB), PCB 103, and PCB 198, were
15 days was established for nests of each species as described aboyg.4%, 62.1%, and 60.7%, respectively, for carp samples, and 74.6%,
76.4%, and 76.5%, respectively, for bird eggs. The detection limits for
23 chlorinated pesticides and 21 PCB congeners averaged 0.34 ng/g
and 0.46 ng/g, respectively, for 2-g sample sizes. A total of 94 PCB
; ; ; congeners were analyzed. A group of PCB congeners (8, 18, 28, 44,
Sample Collection and Tissue Preparation 52, 66, 101, 105, 110, 118, 128, 138, 153, 170, 180, 187, 195, 206, and
209) were quantitated against a set of authentic standards, which were
At each colony one fresh green heron egg was collected by hand fronyjected at four different known concentrations to calibrate the instru-
three nests. Additionally, at Falcon one fresh egg was collected fromnent and to compensate for nonlinear response of the electron capture
each of nine monitored great egret and black-crowned night-herogjetector. The remaining PCB congeners were quantitated by compar-
nests. Four unhatched great egret eggs, each from a different nest, alig@n to a single reference congener of the same degree of chlorination
were collected for contaminant analyses. Nests were reached by e¥qjected at four different known concentrations. Contaminants were iden-
tendible or freestanding ladders or by boat, and eggs were collectegfied and quantified using X-Chrom software. Extractable lipids in egg
only from complete clutches. Eggs were placed immediately on wetind carp samples were determined from 20-ml aliquots of the sample
ice for transport, wrapped in aluminum foil, and refrigerated less tharextracts that were allowed to evaporate until dry. The residue was redis-
3 h after collection, and processed less than 24 h after collection. Eggolved in 1 ml of methylene chloride, 0.1 ml was placed on filter paper and
contents were poured into chemically cleaned glass jars. If an embryevaporated, and the residual materials were weighed using a Cahn 29
was present, it was evaluated for gross abnormalities and developmealectrobalance. Moisture content of each sample was determined from a
tal stage. Samples were stored-#5°C immediately after processing. 1-g subsample of homogenized tissue. The subsample was dried in an
Male common carp were collected by gill net from two settling oven at 50°C for at least 24 h or until constant weight.
basins (Donna, & 4, and Pharr, &= 4), and twobancogPintail Lake,
n = 2, and JAS Farms, & 3) (Figure 1) in July and August 1997.
These sites were selected as representative of settling basins aﬂ'(bxaphene Extraction
oxbow lakes in the LRGV. An effort was made to collect fish of

similar sizes and in the same reproductive stage. Sex and reproductiyg iher exiraction procedures were necessary to isolate toxaphene from
stage of all fish were confirmed by histological examination of gonadp-gg in green heron and common carp samples from diverse locations.
tissue. Total length (length from tip of snout to longest point of caudalgy, each sample, 5Q8 of the extract obtained in the above method were
fin) and weight of each fish were recorded and each fish was examineéipiked with 50l e-hexachlorocyclohexanee-HCH) as a surrogate

for signs of external and internal lesions and parasites. Immediately 08tandard. The extracts were fractionated by silica column chromatogra-
collection, blood was drawn from the caudal vein using a heparinizegyhy. After collection of the first fraction containing PCB congeners and
needle and syringe. Blood was transferred to a 5-ml Vacutainer consome chlorinated pesticides, 100 ml of 1:1 methylene chloride:pentane
taining sodium heparin and stored on wet ice for less tBeh until  were applied to the column and a second fraction containing toxaphene
taken to the laboratory. In the laboratory, whole blood was centrifugedand most other chlorinated pesticides was collected. Separated fractions
to separate plasma, which was stored in cryovials 26°C. Gonads  were concentrated to 10—15 ml, and then heated in Kuderna-Danish tubes
were weighted and gonadal somatic index (GSI) was calculated byo concentrate the extracts to a final volume of 0.5 ml in hexane. Samples
dividing gonad weight by somatic weight and multiplying by 100. were analyzed for toxaphene by fused-silica capillary column GC-ECD as
Whole fish were then wrapped in aluminum foil and storee-26°C. described above. Concentration of total toxaphene was calculated based
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on 11 toxaphene peaks measured in toxaphene calibration standards@bntaminants in Avian Eggs
four different known concentrations.

Geometric means and ranges of chlorinated hydrocarbons
found in greater than 50% (except toxaphene) of all egg sam-
Determination of Steroid Hormone Concentrations in ples are reported in Table 2. Except for DDE, concentrations of
Carp Plasma most chlorinated pesticides were low and near the limits of
detection. Mean DDE concentrations ranged from 119 ng/g
Plasma testosterone (T) and 11-ketotestosterone (11-KT) content WW in green herons from Falcon Reservoir to near 11,000
male carp were determined by radioimmunoassay (RIA) at Universitynd/g WW in green herons from Los Indios in Cameron County.
of Texas Marine Science Institute, Port Aransas, Texas, with proceToxaphene was present at relatively high values (1,058-4,402
dures previously described (Smith and Thomas 1991). For each assayg/g WW) in green heron eggs from Los Indios and Edinburg.
quality controls consisted of duplicate solvent blanks and a set of blankn almost all instances, pesticide concentrations were greatest
and spiked pooled plasma. Recovery of steroid internal standard (40in green heron eggs from Los Indios and lowest in green heron
250 pg/tube) ranged from 83.0% to 90.6% for T and 73.4% t0 84.4%, 5 from Falcon Reservoir. Green heron eggs from Los Indios
for 11-KT. Steroid hormone concentrations were calculated based op- significantly higher (p< 0.05) p,p-DDE concentrations
the standard curve using Beckman ImmunoFit EIA/RIA Analysis . .
software, version 3 (Beckman Instruments, Palo Alto, CA). than eggs fro_m all other S|_tes and spec_les. o
Concentrations of chlorinated pesticides were not signifi-
cantly different between eggs of black-crowned night-herons
. and great egrets from Falcon Reservoir, nor were they different
Statistical Analyses from concentrations of contaminants in green heron eggs from
Edinburg in Hidalgo County.
Nest success and fledging success were compared among sites anqndividual PCB congeners and total PCBs (Table 2) were
species by two-tailed z-tests using CONTRAST software (Hines a”f!generally low and were not significantly different among spe-
Sauer 1989). Results for chlorlnated pesticides and PCBs are ®%ies and sites. However, PCB concentrations in great egret,
pressed on a ng/g WW basis, and for hormones on a ng/ml basis. . .
lack-crowned night-heron, and Los Indios green heron eggs

Normality of residual variance was determined for all variables base ' . . -
on the Shapiro-Wilks statistic (W, p 0.05) computed by the univar- Were at least four times higher than total PCB concentrations in

iate procedure in SAS (SAS Institute Inc. 1987). Concentrations werdf€€n heron eggs from Falcon or Edinburg.

square root or logarithmically transformed to adjust for normality,

therefore, geometric means are reported. When a contaminant was

detected in at least 50% of the samples, a value equal to one-half of the

minimum detection limit was assigned to samples in which the con-Contaminants in Fish

taminant was not detected. Site and species differences in contaminant

means in bird eggs and carp were tested by analysis of variance usingale common carp were caught in sufficient numbers for
the general linear model procedure in SAS (SAS Institute Inc. 1987)gntaminant analyses at Donna Reservoir, Pharr Settling Basin,

Tukey’'s HSD test, adjusted for unequal sample sizes among treatmenjiy g Farmsbancq and Pintail Lake. Male common carp are

groups (Zar 1984), was used to compare means. Toxaphene CONCeMnsidered mature at a length of 310 mm and females at 375
trations were compared hytests. The Pearson correlation procedure

(SAS Institute Inc. 1987) was used to determine relationships amon m (Goodbredet al. 1997). _A” male carp at Donna, ‘?AS_
plasma steroids, GSI, length, weight, and contaminant concentratiorsams, and Pharr were considered mature based on this crite-
in male common carp. rion, and mean length was not significantly different (adjusted
Tukey’s HSD, p> 0.05) among male carp from these sites.
Male carp from Pintail Lake had a mean length of 260 mm and
were considered mature because their gonads contained sperm.
Mean lengths of carp from Donna, JAS Farms, and Pharr,
however, were significantly greater ¢ 0.05) than the mean
Avian Reproductive Success length of Pintail Lake carp.

Geometric means and ranges of chlorinated pesticides and
Table 1 shows the general results of our observations of nestingtal PCBs detected ir50% of carp are presented in Table 3.
and fledging success of herons and egrets. Mean clutch siz&ne carp at both Donna and Pharr and two carp from JAS
hatching, and fledging success were similar among green heFarms showed small, unresolved complex mixtures, and these
ons from Los Indios and Edinburg in the LRGV (two-tailed samples were further extracted for toxaphene. Fish from JAS
Z-test p< 0.05). Green herons from Falcon were not includedFarms had the greatest concentrations of all pesticides, includ-
because of small sample size. Clutch size was lower for blacking DDE and toxaphene, whereas concentrations in fish from
crowned night-herons than for great egrets or green heron®intail Lake were much lower than in fish from other sites.
The number of nests with hatchlings, eggs hatched per nesgimilar to bird eggs, all chlorinated pesticides were detected at
percent fledging, and number of young fledged per nest wereery low concentrations in fish, except for DDE and toxaphene.
similar between green herons and great egrets; however, théjhese two compounds were significantly greater in fish from
were 2.5 to 4 times lower in black-crowned night-herons thanJAS Farms than in fish from any other location. Geometric
in green herons or great egrets. Nine of the 13 black-crownetheans for total PCBs did not differ significantly among carp
night-herons nests observed were destroyed by flooding, thusom Donna, JAS, and Pharr; however, carp from Pintail Lake
black-crowned night-herons were affected by this event morénad significantly lower total PCBs than fish from any of the
than the other species. former three sites (p< 0.05).

Results
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Table 1. Nest and fledging success of green herons, great egrets, and black-crowned night-herons in the LRGV, Texas

Eggs Young
Nests Clutch Size Nests with Hatched/Nest Nests with Fledged/Nest

Species and Site Observed (mean= SD) Hatchlings (%) (mean= SD) Fledglings (%) (mean= SD)
Green heron

Los Indios 17 3.85- 0.90 13 (76.5) 256 1.70 8 (61.5) 2.00: 1.87

Edinburg 17 4.00- 0.67 13 (76.5) 2.46- 1.51 10 (76.9) 2.3% 2.08

Falcon 4 4.2+ 0.45 3 (60) 2.00+ 1.63 3(100) 1.92+ 1.63
Black-crowned night-heron

Falcon 13 291 1.22 4(31) 0.55+ 1.29 3 (75) 0.45+ 1.04
Great egret

Falcon 28 3.22£ 0.75 22 (78.6) 2.36: 1.32 17 (77) 1.78- 1.45

Table 2. Geometric mean concentrations and ranges (ng/g, WW) of chlorinated pesticides and total PCBs in bird eggs from the LRGV,
Texas

Black-Crowned Green Heron
Great Egret Night-Heron
% Falcon Res Falcon Res Falcon Res Edinburg Los Indios

Compound Detect 13 9 3 3 3
Moisture % 82 82 81 82 82

(80-84) (81-82) (80-82) (81-82) (80-82)
Lipid % 45 49 45 3.9 4.8

(2.8-6.5) (3.8-5.7) (3.4-5.9) (3.2-4.6) (3.9-5.5)
trans-Nonachlor 100 9 7 3 9 23

(3-149) (3-29) (2-5) (5-14) (12-46)
Dieldrin 100 7 4 1 20 76

(2-300) (1-13) (0.9-3) (11-29) (37-138)
Toxaphene 19.4 ND ND ND 1,058 4,402

(177-2,961) (3,157-7,870)

p,p-DDD 935 7 7 NCd 13 21

(3-33) (1-16) (7-21) (9-51)
p,p’-DDE 100 1,085 B 1,480 B 119C 2,421 B 10,954 A

(369-4,701) (562-4,876) (64-275) (2,133-2,683) (6,925-19,377)
p,p-DDT 93.5 3 4 0.4 21 19

(1-105) (1-48) (ND-0.6) (8-36) (16-22)
Total PCBs 100 265 A 264 A 57A 73 A 219 A

(82-1,498) (92-659) (48-74) (50-146) (130-320)

Values sharing the same letters within rows (DDE and PCBs only) are not significantly different (adjusted Tukey<HiSI3) p
apercent of total eggs with detectable levels

b Number of eggs analyzed from each species at each site

°ND = Not detected

9NC = Not calculated

Endocrine Biomarkers in Fish from JAS Farms than in carp from Donna and Pintail Lake.
Plasma testosterone and 11-ketotestosterone levels were sig-
All male common carp from JAS Farms and all but one fromnificantly higher in carp from JAS than in carp from the
Pharr were in the same reproductive stage (most commogther three sites which were similar.
gonad stage was spermatid). Gonads from carp at Donna Table 5 shows a Pearson correlation matrix of contaminants
were not evaluated for reproductive stage. These fish haénd biomarker values in carp. Gonad weight was significantly
enlarged gonads when collected, but may have been in agorrelated to testosterone, 11-ketotestosterone, PCBs, and
earlier reproductive stage than fish collected from Pharr andPDE. Gonadosomatic index was significantly correlated to
JAS Farms because they were collected a month earlietestosterone, 11-ketotestosterone, and DDE, but not to PCBs.
Gonads of male carp from Pintail Lake contained sperm and estosterone was significantly correlated to gonad weight, GSI,
therefore were not in the same stage as fish from other sited.1-ketotestosterone, and DDE, but not to total PCBs. Mean
Table 4 shows morphometric and biomarker measurementtl-ketotestosterone was significantly correlated to gonad
in common carp. Total length and body weight were similarweight, GSI, testosterone, and DDE, but not to PCBs. DDE
among carp from Donna, JAS, and Pharr, and were signifwas significantly correlated to all the morphometric measure-
icantly higher than in fish from Pintail Lake. Gonad weight ments and hormone levels in plasma. PCBs were only corre-
and gonadosomatic index were significantly higher in carplated to DDE and gonad weight.
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Table 3. Geometric means and ranges (ng/g, WW) of chlorinated pesticides and total PCBs in male common carp from the LRGV, Texas

Donna JAS Pintail Lake Pharr
Pesticide 42 3 4 5
Moisture % 74 69 76 74
(73-76) (65-72) (72-78) (71-77)
Lipid % 25 7.4 45 33
(1.5-3.9) (5.9-9.1) (2.8-7.8) (1.6-5.2)
trans-Nonachlor 2 4 0.6 5
(2-4) (2-7) (0.4-0.9) (2-9)
Dieldrin 7 1 1
(4-11) (0.8-1.4) (1-2)
Toxaphene 1648 296 A ND° 91°
(281-312)
p,p-DDE 1,085 A 67B 351B
(76-487) (355-2,117) (59-83) (99-752)
p,p-DDD 4 89 2 7
(20-201) 1-2) (4-13)
p,p-DDT 2 ND NC
(1.6-2.4)
Total PCBs 94 A 123 A 29B 82 A
(62-201) (65-220) (25-34) (44-123)
Values sharing the same letters within rows (DDE, toxaphene, and PCBs) are not significantly different.
Number of samples.
b Only one sample from each of these sites was analyzed for toxaphene.
°®ND = Not detected.
9NC = Not calculated.
Table 4. Geometric means and ranges of male common carp morphometric measurements and biomarkers
Donna JAS Pintail Lake Pharr
42 3 2 4
Total length (mm) 398 A 490 A 260 B 463 A
(384-422) (370-625) (255-265) (462-490)
Total weight (g) 822 A 1,380 A 259 B 1,169 A
(760-940) (680-1,460) (250-268) (1,010-1,280)
Gonad weight (g) 4.7BC 69.7 A 1.3C 34.2 AB
(2.8-14.2) (65.3-125.3) (0.3-5.2) (18.5-53.3)
Gonadosomatic index (g) 0.63BC 529 A 0.094 C 1.77 AB
(0.38-1.54) (4.68-6.46) (0.046-1.92) (1.61-4.49)
Testosterone (ng/ml) 1.29B 6.68 A 1.02B 1.69B
(0.77-2.21) (4.89-9.03) (0.56-1.86) (0.68-3.23)
11-ketotestosterone (ng/ml) 0.88B 6.24 A 1.16B 1.94B
(0.52-2.22) (6.21-6.29) (0.83-2.06) (1.48-2.30)
Values sharing the same letters within rows are not significantly different.
Number of samples analyzed.
Discussion icantly in nests with eggs containing DDE residues greater than

5,100 ng/g WW (Whiteet al. 1988).

Black-crowned night-heron nest success in the LRGV was
about 45% lower than that reported at various sites in San
) . Francisco Bay, California, where it ranged from 47% to 70%,
At all three study sites green heron nest success and ﬂedg"‘(@lothem et al. 1995). Mean DDE concentrations in night-
success (about 75%) were similar to those found in otheherons from San Francisco Bay ranged from 500 to 6,000 ng/g
studies. For instance, green herons in San Blas, Mexico, had\g\y. At a Lake Ontario night-heron colony where eggs had
hatching success of 65.5% (Dickerman and Gavino 1969)pigh pesticide residues, hatching success ranged between 36%
whereas green herons in New York (Meyerriecks 1962) anthnd 54% over a 4-year span (Price 1977). Night-heron nest
Missouri (Kaiser and Reid 1987) had approximately 79%success at Falcon was low due to destruction of nests by
hatching success. Hatching success of green herons at a cdfvoding.
taminant area in the Yazoo National Wildlife Refuge in Mis- Nest and fledging success of great egrets was generally
sissippi was 88%, however, hatching success decreased sign#fimilar to that of great egrets at Sapelo Island, Georgia, during

Avian Reproductive Success
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Table 5. Pearson correlation (r) matrix of morphometric, biomarker, and contaminant values of male common carp from selected locations in
the LRGV, Texas

Gonad Weight Gonadosomatic Index Testosterone 11-Keto-testosterone PCBs DDE
Gonad weight 1.0 0.858*** 0.541* 0.746*** 0.522* 0.697*
Gonadosomatic index 0.858*** 1.0 0.496* 0.748*** 0.267 0.572**
Testosterone 0.541* 0.496* 1.0 0.731** 0.367 0.618**
11-keto-testosterone 0.746*** 0.748*** 0.731** 1.0 0.216 0.736**
PCBs 0.522* 0.267 0.367 0.216 1.0 0.854***
DDE 0.697* 0.572** 0.618** 0.736** 0.854*** 1.0
®% < 0.001
*p < 0.01
*p < 0.05

1958, where 94.5% of eggs hatched (Teal 1965). Fledgingoncentration in all night-heron and great egret eggs at Falcon.
success of great egrets in this study (77%), was greater thaean DDE concentrations in night-heron eggs were below the
that found over a 4-year study at a contaminated colony idevel, 8,000 ng/g, associated with reproductive impairment
Audubon Canyon Ranch, California (28—52%, Pratt 1972). At(Henny et al. 1984). Shell breakage, egg failure, and shell
this site, eggshell breakage was deemed the most importatiinning were observed in great egret eggs with DDE levels of
factor in egg loss. Contaminant analyses revealed DDE cor300,000 ng/g ww (Pratt 1972). This value is well beyond the
centrations as high as 300,000 ng/g in egg yolk, and 124,30¢hreshold for reproductive effects in many birds (Blus 1996).
ng/g WW in livers of adult great egrets (Pratt 1972). For example, DDE levels of 3,000 ng/g in great blue heron
Nest and fledging success for all species except night-heron@rdea herodias eggs have been associated with reduced
were similar to those found in other studies. The nestinghatching (Blus 1996). Great egret eggs in our study had mean
success information collected in our study suggests that egrefSDE levels lower than 3,000 ng/g.
and herons nesting in the LRGV are reproducing well; how- Potential sources of DDE in bird eggs at the two LRGV sites
ever, sublethal effects of persistent bioaccumulative toxicantsand at Falcon are probably local from heavy use of DDT in the
particularly DDE, may still occur. Monitoring of a greater past, but also could have been accumulated on wintering
number of nests and analysis of more samples would bettejrounds. Although adult green herons are known to be migra-
indicate whether current DDE levels, particularly in greentory, populations in Southern states are thought to be resident
herons, are likely to cause negative effects on reproduction ofDavis and Kushlan 1994). Thus, it is possible that DDE, at
aquatic birds in the LRGV. least in green herons, comes from local sources. DDE concen-
trations in green heron eggs from Los Indios were only slightly
lower than those found in carcasses of laughing gulls and
Contaminants in Avian Eggs Forster’s terns$terna forstedi feeding in a nearby agricultural
drain in 1978 (Whiteet al. 1983). This suggests that DDE is
Except DDE, and toxaphene to some extent, all chlorinatedtill present in this environment at high concentrations. Current
pesticides in green herons, black-crowned night-herons, an@DE values in waterbird eggs from the Laguna Madre of
great egrets were low and not of concern for negative effects ogastern Cameron County, an area that receives agricultural
these species. Contaminants in green heron eggs seemeddi@inwater from the LRGV, are below 1,000 ng/g and have
increase along a geographic gradient from west to east, witHecreased steadily since the late 1970s (Whiteal. 1984,
eggs from Falcon Reservoir containing low concentrations ofcuster and Mitchell 1987; Mora 1996a). No previous studies
all contaminants, those at Edinburg containing an intermediat@n contaminants and reproduction in fish-eating birds nesting
level, and those at Los Indios containing the highest contamiin Hidalgo and western Cameron Counties are available; thus,
nant values. This may be explained perhaps by increaseid is difficult to ascertain if DDE concentrations in breeding
agricultural practices in the eastern part of the LRGV, whichbirds occupying high trophic levels in this area have declined.
would result in more use of pesticides and more contaminated At Falcon Reservoir mean DDE values were higher in black-
aquatic habitats than in the western side of the valley. Atcrowned night-herons and great egrets than in green herons, in
Falcon and Edinburg, mean DDE was well below concentraagreement with findings from other areas in the eastern United
tions (~ 5,100 ng/g) suggested to cause reproductive impairStates (Ohlendorét al. 1979). Such a pattern suggests that
ment in green herons (Whitd al. 1988), whereas at Los Indios night-herons and great egrets may be feeding on more contam-
the mean DDE concentration (10,954 ng/g) was higher than th#ated or larger prey or that they acquired their residues in
above threshold. The three eggs collected from Los Indioglifferent areas. Green heron diets are composed mainly of fish
contained 6,925, 9,794, and 19,377 ng/g DDE. In each of theswith a median length of approximately 55 mm (Davis and
nests the remaining eggs hatched; however, chicks from thushlan 1994). Great egrets and night-herons may take a
nest with the highest DDE concentration were found deadariety of prey items, including amphibians, crustaceans, mam-
before fledging. Unfortunately, the dead chicks were too demals, and large fish (Davis 1993; Stokes and Stokes 1996).
composed to be analyzed for DDE. These larger prey items may have greater concentrations of
DDE also was the pesticide that occurred at the greatestontaminants because they have longer life spans in which to
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accumulate lipophilic contaminants or they may feed at atoxaphene throughout the LRGV food web. Mosquitofish are
higher trophic level than green heron prey. Levels of total DDTwithin the prey size range of green herons (Davis and Kushlan
in sediments at Falcon have remained constant at about 5,00®94) and may play a part in the presence of high levels of
ng/g since the early 1970s and indicate a potential continuoutoxaphene in these birds. New concerns have been raised over
source of the pesticide to this system (Van Madtal. 1997).  toxaphene because it has been identified as an estrogenic sub-
Dieldrin concentrations were generally low in all three spe-stance in human cell lines. Soé al. (1994) found that a 10
cies of birds; however, one great egret egg contained 300 ng/gM (4,800 ng/g) dose of toxaphene induced estrogenic effects
dieldrin and one green heron egg from Los Indios containedn human breast cancer cells. This concentration is well within
138 ng/g. Dieldrin is generally associated with reproductivethe range of those found in green heron eggs from Los Indios
effects in birds only at much higher levels (16,000 ng/g and up)n the LRGV. It is currently unknown whether toxaphene acts
(Peakall 1996), but this contaminant is of interest because it haas an environmental estrogen in birds. If so, exposure of the
recently been identified as estrogenic in mammalian cells (Sotembryo to toxaphene via maternal transport to the egg has the
et al. 1994). Exposure to dieldrin during embryonic develop- potential to cause abnormalities in sexual development.
ment may have the potential to alter sexual development in Concentrations of total PCBs in eggs of all three bird species
wildlife. at all sites were much lower than levels4,000 ng/g) shown
Toxaphene was found in green heron eggs and carp frorto cause reduced hatching, embryo mortality, and deformities
LRGV sites. Toxaphene is a broad-spectrum pesticide comin birds (Hoffmanet al. 1996). The highest mean values of
posed of a mixture of over 250 polychlorinated monoterpene$CBs reported in LRGV birds were 4,000 ng/g in laughing gull
in use in the United States between 1947 and 1986 (Sergeanarcasses collected at the mouth of the Arroyo Colorado, and
and Onuska 1995). Toxaphene continues to be a pesticide @000 ng/g in pied-billed grebd?6dilymbus podicepsn the
concern because of its persistence and propensity for atmarroyo Colorado west of the mouth in 1978 (Whiet al.
spheric transport. It is often found in high concentrations in1983). Levels of PCBs in LRGV birds have declined since that
regions where it has never been used, such as the Arctitme (Whiteet al. 1985; Mora 1996b). PCB values in this study
(Paasivirta and Rantio 1991). This pesticide was used extersupport previous findings of declines and suggest that industrial
sively in Texas and other Southern states mainly on cotton, bunputs of PCBs into the LRGV ecosystem are not great.
also on vegetable, corn, soybean, and peanut crops (SergeantHeavy metals and metalloids were not analyzed in bird eggs
and Onuska 1995; Pearsenal. 1997). During 1978—79 White in this study. However, some of the metals, particularly mer-
et al. (1983) found toxaphene concentrations as high as 29,606ury and selenium, have been pointed out of concern for
ng/g in gizzard shadOorosoma cepedianumand laughing potential negative effects on birds from the LRGV (Mora and
gulls (3,000 ng/g) from the Arroyo Colorado, a major agricul- Wainwright 1998).
tural drain in the LRGV. Gamblet al. (1988) reported toxa-
phene values as high as 20,000 ng/g in sediments, 5,100 ng/g
in fish (unidentified sp), and 7,100 ng/g in spiny softshell
turtles (Trionyx spiniferuy from LRGV sites. In our study, Contaminants in Fish
green heron eggs from Edinburg had mean toxaphene concen-
trations of 1,085 ng/g with a maximum of 2,961 ng/g, whereasChlorinated pesticide levels in common carp were similar to
eggs from Los Indios had a mean concentration of 4,402 ng/gesticide levels found over the past decade in various studies of
with a maximum value of 7,870 ng/g. These are the highestRGV carp (Mora and Wainwright 1997). At JAS, mean DDE
reported values of toxaphene in LRGV birds. concentrations were above 1,000 ng/g, the threshold level for
In general, toxaphene is not considered highly toxic to birdspredator protection (Texas Natural Resources Conservation
because most avian species can readily metabolize and excré@®@mmission 1991) and could pose a threat to fish-eating birds
this pesticide (Eisler and Jacknow 1985). Niethammiernl.  and snakes. Toxaphene was found in individual fish at Donna,
(1984) showed that green herons in Louisiana oxbow lakeJAS, and Pharr at levels ranging from 91 to 312 ng/g, which
systems accumulated toxaphene to levels as high as 24,00@re similar to concentrations in LRGV carp samples collected
ng/g but reported no negative effects at these levels. Americaim the early to mid-1980s when toxaphene was still in limited
black ducks Anas rubripe} fed either 10,000 or 50,000 ng/g use (Texas Department of Health 1995). Fish species occupy-
toxaphene for 19 months showed no significant differences inng higher trophic levels than carp that were collected during
survival, egg production, fertility, hatchability, eggshell thick- the same 1980s surveys had toxaphene levels between 1,000
ness, or growth and survival of chicks compared to controlsand 6,400 ng/g.
(Haseltineet al. 1980). Carcasses of adult ducks in the feeding Toxaphene is more detrimental to fish and aquatic inverte-
study all contained less than 500 ng/g at the end of the studyorates than to birds or other wildlife (Eisler and Jacknow
Ring-necked pheasan®BH{asianus colchicyged 300,000 ng/g 1985). In brook trout$alvelinus fontinalls whole body levels
toxaphene did exhibit reproductive effects, such as decreaseaf 400 ng/g were associated with reductions in growth, abnor-
clutch size and egg hatchability (Pollock and Kilgore 1978). mal bone development, and reduced fecundity (Mayer and
It has been suggested that toxaphene is prevalent enough Mehrle 1977). Too few samples were available in this study to
the LRGV ecosystem for some species to develop resistance &stablish trends in toxaphene at different sites or to determine
it (Andreasen 1985). Mosquitofisémbusia affiniscollected  the relationship between toxaphene and biomarkers of estro-
in the LRGV were 122 times more resistant to toxaphene thamgenic exposure.
control fish. Lower Rio Grande mosquitofish survived longer Whole body burdens of total PCBs in carp were lower than
and accumulated more toxaphene than other mosquitofish, thilsose associated with egg and fry mortality, adult mortality,
it may have important implications for biomagnification of adult length and weight, and hepatic lesions in a variety of fish
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species (Niimi 1996). In lake trout induction of aryl hydrocar- and the endocrine system of birds, fish, and other wildlife. At
bon hydroxylase activity, a biochemical marker of PCB expo-Pharr, carp had lower plasma androgen levels and GSI than
sure, was positively correlated with total PCB levels similar tocarp at the JAS Farms. More fish samples from Pharr and JAS
those in LRGV carp (Luxoet al. 1987). Overall, PCBs in carp Farms should be studied to determine more conclusively if
were lower than those reported in LRGYV fish in previous yearsendocrine impairment is occurring at the JAS Farms relative to
(Mora and Wainwright 1997). This was especially true of carpthe Pharr site. Future studies in the LRGV also should consider
from Donna, a known hot spot of PCB contamination. In 1993not only chlorinated compounds but other classes of xenobiot-
the Texas Department of Health issued a consumption advisorigs that may have endocrine-disrupting properties, such as
of fish from Donna and its surrounding canals after elevatednetals, surfactants, and organophosphorous and carbamate in-
levels of PCBs (1,000—-24,000 ng/g) were found in carp andsecticides. The limited information available from this study
smallmouth buffalol¢tiobus bubalu}fillets sampled from this  suggests that contamination follows a regional distribution,
site (Buchanan 1997). rather than a pattern based on impoundment type. In general,
chlorinated contaminants levels increased toward the eastern
end of the LRGV agricultural area, and may reflect localized

Hormones in Carp and Their Relationship to sources or drainage patterns.

Contaminants
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