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Abstract. Mean mercury (0.40 ug/g), and geometric mean
DDE (1.6 wg/g) and polychlorinated biphenyl (PCB) (2.3
wg/g) concentrations in Forster’s tern (Sterna forsteri) eggs
from Lavaca Bay were higher than those in tern eggs from a
reference area in San Antonio Bay, but residues were not
correlated with hatching success. Nest success was similar
between bays. Selenium levels in Lavaca Bay tern eggs
(0.71 ng/g) were also comparable to those in eggs from the
reference area (0.68 pg/g).

Clutch size (3.1 to 3.4) of Lavaca Bay black skimmers
(Rynchops niger) was no different than that (3.4) at a refer-
ence colony near Laguna Vista. Nest success was similar
among three Lavaca Bay colonies, but success was lower at
one Lavaca Bay colony (40%) than at Laguna Vista (65%).
Mean mercury (0.46 pg/g) and selenium (0.75 g/g) concen-
trations in skimmer eggs from Lavaca Bay were higher than
those (0.19, 0.33 wg/g) from Laguna Vista; however, con-
centrations of neither contaminant were related to hatching
success. DDE concentrations in Lavaca Bay skimmer eggs
(3.4 pgf/g) were similar to those from Laguna Vista (3.2 pg/g)
and DDE was negatively correlated with hatching success.
PCBs were higher in eggs from Lavaca Bay (1.3 pg/g) than
Laguna Vista (0.8 pg/g). Organochlorine and metal contami-
nants in most eggs were below embryotoxic levels. Eggshell
thinning in Forster’s terns (7%) and black skimmers (5%)
was below that associated with lowered reproduction.

DDE and PCBs were detected in 9 Caspian tern (S. ca-
spia) eggs; maximum concentrations were 4.7 and 5.4 pg/g.
Caspian tern and least tern (8. albifrons) eggs contained low
(<0.9 pg/g) concentrations of mercury and selenium.

High levels of mercury, up to 8.0 pg/g, were reported in fin-
fish, crabs (Callinectes sp.) and oysters (Crassostrea vir-

! Mailing address: U.S. Fish and Wildlife Service, Gulf Coast Re-
search Station, P.O. Box 2506, Victoria, Texas 77902, USA

ginica) collected from Lavaca Bay, Texas (Figures 1 & 2)
between 1970-1977 (Texas Dept Health 1982). Highest mer-
cury concentrations were detected in samples collected near
an aluminum refining company, but contaminated fish and
crabs were taken throughout Lavaca Bay and adjacent
Matagorda Bay. Mean mercury residues in 3 of 5 fish species
from Lavaca Bay exceeded the U.S. Food and Drug Admin-
istration action level of 1.0 pg/g. Mean concentrations in red
drum (Sciaenops ocellata) fillets were 5.6 p.g/g (wet weight);
more than 50 times greater than the National Contaminant
Biomonitoring Program mean (0.11 pg/g) for mercury in fish
collected from 98 North American monitoring stations (May
and McKinney 1981). Mercury residues in Lavaca Bay fish
were comparable to levels in fish from contaminated lakes in
Canada (0.6-3.79 pg/g) (Moore and Sutherland 1980;
Speyer 1980). Mallards (Anas platyrhynchos) and black
ducks (A. rubripes) fed diets containing mercury at levels
several times lower than those in Lavaca Bay fish laid eggs
with thin shells, and experienced lowered clutch size, egg
production, hatchability, and nestling survival (Finley and
Stendell 1978; Heinz 1980). In related studies, abnormal be-
havior and brain lesions were noted in chicks hatched from
mercury contaminated eggs (Heinz 1975; Heinz and Locke
1976).

At least 14 species of fish-eating birds have nested on is-
lands in Lavaca Bay (Texas Colonial Waterbird Society
1982). In 1983, several waterbird species established nesting
colonies in the most polluted portion of the bay on islands
adjacent to the aluminum refinery. Little information is
available on the reproductive success of birds nesting there.
The objectives of this study were to determine the effects of
mercury and other contaminants on reproduction of For-
ster’s terns (Sterna forsteri) and black skimmers (Rynchops
niger) nesting on islands in Lavaca Bay and to measure con-
centrations of contaminants in eggs of Caspian (S. caspia)
and least (S. albifrons) terns nesting there. Since DDE is
known to affect the reproductive success of black skimmers
(Custer and Mitchell 1987), and there has been increasing
concern about the potential harmful effects of selenium on
birds (Ohlendorf er al. 1986), concentrations of these ele-
ments were also determined.
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Fig. 1. Location of Forster's tern and black skimmer study sites in
Texas

Methods

Field studies were conducted from 11 April through 26 July 1984.
The Forster's tern and the black skimmer were selected for repro-
ductive studies based on abundance. The Lavaca Bay study area
included two dredged material islands adjacent to the Lavaca Bay
Ship Channel and an island at the mouth of Chocolate Bayou near
the town of Port Lavaca (Figure 2). A colony of Forster's terns
nesting on a single dredged material island in San Antonio Bay
about 38 km SW from Lavaca Bay served as the reference area
(Figure 1). The reference colony for black skimmers was described
by Custer and Mitchell (1987) and is located on a dredged material
island in the lower Laguna Madre near the town of Laguna Vista
about 300 km south of Lavaca Bay (Figure 1). Both the San Antonio
Bay and Laguna Vista areas are relatively uncontaminated by
metals (Windom 1972; Sims and Presley 1976).

At Lavaca Bay and at the reference areas, tern and skimmer nests
were marked and checked every 2-5 days until the eggs hatched
and chicks fledged. Nests were marked with numbered wooden
stakes driven into the substrate about 25-30 c¢m from the perimeter
of the nest. Eggs in marked nests were identified by nest number
using a nontoxic waterproof marking pen. A 70-cm high fence en-
closure was constructed around groups of nests of each species to
aid in determinations of fledging success. Nest contents were re-
corded from egg laying through hatching of the last egg, Nestlings
were web-tagged shortly after hatching then later banded with stan-
dard Fish and Wildlife Service bands. Counts of individually
marked young in the fenced enclosures were continued until the
young left the enclosure.

For both species, one egg was collected from each marked nest at
the Lavaca Bay and reference areas. Of the 47 Forster’s tern eggs
collected from Lavaca Bay, 33 were selected for chemical tests
based on hatching success category and were analyzed for mercury,
selenium, and organochlorines. Three additional eggs were ana-
lyzed for mercury and selenium only. For comparison, we analyzed
44 of 80 tern eggs collected from San Antonio Bay for mercury and
selenium and 38 eggs for organochlorines. Sixty-seven black
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Fig. 2. Location of Forster’s tern and black skimmer nesting colo-
nies in Lavaca Bay, Texas

skimmer eggs were collected from Laguna Bay of which 43 were
analyzed for mercury, selenium, and organochlorines. Fifty-three
skimmer eggs from Laguna Vista were analyzed for organochliorines
(Custer and Mitchell 1987); nine additional eggs were analyzed for
mercury and selenium. Embryonic development in 74 of 80 For-
ster’s tern eggs analyzed was <50%. All but one skimmer egg from
Lavaca Bay contained embryos that were <350% developed. Least
and Caspian tern eggs were analyzed for mercury, and selenium;
Caspian tern eggs were also analyzed for organochlorines.

Egg contents were removed and stored frozen in jars previously
cleaned with an acid wash and rinsed with acetone and hexane.
Whole eggs were cut around the girth, then gently washed and al-
lowed to dry. Thickness (shell + shell membrane) was measured at
three points around the girth with a micrometer accurate to 0.01
mm. Shell thicknesses of eggs collected in 1984 were compared with
those of museum eggs collected in Texas before the widespread use
of DDT (pre-1943) and also with measurements of eggs collected in
1970 (King et al. 1978).

Chemical analyses were completed at the Patuxent Wildlife Re-
search Center, Laurel, Maryland. Methods for organochlorine anal-
ysis were identical to those described by King and Krynitsky
(1986). The lower limit of quantification was 0.1 ug/g for ail crgano-
chlorine pesticides, polychiorinated styrene (PCS), and polychlori-
nated diphenyl ether (PCDPE), and 0.5 p.g/g for polychlorinated bi-
phenyl (PCB). Residue values were corrected for moisture loss
(Stickel et al. 1973). For wet weight to dry weight conversions, For-
ster’s tern eggs from Lavaca and San Antonio Bays averaged 73 and
74% moisture; black skimmer eggs from Lavaca Bay and Laguna
Vista averaged 77 and 76% moisture.

Methods of selenium and mercury analysis were similar to those
reported by Krynitsky (1987). The lower limit of reportable values
was 0.05 pg/g wet-weight for selenium and 0,02 pg/g wet-weight for
mercury. Selenium and mercury values are reported on a wet-
weight basis. Moisture content is presented to facilitate wet-weight
to dry-weight conversions.

Tern (n = 35) and skimmer (n = 20} chicks found dead or dying
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were salvaged and brains removed for histological studies and
chemical analyses. Each brain was bisected and one-half examined
for lesions or other anomolies. The remaining one-half was saved
for mercury analysis and comparison to brains of 10 normal ap-
pearing chicks sacrificed as controls. Whole body remainders of
prefledglings found dead and controls were frozen for further anal-
ysis if needed.

Nest success was estimated by the Mayfield method (Mayfield
1961, 1975); appropriate variance estimates and comparisons of
daily survival rates were determined (Hensler and Nichols 1981).
The nesting phase was divided into incubation and prefledgling pe-
riods by using the number of days in these periods determined for
the median clutch size. The incubation period, 20 days for Forster’s
terns and 21 days for black skimmers, was defined as the number of
days from the date the first egg was laid until the day before the first
egg hatched. The prefledgling period was considered as the day the
first egg hatched to 24 days for Forster’s terns and 21 days for black
skimmers. Estimates of daily survival rate and corresponding vari-
ance of these estimates were calculated for both periods of the
nesting cycle. An estimate of the overall survival rate for the entire
nesting cycle was calculated from the daily rates and comparisons
of these estimates were made as described earlier (Custer ez al.
1983).

DDE and PCB residue values were transformed to logarithms for
statistical comparisons. Geometric means are presented in the
tables. Contaminant means were only calculated and compared
when at least 50% of the samples had detectable concentrations. A
value of one-half the limit of detection (i.e., 0.05 ug/g for organo-
chlorines and 0.25 pg/g for PCBs) was substituted for the ‘‘not-de-
tected’’ values to facilitate transformation to logarithms.

The Bonferroni multiple comparison method (Neter and Was-
serman 1974) was used to test for mean separation when ANOVA
showed significant differences. Regression analysis was used to
compare residue levels with eggshell thickness. Unless otherwise
stated, a statistical significance level of 0.05 was used.

Results
Reproductive Success

Forster’s Tern: At least 200 pairs of Forster's terns nested
on the Lavaca Bay island study site in 1984. Egg laying and
incubation were well underway on our first visit to the
colony 11 April. The median date for clutch initiation based
on calculations assuming a 20 day incubation period was 11
April (range = 1 April to 22 April, N = 47). About 120 pairs
of Forster’s terns nested on the San Antonio Bay reference
island. At San Antonio Bay there were two distinct nesting
attempts. The median date for clutch initiation during the
first nesting attempt was 13 April (range = 5 April to 21
April, N = 50). The median date for clutch initiation during
the second nesting attempt was 22 May (range = 9 May to 3
June, N = 30).

Forty-seven Forster’s tern nests were marked at Lavaca
Bay and 80 nests were monitored in San Antonio Bay
through hatching. Mean clutch size was 3.0 eggs per clutch
at Lavaca Bay (141/47) and San Antonio Bay (240/80). Of the
254 eggs monitored to hatching, 102 (40.2%) hatched; 90
(35.4%) remained intact through the incubation period, but
did not hatch; 37 (14.6%) were missing; and 15 (6.9%) were
lost to flooding. Other, less frequent, losses included eggs
that were depredated or abandoned. Of 102 nestlings fol-
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lowed from hatching, 50 (49.0%) survived to 24 days-of-age,
45 (44.1%) disappeared and 7 (6.9%) were found dead.

Nest success of Forster’s terns (A X B, Table 1) was sim-
ilar between Lavaca Bay and San Antonio Bay early nests
(Z = 2.165,0.05 < P < 0.10), Lavaca Bay and San Antonio
Bay late nests (Z = 0.231, P > 0.05) or San Antonio Bay
early and San Antonio Bay late (Z = 1.57, P > 0.05) (Table
1). The probability of at least one egg hatching in successful
nests (Table 1, C) and the probability that at least one young
attaining 24 days-of-age (D) was not significantly different
among colonies (egg Chi-square = 1.172, df = 2, P = 0.556;
chick Chi-square = 0.071, df = 2, P = 0.965). The number
of young that survived to 24 days (E) was 0.69, 0.30, and
0.51 for Lavaca Bay, San Antonio Bay early, and San An-
tonio Bay late, respectively.

Black Skimmer: From 16 to 60 pairs of black skimmers were
counted on three islands in Lavaca Bay. Skimmers have an
extended nesting season and egg laying occurred from late-
April to early June (median = 25 May). Nestling skimmers
fledged well into the last week of July. Clutch size at Lavaca
Bay (3.3, 344/105; was similar to that recorded at Laguna
Vista (3.4, 323/94; Custer and Mitchell 1987).

Of 253 Lavaca Bay skimmer eggs monitored to hatching,
151 (59.7%) hatched, 50 (19.8%) were intact but did not
hatch, 34 (13.4%) were lost to flooding, and 13 (5.1%) disap-
peared. Other less frequent losses included eggs that were
abandoned, depredated, or cracked. Of 151 skimmer young
followed from hatching, 70 (46.4%) survived to 21 days, 57
(37.3%) disappeared and 24 (15.9%) were found dead.

Nest success among the three Lavaca Bay colonies (A x
B, Table 2) was similar (P > 0.05). Nest success was signifi-
cantly higher at Laguna Vista than Lavaca Bay 2 (Z = 2.67,
P < 0.05), but not Chocolate Bayou (Z = 2.26, P > 0.05) or
Lavaca Bay 1 (Z = 2.50, 0.05 < P < 0.1). The probability
that eggs in successful nests would hatch (C, Table 2) and
that chicks in successful nests would survive to 21 days (D)
was not significantly different among colonies (egg Chi-
square = 2.625, df = 3, P = 0.435; chick Chi-square =
6.868, df = 3, P = 0.076). The number of young per nest
that survived to 21 days (E) was 1.09 at Laguna Vista and
=<0.75 at the three Lavaca Bay colonies.

Histopathology

Histopathological examination of Lavaca Bay Forster’s tern
(35) and black skimmer (20) brains revealed that the brain of
one tern nestling contained a minimal perivascular lymphoid
cell infiltrate. No other changes were apparent. Brains from
all remaining birds showed no abnormal histological devel-
opment. Because the incidence of brain anomalies was so
low, brain tissues were not submitted for mercury residue
analyses.

Contaminant Residues

Forster’'s Tern: Mercury was detected in all Forster’s tern
eggs from Lavaca Bay and in all but one egg from San An-
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Table 1. Nest success, egg success, and number of Forster’s tern young raised to 24 days-of-age

Nest success?

Incubation Prefledging Nest Feg Mean Number young to
Colony Number period period success stccess clutch 24 days (A X B
location of nests A B (AXxB) Cb De AXBXxCxD) sizegE xCxDXxE)
Lavaca 47 0.77 0.53 0.40 Ad 0.73 A= 0.76 A¢ 0.23 3.0 0.69
San Antonio (early) 50 0.29 0.71 0.20 A 0.63A 080A 0.10 3.0 0.30
San Antonio (late) 30 0.66 0.57 0.38 A 060A 077A 0.17 3.0 0.51

2 The probability that at least one egg or young per nest survives for a given period (based on days of nest exposure, see Hensler and Nichols
1981)

b The probability of an egg hatching given that the nest is successful

¢ The probability of young living to 24 d given that the nest is successful

4 Success and probability values that share a common letter were not significantly different (Bonferroni Multiple Comparison method overall
o = 0.05) from one another

¢ Frequencies among colonies were not significantly different (Chi-square, P < 0.05) from one another and share a common letter

Table 2. Nest success, egg success, and numbe of black skimmer young raised to 21 days-of-age

Nest success?

Incubation Prefledging Nest Egg Mean  Number young to
Colony Number period period success success clutch 2l days(A x B
location of nests A B (AXBy Cb De AXBXxCxD) sizeE xCxDxE)
Chocolate Bayou 16 0.37 0.83 031 AB® 0.65 A¢ 0.80 Ac 0.16 3.2 0.51
Lavaca Bay 1 49 0.85 0.51 043AB 075A 069A 022 3.4 0.75
Lavaca Bay 2 40 0.73 0.55 0.40 A 0.71A 073A 0.21 3.1 0.65
Laguna Vistaf 94 —_ —_ 0.65B 0.77A 0.64A 032 3.4 1.09

2 The probability that at least one egg or young per nest survives for a given period (based on days of nest exposure, see Hensler and Nichols

1981)
b The probability of a egg hatching given that the nest is successful

¢ The probability of young living to 21 days given that the nest is successful
4 Nest success values significantly different (Bonferroni multiple comparison method, overall « = §.05) from one another do not share a

common letter

¢ Frequencies among colonies were not significantly different (Chi-square, P < 0.05) from one another

f Data from Custer and Mitchell (1987)

tonio Bay (Table 3). All concentrations were less than 1.0
ug/g and 6 eggs from Lavaca Bay and 23 eggs from San An-
tonio Bay contained =0.25 pg/g. Mean mercury concentra-
tions were similar among hatching success groups, but the
mean level in eggs from Lavaca Bay (0.40 wg/g) was signifi-
cantly (P < 0.01, F = 16.98, df = 1,74, 2-way ANOVA)
higher than that in eggs from San Antonio Bay (0.22 pg/g).
Mercury levels were not correlated with selenium when La-
vaca Bay and San Antonio Bay data were analyzed individu-
ally, but when the data were combined, there was a signifi-
cant positive correlation {r = 0.2711, P < 0.05) of mercury
with selenium residues.

Mean selenium concentrations were different among
hatching success groups (2-way ANOVA, P < 0.01, F =
12.11, df = 5,74) and between bays (P < 0.01, F = 16.30, df
= 1,74,) however, there was also a significant (P < 0.01, F
= 5.91, df = 5,74) interaction between variables. The “‘no
eggs hatched”” group from Lavaca Bay contained higher se-
lenium levels than the ‘‘some’” and ‘‘all eggs hatched™
groups (1-way ANOVA, P < 0.01, F = 10.65, df = 2,23).
There was no difference in selenium levels among hatching
success groups at San Antonio Bay (1-way ANOVA, P >

0.05, F = 2.07, df = 2,41). When the ‘“‘no eggs hatched”’
group was deleted, no significant differences occurred be-
tween hatching success groups (P = 0.11, F = 2.64, df =
1,53) or between bays (P = 0.07, F = 3.26, df = 1,53) and
there was no significant interaction (P = 0.20, F = 1.65).
DDE was recovered in all eggs and residues ranged from
0.11t0 9.0 pg/g (Table 3). PCBs were present in 67 of 71 eggs
at up to 8.7 ng/g. Two eggs from Lavaca Bay contained tox-
aphene (0.4 and 0.5 pg/g) and nine eggs contained chlordane
(mean = 0.16 pg/g, range = 0.1-0.5 ug/g). Toxaphene was
not detected in eggs from San Antonio Bay, but chlordane
was present in 2 samples at 0.2 and 0.9 ug/g. No other or-
ganochlorine compounds were detected at either colony.
There was no difference in geometric mean levels of either
DDE or PCB among Forster’s tern hatching success groups
at either bay (Table 3), but there were differences between
bays (2-way ANOVA). DDE concentrations in tern eggs
from Lavaca Bay (1.6 pg/g) were significantly higher than
those from San Antonio Bay, (0.8 pg/g, P < 0.03, F = 4,95,
df = 1,65). Geometric mean PCB levels were also signifi-
cantly (P < 0.01, F = 9.02, df = 1,65) higher in Lavaca Bay
eggs (2.3 pg/g) than in San Antonio Bay eggs (1.2 ug/g).
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Table 3. Mercury, selenium, DDE, and PCB concentrations, wg/g wet weight, in Forster’s tern eggs from Lavaca Bay and San Antonio Bay,

Texas 1984: a comparison by hatching success and by area

Mean + SD/(range)

Selenium Geometric mean/range
Comparison No.2  mercury® No. Lavaca No.  San Antonio No. DDE PCBe
Nest success
No eggs hatched 23 0.44 * 0.18 A 6 1.00 = 0.26 A 17 072 = 0.13 A= 19 0.9 Ad 1.5 Ad
(0.18-0.75) (0.72-1.30) (0.53~0.94) 0.2-3.5) (NDf-5.0)
Some eggs hatched 35 0.37 + 0.11 A 15 0.72 £ 0.08 B 20 0.70 = 0.10 A 34 IL.L1A 1.9A
0.25-0.62) (0.55-0.84) (0.60~0.87) (0.1-9.0) (ND-7.7)
All eggs hatched 22 0.40 = 0.20 A 15 071 + 0.12B 7 0.61 £ 0.16 A 18 14 A 19A
(ND-0.91) 0.57-1.02) (0.42~0.85) 0.6-6.9) (0.6-8.7)
Colony
Lavaca Bay 36 040 = 0.16 A 30 0.71 = 0.10 As 33 1.6 A 23A
(0.05-0.91) (0.55~1.30) 0.7-9.0) (0.8-7.7)
San Antonio 44 022 + 0.17B 27 0.68 £ 0.12A 38 0.8B 1.2B
(ND-0.84) 0.42-0.87) 0.1-5.9) (ND-8.7)

2 No. = number of samples analyzed
b Mercury was detected in all but one egg

¢ PCB was detected in all but one of the ‘‘no eggs hatched’” group and in all but three of the “‘some eggs hatched’’ group
d Among success or between colony means sharing the same letter are not significantly different from one another (2-way ANOVA, colony X

success category, Bonferroni multiple comparison method, a = 0.05)

¢ Among success means sharing the same letter are not significantly different from one another (1-way ANOVA, colony X success category,

Bonferonni multiple comparison method, o = 0.05)
fND = no residue detected

s Between colony means sharing the same letter are not significantly different from one another (2-way ANOVA, colony X success, P > 0.05;

no eggs hatched group excluded)

Black Skimmer: Mercury and selenium concentrations did
not differ among hatching success groups at Lavaca Bay
{(Table 4, mercury F = 1.66, df = 2,30, P > 0.05; selenium F
= (.72, df = 2,38, P > 0.05). Only nine eggs from Laguna
Vista were analyzed for mercury and selenium, therefore no
comparisons of metal concentrations and hatching success
were attempted. Both mercury and selenium were higher in
black skimmer eggs from Lavaca Bay than in eggs from La-
guna Vista (1-way ANOVA). Mercury concentrations were
not correlated with selenium in black skimmer eggs from
Lavaca Bay, but there was a significant positive mercury-se-
lenium correlation in eggs from Laguna Vista (r = 0.7289, P
< 0.05). When Laguna Vista and Lavaca Bay data were
combined, the mercury-selenium relationship was signifi-
cant (r = 0.5483, P < 0.01).

DDE was detected in all but one skimmer egg from La-
vaca Bay and levels ranged to 36 pg/g (Table 4). At Laguna
Vista, DDE was detected in 45 of 53 eggs and concentrations
ranged to 28 ug/g. The only other organochlorine contami-
nant detected was toxaphene which was present at 0.5, 0.6,
and 2.4 pg/g in three eggs from Lavaca Bay.

DDE concentrations differed among success groups, but
not between colonies (2-way ANOVA); the mean of the “‘no
eggs hatched” group was significantly higher than ‘‘some”’
or “all eggs hatched’’ groups (Bonferroni multiple compar-
ison method). PCBs were detected in 41 of 43 Lavaca Bay
eggs (maximum = 2.9 pg/g) and in 34 of 53 Laguna Vista
eggs (maximum = 9.1 ug/g). PCB concentrations did not
vary among hatching success groups, but were significantly
(2-way ANOVA, P < 0.01, f = 8.50, df = 1,90) higher in
Lavaca Bay (1.3 pg/g) than Laguna Vista eggs (0.8 pg/g).

Caspian and Least Terns: Low levels of mercury, (<0.50
ng/g) and selenium (<0.42 pg/g) were detected in Caspian
tern eggs. Because of their limited biomass, least tern eggs
were analyzed for mercury and selenium only. Mercury was
recovered in 9 of 10 least tern eggs at <0.82 pg/g and se-
lenium was detected in all 10 eggs from 0.54 to 0.87 ng/g.
There was no mercury-selenium correlation in Caspian (r =
—0.01, P > 0.05) or least tern (r = —0.47, P > 0.05) eggs.
DDE was detected in all Caspian tern eggs and concentra-
tions varied from 0.7 to 4.7 pg/g (geometric mean = 2.2
ng/g, Table 5). PCBs were also present in all samples at 1.0
to 5.4 ug/g (geometric mean = 2.6 pg/g). Three Caspian tern
eggs contained chlordane (0.1 — 0.2 pg/g) and one egg con-
tained a trace (<0.1 pg/g) of dibromo diphenyl ether.

Eggshell Thickness

Mean shell thickness of Forster’s tern eggs from Lavaca Bay
was similar to the mean of San Antonio Bay eggs but each
was different than the mean thickness of eggs collected in
1970 and before 1943 (P < 0.05, F = 13.42, df = 3,197).
Black skimmer eggshell thickness averaged 0.24 mm in 1984
which was statistically similar to measurements of eggs col-
lected in 1970 (0.24 mm), but both 1984 and 1970 thickness
means were less than the pre-1943 mean of 0.25 mm (P <
0.01, f = 7.75, df = 2,139). Shell thickness of Caspian (P >
0.05, F = 0.15, df = 2,53) and least tern eggs (P > 0.05, F =
0.18, df = 2,44) did not vary between 1943, 1970, and 1984.
Correlations between Forster’s tern shell thickness and log
DDE (n = 73, r = —0.05), log PCB (n = 71, r = 0.02),
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Table 4. Mercury, selenium, DDE, and PCB concentrations, pg/g wet weight, in black skimmer eggs collected from Lavaca Bay and Laguna
Vista, Texas, 1984: a comparison by hatching success and by colony

Mean + SD/range Geom mean/range

No. eggs No. eggs
Comparison anal. mercury selenium anal. DDE PCB
Nest success
No eggs hatched 3 0.47 + 0.24 A> 0.78 + 0.08 A 16 7.0 Ab 1.1 A®
0.19 — 0.65 0.71 — 0.87 2.3-32 NDe-9.1
Some eggs hatched 20 0.40 + 0.13 A 0.73 + 0.11 A 40 328 0.9 A
0.24 — 0.74 0.54 - 0.94 ND-36 ND=-6.1
All eggs hatched 204 0.50 + 0.14 A 0.76 + 0.08 A 40 248 09 A
0.23 — 0.78 0.62 — 0.89 ND-14 ND-2.8
Colony
Lavaca Bay 43 0.46 + 0.16 A° 0.75 + 0.09 A° 43 34 A 13A
0.19 — 0.78 0.54 — 0.94 ND-36.0 ND-2.9
Laguna Vista 9 0.19 + 0.10B 033 +0.05B 53f 3.2 A 08B
0.05 - 0.31 0.25 — 0.39 ND-28.0 ND-%.1

4 Among success means sharing the same letter are not significantly different from one another (1-way ANOVA, « = 0.05); Laguna Vista data
not included

® Among success or between colony means sharing the same letter are not significantly different from one another (2-way ANGVA, colony X
success category, Bonferroni multiple comparison method, « = 0.05)

¢ ND = no residue detected

4 Ounly nineteen eggs in the “‘all eggs hatched’” group were analyzed for selenium due to insufficient sample material for both mercury and

selenium analyses.

¢ Between colony means sharing the same letter are not significantly different from one another (1-way ANOVA, o = 0.05)

f Data from Custer and Mitchell (1987)

Table 5. Organochlorine, mercury, and selenium concentrations in
Caspian tern and least tern eggs collected from Lavaca Bay, Texas
1984

Mean residue = SD, pg/g wet weight (n)?

War II. Recent census data indicated that there have been
no discernable trends in tern populations since 1970 {Texas
Colonial Waterbird Society 1982 and unpub. data). Between
1973 and 1984, populations ranged from 1,210 pairs in 1974
to 4,035 pairs in 1984, During most years, more than 80% of

Contaminant Caspian tern Least tern the Forster’s tern population in Texas nested on islands
along the northeastern one-third of the coastline.
DDE ((2)3_(?7) NA 'We were unable to l‘ocate specific Forster’s tern clutch
PCB 2.6 9) NA size data to compare with our sample. Bent (1921) reported
(1.0-5.4) that Forster’s tern clutch size varied from 2 to 6 eggs with
Mercury 0.20 + 0.157 (8) 0.34 = 0.281 (9) sets of 3 being the most common. Nine clutches from Texas
(ND-0.50) (ND-0.82) collected before 1947 for museums averaged 2.9 eggs per
Selenium 0.31 % 0.072(9) 0.73 + 0.134 (10) nest, but museum sets seldom represent random collections.
0.22-0.42) 0.54-0.87) Overall recruitment was low at both colonies; 0.69 young

2 Sample size = Caspian tern 9, least tern 10. (n) = number of
samples with detectable residues. NA = not analyzed. ND = no
residue detected. Geometric means are given for DDE and PCB
concentrations and arithmetic means are listed for mercury and se-
lenium. Mean moisture content of Caspian and least tern eggs was
75 and 72%

mercury (n = 79, r = 0.07), and selenium (n = 79, r =
—0.19) were not significant. Correlations between black
skimmer shell thickness and log DDE (n = 41, r = 0.05), log
PCB (n = 41,1 = 0.11), mercury (n = 41, r = 0.17), and
selenium (n = 40, r = 0.05) also were not significant.

Discussion

Population Status and Reproductive Success

Forster’'s Tern: Oberholser (1974) reported that the Forster’s
tern population in Texas has declined slowly since World

per nest at Lavaca Bay and from 0.30 to 0.51 at San Antonio
Bay. Hurnan disturbance may have been an important factor
in nest and egg losses as the island colonies were popular
areas for wade fishermen. Flooding accounted for the loss of
almosi 20% of the nests at San Antonio Bay. Fire ants
(Solenopsis spp.) occurred on most islands, and they were
observed swarming on recently pipped tern eggs and, in one
instance, on a living young. At least one tern nest at Lavaca
Bay and two at San Antonio Bay were lost to fire ants.

Black Skimmer: Population estimates of black skimmers that
nested on the Texas coast between 1973 and 1984 varied
from 6,340 to 11,540 pairs (Texas Colonial Waterbird Society
1982, Texas Colonial Waterbird Society, unpub datza). There
may have been a decline in the population between 1973
(10,380 pairs) and 1978 (6,340 pairs), but the long-term trend
suggests that the skimmer population in Texas is stable. The
estimate of breeding pairs in 1973 was similar to that (10,587)
in 1984. Numbers of skimmers nesting in Lavaca Bay also
were highly variable during the same period with a low of
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125 pairs recorded in 1977 and a high of >600 pairs recorded
in 1973, 1975, and 1980.

Mean skimmer clutch size in our study, 3.4, was consis-
tent with that reported earlier for the Texas coast (3.3, White
et al. 1984; 3.1-3.4, DePue 1974; 2.7-3.5; King and Kryn-
itsky 1986; and 3.4, Custer and Mitchell 1987). Our estimate
of young produced per nest (0.51-0.75) at Lavaca Bay was
lower than that for skimmers nesting in Galveston Bay
(0.9-1.5, King and Krynitsky 1986), Port Mansfield
(1.0-1.5, White et al. 1984), and Laguna Vista (1.1, Custer
and Mitchell 1987). Our estimate of young produced at La-
vaca Bay was within the range found in Baffin Bay (0.40~-
1.04, DePue 1974), Laguna Vista (0.6-2.0, White et al.
1984), and Corpus Christi (0.0-1.3, White ez al. 1984).

Contaminant Residues

Mercury concentrations <1 pg/g in tern and black skimmer
eggs were considerably lower than levels found in fish-eating
waterbirds from mercury contaminated areas in United
States and Canada (Fimreite et al. 1971; Vermeer 1971;
Faber and Hickey 1973; Vermeer 1973). Mercury residues
lower than 0.25 ug/g in the eggs of some species may repre-
sent background levels (Faber and Hickey 1973). Six of 36
Forster’s tern eggs (17%) from Lavaca Bay, 64% (23/36) of
the tern eggs from San Antonio Bay, 14% (6/24) of the
skimmer eggs from Lavaca Bay and 56% (5/9) of the eggs
from Laguna Vista contained <0.25 pg/g mercury.

The highest concentration of mercury in Forster’s tern
and black skimmer eggs (0.91 and 0.78 pg/g, respectively),
was within the range of residues associated with reproduc-
tive failure in mallards (Anas platyrhynchos), and pheasants,
(Phasianus colchicus) but was below the level associated
with impaired reproduction in the more closely related
common tern (S. hirundo) and herring gull (Larus argen-
tatus). Mercury residues as low as 0.5 to 1.5 pg/g (Fimreite
1971) and 0.9 to 3.1 pg/g (Spann ez al. 1972) in the eggs of
ring-necked pheasants were associated with reproductive
failure. Mean levels of mercury in eggs that ranged from 0.79
to (.86 pg/g had no reproductive effects on first- and third-
generation mallards but these residues were associated with
lowered reproductive success of second generation hens. In
contrast, reproduction of common terns was unaffected
when mercury residues in eggs were 1.0 pg/g or less but egg
concentrations of 3.6 pg/g were associated with lowered re-
productive success (Fimreite 1974, Connors et al. 1975).
Also, mercury residues from 2 to 16 pg/g in eggs of herring
gulls did not affect hatching or fledging success (Vermeer et
al. 1973).

Selenium concentrations were generally low and may rep-
resent background levels. Selenium in eggs of aquatic birds
that feed primarily in estuarine habitats varied from 0.21 to
1.06 pg/g wet weight (Blus er al. 1977, White e al. 1980,
King et al. 1983, King et al. 1985). In our study, selenium
concentrations in all black skimmer, Caspian, and least tern
eggs and in all but three Forster’s tern eggs was <1.0 pe/g.

Levels of selenium associated with embryotoxicity of wa-
terbirds in California were several times higher than those
detected in our tern and skimmer eggs (Ohlendorf et al.
1986). American coot (Fulica americana) embryos had an

K. A. King et al.

estimated 20% probability of embryo death or deformity
when selenium concentrations in eggs were about 3.2 wg/g
(converted to wet-weight). For black-necked stilts (Himan-
topus mexicanus), the 20% mortality/deformity level was
about 1.5 pg/g (converted to wet-weight).

The addition of the Lavaca Bay DDE residue data to the
Laguna Vista data set (Custer and Mitchell 1987) strength-
ened earlier findings. DDE was significantly higher in black
skimmer clutches where no eggs hatched than in clutches in
which some or all remaining eggs hatched; PCB levels did
not differ among hatching success groups.

The geometric mean DDE concentration in Forster’s tern
eggs from Lavaca Bay (1.6 pg/g) was similar to that (1.9
1g/g) reported in tern eggs from San Francisco Bay. In con-
trast, PCB concentrations were almost 2.5 times higher (2.3
vs. 5.6 pg/g) in Forster’s tern eggs from San Francisco Bay
(Ohlendorf er al. 1988). Forster’s terns nesting in a PCB con-
taminated area of Lake Michigan experienced reproductive
failure associated with egg PCB concentrations that ranged
from 6.2 to 25.9 wg/g (median 22.2 pg/g) (Kubiak et al.
1989). Reproductive problems were possibly caused by aryl
hydrocarbon hydroxylase inducing components of PCBs. In
our study, only two tern eggs from Lavaca Bay and one egg
from San Antonio Bay contained PCBs within the range that
affected reproduction in the Green Bay population. Overall,
PCB residues in eggs of both Forster’s terns and black
skimmers were generally below levels associated with re-
productive problems in most species of birds (Stickel 1973;
Custer and Heinz 1980; Blus 1982).

DDE concentrations in Forster’s tern and black skimmer
eggs have remained at almost the same level or have de-
clined since 1970. DDE in tern eggs collected from Lavaca
Bay in 1984 averaged 1.6 ug/g, about the same level (1.7
ng/g) as in eggs collected from the upper and central Texas
coast in 1970 (King et al. 1978). DDE in skimmer eggs col-
lected in 1970 from the upper and central coast averaged 9.7
uglg (King et al. 1978) and mean residues declined nearly
3-fold by 1984. Current levels of DDT contamination do not
seem to be a major influence on skimmer numbers as the
decline before 1980 did not occur along the lower Texas
coast, the area considered to be most heavily contaminated
with DDT (White et al. 1984; Custer and Mitchell 1987). The
downward trend of PCB residues since 1970 was more
sharply defined than DDE. In Forster’s tern eggs, PCBs de-
clined from 12.5 ug/g to 1.2-2.3 pg/g from 1970 to 1984,
PCBs in skimmer eggs declined almost as dramatically from
5.4 pgl/g to 0.8—1.3 pg/g during the same period.

Eggshell Thickness

Shell thinning in many species of birds has been associated
primarily with residues of DDE (Stickel 1973; Blus et al.
1974; Blus 1982); however, DDE was not correlated with
shell thickness of Forster’s tern or black skimmer eggs from
Lavaca Bay. Although shell thinning of both Forster’s tern
and black skimmer eggs was greater in 1984 than in 1970 and
1943, we found no evidence that shell thinning of either tern
(7%) or skimmer (5%) eggs adversely affected reproduction
in 1984. While 5 to 7% shell thinning is statistically signifi-
cant, it is probably not biologically significant. Numerous
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field studies have shown that average eggshell thinning of
less than 10% is seldom associated with egg breakage and
population decline (Anderson et al. 1969; Blus 1970, 1982;
King et al. 1980). Our findings that DDE was not correlated
with black skimmer shell thickness is consistent with results
of other studies where no relationship was established be-
tween DDE and black skimmer eggshell thickness (White et
al. 1984; King and Krynitsky 1986; Custer and Mitchell
1987).
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