



























































as cited in Hoffman et al. 1996). Further investigation into the concentrations of congener
77 in tree swallows and other birds atong the Hudson River, in conjunction with additional
dose-response studies, are needed to clarify the threats to birds from this potentially toxic
PCB congener. ‘

3.2.5 PCB Accumulation Rates

We calculated the daily PCB accumutation rates for tree swallow nestlings by subtracting
the average mass of PCB in the €ggs from the average mass of PCB in the pestlings and
dividing by the nestling age (14 days) (Table 3.2.5, Figure 3.2.5). The mean accumuiation
rates were 0.05 ug/day (Lock 9), 46.8 ug/day (Remnant 4), 82.2 ug/day
(SA 13),and 7.3 ug/day (Saratoga). Tree swallows nesting at Green Bay accumulated
2.3 ug/day PCB'in 1988 (Ankley et al. 1993) and 6.3 ug/day in 1994 (C. Custer, UMSC,
pers. comm.) ‘Hy comparison, Ankley et al. (1993) determined that Forster's tern nestlings
- at Green Bay in 1988 ‘sccumulated 15 ug total PCBs/day. o

All'of the PCB miss in iewly hatched tree swallow nestlings is derived directly from the
parents, in that it'is the PCB mass initially deposited in the egg. After hatching, the PCB
_ concentration in any nestling is influenced by this parental "inherited" residue, the PCB
mass in the nestling's diet, and the metabolic processes of the pestling ‘which alter or
eliminate PCBs. In other studies evaluating PCBs in tree swallows, the concentrations in
the nestlings were typically less than PCB concentrations in the €ggs (Ankiey et al. 1993;
Bishop et al. 1995; Nichols et al. 1995). This is atiributed to a growth dilution effect, 1o
. which the body mass of the growing nestling increased more rapidly than the nestling’s net
dietary accumulation of PCBs. Nichols et al. (1995) noted a "gencral trend toward
~ decreased growth dilution with increasing degree of site contamination.”

Like Nichols et al: (1995), we also observed that the effect of growth dilution was
inversely proportional to the presumed degree of site PCB contamination. At both the
Remmant site and the SA 13 site, the sites with the greatest river sediment PCB
concentrations, mean PCB concentrations in the nesthings exceeded mean PCB
concentrations in the eggs, indicating PCB uptake significant enough to overwhelm the
effect of growth dilution.

The daily PCB accumulation rates were highly consistent within the Remnant site (inean =
46.8 ug/day, standard deviation = 3.3) and SA 13 site (mean = 82.2 ug/day, standard
deviation = 2.7). This suggests that different birds at these two sites were consuming
consistently similar concentrations of total PCB. By contrast, daily PCB accumulation
rates at the Saratoga site were more variable (mean = 7.3 ug/day, standard deviation =
11.5). We believe this can be explained by taking a close look at the feeding habitat
available to adult tree swallows at these three sites. )
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The significance of aquatically reared insects to the tree swallow diet was described earlier
in this report and verified as part of this study (Section 3.3). At both the Remnant site and
SA 13 site, the Hudson River was the only source of aguatic insects within 500 meters or
more or the nesting colony. At the Saratoga site, there were several wetlands within

100 meters of the Saratoga nesting colony, including a wet meadow in the center of the
colony in which swallows were often seen feeding. These Saratoga site wetlands are not
directly connected to the Hudson River (although some of them may occasionally receive
floodwater from the Hudson River) and may have been a source of less contaminated insect
prey. This possible variability in PCB contamination of prey may account for the
variability in daily PCB accumulation rates among tree swallows at the Saratoga site.

- We conclude that tree swallows at the Remnant site and SA 13 received extremely high
levels of PCBs in their diet. This is consistent with our knowledge that sediments in. this
section of river are highly contaminated with PCBs and that these swallows were feeding
their young a diet rich in insects which develop in association with riverine water and
sediments (see-Section 3.3). Tree swallows nesting at the Saratoga site accumulated PCBs
at a similar rate to tree swallows at Green Bay and consistent with the moderate PCB
concentrations in riverine sediments and floodplain soils in that stretch of river. Tree
“swallows nesting at Lock 9 accumulated (or lost) PCBs at a rate suggesting little PCB
contamination of their local environment. ‘

3.2.6 TCDD Equivalency

The toxicity of PCB congener mixtures can be evaluated by determining the TCDD
equivalency of the mixture. TCDD-equivalency estimates how toxic the mixture is
compared to 2,3,7,8-TCDD, generally considered the most toxic PCH. A number of

~ methods have been developed to assess TCDD equivalency. Some methods are based on
the derivation of "toxic equivalency factors" (TEFs) for individual planar chlorinated
hydrocarbon congeners. These factors estimate the potency of a congener when compared
with 2,3,7,8-TCDD. TEF values can be derived from experimental studies that measure
acute, reproductive, or _carcinogenic effects or biochemical responses, such as enzyme
induction (Safe 1990). Other methods for determining TCDD equivalency expose a cell
culture (like the HAIIE rat hepatoma culture) to a sample extract and measure the induction
of enzymes known to respond to PHHs.

TEFs have been developed for those planar chlorinated hydrocarbons determined to be the
strongest Ah receptor agonists. TEFs exist for many of the 2.3,7,8-PCDDs, 2,3,7,8-
PCDFs, non-ortho and mono-ortho planar PCBs. We calculated the TCDD-equivalency
(TEQ) of a tree swallow nestling composite from each site using three sets of TEFs. The
first set of TEFs used in these calculations was based on chicken egg injection studies, and
for the purposes of this discussion will be termed C-TEFs (Hoffman et al. 1996 and
Bosveld et al. 1992). The C-TEFs for the planar PCB congeners that are presented in
Hoffman et al. (1996) were based on LDy, values from chicken egg injection studies taken
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from the literature. The C-TEFs derived by Bosveld et al. (1992) for dioxin and furan
congeners were based on enzyme induction potency in chicken eges. The TCDD
equivalencies determined using the C-TEFs are termed C-TEQs. Our calculated C-TEQs
were 36 pg/g for the Lock 9 site, 7,770 pg/g for the Remnant site, 11,100 pg/g for the
QA 13 site, and 1,260 pg/g for the Saratoga site (Table 3.2.6 A).

S-TEQs were developed using S-TEFs from Safe (1990) (Table 3.2.6 B). S-TEFs were
based on a number of studies with mice, rats, and chickens evaluating toxic or biochemical
responses. Our calculated S-TEQs were 48 pg/g for the Lock 9 site, 6,660 pg/g for the
Remuant site, 9,060 pg/g for the SA 13 site, and 1,590 pg/g for the Saratoga site.

Finally, TEQs were calculated using a set.of international TEFs (I-TEFs) that are
commonly used for risk assessment (Ahlborg et al. 1992 and 1994). These TEQs are
~referred to as I-TEQs. Our calculated I-TEQs were 13 pg/g for the Lock 9 site, 981 pg/g
for the Reminant site, 1,390 pg/g for the SA 13 site, and 289 pg/g for the Saratoga site
(Table32.6C).  ° ' . e ERE

The TEQs we calculated from the various methods are presented in Table 3.2.6 D. For
comparison purposes, we also present TEQs calculated from tree swallow data from Green
Bay (Jones-et al. 1993). Although our TEQs are variable depending on the TEFs used, the
relative TEQ magnitude is consistent among Hudson River sites. That is, the SA 13 tree
swallow sample elicits the highest TEQ: of ali Hudson River samples, regardless of which

TEFs ‘are used, followed by the Remnant site, Saratoga site, and Lock 9 site.

The TEQS calculated for Hudson River tree swallow nestlings are very high when
compared with Green Bay tree swallow TEQs. S-TEQs for Hudson River tree swallow

" nestlings ranged from 48 pg/g at Lock 9 to 9,060 pg/g at SA 13." This compares with 430
to 552 pg/g for Green Bay tree swallow nestlings (Jones et al. 1993). We calculated
C-TEQs for Green Bay CDE and Fox River tree swallow nestlings using PCB, PCDD, and
PCDF congener concentrations presented in Ankley et al. (1993). The total C-TEQs for
Green Bay tree swallow nestlings were calculated to be 525 pg/g and 878 pg/g, with 98%

attributable to PCB congeners 77, 105, 126, and 169.

The concentrations of TEQ in tree swallows in the upper Hudson River generally exceed
TEQs associated with adverse effects in other bird species from the Great Lakes, although
comparisons are complicated by the use of various methods for estimating TEQ. (Itis
jmportant to note that HAIE derived TCDD-EQs are always lower than TEQs derived
mathematically by multiplying the TEF by the PCB or PCDD/PCDF congener
concentration and summing the resulting producis). In a study of Great Lakes
double-crested cormorants, HAIIE derived TCDD-EQs of 100 - 300 pg/g were associated

with egg mortalities of 8 - 39% (Tillitt et al. 1992).
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An HAIIE derived TCDD-EQ of 214.5 pg/g was associated with. an 8% hatch rate of Green
Bay Forster's tern eggs, compared with an 83% hatch rate at a reference colony where the
TCDD-EQ was 23.4 pg/g (Tillitt et al. 1993). The average S-TEQ calculated for these
Green Bay Forster's terns was 626 pg/g (Jones et al. 1993). Using the congener data
presented in Ankley et al. (1993), we calculated a mean C-TEQ for these Forster's tern
eggs of 270 pg/g. : :

Caspian terns at Saginaw Bay in 1988 had S-TEQs of 1,604 pg/g in unincubated first
clutch eggs and 2,686 pg/g in unincubated second clutch eggs. Over 98% of the S-TEQ
was aftributed to PCB congeners. The hatch rates of the first and second clutch eggs were
529% and 40%, respectively. Fledging rates for first and second clutch eggs were 53%
and 0%, respectively. In other words, an S-TEQ of 2,686 pg/g among Caspian terns was

associated with total reproductive failure (Ludwig et al. 1993).

- Giesy et al. (1 994) summarized avian H4IYE derived TEQs from various embryotoxicity
studies. LD, values for chicken embryos, double-crested cormorant embryos, Caspian
tern emnbryos, and pheasant embryos were associated with TEQs of of 115 - 147 pg/g,
460 pg/g, 750 pg/g, and 2,200 pg/g, respectively.

The TEQs found in upper Hudson River tree swallows indicate that Hudson River tree
swallows are exposed to a PCB congener mixture of much greater toxic potential than has
been reported in tree swallows, red-winged blackbirds, common terns, Forster’s terns,
Caspian terns, and double-crested cormorants from Green Bay, Wisconsin, and other Great
Lakes sites (Jones et al. 1993, Ludwig et al. 1993, Tillitt et al. 1993). Tree swallow
C-TEQs from all three Hudson River sites could be anticipated to exceed the LDy, values
for laboratory reared chicken, double-crested cormorant, and Caspian terns embryos, and
approach or exceed the LD, for pheasant embryos (Giesy et al. 1994).

It is not possible to draw definitive conclusions about the actual toxicity of the PCB
mixture to which Hudson River tree swallows are exposed due to the limitations of the
TEQ approach for ecological risk assessment. Laboratory studies have shown that TEQs
do not always accurately predict toXic responses across species and endpoints. A number
of reasons have been suggested for this, including that PCB, PCDD, and PCDF congeners
may act synergistically or antagonistically (Safe 1994). Also, the TEFs used in this report
are not specific to the tree swallow, but were developed based on scientific evidence from
domestic chickens or pumerous other species. An ideal TEF would be based on scientific
evidence from the target species.

The contribution of each congener to the overall TEQ for a sample varied depending on
which set of TEFs were used (Tables 3.2.6 E - G). PCB 77 contributed the most 10
C-TEQ at all sites (70 - 95%). PCB 77 confributed the most to S-TEQ at the Remnant
site (57%) and SA 13 site (60%) and equaled that of PCB 118 (37 %) at the Saratoga site.
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Congener 118 contributed the most to S-TEQ at the Lock 9 site (35%). Conéener 126 was
the most significant contributor to I-TEQ at all 4 sites (53 - 57 %). This is because the
I-TEF for congener 126 is much greater than the I-TEFs for PCBs 77 or 118.

The two most important congeners in this study in terms of their contribution to TEQ were
PCB 77 and PCB 126. They accounted for 80 - 99% of total C-TEQ, 77 - 88% of
S-TEQ, and 71 - 90% of I-TEQ. The significance of these two congeners was also ‘noted
among tree swallows at Green Bay. PCB congeners 77 and 126 accounted for 80% of the
S-TEQs in Green Bay tree swallows (Jones et al. 1993). PCB congenpers 77 and 126
accounted for 97% of the C-TEQs that we calculated for Green Bay tree swallows, based
on congener concentrations presented in Ankley et al. (1993).

Congener 77 was apparently a significant congener in Hudson River tree swallows in terms
of its total concentration in nestlings (Table 3.2.4B) and its significant contribution to .
dioxin equivalency as determined by C-TEFs and S-TEFs (Tables 3.2.6 E - .

Jones et al"(1993) found congener 77 to be a more important contributos to S-TEQ in tree
swallows than either Forster's terns, common terms, or red-winged blackbirds. In that
study, approximately 50% of the S-TEQ in tree swallows was attributable to congener 717,
yersus approximately 15% in red-winged blackbirds, 35% in common terns, and 10% in.

Forster's terns.

Regardless of which TEFs were used, the 2,3',7,8-substituted dibenzo-p-dioxins and
2.3,7,8-substituted dibenzofurans were minor contributors to TEQ, except at the TLock 9
site (Tables 3.2.6 E -G). Dioxins and furans, while not more ablindanjt in Lock 9 tree

. swallows, contributed more on a relative basis to TEQ there than they did in upper Hudson
.River-’ittee swallows. : -

33  Diets

Insect boluses were collected from 22 pests (Table 3.3). Based on the number of insects .
observed in these samples, the majority of insects in the diet of nestling tree swallows were
adults of species that spend most of their lives as larvae in the Hudson River. These
groups included species in the orders Odonata (both Zygoptera and Anisoptera),
Plecoptera, Trichoptera, Diptera (suborder Nematocera, especially Chironomidae and
Tipulidae), and Ephemeroptera. Non-aquatic insects that contributed to tree swallow diets
include species in the orders Homoptera, Hemiptera, Hymenoptera, Diptera (suborder
Brachycera), and Coleoptera. The importance of aquatic species was even greater when
based on mass of insects delivered to the nestlings (Table 3.3). This reliance on aquatic
insects has been found in other studies of tree swallow diets (Blancher et al. 1987, Holroyd
1983, McCarty 1995, Quinney and Ankney 1985, St. Louis et al. 1990).

Aquatic insect larvae, in general, bioconcentrate PCBs to levels on the order of 10° t0 10°
times the concentration found in water (Bush et al. 1985, Mayer et al. 1977, Sanders and
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Chandler 1972). Concentrations of PCBs found in caddisfly larvae (Insecta: Trichoptera:
Hydropsychidae) from the Hudson River ranged from 6,000 to 66,000 ng/g wet weight
throughout the area covered by this study (Bush et al. 1985, Novak et al. 1988). Given the
evidence regarding the tree swallow's diet at our study areas and in other studies, we
believe that the bulk of PCBs accumulated by tree swallow nestlings came from the
Hudson River. In addition, the use of the Hudson River as a food source for large
aumbers of migrating swallows in the spring suggests that the PCBs may be affecting
swallows breeding acxoss a wider geographic range. '

3.4 Nests

Tree swallow nests consist of a dry grass cup lined with feathers. The size of the grass
cup and the number of feathers vary widely among nests, and the quality of the nest has
been found to be positively corrclated with nesting success (Sheppard 1977, Winkler
1993). The number of feathers in nesis increased throughout the nesting eycle (Table 3.4).
All measures of nest quality suggest that nests were of highest quality at Lock 9, followed
by SA 13, Remmant 4, and the Saratoga site (Table 3.4). Of the measures of nest quality,
only the differences in the numbers of feathers found during the pestling stage Were
statistically significant (Table 3.4).

Prior experience with tree swallows breeding in central New York, as well as preliminary
results from our 1995 Hudson River nest evaluation, lead us to believe that Hudson River
nests were of lower quality than at some other sites. This lower quality was assessed

~ according to the quality of the grass cup and the number of feathers used in nest
construction. o

Winkler (1993) reported an average of five feathers in the nest at clutch initiation, and that
only 3 of 56 nests (5%) had zero feathers at initiation. While SA 13 and the Saratoga site
had an average of 6.5 and 5 7 feathers, respectively, during egg laying, nests at the
Remnant site had fewer than five feathers, on average. For all the Fiudson River sites
combined, 8 out of 63 nests (13 %) lacked feathers completely at the time of laying, and of
those nests with feathers, 12 of 55 (21%) had only one feather. At the time of hatching,
Winkler (1993) found only 5 of 39 nests (13 %) had ten or fewer feathers, while along the

Hudson River, 17 of 65 nests (26%) had ten or fewer feathers during the nestling period.

Sheppard (1977) reported that tree swallow nests from Shackleion Point, New York,
usually contained 25 - 50 feathers (range 0 - 150). Sheppard also categorized nests into
four qualitative categories. Of 84 mests, Sheppard found seven corresponding to our
ranking of #1 (low quality), ten corresponding to our ranking of #2 (moderate quality), and
&7 corresponding to our ranking of #3 (high quality).
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Although these results suggest that nest construction at the Fludson River sites was
deficient, further quantitative data on nest construction will be needed to draw stronger
conclusions about any relationship between PCB concentrations and nest building behavior.

3.5 Egg Shell Thickness

There was not a clear relationship between egg shell thickness and PCB contamination of
the Hudson River (Table 3.5.1). All measures of thickness, including shell mass, shell
thickness, and the shell index were similar for the Hudson River sites, the Lock 9 site, and
the Ithaca site. There was a highly significant correlation between the shell index and shell
thickness (R? = 0.56, p < 0.001). DeWeese et al. (1985) found similar results with a
population of tree swallows in Colorado. The mean mass of egg shells from New York.
was greater than those collected in Colorado, as was the shell index (Table 3.5.2).
" DeWeese-et al. (1985) also present data for tree swallow eggs collected prior to the
widespread use of DDT"(Table 3.5:2). New York eggs were again heavier and had a
{arger shell index than pre-DDT eggs, indicating that no sigpificant shell thinning has
oocurred. The results from this study are consistent with a recent report which conchuded - -
that PCBs do not appear {0 cause eggshell thinning at environmentally tealistic doses
(Peakall and Lincer 1996).. ' :

3.6  Egg Size and Mass

The volumes of tree swallow €ggs from the Hudson River sites were slightly higber than
the volume of eggs from Ithaca, New York (Table 3.6). However, eggs obtained from the
reference site at Lock 9 had higher volume and mass than the Hudson River sites. Masses
of eggs from several other studies (Table 3.6) also suggest that egg mass at the Hudson
River sites may have been low. Egg volume and mass were highly correlated (R* = 0.87,
p < 0.001). R

3.7 Nestling Growth and Development and Reproductive Success

Reproductive success. nestling growth, and nestling development data from Hudson River
tree swallows were compared with similarly collected data from a presumably
ancontaminated tree swallow colony near Ithaca (McCarty 1995 and unpub.). Ithaca site
growth and development data from 1990 - 1993 were used. Reproductive success data
from Ithaca breeding seasons 1990 and 1991 were used. These years Were chosen because
they were the first two years that the Ithaca site was occupied and there were high
proportions of sub-adult females breeding at the site (Ithaca 1990 = 67% sub-adult
females, Hudson River = 65% sub-adult females). Disturbance due to adverse weather
and experimental procedures were also low in these years. Nests at this Tthaca site were
not equipped with predator guards in 1990 and 1991, and some losses due to pole-climbing
predators did occur. Predation losses were easily ;dentifiable and were not included in the
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calculation of reproductive success. Predation (by the house wren) was only a factor at
two nests along the Hudson River.

3.7.1  Growth of Nestlings

Nestling tree swallow mass at hatching (day 1) was lower for the Hudson River sites than
for nestlings from Ithaca (Table 3.7.1; p < 0.01). We note that PCBs and other PCHs
have been associated with reduced mass of newly hatched birds in other studies (Kubiak et
al. 1980; Elick et al. 1965, 1973). Differences in nestling mass at hatching among
Hudson River sites were not significantly different (ANOVA p = 0.31). By nestling

day 8, average nestling size was smaller at the Ithaca site than at any of the Hudson River
sites (Table 3.7.2). Mass and size on nestling day 8 were highest at SA 13, while the

. Remnant site and Saratoga site nestlings were slightly smaller (Table 3.7.2). Nestling
mass and size followed the same pattern on nestling day 10 (Table 3.7.3), day 12

(Table 3.7.4), and day 14 (Table 3.7.5). The fact that nestling growth was faster on the
Budson River in 1994 than the average of the 1990 - 1993 seasons at Ithaca suggests that
Hudson River environmental conditions such as temperature and food supply were
adequate in 1994. - '

When growth of Hudson River swallows is compared to other published studies of tree
swallow growth, it is clear that Hudson River swallows were well within the range of
variation observed at other sites (Figure 3.7). This leads us to hypothesize that PCB
contamination may not have a negative fmpact on the rate of pestling growth and
development of tree swallows; at least not during séasons with favorable environmental
conditions.

372 Possible Abnormalities

No gross morphological defects were observed at the Hudson River sites, however;’
nestlings at four nests were noted as having unusually large abdomens. It is unclear at this
time whether this represented a case of chick edema disease (Gilbertson et al. 1991). In
one case, unusual spots were observed under the skin of a nestling, which appeared to be
the result of internal swelling. At four additional nests, nestlings younger than eight days
were observed to have an unusual orange to orange-yellow color instead of the normal pink
color of young nestlings. Tt is possible that these represented cases of jaundice due to
impairment of liver function, as described by Gilbertson et al. (1991).

3.7.3 Clutch Size

Clutch size at the three Hudson River sites was within the range expected for tree swallows
(Table 3.7.6). Individual clutches were within the normal range, except for one nest at the
Saratoga site where a clutch consisted of ten eggs. This supernormal clutch is thought to
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be the product of a single female. Predation was extremely jow at all the sites; eggs were
Jost from two Dests and no nestlings were lost t0 predation.

3.7.4 Reproductive Success

Abandonment of nests during the incubation stage was common at both the Remmant site
(23%) and the Saratoga site (26%) (Table 3.7.7). This abandonment was not likely to be-
the result of investigator disturbance since using the same methods at the Ithaca, New York
site in 1990 and 1991 resulted in 0o abandonments (Table 3.7.7). Little published data on
egg abandonment in tree swallows exists, however, the two studies that provided
information on abandonment reported 0% (Burtt and Tuttle 1983) and 6% (Blancher and
McNicol 1988). Reduced parenial attentiveness and abandonment of eggs have been linked
to PCB contamination in the herring gull (Fox et al. 1978) and Forster’s tern (Kubiak et al.
1989). _ _

Between 64% and 79% of eggs laid at the three Hudson River sites hatched, compared
with a 93% hatch Tate (hatchability) at Ithaca. Hatchability at other North American sites
ranged from 77% to 95%. The lowest hatch rate repoited (77 %) was at Green Bay,
Wisconsin, a site that is also contaminated with PCBs (Table 3.7.7). PCBs have been
associated with reduced hatchability in chickens (Sotherland and Rahn 1987, as cited in
Hoffman 1996), common terns (Hoffman et al 1993), Caspian terns (Ludwig et al. 1993),
and double-crested cormorants (Tillitt et al. 1992). '

‘The combination of abandonment and poor hatchability Tesulted in Teproductive SUCCess
rates (defined as the percent of eggs Jaid that resulted in fledged individuals) that ranged
from 51 % to 74 % at the three Hudson River sites. This compares with a reproductive
success rate of 88% at Ithaca. ‘Reproductive success among tree swallows nesting at
Sudbury, Ontario was only 60%, but the authors noted that reproductive difficulties may
have been associated with rainy weather and the location of some nests in Jow pH wetlands
(Blancher and McNicol 1988).

There are many factors that may influence reproductive Success in tree swallows. Two of
the most significant factors arc weather and food supply. At all of the Hudson River sites
in 1994, we observed that weather was mild, with no temperature Or rainfall extremes,
throughout the egg laying and nestling rearing period. We also believe that food supply
was adequate, as evidenced by the normal growth rates of Hudson River tree swailow
pestlings. Given that PCBs have been associated with reduced hatchability and nest
abandonment in other bird species, we conclude that PCB exposure may have contributed
to the observed poor reproductive success among Hudson River tre¢ swallows.
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3.7.5 | Incubation Period

The length of the incubation period averaged 14.1 days (s.d. = 1.1, range = 12 to

18 days) for the Hudson River sites. There were no significant differences in incubation
period among the sites (ANOVA p = 0.31), and the 14.1 days was well within the normal
range for incubation in trec swallows (Robertson et al. 1992). Similarly, the length of the
pestling period was normal, mean day of fledging = 21.2 (3.d. = 1.2, range = 18 - 24),
and there were no significant differences among sites (ANOVA p = 0.35).

3.7.6  Unhatched Eggs

We were able to classify 49 unhatched eggs from 21 nests along the Hudson River as being

either infertile (no observable embryonic development) or as having some embryonic

development and having died before hatching. Sixteen eggs (33 %) had some embryonic

development when they died, and the remaining 33 eggs (67 %) had no embryonic

development, and were presumed to be infertile. We know of no published records of the

" cause of hatching failure in tree swallows, so it is unclear if these levels of apparent
infertility and embryo mortality are unusual. :

3.8 Adult Tree Swallows

Seventy-seven adult tree swallows were captured during 1994. Of these, 22 were males
and 55 were females. These results do not reflect the actual sex ratio of the population,
which is estimated to be near 1:1, but reflect the difficulty of capturing males and the
increased effort devoted to capturing females. Female tree swallows have a distinct,
brownish, sub-adult plumage during their first breeding season, before obtaining a
male-like blue-green plumage during their second pre-basic molt (Hussell 1983, Robertson
et al. 1992). Of the females captured, 19 had full adult plumage, and 36 were females
with sub-adult plumage. ' :

The plumage of sub-adult female tree swallows often includes a highly variable amount of
green or blue feathers (Hussell 1983). Based on prior experience with tree swallows, the’
plumage of sub-adult females on the Hudson River included unusually high proportions of
blue and green feathers. Hussell (1983) classified 9 of 73 (12%) known sub-adult females
from southern Ontario as having more than 50% blue or blue-green plumage. We used
Hussell's method to classify 31 sub-adult females from the Hudson River sites. We
classified 19 sub-adult females (61%) as having less than 50% blue or blue-green feathers
on their backs and 8 sub-adult females (25%) as having more than 50% blue or biue-green
feathers on their back. An additional 4 sub-adult females (13%) were intermediate or had
extensive green color that prevented us from confidently placing them in either category.

These results suggest that sub-adult female plumage may be unusual in the Hudson River
population. Since plumage dimorphisms such as found in tree swallows are under the
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control of estrogen (Sturkie 1976, Owens and Short 1995), it is plausible that the
estrogenic effects of PCBs may be causing the shift toward advanced plumage maturation
in young females. Several females were salvaged or collected from this population and are
preserved as voucher specimens in the Cornell University vertebrate collections.

Male tree swallows on the Hudson River tended to be heavier and larger than females
(Table 3.8). In addition, females with sub-adult plumagé were slightly smaller and lighter
than females with full adult plumage. Both the size and mass of adults and the pattern of
variation with sex and age werc similar to those found in other populations of tree
swallows (Table 3.8). :

4.0 . EST]NIATED RISK TO OTHER BIRD SPECIES

Nuﬁiet'ouS b 4 species for which laboratory and field PCB investigations. have been

- condicted would be adversely affected by the PCB concentrations We found in tree
swallows aloqg the Hudson River. The average "PCB concentrations detected in tree
swallow eggswfrom'atll three Hudson River sites (12,000 - 42,000 ng/g) would causc total
embryo mortality in the domestic chicken (Barron et al. 1995, Hoffman et al. 1996).-
‘Ringed turtle dove eggs containing 16,000 ng/g PCB were less likely t0 hatch (largely due
to poor parental attentiveness), and the embryos had an increased level of chromosomal

aberrations (Peakall and Peakall 1973, as ¢cited in Hoffman et al. 1996).

Caspian tern chicks in Saginaw Bay exhibited a 20% frequency of deformities,
correspondii}g to 8,000 ng/g total PCB in first clutch eggs and 18,000 ng/g in second.
clutch eggs. An S-TEQ of 1,604 pg/g was associated witlr a 529, hatch rate among first
clutch Caspian terns in 1988. The hatch rate in 1986 (prior to the flood which.
re-distributed PEB laden sediment) at this same colony was 82%. An S-TEQ of

2,686 pg[ g among Caspian terms in 1988 was associated with total reproductive failure
(Ludwig et al. 1993). S-TEQS among Hudson River tree swallows were 6,660 at the
Remnant site, 9,060 pg/g at the QA 13 site, and 1,590 pg/g at the Saratoga site. If we
conservatively assume that Caspian terns would experience at least the same PCB exposure
as tree swallows, Caspian terns pesting at the SA 13 and Remnant sites would be expected
to suffer complete reproductive failure.

The concentrations of PCB congener 77 detected at the Remnant and SA 13 sites (370 -
530 ng/g nestling) were similar to the concentrations (200-1000 ng/g ege) causing

{7 - 60 % mortality in domestic turkeys (Brunstrom and Lund 1988, as cited in Hoffman
et al. 1996). Species such as the mallard, Atlantic puffin, and screech owl do not appear
to be as sensitive to the effects of PCBs as the above species.

We have conducted a more detailed risk assessment for four additional bird species which
are known to be sensitive to the effects of PCBs. These species are the bald eagle,

Forster's tern, common term, and double-crested cormorant.
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4.1 Bald Eagle The bald eagle is a Federally listed threatened species and

New York State listed endangered species that has been increasing in numbers along the
Hudson River over the last decade. A well known wintering ground exists in the lower
Hudson River at Tona Island, but there has been no successful Hudson River breeding in
approximately one hundred years. A pair of bald eagles has been attempting to nest at a
location south of Albany since 1992, but has pever successfully fledged young. A second
pair established a territory near the first pair in 1995, but has also been unsuccessful at
producing young (Peter Nye, NYSDEC, pers. commy).

Studies conducted on bald eagles from the Great Lakes have concluded that PCBs are one
of the primary factors impairing reproduction. They are probably the single most
jmportant environmental toxicant contributing to reduced productivity in the bald eagle
(Kubiak and Best 1991, Bowerman et al. 1995). It has been estimated that bald eagle eggs
should contain less than 4 - 6.ug/g total PCB if bealthy rates of productivity (> 1.0 eaglets
fledged per occupied breeding area) are to be maintained (Weimeyer et al. 1984, Kubiak
and Best 1991, Bowerman et al. 1995). Total concentrations of PCBs in bald eagle eggs
have been inversely correlated with productivity, and the following equation has been
developed from that data (Kubiak and Best 1991):

y = -0.177 In x+ 1.317

where, : )
y = number of eaglets fledged per occupied breeding area
x = total PCB residue in addled eggs

" There has not been an investigation into PCB concentrations in bald eagles along the
Hudson River and no eggs have been available to sample. However, we can estimate bald
eagle productivity by calculating the PCB concentration likely to accumulate in the eggs of
eagles that consume forage of known PCB concentration. A biomagnification factor
(BMF) of 28 has been recommended to predict bald eagle egg PCB concentrations based
on the PCB concentration in the forage (Giesy et al. 1995). :

Using the above equation and a BMF of 28 yields the following eagle productivities

(# eaglets per occupied breeding area) for eagles consuming forage with the specified
average PCB concentration:
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PCB Conccr_itration in Forage Predicted Productivity (#
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10,000 0.30

20,000 0.17

30,000 010
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We have not studied the dietary habits of nesting bald eagles on the Hudson River, but
information is available which allows us 10 estimate PCB concentrations in their prey.
Bald eagles overwintering at Tona Island were determined to be feeding on prey that was
presumed to be bullhead (Ameiurus sp.), white catfish (Ictalurus eatus), striped bass
(Morone saxatilis), white perch (Morone americana), goldfish (Carassius auriutis),
common carp (Cyprinus carpio), cOmmon merganser (Mergus merganser), mallard, ring-
- billed gull, white-tailed deer (Odocoileus‘ virginianus), and cottontail rabbit (Sylvilagus

" floridanus) (Nye'et al. 1993). A study conducted on an inland river in Maine found that
65% of i;h’é'bald eagles’ summer diet consisted of brown bullhead (Ameiurus nebulosus); - -
white sucker (Catostomus commersoni), and chain pickerel (Esox niger) (T odd et al. 1982).

We calculated Hudson River bald eagle productivity based on the average fish
concentrations. (across all species at each station) of total PCB from the USEPA Phase 2
Ecological sampling data (Table 1.1). Although we know that these fish species are not
representative of a typical bald eagle diet, we believe these average PCB concentrations
approximate what Hudson River bald eagles may receive in their diet.
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River Mile Average Fish . Predicted Productivity
Concentration {ug/g) eaglets/occupied breeding area)

203.3-204.7 0.23 0.9%
196.9 7.25 0.38
194.1 28.28 _ 0.14
191.5 364 0.50
190.3-189.6 1934 020
169.5-169.2 _ 10.46 , 0.31
159 S W 7) : 0.64.
143.5 4.54 _ 0.46
137.2-136.7 3.90 0.49
122.7-122.4 2.91 _ 0.54
113.8 3.66 ‘ . 0.50
100 ' 0.68 _ ' 0.80

| 89.4-88.7 388 0.49
587 _ 2.63 0.55
413 1.30 0.63
25.8 . 246 | 057

* Tt is apparent from this data, as well as Figure 4.1, that bald eagles that attempt to nest
between river mile 197 (Hudson Falls) and at least river mile 26 (Nyack) may be exposed
to concentrations of total PCR in their forage that are associated with reduced productivity
in Great Lakes breeding eagles. We estimate that productivity, as measured by the number
of eaglets per occupied breeding area, would range from 0.14 to 0.80 among eagles

nesting along this Hudson River reach and feeding on predominantly Hudson River fish.
An average of at least one eaglet per occupied breeding area is indicative of a healthy
subpopulation. We also hypothesize that eagles overwintering along the Hudson River and
feeding on Hudson River fish may accumulate concentrations of PCBs that may reduce
their subsequent productivity.

4.2 Forster's Tern The Forster's tern has never been known to nest along the
Hudson River, but it has recently been expanding its range along the east coast, spreading
north from the mid-Atlantic states. It prefers to nest in saltmarsh islands, extensive
freshwater marshes, or along marshy lake shores (Andrle and Carroll 1988).
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30% abandonment, and 12% egg disappearance at Green Bay, Wisconsin, in 1983. We

hypothesize that if Forster’s terns were to nest at any of these three Hudson River sites or
similarly contaminated sites along the river between these sites, reproductive success
would be significantly lower than expected from a healthy, uncontaminated subpopulation.

4.3 Common Tern The common tern is a New York State listed threatened species.

There is no known breeding along the Hudson River, but this species does breed on Long
Island, Lake Ontario, Lake Champlain, Lake Erie, the St. Lawrence River, and the Finger
Jakes. The common tern prefers to nest on small islands or structures, habitat that is

available along the Hudgson River (Andrle and Carroll 1988). In a study conducted in 1984 |

and 1985 at Green Bay, a hatching success of 71 9 corresponded to an average PCB egg

concentration of: 10,000 ng/g. The reference terns contained 4,700 ng/g PCB,
_corresponding 'with 85% hatching success (Hoffman et al. 1993).

Common tern nestlings (aged 5 and 16 days) collected at the Green Bay CDF in 1988
contained an‘average of 5,960 ng/g total PCB (Ankley et al. 1993). The eggs from the
same nests contained an average of 11,200 ng/g total PCB, or 1.88 times as much as the
pestiings. These common termn nestlings contained two times as much total PCB as

concurrently collected tree swallows. Consequently, we would estimate that common ferns

nesting at our Hudson River sample sites would accumulate the following total PCB

concentrations {(on average) by a nestling age of 5 - 16 days.

Site Tree Swaﬂow o Predicted . Predicted
| Nestling PCB Common Tern Common Tern -
(ng/g). Nestling PCB Bgg E_’CB (ng/g)
' : ~ (ng/g) _

Tock 9 377 754 1,420

Remnant 29,100 58200 109,000
SA 13 56,800 114,000 214,000
Saratoga 5,250 10,500 19,700

River sites would be predicted to accumulate
which corresponds to levels of PCBs which
among common terns nesting at

Common terns nesting at all of our Hudson
greater than 10,000 ng/g total PCB in eggs,
were associated with a 16% reduction in hatching success
Green Bay, Wisconsin, vs. reference colonies. ‘

4.4 Double—Crested Cormorant The double-crested cormorant is a colomial nester

that may breed at a few locations along the Hudson River (Andrle and Carroll 1988). This
bird subsists on a diet almost exclusively consisting of fish. PCB concentrations of
7,300 ng/g in eggs from Green Bay and Beaver Tslands on Lake Michigan in 1988 were
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associated with a frequency of deformed, live embryos of 6 - 7%. On Tahquamenon
Island on Lake Superior, the deformity frequency was 2, and the corresponding PCB
concentration was 3,600 ng/g (Yamashita et al. 1993). An analysis of Green Bay '
cormorants showed that total PCB concentrations in eggs of 7,000 to 9,000 ng/g were
associated with 25% embryo mortality (Tillitt et al. 1992). :

We conservatively estimate that double-crested cormorants nesting along the Hudson River
would accumulate approximately the same concentrations of PCB as Forster™s terns (a
species which may consume large quantities of insects and other prey less contaminated
{han fish). Based on this assumption, double-crested cormorant €ggs at Lock 9 would
contain an average of 980 ng/g of total PCB, those at the Remnant site 76,000 ng/g, those
at the SA 13 site 148,000 ng/g, and those at Saratoga 14,000 ng/g. Concentrations
predicted in doub}e—crestéd"COrmorants nesting at all but the Lock 9 site would exceed by
2 - 16 times the concentrations associated with 25% embryo mortality and a6 - 7%
frequency of geformed, live embryos in Green Bay. - i

6.0 CONCiUSI(jNS:AND'RECOM&ESDATiONS
The following major conclusions can be made based on the results of this 'étqdy:

1. Tree swallows are good indicators of exposure to aquatically distributed PCBs,
particularly when the PCB source of interest is the primary aquatic habitat within a
reasonable feeding radius. While the tree swallow is a good indicator of PCB

exposure, it appears to be much more resistant to the effects of PCBs than many other
birds for which studies on the effects of PCBs have been conducted. -

2. 'Hudson River tree swallows were up to ten times ‘more contaminated with PCBs than
tree swallows from the Great Lakes. Accumulation raies of PCBs werte extremely high
in tree swallow nestlings at the two most contaminated sites on the Hudson River. The
rates were 20-30 times greater than those found in free swallows at two of the most ‘
PCB contaminated locations in the upper Great Lakes.

3. Tree swallows at the ihree Hudson River sites were exposed 10 2 PCB congener |
mixture of much greater toxic potential (as expressed by dioxin equivalency) than has

been reported in tree swallows from the Green Bay area.

4. PCB congener 77 was highly significant in Hudson River tree swallows, both in terms
of its absolute concentrations, which may be the highest ever reported for any bird
species, and its contribution to dioxin equivalency. This PCB congenet is, by most

accounts, the second most toxic congener in terms of its dioxin-like potency.

5. A high degree of nest abandonment, reduced hatchability, low quality nest
construction, and possible plumage abnormalities are not fully explained, but may be a
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result of PCB exposure. PCBs have been shown to cause similar effects n other bird.
species. ‘ '

6. Based on the PCB concentrations we found in tree swallows, we predict that if birds
such as the bald eagle, Forster's tern, common tern, Caspian tern, and double-crested
cormorant were to nest along sections of the Hudson River, they would be exposed to
PCB concentrations that would cause significant reductions in reproductive success and
increased levels of nestling deformities. Of these species, only the bald eagle, and
possibly the double&rested cormorant, currently nest along the Hudson River. The
implications' are unknown for other similarly sensitive species for which data currently
do not-exist. :

We recommend that at least one additional year of investigation into PCBs and tree
swallows be completed to address uncertainties from this study. The focus should remain
on measures of reproductive vigor, including hatching success, fledging success, and
parental behavior. Nest-box liners should be inserted info nest boxes so that nest mass can
be used as a measure of nest quality, and feathers lining the nest should be counted at pre-
established times during incubation and brood-rearing. '

Plumage coloration should be evaluated, with a focus on quantifying the percent blue-green
feathers on females of known age. Return rates of previously banded birds should be
determined to preliminarily assess whether PCBs might affect normal winter survival or
migratory patterns.’ :

Chemical analysis of concurrently collected tree swallows and their prey should be -
performed to clarify pathways of PCB uptake. This chemical analysis should include non-
‘ortho-chloro substituted and mono-ortho-chloro substituted PCB congeners 10 develop our
understanding of the potential toxicity of Hudson River PCBs to tree swallows and other

- bird species. ) -

Finally, work should continue to assess the risks posed to other birds from Hudson River
PCBs, particularly birds that frequent the Hudson River and are known to be sensitive to
the effects of planar PCBs and other Ah-active PCHs. These birds include the bald eagle,
double-crested cormorant, wood duck (dix sponsa), and great blue heron. Dozens of other
piscivorous and insectivorous birds are exposed to high concentrations of PCBs if they feed
along the upper Hudson River. There currently is no information on the effects of PCBs
on most of these highly exposed bird species.
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Table 1.1 PCB Concentrations in Hudson River Matrices Derived from USEPA Ecological Sampling Data

Ecological Location® Sediment® {ug/g) | Benthic Invertebraies® | Fish*{ug/g)
Sampling (uglg)
Station ‘
Station 1 RM 203.3 - 204.7 {above Glens ‘ | 007 NA 0.23
Falls}
Station 20 ‘ RM 196.9 (Bakers Falls) ) 0.92 NA 7.25
Station 2 RM 194.1 (Ft. Edward) 20.19 NA 28.28
Station 3 'RM 191.5 (Thompson Island Pool) | 9.29 [ 10.32 - 3.64
Station 4 RM 190.3 - 189.6 (Thompson 10.49 23.85 | 19.34
. Island Pool
Station-5 | RM 189 (Thompson Island Pool) 2935 ) 42.37 NA
Station 6 RM 188.7 (Thompson Island Pool) 14.33 1575 . NA
‘ Station 7 RM 188.5 (Thompson Island Pool) 18.51 - 16.20 NA
Station 8 RM 169.5 - 169.2 (Stillwater) 41.59 NA 10.46
Station 9 RM 159 (Waterford) " {480 NA 1.67
Station. 10 | rRM 143.5 (Albany/Norman Kill) 1.03 NA - 4.54
Station 11 RM 137.2 - 136.7 (Castleton-on- 1.38 NA : | 3.90
Hudson, Shad & Schermerhom
Islands}
RM 122.7 - 122.4 (Coxsackie & 1.19 0.81 ' 2.91
Station 12 Kinderhook Creek) - ‘
Station 13 RM 113.8 (Catskill & Rogers 0.88 NA 1 3.66
Island)
Station 14 - RM 100 (Kingston & Tivoli} _ 0.37 0.47 0.68
Station 15 RM 89.4 88-7 (Kingston & Esopus 0.87 o 3.88
' Meadows)
Station 16 RM 58.7 (Newburgh & Moodna "0.30 NA 2.68
Creek)
Siation 17 "RM 47.3 (Peekskill & lona Marsh) 1.31 0.83 1.30
Station 18 RM 25.8 (Nyack & Piermont Marsh) | ¢.48 0.22 2.46
Notfes:
1 in order of increasing downstream distance fror Ft. Edward. River Mile (RM) locations are approximate.
2 Concentrations represent averages from five samples.
3 Concentrations represent averages across all species at each station. Invertebrates sampled include amphipods,
bivalves, chironomids, gastropods, isopods, odonata, and ofigechaetes. .
4 Cancentrations represent averages across all species at each station. Fish sampled include Atlantic silverside, brown
bullhead, brook silverside, cypriniet species (carp and minnow), tongnose dace, rock bass, sucker species,
smalimouth bass, spottail shiner, tesselated darter, white perch, and yellow perch.
Source: USFWS analysis of data from TAMs/Gradient 1996:Phase 2/ECO
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Table 3.4. Nest box occupancy, egg dates, and fernale age in 1994,

Percent First Egg Adult | Sub-Adult | Fem: Age

Site # Occupied Date Females | Females | Unknown
| Boxes -
Lock 8 27 18.5 21.2 +/-7.1 2 3 0
Remnant 30 | 700 19.6 +/- 9.6 5 16 0
| SA13 36 944 |15.3+/-10.1 12 18 4
Saratoga 35 | 743 18.0 +/~11.9 8 14 4

'Number-of boxes is the number of nest boxes available at each site; percent occupied
is the percent of those hoxes that reached the egg stage. First egg date gives the
mean date (+/- standard deviation) that the first egg was laid for first nests only. Mean

‘dates were all in May 1994. Female age was based on both observations and capture
data; Multiple clutches of eggs in the same nest box were assumed to be the product

_ of a single female. Differences among sites in mean first egg date were significant

(Kruskal-Waliis, H=10.9, p=0.013).
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Table 3.2.1. inorganic and organochlorine constituents detected in tree swallow eggs from
the upper Hudson River - 1994. Each value represents one freshly laid three egg composite
from a single nest. ‘

Analyte 1 Concentratlon (uglg wet welght)
Lock 8  Remnant SA13 Saratoga
Al <2.3 <2.46 <2.37 <2.44
As 0.55 0.82 0.75 0.66
B | 204 <.98 2.55 1.52
Ba_ 0.5 <.49 <47 0.87
Be B <05 <.05 <05 | <05
Cd . T <14 <15 <14 <15
Cr_ | <23 <.25 <.24 <.24
Cu_ 0.48 0.47 0.44 0.45
Fe 24.1 25.9° 23.6 16.9
-+{Hg 0.095 0.051 <.05 0.066
Mg - 72.3 726 71.7 71.6
M o 0.89 0.7 1.35 0.63
Mo e <92 | <98 <95 | <98
Ni | =28 <3 $ <29 <.29
Pb. <118 <1.23 <1.19. <1.22
Se - NA NA NA NA
Sr ) 1.83 14 | 108 | 148
N <11 <12 <12 <12
Zn 14.6 15.3 15.6 153

B =043 i <.0
PCB Tota! i 16 4 6 | 44 | 13
aipha BHC o o=04s < 052 <.057 <052
alpha chiordane <.27 <.077 <.58 <24
beta BHC <043 <.052 <057 < 052
dieldrin <.043 <.052 <.057 <.052
endnp___ﬁ o <,043 <.052 <.057 <.052
gamma BHC <.043 <052 <.057 <.052
gamma chlordane <043 <052 <057 <052
heptachlor epoxide <.043 <052 <.057 <.052
mirex 1 <043 | <08 <.057 <.052
0,p-DDD | <043 <.052 <.057 <.052
0,p __DDE | =043 <.052 <.057 <.052

o,p'-DDT B <11 <.052 <.057 <.052
oxychiordane <33 <052 <057 <.052
pp-DDD <,043 <.052 <.057 <062
pp-DDE <.54 <.052 <.86 <.052
p,p-DDT <.05 <.052 <.057 <.052
toxaphene <22 <.26 <.29 <.26
trans-nonachlor <.067 <.052 <.057 <.052

_ U.S. Fish and Wildlife Service
‘NA Not available;data rejected




Table 3.2.2. 2,3,7,8-substituted polychlorinated dibenzo-p-dioxins (PCDDs) and
dibenzofurans (PCDFs) in tree swallows from the upper Hudson River - 1994. Each value
from two,14-day old nestlings from a single nest. '

Concentration (pg/ wet__weigh"t) |
SA13

| Lock 9 | Remn | Sara
DIOXINS
23,78-Tetra 0.2 0.3 0.4 0.4
1,2,3,7,8-Penta; 0.9 0.7 1.0 08 |
1,2.,4,7,8-Penta 04 | 02 0.3 0.3
12,3,4,7,8-Hexa_ 10 | 10 | 15 0.8
11,2,3,6,7,8-Hexa 1.8 2.0 35 2.7
, 123789Hexa | 08 |06NQL 06 04
1.23.46.7,8Hepta| 57 7.0 9.0 -
A Octachlore.. 15,0 : ¢
. 5578 era o+ | 46 | 91 | 160 | 290
12378Penta | 02 og | 15 | 10
2,3,4.7,8Pénta - 0.6 3.5 6.7 .| 33
1,2,3,4,7,8-Hexa 02NQ | 141 2.1 0.7
1,2.;3',6,7,'8-He_>_<a_[. 02 | 06 | 09 | 05
11,2,3,7,8,9-Hexa 0.07NQ | 0.08NQ1 0.1NQ | 0.1ND
e . |23,46F8Hexa | 02 0.5 0.7 0.5
S AP 11.2,3,4,6,7,8-Hepta | 65 | 10| 13 | 06
o 1.2.3.4,7,8,9-Hepta | 0.2NQ 0.1ND F02NQ| 0.1ND
' Octachloro 35 | 42 4 46 |-33

ND = not detected at specified detection limit.

NQ = not quantitated at specified average concentration
due to, inaccurate ion ratio. U S. Fish and Wildlife Service




Table 3.2.3 A. Concentrations of PCBs in tree swallow eggs and nestlings from the

upper Hudson River - 1994.

Matrix PCB Concentration (ng/g wet weight)
Lock 9 Remnant SA1 3 Saratoga
Eggs 852 | 8,550 29,600 18,500
| 2570 22,900 77,300 2,370
5720 12,900 17,600 15,700
| 16,000* 4,600* 44,000* 13,000*
Egg Average | 6280 11,700 42,100 12,400
7 R
Nestlings 510 31,100 54,800 9,780
244 27,100 56,800 721
1 Nestlg Average | 377 29,100 55,800 5,250

Each value represénts one, three egg composite or two nés_tling composite from a
single nest (Kruskal-Wallis: eggs p=.044, H=8.10; nestlings p=.083, H=6.67).

* valuesrepreéent total PCB as part of an organochlorine scan; all c‘:‘the':;d'a‘ta-value—s*

represent cPCB, which is total PCB c_o_ncentration determined by summing the
congener concentrations. ' -

U1 S. Fish and Wildlife Service




Table 3.2.3 B. Concentrations of PCBs in tree swallows from other studies.

B Concentration (ng/g)
Site _ Year Eggs Nestlings
Lower Fox River * 1988 4120 2,490
Fox River CDF* 1988 2,970
Wye Marsh™* 1991 255 11
Mud Creek™ 1991 380 163
Pt. Rowan Sewage Lag. 1991 489 280
Long Point Tip** 1991 695 428
| Cootes Paradise™ 1 1991 1,020 754
- Akwesasne™ . | 1991 4,008
|~ Saginaw - CROW** | 1991 563 YA
“ Saginaw.- AIRP™ 1991 1,144 616
Saginaw - CHIP*™* 1991 836 - 330
| Saginaw COPO*™ 1991 1,373 1,027

* Ankley et al. 1993
.**_Bishop et al. 1995 , _
=+ Nichols et al. 1995 : U.S. Fish and Wildlife Service




“Table 3.2.4 A. Average within site and among site correlation coefficients for concentrations
of individual PCB congeners in tree swallow eggs and nestlings from the upper Hudson River

1994.

NESTLINGS ‘.
' 0.82 084 0.84
0.9 0.97
- 0.99 0.93.

0.98

PCB congener concentrations for each sample were compared as arrays

using the correlation function of EXCEL 4.0. {/.5. Fish and Wildlife Service
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Table 3.2.6 D. Comparison of TEQs in tree swallows calculated using various toxic
equivalency factors (TEFS) 1994 upper Hudson River and 1988 Green Bay,

Wisconsin.
| Total | C-TEQ STEQ | KTEQ
Life PCB (pg/g) (pg/9) (po/9)
Source Stage Site (ng/g)
This study | 14day |Lock 9 244 | 36 - 48 13
- .| chick 7
¢ | " |Remnant | 31,100 | 7770 | 6660 | 981
o | v lsma3 54,800 | 11,00 | 9,060 1,390
m | " |Saratoga | 9,780 1,260 © | 1,590 | 289
Jones et | chick o 2,970 595 . 430
al. 1993 - | comp. _ _ |
& Arkley | 16 day 2,490 878 552
et al. 1993 chick

Avian based TEQs (C-TEQs) based on TEFsfrom Kubiak 1991 and Bosveld et a!
- 1992; 'S-TEQs based on TEFs from Safe 1990; Entematlonal TEQs (I-TEQs) based on
_Intemat:onal TEFs from Ahlborg et al. 1994.

/. 8. Fish and Wildlife Service
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Table 3.3. Occurrence of insects with aquatic larvae in the diets of tree swallows

breeding along the upper Hudson River - 1994.

Site % Number % Mass ltems n
Lock 9 50 82 16 1
Remnant | 97.8+-2.7 99.2 +/- 0.9 147 4
SA13 78.4 +- 324 83.6 +/-29.5 194 12
Saratoga | 642 +-23.4 68.2 +-25.3 66 4

% Number = the percent of each sample composed of aquatic insects, with all items in
each sample weighted equally. % Mass = the percent of each sample composed of
insects based on the mass of aquatic insects in each sample. ltems = the number of
individua! insects collected from each site. n = number of samples from each site.

Values are means (+/- standard deviation).

U.S. Fish and Wildiife Service




Table 3.4. Tree swallow nest construction al

ong the upper Hudson River - 1994.

Lock 9 Remnant SA13 Saratoga
Feathersat | 1.3+/-1.9 3.7 +-4.5 6.5+-6.7 5.7 +- 4.2
Eggs | - |
Feathers at 40 23.4 +-15.8 30.7 +-10.9 17.9 +/- 13.2
'| Chicks : '
Grade 3 22+-08 2.4 +-0.6 2.1+-07
#1's 0 4 1 4
| #2's 0 5 14 10
|#3s 1 7 14 5

eggs are not significant (
differences among nest g
. feathers during the nestling stage are significa

Feathers at eggs = number.of
feathers at chicks = numbet of feathers lining nest
Grade (see text for definition) =
number of nests receiving a gra
#3's = number of nests receiving

mean grade of the nest (+/-
de of 1, #2's = number of nest
a grade of 3. Differences among
Kruskal-Wallis H=7.3, p=0.063), nor are there significant
rades (Kruskal-Wallis H=4.8, p=
nt (Kruskal-Wa

feathers lining nest counted during the egg laying period;
counted during the nestiing period_.
standard deviation). #1's =
s receiving a grade of 2,
sites in feathers at

0.188); the differences in
llis H=10.9, p=0.012).

U.S. Fish and Wildlife Service




Table 3.5.1. Thickness and mass of tree swallow egg shells from the upper Hudson
River and [thaca sites in New York.

Shell Thickness - Shell Mass (g) Shell Index n
(mm)

Lock 9 0.091 +/- 0.006 0.110 +/- 0.012 0.040 +/- 0.003 15
Remnant |  0.092 +/- 0.007 0.107 +/- 0.008 0.042 +/- 0.003 19
SA13 0.092 +/- 0.005 0.112 +/-0.008 0.043 +/- 0.002 18
Saratoga | - 0.091 +/- 0.005 0.104 +/-0.008 0.043 +/- 0.002 17
Ithaca 0.091 +/- 0.009 0.105 +/- 0.008 0.043 +/- 0.003

F value 0.09 225 0.78

pvalue 0.990 0.071 0.541

Means are given for each site (+/- standard deviation). Shell Index = shell mass *

(length * width)" (DeWeese et al. 1985, Ratcliffe 1967). n = number of eggs measured
from each site. P-values are-from-ANOVA. '

U/ 8. Fish and Wildlife Service




Table 3.5.2. Tree sw

compared with other studies.

allow egg shell size and thickness - 1994 upper Hudson River

Parameter Hudson River ithaca Colorado Pre-DDT

Length 18.95 +/- 1.17 18.36 +/- 0.79 18.82 +/- 0.08 18.67 +/- 0.51

(mm)

Width (mm) 13.40 +/- 0.45 13.39 +/- 0.40 13.37 +/- 0.21 13.28 +/- 0.33 -

Mass (g) 0.408 +/- 0.009 | 0.091 +/- 0.025 | 0.100 +/- 0.004 | 0.097 +/-0.009

Index 0.043 +/- 0.003 | 0.043 +/- .0.610 0.040 +/- 0.002 0.039 +/- 0.002
 (glem?) o b X

Hiudson River data are value
" data are from DeWeese et al. (1988)..
o~ width are of intact eggs. Index = shel
‘Ratcliffe 1967). Means are given for each site (+
shells from the Hudson River (n
Colorado (t-test, t=7.23, p,0.001) an
shell index for Hudson River eggs is signi
(t=8.48, p,0:001) and pre-DDT North America (&=

imass * (length * width)" (DeW
/- standard deviation
=69) are significantly greater tha
d pre-DDT North America (t=
ficantly larger than the means for Colorado

11.81, p,0.007).

s for all four sites.pooled, while Colorado a
Mass = mass of dried egg shell. Length and

eese et al. 1985,
).
n the mean for _
9.95, p,0.001). The

nd pre-DDT

The masses of

U.S. Fish and Wildlife Service




Table 3.6 Volume and mass of fresh tree swallow eggs from 1994 upper Hudson
River and other North American sites.

| Site Volume (mi) n Mass (g) n
Lock 9 1744 +-0.153 27 | 1s7=rote | 27
Remnant 1.690 +/- 0.098 122 1.82 +- 0.14 121
SA13 1.703 +/- 0.123 198 1844016 | 192
Saratoga 1.677 +- 0.141 | 164 | 181+-018 162
lthaca' 1650 40118 | 73 |
M2 i | e 194 +-0.10 13
ontaic® | - 1.85 +/- 0.03 29
Ontario* | - 1.93 +/- 0.01 121
B.C* |  1.80+-0.16 956

Means-are given for each site (+/- standard deviation). n = number of eggs measured
at each site. The differences in volume among the Hudson River and Ithaca samples
are significant (ANOVA F = 4.15, p = 0.003), while the differences in mass among the
Hudson River sites are not significant (ANOVAF =153, p= 0.21). '

1 1990 and 1994 data combined.
2 Beaver and Lederle 1988.

3 DeSteven 1978 sub-aduits only.
4 DeSteven 1978 adults only.

5 Wiggins 1990.

U.S. Fish and Wildlife Service




Table 3.7.1. Mass of nestling tree swallows on the day of hatch - 1994 upper Hudson
River (mean +/- standard deviation). ,

Site Mass (g) n
Remnant | 1.65 +/- 0.21 7 17
SA13  1.69+-0.29 26
Saratoga | 1.56 +/- 0.22 22
Ithaca - 1.80 +/- 0.34

Mass is based on mean mass of nestlings in a brood; n = number of broods. .
. Differences among Hudson River sites are not significant (ANOVA F = 1.77, p = 0.179).
The mean mass of nestiings from all of the Hudson River sites combined

(mean = 1.64'g) is significantly less than the mean mass of nestlings from lthaca (t-test,
t=5.30, p< 0.001). ' B S L

" Table 3.7:2. Mass and wing length of nestling tree swallows on day 8 - 1994 upper

| Hudson River.

Site Mass (g)- Wing Chord (mm). |  Sth Primary (mm) n
Lock 9 16.6 28.7 ' 3.7 1
| Remnant'| 16.2+/-25 26.5 +/- 4.0 24413 15
'SAf3 | 16.6+-20 27.7 +-34 2.9 +-1.3 30
Saratoga |  16.1 +-2.6 26.6 +- 3.6 24412 21
fthaca 15.2 +/-3.0 226 +-5.1 23+-1.8 99

Mean and standard deviation for each site
number of broods. Ithaca data from 1990 -
season. Differences in mean mass and size among

based on means of broods of nestlings; n =
1993. Data from all other sites from 1994
Hudson River sites are not

" significant (ANOVA, F=0.38, p > 0.685: F=0.81,p>0452;F=0.985p> 0.392 for
mass, wing chord, and 9th primary, respectively). Hudson River nestlings are
significantly heavier and have larger wings and 9th primaries than the means from
Ithaca (t-test, t = 3.95, p < 0.001; t = 10.35,p <0.001;t=1.98,p = 0.055, respectively).

LS. Fish and Wildlife Service



Table 3.7.3. Maés and wing length of nestling tree swallows on day 10 . 1994 upper
Hudson River. ' ' ‘

Site Mass (g) Wing Chord (mm) - 9th Primary (mm) n
Lock 9 211 +/-1.2 36.8+/-49 8.1+/-3.2 3
| Remnant 19.9 +/- 2.6 38.3 +/- 4.8 10.1 +/- 3.5 17
SA13 20.4 +/-2.2 39.2 +-3.9 10.7 +/- 3.4 27
Saratoga |  19.5+-32 375+-53 9.8 +/- 3.5 20
Ithaca 19.1 +/- 2.7 36.2 +/- 5.9 8.7 +-4.3 124

p > 0.584, respectively). Hudson
9th primaries than the mean of ithaca nestlin
0.001; t= 3.47, p < 0.001, respectively).

Mean and standard deviation for each site based on means of broods of nestlings;
n = number of broods. Ithaca data from 1990 - 1993. Data from all other sites from
1994 season. Differences among Hudson River s

primary are not significant (ANOVA, F =058, p>

ites in mass, wing chord, and Sth
0.630: F=0.67,p> 0572, F= 0.65,

River nestlings are heavier and have larger wings and

gs (t-test, t=2.94,p = 0.005:t=3.82,p <

Table 3.7.4. Mass and wing length of nestling tree swallows on day 12 - 1994 upper
Hudson River. - -

Site Mass (g) ~ Wing Chord (mm) | Sth Priméry (mm) n
Lock9 255 533 23 1
Remnant |  21.5 +/-2.2 50.6 +/- 5.8 22.0+-5.5 15
SA13 227 +-1.2 52.1 +/-4.0 23.9 +-3.7 27
Saratoga 212 +-3.0 49.8 +/-6.3 21.5 +/- 5.6 18
Ithaca 21.2 +/-2.6 47.7 +/-6.1 198+-58 | 116

Mean and standard devi
n = number of broods. lthaca data from 1990 - 129
1994 season. Differences among Hudson River sites in m
primary are not significant (ANOVA, F=3.09, p
p = 0.205, respectively). Hudson River nestling
gth primaries than the mean of lthaca nestiings (t-test, t =
0.001: t = 4.66, p < 0.001, respectively).

= 0.053; F
s are heavier and have larger wings and
2.59, p=0.012;1=4.99,p <

ation for each site based on means of broods of nestlings;
3. Data from all other sites from
ass, wing chord, and 9th

=1.12, p = 0.333; F = 1.63,

U.S. Fish and Wildlife Service




Table 3.7.5. Mass and wing length of nestling tree swallows on day 14 - 1994 upper
Hudson River. .

Site - Mass (g) Wing Chord (mm) 9th Primary (mm) .n
Lock 9 24.3 +/-0.9 © 60.6+-5.3 31.4 +/- 4.0 4
Remnant | 221 +/-15 63.4 +-4.0 35.4 +- 4.1 14
SA13 2234/-15 63.6 +- 4.1 35.7 +/- 4.6 26
|saratoga |  21.0+/-1.8 59.6 +/- 9.0 32.1 +/- 8.1 18 |
lthaca 207+-18 56.3 +/- 6.4 32.2 +-45 46 | ci
ﬁ

Mean and standard deviation.for each site based on means of broods of nestlings;
n = number of broods. . lthaca data from 1990 - 1993. Data from all other sites from

1994 season.’Nestlings from Lock 9 are significantly heavier than those from other

" Hudson Riversites (ANOVA, F =4.02, p ='0.011), while differences in wing length and

9th primary are not significant (F = 1.87, p=0.144'and F =1.90, p = 0.139, :
respectively). Hudson River nestlings are significantly heavier and have larger wings
and 9th primaries than the mean for lthaca (t-test, t = 5.07, p<0.001,t=7.70,p <
0.001; t=2.77,p = 0.007, respectively). '

U. 8. Fish and Wildfife Service




Table 3.7.6 Clutch size of tree swallows in New York and across North America.

Clutch Abbreviation Lecation Reference

Size '

4.8 Remn Remnaht #4 This Study

57 SA13 Special Area 13 This Study

5.2 | Sara Saratoga NHP This Study

5.5 | 1thgo ithaca, NY McCarty, unpub.

55 1tho1 lthaca, NY McCarty, unpub.

5.8 Shak = | shackleton Pt., NY Sheppard 1977

55 BNA | North America , Robertson et al. 1992

5.3 MI Upper PeninsUIa,*l\/_ll; Beaver and Lederle 19887
5.3 wi Green Bay, WI Beaver and Lederle 1988
4.6 Ohio Delaware, Ohio Burtt and Tuttle 1983

53 Sudbury vSudbury, Ontario ?é%récher and McNicol

U.S. Fish and Wildlife Service
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Table 3.8. Mass and wing length of adult tree swallows from the upper Hudson River
'(1994) compared with other North American data.

Mass (g) Wing Chord | 9th Primary (mm) n

_ {mm) '
Sub-adult 204 +/-1.2 1145 +/-2.7 88.3 +/-2.6 37
Females
Adult Females 206 +/-1.5 116.2 +/-2.3 89.9+/-23 18
Males ' 21.0+/-16 118.7 +/- 3.0 91.8 +/- 2.9 22
lthaca Adults' | | 117.4+-36.| 922+-29 10
Ontario Sub-adult | 20.4 +/-1.5 112.8 +/-2.3 86/94
Females? | :

| Ontario Adult 215+-17 | 1153+-26 | | 134/99

Females? : . o ' .
Ontario Males? 21.3+-14 | 1193 +/-2.6 : 85/61

Means are given for each sife (+/- standard deviation). n = number of individuals
measured. '

' McCarty unpub data.

2 Robertson et al. 1992: number of individuals:measured for mass/number measured
for wing chord. :

U.S. Fish and Wildlife Service
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Figure 1.0. Overview of the Hudson River.
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Figure 2.0. 1994 tree swallow sample sites along the upper Hudson River, New York.



Figure 3.2.3. PCB concentration in tree swallows from the upper Hudson River and Great Lakes ecosystem.
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8. Comparison of TEQs in tree swallows from the Hudson River (1994} calculated from C-TEFs, S-TEFs,

Figure 3.2.

and |-TEFs,.
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