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Abstract: Reestablishment of the peregrine falcon (Falco peregrinus) as a breeding bird in the eastern
United States is a highlight in endangered species management and recovery programs. We examined numbers
of pairs, reproductive success, and eggshell thinning of a reestablished peregrine falcon population in New
Jersey during 1979-88. Productivity of these falcons (£ = 1.38 young fledged/pair) was comparable with
that of stable populations, but productivity was lower (P = 0.02) for pairs near Delaware Bay and River
(0.58 young/pair) compared to those in other regions of New Jersey (1.55 young/pair). Lower productivity
and nest success of 4 pairs near Delaware Bay and River that we studied intensively in both 1987 and 1988
were due to low hatching success and predation, probably by great horned owls (Bubo virginianus). During
1985-88 eggshell thickness from New Jersey peregrines averaged 16.4% below pre-DDT levels and apparently
has decreased steadily since 1979. This decrease in eggshell thickness statewide suggests that falcons continue

to be exposed to environmental contaminants.
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Extirpation of the peregrine falcon as a breed-
ing bird in the northeastern United States is well
documented (Hickey 1969, Ratcliffe 1980, Cade
et al. 1988). Regions in the Northeast that once
supported nesting peregrines (Hickey 1942), in-
cluding areas in and around New Jersey, were
devoid of nesting peregrines by the mid-1960’s
(Herbert and Herbert 1965, 1969; Rice 1969).
Attempts to locate breeding falcons in these ar-
eas from the mid-1960’s through 1975 were un-
successful (Berger et al. 1969, Fyfe et al. 1976).
Although extinction of the northeastern and oth-
er peregrine populations was caused by a variety
of factors, none was as devastating as contam-
ination by organochlorine pesticides, particu-
larly DDE, a metabolite of DDT (Peakall et al.
1975, Peakall 1976, Risebrough 1986).

Due to successful efforts to captively breed
these falcons and reintroduce them into areas
where they once bred, as well as into new areas
(Barclay and Cade 1983, Cade 1985), the per-
egrine again breeds in many regions of the
Northeast (Barclay 1988). Reestablished pere-
grines have steadily increased in number, and
in 2 of 5 recovery regions, they have attained

! Present address: Department of Fisheries and
Wildlife, Oregon Cooperative Wildlife Research Unit,
Oregon State University, Corvallis, OR 97331-3803.

or exceeded minimum recovery goals (U.S. Fish
Wildl. Serv. 1987).

The first known nesting attempt of captively-
reared, introduced peregrines in the Northeast
occurred in New Jersey in 1979, about 15 years
after the last wild peregrines attempted to breed
in this area. New Jersey’s Endangered and Non-
game Species Program, in conjunction with The
Peregrine Fund, Inc., has monitored this rees-
tablished peregrine population in New Jersey
since that time.

The founders of this reestablished population
were captively produced and thus, free of en-
vironmental contaminants when released.
Hence, reduced productivity or eggshell thin-
ning in this population would suggest recent
exposure to contaminants. Therefore, we inves-
tigated temporal and regional variation in pro-
ductivity and eggshell thickness of peregrines
breeding in these nontraditional habitats.

We report numbers of pairs, reproductive
success, and eggshell thickness of reestablished
falcons in New Jersey during 1979-88. Also,
from several pairs studied intensively during
1987-88, we describe factors affecting regional
differences in reproductive success of peregrine
falcons in coastal New Jersey.
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STUDY AREA

Most pairs of falcons occupied towers de-
signed to release (“hack’) young birds and pro-
vide returning adults with nesting sites. These
towers were placed in areas of abundant prey,
low human disturbance, and limited predators
(Barclay and Cade 1983). Towers were placed
in coastal habitats throughout the southern half
of New Jersey, on salt-marsh estuaries domi-
nated by salt-marsh cordgrasses (Spartina pa-
tens and S. alterniflora), within 0-7 km of the
Atlantic Ocean (n = 7) or Delaware Bay (n =
2).

After available towers became occupied, fal-
cons nested on other substrates, which included
3 bridges, 1 water tower, and 1 high-rise build-
ing. The water tower and building were located
.in coastal areas. The bridges span the Delaware
River, north of Delaware Bay, in urbanized ar-
eas near Philadelphia.

METHODS

Numbers of nesting pairs, productivity, and
nesting success of falcons were determined by
observing eyries, usually at weekly intervals,
from early March through July, or until young
dispersed. We used spotting scopes to observe
falcon pairs and determine laying dates so we
could approximate hatching dates. About 3-4
weeks after young hatched, we climbed eyries
to band nestlings and collect any unhatched eggs
or eggshell fragments. We calculated produc-
tivity based on nestlings that successfully fledged,
and we excluded any manipulated nests (those
in which eggs or nestlings were added or re-
moved) from these calculations. We defined ac-
tive nests as those at which a pair laid eggs and
successful nests as those that fledged =1 young.

To determine factors influencing falcon pro-
ductivity, we studied 4 coastal pairs nesting atop
towers during both 1987 and 1988, two from
the south Atlantic Coast and two from Delaware
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Table1. Number of pairs, nest success, and productivity (young
fledged/pair) of peregrine falcons in New Jersey, 1979-88.

Pairs Young

— = fledged/pair®

Enown® Known Suc-
Yr n  outcome © % outcome cessful

1979 1 1 (1] 0 0

1980 3 3 2 67 1.33 2.00
1981 3 3 2 67 2.00 3.00
1982 4 4 3 75 1.50 2.00
1983 4 4 4 100 2.25 225
1984 9 8 4 50 112 225
1985 13 10 5 50 1.30 260
1986 13 12 8 67 1.25 1.87
1987 14 14 8 57 1.00 1.75
1988 12 9 6 67 2.00 3.00
Total 77 68 42 62 1.38 224

a Excludes nests that were manipulated or of unk T outcome.

b Pairs fledging =1 young.

Bay. These nests were also visited weekly prior
to hatching, but were climbed once to count
eggs and again every 6 days after hatching.

We measured thickness of eggshells and egg-
shell fragments from successfully and unsuc-
cessfully hatched eggs during 1985-88. Egg-
shells were rinsed in tap water, air dried for >3
months, and measured for thickness to the near-
est 0.01 mm with a dial-gauge micrometer.
Measurements were taken near the egg’s equa-
tor whenever possible.

We used ANOVA and ¢-tests for unequal
samples to compare regional and temporal dif-
ferences in eggshell thickness and productivity,
and log-likelihood ratio tests (G-tests) to com-
pare regional differences in nest success. To
compare means after ANOVA’s, we used the
Least Significant Difference test because it
yielded the minimum significant difference of
all applicable techniques (Sokal and Rohlf 1981:
245). We used Wilcoxon 2-sample tests with an
approximation to the normal distribution, Z, to
compare clutch size, hatching, and fledging suc-
cess among nests climbed weekly. All statistical
tests were 2-tailed.

RESULTS
Numbers, Productivity, and Nest Success

Seventy-seven nesting attempts occurred
statewide from 1979 to 1988: 74% on coastal
towers, 16% on bridges, and 5% each on build-
ings and water towers. The number of falcon
pairs nesting in New Jersey steadily increased
since 1979, but leveled off after 1985 (Table 1).
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Productivity (young fledged/pair) and nest suc-
cess (percentage of pairs fledging =1 young)
remained relatively stable (Table 1).

28588 To compare productivity and nest success, we
. |- S divided the state into 3 regions: Delaware Bay
£l and River, northern Atlantic Coast, and south-
Z . S5 . ern Atlantic Coast. We found no differences in
gé pr B productivity among years for all regions (F =
) g [# 0.68, 8 df, P > 0.10) so we combined years for
i = % T analyses. Productivity of active nests differed
S % among regions (Table 2) (F = 3.95, 2 df, P =
g2 A 0.02) and tended to be highest along the south
g |2 El P P B el Atlantic Coast and lowest near Delaware Bay
3 % =g and River. Regional productivity trends of suc-
g |S 2 <M@ cessful nests paralleled those of active nests (Ta-
E 2= |988 R ble 2) but showed no overall difference, prob-
g g s AR ably because of small sample sizes (F = 2.02, 2
@ M df, P = 0.15). Nest success of Delaware Bay,
E =|28% 5 north and south Atlantic coasts indicated the
% - 3 same regional trend as productivity (Table 1)
8 Eg Tl B (G = 5.02, 2 df, P = 0.08).
£ ® g To eliminate the potential influence of dif-
& S ferent habitats and nesting substrates on pro-
8 ala5s S| % ductivi d only th ing at-
5 2|2333 5 uctivity, we compared only those nesting at
B # g tempts that occurred on man-made towers,
3 g et i’-," which were all located on coastal salt marshes
= g SRR g (83.8% of all known-outcome nesting attempts),
o 2 (e ; to all other nesting attempts. Productivity on
% ‘ji . & salt-marsh towers was greater than on all other
= |32 fl@s & substrates combined (t = 4.55, 66 df, P = 0.0001).
£ |:|5 T Productivity of known active nests on these tow-
= 12| | sggr|2 S ers also differed among regions (F = 7.98, 2 df,
% HEIREGEEE K % P = 0.009) and was highest along the south
2 g 3 ; EE Atlantic Coast (Table 2). Productivity of suc-
8 |= é . . £ _ﬁ‘a cessful nests on salt-marsh towers varied simi-
L v 18888323 larly among regions but differences were not
E g S gﬁ g significant (F = 0.47, 2 df, P > 0.6). Nest success
. s E% § on towers also differed among regions (G = 16.0,
3 <8823 5% 2 df, P < 0.001) and paralleled regional trends
g zE E in productivity of these nests (Table 2).
it it R =5 - Differences in productivity and nest success
% ®a g'g > of pairs studied intensively during 1987 and
< 853 1988 were consistent with previous years. All (4
s ) g E% of 4) south Atlantic Coast nests successfully
g - e ;% E %; fledged young, whereas no nests (0 of 3; 1 pair
g 3 §—g -gn?n did not nest in 1988) along the Bay fledged
g . % < e EE - young during both years. Bay nests usually failed
B B(EES E%« £ during incubation, either from egg abandon-
T “lS< o Sk ment, egg predation (possibly by raccoon [Pro-
i ';f: g F'E E:ﬁﬁ cyon lotor)), or failure of eggs to hatch. Al-
% 5 5g | 253 though numbers of eggs laid per nest (£ + SE)
= nw4R O were similar between Delaware Bay (8.33 =+

0.33) and south Atlantic regions (3.25 = 0.25)
(Z=0.01,1df, P > 0.9), only 1 of 10 eggs laid



J. Wildl. Manage. 55(2):1991

PEREGRINE FALCON PRODUCTIVITY * Steidl et al.

297

Table 3. Eggshell thickness and percent below pre-DDT thickness levels of eggshells collected from reestablished peregrine

falcons from 3 regions of New Jersey, 1985-88.

Eggshell thickness (mm)

% below pre-DDT thickness

Region n SE £ SE
South Atlantic Coast 23 0.312 0.006 16.9 1.5
North Atlantic Coast 14 0.314 0.004 16.3 1.0
Delaware Bay and River 21 0.315 0.006 15.9 1.6
Overall 58 0.818 0.003 16.4 0.9

along the Bay hatched, compared to 12 of 13
along the south Atlantic (Z = 1.98, 1 df, P =
0.048). All nestlings hatched along the Atlantic
Coast successfully fledged (n = 12), whereas the
single nestling hatched along the Bay was killed
26 days after hatching, probably by a great
horned owl.

Eggshell Thickness

We compared eggshell thickness from whole
eggs and eggshell fragments collected from per-
egrines nesting in New Jersey from 1985 to 1988
(n = 58). We found no difference among years
for all regions (F = 1.17, 3 df, P > 0.33), so we
compared thickness among regions for all years
combined. Eggshell thicknesses were nearly
identical in all regions (Table 3) (F = 0.13, 2
df, P > 0.85).
~ Eggshell thickness of reestablished peregrine
falcons from the Northeast has decreased with
time (Table 4). Eggshells collected during 1985-
88 were significantly thinner than pre-DDT
eggshells (¢ = 15.07, 150 df, P < 0.0001), as
well as significantly thinner than 1981-84 levels
(t = 4.47, 94 df, P < 0.0001).

DISCUSSION

Falcon productivity in New Jersey (Table 1)
compared favorably with recent peregrine fal-
con reproductive success throughout North
America (see Cade et al. 1988). Although pro-
ductivity levels indicate a positive outlook for a
stable eastern peregrine population, several fac-
tors suggest that recovery, at least in New Jersey,
may be hindered. Whereas statewide produc-
tivity seemed adequate to maintain the popu-
lation, we found that productivity varied con-
siderably among different regions of the state
(Table 2). These differences do not appear re-
lated to DDE levels (the contaminant thought
most responsible for eggshell thinning) because
eggshell thickness was similar among regions
(Table 3).

Lower productivity of nests near Delaware
Bay and River suggests that these falcons may
be influenced by factors not affecting birds in
other regions of the state. Perhaps differences
in levels of contaminants more embryotoxic than
DDE, such as PCB’s (Peakall and Peakall 1973,
Kubiak et al. 1989), were responsible for low
productivity of nests in this region. Evidence
from other species suggests this may be true.
High levels of specific PCB’s and other micro-
contaminants reduced hatching success and im-
paired parental behaviors of Forster’s terns
(Sterna forsteri) nesting near Lake Michigan
(Kubiak et al. 1989). Eggs collected from ospreys
(Pandion haliaetus) nesting near Delaware Bay
from 1987 to 1989 contained elevated levels of
PCB’s and DDT-related contaminants (R. J.
Steidl and C. R. Griffin, unpubl. data).

Falcons Nesting on Coastal Towers

A possible explanation for higher productivity
on salt-marsh towers than on other nesting sub-
strates is that younger, more inexperienced pairs
occupied these alternative substrates after all
available towers were occupied. In raptors, as
in many birds, inexperienced breeders produce
fewer young than older, experienced birds
(Newton 1979:145). Further evidence to support
this contention is that salt-marsh towers have
been occupied since 1979, but alternative sub-
strates have only been used since 1984.

Table4. Eggshell thickness of reestablished peregrine falcons
nesting in the eastern United States compared to pre-DDT
(1947) levels.

Eggshell thickness % below
pre-DDT
Time period n £ 95% CI thickness
Pre-1947¢ 94 0.375 0.005
1981-84* 38 0.340 0.011 9.4
1985-88¢ 58 0.313 0.006 16.4

a Anderson and Hickey (1972).
b Gilroy and Barclay (1988).
¢ This study and M. Gilroy, The Peregrine Fund, unpubl. data,
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Although nesting towers were placed on
coastal marshes, in part, to provide peregrines
with a sufficient prey base in areas devoid of
predators (Barclay and Cade 1983), aspects of
these locations are applying new pressures on
this reestablished population. Predation by great
horned owls, a problem during reintroduction
and reestablishment of peregrine falcons in the
Northeast (Barclay and Cade 1983, Cade 1985),
continues to hamper productivity, even on
coastal marshes. The only young successfully
hatched from our intensively-studied Bay pairs
during 1987-88, as well as 1 young that suc-
cessfully fledged from these south Atlantic Coast
pairs, apparently were killed by owls that nested
in the woodlands surrounding these marshes.
Although towers are generally >2 km from these
woodlands, these towers are tall, prominent
structures on otherwise flat, featureless salt
marshes. While hunting on these marshes, owls
are probably attracted to the falcons’ towers as
perches. On at least 3 occasions, we have ob-
served great horned owls attempting to nest on
these towers.

Declining Eggshell Thickness

Eggshell thinning near 20% below pre-DDT
levels has been associated with population de-
clines from reproductive failure in peregrines
(Anderson and Hickey 1972, Peakall et al. 1975).
These thickness levels were associated with 15—
20 ppm (wet mass) of DDE (Peakall et al. 1975).
All populations where thinning exceeded 17%
were either declining or became extirpated
(Peakall and Kiff 1988), whereas productivity
of peregrine populations with average thinning
<14.5% appeared normal (Fyfe et al. 1988). The
16.4% thinning we observed for our population
from 1985 to 1988 did not appear to be respon-
sible for differences in productivity, yet it in-
dicates substantial exposure to contaminants such
as DDE (Lincer 1975, Enderson et al. 1982).
Diets of these coastal falcons are dominated by
migratory birds (Steidl 1990), which in general
contain substantially higher contaminant loads
than resident bird populations (White et al. 1973,
Enderson et al. 1982, DeWeese et al. 1986).

Eggshells collected from reestablished pere-
grines nesting in the Northeast seem to have
thinned with time (Table 4). Although a single
egg examined from New Jersey’s first nesting
attempt in 1979 had “normal” thickness and
low contaminant levels (Barclay and Cade 1983),
eggshells collected during 1981-84 were signif-
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icantly thinner (9.4%) than pre-DDT levels (Gil-
roy and Barclay 1988). Levels of DDE in these
eggs (>50% were from New Jersey) ranged from
1.9 to 18 ppm, and for the New Jersey eggs in
the sample, from 5.3 to 18 ppm (Gilroy and
Barclay 1988). Several of these eggs contained
contaminant levels within the range associated
with population declines and reproductive fail-
ure.

MANAGEMENT IMPLICATIONS

Given the decrease in eggshell thickness of
New Jersey peregrines over time, the status of
this falcon in New Jersey may be more precar-
ious than would appear by current levels of re-
productive success and population increase.
Continued releases of captive-reared falcons in
other parts of the eastern United States will sup-
plement this reestablished population but will
also dilute our ability to evaluate the effects of
deleterious factors to which these falcons are
exposed, particularly environmental contami-
nation. Fortunately, peregrine falcons can with-
stand relatively high levels of organochlorines
compared to other falcons (Fyfe et al. 1988);
they breed in captivity, and they nest on struc-
tures created by man—all factors greatly facil-
itating their recovery. Future studies of contam-
inant relations in the peregrine and its prey, and
attempts to determine and eliminate sources of
these pollutants, are imperative in evaluating
and protecting the health of this renewed pop-
ulation.

LITERATURE CITED

ANDERSON, D. W., aANDJ. J. HICKEY. 1972. Eggshell
changes in certain North American birds. Proc.
Int. Ornithol. Congr. 15:514-540.

BARCLAY, J. H. 1988. Peregrine restoration in the
eastern United States. Pages 549-558 in T. J.
Cade, J. H. Enderson, C. G. Thelander, and C.
M. White, eds. Peregrine falcon populations: their
management and recovery. The Peregrine Fund,
Inc., Boise, Id.

, AND T. J. CADE. 1983. Restoration of the
peregrine falcon in the eastern United States.
Bird Conserv. 1:3-37.

BERGER, D. D, C. R. SINDELAR, JR., AND K. E. GAM-
BLE. 1969. The status of breeding peregrines
in the eastern United States. Pages 165-173 in J.
J. Hickey, ed. Peregrine falcon populations: their
biology and decline. Univ. Wisconsin Press, Mad-
ison.

CADE, T. J. 1985. Peregrine recovery in the United
States. Pages 331-342 in 1. Newton and R. D.
Chancellor, eds. Conservation studies on raptors.
Int. Counc. Bird Preservation Tech. Pub. 5.

, J. H. ENDERsSON, C. G. THELANDER, AND C.




J. Wildl. Manage. 55(2):1991

M. WHITE, editors. 1988. Peregrine falcon pop-
ulations: their management and recovery. The
Peregrine Fund, Inc., Boise, Id. 949pp.

DEWEESE, L. R., L. C. MCEWEN, G. L. HENSLER,
AND B. E. PETERSEN. 1986. Organochlorine
contaminants in passeriformes and other avian
prey of the peregrine falcon in the western Unit-
ed States. Environ. Toxicol. Chem. 5:675-693.

ENDERSON, J. H., C. R. GERALD, W. A. BURNHAM,
AND D. D. BERGER. 1982. Eggshell thinning
and organochlorine residues in Rocky Mountain
peregrines, Falco peregrinus, and their prey. Can.
Field-Nat. 96:255-264.

Fyre, R. W., R. W. RiseBrOUGH, ]J. G. MONK, W.
M. JarMAN, D. W. ANDERSON, L. F. KiFF, ]J. L.
LINCER, I. C. T. NisBeT, W. WALKER II, AND B.
J. WaLTON. 1988. DDE, productivity, and egg-
shell thickness in the genus Falco. Pages 319-
335 in T. J. Cade, ]J. H. Enderson, C. G. Thelan-
der, and C. M. White, eds. Peregrine falcon pop-
ulations: their management and recovery. The
Peregrine Fund, Inc., Boise, Id.

., S. A. TEMPLE, AND T. J. CADE. 1976. The
1975 North American peregrine falcon survey.
Can. Field-Nat. 90:228-273.

GILROY, M. J., AND J. H. BarcLay. 1988, DDE
residues and eggshell characteristics of reestab-
lished peregrines in the eastern United States.
Pages 403-411 in T. J. Cade, J. H. Enderson, C.
G. Thelander, and C. M. White, eds. Peregrine
falcon populations: their management and re-
covery. The Peregrine Fund, Inc., Boise, Id.

HERBERT, R. A, AND K. G. S. HERBERT. 1965. Be-
havior of peregrine falcons in the New York City
region. Auk 82:62-94.

, AND 1969. The extirpation of the
Hudson River peregrine falcon populations. Pages
133-154 in J. ]J. Hickey, ed. Peregrine falcon
populations: their biology and decline. Univ.
Wisconsin Press, Madison.

HICKEY, J. J. 1942. Eastern population of the duck
hawk. Auk 59:176-204.

, editor. 1969. Peregrine falcon populations:
their biology and decline. Univ. Wisconsin Press,
Madison. 596pp.

Kusiak, T. J., H. J. Harris, L. M. SmitH, T. R.
ScHWARTZ, D. L. STALLING, J. A. TRIick, L. Si-
LEO, D. E. DOCHERTY, AND T. C. ERDMAN. 1989.
Microcontaminants and reproductive impair-
ment of the Forster’s tern on Green Bay, Lake
Michigan—1983. Arch. Environ. Contam. Tox-
icol. 18:706-727.

PEREGRINE FALCON PRODUCTIVITY * Steidl et al.

299

LINCER, J. L. 1975. DDE-induced eggshell thinning
in the American kestrel: a comparison of field
and laboratory results. J. Appl. Ecol. 12:781-793.

NEwWTON, I. 1979. Population ecology of raptors.
Buteo Books, Vermillion, S.D. 399pp.

PEAKALL, D. B. 1976. The peregrine falcon (Falco
peregrinus) and pesticides. Can. Field-Nat. 90:
301-307.

, T.J. CADE, C. M. WHITE, AND J. R. HAUGH.

1975. Organochlorine residues in Alaskan per-

egrines. Pestic. Monit. J. 8:255-260.

, AND L. F. Kirr. 1988. DDE contamination

in peregrines and American kestrels and its effect

on reproduction. Pages 337-350 in T. J. Cade, J.

H. Enderson, C. G. Thelander, and C. M. White,

eds. Peregrine falcon populations: their manage-

ment and recovery. The Peregrine Fund, Inc.,

Boise, Id.

, AND M. L. PEAKALL. 1973. Effect of the
polychlorinated biphenyl on the reproduction of
artificially and naturally incubated dove eggs. J.
Appl. Ecol. 10:863-868.

RATCLIFFE, D. 1980. The peregrine falcon. Buteo
Books, Vermillion, S.D. 416pp.

RICE, J. N. 1969. The decline of the peregrine pop-
ulation in Pennsylvania. Pages 155-163 in J. J.
Hickey, ed. Peregrine falcon populations: their
biology and decline. Univ. Wisconsin Press, Mad-
ison.

RISEBROUGH, R. W. 1986. Pesticides and bird pop-
ulations. Pages 397-427 in R. F. Johnston, ed.
Current ornithology. Vol. 3. Plenum Press, New
York, N.Y. 522pp.

SokaL, R. R, aND F. J. RouLF. 1981. Biometry.
Second ed. W. H. Freeman and Co., New York,
N.Y. 859pp.

STEIDL, R.J. 1990. Reproductive ecology of ospreys
and peregrine falcons nesting in New Jersey. M.S.
Thesis, Univ. Massachusetts, Amherst. 112pp.

U.S. FisH AND WILDLIFE SERVICE. 1987. Revised
peregrine falcon eastern population recovery plan.
U.S. Fish Wildl. Serv., Newton Corner, Mass.
35pp.

WHITE, C. M., W. B. Emison, anD F. S. L. WiL-
LIAMSON. 1973. DDE in a resident Aleutian
Island peregrine population. Condor 75:306-311.

Received 1 May 1990.
Accepted 5 December 1990.
Associate Editor: Brooks.



