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ABSTRACT: We examined 10 common eider (Somateria mollissima) males found dead in 1998
during a die-off in the northern Baltic Sea off the southwestern coast of Finland. We diagnosed
impaction of the posterior small intestine with mucosal necrosis as the cause of death in all 10
and isolated adenoviruses from cloacal samples of six birds. The adenovirus isolates were not
neutralized by reference antisera to group I, II, or III avian adenoviruses. Cloacal swabs from
22 apparently healthy eider females nesting at the mortality area were negative for viruses. An
adenovirus isolated from one of the eiders caused clinical signs of illness and gastrointestinal
pathology in experimentally infected mallard (Anas platyrhynchos) ducklings. These findings sug-
gest that the adenovirus contributed to the mortality of common eider males in the Finnish
archipelago.

Key words: Adenovirus, Anas platyrhynchos, common eider, enteritis, mallard, Somateria
mollissima.

INTRODUCTION

The common eider (Somateria mollis-
sima) is the most numerous species of wa-
terfowl in the Baltic Sea, with an estimated
150,000–200,000 pairs currently breeding
in the Finnish archipelago (Hario, 2000).
Baltic eiders overwinter in Denmark, mi-
grate to their breeding grounds in the
northern Baltic in early spring, and initiate
nesting after the near shore ice cover sur-
rounding the breeding islands breaks up
(Hario and Selin, 1986). At the breeding
grounds, males continuously court their fe-
males until nest initiation. During this pe-
riod, which lasts several weeks, males
spend less time feeding than females and
may lose a substantial amount of body
weight (Christensen, 2000). When females
begin incubation, males concentrate in
flocks and feed intensively to regain body
condition prior to moving to molting
grounds in the open sea.

In spring of 1998, many eider males died
during the mating period in the southwest-

ern Finnish archipelago in the Baltic Sea
(Kilpi et al., 1999). In the Utö-Jurmo area
of the Archipelago Sea National Park, dead
drakes were first observed in late April, a
few weeks after the arrival of breeding pairs
and at the time when the first hens were
laying clutches and beginning incubation.
Mortality continued for several weeks and
the estimated number of carcasses in the
Archipelago Sea reached thousands (Kilpi et
al., 1999). Mostly males were affected. Sick
birds were observed feeding in shallow la-
goons before they moved to the shores and
died. At the same time, females appeared to
begin and continue incubation normally.
Dead males were simultaneously reported
from nearby waters in the Archipelago Sea
National Park, but not from farther east in
the Gulf of Finland or farther north in the
Gulf of Bothnia.

Grenqvist et al. (1971) described a similar
die-off of common eider males in the same
geographic area in the spring of 1970 and
diagnosed intestinal occlusion as the cause
of death. Intestinal helminths were impli-
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HOLLMÉN ET AL.—ADENOVIRUS IN COMMON EIDERS FROM FINLAND 115

JOURNAL OF WILDLIFE DISEASES
Friday Feb 21 2003 12:48 PM
Allen Press • DTPro System

jwdi 39_111 Mp_115
File # 11em

FIGURE 1. Location of the common eider male
mortality site (1) and the reference site (2) where
samples were collected in the Baltic Sea off the
southwestern coast of Finland.

cated in only 14% of the carcasses, and con-
taminants analyses did not reveal toxic con-
centrations of trace elements in eider tissues
(Grenqvist et al., 1971). Grenqvist et al.
(1971) suggested that severe weather in the
preceding winter led to poor body condition
of males and predisposed them to the de-
velopment of intestinal disturbances during
the breeding period.

In 1998, weather conditions were not
exceptionally severe, and yet a large die-
off of male eiders occurred at the breeding
grounds. As in 1970, toxic concentrations
of trace elements were not detected in tis-
sues collected from dead males (Franson
et al., 2000). We conducted necropsies on
ten male carcasses collected in 1998 and
analyzed tissue samples for viruses and
bacteria to evaluate the potential role of
infectious diseases in the mortality. We
collected serum samples and cloacal swabs
from incubating eider females at the mor-
tality site and analyzed tissue samples from
males shot during the previous breeding
season to evaluate the prevalence of virus-
es in apparently healthy eiders. We also
infected mallard (Anas platyrhynchos)
ducklings with an adenovirus isolated from
one of the eider males to evaluate its po-
tential gastrointestinal pathogenicity.

MATERIALS AND METHODS

Utö Archipelago (598509N, 218259E) is locat-
ed in the Archipelago Sea National Park in the
Baltic Sea approximately 50 km off the south-
western coast of Finland (Fig. 1). The area lies
in the outer zone of the Finnish Archipelago
and consists mainly of barren rocky islands with
low, shrubby vegetation. In 1998, 3,259 com-
mon eider pairs were found to breed in the
area (Hario, 2000). Dead eider males were first
observed on the islands in mid-April and, by
the end of the courtship period in May, ap-
proximately 1,000 dead males were counted in
the archipelago, representing about 25% of the
local male population. A few females (n533),
some on their nests, were also found dead.

On May 11 and 12, carcasses of 10 male ei-
ders were collected from the Utö area for post-
mortem examination. Nine males were found
dead, but one was captured moribund and
blood was collected from this individual prior
to necropsy. Blood was transferred to a plastic

tube without anticoagulant and allowed to clot
at 4 C for 2 hr. Serum was separated by cen-
trifugation at 1,5003G for 10 min and stored
at 280 C until laboratory analyses. Cloacal
swabs collected from five carcasses with Da-
cron-tipped swabs (Fisher Scientific, Pitts-
burgh, Pennsylvania, USA) were transferred
into virus transport media (Docherty and Slota,
1988). Female eiders (n522) nesting at Utö
were captured with long-handled dipnets on
May 11 and 12, and weighed. The incubation
stage of each nest was determined by floating
eggs in water (Kilpi and Lindström, 1997), and
the number of eggs was recorded. Cloacal
swabs and blood samples were collected from
females as described for males.

Carcasses of the 10 males found dead were
weighed and the amount of subcutaneous and
visceral fat was evaluated. The type and
amount of intestinal contents, and macroscopic
tissue lesions were recorded. Samples of lung,
liver, spleen, kidney, heart, duodenum, jeju-
num, ileum, and cecum from all of the 10 birds
were fixed in 10% neutral buffered formalin,
embedded in paraffin, sectioned at 5 mm, and
stained with hematoxylin and eosin for evalua-
tion by light microscopy. Samples of lung, liver,
spleen, kidney, small intestine, and cloaca were
collected from all carcasses for virus isolation
and samples of lung, liver, spleen, and small
intestine were collected from five carcasses for
bacterial cultures. The same suite of tissue
samples for histopathology, virology, and bac-
teriology also had been collected from 14 ap-
parently healthy hunter-killed common eider
males from an area in coastal Finland (598509N,
228509E) (Fig. 1) in early June 1997. Tissue
samples were stored at 280 C until laboratory
analyses.

Samples for bacteriology were cultured aer-
obically on trypticase soy agar (LabM, Cock-
eysville, Maryland, USA) plates, containing 50
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ml/l bovine blood, and anaerobically on fastid-
ious anaerobe agar (LabM, Bury, UK) plates.
Aerobic cultures were incubated at 37 C for 72
hrs and inspected at 24 hr intervals, and an-
aerobic cultures were incubated at 37 C for 96
hrs and inspected at 48 hr intervals. Salmonella
enrichment was performed by inoculating sam-
ples in 10 ml Rappaport Vassiliadis (LabM,
Bury, UK) broth and incubating at 42 C for 24
hrs. Ten ml of enrichment broth was transferred
to Brolac (Merck, Darmstadt, Germany) and
Önöz (Merck) agars, incubated at 37 C for 24
hrs, and inspected for growth of Salmonella sp.

Approximately 1 g of each lung, liver, spleen,
kidney, small intestine, and cloaca was homog-
enized in 10 ml of virus transport media, and
tissue suspensions were centrifuged at 8003G
for 30 min. The transport media vials containing
cloacal swabs were mixed by vortexing, and a 0.5
ml aliquot of each was centrifuged at 8003G for
15 min. All samples were tested individually.
Muscovy duck (Cairina moschata) embryo fibro-
blast (MDEF) monolayers (Docherty and Slota,
1988) were inoculated with supernatants of each
sample, incubated at 37 C for 7 days, and mon-
itored daily for viral cytopathic effects (CPE).
When no CPE was observed, samples were
freeze-thawed, passaged to fresh cell monolay-
ers, and monitored for an additional 7 days. The
nucleic acid type of the isolated viruses was test-
ed by determining their infectivity to MDEF
cells after 5-iodo-29-deoxyuridine treatment, and
the presence or absence of lipoprotein envelope
was evaluated with the chloroform lability test
(Feldman and Wang, 1961). Positive tissue cul-
tures were prepared for electron microscopy by
one freeze-thaw, slow centrifugation at 8003G
for 30 min, and ultracentrifugation of the su-
pernatant at 35,0003G for 150 min. The viral
pellets were resuspended in distilled water,
placed on grids, negatively stained with 0.5%
phosphotungstic acid, and examined with a Hi-
tachi H-500 transmission electron microscope
(Hitachi High Technologies, Tokyo, Japan). Viral
hemagglutination activity was evaluated using
chicken and turkey red blood cells (Rovozzo and
Burke, 1973). One of the isolates was tested
against avian adenovirus I (serotypes 1, 3, and
5) (Spafas Inc., Preston, Connecticut, USA), avi-
an adenovirus II (hemorrhagic enteritis virus)
(Spafas Inc.), and avian adenovirus III (egg drop
syndrome virus, duck adenovirus serotype 1)
(National Veterinary Services Laboratory, Ames,
Iowa, USA) antiserum using a standard virus
neutralization assay (Thayer and Beard, 1998).

Serial two-fold dilutions were prepared from
heat inactivated (56 C for 30 min) serum sam-
ples collected from female eiders and tested
with a standard virus neutralization assay

(Thayer and Beard, 1998) for antibodies against
a virus isolated from a male eider carcass.

Twelve mallard hatchlings (Whistling Wings,
Hanover, Illinois, USA) were randomly divided
into two groups of six birds each and housed in
131 m brooder cages in separate isolation units
with a 12/12 hr light/dark cycle. The temperature
in the rooms was maintained at 16–26 C, and the
relative humidity was within 40–70%. The birds
were fed a commercial formula for ducklings
(Purinat Duck Starter, St. Louis, Missouri, USA)
ad libitum. At 3 days of age, the ducklings were
weighed to the nearest 1 g, and blood samples
were collected from the jugular vein with plastic
syringes and 23 gauge needles. Serum was har-
vested as previously described and tested for neu-
tralizing antibodies against the eider adenovirus
isolate used in the infectivity trial (Thayer and
Beard, 1998). The birds in the experimental
group were inoculated subcutaneously with 5,000
infectious units (determined by mean tissue cul-
ture infective dose values) of the same isolate that
was used in the neutralization assays and diluted
in 0.25 mls of Hanks’ balanced salt solution (BSS)
with 0.5% glycerin. Control birds were inoculated
subcutaneously with 0.25 mls of BSS with glyc-
erin. The ducklings were monitored twice daily
for clinical signs of illness. Two weeks post-infec-
tion, blood samples were collected from each
duckling and tested for neutralizing antibodies
against the virus. The ducklings were euthanized
by cervical dislocation, weighed, and necropsied.
Macroscopic tissue lesions were evaluated, and
samples of thymus, lung, heart muscle, liver,
spleen, kidney, duodenum, jejunum, ileum, ce-
cum, and bursa of Fabricius were fixed in 10%
neutral buffered formalin, processed, and stained
with hematoxylin-eosin for histopathology. Tissue
samples of lung, liver, spleen, kidney, intestine,
cecum, and bursa of Fabricius were collected in
virus transport media and processed for virus iso-
lation in MDEF cell cultures.

RESULTS

The mean (6SD) weight of the male car-
casses found at Utö was 1,615 (6198) g.
Pectoral muscles were markedly reduced in
all birds, and subcutaneous fat reserves
were depleted in nine carcasses. Traces of
orange-colored coronary and visceral fat
were present in seven carcasses, but none
was found in three carcasses. The liver was
atrophied in all birds and slightly greenish
in two birds. A pale, necrotic area approx-
imately 0.5 cm in diameter was observed in
the esophageal mucosa of two birds. The
most remarkable lesion was in the proximal
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FIGURE 2. Intestinal impaction in the posterior
small intestine in a common eider male in the Baltic
Sea.

small intestine in all birds that were nec-
ropsied and consisted of a 45–60 cm long
area of impaction that was 2.5–3.5 cm in
diameter (Fig. 2). The content consisted of
tightly packed mussel shell fragments and
vegetation, in approximately equal volumes.
The intestinal mucosa throughout the im-
pacted area was necrotic and sloughing. In
several birds, trematodes were embedded
in the thin layer of the remaining lamina
propria. Histologically, hepatocytes were at-
rophied and contained moderate amounts
of greenish bile pigment. Necrosis of single
hepatocytes in diffuse pattern was evident
in two livers, and foci of coagulative necro-
sis were seen in one liver. No inclusion
bodies were seen in the liver or other tis-
sues. Epithelium of the proximal renal tu-
bules was degenerate, and tubular lumens
contained eosinophilic material. Lungs
were congested. Pathologic lesions were
not observed in the 14 apparently healthy
males collected from the reference area in
1997.

Viruses were isolated from all five cloa-
cal swabs collected from dead males at
Utö and from the cloacal tissue collected
at necropsy from one additional male
found dead at Utö. Viral CPE developed
in 5–6 days in the original inoculation and
was first characterized by rounded-up
cells. In approximately 1 wk, all cells had
become necrotic and the entire monolayer
of muscovy duck cells was destroyed. The
isolates were characterized as nonenvelo-

ped DNA viruses and did not agglutinate
chicken or turkey red blood cells. The
mean (6SD) diameter of virus particles
(n58, representing three different iso-
lates) was 67 (62.1) nm and the viral cap-
someres were arranged in equilateral tri-
angles characteristic of Adenoviridae
(Horne et al., 1959). The virus was not
neutralized by reference antiserum against
avian adenovirus group I, II, or III viruses.
Viruses were not isolated from other tissue
samples from males found dead at Utö,
from any of the tissue samples from male
eiders collected in 1997, or from cloacal
swabs collected from nesting females at
Utö. No known pathogens were identified
in bacterial cultures of any of the tissues.

The mean (6SD) incubation stage of fe-
males captured on nests was 5.6 (62.8) days
and the mean (6SD) clutch size was 4.3
(61.0) eggs. The mean (6SD) weight of the
females was 1,997 (6246) g. Adenovirus an-
tibody titer of $1:128 was found in one
(4.5%) of the females. The serum sample
collected from a sick male at Utö was neg-
ative (,1:8) for adenovirus antibody.

On days 6–8 postinoculation, three of
the six experimentally infected mallard
ducklings were shivering and gasping, and
watery feces were observed in their cage.
After the 8th day, the ducklings appeared
normal again. Four of the infected duck-
lings had antibody titers of 1:64 to 1:128
against the adenovirus at 14 days postin-
oculation. The remaining two infected
ducklings had titers of 1:4 and ,1:4, and
all of the control ducklings were negative
for antibodies (titers ,1:4). The mean
(6SD) weight gain did not differ signifi-
cantly between the infected (378629.4 g)
and control (358626.1 g) group (Mann
Whitney U-test). Intestinal lumens of five
of the six infected ducklings were distend-
ed and had granular, grayish-yellow, and
fluid contents. A mild, chronic inflamma-
tory reaction was observed in the mucosa
of the lower intestine and caeca of the in-
fected ducklings. No viruses were isolated
from mallard duckling tissues collected at
14 days postinoculation.
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DISCUSSION

We diagnosed intestinal impaction with
mucosal necrosis as the cause of death in
a sample of male eiders collected from a
large mortality event in the southwestern
Finnish archipelago of the Baltic Sea in
1998. Field observations and postmortem
findings were similar to those reported
from an eider die-off in the same geo-
graphic area in 1970 (Grenqvist et al.,
1971), suggesting a similar etiology for the
mortality events. In 1970, it was suggested
that poor body condition and inability of
male eiders to process large, rapidly in-
gested quantities of food after the court-
ship period led to intestinal disturbances
and mortality. However, it seems unlikely
that poor body condition alone would have
predisposed large numbers of male eiders
to intestinal impactions. Female eiders
that interrupt incubation and abandon
their nests due to poor body condition
have been observed to feed intensively and
recover their body condition rapidly, with-
out developing impactions that lead to
mortality (Öst and Kilpi, 1999). Grenqvist
et al. (1971) also suggested the possibility
of other contributing factors, such as par-
asites, in the intestinal impactions, but
concluded that the low prevalence (14%)
of intestinal helminths probably did not in-
crease mortality significantly. We isolated
an adenovirus from cloacal samples col-
lected from six of 10 dead males at Utö in
1998, but from none of 14 apparently
healthy hunter-killed males collected in
1997. Furthermore, the eider adenovirus
was associated with clinical signs of gastro-
intestinal disease in mallard ducklings un-
der experimental conditions. The virus
from one bird tested was not neutralized
with antisera against fowl adenoviruses,
hemorrhagic enteritis virus of turkeys, or
egg drop syndrome virus and may repre-
sent a new duck serotype. Based on these
results, we hypothesize that an adenovirus
was involved in the eider mortality event
in 1998, although the exact role of the vi-
rus remains speculative.

Adenoviruses have been associated with
gastrointestinal lesions and disease in sev-
eral avian species and have also been sug-
gested as part of a multiple etiology rather
than primary disease agents (McFerran
and Adair, 1977; Lenz et al., 1998). The
fact that the eider adenovirus did not
cause mortality in experimentally infected
mallards could be due to the lack of en-
vironmental stressors or other co-factors
required by the virus, although differences
in host species’ susceptibility or the rela-
tively low, parenteral dosage that was used
in the experiment may also have affected
viral pathogenicity. In the wild, the stress
and close contacts among individuals as-
sociated with the courtship period pro-
vides ideal conditions for virus transmis-
sion and replication within the flocks.
Based on carcass weight, the dead males
were in poorer body condition than ap-
parently healthy hunter-killed males from
a reference area (mean6SD52,2706143
g, n512; Franson et al., 2000). The reason
for the poor body condition of males re-
mains unknown, but may be related to
their feeding behavior during the court-
ship period or to the virus infections. It is
also possible that latent infections were re-
activated in male eiders undergoing weight
loss and physiologic stress. Antibody was
not detected in the serum of one affected
male, which may reflect recent exposure
or inability of males in poor body condi-
tion to raise antibodies and control virus
infections.

The low level of mortality or apparent
absence of disease in eider females breed-
ing in the area is of interest and suggests
that local food items did not contain toxins
or other substances that paralyzed intesti-
nal function in eiders. Otherwise, a higher
prevalence of illness would be expected in
females that feed intensively in the same
area prior to nest initiation. One of 22 fe-
males captured on the nests during early
incubation had antibody to the adenovirus
but virus isolation attempts from cloacal
swabs were negative, indicating that none
of the captured females were shedding vi-
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ruses or were shedding at a very low level.
If females maintain their body condition
during the courtship period they also may
be able to raise and maintain an immune
response to control viral infections better
than the males in poor body condition.
The mean (6SD) weight and clutch size
of eider females at Utö were similar to fe-
males incubating at a reference area
(1,9646221 g and 4.761.0 eggs, n519; M.
Kilpi, unpubl. data), suggesting that their
body condition prior to nest initiation was
maintained at a normal level. Another pos-
sible explanation for the difference in mor-
tality rates between male and female ei-
ders may be associated with the incubation
fast. At the peak of the mortality, most fe-
males were already on their nests, and the
changes in intestinal motility that accom-
pany the incubation fast may have altered
the pathogenicity of the virus. Also, while
males concentrate in flocks prior to mov-
ing to the molting areas, the females infre-
quently contact other birds after nest ini-
tiation allowing fewer opportunities for vi-
rus transmission.

The large proportion of vegetation in
the intestinal contents led us to speculate
that interactions between infectious dis-
eases and changes in the environment
could also play a role in the mortality
events. Blue mussels (Mytilus edulis) are
the preferred food of Baltic eiders and,
when mussels are abundant, the eiders
feed primarily on them (Öst and Kilpi,
1998). In some areas of the Baltic Sea, al-
gae of Cladophora sp. have markedly in-
creased in density during the recent de-
cades as a result of eutrophication (Vahteri
et al., 2000). In the affected areas, such as
those surrounding the Utö archipelago,
the vegetation covers musselbeds in the
bottom of the waterbed and eiders feeding
on mussels inevitably also ingest large
quantities of algae. Skirnisson et al. (2000)
estimated that vegetable matter constitut-
ed approximately 3.7% of common eider
diet in Iceland, and found vegetation in
only 7% of eider intestines. Our estimate
of male eider intestines containing 50% of

vegetation is much higher. The digestibil-
ity of algae in eiders is not known, but diet
changes have been shown to decrease ab-
sorption rates of nutrients in sea birds
(Hilton et al., 2000) and could potentially
contribute to intestinal disturbances.

Problems in differentiating proximate
from ultimate causes of death are widely
acknowledged in wildlife disease investi-
gations (see Wobeser, 1994). A disease
syndrome may be caused by a combination
of several pathogens, environmental fac-
tors, and physiologic status of the host, and
a multifactorial etiology seems likely also
in the common eider male mortality in the
Baltic Sea. Although it is possible that the
adenoviruses isolated from eider males
were associated with a latent infection re-
activated by other environmental stressors,
the adenoviruses appear the most preva-
lent potential etiologic agent found in the
carcasses. Viruses were not isolated from
cloacal samples collected from apparently
healthy eider females nesting at the mor-
tality site or from apparently healthy male
eiders shot by hunters on coastal Finland
near the eastern border of the Archipelago
Sea National Park. Known pathogens were
not isolated from bacterial cultures from
either the males found dead or in the ref-
erence material. Although trematodes,
cestodes, and acanthocephalans were also
identified in the intestinal tracts of the
dead male eiders, they were found in rel-
atively low intensities (T. Hollmén, un-
publ. data; for methods, see Sloss et al.
1994) and it appears unlikely that they
contributed to the mortality in a significant
manner. Grenqvist et al. (1971) also con-
cluded in their investigation of a similar
event in the same area in 1970 that the
prevalence and intensity of intestinal par-
asites was low, and that parasites could not
be considered the cause of the intestinal
disturbance. Concentrations of trace ele-
ments found in die-offs in 1970 (Grenqvist
et al., 1971) and in 1998 were relatively
low and not considered directly responsi-
ble for the mortality of male eiders. There-
fore, it is possible that viral epidemics con-

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



120 JOURNAL OF WILDLIFE DISEASES, VOL. 39, NO. 1, JANUARY 2003

JOURNAL OF WILDLIFE DISEASES
Friday Feb 21 2003 12:48 PM
Allen Press • DTPro System

jwdi 39_111 Mp_120
File # 11em

tribute to the described intestinal dysfunc-
tion and increase mortality of breeding
male eiders in some years in the Baltic
Sea, and that the low-level mortality ob-
served in other years is primarily related
to the poor body condition of birds. Ex-
perimental infectivity trials in eiders, and
further comparisons of body condition and
the prevalence of viruses between years of
low and high mortality rates are needed to
test the hypothesis that adenoviruses are a
significant etiological factor in the mortal-
ity events of male common eiders breed-
ing in the Baltic Sea.
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fæUuvali æUarfugla á SkerjafirUi. Food composi-
tion of the common eider in SkerjafjörUur. Bliki
21: 1–14. [In Icelandic with English summary].

SLOSS, M. W., R. L. KEMP, AND A. M. ZAJAC. 1994.
Veterinary clinical parasitology, 6th Edition, Iowa
State Press, Ames, Iowa, 208 pp.

THAYER, S. G., AND C. W. BEARD. 1998. Serologic
procedures. In A laboratory manual for the iso-
lation and identification of avian pathogens, 4th
Edition, D. E. Swayne, J. R. Glisson, M. W. Jack-
wood, J. E. Pearson and W. M. Reed (eds.).
American Association of Avian Pathologists, Ken-
nett Square, Pennsylvania, pp. 255–266.
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