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CHRONIC TIDALLY-INDUCED NEST FAILURE IN A COLONY OF
WHITE IBISES!

PETER FREDERICK?
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Abstract.

Over five seasons, I censused an estuarine colony of White Ibises (Eudocimus

albus) in South Carolina using aerial counts before and after tidal washovers. I found 61%
of all nesting starts were abandoned during these tides; since not all washovers were mon-
itored, this figure is conservative. An analysis of tide gauge data indicates these destructive
tides were frequent, and predictable across seasons. This colony is growing in size, and there
is circumstantial evidence of breeding site fidelity despite the washovers. This is surprising,
since White Ibises are known for frequent colony shifts. Although egg predation at this
colony was comparatively low, and clutch size comparatively high, breeders still suffered
far more total nest loss than at other coastal colonies. I suggest White Ibises do not use
nesting failure, or predictability of failure as cues for abandonment, but rely on environ-
mental cues such as local food availability and frequency of nest-site predation instead.
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INTRODUCTION

Breeding-site fidelity is common in many avian
species, though the ultimate and proximate caus-
es of this fidelity are poorly understood. Ulti-
mately, reproductive success will mold the spe-
cific criteria used for nest-site choice and as cues
for breeding dispersal. On a proximate level,
nesting success itself could be a cue for breeding-
site fidelity or abandonment. Many species are
known to disperse to new sites following nesting
failure, or to remain on nesting sites following
successful breeding attempts (Darley et al. 1977,
Newton 1982, Coulson and Thomas 1983,
Shields 1984, see review by Rohwer 1986). How-
ever, breeding dispersal following reproductive
failure is variable across species (see review in
Rohwer 1986) and may often be initiated through
signals other than reproductive failure.
Breeding-site fidelity is often striking in colo-
nially nesting species. Though colony abandon-
ment in response to predation has frequently been
reported (Cullen 1960, MacDonald 1979, Buck-
ley and Buckley 1980, Burger 1982), some col-
onies are known to continue despite chronic nest
predation (Austin 1949, Southern and Southern
1979). In larids, colony abandonment in re-
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sponse to predation may vary with the timing in
the reproductive cycle, and whether the preda-
tion was nocturnal or diurnal (Southern and
Southern 1979). Similarly, degree of within-sea-
son breeding dispersal of Red-winged Blackbirds
(Agelaius phoeniceus) following nest predation
depends on the type of predator (Monnett and
Rotterman 1980).

Other causes of large-scale nest failure may
also not lead to colony abandonment. Though
degradation of nesting substrate often leads to
colony relocation (Weise 1978), Southern and
Southern (1982) found complete bulldozing and
filling of a portion of a Ring-billed Gull (Larus
delawarensis) colony resulted in only a 12.2%
reduction of nesting in that part of the colony.

Similarly, Burger (1982) found nest failure of
entire colonies of Black Skimmers (Rhynchops
niger) due to nest predation was a reliable pre-
dictor of colony site abandonment, whereas nest
failure from tidal inundations was not. Since nest
predators would probably return to a colony in
ensuing vears, future predation at once-predated
colonies was predictable, but tidal washovers were
unpredictable at any location in Burger’s study
area across years. Burger suggested that the de-
gree of predictability of the source of nesting fail-
ure is an important criterion for colony site aban-
donment.

Here, I describe chronic mass nesting failure
due to tidal inundations in a colony of White
Ibises (Eudocimus albus) that has not led to col-
ony abandonment. The predictability of these
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tidal events is examined in detail, and several
explanations for such colony site tenacity are ex-
plored.

MATERIALS AND METHODS

This study was conducted on Pumpkinseed Is-
land (33°16'N, 79°12'W), an estuarine mixed-
species wading bird colony in Georgetown Coun-
ty, South Carolina, for five breeding seasons
(March through June, 1980, to 1984). This 8.9-
ha island is covered primarily by a dense stand
of needlerush (Juncus roemarianus). A thin band
of shrubs (Iva frutescens) along the northeastern
edge is the only elevated nesting substrate, usu-
ally occupied by nesting Great Egrets (Casme-
rodius albus) and other ardeids.

On Pumpkinseed, White Ibises nest only on
matted-down clumps of living Juncus, and in
many areas these clumps form a continuous mat.
Nesting is therefore limited to one plane; heights
of 64 nests averaged 0.32 m (£0.10 m) above
the mud substrate. These Juncus nests are com-
pletely open, and have no vegetation above them.

In each season, I counted numbers of active
ibis nests on slides taken of the colony from a
fixed wing aircraft at approximately 150 m above
ground level. The ibis nests were counted by pro-
jecting the slide onto a wall. White Ibises were
the only white-plumaged species to nest in the
Juncus, and counts of ibises were only made of
areas in which the rather synchronous ibis nests
were known to be in the incubation stage. Pairs
usually took less than 35 sec to exchange incu-
bation duties (pers. observ.) and the relieved
member of the pair always left the island im-
mediately. Thus numbers of white birds in the
Juncus-covered areas were assumed to represent
the number of ibis nests. This method is quite
accurate for counting White Ibises at Pumpkin-
seed. In 1975, previous researchers compared
similar aerial counts of marked quadrats visible
from the air, with ground counts of the same
areas. The two methods resulted in greater than
95% agreement (P. DeCoursey and T. Murphy,
pers. comm.).

I timed aerial counts to document nest aban-
donments due to extremely high tides. The dif-
ference between counts immediately before and
after such tidal events was taken to be the num-
ber of nests abandoned as a result of that tide. I
was able to quantify only one case of tidally-
induced nestling mortality, as attendance sched-

ules of parental birds at this stage were usually
too unpredictable to make aerial surveys accu-
rate. Although I took data from most destructive
tides, the aerial surveys did not encompass all of
them.

In order to estimate the actual extent of tidal
destruction, I examined daily high-tide data from
a nearby tide gauge (NOAA #8662746 “South
Island,” 5 km from Pumpkinseed, established in
1975). I defined “destructive” tides as having a
height greater than 0.80 m above mean sea level.
This was the height of the tide from which I
measured the least percent nest abandonment
(21.9%) using the aerial method. Because de-
structive tides were often clumped in time, but
only the first one actually destroyed nests, I de-
fined a single destructive event as having more
than five calendar days between it and the next
destructive tidal event. I only considered tides
during the normal ibis-nesting season (March 20
through June 30).

I then tested for a correlation between height
of tide and percent loss of nests during that tide.
For this test, I excluded any aerial counts that
could have yielded ambiguous counts (low qual-
ity photographs, low angle of viewing, etc.). Per-
cent nest abandonment figures were subjected to
arcsine transformation before the correlation test
to achieve homoscedasticity (Sokal and Rohlf
1969).

I also documented egg predation on Pump-
kinseed. No terrestrial predators exist on Pump-
kinseed, but Fish Crows (Corvus ossifragus) and
occasionally Laughing Gulls (Larus atricilla) prey
on ibis eggs. In 1984, I individually numbered
468 eggs in 178 nests with indelible ink at two
locations on the island. These eggs were recount-
ed 10 days later at one location, and nine days
later at the other. These nests were known to
have experienced no tidal inundation during this
time, since the flocculent mud below nests re-
tained old bird tracks. Daily egg mortality rates
were then calculated as number of eggs lost/days
exposed (Mayfield 1961, 1975). The two counts
were made in the first week of incubation, when
Fish Crow predation on White Ibis eggs is highest
(Shields 1985).

Clutch size data were taken both from the above
predation study in 1984, and from 83 nests at
which mating patterns were observed intensively
during 1982 and 1983 (Frederick 1985, 1987).
In all cases, clutches were counted within three
days of completion.
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RESULTS
HIGH TIDE-INDUCED NEST MORTALITY

Extremely high tides occurred as a result of some
combination of spring tides, strong and persis-
tent northerly winds, and high estuary discharge.
Over five nesting seasons, 61% of nesting starts
were abandoned during or immediately follow-
ing extremely high tides (Table 1). Tides high
enough to wash over nests occurred at least once
each season, and sometimes in a series, as in
1983. The minimum nesting mortality due to
tides for any season was 42% (1984).

Idocumented the immediate effects of the tidal
inundations and the responses of ibises from a
blind 25 m from nests. Eggs often floated out of
nests, or were washed out by wave action. In-
cubating adults usually left the nest when the
water was 3 to 8 cm above the bottom of the
nest cup, though some attempted to incubate
while floating above their eggs. In some cases, 1
saw eggs transported from one nest to another,
and later documented such transport with marked
eggs. In several cases, marked eggs known to have
been covered with brackish to salty water for
more than 1 hr during early incubation later
hatched.

ACTUAL FREQUENCY OF TIDAL WASHOVERS

The correlation between height of a tide and per-
cent abandonment of nests during that tide was
significant (r = 0.987, ¢t = 15.05,df = 3, P <
0.001, Fig. 1). The minimum nest abandonment
Idocumented in any single tidal episode was 22%
(1983). Using the corresponding tide height on
that date as a minimum criterion for identifying
washouts, I found an average of 7.36 (£1.804)
destructive tidal episodes occurred per nesting
season (March 20 through June 30) from 1975

TABLE 1. Nest loss following tidal inundations.
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FIGURE 1. Regression of tide height and percent
abandonment of nests at Pumpkinseed Island.

to 1985. The average height of the highest tide
in each event during this time was 0.948 m above
Mean Sea Level (+0.1137 m, n = 77 events).
This height is predicted by the above regression
to lead to abandonment of 50.9% of the nests.
The average of the highest single tide in each
season was 1.143 m above MSL (+0.0936 m,
n = 11 seasons), which is predicted to lead to
75.3% abandonment of nests.

EGG PREDATION

When the results of the two egg-predation study
plots were combined (Table 2), 1.83 of the 468
marked eggs disappeared per day, and over the
entire 21-day incubation period (Bent 1926,
Rudegeair 1975, Shields 1985) 8.19% of all
marked eggs are estimated to have been lost to
aerial predators. Whole clutches disappeared due
to predation at a rate of 0.575 per day; 6.78% of
the 178 marked clutches are estimated to have

% Nest lost
Year Total nest starts Tide Nests before Nests after tide Episode Year
1980 6,669 5/8 6,310 283 95.5 90.4
1981 7,887 5/16 7,887 3,807 48.3 48.3
1982 7,814 6/18 3,416 0 100.0 43.7
1983 10,035 4/20 10,035 7,849 21.8
4/25 7,849 3,689 31.2
6/12 3,689 1,586 88.2 84.2
1984 12,973 5/16 12,973 7,467 42,5 42.5
Total 45,378 40,621 13,143 60.6*

* Percent of all nesting starts lost during washovers.
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TABLE 2. Egg loss due to predation.

Study group

SS S. Central Total
Eggs marked 213 255 468
Clutches marked 80 98 178
Days exposed 10 9
Egg loss/day 0.70 1.13 1.83
Clutch loss/day 0.20 0.38 0.56
Egg loss/incubation* 6.90% 9.27% 8.19%
Clutch loss/incubation 5.25% 8.04% 6.78%

* 21 days (Rudegeair 1975, Kushlan 1977, Shields 1985).

been lost to predators over the entire incubation
period. Though predation was only measured in
one season, numbers of Fish Crows and Laugh-
ing Gulls on the island did not change dramat-
ically over the four seasons during which I was
studying nesting ibises from a blind (Frederick
1985).

BREEDING SITE FIDELITY?

White Ibises are known to have nested contin-
uously on Pumpkinseed Island since 1967, and
probably earlier. In the 10 years for which ac-
curate estimates are available, the nesting pop-
ulation has grown steadily (Table 1). Pumpkin-
seed therefore seems to be a particularly stable
White Ibis colony, especially since this species is
noted for frequent colony shifts (Rudegeair 1975,
Kushlan 1977, Ogden 1978). However, it is un-
known whether the colony stability is primarily
due to site fidelity of individuals. Sporadic sight-
ings of banded and wing-flagged birds indicates
some adults return in successive years, but these
observations were incidental, and cannot be con-
sidered quantitative. More importantly, it is un-
known whether these individuals experienced
tidally-induced nest failure before returning.

COMPARATIVE NESTING PARAMETERS

A comparison of clutch sizes at the Pumpkinseed
colony with similar data from other colonies in

the southeastern U.S. (Table 3) suggests that
Pumpkinseed breeders have relatively large
clutches.

Table 4 compares egg and nest mortalities dur-
ing incubation of Pumpkinseed breeders with
similar measures in other major coastal colonies.
By comparison, ibises breeding on Pumpkinseed
suffered far less egg predation.

DISCUSSION

On the Pumpkinseed colony, nest destruction
from tidal washovers is frequent, and by far the
most important cause of nesting failure. My mea-
sures of tidally-induced nest loss are probably
quite conservative. First, the aerial counts did
not measure partial clutch loss due to washover,
which frequently occurred in the higher nests
without resulting in abandonment. Second, the
aerial method did not attempt to quantify
drowning of nestlings due to washovers, which
was known to occur on several occasions. Fi-
nally, the aerial surveys were not made after every
washover, and the data from the tide gauge in-
dicate this may have led to considerable under-
estimation. The actual extent of tidally-induced
nest mortality is difficult to estimate since it is
unknown how many nests were vulnerable on
each of the washover dates. It is clear, however,
that destructive tides were quite likely in any
nesting season.

TABLE 3. Comparison of primary clutch size of White Ibises at different coastal colonies.*

Location

Number of clutches

Mean clutch size Source

South Florida 290
West Central Florida 208
Coastal Louisiana 100
Wilmington North Carolina 312

755
Pumpkinseed Island 380

2.20 Kushlan 1977
2.07 Rudegeair 1975
1.97 Hammatt 1981
2.23 Allen-Grimes 1982
2.53 Shields 1985

2.55 This study

* Inland colonies not included because they usually have significantly larger clutch sizes (Rudegeair 1975, Kushlan 1977).
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These catastrophic tides have not caused com-
plete abandonment of the colony. However, it is
difficult to attribute the colony stability to breed-
ing-site fidelity of individuals that experienced
tidally-induced nest failure. Though a few indi-
viduals are known to have nested on the colony
one year and returned the next, this is not nec-
essarily indicative of the majority of the birds,
or specifically of individuals that lost their nests
to tides. The strongest circumstantial evidence
comes from 1980 (Table 1). In that year, over
90% of all nesting starts failed due to high-tide
washover. The following year showed no reduc-
tion of nesting and in fact an increase in the
breeding population. So unless there was a 90%
turnover of the island’s population (12,054 birds)
between 1980 and 1981, many of the same birds
that were washed out returned to breed the next
year. Though this level of turnover is not im-
possible, it would be surprising for such a stable
colony. It seems more prudent to propose that a
substantial proportion of the ibises were site
faithful despite nest failure due to tides.

Why White Ibises may not abandon this col-
ony in favor of a site not affected by tides is
unclear. There are several possible explanations
for such tenacity. First, the ibises may persist
because local feeding conditions are especially
favorable for the production of eggs and young.
The relatively large clutch sizes at Pumpkinseed
may reflect abundant local food sources, high
prey availability, or short distances to food (Rud-
egeair 1975, Kushlan 1977). White Ibises breed-
ing at Pumpkinseed are known to feed on a salt
marsh 3 km from the colony, and in the rich
bottomland swamps of two large freshwater rivers
15 to 20 km away (Bildstein 1983). However,
Pumpkinseed is not the only nesting site that
would allow the ibises to take advantage of those
conditions. There are six other isolated islands
within 3 km of Pumpkinseed in Winyah Bay,
that are not washed over by tides, and that have
vegetation quite similar to that of other coastal
White Ibis colonies (Allen-Grimes 1982, Shields
and Parnell 1986). A move to these islands would
place the colony even closer to feeding areas.

Second, the Pumpkinseed colony may be at-
tractive because there is so little egg predation.
Indeed, the infrequent predation is probably a
direct result of the low intertidal vegetation, which
offers predators (Fish Crows) no surveillance
perches, or nesting substrate. Pumpkinseed is one
of only two islands in the bay offering such con-
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TABLE4. Comparison of reproductive failure during
incubation in White Ibis colonies.

Egg predation
(%)

Egg Nest Total nest
loss loss loss (%) Source
8.2 6.8 >61.0% This study

40.7 424 43.0 Shields 1985

274 - 41.0 Allen-Grimes 1982
— — 79.3** Hammatt 1981

) *)Nest loss on Pumpkinseed probably an underestimate {see Discus-
sion).

** Major source of nest loss in Hammatt’s study was “mostly due to
high tides.”

ditions. However, the benefits of such low egg
predation would seem to be offset by the tidally-
induced mortality. In fact, the Pumpkinseed col-
ony experiences a greater loss of nests during
incubation than any of the other colonies studied
to date.

Another hypothesis is that Pumpkinseed has
only recently begun to experience these extreme
tides as a result of sea-level rise, and that ibises
continue to nest in what was once a much safer
colony. In coastal South Carolina, sea-level rise
since 1922 (0.25 cm/year) is considerably higher
than the global average, due in part to a sinking
coastal landmass (Hicks et al. 1983, Kana et al.
1984). This rate could have accounted for nearly
5 cm of increase in average height of high tides
on Pumpkinseed since White Ibis began nesting
there sometime in the 1960s. However, even if
high tides were 5 cm lower then, mean highest
tides of the season are predicted to have caused
at least 69% abandonment of nests present, and
mean highest tides in any tidal event are pre-
dicted to have led to a 44.6% loss of nests. Tidal
inundation, then, has probably always been an
important cause of nesting failure on Pumpkin-
seed.

Burger (1982) found that tidally-induced nest
failure in Black Skimmers was not associated
with colony desertion and suggested skimmers
did not abandon in response because tidal wash-
overs were unpredictable across years. The same
reasoning is difficult to apply to the Pumpkinseed
case. Although the exact timing of washovers was
difficult to predict within any one season at
Pumpkinseed, several washovers occurred there
in each season. In fact, over 86% of nests are
predicted to have been abandoned from the high-
est single tide alone. While reproductive success
ultimately determines the evolution of abandon-
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ment cues, the cues themselves may not be re-
liable in every situation. Though White Ibis will
on occasion nest on grass clumps near the ground
(Kushlan 1973, Hammatt 1981), they rarely nest
in tidally-affected areas. It is therefore not sur-
prising that they do not show adaptations to nest
failure from tides. In the time frame of natural
selection, most physical events such as storms
and tides may be unpredictable, and Burger has
probably correctly suggested predictability to be
a key feature of abandonment cues. At a more
proximate level, the Pumpkinseed example sug-
gests that abandonment is not cued through a
recognition of such predictability by individual
birds.

The fact that White Ibises on Pumpkinseed
did not apparently abandon the colony in the
face of such continued nest failure is particularly
interesting because this species is otherwise so
prone to colony relocation. It seems clear that
White Ibis do not rely on past nesting failure per
se as a proximate cue for colony abandonment.
Instead, they may rely on specific environmental
cues such as local food abundance or predator
activity when deciding where and when to nest
(Kushlan 1976, Ogden 1978). Because breeding
dispersal following nest failure is so variable
among species (Rohwer 1986) and conditions
(McNicholl 1975, Southern and Southern 1979,
Monnett and Rotterman 1980), I suggest that
many species of birds do not use breeding failure
as a cue for breeding dispersal, but rather rely on
specific stimuli that may often be related to
breeding failure, such as food abundance or pred-
ator densities. Nest failure not accompanied by
those stimuli may result in site fidelity.

ACKNOWLEDGMENTS

I thank Keith Bildstein, Reed Bowman, Joanna Burger,
and David Westneat for reviewing earlier drafts of this
paper. This study was funded by grants from Sigma
Xi, The Explorers Club, The Frank M. Chapman Me-
morial Fund, and Tokyo Broadcasting Corporation.
Logistical support was generously provided by the staff
of the Belle W. Baruch Institute of Marine Science and
Coastal Research. 1 especially thank Roberta Mc-
Cutchen, Betsy Haskin, Keith Bildstein, Rhett Tahl-
bert, and Paul Kinney for their invaluable assistance
in the field. The tide height data was generously pro-
vided by the National Ocean Survey section of the
National Atmospheric and Oceanic Administration.

LITERATURE CITED

ALLEN-GRIMES, A. 1982. Breeding biology of the
White Ibis (Eudocimus albus) at Battery Island,

North Carolina. M.S.thesis, Univ. of North Car-
olina, Wilmington.

AusTIN, O. L. 1949. Site tenacity, a behavior trait of
the Common Tern (Sterna hirundo). Bird-Banding
20:1-39.

Bent, A. C. 1926. Life histories of North American
marsh birds. U.S. Nat. Mus. Bull. 135.

BirpsteIN, K. L. 1983. Age-related differences in the
flocking and foraging behavior of White Ibises in
a South Carolina salt marsh. Colonial Waterbirds
6:45-53.

Buckiey, F. G., anp A. Buckiey. 1980. Habitat
selection and marine birds, p. 69-112. In J. Bur-
ger, B. L. Olla, and H. E. Winn [eds.], Behavior
of marine animals. Vol. 4. Plenum Press, New
York.

BURGER, J. 1982. The role of reproductive success in
colony site selection and abandonment in Black
Skimmers (Rhynchops niger). Auk 99:109-115.

Coutson, J. C, aND C. S. THoMAS. 1983. Mate choice
in the Kittiwake Gull, p. 361-376. In P. Bateson
[ed.], Mate choice. Cambridge Univ. Press, Lon-
don.

CuLLEN, J. M. 1960. Some adaptations in the nesting
of'terns. Proc. XII Ornith. Congr. (1958):153-157.

DarLEY, J. A.,D. M. Scott, ANDN. K. TAYLOR. 1977.
Effects of age, sex, and breeding success on site
fidelity of Gray Catbirds. Bird-Banding 48:145-
151.

Freperick, P. C. 1985. Mating strategies of White
Ibis (Eudocimus albus). Ph.D.diss., Univ. North
Carolina, Chapel Hill.

FrReDERICK, P. C. 1987. Extrapair copulations in the
mating system of White Ibis (Eudocimus albus).
Behaviour 100:170-201.

HammMmAaTT, R. B. 1981. Reproductive biology in a
Louisiana heronry. M.S.thesis, Louisiana State
Univ., Baton Rouge.

Hicks, S. D., H. A. DEBAUGH, AND L. E. HICKMAN.
1983. Sea level variations for the United States,
1855-1980. NOAA report, U.S. Dept. of Com-
merce, Rockville, MD.

KaANA, T. W., J. MicHEL, AND J. R. JENSEN. 1984. The
physical impact of sea level rise in the area of
Charleston, S.C. In M. C. Barth and J. G. Titus
[eds.], The greenhouse effect and sea level rise. Van
Nostrand Reinhold, New York.

KusHLAN, J. A. 1973. White Ibis nesting in the Flor-
ida Everglades. Wilson Bull. 85:230-231.

KusHLAN, J. A. 1976, Site selection for nesting col-
onies by the American White Ibis Eudocimus al-
bus in Florida. Ibis 118:590-593.

KusHLAN, J. A. 1977. Population energetics of the
American White Ibis. Auk 94:114-122,

MacDonNaALD, S. 1979. First breeding record of Ross’s
Gull in Canada. Colonial Waterbirds 1:16.

MavrELD, H. F. 1961. Nesting success calculated
from exposure. Wilson Bull. 73:255-261.

MavrieLp, H. F. 1975, Suggestions for calculating
nest success. Wilson Bull. 876:456-466.

McNicHorL, M. K. 1975. Larid site tenacity and group
adherence in relation to habitat. Auk 92:98~100.

MonneTT, E. W., aAnD L. M. RoTTERMAN. 1980. The
influence of cause of nest failure on subsequent



CHRONIC NESTING FAILURE IN WHITE IBIS

nest site selection by female Red-winged Black-
birds. Am. Zool. 20:788.

Newton, I. 1982, Fidelity to breeding area and mate
in Sparrow Hawks (Accipiter nisus). J. Anim. Ecol.
51:327-341.

OgGDEN, J. C. 1978. Recent population trends of co-
lonial wading birds on the Atlantic and Gulf coast-
al plains, p. 137-154. Nat. Aud. Soc. Res. Report
#7, Wading birds. National Audubon Society, New
York.

RoOHWER, S. 1986. Selection for adoption versus in-
fanticide by replacement “mates” in birds, p. 353—
395. In R. F. Johnson [ed.], Current ornithology.
Vol. 3. Plenum Press, New York.

RUDEGEAIR, T. J. 1975. The reproductive behavior
and ecology of the White Ibis (Fudocimus albus)
Ph.D.diss., Univ. of Florida, Gainesville.

SuieLps, M. A. 1985. An analysis of Fish Crow pre-
dation on eggs of the White Ibis at Battery Island,
North Carolina. M.S.thesis, Univ. of North Car-
olina, Wilmington.

419

SuieLps, M. A, AND J. F. ParnerL. 1986. Fish Crow
predation on eggs of the White Ibis at Battery Is-
land, North Carolina. Auk 103:531-539.

SHIELDS, W. M. 1984. Factors affecting nest and site-
fidelity in Adirondack Barn Swallows (Hirundo
rustica). Auk 101:780-789.

Sokar, R. R, anp F. J. Ronre. 1969. Biometry. W.
H. Freeman, San Francisco.

SouTHERN, L. K., AND W. E. SOUTHERN. 1979. Ab-
sence of nocturnal predator defense mechanisms
in breeding gulls. Proc. Colonial Waterbird Group
2:91-101.

SouTtHERrN, L. K., AND W. E. SouTHERN. 1982, Effect
of habitat decimation on Ring-billed Gull colony
and nest-site tenacity. Auk 99:328-331.

WEIsg, J. H. 1978. Heron nest-site selection and its
ecological effects, p. 27-34. Nat. Aud. Soc. Res.
Report #7, Wading birds. National Audubon So-
ciety, New York.

g

FOR BROCHURE AND FURTHER
INFORMATION CONTACT
S.H. ENTERPRISES
14252 Culver Drive A316
Irvine CA 92714
Tel. {714) 733-1744 Telex 550756

U.S.A. Tour Agent

One.qf the 730 species of fantastic Australian birds
awaiting you on a unique Monarch tour.

UNIQUE AND WITHIN REACH

Brilliant coloured parrots, dancing Lyre birds
inhabiting some of the world's oidest and most
spectacular landscapes. Arid deserts, crocodile
waters of Kakadu, magnificent tropical rainforest,
plus the spectacular Great Barrier
Reef. An adventure of a lifetime.
Tours escorted by Bill Martin and
Denis Carlisle, Australians who 11 11
know Australia. Tours tailored to \EXCY
requirements.

" JONARCH

AUSTRALIAN BIRDING & WILDLIFE TOURS




