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ABSTRACT
ARTIFICIAL INCUBATION, CAPTIVE-REARING AND MAINTENANCE
OF PIED-BILLED GREBES IN GUATEMALA

Pied-billed Grebe (Podilymbus podiceps) eggs (n = 20) were
collected in early and mid-incubation stages at 3 lakes iIn Guatemala.
Two factors previously reported to affect hatchability of artificially
incubated avian eggs were investigated: egg weight loss during
incubation and stage of incubation at collection. Weight loss was
lower than reported in the literature and did not differ (P > 0.05) for
hatched and unhatched eggs. Stage of incubation at the time of
collection had an effect (P < 0.05) on hatchability and development
through pipping. None of the eggs collected in early stages of
incubation (n = 13) hatched; all embryos died in early or mid stages of
development. Embryos of all eggs collected at mid-incubation (n = 7)
developed through pipping and 71% hatched successfully. These data
suggested that an initial period of natural incubation increases Pied-
billed Grebe egg hatchability.

Captive-rearing and maintenance techniques were developed with
common Pied-billed Grebes for implementation with the then-endangered
Atitlan Grebe (Podilymbus gigas). Grebes (n = 5) were reared from the
artificially incubated eggs. Grebes® diet consisted of live or freshly
killed fish (Poecilia butleri and Poeciliopsis gracilis), supplemented
by mealworms (Tenebrio sp.) and river shrimp (Panaeus sp.). ?
were also fed to the chicks until they were regularly observed
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preening and consuming their own. Fish consumption was measured for
all chicks through Week 1 and for one chick through Week 7. For the
first 10 days, chicks were only hand fed. Thereafter, live fish were
provided to encourage independent feeding. Grebes were fed in water
but for the first 2-3 weeks spent most of their time in a brood box.
By 1 month of age, chicks were spending most of their time in water.
Chicks were placed in sequentially larger tubs and water tanks until,
at 13 months of age, 2 surviving grebes were released on an artificial
pond. Body weight was the only measure of growth used. The period of
most rapid growth occurred between Days 10-25. Instantaneous relative
growth peaked at 22% to 33% (x = 27), Days 3-5. Grebes attained
average adult weight by sex at 8-9 weeks of age and asymptotic weight
during Weeks 11-14. Growth rate fluctuated widely. Birds tended to
undergo spurts of rapid growth separated by periods of slowed growth.
Age of first breeding by Pied-billed Grebes is unknown. The
opportunity to document age at first breeding arose during the course
of this study. Courtship and breeding calls were first heard from a
pair of sibling captive-reared grebes when they were approximately 11
months old. At 13-14 months of age, 2»  weeks after the 2 grebes
were released on an artificially constructed pond, a nest and eggs were
found in a patch of reeds (Typha domingensis). No other grebes or
waterfowl inhabited the pond. The eggs had been partially destroyed by
an unknown predator. Two could be accurately measured and were smaller
than other Pied-billed Grebe eggs collected for this study. Fertility



of the eggs could not be determined. These observations indicated that
first year Pied-billed Grebes can and will breed.
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INTRODUCTION



Origin of study

The common Pied-billed Grebe (Podilymbus podiceps) was the closest
relative of the endangered, now extinct, Atitlan Grebe (Podilymbus
gigas), endemic to Lake Atitlan, Guatemala. Atitlan Grebe numbers
declined from 232 individuals in 1975 to 56 in 1985. This decline was
attributed to introduction of Largemouth Bass (Micropterus salmoides),
loss of habitat, and the use of gill nets. Very little work has been
done with captive grebes and no literature exists on captive-breeding
techniques for grebes. In 1986, with support from the Intemational
Council for Bird Preservation and the U. S. Fish and Wildlife Service,
this project was undertaken to develop artificial incubation and
captive techniques with Pied-billed Grebes for implementation with
Atitlan Grebes.
Thesis format

This thesis consists of 3 chapters, written as manuscripts to be
submitted for publication to The Ak, the Intemational Zoo Yearbook,
and the Joumal of Field Omithology. This approach was justified by
the difficulty involved iIn extracting manuscripts from a thesis written
in traditional format. Some duplication in content among chapters wes
unavoidable but minimized.
Description of papers

The papers are organized in chronological order. The first
evaluates the effects of incubation stage at collection and water loss
during incubation on the hatchability of Pied-billed Grebe eggs. The
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second paper describes techniques for rearing and maintaining Pied-
billed Grebes in captivity and the third reports on breeding by first
year captive-reared Pied-billed Grebes.



Il EFFECTS OF WEIGHT LOSS AND INCUBATION STAGE AT COLLECTION
ON HATCHABILITY OF ARTIFICIALLY INCUBATED
PIED-BILLED GREBE EGGS



Weight loss of avian eggs during incubation s attributed almost
exclusively to the diffusion of water vapor caused by a vapor pressure
difference between the outside and the inside of the eggshell (Rahn and
Ar 1974). In artificial incubation incubator humidity has been shown
to affect hatchability by influencing rates of egg water loss (Lundy
1969; Rahn and Ar 1974; Birchard et al. 1982). Some water loss
IS necessary for formation of the air cell, which provides air to the
embryo when pulmonary respiration initiates (Romanoff and Romanoff
1949). Hatching success s dependent upon “optimal” air-cell size (Ar
and Rahn 1980:373). At low humidity, eggs may lose too much water and
dehydrate. At high humidity, eggs may not lose enough water. Vet
snell membranes can obstruct embryo respiration.

In artificially incubated eggs, incubation stage at collection hes
also been shown to affect egg hatchability (Weaver and Cade 1983). |
report the effects of egg weight loss and incubation stage at
collection on hatchability of artificially incubated Pied-billed Grebe
(Podilymbus podiceps) eqgs.

METHODS

Twenty Pied-billed Grebe eggs were collected from 6 nests at 3
lakes In Cuatemala, May-July of 1986 and 1987. Eggs were collected at
varying stages of incubation. Previous observations (Glover 1953;
LaBastille 1974) indicated that Pied-billed Grebes lay 1 egg per day
and begin incubating once the clutch is complete. Incubation period
for this species is 23 days (Palmer 1962). Based on this information,
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stage of incubation at collection was determined by: &) recording the
date of the first egg laid in a clutch;or b) backdating after the eggs
hatched.  Eggs were artificially incubated at Club Auto Safari Chapin,
a wild-animal park, srtuated on Guatemala’s Pacific coastal plain. Eggs
were incubated in a Humidaire Model 20 incubator at 35.6°C dry bulb and
34.5°C wet bulb, yielding 93% relative humidity. Incubation conditions
used were based on techniques developed by Ratti (1977) for Westem and
Clark™s Grebes (Aechmophorus occidentalis and A. clarkii) and data on
natural incubation conditions of Pied-billed Grebes (Davis et al.
1989).

Eggs were weighed and floated in water at collection and daily
thereafter between 0730 and 0930 hours. Weight, angle of flotation,
buoyancy and movement were recorded to verify incubation stage and
monitor emoryo development (Westerskov 1950). Egg position in water
was classified into 4 stages. Initial mass of eggs collected after the
onset of incubation wes calculated by multiplying mean daily weight
loss by 23 days (length of incubation period) and adding it to the ey
weight on day 23 (or on the day of hatch if different than 23) (Rahn
and Ar 1974; Birchard et al. 1982). Eggs which failed to hatch were
opened to determine stage of embryo development and possible causes of
Oeath.

Differences in egg weight loss of hatched and unhatched eggs were
compared with a Mann-Whitney U Test.  Independence between incubation
stage at collection and hatchability, and between incubation stage at
collection and embryo development through pipping were tested with
Fisher’s Exact Test. Analyses were first conducted using data from all
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eggs. In 3 subsequent analyses, potentially infertile (nh = 3), damaged
(n = 4), and infertile and damaged eggs (n = 7) were deleted.

RESULTS
Egg weight loss and hatchability

Daily weights of individual eggs during incubation are reported in
Appendix A. Mean daily weight loss of eggs during incubation was X =
0.4 (D =10.02, n=20) (Table 2.1). There were no differences in
weight loss for hatched versus unhatched eggs (all P values > 0.7).

Weights of fresh (unincubated) eggs ranged from 17.8 g to 24.2 g
=2, Xx=2.9, D =14). Average weight loss as a percent of
initial mass was 4.3 (D = 1.79).

When placed in water, all eggs that hatched (n = 5) had risen from
a horizontal (stage 1) to a vertical position (stages 3 ad 4) iIn water
(Fig. 2.1) by Day 12 of incubation. These eggs remained at stages 3
and 4 through hatching. Angle of the eggs fluctuated between 75 (Stage
3) and N degrees (stage 4). Among the unhatched eggs, 12 achieved a
vertical position hetween Days 11 and 21; 3 never achieved a vertical
position and remained at stage 2 through Day 23 and later. None of the
egos achieved a floating stage (i.e. days 1524, Fig. 2.2).

Fifteen eggs failed to hatch, of which 2 pipped but were dead in
the shell 1 day later. Ten eggs were confirmed as fertile; all
contained partially developed embryos. It is possible that 4 of these
egos were damaged (Jarred) in transport. The fertility of the
remaining 3 could not be determined because the eggs were decomposing
and no embryo was visible. Estimated age of embryos at death ranged
from 1-13 days of incubation (Table 2.2).
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Stage of incubation at collection and hatchability

Eggs were collected at estimated ages of 0-11 days of incubation
(Table 2.3). Thirteen eggs were collected between Days 0 and 4 (early
incubation); all of these failed to pip or hatch. Seven eggs were
collected between Days 8 and 11 (mid-incubation); 5 pipped and hatched
successfully, 2 pipped only. In all analyses a difference (all P
values < 0.016) was found between stage of incubation at collection and
hatchability, and between incubation stage at collection and embryo
development through pipping (@ll P values < 0.001).

DISCUSSION
Egg weight loss and hatchability

Egg weight loss was considerably less than expected when compared
to reports in the literature. Based on compiled incubation data for
475 species of birds, Rahn and Ar (1974) concluded that eggs,
regardless of size, lose approximately 18% of their initial weight
during natural incubation. Ackerman and Platter-Reiger (1979) and
Davis et al. (1984) found that naturally incubated Pied-billed Grebe
egos lost 13.3% and 16.4%, respectively, of their initial mass during a
23-day incubation period. Boone and Barmore (1965) found that water
loss was the same for fertile and infertile eggs; data in this study
are consistent with this report.

Generally, gradual growth of the air cell causes an egg to rise
from a horizontal position in water, in pre- and early incubation, to a
vertical floating position late in incubation (Westerskov 1950;
Nuechterlein 1975) (Fig. 2.2). The low weight loss of eggs In this
study conforms with the water-test results (Fig. 2.1), 1.e. air-cell
growth was not sufficient to cause eggs to float. Thus, these results
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indicate that eggs not following the nomal flotation pattemn
(Westerskov 1950) may hatch, and this method should be used with
caution. The observed rate of water loss and poor hatchability (23%)
suggested that incubator relative humidity was too high. Ar and Ram
(1980) reported that at high-humidity hatchlings may die in the egg or
during pipping due to inhaling liquid and suffocating, commonly
referred to as “drowning” (Romanoff 1930; Ar and Rahn 1980). In this
study, 2 chicks died during pipping. However, Ar and Rahn (1980)
indicated that early embryo mortality, prior to lung ventilation, could
not be caused by “drowning” Most embryo deaths in this study occurred
in early and mid stages of incubation (prior to lung ventilation). |
an not sure how reduced water loss might have affected embryos in early
stages of development.

Poultry scientists have long selected for eggs that hatch
successfully under constant artificial incubation conditions . E
Moreng, pers. com.). Inwild birds, it is possible that
irregularities in natural incubation conditions have been an important
selective force and are necessary for successful hatching. The
constant conditions provided by artificial incubation may not have been
optimal for successful hatching of Pied-billed Grebe eggs.

Stage of incubation at collection and hatchability

Weaver and Cade (1983) reported that Peregrine Falcon (Falco
peregrinus) eggs placed in an incubator after receiving less than 3-4
days of natural incubation hatched at a rate of 50-60%. Eggs that were
naturally incubated for the first 5-10 days, and then artificially
incubated, hatched at a rate of 75-85h.
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My results are consistent with Weaver and Cade’s (1983) findings.
Although Pied-billed Grebe eggs were not collected at all stages of
incubation, my results suggested that an initial period of natural
incubation increases Pied-billed Grebe egg hatchability. These data,
and those of Weaver and Cade (1983) indicated that naturally laid eggs
that will be hatched In an incubator should not be collected until the
latter % of the incubation period.
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Table 21 Weight loss for_hatched and unhatched Pied-hilled Grebe
(mean, stahcard deviation and range)u Guatemala! 9!3&87

Hattched n mean (Q) D Range (g)

Yes 5 0.04 0.02 -0.01 -0.06
No 15 0.04 0.02 0.00 -0.07
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Table 2.2 (continued).
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Table 2.3. Date, _location umber of Pied-billed Grebe
alilected at varying stages o r2ncubg1t90n ! uatémaf o s

Month/Year Lakea ,égl Igg%gd Da%t Ili]gg't[)? grllon
1/87 AM 2 0
6/87 A 4 1
6/87 AT 4 4
1/87 A 3 4
5/87 AV 3 8
5/86 LP 4 1

aAM = Lake Amatitlan, AT = Lake Atitlan, LP = Laguna del Pino.
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Eagter%é}é, lggg@g}_ion stages of Pied-billed Grebe eggs by flotation,
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Fig. 2.2, . Incubation s of Western Grebe eqos by flotation (After
NBenterlein 19&5. Stage egos by (
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I11.  CAPTIVE-REARING TECHNIQUES FOR PIED-BILLED GREBES



Many podicipediform species are declining (0), threatened (T) or
endangered () (King 1981; Fjeldsd 1984 and unpubl. data). Among these
are the Madagascar Grebe (Tachybaptus ruficollis) (D), the Madagascar
Red-necked Grebe (T. rufolavatus) (T), the New Zealand Dabchick
(Poliocephalus rufipectus) () and the Junin Grebe (Podiceps
taczanowskii) (E) of Peru. Over the past 2 decades, captive breeding
hes become an important strategy used when wild populations are
threatened with extinction.

Work with captive Podicipediformes has been limited to 3 species.
Hick (1966) and Kop (1972) hand-reared Great Crested Grebes (Podiceps
cristatus) from artificially incubated eggs. Hick (1966) successfully
reared 2 chicks through at least 2 months of age. Kop (1972) reared 5
chicks, 2 chicks through 11 days of age and 3 through 9-11 weeks of
age. Herman (1974) artificially incubated and hatched 3 Western Grebe
(Aechmophorus occidentalis) eggs and collected 3 Western Grebe
hatchlings in the wild. The 6 chicks were reared successfully through
at least 4 months of age. Two were released In the wild at an age of
14-15 months. Ratti (1977) successfully reared 7 Western and Clark’s
Grebes (Aechmophorus clarkii) from eggs collected in the field, through
9-12 weeks of age. No literature exists on captive-breeding techniques
for grebes.

This study was aimed at developing captive-rearing and maintenance
techniques with comon Pied-billed Grebes (Podilymbus podiceps), to
implement with the then-endangered Atitlan Grebe (Podilymbus gigas).
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Although a few individuals may still remain, the Atitlan Grebe was
recently declared extinct (L. Hunter, pers. com.). Given the
precarious status of several other grebe species, techniques developed
In this stuay may prove useful in future recovery efforts.

METHODS

Pied-billed Grebe chicks (0 = 5) were reared from artificially
incubated eggs (Chapter 1). Chicks were reared at Club Auto Safari
Chapin, a wild animal park, srtated on the Pacific coastal plain of
Cuatemala, at an elevation of approximately 150 m.

Dry chicks were removed from the incubator and weighed to the
nearest 0.1 g. Chick weights were recorded daily, between 0730 and
1000 hours, for the first 2 months of the rearing period, and weekly,
biweekly or monthly thereafter. Body weight was the only measure of
growth used in this study.

Brooding

Chicks were placed in a plastic brood hox, 60 cm x 30 cm x 45 an,
kept at 35-37°C. The bottom of the box was padded with a layer of
cotton overlaid by flannel, toweling and thin cotton material. Brood-
box bedding was washed daily or as often as necessary. Hot-water
bottles were placed in the padding for the first week. A brood lamp
(2-3 60-watt light bulbs) was hung over one end of the box and could he
raised and lowered to regulate box temperature. Brooding temperature
wes gradually lowered to ambient temperature (27-35°C), guided by the
chicks” response to heat.
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Time and activities in water

Thirty to 60 minutes after leaving the incubator, chicks were
offered water and placed in a small tub of lukewarm water to stimulate
defecation (Ratti 1977). While chicks were spending most of their time
in the brood hox, defecation was induced every 2 hours during the day
and 1-2 times during the night. On Day 1, drinking was encouraged by
dipping the birds’ beaks in water. During the first 3 days, chicks
were placed in water only long enough to stimulate defecation (1560
seconds).  Beginning on Day 4, chicks were placed in water for part of
each feeding session. After the first week, time spent in water was
extended to several minutes and gradually lengthened until chicks were
spending the entire day in water. During the first 3 weeks, chicks
were not left unattended in water.

The first week, chicks were placed iIn a 38-cm-diameter plastic tib.
The second week, a 75 an x 45 on x 13 om tub was used. The third week,
chicks were introduced into a 2000-1 water tank (2 m diameter, 90 cm
oeep) or a 500-1 tank (approximately 0.7 m2, 0.7 m deep). A screened
lid was placed over the tanks to deter predators when chicks were left
unattended. At approximately 6-9 weeks of age, the chicks were
transferred to a cement pool G mx 2m x 1m) with water inlets and
outlets which insured constant water flov. One third of the pool was
roofed to provide cover against rain and wind. Chicken wire fencing
enclosed the pool to exclude predators.

Behavior

Behavioral observations were not a major emphasis of this study.

However, 1 recorded chick behavior during the rearing period.
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Diet and Feeding

The grebes’ diet consisted of fish (Poecilia butleri and
Poeciliopsis gracilis), supplemented by mealworms (Tenebrio sp.) ad
river shrimp (Penaeus sp.). This diet was based on food habits data
reported by Palmer (1962) and Borrero (1971). Chicks also received
feathers daily until they were regularly observed preening and
consuming their omn feathers.

Three to 5 hours after leaving the incubator, chicks were offered 1-
2 feathers (duck breast down) and small boneless pieces (approximately
0.1 g) of fresh fish. Mealworms (Tenebrio sp.) were raised using
methods described by Peterson (1964) and fed to the chicks at least
once per day for the first 3-4 weeks, and 34 times per week
thereafter. \Vihen available, river shrimp were fed to the grebes 3-6
times per week.

For the first 7 days, food was offered every 1-2 hours between 0600
and 2200 hours. After the first week, feeding intervals were extended
to 1.5-2.5 hours. By the third week, chicks were fed at 2-to 3-hour
intervals between 0600 and 2000 hours. Chicks were always fed until
satiated.

Except for the first 3 days, when chicks received pieces of freshly
killed fish, chicks were fed only live whole fish to avoid problems
with thiamin (vitamin B1) deficiencies, commonly associated with
feeding dead fish (Robbins 1983). As a preventive measure, a multiple
vitamin supplement (Euravit, TAD) was administered in fish, at
recommended doses by bird weight, 2 to 3 times per week for the first 2

weeks.
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Fish fed to the grebes during the rearing period were grouped Into 5
length classes. Fish were weighed to the nearest 0.1 g to obtain mean
wet weight of each class. Fish quantities consumed by chicks were
recorded for each chick at each meal through Day 7, and for chick #
through Day 51. Mealworm and shrimp quantities consumed were not
measured. For the first 10 days, chicks were hand fed. Thereafter,
live fish were provided to encourage independent feeding, supplemented
by hand feeding, iIf necessary. Some hand feeding continued throughout
the rearing period.

Release of birds

At 13 months of age, 2 grebes reared in 1986 were released on an
artificial pond (approximately 100 m2) on the AC. The birds’ primary
and secondary flight feathers were clipped prior to release. The
perimeter of the pond was fenced to help exclude terrestrial predators.
Reeds (Typha domingensis and Scirpus californicus) planted in 1985 and
1986 provided cover for resting and nesting. A stream which flows into
and out of the pond provided a constant supply of fish. No other
grebes or waterfowl inhabited the pond. Although fish were plentiful
in the pond, the birds now had to catch fish in amuch larger area and
In very murky water. In order to ease the transition and supplement
the birds” feeding efforts, they were provided with live fish, twice
daily. This supplemental feeding was continued throughout their time
in the pond.

RESULTS AND DISCUSSION
Brooding and activities in water

For the first 3 weeks, chicks spent most of their time in the brood

box. Week 1, box temperature was maintained at 35-37°C, as suggested
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by the Humidaire Co. (unpubl. data). Week 2, hox temperature wes
lowered to 32-3°C. Chicks were also able to self-regulate their heat
level by approaching or moving away from the brood lamp. By Week 3,
chicks could tolerate ambient temperatures. Thereafter, the brood lamp
was used only occasionally to warm a wet, chilled chick.

Special care was taken to provide a cushioned brooding area. It is
possible for grebes, and other aguatic birds, to develop breast and leg
ulcers if maintained out of water for prolonged periods of time without
adequate supportive padding (Stoskopf and Kennedy-Stoskopf 1986).
Initially, chicks were placed directly on flamnel, underlaid by
toweling and cotton. On several occasions, however, flannel lint had
to be removed from chicks” eyes and chicks were observed pecking at
loose strings in the toweling. Henceforth, chicks were placed directly
on thin cotton material that did not lint or unravel.

For the first 3-4 weeks, rest periods in the brood box seemed
important for proper thermoregulation and feather care. Through Week
3, birds were carefully monitored when in water and removed at any
signs of stress (e.g. vocalizations, loss of buoyancy, attempts to
jump out, or aggression).

Beginning Week 4, birds became increasingly intolerant of
confinement (e.g. the brood box) and began spending most of their time
In water. From this point on, chicks were only removed to the brood
box to allow them to dry before being weighed.

Behavior

Grebes are considered precocial birds (Nice 1962; Welty 1982).
Although grebe hatchlings resemble precocial species (i.e. they are
feathered, have their eyes open and some ability to swim or crawl),
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behaviorally they more closely resemble altricial species (e.g. grebe

hatchlings will drown iIf left unattended in water (Ratti 1977) and are

fed by their parents for several weeks to months). |1 list a chronology
of important behavioral observations in Appendix B.

Diet and Feeding

One to 3 down breast feathers, obtained from a live Muscovy Duck
(Cairina moschata), were fed daily to chicks. It has long been known
that grebes ingest feathers (Wetmore 1920, 1924). Lawrence (1950)
suggested that in Westem Grebes, the feather mass speeds up digestion.
Feathers may also comprise the rough material necessary to encase or
eject indigestible items (e.g. fish bones and scales) (Sinmons 1956).
Herman (1974) reported that the initial feeding of feathers increased
Wlestem Grebe neonate survival. Ratti (1977) also fed feathers to
neonate Western Grebes. On Day 2 (Day 1 = day of hatch), chicks in
this study were observed attempting to preen. Day 4, chicks appeared
to be preening and consuming feathers regularly. In 1986, feather
feeding was discontinued after Week 1. In 1987, as a precaution (J.
Ratti, pers. com.), feather feeding was continued through Week 4.
During Week 1, feathers were not easy to administer. Chicks took no
interest in eating hand-offered feathers. However, feathers were
consumed when wrapped around a piece of fish and moistened.

Days 1-3, chicks were fed boneless pieces of fresh fish or very
srall whole live fish of length class 1. As chicks matured they
consumed larger fish (Table 3.1). Between Days 1 and 7, average daily
fish consumption per chick (n = 4) increased from 1.8 g to 13.0 g (Fig.
3.1). Mean daily fish consumption, as a percent of chick body weight,
ranged from 12% on Day 1 to 36% on Day 7 (Fig. 3.2). Daily fish



29

consumption of chick #, days 8-51, peaked at 129 g on Day 41 (Fig.
3.3). Fish consumption of chick #, as a percent of body weight, for
this period, peaked at 5% on Day 14 (Fig. 3.4). Although relative
fisn consumption dropped after 14 days of age, absolute fish
consumption continued to increase. By Day 30, most chicks were eating
largely unaided.

Pellet ejection was observed in 1 chick on Day 17 and in 3 others o
Day 8). Hand-reared Great Crested Grebes (Kop 1972) ejected pellets as
early as 17 days after hatching. Chitin and vegetable matter, the
latter ingested incidentally in fish stomachs or attached to other food
itens, probably cannot be thoroughly digested by grebes (Storer 1961).
Storer (1961) suggested that it is these types of materials that form
the bulk of grebe pellets. Grebe pellets in my study consisted
primarily of feathers, although chitinous shrimp and mealworm remains
were also present; fisn bones or scales were never detected. Kop
(1972) never observed fish bones in the pellets of Great Crested Grebes
raised on fish ad insects. From the age of 34 days, Great Crested
Crebes ejected pellets approximately every 2 days (Kop 1972). Crebes
In my study were not observed to eject pellets on a regular hasis.
Storer (19%61) concluded that pellet-casting is probably more frequent
In grebes feeding on insects and other invertebrates than 1t is In
those feeding on fisn.

Growth and Development

Weights of chicks throughout the rearing period are presented iIn
Appendix C. Average chick weight at hatching was 14.9 g (Table 3.2).
Day 2, chicks #1-4 each lost an average of 1.0 g (range = 0.3-1.9, D =
0.82); chick # gained 0.5 g (chick # died on Day 2 and is therefore
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excluded from the remainder of this section). On Day 3, chicks #1-4
each gained an average of 2.5 g (range = 0.8-3.6) and more than
compensated for the previous weight loss. By Day 7, all chicks had
more than doubled their weight at hatching.

The period of most rapid growth, as measured by gross gain in body
weight, occurred between Days 10-25 (Fig. 3.5). Instantaneous relative
growth, which shows growth at a given time in relation to body weight
(Brody 1945:508), peaked at 22% to 33% (x = 27, D = 4.6) on Days 3-5,
and then declined (Fig. 3.6).

All grebes required 30 to 48 days (x = 39, D =7.9), between Days 6
and 5, to increase from 10% of average adult weight (by sex) to 90% of
average adult weight. Three of the 4 grebes achieved average adult
weight at 8-9 weeks of age. Chick #4 experienced severe weight loss
during Weeks 12-14, and achieved average adult weight Week 33 (Table
3.3 and Fig. 3.7).

Grebes # and #3 required 51 and 47 days, respectively; between Days
7 and 59, to increase from 10% of asymptotic weight to 90% of
asymptotic weight. Asymptotic weight, as used in this discussion,
refers to the maximum weight attained during the rearing period. Birds
achieved asymptotic weight during Weeks 11-14 (Table 3.3). Following
attainment of asymptotic weight, birds lost weight (Fig. 3.7). Weight
recession has been documented in many species of birds, including
captive-reared Wlestem Grebes (Herman 1974), where the weight of young
increases to a peak above average adult weight and then decreases prior
to fledging (Ricklefs 19%68). Westem Grebes (Herman 1974) and Pied-
billed Grebes exhibit no obvious fledging. Age of independence in wild
Pied-billed Grebes has been documented at 6-8 weeks of age (LaBastille
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1974).  Weight loss following attainment of asymptotic weight in birds
In this study occurred several weeks after documented age of
independence.  Asymptotic weights of grebes in this study were 7% to 8%
higher than average adult weight. Over a period of 4549 weeks
following attainment of asymptotic weight, bird weights averaged e%
lower than average adult Pied-billed Grebe weight (Table 3.3).

Chick growth rate (net daily change iIn weight) fluctuated wicely,
ranging from -16.7 to 23.5 g (Fig. 3.8). Grebes tended to undergo
spurts of rapid growth separated by periods of slowed growth. Growth
rate and absolute fish consumption (Fig. 3.3) peaked on Day 41 for
chick #. Kahl (1972) observed considerable fluctuations in day-to-day
food consumption in captive-reared Wood Storks (Mycteria americana)
which corresponded to fluctuations in growth rate. Herman (1974) noted
that feeding and growth rates of captive-reared Western Grebes
fluctuated and cycled within certain limits. In the presence of an
unlimited food supply, captive birds in several other studies (Kahl
1962; Junor 1972; Herman 1974), also tended to “overeat” for 1 or 2
days, and then undergo a seemingly compensatory loss of appetite in the
following 1 or 2 days (Fig. 3.3). The ability to overeat is probably
advantageous In nature because it allows the animal to exploit a
temporarily abundant food supply and then survive intervening periods
of food scarcity (Kl 1962). Herman (1974) speculated that an animal
evolutionarily unprepared for long-term food surpluses (as provided in
these studies), hut able to exploit a temporarily abundant food source,
would likely eat until physiologically sated. The animal would then
subsist on stored energy until some threshold of hunger was reached and
feeding behavior was again triggered (Herman 1974).
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Health
Prior to the attainment of peak weight, all chicks experienced

weight losses of varying magnitude (Figs. 3.5 and 3.7). A change in
environment was associated with initiation of weight loss. All chicks
developed a severe loss of appetite when transferred from the tank to
the larger concrete pool. Chicks #1-3 lost 10-13 g each (3-4% of body
weight) over the course of a week. Chick # lost approximately 100 g
(31% of body weight) over a 2-week period. Following the
recormendations of an avian pathologist (Elizabeth de Motta, pers.
com.), each chick was administered 50 mg each of tetracycline and a
multiple-vitamin supplement, daily, for 10 days. The antibiotic and
vitamins were dissolved in water, the solution injected into fish, and
fed to the chicks. After 2-3 days of undergoing medication, chicks’
appetites began to Increase. By the eighth day of treatment, chicks
#, #, ad #3 had regained the lost weight. Chick # continued
lose weight throughout most of the treatment but had regained the lost
weight 34 weeks after the treatment ended. Although chicks” appetites
increased after initiating the treatment, in general, they consumed
less food than prior to transfer to the pool. This period of weight
loss occurred after peaks in food consumption and shortly prior to
attainment of asymptotic weight. Weight loss at this time may have
delayed attainment of asymptotic weight. Bird weights declined after
attaining asymptotic weight and then stabilized at a weight somewhat
loser than average adult weight by sex.
Survival

Of 5 chicks that hatched, only 1 (chick #) died at an early age
(1.e. <20 days). Day 2, at 1500 hours, approximately 1 hour since
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the last meal, chick # began to behave abnormally. Up until this
tine, the chick had been eating as much and acting as energetic as the
other chicks. However, 1t was evident by the frequent cheeping and
body conwulsions, that the chick was distressed. A mealworm was found
caught in the chick’s throat and removed. The cheeping and
convulsions, now accompanied by fluttering of the wings, became more
frequent (approximately every 3-5s). At 1830 hours, a low dose of
tetracycline and vitamins was administered to the chick In a dropper.
The chick became more and more lethargic and died at 1930 hours.

The night of Day 60, chick #1 was killed by an unknown predator.
The bird had fallen out of the cement pool due to a heavy rainstom
which caused the water outlet to clog with debris and the pool t

overflow.
Chick #3’s decapitated carcass was found on Day 407 on the shore of

the pond. Chick #2 disappeared from the pond 2 months later, at
approximately 16 months of age. His fate is not knoan.
CONCLUSIONS
| have demonstrated that it is possible to rear and maintain Pied-
billed Grebes In captivity. Diet and feeding regimes used seemed
appropriate. In general, birds were healthy and behaved normally.
Growth patterns were similar to those observed In captive Westem
Grebes and in several other captive bird studies.
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a This category includes whole fish and boneless pieces of fish.
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Table 3.2, Pied-pilled G hick t_hatchi
reant. o’fea;G Al t\/\r/g%h%sICCInggutoga o i

Uatemala
Chick weight Percent of  Percent_of

e Chick  at leatcﬁng © ey we1|:ght adult weighta
B 1 14.1 74 4

c 2 13.3 13 3

A 3 15.9 [ 5

1C 4 16.2 I8 5

IB 5 14.9 10 4

Range 13.3-16.2 70-79 35
Mean 14.9 6 4

T, A T 9 e, G g o o



Table 3.3. Number of days to at%m adult welg red o B}Zﬁl \éerégtg Iuba %a ngr ?haggllwvmg

attainment of totic weight for 4 captive
Cuatemala, %Eg%wp ) @
otic grebe yeight
Crebe  Sexa adu%elgh% asymptotlxsvvelght m (E;) followmg asymptotlc %eught ()]
1 F 60 C - -
2 M 5 B 480.5 415.0
3 F % i 367.5 324.1
4 F 23 232 339.0e -

asex determined based_on weight (Palmer 1962) and/or behavioral observatlons IgLaBastllle 1974).
bilean adult female weignt = mean agult male weight = 443 g (Sto
oAsymptotlc welght not achleved le to chick mortality:

K
¥ghtl(r:ec\c/\)%gg r%c/o Flot reflect asymptotic weight. See Fig. 3.7, female () growth curve.



39

Figure _3.1. Daily fish consumption (pean, range) of 4 captive-reared
Pigd—bifled Gra)eg, days 1-/, E\uto Sa(hri Chap?ﬁ) Guatencha, 1986-31.
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Figure 3.2. Fish consumption (mean ran%e) as a percent of pbody weight
of "4 captive-reared Pied-billed Grebes, days 1-7, Auto Safari Chapin,
Guatemala, 1986-87.
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Figure 3.3. _ Fish consumption of captive-reared Pied-billed Grebe chick
#, days 8-51, Auto Safari Chapin, Guatemala, 1986-87.
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Figure 3.4. Fish consumption, as a percent of body weight, of captive-
reared Pied-billed Grebe chick #4, days 8-51, Auto Safari Chapin,
Guatemala, 1986-87.



| ure 3.5. Werght growth of 4 captive-reared Pied-billed Grebe
chicks, days 1 —58 Agto Safart Chapin, Guatemala, 1986-8.



TS e chicke, thye 150, Arto Safori Crepthy Gigterala. 160667
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Fi 3.1. G 4 captive- Pied-billed G
Wégl%sre 1-59, Au{o érup%ﬁaﬂf% G@Eer%fa,r ealB%%W'.e Agteﬁtljsksre %Sd’l cate
asymptotic weights for chicks #, #3 and #.
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ure_3,8. Growth rate (daily change In.wejght) of 4 |ve -reared
gd blﬁled Crebes, days 552I y Auto gafe:rl ; R Gua , 1986-8/.



APPENDIX B

Chronology of behavioral observations
Table B.1. Behavmr Lbdescn%alons of tive—rear Pied-billed

Grebes, days 1-85, C , Guatemala, 1986-3/.
Ae (Days) Description of behavior
1 Acti ez grdo restless in brood box, frequent
D%Fl(!:)ﬁ%ant%/feed 1.e. have poor ainm.
* By a0 Suathng oresily inproved.

med first whole _fish (2,5-3.5 am).
’ %;onsu ntlfﬁtwater mc':re 0 > m?nute.

tt
|er emiged aving.

Y

rt moves 1 n water.

4-6 Looking for fish In water.

e e eI e e

6-8 Feeding all me?ls in vater.
Diving™ reqularly

7-9 Spending wp to 10 minutes in water at a time.

8-10 Begin chasing live fish and insects.

10-12 First successful attempts at catching live fish and
Insects In vate

1Behavioral terminology (in quotes) after LaBastille (1974).
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Table B.l (continued).

Ae (Cays)
1,

13

15-16
i

16-18

1921

26-28

2931

32-4

36-40

4345
4446

Description of behavior

Chglsing fish which won’t consume (i.e. for the fun of

M LRt Il o o7 v i

8Eendln 30 mlnutes In water_ at a time.

SUMITg darger 57 qn).
Tater W%X[”%OtgeCIImRb(%o ﬁ] other’s backs while in

First observation of pellet regurgitation.
All _ch lost :
Eatlngl%aﬂwers eggufmlhy

Introduced into a larger tank.

r divi
ol ?:% confin
erarrBst 1:igrthe dz!lyeqn water.

EaS|I rllghléeried— stlnct IS to dive; have observed

F
"St ?SQ&?HB aﬂgwﬁ%%'r"%ay ad night.

ture efficiency 1mprovi
Ind Eg %ten%gedcxgtafﬂg ree%in%e re cons mlng ﬂ%
%]grwat r in eractlons ea
r, chase Tish, swim ererge toge er

All food is admlnlstered In vater.
Shgr o gg after 1830 hours (lose interest in food

Aggressmn In water- larger chick bullies others.
?gg of the d%t ¥, e&%'n‘? each other, with
Constantly retrievi mlngs off ﬁ1e

Increasingly difficult to catch (e.g. t wmgh).

Transferred to cement pool.



49

Table B.1 (continued).

Ae (Cays)
4548

47-49

49-61

Description of behavior

Apeizetltes low l()eatlng <h  of normal)-adjusting to a

enwroP1
rimp mealworms but not fish.
0%ve por\ie(gl ch ?ngs ‘pltter—patter%g” across the length

Slegping a Jot, not chasing fish.
|E a%mmstermg tetracg/c Ine ad vitamin
supplement.

B

One of the chicks still seems to need some time out of
water .

Al chicks feeding independently.
One chick observed attempting to fly.



APPENDIX C

llerghts of captive-reared Pied-billed Grebes, days 1-440, Club A
Salart Crapin, Guatenala, 1966-87 ¥ b Ato

Table C.1. Weights cl)fGO captive—re%re?’gg Piﬁdég% lled Grebe chicks_ #1. #2,

13, # and #, tays 1-60, 1= - 75> reaectively.
Ch Auto Safart Ui, Guatenala,  1986-67 pectively

Chick Weight ()

Age (Days)
#1 # 0 # #
14.1 13. 15.9 16.2 14.9
% 13.8 1%8 14.4 14.8 15.4a
3 14. %? 17.7 1/.
: 1 g #5Y gd
§ %5 %: % %g
7 3 %g :
62'6 %‘% Y,
i B8 Ry e g
1?2 83.5 01.4 87.7 02.8
13 .3 102.3 95.6 13.8
14 106.7 114.5 106.1 81.9
]g 118.2 124.5 17.7 8
il 130.3 137.4 131.5 100.
17 141.4 1%.6 1. 8 115.8
% 153.6 163.1 150. 120.6
166.3 1/6.2 160.4 130.6
20 1/8. 190.4 173.9 135.3
21 188. % A 1 8 —
2 200. 8.8 195.9 —
23 210. 232.1 204.5 188.
4 e ger W3
% I B v S
2( 246.0 216.2 233.7 192.4
28 253.6 285.4 239.0 199.2

alast weight obtained for chick.
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Table C.1 (continued).

Chick Weignt (©)

Ae (Cays)

3

#3

#
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<t I~ r~
SRRERICRR s TEsas % 398 8
| |

7.5 —

_
ST RSteosTs b o

452.3 —

NN TS EIINISEITIN 3
|
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aLast weight obtained for chick.



Table C.1 (continued).

Age (Cays)
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aLast weight obtained for chick.
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Chick Weignt (@)

) )
339.3
1523 —
)2 367.5
3675
5 _
05 339.3
395'8 311.0
395'8 3110
395-8 SILO
424-0 33
424'0 3110
' 2%2.8
%7.5 —
424.0 S0
3393
040 —
367.5 2.8
' 367.5
$52.3 —
040 311.0
' 311.0
040 —
52 3110
' 311.0
040 —
339.3
1523 _

#l
327.9
271.4
750.5

26.0

- 250.8

310.8

310.8

~310.8

339.0a



Table C.1 (continued).
Chick Weight (@)

Age (Days)
) )
4195 3.5
— 369'2 2972
38@ ' 320.0a

B Bk

aLast weight obtained for chick.



IV.  BREEDING BY FIRST YEAR CAPTIVE-REARED
SIBLING PIED-BILLED GREBES



Age of first breeding by Pied-billed Grebes (Podilymbus podiceps) is
unknown (Palmer 1962). Here |1 document age at first breeding by
captive Pied-billed Grebes.

Pied-billed Grebe eggs were collected from nests at 3 lakes In
Cuatemala (Fig. 4.1) in 198 and 1987. Eggs were hatched in a
Humidaire Model 20 incubator and chicks (n = 4) raised with methods
described in detail elsewhere (Chapter I11) at Club Auto Safari Chapin,
awild animal park, located on Guatemala®s Pacific coastal plain (Fig.
4.1).

Calls associated with courtship and breeding (Deusing 1939; Miller
1942; Kilham 1954; McAllister and Storer 1963; LaBastille 1974) were
first heard from 2 of the captive-reared birds when they were
approximately 11 months old. The 2 sibling grebes had been reared and
maintained together in a concrete pool Gmx 2m x 1m). Grebe sex
was determined based on weight (Palmer 1962) and behavioral
observations (LaBastille 1974). Male territorial calls (a low throaty
“cow-cow-cow™) and pair greeting duets (a rapid nasal chatter
resembling a series of “na-na-na”) (LaBastille 1974) were frequently
heard. Aggressive displays were also observed In hoth birds. On
several occasions, the male was seen chasing and then attacking the
female by pecking at her head. Aggressive courtship pursuits have also
been described by Kilham (19%4) and Palmer (1962). Often, when the
male swam close to the female, she would tum her head towards him and,
without any vocalization, vibrate her bill.
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At 13 months of age, the 2 grebes were released at an artificially-
constructed pond (approximately 1 ha) on the Club Auto Safari Chapin.
Reeds (Typha domingensis and Scirpus californicus) provided cover for
resting and nesting. A stream which floss into and out of the pond
provided a constant supply of fish. No other grebes or waterfowl
inhabited the pond.

Approximately 2o weeks after being released on the pond, a Pied-
billed Grebe nest and 3 eggs were found In a patch of T. domingensis
reeds, approximately 3 m from shore. Although the grebe pair was never
observed building the nest or incubating the eggs, they were frequently
seen entering and emerging from that particular patch of reeds. The
egos had been partially destroyed by an unknown predator. Two could ke
accurately measured (length = 31.5 mm and 34.8 mm, breadth = 25.6 mn
and 25.3 i, respectively); they were smaller than other Pied-billed
Grebe eggs collected in Guatemala (n = 20, X length = 42.9 + 1.9 D ad
X breadth = 30.1 £ 0.8 ). Young birds have been reported to comonly
lay smaller eggs than older birds of the sare species (Romanoff and
Romanoff 1949). Because the eggs were destroyed, It was impossible to
determine their fertility. These observations indicate that first year
Pied-billed Grebes can and will breed.
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ABSTRACT
ARTIFICIAL INCUBATION, CAPTIVE-REARING AND MAINTENANCE
OF PIED-BILLED GREBES IN GUATEMALA

Pied-billed Grebe (Podilymbus podiceps) eggs (n = 20) were
collected in early and mid-incubation stages at 3 lakes in Guatemala.
Two factors previously reported to affect hatchability of artificially
incubated avian eggs were investigated: egg weight loss during
incubation and stage of incubation at collection. Weight loss was
lower than reported in the literature and did not differ (P > 0.05) for
hatched and unhatched eggs. Stage of incubation at the time of
collection had an effect (P < 0.05) on hatchability and development
through pipping. None of the eggs collected in early stages of
incubation (n = 13) hatched; all embryos died in early or mid stages of
development. Embryos of all eggs collected at mid-incubation (n = 7)
developed through pipping and 71% hatched successfully. These data
suggested that an initial period of natural incubation increases Pied-
billed Grebe egg hatchability.

Captive-rearing and maintenance techniques were developed with
common Pied-billed Grebes for implementation with the then-endangered
Atitlan Grebe (Podilymbus gigas). Grebes (n = 5) were reared from the
artificially incubated eggs. Grebes® diet consisted of live or freshly
killed fish (Poecilia butleri and Poeciliopsis gracilis), supplemented
by mealworms (Tenebrio sp.) and river shrimp (Panaeus sp.). ? .
were also fed to the chicks until they were regularly observed
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preening and consuming their own. Fish consumption was measured for
all chicks through Week 1 and for one chick through Week 7. For the
first 10 days, chicks were only hand fed. Thereafter, live fish were
provided to encourage independent feeding. Grebes were fed in water
but for the first 2-3 weeks spent most of their time in a brood box.
By 1 month of age, chicks were spending most of their time in water.
Chicks were placed in sequentially larger tubs and water tanks until,
at 13 months of age, 2 surviving grebes were released on an artificial
pond. Body weight was the only measure of growth used. The period of
most rapid growth occurred between Days 10-25. Instantaneous relative
growth peaked at 22% to 33% (X = 27), Days 3-5. Grebes attained
average adult weight by sex at 8-9 weeks of age and asymptotic weight
during Weeks 11-14. Growth rate fluctuated widely. Birds tended to
undergo spurts of rapid growth separated by periods of slowed growth.
Age of first breeding by Pied-billed Grebes is unknown. The
opportunity to document age at first breeding arose during the course
of this study. Courtship and breeding calls were first heard from a
pair of sibling captive-reared grebes when they were approximately 11
months old. At 13-14 months of age, 2% weeks after the 2 grebes
were released on an artificially constructed pond, a nest and eggs were
found in a patch of reeds (Typha domingensis). No other grebes or
waterfowl inhabited the pond. The eggs had been partially destroyed by
an unknown predator. Two could be accurately measured and were smaller
than other Pied-billed Grebe eggs collected for this study. Fertility



of the eggs could not be determined. These observations indicated that
first year Pied-billed Grebes can and will breed.

Susan Ruth MacVean o .
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Colorado State Universit
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INTRODUCTION



Origin of study

The comon Pied-billed Grebe (Podilymbus podiceps) wes the closest
relative of the endangered, now extinct, Atitlan Grebe (Podilymbus
gigas), endemic to Lake Atitlan, CGuatemala. Atitlan Grebe numbers
declined from 232 individuals in 1975 to 56 in 1985. This decline was
attributed to introduction of Largemouth Bass (Micropterus salmoides),
loss of habitat, and the use of gill nets. Very little work has been
done with captive grebes and no literature exists on captive-breeding
techniques for grebes. In 1986, with support from the Intermational
Council for Bird Preservation and the U. S. Fish and Wildlife Service,
this project was undertaken to develop artificial incubation and
captive techniques with Pied-billed Grebes for implementation with
Atitlan Grebes.
Thesis format

This thesis consists of 3 chapters, written as manuscripts to be
submitted for publication to The Auk, the Intemational Zoo Yearbook,
and the Joumal of Field Omithology. This approach was justified by
the difficulty involved in extracting manuscripts from a thesis written
in traditional format. Some duplication in content among chapters wes
unavoidable but minimized.
Description of papers

The papers are organized in chronological order. The first
evaluates the effects of incubation stage at collection and water loss
during incubation on the hatchability of Pied-billed Grebe eggs. The
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second paper describes techniques for rearing and maintaining Pied-
billed Grebes in captivity and the third reports on breeding by first
year captive-reared Pied-billed Grebes.



1. EFFECTS OF WEIGHT LOSS AND INCUBATION STAGE AT COLLECTION
ON HATCHABILITY OF ARTIFICIALLY INCUBATED
PIED-BILLED GREBE EGGS



Weight loss of avian eggs during incubation s attributed almost
exclusively to the diffusion of water vapor caused by a vapor pressure
difference between the outside and the inside of the eggshell (Rahn and
Ar 1974). In artificial incubation incubator humidity has been shown
to affect hatchability by influencing rates of egg water loss (Lundy
1969; Rahn and Ar 1974; Birchard et al. 1982). Some water loss
IS necessary for formation of the air cell, which provides air to the
embryo when pulmonary respiration initiates (Romanoff and Romanoff
1949). Hatching success is dependent upon “optimal” air-cell size (Ar
and Rahn 1980:373). At low humidity, eggs may lose too much water and
dehydrate. At high humidity, eggs may not lose enough water. Wet
shell membranes can obstruct embryo respiration.

In artificially incubated eggs, incubation stage at collection has
also been shown to affect eggy hatchability (Weaver and Cade 1933). |
report the effects of egg weight loss and incubation stage at
collection on hatchability of artificially incubated Pied-billed Grebe
(Podilymbus podiceps) eggs.

METHODS

Twenty Pied-billed Grebe eggs were collected from 6 nests at 3
lakes in Guatemala, May-July of 1986 and 1987. Eggs were collected at
varying stages of incubation. Previous observations (Glover 1953;
LaBastille 1974) indicated that Pied-billed Grebes lay 1 egg per day
and begin incubating once the clutch is complete. Incubation period
for this species is 23 days (Palmer 1962). Based on this information,
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stage of incubation at collection was determined by: a) recording the
date of the first egg laid in a clutch; or b) backdating after the eggs
hatched. Eggs were artificially incubated at Club Auto Safari Chapin,

a wild-animal park, situated on Guatemala’s Pacific coastal plain. Eggs
were incubated in a Humidaire Model 20 incubator at 35.6°C dry bulb and
34.5°C wet bulb, yielding 93% relative humidity. Incubation conditions
used were based on techniques developed by Ratti (1977) for Westem and
Clark"s Grebes (Aechmophorus occidentalis and A. clarkit) and data on
natural incubation conditions of Pied-billed Grebes (Davis et al.
1984).

Eggs were weighed and floated in water at collection and daily
thereafter between 0730 and 0930 hours. Weight, angle of flotation,
buoyancy and movement were recorded to verify incubation stage and
monitor enbryo development (Westerskov 1950). Egg position in water
wes classified into 4 stages. Initial mass of eggs collected after the
onset of incubation was calculated by multiplying mean daily weight
loss by 23 days (length of incubation period) and adding it to the egg
weight on day 23 (or on the day of hatch if different than 23) (Rahn
and Ar 1974; Birchard et al. 1982). Eggs which failed to hatch were
opened to determine stage of embryo development and possible causes of
Oeath.

Differences in egg weight loss of hatched and unhatched eggs were
compared with a Mann-Whitney U Test. Independence between incubation
stage at collection and hatchability, and between iIncubation stage at
collection and embryo development through pipping were tested with
Fisher’s Exact Test. Analyses were first conducted using data from all
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egos. In 3 subsequent analyses, potentially infertile (n = 3), damaged
(n =4), and infertile and damaged eggs (n = 7) were deleted.

RESULTS
Egg weight loss and hatchability

Daily weights of individual eggs during incubation are reported in
Appendix A. Mean daily weight loss of eggs during incubation was X =
-0.04 (D =0.02, n = 20) (Table 2.1). There were no differences in
weight loss for hatched versus unhatched eggs (all P values 0.7).

Weights of fresh (unincubated) eggs ranged from 17.8 g to 24.2 g
(n=20, x =20.9, D =1.4). Average weight loss as a percent of
initial mass was 4.3 (D = 1.79).

When placed iIn water, all eggs that hatched (n = 5) had risen from
a horizontal (stage 1) to a vertical position (stages 3 and 4) in water
(Fig. 2.1) by Day 12 of incubation. These eggs remained at stages 3
and 4 through hatching. Angle of the eggs fluctuated between 75 (Stage
3) and 90 degrees (stage 4). Anong the unhatched eggs, 12 achieved a
vertical position between Days 11 and 21; 3 never achieved a vertical
position and remained at stage 2 through Day 23 and later. None of the
eqos achieved a floating stage (i.e. days 15-24, Fig. 2.2).

Fifteen eggs failed to hatch, of which 2 pipped but were dead in
the shell 1 day later. Ten eggs were confimed as fertile; all
contained partially developed embryos. It is possible that 4 of these
eqos were damaged (jarred) in transport. The fertility of the
remaining 3 could not be determined because the eggs were decomposing
and no enbryo was visible. Estimated age of embryos at death ranged
from 1-13 days of incubation (Table 2.2).
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Stage of incubation at collection and hatchability

Eggs were collected at estimated ages of 0-11 days of incubation
(Table 2.3). Thirteen eggs were collected between Days 0 and 4 (early
incubation); all of these failed to pip or hatch. Seven eggs were
collected between Days 8 and 11 (mid-incubation); 5 pipped and hatched
successfully, 2 pipped only. In all analyses a difference (all P
values 0.016) was found between stage of incubation at collection and
hatchability, and between incubation stage at collection and embryo
development through pipping (all P values 0.001).

DISCUSSION
Egg weight loss and hatchability

Egg weight loss was considerably less than expected when compared
1o reports in the literature. Based on compiled incubation data for
475 species of birds, Rahn and Ar (1974) concluded that eqgs,
regardless of size, lose approximately 18% of their initial weight
during natural incubation. Ackerman and Platter-Reiger (1979) and
Davis et al. (1984) found that naturally incubated Pied-billed Grebe
eqos lost 13.3% and 16.4%, respectively, of their initial mass during a
23-day incubation period. Boone and Barmore (1965) found that water
loss was the same for fertile and infertile eggs; data in this study
are consistent with this report.

Cenerally, gradual growth of the air cell causes an egg to rise
from a horizontal position in water, in pre- and early incubation, to a
vertical floating position late in incubation (Westerskov 1950;
Nuechterlein 1975) (Fig. 2.2). The low weight loss of eggs in this
study conforms with the water-test results (Fig. 2.1), i1.e. air-cell
growth was not sufficient to cause eggs to float. Thus, these results
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indicate that eggs not following the nomal flotation pattem
(Westerskov 1950) may hatch, and this method should be used with
caution. The dbserved rate of water loss and poor hatchability (25%)
suggested that incubator relative humidity was too high. Ar and Rahn
(1980) reported that at high-humidity hatchlings may die in the egg or
auring pipping due to inhaling liquid and suffocating, commonly
referred to as “dromning” (Romanoff 1930; Ar and Rahn 1980). In this
study, 2 chicks died during pipping. However, Ar and Rahn (1980)
indicated that early embryo mortality, prior to lung ventilation, could
not be caused by “drowning”. Most embryo deaths In this study occurred
in early and mid stages of incubation (prior to lung ventilation). |

am not sure how reduced water loss might have affected embryos in early
stages of development.

Poultry scientists have long selected for eggs that hatch
successfully under constant artificial incubation conditions (R. E.
Moreng, pers. com.). In wild birds, it is possible that
irregularities in natural incubation conditions have been an important
selective force and are necessary for successful hatching. The
constant conditions provided by artificial incubation may not have been
optimal for successful hatching of Pied-billed Grebe eggs.

Stage of incubation at collection and hatchability

Weaver and Cade (1983) reported that Peregrine Falcon (Falco
peregrinus) eggs placed in an incubator after receiving less than 34
days of natural incubation hatched at a rate of 50-60%. Eggs that were
naturally incubated for the first 5-10 days, and then artificially
incubated, hatched at a rate of 75-85%.
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My results are consistent with Weaver and Cade’s (1983) findings.
Although Pied-billed Grebe eggs were not collected at all stages of
incubation, my results suggested that an initial period of natural
incubation increases Pied-billed Grebe egg hatchability. These data,
and those of Weaver and Cade (1983) indicated that naturally laid eggs
that will be hatched in an incubator should not be collected until the
latter % of the incubation period.
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Table 2.1. t loss _for hatched and unhatched Pied-billed Grebe
egos (mean staﬂ rd%%swatlon and range), Guatemala, 1986-87.
Hatched n mean () D Range (q)
Yes 5 -0.04 0.02 -0.01 -0.06
No 15 0.4 0.02 0.00 -0.07




Table 2.2. Estimated stage of incubation at collection,
gonten and 9§8§§|ble calises of death of unhatched Pied-b

of emb at death, description of
led Gre%ogggs, Club’Auto Safari e%g

Estimated_days of

incybation” at ina a Description of Possible causes
Ega(s) collection Es% enoryo at Seaﬁ) e cgtntents of death
D 11 24 Full I Iposit
cHicX Cevelopes '\4? g%llJa!c%n(%ﬂ(:ubat|on
conditions
1A 21 t t
2A,28,2D 4 4 ndant yo Ili Enbryo damaged in
ryo_ tl?ll:lZpOrt
Eyes VISZIGF o
2 4 4 Embryo 1am Io noow
Hlscem¥
3A 1 1-2 Embryo ¥ cm long éonra]ggle%ygntg incubation
3B13D 1 12—13 b%‘zldn I% 1" 1"
%8% dISCEI‘nV%Ibl
X 1 9-10 Embryo 2 an long o

el



Table 2.2 (continued).

EStimated_days of ]
Incubation” at Estimated age gda)éﬁ) Descrlptlon of Possible causes
Ega(s) collection of enbryo at egg conte of death
4N 4 ? DecomBosed Infertile, contamipat
enoryo \Xglble opﬂlgn eﬂsuate mcubat(lggn
conditio
4 4 Embryo 1 om lo I ate incubation
Y k condli %Jons
i 89 Erbryo 1% on long s
BA ? DecomBosed Infertile, confaminat
No emoryo \Xglble opf?n eﬂgate mcubat?gn
conditl
5B 0 ? Abundant yellow Infertile or inadeguate

No enoryo visible

Incubation condrti

14
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Ti locati r. of Pied-billed Grebe
a?lgctedj'at varylngocgtza'g%%o mcu tlon GU!’:I II X S

JonthYear Lake? T g
787 Al 2 0
687 Al 4 1
6/87 AT 4 4
787 Al 3 4
5/87 Al 3 8
5/% 1P 4 11

3\ = Lake Amatitlan, AT = Lake Atitlan, LP = Laguna del Pino.
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tenz]a]% {M_lon stages of Pied-billed Grebe eggs by flotation,
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Fig. 2.2. 1| ti f Westem Grebe flotation (After
Ntllgchter?leinn%YS _|on Stages 0 oS by fon (.
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APPENDIX A
weights, days 1-23 of artificial
inl,gGuatenaﬁ, 1987. e
Egg Weight ()

Pied-billed Grebe egg weights during artificial incubation, Club Auto

Safari Chapin, Guatemala, 1986-87
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I11. CAPTIVE-REARING TECHNIQUES FOR PIED-BILLED GREBES



Many podicipediform species are declining (D), threatened (T) or
endangered (E) (King 1981; Fjelds 1934 and unpubl. data). Among these
are the Madagascar Grebe (Tachybaptus ruficollis) (D), the Madagascar
Red-necked Grebe (T. rufolavatus) (T), the New Zealand Dalchick
(Poliocephalus rufipectus) (T) and the Junin Grebe (Podiceps
taczanowskil) (E) of Peru. Over the past 2 decades, captive breeding
has become an important strategy used when wild populations are
threatened with extinction.

Work with captive Podicipediformes has been limited to 3 species.
Hick (1966) and Kop (1972) hand-reared Great Crested Grebes (Podiceps
cristatus) from artificially incubated eggs. Hick (1966) successfully
reared 2 chicks through at least 2 months of age. Kop (1972) reared 5
chicks, 2 chicks through 11 days of age and 3 through 9-11 weeks of
age. Herman (1974) artificially incubated and hatched 3 Westem Grebe
(Aechmophorus occidentalis) eggs and collected 3 Westem Grebe
hatchlings in the wild. The 6 chicks were reared successfully through
at least 4 months of age. Two were released in the wild at an age of
14-15 months. Ratti (1977) successfully reared 7 Westem and Clark’s
Grebes (Aechmophorus clarkii) from eggs collected in the field, through
9-12 weeks of age. No literature exists on captive-breeding techniques
for grebes.

This study was aimed at developing captive-rearing and maintenance
techniques with common Pied-billed Grebes (Podilymbus podiceps), to
iImplement with the then-endangered Atitlan Grebe (Podilymbus gigas).
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Although a few individuals may still remain, the Atitlan Grebe wes
recently declared extinct (L. Hunter, pers. cam.). Given the
precarious status of several other grebe species, techniques developed
in this study may prove useful in future recovery efforts.

METHODS

Pied-billed Grebe chicks (n = 5) were reared from artificially
incubated eggs (Chapter 11). Chicks were reared at Club Auto Safari
Chapin, a wild animal park, situated on the Pacific coastal plain of
Guatemala, at an elevation of approximately 150 m.

Dry chicks were removed from the incubator and weighed to the
nearest 0.1 g. Chick weights were recorded daily, between 0730 and
1000 hours, for the first 2 months of the rearing period, and weekly,
biweekly or monthly thereafter. Body weight was the only measure of
growth used In this study.

Brooding

Chicks were placed in a plastic brood box, 60 cn x 30 cm x 45 cm,
kept at 35-37°C. The bottom of the box was padded with a layer of
cotton overlaid by flannel, toweling and thin cotton material. Brood-
box bedding was washed daily or as often as necessary. Hot-water
bottles were placed in the padding for the first week. A brood lamp
(2-3 60-watt light bulbs) was hung over one end of the box and could be
raised and lowered to regulate box temperature. Brooding temperature
wes gradually losered to anbient temperature (27-35°C), quided by the
chicks” response to heat.
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Time and activities In water

Thirty to 60 minutes after leaving the incubator, chicks were
offered water and placed in a small tub of lukewarm water to stimulate
defecation (Ratti 1977). While chicks were spending most of their time
in the brood box, defecation was induced every 2 hours during the day
and 1-2 times during the night. On Day 1, drinking was encouraged by
dipping the birds” beaks in water. During the first 3 days, chicks
were placed in water only long enough to stimulate defecation (15-60
seconds). Beginning on Day 4, chicks were placed in water for part of
each feeding session. After the first week, time spent in water was
extended to several minutes and gradually lengthened until chicks were
spending the entire day in water. During the first 3 weeks, chicks
were not left unattended in water.

The first week, chicks were placed in a 38-on-diameter plastic tub.
The second week, a 75 an x 45 cm x 13 on tub was used. The third week,
chicks were introduced into a 2000-1 water tank (2 m diameter, 90 om
deep) or a 500-1 tank (approximately 0.7 m2, 0.7 m deep). A screened
lid was placed over the tanks to deter predators when chicks were left
unattended. At approximately 6-9 weeks of age, the chicks were
transferred to a cement pool (5 mx 2 m x 1 m) with water inlets and
outlets which insured constant water flow. One third of the pool was
roofed to provide cover against rain and wind. Chicken wire fencing
enclosed the pool to exclude predators.

Behavior

Behavioral observations were not a major emphasis of this study.

However, | recorded chick behavior during the rearing period.
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Diet and Feeding

The grebes” diet consisted of fish (Poecilia butleri and
Poeciliopsis gracilis), supplemented by mealworms (Tenebrio sp.) and
river shrimp (Penaeus sp.). This diet was based on food habits data
reported by Palmer (1962) and Borrero (1971). Chicks also received
feathers daily until they were regularly observed preening and
consuming their omn feathers.

Three to 5 hours after leaving the incubator, chicks were offered 1-
2 feathers (duck breast down) and small boneless pieces (approximately
0.1 g) of fresh fish. Mealworms (Tenebrio sp.) were raised using
methods described by Peterson (1964) and fed to the chicks at least
once per day for the first 34 weeks, and 34 times per week
thereafter. Vihen available, river shrimp were fed to the grebes 3-6
times per week.

For the first 7 days, food was offered every 1-2 hours between 0600
and 2200 hours. After the first week, feeding intervals were extended
to 1.5-2.5 hours. By the third week, chicks were fed at 2- to 3-hour
intervals between 0600 and 2000 hours. Chicks were always fed until
satiated.

Except for the first 3 days, when chicks received pieces of freshly
killed fish, chicks were fed only live whole fish to avoid problems
with thiamin (vitamin BL) deficiencies, commonly associated with
feeding dead fish (Robbins 1983). As a preventive measure, a multiple
vitanin supplevent (Euravit, TAD) was administered in fish, at
recomended doses by bird weight, 2 to 3 times per week for the first 2
weeks.
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Fish fed to the grebes during the rearing period were grouped into 5
length classes. Fish were weighed to the nearest 0.1 g to obtain mean
wet weight of each class. Fish quantities consumed by chicks were
recorded for each chick at each meal through Day 7, and for chick #4
through Day 51. Mealworm and shrimp quantities consumed were not
measured. For the first 10 days, chicks were hand fed. Thereafter,
live fish were provided to encourage independent feeding, Supplemented
by hand feeding, 1f necessary. Some hand feeding continued throughout
the rearing period.

Release of birds

At 13 months of age, 2 grebes reared in 1986 were released on an
artificial pond (approximately 100 n?) on the ASC. The birds’ primary
and secondary flight feathers were clipped prior to release. The
perimeter of the pond was fenced to help exclude terrestrial predators.
Reeds (Typha domingensis and Scirpus califormicus) planted in 1985 and
1986 provided cover for resting and nesting. A stream which flows into
and out of the pond provided a constant supply of fish. No other
grebes or waterfonl inhabited the pond. Although fish were plentiful
in the pond, the birds now had to catch fish in a much larger area and
In very murky water. In order to ease the transition and supplement
the birds” feeding efforts, they were provided with live fish, twice
daily. This supplemental feeding was continued throughout their time
in the pond.

RESULTS AND DISCUSSION
Brooding and activities in water

For the first 3 weeks, chicks spent most of their time in the brood

box. Week 1, box temperature was maintained at 35-37°C, as suggested
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by the Humidaire Co. (unpubl. data). Week 2, box temperature wes
lovered to 32-35°C. Chicks were also able to self-regulate their heat
level by approaching or moving away from the brood lamp. By Week 3,
chicks could tolerate ambient temperatures. Thereafter, the brood lamp
was used only occasionally to warm a wet, chilled chick.

Special care was taken to provide a cushioned brooding area. It is
possible for grebes, and other aguatic birds, to develop breast and leg
ulcers 1f maintained out of water for prolonged periods of time without
adequate supportive padding (Stoskopf and Kennedy-Stoskopf 1986).
Initially, chicks were placed directly on flanel, underlaid by
toseling and cotton. On several occasions, however, flannel lint had
to be removed from chicks’” eyes and chicks were observed pecking at
loose strings in the toweling. Henceforth, chicks were placed directly
on thin cotton material that did not lint or unravel.

For the first 34 weeks, rest periods in the brood box seemed
important for proper thermoregulation and feather care. Through Week
3, birds were carefully monitored when in water and removed at any
signs of stress (e.g. vocalizations, loss of huoyancy, attempts to
Jump out, or aggression).

Beginning Week 4, birds becare increasingly intolerant of
confinement (e.g. the brood box) and hegan spending most of their time
In water. From this point on, chicks were only removed to the brood
box to allow them to dry before being weighed.

Behavior

Grebes are considered precocial birds (Nice 1962; Welty 1982).
Although grebe hatchlings resenble precocial species (i.e. they are
feathered, have their eyes open and some ability to swim or crawl),
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behaviorally they more closely resenble altricial species (e.g. grebe
hatchlings will drown if left unattended iIn water (Ratti 1977) and are
fed by their parents for several weeks to months). | list a chronology
of important hehavioral observations in Appendix B.

Diet and Feeding

One to 3 down breast feathers, obtained from a live Muscovy Duck
(Cairina moschata), were fed daily to chicks. It has long been known
that grebes ingest feathers (Wetmore 1920, 1924). Lawrence (1950)
suggested that in Westem Grebes, the feather mass speeds up digestion.
Feathers may also comprise the rough material necessary to encase or
eject indigestible items (e.g. fish bones and scales) (Sinmons 1956).
Herman (1974) reported that the initial feeding of feathers increased
Wlestem Grebe neonate survival. Ratti (1977) also fed feathers to
neonate Westermn Grebes. On Day 2 (Day 1 = day of hatch), chicks in
this study were observed attempting to preen. Day 4, chicks appeared
to be preening and consuming feathers reqularly. In 1986, feather
feeding was discontinued after Vleek 1. In 1987, as a precaution (J.
Ratti, pers. com.), feather feeding was continued through Week 4.
During Week 1, feathers were not easy to administer. Chicks took no
interest in eating hand-offered feathers. However, feathers were
consumed when wrapped around a piece of fish and moistened.

Days 1-3, chicks were fed boneless pieces of fresh fish or very
small whole live fish of length class 1. As chicks matured they
consumed larger fish (Table 3.1). Between Days 1 and 7, average daily
fish consumption per chick (n = 4) increased from 1.8 g to 13.0 g (Fig.
3.1). Mean daily fish consumption, as a percent of chick body weight,
ranged from 12% on Day 1 to 36% on Day 7 (Fig. 3.2). Daily fish
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consumption of chick #4, days 8-51, peaked at 129 g on Day 41 (Fig.
3.3). Fish consumption of chick #4, as a percent of body weight, for
this period, peaked at 5% on Day 14 (Fig. 3.4). Although relative
fish consumption dropped after 14 days of age, absolute fish
consumption continued to increase. By Day 30, most chicks were eating
largely unaided.

Pellet ejection was observed in 1 chick on Day 17 and in 3 others on
Day 80. Hand-reared Great Crested Grebes (Kop 1972) ejected pellets as
early as 17 days after hatching. Chitin and vegetable matter, the
latter ingested incidentally in fish stamachs or attached to other food
items, probably cannot be thoroughly digested by grebes (Storer 19%61).
Storer (1961) suggested that it is these types of materials that form
the bulk of grebe pellets. Grebe pellets in my study consisted
primarily of feathers, although chitinous shrimp and mealworm remains
were also present; fish bones or scales were never detected. Kop
(1972) never observed fish bones in the pellets of Great Crested Grebes
raised on fish and insects. From the age of 34 days, Creat Crested
Grebes ejected pellets approximately every 2 days (Kop 1972). Grebes
in my study were not observed to eject pellets on a regular basis.
Storer (1961) concluded that pellet-casting is probably more frequent
In grebes feeding on insects and other invertebrates than It is in
those feeding on fish.

Growth and Development
Weights of chicks throughout the rearing period are presented in

Appendix C. Average chick weight at hatching wes 14.9 g (Table 3.2).
Day 2, chicks #1-4 each lost an average of 1.0 g (range = 0.3-1.9, D =
0.82); chick #5 gained 0.5 g (chick #5 died on Day 2 and is therefore
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excluded from the remainder of this section). On Day 3, chicks #1-4
each gained an average of 2.5 g (range = 0.8-3.6) and more than
compensated for the previous weight loss. By Day 7, all chicks had
more than doubled their weight at hatching.

The period of most rapid growth, as measured by gross gain in body
weight, occurred between Days 10-25 (Fig. 3.5). Instantaneous relative
growth, which shows growth at a given time in relation to body weight
(Broay 1945: 508), peaked at 22% to 33 (x = 27, D = 4.6) on Days 3-5,
and then declined (Fig. 3.6).

Al grebes required 30 to 48 days (x =39, D =7.9), between Days 6
and 55, to increase from 10% of average adult weight (by sex) to 90% of
average adult weight. Three of the 4 grebes achieved average adult
weight at 8-9 weeks of age. Chick #4 experienced severe weight loss
auring Weeks 12-14, and achieved average adult weight Week 33 (Table
3.3 and Fig. 3.7).

Grebes #2 and #3 required 51 and 47 days, respectively; between Days
7 and 59, to increase from 10% of asymptotic weight to 90% of
asymptotic weight. Asymptotic weight, as used in this discussion,
refers to the maximum weight attained during the rearing period. Birds
achieved asymptotic weight during Weeks 11-14 (Table 3.3). Following
attainment of asymptotic weight, birds lost weight (Fig. 3.7). Weight
recession has heen documented in many species of birds, including
captive-reared Wlestem Grebes (Herman 1974), where the weight of young
Increases to a peak above average adult weight and then decreases prior
to fledging (Ricklefs 1968). Westem Grebes (Herman 1974) and Pied-
billed Grebes exhibit no dovious fleaging. Age of independence in wild
Pied-billed Grebes has been documented at 6-8 weeks of age (LaBastille
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1974). Weight loss following attainment of asymptotic weight in birds
in this study occurred several weeks after documented age of
independence. Asymptotic weights of grebes in this study were 7% to 8%
higher than average adult weight. Over a period of 4549 weeks
following attainment of asymptotic weight, bird weights averaged 6%
lover than average adult Pied-billed Grebe weight (Table 3.3).

Chick growth rate (net daily change in weight) fluctuated widely,
ranging from -16.7 to 23.5 g (Fig. 3.8). Grebes tended to undergo
spurts of rapid growth separated by periods of slowed growth. Growth
rate and absolute fish consumption (Fig. 3.3) peaked on Day 41 for
chick #4. Kahl (1972) observed considerable fluctuations in day-to-day
food consumption in captive-reared Wood Storks (Mycteria americana)
which corresponded to fluctuations in growth rate. Herman (1974) noted
that feeding and growth rates of captive-reared Westemn Grebes
fluctuated and cycled within certain limits. In the presence of an
unlimited food supply, captive birds in several other studies (Kahl
1962; Junor 1972; Herman 1974), also tended to “overeat” for 1 or 2
days, and then undergo a seemingly compensatory loss of appetite in the
folloving 1 or 2 days (Fig. 3.3). The ability to overeat is probably
advantageous In nature because it allows the animal to exploit a
temporarily abundant food supply and then survive intervening periods
of food scarcity (Kahl 1962). Herman (1974) speculated that an animal
evolutionarily unprepared for long-term food surpluses (as provided in
these studies), but able to exploit a temporarily abundant food source,
would likely eat until physiologically sated. The animal would then
subsist on stored energy until some threshold of hunger was reached and

feeding behavior was again triggered (Herman 1974).
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Health

Prior to the attainment of peak weight, all chicks experienced
weight losses of varying magnitude (Figs. 3.5 and 3.7). A change in
enviromment was associated with initiation of weight loss. All chicks
developed a severe loss of appetite when transferred from the tank to
the larger concrete pool. Chicks #1-3 lost 10-13 g each (3-4% of body
weight) over the course of a week. Chick # lost approximately 100 g
(31% of body weight) over a 2-week period. Following the
recomendations of an avian pathologist (Elizabeth de Motta, pers.
cam. ), each chick was administered 50 mg each of tetracycline and a
multiple-vitamin supplerent, daily, for 10 days. The antibiotic and
vitamins were dissolved in water, the solution injected into fish, and
fed to the chicks. After 2-3 days of undergoing medication, chicks’
appetites began to increase. By the eighth day of treatment, chicks
#1, #2, and #3 had regained the lost weight. Chick #4 continued to
lose weight throughout most of the treatment but had regained the lost
weight 34 weeks after the treatment ended. Although chicks” appetites
increased after initiating the treatment, in general, they consumed
less food than prior to transfer to the pool. This period of weight
loss occurred after peaks in food consumption and shortly prior to
attainment of asymptotic weight. Weight loss at this time may have
delayed attainment of asymptotic weight. Bird weights declined after
attaining asymptotic weight and then stabilized at a weight somewhat
lover than average adult weight by sex.
Survival

Of 5 chicks that hatched, only 1 (chick #5) died at an early age
(1.e. 20 days). Day 2, at 1500 hours, approximately 1 hour since
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the last meal, chick #5 began to behave abnormally. Up until this
time, the chick had been eating as much and acting as energetic as the
other chicks. However, it was evident by the frequent cheeping and
body convulsions, that the chick was distressed. A mealworm was found
caught in the chick’s throat and removed. The cheeping and
convulsions, now accompanied by fluttering of the wings, became more
frequent (approximately every 3-5 s). At 1830 hours, a low dose of
tetracycline and vitamins was administered to the chick in a dropper.
The chick became more and more lethargic and died at 1930 hours.

The night of Day 60, chick #1 was killed by an unknown predator.
The bird had fallen out of the cement pool due to a heavy rainstom
which caused the water outlet to clog with debris and the pool to

overflow.
Chick #3’s decapitated carcass was found on Day 407 on the shore of

the pond. Chick #2 disappeared from the pond 2 months later, at
approximately 16 months of age. His fate is not known.
CONCLUSIONS

| have demonstrated that it is possible to rear and maintain Pied-
billed Grebes in captivity. Diet and feeding regimes used seemed
appropriate. In general, birds were healthy and behaved normally.
Growth pattems were similar to those observed in captive Westem
Grebes and in several other captive bird studies.
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Tab# 3.1. Vet wel ht of flgg f ard deV|at|on
|C|ent var

I ate fish
T SRR e

Coss  Legth (@) n et D o Ry

la 2.5 32 0.13 0.4 0.3 1
2 2.6-3.5 66 0.30 0.10 0.3 4
3 3.6-4.5 66 0.73 0.2 0.3 8
4 4.6-5.5 52 1.60 0.3 0.2 12
5 5.6-6.5 3 2.3 049 0.2 15-18

aThis category includes whole fish and boneless pieces of fish.
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Table 3.2, P lled G
a?cgn% of eéégapxli ultr\?/g?g ts, aga?% i as ?

Uatemala,
1ck yeigh Percent of  Percent.o

cas  ChiCK a’%atcﬂ?na Eg) e vve}:ght Ft weig
B 1 14.1 74 4

c 2 13.3 13 3

A 3 15.9 79 5

1C 4 16.2 79 5

IB 5 14.9 70 4
Range 13.3-16.2 70-79 35
Mean 14.9 75 4

T A R T G



Table 3.3. Number of days togﬁ | n adult weight and asymeCP’tt)?Hgd V\%:%rtl)g,s,ar&?u%v%r&%e 3% ht following

attalnment 0 tic vel 4 captive-reared Pi In,
Guatemala, %g_sgm P P ' Crepl
No. Asymptoti Mean g weigh

Crebe  Sexa adu(ialyS Weil;%hr{gan asyrrptot%S werght wemﬁt (&S following asymprtotlc }ght @

1 F 60 _C — -

2 M 59 3 480.5 415.0

3 F 55 71 367.5 3241

4 F 232 23 339.0¢ -

aSex determined based_on weight (Palmer 1962) and/or behavioral observations LaBastllle 1974
blean adult female weignt = { %maev\mght-mg(torer Ss )

dAswptotlc \AElghW’élnot achleved 8ue to chlck mortality:
eLast ¥gﬁ}1]: recordgg may not reflect asymptotic weight. See Fig. 3.7, female (#4) growth curve.



re.3.1. Daily fish consumption of 4 captive-reared
% billed GP&JG%, days 1-7, Alito Safari Chaplngeguatemala, 986-81.



Figure 3.2. Fish consumption (mean, range) as a percent of body weight
of 4 cai)tlve—reared Pied-billed Grebes, days 1-7, Auto Safari Chapin,
Guatemala, 1986-87.
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Figure 3.3. Fish consumption of captive-reared Pied-billed Grebe chick
#, days 8-51, Auto Safari Chapin, Cuatemala, 1986-87.
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Figure 3.4. Fish consumption, as a percent of body weight, of captive-
reared Pied-billed Grebe chick #4, days 8-51, Auto Safari Chapin,
Guatemala, 1986-87.



Figure 3 rowth of 4 captive-reared Pied-billed Grebe
d%(i]gks days 5‘8 Au%oSafarl IG\{latemala 15586—8



EATHED e Chucke. Goys 10a. At s Crapan, Siatenata, 1006-67



Gémga%n;%hhgﬁs #2 gthG—l’G&FS&_é%d %%S%ebﬁglcate

asymptotlc vvelghts for



re.3.8. Growth rate (daily change In_weight) of 4 e-reared
gd billed Grebes, days 2(52I Xuto Sa%ar: Ii% )Guatmalgaptg)\é%



APPENDIX B

Chronology of behavioral observations
Table B.1. Behavioral descrlptl%;?lof captive-reared Pied-billed

Grebes, days 1-85, Club Auto Sa
Age (Days)

Chapin, Cuatemala, 1986-87.

Description of behavior

1

4-6

6-8

7-9
8-10
10-12

Ye and restless in brood box, frequent
zations.

Bcl)%lcuwa%o feed, i.e. have poor ainm.

F rst ttempts at
3y a0 S ety improved.

nsumed first whole_fi 53.5
@rre sgentulrﬁtwate mcreaéed o> ?nnnute

r
divi
EaS|er to -

Preeni ular
B%Tr}oggrre “in water.
rt rroves water .

Looklnﬁtfor fish In water.

Increasmg abl‘ nsec%naiourwlﬂozindfo At

ng all meals in water.
Dlvmg regulge?

Spending up to 10 minutes in water at a time.
Begin chasing live fish and insects.

Frst | attents at catching live fish and
i sucl:cr:]emsgfua pts at catching live fi

1Behavioral terminology (in quotes) after LaBastille (1974).



Table B.1 (continued).

Age (Days) Description of behavior
12 ing fish which won™t consure (i.e. for the fun of
g%gs_lng I I ume (i
1 | leeping, i t i
S R S
15-16 mlnutes |n water at a time.
nngrsnl ger g 3ﬁ1er ’s backs while in
iatr ( t”%otBe ro8882
17 First observation of pellet regurgitation.
16-18 All ch ost i
Eatlngl%%e ?88&00\19
1921 I(r]l::Prgchu _into a larger tank.
|
g0 f¥r COngmeglnswater
26-28 Ea5| I¥dfr| OLg |ied— i mct IS to dive; have observed
?gavmg aﬁgwaterogay and night.
29-31 Capture efflc:len% in I’OVI
i Erlhy
nma fgggagt n fore eégng th(e)n?
ervater |1 |ons
S\Nlm rge toge
3= All food IS admlnlstered in water
Siﬁgr Usl|Sg after 1830 hours (Iose interest in food
Aggressmn In water — larger chick bullies others.
36-40 ves O\cA)/g ré:he tpla¥| egtwth each omer with
Constantly retrlev mlngs 0
43-45 Increasingly difficult to catch (e.g. to weigh).
44-46 Transferred to cement pool.
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Table B.1 (continued).

Age (Days) Description of behavior
4548 tites low {gating < of normal) - adjusting to a
et s rim and mealworms but not fish
H chicks “prtter-pattering” across the le
o V%g poorY(.ed P pattering ngth
47-49 Sleepi t, oot chasing fish. o
Begiﬁlggm?nlgter?ﬁg tetrgt(%]/cnﬁe and vitamin
supplement.
49-51 ites | ing.
S st
52 V%\%egfmechicks still seens to need some time out of
60 Al chicks feeding independently.
85 One chick observed attempting to fly.




APPENDIX C

Werghts of captive-reared Pied-billed Grebes, days 1-440, CI
Sa |Cha;:)(|:f‘:1llo éuatemala 1§|)86~8I * v b Ao

Table C.1. Veights of captlve—reared Pied-billed Grebe chicks #1, #2,
#3, #4 and #5, “days 1-60, 1-440, 1-339, 1232 and 1-2, I
CItb Auto Safart Xﬁapln Guatemala, 1986-87. FeSpeCtiely,

Chick Weight (9)
Age (Days)

#1 #2 #3 #4 #5

14.1 13- 15.9 16.2 14.9

% 13.% 1.338 14.4 14.8 15.42
3 14. %’i 177 1/.
S
oo
-6 4.9 : =
1 62.% 00-2 9%.2 h2.2
11 3. 6.9 A nl.9
12 83.5 91.4 8.1 62.8
13 %3 102.3 %6 3.8
14 100.7 114.5 106.1 81.9
18 118.2 1245 117.7 8
1 130.3 137.4 131.5 100.
17 141.4 1(?3)'6 1 8 115.8
1 153.6  163.1 150. 120.6
1 166.3 1/6.2 160.4 130.6
20 1/78. 190.4 173.9 135.3
21 188. 4 il 8 —
22 200. 8.8 19%. —
23 210.2 232.1 2045 160.
24 222 4 2423 206.0 169.
2 22(.0 24%% 219.2 174.
20 233.4 202. 225.4 187.0
2( 246.0 206.2 2%3.2 192.4
28 253.6 285.4 239.0 19.2

9 ast weight obtained for chick.
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Table C.1 (continued).

Chick Vleight (g)

Age (Days)

LOOY <TI0~~~ 0O0 O LOMN-CILOOCO —ILOMN-00 64 6 OHOHYOHYOOHOYOIN-WO 41

SRR SRR R 188 8 SN 'S

ST N et SN S e S _%__u_m__w__________w_
|

9158774%3507615158 3 9 2 3

&mﬂmﬁ %@%% =S 43_7__M_3__&__________W_v_

RS SBHESBRHYIT LETFRRB AR B HBIERBIITBIEBBR

d ast weight obtained for chick.



Table C.1 (continued).

52

Chick Vleight ()

Age (Days)
# #3 #4
8 - R9.3 3279
§3 2.3 _ 271.4
85 53 %75 295
3% 480—'5 %75 226.0
97 b _ 250.8
%7 480.5 38.3 B
%129’1 395_- 8 A0 —
12(1) 395_- 8 A0 T -
177 ~ T 3110 _
128 395.8 — _
1 = 339.3 _
1 424.0 — 310.8
%ﬁg 424.0 S _
367_'5 2%0.8 _
1 = 310.8
% 424.0 — _
133 _ 39.3  310.8
199 4240 — _
212 ¥ W8 _
452_'3 %75 _
%3 = — 339,08
2T _ 311.0
7 424.0 -
%gg = 311.0
25 T
25 452.3 —
01 — 311.0
ggz 4240 —
] i 339.3
8 53 _

3 ast weight obtained for chick.



Table C.1 (continued).

M Cad) Chick Vleignt (0)
) 3
% 419.5 8.5
— 297.2
% W2 o
iy B

9 ast weight obtained for chick.



IV. BREEDING BY FIRST YEAR CAPTIVE-REARED
SIBLING PIED-BILLED GREBES



Age of first breeding by Pied-billed Grebes (Podilymbus podiceps) is
unknown (Palmer 1962). Here 1 document age at first breeding by
captive Pied-billed Grebes.

Pied-billed Grebe eggs were collected from nests at 3 lakes in
Cuatemala (Fig. 4.1) in 1986 and 1987. Eggs were hatched in a
Humidaire Model 20 incubator and chicks (n = 4) raised with methods
described in detail elsewhere (Chapter 1) at Club Auto Safari Chapin,
a wild animal park, located on Guatemala®s Pacific coastal plain (Fig.
4.1).

Calls associated with courtship and breeding (Deusing 1939; Miller
1942; Kilham 194; McAllister and Storer 1963; LaBastille 1974) were
first heard from 2 of the captive-reared birds when they were
approximately 11 months old. The 2 sibling grebes had been reared and
maintained together in a concrete pool (5 m x 2 m x 1 m). Grebe sex
was determined based on weight (Palmer 1962) and behavioral
observations (LaBastille 1974). Male territorial calls (a low throaty
“con-con-cow’) and pair greeting duets (a rapid nasal chatter
resembling a series of “na-na-na”) (LaBastille 1974) were frequently
heard. Aggressive displays were also observed in both birds. On
several occasions, the male was seen chasing and then attacking the
female by pecking at her head. Aggressive courtship pursuits have also
been described by Kilhan (1954) and Palmer (1962). Often, when the
male swam close to the female, she would tum her head towards him and,
without any vocalization, vibrate her bill.
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At 13 months of age, the 2 grebes were released at an artificially-
constructed pond (approximately 1 ha) on the Club Auto Safari Chapin.
Reeds (Typha domingensis and Scirpus califomicus) provided cover for
resting and nesting. A stream which flows into and out of the pond
provided a constant supply of fish. No other grebes or waterfowl
inhabited the pond.

Approximately 2 weeks after being released on the pond, a Pied-
billed Grebe nest and 3 eggs were found In a patch of T. domingensis
reeds, approximately 3 m from shore. Although the grebe pair was never
observed building the nest or incubating the eggs, they were frequently
seen entering and emerging from that particular patch of reeds. The
egos had been partially destroyed by an unknown predator. Two could be
accurately measured (length = 31.5 mm and 34.8 nm, breadth = 25.6 m
and 25.3 nm, respectively); they were smaller than other Pied-billed
Grebe eggs collected in Guatemala (n = 20, X length =42.9 £ 1.9 S and
X breadth = 30.1 £ 0.8 ). Young birds have been reported to cormonly
lay smaller eggs than older birds of the same species (Romanoff and
Romanoff 1949). Because the eggs were destroyed, It was impossible to
determine their fertility. These observations indicate that first year
Pied-billed Grebes can and will breed.
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