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»e,‘Abstract

e

The response of the eggs and nestlings of

Double—crested Cormorants (Ehalagrgggrax anr;tus) to their
“thermal env1ronment was studled in. their natural environment
'jand under laboratory condltlons. The colony studled was'
.ylocated at Scope Reservoxr 17 km east of Vauxhall, Alberta..”
Data vere gathered in May, June and July of the 1982, 1983 )
.and 1984 nestlng seasons. BehaV1or of nestlng adults was |
recorded by video camera and temperature data were obtalned
by radlo telemetry.' Results were 1nterpreted 1n terms of
the V1ab111ty of embryos and nestllngs ‘under varylng
~exposures to amblent and experlmental condltlons. |

Embryos were very cold tolerant w1th 90% surv1val after a
‘eggs -were exposed to 0.59 C. Internal egg temperatures of .
4L 50C caused 33% embryo mortallty whlle those of 42 2°C
caused 50% mortallty.~ Incubatlon temperatures varled wlth
'the number of eggs present. Incubatxon beginS‘gradually
durlng 1ay1ng and’ does not reach its maxlmum intens1ty unt11
the clutch is completed._ The. hatch spans fewer days than .
~ does the laylng perlod o o o a

A v1deo camera was used to determlne how cormorants
1ncubate thETr\eggs. Eggs were loaded onto ‘the warm
.totlpalmate feet W1th the abdomen and breast then lowered
aonto the eggs. Measurements of feet and egg area 1ndlcate

1

that the feet are able to accommodate the average clutch

¢

'(3.53 eggs) with tase.



" Nestlings less than 10 days'old cooled rapidly and

~.fbecame comatose at 12 to 19°C, but quickly revxved with

'pa851ve warmlng w1th no- apparent harm.' Deep body cooling
'below 11. 5°C resulted in death. Nestlings exposed to direct.
- solar 1nsolat10n heated rapldly.' Attempts to thermoregulate

' by gular flutterlng d1d not prevent hyperthermla and death

R occurned if.xhe

orw! * % 24 iw

body température exeeded2§§47 C.r;

“"..

stablllze the thermal env1ronment of eggs and nestllngs and
vmlnlmlze thermal stress on themselves. Gular flutter may
occur at any tlme durlng 1ncubat10n or broodlng even though
ithere 1s‘no ev1dence of thermal stress.' Gular flutter rates’
ranged from 450 to 540/m1n.. Increas1ng heat loads caused an
'increase*in the amount of flarlng of the hy01d apparatus s
h'rather than an increased rate of flutter.  Adults, whlle"
nlncubating and brooding,'faVOred a tall-to—wind ori

‘.tall to sun .position over other p051t10ns.. '
The structure of the Double crested Cormorant eggshell
'.1s dlfferent from that of most blrd species 1n that it lacks‘
a cutlcle and has a coverlng layer of ca1C1te 20 to 80 -
m1crons thlck. This layer. obscures the plgmented true shell '
'tand‘causes it to. heat.faster and cool at a slower rate than»
shells without such a cover. | b
| Studles of the blue shell plgment by absorbance and
ex01tatlon spectroscopy dlsclosed low absorbance at all

'wavelengths above-300'nanometres. Ex01tatlon at 280

S vi



‘nanbmetres'resulted in weak fluorescence at 330 nanometres.
The function of the eggshell pigments remains unclear since
no‘thermal or cryptic value can be ascribed to it. Some
'cryptic coloratlon is provided by smeared defecation of the
‘Western Hen Flea~(£g;a;nph¥llna n;gex). The function of the
blue eggshell plgment, largely obscured elthet by the
calcite layer or by flea ‘defecation, may be lost 1n the ‘

.~ evolutionary history of the species.

1
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LA S Introduction -
\ " ) o - '
‘Back round

The cllmate space within which birds. must*function
'thermodynamlcally con51sts of at 1east four factors. B
radlatlon, humldlty, air veloc1ty, and air temperature
(Porter and Gates 1969 Gates 1970) Although these
Lenv1ronmental condltlons may vary W1dely, adult blrdS"
normally can thermoregulate and maintain body temperatures
fw1th1n llmlts compatlble with their modes of. exlstence.'

- While some specres can adapt to enV1ronmenta1 extremes by

- br1ef foray :Lnto hypothermla or hyperthermla, homeosta51s

usually 1s mal talned by an lntegratlon of physrologlcal and; o

‘behav1oral adjustments. |
Eggs and nestllngs ‘are: less able'to cope‘with'the.

‘vagarles of the env1ronment than are adults.' Eggs must be
iR 1ncubated for embryonlc development to proceed and nestllngs
' of most spec1es, espec1ally those cla551f1ed as altr1c1a1,
. ‘must ‘be - ‘brooded perlodlgélly until homeothermy is . |
‘h'establlshed. The tlme between the laying of eggs and the

age at wh1ch hOmeothermy is establlshed constitutes a perlod

7

-'of thermal vulnerablllty for the developlng embryo or

e nestllng. f
- Double-crested Cormorants (Ehalncrgggrax anr;tus), as -
with ‘other: members of the Pelecanlformes, ‘lack brood.

. patches. Clearly, some pelecanlform blrds 1ncubate by foot

- contact w1th eggs as seen in the Northern Gannet, Morus -



bassanus (Nelson 1966) i.in others, such as tropic'birds 4
‘(Phaethon rubr:.sauda) ‘and boobles (Sula sula), the feet do

‘ 'not prov1de the maln source, of heat (Howell and Bartholomew

1962) The totlpalmate foot, however, does 1ncrease the
area potentlally avallable for 1ncubat10n,'and may ., along
'-;w1th behav1oral and thSlOlOglcal adaptlons, prov1de the
'necessary thermal env1ronment that allows Double—crested
Cormorants to successfully explolt Alberta at both the
‘northern and western 11m1ts of the m1dcont1nental breedlng
drange..»‘ . | |
Double drested Cormorants were declared to be an
endangered" spec1es in 1977 by the Alberta Wlldllfe Act
and, subsequently, a plan fdr the habltat management and a
protectlon of the speC1es was proposed (Brechtel 1981)
In1t1al research d1rected toward documentlng reproductlve
success, general reproductlve ecology, and response to‘human
dlsturbance, was conducted on colonles in southern Alberta
(Brechtel 1983). Recreatlonal use of nestlng .areas and
‘actlve management programs cause d1sturbances 1n the nestlng
.colonles w1th resultaht 1osses in reproductlve success..
While some- loss is probably unav01dable, ‘a more complete
‘»understandlng of the factors 11m1t1ng surv1val are, 1mportant“-
to successful management of the spec1es. Of the limiting .
factors,,thermal stress.must be conslderedﬁdf‘major |
'potentlalyimportance,'both.in»the‘management of this species

and_others-such7as_White Pelicans (Peledanus



g;ythxg;hxnghus), whlch have 51m11ar general reproductlve'

strategles and 11m1tat10ns.

- The phy51ologlca1, behav1oral, and morphologlcal
the;mal adaptaﬁlons of the eggs, nestllngs and adult .
Double—crested Cormorants are the subject of thlS research.

Spec1f1cally, this research.ls d1récted'toward anSMerlng the

following questions:

1. What is the normal thermal enV1ronment of
Double—crested Cormorant eggs in the nest and to

what 11m;ts,can eggs,bevstressed and rema1n;v1ab1e?

2. What is ‘the normal,thetmai,enyirbnment of neStlings"

and to what limits can they be‘streésed?‘

3. How is adult behavior, physioldgy,'and mptphology -
related to the maintenance of an dptimal-therhai

environment for eggs and nestlings?

" 4. What is the thermal significance of shell -

" piémentation and structure?

The spec1es - ‘

of the Pelecaniformes; the famlly PhalacrocoraC1dae,
iong-necked, long-billed, diving birds, contains some’ 30., .
species worldwide, six of which live along the sea.coasts or

on inland lakes_anﬂ rivers in North America. The



Double—crested Cormorant 1s the most w1dely dlstrlbuted of
the North Amerlcan spe01es w1t§‘a breedrng range extendlng
from'Alaska to the~Ba3a Penlnsula on "the west, Newfoundland
to Florlda on the east, along the ‘Gulf Coast to Mexico, and |
1nland throughout the pralrle prov1nces and Great Lakes :
‘reglon (Palmer 1962) In Alberta, it reaches the northern
and western 11m1ts of 1ts mldcontlnent breedlng range - \
(Brechtel 1983) -B. a. agr;tus the only subspec1es ,
,_exp101t1ng the 1nter10r of the contlnent, is mlgratory and’
w1nters prlmarlly along the Gulf Coast. | |
| Breed1ng Double—crested Cormorants nest 1n.colon1es of
ya'few.blrds to several thousand palrs.. Nests are located in
trees, on Cllff faces or .on the ground on 1slands, usually
.1n assoc1atlon wlth other colon1a1 nestlng speC1es. Nests .
‘1n southern Alberta are an aggregatlon of coarse SthkS and ,
'other avallable mater1a1 about 60 cm high and 60 cm in
- dlameter;' A clutch of one . to f1ve chalky pale bIUe eggs is
la1d 1n lat Apr11 or early May at a rate of one egg egery

8
two days (R'bertson 1971 Brechtel 1983) : The“hatdh gp

'asynchronoub, spannlng six days of an average 1ncubation
'._period of 27.2 days (Brechtel_l983). Nestllngs are naked;f
. blind,_and'haye.veryrllnited abillties'to thermoregulate.
Previous
Thelflrst 1nten51ve studles of the Double—crested
'Cormora/t were undertaken by Lew1s (1929) and Mendall (1936)

-and co cerned ‘the ecology and dlstrlbutlon of the spec1es,



prrmarlly on the Atlantlc coast. Later,'reproductlve
aparameters of the specres on’ the west coast were studled by
van Tets (1959, 1965), Robertson (1971), and van de Veen |
(1973).‘ Mldcontlntent populatlons have been less studied
'untll recently.» Mitchell (1977) studled the breeding
vb1ology of two colonles in Utah, and Vermeer (1969a, 1969b;m
1969c¢, 1970a, 1970b 1970c;~1973) establlshed the "population
status in the pralrle prov1nces of Canada. Populatlon
changes in thlS region have been documented by Weselob et
'ai.'<1977), Markham and Brechtel (1978), and Brechtel
(1981)‘. Most recently, Brechtel (1983) described the
reproductlve ecology of thrs specres in southern Alberta..

In splte of thelr w1de dlstrlbutlon, unt11 recently
;cormorants have attracted 11tt1e attentlon in av1an research .
other than ecologlc and demographlc. Drent (1975), in.his
broad review of 1ncubat10n, notes that b1rds whlch 1ncubate
w1thout obv1ous brood patches present a puzzle whlch defles
the generallzatlons made for other blrds. He further notes.
.that some ‘Pelecaniformes use their feet as the primary
source of‘heat for incubation but that.ln other cases the
jfeet are not used.- |

The questlon of energetlcs,'endothermy, and development

has recelved consrderable attention. Dunn (1975a, l975b,

- 1976) descrlbes the development of thermoregulatlon and

energy requlrements 1n Double crested Cormorants and other

~a1tr1c1al blrds, as do Calder and Klng (1974), prlmarlly

P



"runder laboratory condltlons. 'Responses.to‘hlgh'temperature
“in nestllng Doub1e~crested and Pelaglc Cormorants (P.
pelaglgus) were. descrlbed by La81ewsk1 and Snyder (1969).
Thelr study involved nestllngs 3.5 or more weeks of
: age-—well beyond the age of establlshed endothermy found by
Dunn‘(l976). The response. of nestllng Double-crested
pCormorantsAto thermal stress from hatchlng-to the age of
endothermy has not been. descrlbed to date. '

| A number of studles on other Spec1es relevant to the
'questlon of thermoregulatlon and- thermotolerances have been .
‘done, p0581b1y as a. result of the early work of Scholander
et al. (1950a, 1950b, 1950c) . Bartholomew and Dawson (1952,_d
,1954) descrlbed body temperatures and temperature regulatlont“
in young pellcans (EengAnus Qgg;dgntal;s), h@rons (Ardea
hexgdlas), and gulls (Lar;s ggg;dgntalls)., Evans (l§8$hv”‘
descrlbed the development of thermoregulatlon in young Whlte‘
Pellcans (Eglgganns erythrgrhynghgs) in Manltoba. Clark and,‘
Balda (1981) conducted stress tests on nestlng Plnon Jays"
-(Gymng;hlnus gyangggphalus) and found that endothermlc
response was related to brood 51ze, i.e.,: broods handled f
stress better than 1nd1v1duals. :

| Several studles on Lar1d Gulls concernlng the‘
'-phy81ologlca1 re5ponse of embryos to temperature have been
-conducted 1nc1ud1ng those on- Heermann s Gull, Larus
heermannls (Bennett and Dawson 1979) and Western Gulls,’

Larus occidentalis (Bennett et al. 1981).' In these studles,'



heart rate varied directlyawith>temperature and ceased at
temperatures above and below normal‘incubation ranges.
Warming of cooled embryos-caused a sbontaneous resumption of
.heart activity, but heat stressed embryos exper1enc1ng heart
‘dfallure did not respond to cooling. Unbrooded nestling
Western Gulls were very cold hardy and became comatose when
body temperatures fell to 14 to 16°C, but recovered
completely by passive varming (Dawson and Bennett 1981).
Cold hardiness'of young showed a high correlation with the
range ofuten.species of European ducks'(Koskimies and_Lahti'
. 1964) . S
The relatlon of .solar 1nsolatlon to the
;thermoregulatlon of ectothermlc vertebrates has been
.Vdescrlbed (Heath 1970) but ltS relevance and 1mportance to
,endotherms has been largely overlooked (Hennemann 1983) .
Solar insolation can ‘act as a source ofﬁenergy reducing the
Acost'of thermoregulation but at‘high‘ambient temperatures
vcan be a source of stress, particularly for exposed eggs and
jnestlings which have limited abilitieshto'thermoregulate.
Nestlings of White Pelicans die.fromfoverheating
(Bartholomew et al. 1953) as do»cormorant nestlings
(Brechtel pers com) . | ’

" While there is no unlversal 1ncubat10n temperature,A
ﬁlnternal egg temperatures of most spec1es range from 34 to
39°C, w1th lower temperatures slow1ng development (Drent'

| h1975, Wheelwrlght and Boersma 1979).; Temperatures'above



'thls range brlng the embryo close to the 11m1ts of 1ts
'ablllty to surv1ve. Eggs exposed to direct solar lnsolatlon
'may be cooled i: 1ncubat10n (Walsberg and Voss—Roberts 1983, .

' Grant 1982) or :may possess shell qualltles such as pigments

) M

fwhich,have hig ‘1nfrared reflectance that contrlbute to heat‘

unloadlng (Bak.“n et al.’ 1978). Why the eggs of large
W
- birds, such agV

exposed. g:
n»ot cTEa '. o ‘*1

3 i &
- "9»@!"

Behavorlal th“gnoregulatlon as it relates to several

rmorants and herons whose nests are

,\or for. that matter, _pigmented at all, is

.j'(
ﬁ

f?

-spec1es of Charadrllformes has been descrlbed by Grant
‘(1982). Although Yamamoto (1967) and Jefford and Urban
_r(l§72) descrlbe.behav1or relevant_tO'coolrng of nestllng

Acormorants,'no'studles describing adult behavior;with
referencefto thermal aspects‘of nesting ecology.per;seﬁhave ‘

been conducted to date.
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‘II;' Egg incubatlon and thermal tolerance in Double—

crested Cormorants in southern ‘Alberta -

N | Introduction

Successful incubation requires that ‘egg temperatures be -

- maintained within the viable'llmits of the embryo under

hlghly variable and potentlally thermally stressful
‘ env1ronmental condltlons. Adaptive parental behaviors
"protect embryos from predators and may moderate the effects
' of other factors such as hatch asynchrony. Integratlon of
' data gathered from both the phy51ologlca1 tolerances of the

embryo and adaptlve behav1ors of parents should broaden our

understandlng of gElan incubation and prov1de a basis for
\bmanagement of partlcular species.

“ The concept-that once incubation has started egqg
temperatures remaln constant or at’ least vary w1th1n narrow
l1m1ts is changlng.\ Recent studies indicate that in some
spec1es embryos tolerate temperatures well below levels
where development occurs.. Whlle embryonlc development is
'arrested\below*'physiologlcal zero® (25 to 27°C), successful
hatching eventually occurs 1f incubation. temperatures are
held between this temperature and the’ Optlmal temperature
(Matthews 1954 Spellerberg 1969, Boersma and Wheelwright.
1979, Vleck and Kenagy.1980, Zerba and Morton 1983, Roby and
Ricklefs 1984). Embryos.may'remain_viable for moderate

) @' ~ -
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_lperlods of’ exposure'to temperatures‘sllghtly below 0°cC,

"although abnormal development may result if ice crystals

l"form (Drent 1975). _ Small 1ncreases rn 1nterna1 temperature
Aabove 42°C brlng embryos to the limit, of thexr ablllty to
'surv1ve. Where ‘the p0881b111ty of overheatlng exlsts,

-thermoregulatory behav10r by parents, such as shadlng

(Howell and Bartholomew 1962), 1ncubatlon (Grant 1982,

- Walsberg and Voss Roberts 1983), or wettlng of. the eggs

“(Yom—Tov et al 1978 Grant 1982), 1s necessary to ensure'
‘surv1val.v" ! | |
Double—crested Cormorants (Rhalggrgggrax aux;tua)
nestlng 1n southern Alberta, near the northern and western
\lllmlts of. thelr mldcontlnental range, 1n1t1ate clutches 1n.’
'1ate Apr11 or early May when amblent temperatures may fall
as low as -11 7°C at nlght. Durlng the day in late May and
early June, amblent temperatures -of 25 to 30°C are not
_uncommon and eggs exposed to dlrect solar radiation may
reach temperatures lethal to embryos. Although a parent is
ordlnarlly in attendance. at the nest at all t1mes,
disturbance a55001ated w1th recreatlon, w11d11fe management,
or.predatlon may expose embryos to thermal stress._ |
‘Cormorant nests in southern Alberta consist of a loose f

A

aggregdtlon of SthkS up to 50 Cm hlgh, dependlng on the
number of seasons the nest has been used., ‘The shallow cup
in the top of the nest offers 11tt1e or no protectlon from’

sun and wind.

. (l_,_\'
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“In this paper, I examine the normal thermal environment
. of Dbuble—cresfedACdrmorant_eggs‘and the‘toleranee to
thermal stress by embryos.
G

- Study area and methods

The .colonies studied in May and’Jﬁneaof‘1982, 1983, and.

1984 consiatedaof approximately'250 nestslsituated'onnthree
_ 1slands in Scope Reserv01r, an 1rrlgat10n reservoir located

17 km. east of Vauxhall, Alberta, 50. 6°N, 111.9 (Flgure
'II—l). Domlnant vegetatlon, as descrlbed by Brechtel
‘(1983), 1ncluded burning bush (Kggh;a sggpa;;a) and lambs

quarters (thngpgd;nm album), w1th lower areas contalnlng
“cocklebur (Xanthium ;lal;gnm), spike rush (Elgggha;ls

palustris) ., and water smartweed (Eglxggnum gggg;ngum)
 Nests here are dlrectlygexposed:to the effects of sun and.
‘wind. Meteorological data were obtaihed’frpm*the‘

 Agricu1ture'Research Station, Vauxhall, Alberta.

Incubatioh and eqg temperature ‘
féﬁ Since ambient.temperatufeslfluétuate over a ;anée bfAup
_to 40°C during the time eggs are in the. nest, an_effert was
made to estimate egg temperaturee eve; that time. - o
Model eggs were prepared by sawing atouhd.the'small end -
' of freshly laid'eggs with a fihe'hackSaw to the membrane
which was then cut_With a.3caipe1. The eenteﬁts were

femoved and a’trahsmittef‘(Mini-Mitter'Model_v,‘Mini-Mitter
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Co.. inc., Box 3386, Sunrlver,AOregon 97702) was suspended ln‘
the shell in a 1. -3 g/100 'ml agar solution. ' The transmltters?
(dlameter 12 mm, length 19 mm) broadcast pulsed data in’ the‘r
AM band with a transmission range of up to one meter.'
Transmitters were sealed in their plastlc capsules-w1th an
. prior to belng placed in the eggs.' The small end of the
eggshell was reattached by qulck settlng epoxy after belng
filled with agar. _

A comparison of the thermal response of model eggs and :
fresh eggs with a YSI (Yellow Springs Instrument Co., Yellown
Springs, OH 45387) probe 1nserted to the center indicated
that model. eggs took sllghtly longer (two to. four mlnutes) '
. to- equlllbrate (Figure II- -2) ., Temperatures of - the model |
\ eggs and those obtained w1th ‘the YSI telethermometer agreed
tw1th1nv_ .29 at equlllbrum. S _; R 7\\.

‘Model eggs were substltuted for an egg 1n naturally
occurrlng one-, two—, three-, and four- egg nests over the
duration of the incubation phase of nestlng. Art1f1c1ally
enlarged clutches also were m0n1tored by replacing the egg
in one-egg nests with a model egg and adding eggs as
‘necessary to make two-, three-, and four egg clutches.~ A
loop antenna around each nest . contalnlng a model egg
detected and carried the transmitted signals to a Realrstlc
Minisette 10 (Radio’Shack) radio cassettewrecorder actlvated'
by an electronlc timer sw1tch (see Appendlx) Wthh turned

the system on for 15 seconds every 14 mlnutes (Flgure I1I-3).



The short broadcast range of the'transmitters'and the loop
A-,antennas around each nest contalnlng a transmltter allowed
nests belng m0n1tored to be w1th1n two meters of one another
w1thout 1nterference. .. |
: Slnce Double-crested Cormorants have no brood patches,
the means by whlch eggs are 1ncubated is uncertaln.’hA
"varlety of oplnlons exlst as to when 1ncubat10n starts
"(Brechtel 1983, Mltchell 1977 Mendall 1936, Lew1s 1929).
To /answer these questlons and ‘to prov1de behav1oral data to
' coirelate w1th telemetry data, a V1deo camera and cassette ,
recorder (Sears Model 30133D) were p051t10ned-1n the colony
to monltor events at nests contalnlng model eggs for four
and one half hours durlng the day. A nest w1th a-’
transparent bottom was substltuted for an actlve nest
'contalnlng eggs. A mlrror allowed v1deo recordlngs ‘to be -
taken through the bottom of the nest (Flgure II- 4).“ |
‘Cormorants forage in water Wthh at - the beglnnlng of
'1ncubat10n may be substantlally below body temperature,
ranglng from 0 to 10°C. The bare legs and totlpalmate feet,'
may be a source of heat loss whlle 1n water, or they could'
'be a source of heat durlngflncubatlon. ThlS mechanlsm,‘lf‘
' such ex1sts, which prevents 31gn1ficant heat loss through
.the feet and legs of adults whlle 1n water and also -
-fa0111tates heat transfer durlng 1ncubatlon, has not been

'lnvestlgated.

To determlne the potentlal of the feet as a poss1ble
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heat source for 1ncubat10n, an 1ncubat1ng adult was trapped

4at a nest._ Cutaneous temperatures at several 1ocat10ns on

the. feet and legs (Flgure II 5), deep body temperature (12

.cm cloacally), and the cutaneous temperature of the abdomen

pjust posterior to the sternum, were measured. |

The foot area of the adult was determlned by trac1ng

‘ around a foot on graph paper and thlS was compared to the
long1tud1na1 area of an average cormorant egg. |

| To determlne the ablllty of embryos to tolerate both .

'heat and cold stress, 152 eggs were gathered May 10, 1982
elght days after the flrst eggs were observed in the colony.

Whole clutches of four eggs were taken to prov1de a sample

-of embryos at d1fferent developmental stages to- that date.

~Groups (12" to 16 eggs) made ‘up of " whole clutches were

'stressed in stress chambers at témperatures ranglng from -11
‘t0‘55°C. One,egg of each group was - used to obtaln internal

"temperature by 1nsert1ng a telethermometer probe. After

'seven days 1ncubat10n at 37°C and ‘60% - relatlve humldlty, the.
\eggs were opened to determlne 1f the. embryos were alive.-

ﬁEmbryos were measured and compared to those of known age.

‘IInfertlle eggs were excluded from the results.

- The rate at wh1ch cormorant eggs heat and cool was-
vdetermlned by 1nsert1ng a YSI probe 1nto the middle of an
.egg and secur;ng it w1th epoxy.. These eggs were then

v'.exposed to ambient conditions 1n a nest which had been

removedrfrom the colony.
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5 .. Results
P . ,

Tenperature of eggs in nests’

Cormorants ‘accepted and 1ncubated model eggs w1thout ’
he51tat10n and were’ tolerant of cons1derable manlpulatlon of
»the nest 1tself'as long as it was not moved in relation to
nelghborlng nests. 'gb | |
| Durlng the 1ncubat10n perlod of May 4 through June 9 of
the 1982 1983, ‘and 1984 nestlng seasons, a1r tempe?atures |
ranged from -8 to 31 5°C. Model: egg temperatures 1ncubated :

Sin nests over: the same perlod ranged- frOm 6.4 to 37. 4°C.
FOr 27 nests contalnlng one to four eggs, the correlatlon'
between the number of eggs in the nest and the average.

: 1ncubat10n temperature ‘was’ p081t1ve and 51gn1f1cant (r
.712, p < .01). -One- and two-egg ‘clutches, though not Qvf

' 81gn1f1cantly dlfferent from each other, were 51gn1f1cantly
colder than three-_and four egg clutches (p < .001 t- test)
Three- and four egg clutches Were not 81gn1f1cantly
-d1fferent~from one another. . Table II-1 compares mean egg

;?temperatures'and numoers of,eggs in the'clutch.. These  data

are taken from 27 nests and represent a total‘of‘577 hours
of - monltorlng time. | | - |

| Art1f1c1ally enlarglng clutches did not alter the
‘ vlncubatlon temperatures as‘compared to one- egg nests. The

sudden appearance gf eggs in the nest did not stimulate .

incubation act1v1ty‘but 1nstead egg temperatures decllned as
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the number of eggs 1ncreased. Althoughregg temperatures‘
were negatively correlated with clutch size in. the 21 -

, artificially enlarged clutches (r'=-.33, p > .05), there
were no. s1gn1f1cant differences among average temperatures.
'_1n one-, th-, three—, and four-egg clutches as 1nd1cated in

"5

Table,If—l,

‘Embryo v1abillty o M\ |

Exposure to temperatures above or below 0ptlmal
1ncubation temperature poses a potentlal threat to embryo
surv1va1. Embryos surv1ved when internal temperatures fell
‘to. below freezing 1f the exposure was not prolonged (Table
I1-2) . Approx1mate1y 90% of the embryes- survived 1nternal
temperatures of 0 50 C, while about 79% surVived al. 5 hour
»exposure to internal temperatures of -3. 50¢. The effects of
.thermal stress above normal 1ncubation temperatures were
more'immediately lethal. Internal- temperatures of 41. 50C
were sufficient to cause embryo.mortality,Qf_33%,‘while a
temperature of 48.5°C caused 100% mortality.

Tolerance to thermal stress, according to Drent (1975),
decreases with age. The age of dead_experimental’embryos
was determined by comparison to a develOpmental Series of
‘embryonic cormorants (Table 11-3) . ~Of the 113 embryos.
stressed at suhlethal temperatureS‘(temperatures'at which
»some embryos surv1ved), 33 were considered to be at less
than flve days incubation, and of these, 17 (51.5%) died.

Only 11.25% of embryos at more,than six days incubation died
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(Table II-4).

'Heating and cooling rates of exposed eggs
Eggs in nests exbosed to solar radlatlon galned a’
,31gn1f1cant amount of heat and 1nternal egg. temperatures
rose rapldly. Flgure I1-6 shows a typ1ca1 heatlng pattern
of an exposed egg. The rate of temperature rise var1ed with
env1ronmental cOndxtlons.(wlnd, cloud,xhumrd1ty)»and sun‘
\angler Heating rates ranged in_six triais under varying
conditions‘from .36°C/minfto ;d4°C/min. ‘ : | |

An egg cooling rate of 0. 59°C/1°h WaSjcaibulatedvfor
,seven eggs exposed 1n cormorant nests. Eggs‘used were in |
_early developmental stages, i. e; one week or less since |
1ay1ng.' Embryon1c heat productlon can be con51dered to bei
insignifrcant at that stage. The cooling curve shown_ln
Fig#re 1I-7 is typicai for,exposed.eggs‘on a day with -

.
scattered. cloud cover. - R ‘ S Eﬂ

~ Incubation potent1a1 of cormorant feet

- Video data obtained through the bottom of nests and by
_observatlon of 1ncubat1ng parents reveals that.cormorants‘
incubate uith various intenSities and modes; - In the full
incubation mode, eggs are loaded on the tops of the feet.

' The breast andgabdomen are,then:pressed.on‘to‘the eggs.
Less'intense modes involve contact with only the breast,
abdomen'or feet. |

The total surface area of the feet of the trapped adult
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male Qas 123 cm?, A’cormorant.egg of average dimensions‘
(length 61. .19 mm,‘SD 2. 77, n = 66; width 38.6¢ mm, SD 1.12,
n =.66) has a 1ongltud1nal area through the: center of
approxlmately 19.2 cmz._ Clutch 51ze ranges from one to- six
w1th .an overall mean of 3.53 eggs (Brechtel 1983) . Four
eggs can, therefore, be posxtloned on the feet with little
trouble. Data obtalned w1th the- v1deo system reveals that
the eggs are usually 1n contact Wlth the feet, though not
fully restlng on them at all t1mes. Active loadlng of eggs
on to the top of the feet increases in frequency as eggs are
added»to,the clutch and corresponds to a rise in egg - |
temperature‘of 3.5°C by the time the~clutch is completed-
(Table II-1).. | “

Although the deep body ‘temperature of an adult male
Double—crested Cormorant was close to 420Cf the temperature
of the feet and unfeathered portlon of the leg decreased as |
'the dlstance from the body core lncreased..ﬁThe summary
presented in Table II-5 suggests that a counter current
exChange‘mechanism prevents excessive heat_loss from the
feet. Such a mechanism would allow for gradual warming of
the feet when the thermal gradient was.small,‘as is the case

- when the bird is incubating.



Discussion

,Double—crested Cormorants in southern Alberta lay their
'eggs in May and incubate them when ambient temperatures may
fluctuate between ~11.7 and 34°C (Environment Canada 1981) .
Cormorant eggs can tolerate exposure to temperatures below:
freezing but embryo mortality increases sharply if internai
temperatures remain below 0°C for extended periods. ‘
Although ambient temperatures do fall below the freezing
point,during the incubation period, internal temperatures of
model eggs'in actively incubated nests never'feil below.GQC,“
Periods of deépressed temperature were brief with minimum,
temperatures persisting for short periods (15 minutes or
less) (Figure II-8). Only in one-egg clutches-did egg
temperatures fall below the minimum temperature required for
development (about 279C) for several hours.

Brechtel (1983) noted that each success1ve egg Spends
less time .in the nest and although the first egg laid.
hatches first, the hatch overall is markedly asynchronous:'
spanning at least six days for a clutch laid over an eight
day period. The time between hatching of the first and last
eggs in a five-egg clutch is on the average two days less
than the time between laying of the first and last eggs:
Asynchrony of hatch has generally been regarded as a factor
limiting fledging success.  Older nestlings tend to
outcompete their younger siblings for parental feedings with

 the result that younger nestlings often starve or are
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trampled in the nest. The effect on younger nestlings is
:more pronounced as the age difference increases (Mitchell
1977, Des Granges 1982, Zach 1982).

Normally, one aduit cormorantkis atﬁendant at the nest
at all times, protecting and covering the eggs. As shown in
Figure II-8, the constancy of the incubation effort
increases with the number of eggs in the nest. For one-egg
nests, the average incubation temperature was 30.86°cC,
however, for much of the time, the egqg temperature was well
below 27°C, the point at which development stops (Drent
1975). BB the number of eggs increased, so did the éverage
incubation temperature (Table II-1). Brechtel (1983)
suggested that partial incubation may begin after the first
egg was laid. The data presented here confirm that
suggestion. The shorter time spread of the hatch as
compared to the layiné period may be due to a combination of
effects. Egg size decreases as iaying proceeds, with the
fourth and fifth eggs in a clutch of five being
significantly smaller than the others (Brechtel 1983).
Small eggs genérally have shorter incubation periods
(Parsons 1975). Since full incubation; i.e., constant
incubation temperature, is maintained before the last two
eggs are~laid; the rate of déVelopment of these eggs would
be faster (Keen 'and Parker 1979).

Parental incubation behavior as observed by the video

technique suggests that parents respond differently to the
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.
presence of one, two, and three or more eggs. When a single
egg is present, the incubating bird maintains only casual
contact with it. The egg, though covered, is probably not
Fept in contact with the feet, and since cormorants lack
brood patches, internal temperature of the egg is low.
Maintaining eggs below the minimum temperature at which
development occurs would be one method of delaying
developﬁent and reducing hatch asynchrony. With two eggs in
the nest, internal egg temperatures average 32.59°C (n = 9),
pdssibly dué to incféased incubation effort by the parent
resulting in more egg contact with the feet. After the
third egg was laid} incubating bi;ds were observed to
actively load eggs on to the tops of their feet more
frequently and appeared to press‘them‘close to their
feathered breastg. The internal temperature of eggs at this
stage is maintained at an average temperature of 36.04°C (n
= 5). ’

- The shape and size of the totipalmate feet could permit
the loading of up to six eggs on the top surface. In
practice, however, the problems associated with close
packing elliptical solids probably limits effective contact
betwegn feet and eggs to four eggs at any given time. Heat
exchange can occur between eggs- ala' between breast and belly
feathers even if eggs are not in contact with the.feet.
Whether the feet merely insulate the egg or actually supply

heat to it is unclear; however, increased contact between

{

d
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the egg and the feet results in'higher eqqg temperatures.
-Both Robertson (1971) and Brechtel (1983)° report successful
';hatchlng<of all eggs in six-egg clutches, although hatchlng
'ksuc ss generally declined in clutches of more than four.‘
’Incjiatlon capa01ty does not appear to limit clutch size.

| The -onset of full incubation as rndlcated by a rlse 1n
,gaverage edgg temperature is apparently unrelated to the

presence of the eggs. Art1f1c1ally enlarged clutches were

treated essentlally like one—egg CIutches. Inten51ty of

incubatlon may be related to facfors other. than the presence

of eggs,.such as .a gradual 1ncrease in hormone levels over
the 1ay1ng perlod”br p0851b1y a comblnatlon of both tactile
stlmulatlon and hormone levefs.- Brechtel (1983) noted that
no clutch of only one egg produced young. ThlS suggests

" that more than one factor is 1nvolved in 1n1t1at1ng
incubatlon behav1or and malntalnlng it at a suff1c1ently
vlntense level to produce young. ‘

Embryo.v1ab111ty drops off’sharply at temperatures only
sl1ghtly above normal incubation temperatures (36 to 37°C).
When internal egg temperatures reached 43 59C only 20% of
the embryos surv1ved. These data 1nd1cate that 50% of the

embryos would be kllled at an 1nternal temperature of
42. 2 C. Drent (1975) 1nd1cates that ‘while no fixed upper
lethal 1nterna1“temperature can be deflned, s1gn1f1cant

embryo mortallty occurs 1n most spec1es at temperatures

between 42 2 and 48. 3 C. Bennett et al. (1981). noted that

Y
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a
the upper thermal limits of gullfembryos were species

‘dependent.‘ Cormorant embryos of less than five days'
incubation werefmore'subject to death by thermal stress than
were older ~embryos, contrary to Drent's (1975) findings. No
clear reason for this is eVident, although the initial
stages of development appear to progress more slowly than
might be ‘expected. Eggsg the early developmental stages
may be less hardy because of the slow pacehof development.
‘ By. collecting whole clutches s;on after eggs were first

’ observed »in the colony, it was hoped to obtain some
uniformity in the age of embryos stressed, but some
variabilitykno doubt existed. I assumed that embryos found
dead after stressing'died during‘or immediately after o
stressing. Evidence for the’validity'of this assumption is
© found in the fact that most of the embryos found dead were
in a state of decay when opened. A few larger embryos found
dead showed no signs.of decay, possibly indicating recent
death. lThe effects of stress may not»be immediately lethal
-to the embryo;‘therefore,~determining the exact age at the
time of stressing is problematic.

| ‘Several factors'affeCt the rate of temperature’change

of an exposed egg, Ambient air temperature, developmental
;state, wind vel@kity, solar radiation and angle, and amount
of shell’staining are all important. Atkthe Scope
Reservoir, eggs appear to be in little danger of being

stressed by either. heat or cold. Eggs are exposed only when



the parents are driven from the nests. InVMay and.eariy
June canditlons which could produce embryo stress;(high
ambient temperatures w1th no wind and intense solar input)
are seldom encountered. The air is seldom calm and slight
increases in wind velocity can bring about cooling of an edg
which was 1ncrea51ng in temperature due to solar inpht. Egg
temperatures can 1ncrease at a rate of 0. 36°C/m1n
(21.6°C/hr) , however, at no time during tests on exposed
eggs in nests were temperatures attalned that were
potentially lethal to embryos. 4
Egg.cooling rates of 0.59°¢c/1°h"1 were higher'than
those reported for other av1an eggs (Drent 1975, Afton
1%79).' This is not surprxsxng since the high por051ty of
the cormorant nest would provlde'llttle insulative value.

Cormorants do not cover their eggs or insulate them with

”'down as do Northern Shovelers (Abaa glypgata) (Afton 1979).

High rates of coollng.would pose little threat to developlng

‘cormorant embryos since they are. extremely cold hardy. The

wide tolerance to cold stress shown by embryos of
QOuble-crested Cormorants suggests that factors other than
temperature control the northern extent of their breeding

\

range in Alberta.



N 'Literature Cited

Afton, A. D. -1979. Incubation temperatures of the Northérn
Shoveler. Can. J. Zool._57:‘1052—1056.4 o

Bennett, A. F., W. R. Dawson, and R. W. Putpam. 1981.
Thermal environment and tolerance of embryonic Western
Gulls. Physiol. Zool. 54: 146-154. -

it

Boersma, P. D. and N. T. Wheelwright. 1979. Egg neglect 4h

the Procellariiformes: reproductive adaptations in the
Fork-tailed Storm-Petrel. Condor 81: 157-165. ‘

Brechtel, S. H. 1983. The reproductive ecology of
“Double-crested Cormorants in southern Alberta. M.Sc.
Thesis, Univ. of Alberta, Edmonton, Alberta. 119 pp.

Des Granges, J. 1982. Wéight growth'of young S
Double-crested Cormorants on the St. Lawrence Estuary.
Quebec. Colonial Waterbirds 5: 79-86.

Drent, R. H. 1975. incubation. In Avian Biology, Vol. 5.
& Farner, D. S.,.and J. R. King, eds. Academic Press,
New York, N.Y. pp. 333-420.
y

Enviro t Canada. 1981. Cahadian Climate Normals,

rature and Precipitation, Prairie Provinces.
ﬂpheric Environment Service. 429 pp.

Grant,’ G.*S. 1982. Avian incubation: egg temperature,
nest humidity, and behavioral thermoregulation in a hot
environment. Ornithol. Monogr. 30, Amer. Ornithoi.
Union. . 3

Howell, T. R. and G. A. Bartholomew. . 1962. Temperature
regulation in the Red-tailed Tropic Bird and the
Red-footed Booby. Condor 64: 6-18.

Keen, R., and D. L. Parker. 1979. Determining expected
duration of development under conditions of alternating
temperatures.. J. Theor. Biol. 8l: 599—607.

Lewis, H. F. 1929. AThe natural history‘of the

Double~crested Cormorant (Rhalacrocorax auritus
[Lessonl). Cornell University, Ithaca, N.Y., Ph.D.
Thesis. Ru-Mi-Lou Books, Ottawa, Ontario.

Matthews, G. V. T. 1954. Some aspects of incubation in the

Manx Shearwater, Procellaria puffinus, with particular
reference to chillind resistance in the embryo. Ibis
96: 432-440. : : :

30



- 31

Mendall, H. L. 1936. The home life and economic status of
the Double-crested Cormorant. University Press, Orono,
Maine. '

Mitchell, R. M. 1977. Breeding biology of the
Double-crested Cormorant on Utah Lake. The Great Basin
Naturalist 37(1): 1-23,

Parsons, J. '1975. Seasonal variation in the breeding
success of the Herring Gull on experimental approach to
prefledging success. J. Ahim. Ecol. 44: 553-573.

Robertson, I. 1971. The influence of brood size on
reproductive success in two species of cormorant,

Phalacrocorax auritus and P. pelagicus and its relation
to the problem of clutch size. M.Sc. Thesis,
University of B.C., Vancourver B.C. C

Roby, D. D. and R. E. Ricklefs. 1984. Observations on the
coollng tolerance of embryos of the Diving Petrel
"Pelecanoides georgicus. Auk 101: 160-161.

Spellerberg, I. F. 1969. Incubation temperatures and
thermoregulation in the McCormick Skua. Condor 71:
59-67.

-Vleck, C. M. and G. C. Kenagy. 1980. Embryonic metabolism
of the Fork-tailed Storm-Petrel: physiological
patterns during prolonged and interrupted incubation.
Physiol. Zool. 53:%32-42.

Walsberg, G. E. and K. A. Voss-Roberts. 1983. Incubation
in desert-nesting doves: mechanisms for egg cooling.
Physiol. Zool. 56(1): 88-93.

Yom-Tov, .Y., A. Ar., and H._Mendelsohn.' 1978; Incubation
behavior of the Dead Sea Sparrow. Condor 80: 340-343.

'Zaéh, R.. 1982. Hatching asynchrony, egg size, growth and
, fledging in tree swallows. | Auk 99: 695-700.

Zerba, E. and M. L. Morton. '1983. Dynamics of incubation
in Mountain White-crowned Sparrovs. Condor 85: 1-11.

o



Table II_lo
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Mean temperatures of cormorant eggs in
naturally occurring clutches of different
_sizes and in artificially enlarged clutches.
Means connected by vertical lines are not
significantly different by t test.

Naturally occurring

Artificially enlarged

No. of
eggs

Mean

egg temp.

30.8612.98
n =717

32.59+1.15
n=29

36.04+0.61
n=2>5

35.60+0.91-
h=6

‘n=25

Mean

egg temp.

32.77%
n==6

32.678+
n=>5

31.33%

31.74+
n=5 "~




Table II-2. Survival of cormorant embryos following
thermal stress.

Stress Internal ;

Time chambe5 egg 0 No. { No. Percent
(hrs.) temp. (7C) temp. (*C) alive dead survival
4 -1 - 2.2 0o 14 . 0.0
1.5 -11 - 3.5 11 3 78.6

1 '-10 .5 io 1 90.9

1 -5 6.5 12 2 . 85.7

1 0 11 7 3 70.0

1 5 15.5 " 10 0 | 100

1 40 40 8 1 88.9
1 45 .56 3 66.6
1. 50 43.5 3 12 20

1 55 48.5 0 11 0.0

Controls 37 37 20 1 ¢ 95.5
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Table II-3. Growth of body components of embryonlc Double-
crested Cormorantsi !

: ~ Mean Mean Mean Mean.
Length of Mean eye crown wing* leg* beak
incubation diameter  rump length length 1length
(days) (mm.) - (mm.) (mm.) °  (mm.) (mm.) No.

7 0.5 9.2 3
. 0.9 10.0 2

9 1.5 11.3 2
10 1.4 14.1 1
11 , 2.3 17.0 2.2b 2.4Db 2
12 3.1 17.5 4.2 b 5.3 b 1.3 3
13 3.4 20.0 4.3 b- 4.7 b 1.5 o2
14 - 3.9 20.1 5.2 b 6.3 b 1.9 3
15 5.7 25.1 8.1 u 6.9 b 4.5 4
16 5.8 27.0 8.8 u 5.3t 4.9 2
17 . 6.3 30.3 10.5'u 7.5 t 6.4 2
18 /6.5 30.4 10.7 u 7.0 t 6.6 2
19 6.7 31.9 11.5 u 8.0 t 7.3 2
20 7.0 38.5 11.7 u 7.7 £ 7.3 b2
21 7.5 34.9 12.1 u 8.0 t 8.3 2
22 7.1 38.0 12.4 u 8.0 t 7.9 3
23 7.0 36.3 14.0 u 9.8 t 8.2 2
24 7.9 40.5 13.6 u 9.5 t 8.9 3
25 7.9 45.9 14.9 u 10.2 t 8.7 2
26 8.9 15.7 u 10.8 t 8.9 2
27 9.0 17.4 u 13.8 t 9.2 2

]

*b = bud, u =-ulna, t = tarsi

\ .
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Table II-4. Summary of embryonic mortality.

Embryo "Total eggs ‘ Percent
classification stressed No. dead dead

Controls (all stages :
of incubation) 21 1 4.76

< 5 days incubation ‘
at time of stressing 39 ' 23 58.9

6 days incubation or -
more at time of stressing 99 28 28.3

Stressed at sublethal
temperatures¥* . 113 26 23.0

< 5 days incubation
stressed at sublethal
temperatures ‘ 33 17 51.5

6 days incubation or
more at time of stressing 80 9 11.25

*Temperatures at which some embryos“survived were
considered sublethal.
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Table II-5. Foot, leg, and body temperatures of an adult
male Double-crested Cormorédnt trapped on a nest
containing three eggs, May 7, 1984. Positions
refer to locations where temperatures were
measured as shown in Figure II-2.

0

Poéition Trial 1 Trial 2 Trial 3 Average Oc
1 14.7 18.2 ~18.5 17.1
2 20.6 24.5 . 22.8 22.6
3 22.4 123.6 27.1 24.4
4 27.3 28.9 29.6 28.6
Deep body 42.0° 42.00° 41.6° 41.9

Abdomen; among
feathers 36.5 36.5 36.5 - 36.5




37

N
ALBERTA
—
—_—
- \
—_—
—
-\
———
~—
—
\ —
52°
Kilpmelers
Dowhng
\ 3 Lake
‘ =9
o @
On
\ {rricana |
¥y Reservor >
\ CALGARY
° Barkenhouse ™
< k.
. Gow Rwel Lake *
$
\ d
O
‘44?
H . i \Y‘
BROOKS * Tiltey North ;"c
\ Tilley South &
. Lake §
Newelt 4
\ Linle Reservoir
Bow
* Lake
Reservoif Hays N Scope MEDICINE
~ Keho Resi HAT
\ Lake * Vauxhall .eservou
\‘ ‘i\‘*c‘ Murray
LETHBRIDGE Lake
0\6“&0 - Reservoir
\ STUDY SITE
\ St. Mary Pakowki
ﬂ Reservoir N Lake
m)fg
) = [P T .?.._{...,2. R s .._.}_490
114° ne 7 1100
Location of Scop€ Reservoir and other pouble-
lonies (indicated by stars) 1in

Figure I1-1.

cres

southern A

ted Cormorant CO

lberta (after Brechtel 1983).
w



38

40 }F
Telethermometer egg et
\ ././ o,o/
e o~
Br ' /”/’/ﬂ/ﬂ/
e °
&) e o/ﬂ/ N
S Pl Model egg
[ o/
E ./o/ v
S N
®© 7 °
5 30t a
@ R
c S
@ e
o Ve
/ o]
o/. /Q/
25 b. ././o/o
N ~
p—*" —°
jo— 0"
20 . 1 1 1 L |
0 10 20 30 40 50
Time/min.
Figure II-2. Comparison of thermal response of a chicken

egg with a YSI telethermometer probe and a model
chicken egg containing agar and a Mini—Mittér trans-

mitter.



$L/L— Telemetry Egg
g in Nest

———————— antenna

,Timer Switch

(4]
o © cooo I\
E z e 00 00 M
Cassette-Radio Counter-Timer ~ Computer

Figure II-3. Data acquisition and analysis system.

[

Printer

39



40

19ong
onseld

101N

woyoq
xadsiad

663

jeuaiepy 1ssN

putmaTA I03F JuswWabueaay

*p-11 =anbtyg

BIBWED) O03PIA




Figure II-5.

' .8
‘sh%ﬁgpg

size).

Leg and foot of Double-crested Cormorant

L

ITocation of tempérarpfe'measurements (1life

41

~{



A

42

*SUOTITpPHOD

jusTque 13e #wma e ul posodxe 6o ucmuoEuou.wo aaInD BuTjesy -9+II Lanbrg

" ("NIW) WIL

0S ov o - - 0C _ ot o
] ) " T s .- . . . Y o
. ‘ __———15C
. \ o - -
. ] \\ L] | .
asnjesodwia) Ny — c— - Sy ) \.\
: o
- Co v
\ 10¢
e wwmmm‘_om_u >u_oo_m> PUIM IIN.
/o _ .. o\-/
N N \
S N . <— S3sealoul >u_oo_m> PUIM :
uy enows sprogy” | 158

(Do) IHNLVHIJWIL



43

ol

aimeladwel Iy *

>

aimeiadwa; B63

Y/

O o
S~
.

S~

® —
hd ,D,l,o

{£14

SE

W

(Jo) IHNLVHYIdWIL

&



44

401 , | |
g " - LY { ——\, -

/ .

/

One egg X = 27.6
Two eggs X = 33.7

25 Three eggs X = 35.6
= ~———— Four eggs X = 36.0 .
- . |
P
<
&
o 156
=
w
-

o
"
o
L
L

TIME (HRS.)

Figure II-8. Temperatures of eggs in single one-, two-,
‘three-, and foui‘—egg clutchgs /of Double—cresteéh'

Cormorants in southern Alberta during the first week

of incubation. S

4>



III. Thermal relations in nestling Double-crested

Cormorants in southexn Alberta

| Introduction

Thermoregulatory capabilities of nestling altricial
birds develop gfadually?and vaRf among and within Species
(Dunn 1975a). Priog to full hoheothermy, a nestling is
vulngrable'to'the effgcts of exposufe. Thermal flexibility
may vary geographically (Hudson and Kimzey‘1966, Trost 1972,
Kogkimies and Lahti 1964) , and details of the adaptability
ofua species should enhance understanding of geographical
differénces and provide data for managemeﬁt specific to
Yocal conditions. | |

Nestlings of Double—crested Cormorants (Ehalaglggg;ax‘
aﬂki:ns) gradually achleve effective thermoregulatory
ability so that by the time a nestling welghs 500 g, it can
tolerate considerable thermal stress; it is able to maintain
homeothermy at about 14 to 15 days after hatching (Dunn
1976) . The relatlvely long period preceedlng homeothermy
represents a period of potent1al vulnerablllty to thermal
stress and unless parental behavior compensates for the
inability to thermoregulate, death from hypothermia or
hyperthermia can result.

This paper reports on thermal relations of

prehomeothermic Double~crested Cormorantsbin the nest, and

45
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on the ability of nestlings to cope with induced thermal
stress. From these data, I will assess the effect of
short—term.disruption of parental attenti?éness on the
survivability of nestlings under particular sets of
conditions and cbnsider the advantages of hatch asynchrony

in that régard.

Study area and methods

The colony studied in May, June, and July of 1982,
1983, and 1984, was located on three islands in Scope
Rééervoir, an irrigation reservoir located 17 kﬁ east of
vauxhall, Alberta, 50.6°N, 111.9°W. Details of the colony

and the dominant vegetation are given by Van Scheik (1985a) .

Field observations
Deep body temperatures of 100 nestlings, ranging in age

from 0 to 14 days posthatch, were measured by inserting a

YSI 400 series (Yellow Springs Instrument - Co., Yellow

RN

Springs, OH 45387) probe > 2 cm into the cloaca. Readings

. were recorded from a Cole—Parmer Model 8523-00 Digi-sense

thermister thermometer (Cole-Parmer Instrument Co., Chicago,
IL 60684). Temperatures were téken within five minutes 6£
the departure of the pqrent and all measurements were made
between 10:00 a.m. aqd midday. with ambient tempergtures
ranging ffom 19.5 t6“21°C. Nestlings were weighed with a

Pesola spring balances
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Deep body temperatures were studled by gently forcing
M1n1 -Mitter Model v transmltters (The M1n1 -Mitter Co. Inc.:
Box 3386, Sunriver, Oregon 97702) into the alimentary
canals, via the esophagi, of 16 nestlings 5 to 10 -days old.
Data were recorded on Reallstlc Minisette 10 (Radlo Shack)
radio cassettes activated by a timer sw1tch (see Appendix)
which turned each unit on for 15 seconds every 14 minutes.
Thermally relevant behavior of nestlings in the nest was
sampled for 4.5 hours durgfg the day Wlth video camera and
cassette recorder (Sears Model 30133D). Transmitter
posltlons 1n the bodies oa two nestllngs were determined by
x-ra& and dlssectlon. T;e nestlings appeared unharmed by

" the transmitters which were recovered from the guano around

the nest a week to 10 days later,

Laboratorj studies

Thirty-eight hestlings from 1 to 11 days old were
collected at the nesting cclony‘and their thermoregulatery |
abilities assessed through thermal and behavioral responses
to direct solar radiation. Heat stressing was conducted in
a cormorant nest which had been removed from the colony to
minimize disturbance during testing; Body temperatures were
measured either by radio telemetry>using the system
described above or by a ¥SI 400 series probe coupled to a

. sle-Parmer Model 8523-00 Digi-sense thermometer.(cmhe probe

was inserted > 2 cm cloacally and temperatures were recorded

every two minutes. A comparison of the heating rates of a
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live seven-day-old nestling and a dead nestling the same ' age
and weight was made to determine if early attempts at
thermoregulation'were effective. Temperatures on the
downless back skin of nestlings < one and seven days old
were taken and compared to thelr de€p body temperatures
taken at the same time. Spec1f1c behavi }al respon;es, such

“

as vocalizations, gqular flutter, gaspi or thrashing

movements, were noted:

. Cold stressing was done in a styrofoam test chamber
cooled with crﬁsﬁed ice. Twenty—three nestlings, varying in
age from 1 to 12 days old, were placed in the test chamber
on an insulating platform and -allowed to cool until they«
became comatose. 'Temperatures were recerded every t;o
minutes. |

The age of all nestlings was determined by com?arigion‘

to weights and measurements reported by Punn (1975b).

Results

Field observations

Body temperatures of nestlings téken within five
minutes of the departure of attending parents were
significantly correlated w1th the number of days’ 51nce
hatching (r = .687, P < .01, n = 100, Pearson product moment
correladidn, Figure III-1). Nestlings oider than 11 days

had body temperatures within the range reported for adults
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(Neumann et al. 1968). Body témperatures"of nestlings
younger than‘ll days declined at a rapid rate and were
constantly lower than average body temperatures of nestlings
brooded in the nest. The effects of even brief exposure
were rapid. Telemetry data indicate that.the bod%
temperatures of individual nestlings may vary as much as
13°C even while the parent is(in attendance at the nest
(Figure.III—l). )

The location of transmitters was determined by both
autopsy and x-ray (Figure III-2). For the two nestlings
"dissected, the transmitters were found in the stomadhbamoné
food and gravei. The presence and function of 19 pieces of
gravel (.2 to 1.5 cm, 9.5 g) in the‘stoméch of one of the

nestlings could not be explained.

Bxperimental studies

When exposed to ﬁhe sun, nestlings heated rapidly, with
heart failure being abrupt and irreversible. The avérage
deep body temperature at which death occurred was 45.68 +
1.72°¢ (n. = 38) and took an average of 22.65 * 11.56 minutes
(Figure III-3). |

Nestlings less than two weeks old and not subjected to
high heat loads rest quietly in the nest with occasional
head movements and quiet vocalization. As heat loads begin

to build, the following series of temperature correlated

behaviors were observed:
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Quiet )
Nestlings with body temperatures below 35°C
rested quietly in the nest cup. Occasional head

movements and weak vocalizations were noted but

~typically the mouth was closed and breathing

movements were not noticeable.

Gular flutter

The description of gular flutter as giveh by |
Lasiewski and Snyder (1969) is typical of nestlings
at 0 to 14 days. The hyoid, depressed and flared,
expanding the buccal and pharyngeal aréaé, moves
rapidly, drawingsair over the moist membranes
facilitating evaporative cooling. Periodic gqular

flutter began when body temperatures reached 37 to
39%.

Vocalizing
One of the first indicators of heat stress was

the repeated production of a shrill ghirp. Unlike

- the quiet vocalizations given at lower temperatures,

this chirp was accompanied by head waving, thrashing
movements of wings and legs, -and gular fluttering.
Repetitive vocalizations every three to five seconds

o

occurred when the body temperature was about 38°C if
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the nestling was fully exposed to the sun. Skin

surface temperatures would be some 2°C higher.

Head waving |

Moving the head from side to side rapidly and
with éccompanying vocalization in nestlings up to
four or five days old was an early indicatioﬁ of
heat stress. Head waving behavior begaﬁ at about

the same temperature as repetitive vocalizing.

>
-

Thrashing movements
Young nestlings moved wings, head and legs in
an uncoordinated manner. More mature birds able to

coordinate their movements attempted to escape and

would climb out of the nest cup and fall to the

- ground. When this happened, the nestlings were

returned to the nest -cup by the observer. This
behavior, which usually began at about 39°C and
continued to around 42°C, usually msrked a sharp

increase in internal body temperature.

Continuous gular flutter
Rapid continuous movemenf of the gular region
with maximal extension of the hyoid apparatus

occurred when internal temperatures reached 40°cC.
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7. Gasping ’

As nestlings neared the limit of their ability
to cépe with heat stressf';he rate of gular flutter
decreased and eventually stopped. Nestlings stbpped
moving and with:their mouth open took in and exhaled
large gulps of air. Gasping began after internal
temperatures reached 42°C and signaled imminent
death. Birds which were shaded at this point

revived as their body temperatures fell.

8. Comatose
Jestlings which continued to be exposed after

ga..ping occurred became comatose within four
. )

minutes. No amount i}
2.

could revive the,birdg“ut this stage.

ading or other cooling

Figure III-4 depicts behavioral events of an exposed
nestling at various stages of heat stress. . Cormorant nests
are porous gnd stand some 50 cm above the ground and are
appropriately structured and positioned to-catch any wind.
The effect of wind on the heating rate of nestlings is

,immediately evident. At higher wind velocities nestlings
were able to withstand longer exposure to direct solar
insulation.

The black, naked skin of nestlings heats rapidly,

_ particularly if the air is calm. Very young nestlings, up



53

to three days old, attempt to ¢ool by gular fluttér and
become more efficient at cooling with increasing age. Figure
III-5 compares skin and deep body temperatures of an exposed
seven—day&bld ngstling with the deep body temperatures of a
dead seven—day-old nestling of the same?&eight. Gular

flutter was effective in slowing the rate of heating.

Cold stress

Nestling cormorants accepted cold stress passively.
Vocaliz;tions, which were loud and fréquent when nestlings
were first placed in the test chamber, diminished in
strength and frequency as stressing continuéd, ceasing
altogether when deep body temperatures reached 21°C (N =.5).
Shivering, an early indication of endothermy; was observed
first at six days after hatching; however, thé effort was

C ‘ . -
not sustained and was ineffective in preventing the body

RS

temperature froderopplng. Twelv%;dgy old nestllngs, though

unable to generayé enbngh hea&;by shlveﬁgng to malntaxn

. J, ’

constapt body temperatuk ﬁﬁre'able te”sLow the gaollng

and comﬁtose between 16 and . 19°C., Although-comatose

ro' o

nestllnéé

jwéfe motlonless and, unrespon91ve to external
F
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consciousness when placed in a warm environment. While
passive warming revived comatose nestlings if exposure was
not prolonged, no nestling whose dgep body temperature fell
below 11.5°C could be revived. No permanently adverse

effects resulted from chilling.

Discussion

Removal of the stable thermal environment provided by
attending adults has a profound effect on exposed nestlings.
Naked nestling cormorants are heavily pigmented,
facilitating absorption of solar radiation, but are
deficient in their ability to dissipate heat. Even at

ambient temperatures of less than 25°C the dark, naked

bodies act like "black bodies®™ and gain heat rapidly.

Although very small nestlings ma?a wfp@nsate partially for
heat gained through their relatively large surface areas by
behaviorallresponses wﬁich help dissipate heat, such efforts
are not fully effective until the third week aftér~hatching.
The ability to maintain homeothermy develops gggdually
and coincides wiéh the appearance of dense, black down at
about a week and which completely covers the body by two
weeks. Dunn (1975a) lists the age of endothermy for several
altricial species. For Double-crested Cormo%ants she

indicates that nestlings 12 days old can maintain body

temperatures 75% as high above ambient (15 to 25°C) as can

[
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adults. My data are ln agreement since 12-day-o0ld nestlings
could ma1nta1n body temperatures above 20°C 1ndef1n1tely at
ambient temperatures ranging from 8 to 15°C.. Younger
nestlings became torpld and comatose with the rate at whlch
thls occurs 1nverse1y proportlonal to thelr ‘age.

Unllke the Brown Pelecans (Eelgganus Qgg;dental;s)
studled by Bartholomew and Dawson (1954), nestling
..Doubleecrested,Cormorants can,gular flutter:on the day of
"hatch{ng,”and by seven/day5jof\age; this behavior was eﬂf}‘
: sufffcient to slow the rapid rise in body temperature of an
'exposed nestllng compared to that of' a dead nestllng of the
same age (Flgure III 5). Evans (1984) notes that Whlte
Pellcans (Relgganus gxythrgrhynghga) could gular flutter on
the ~day of hatchlng but were not observed to do so in the
'colony untll 11 days of age. Cormorants in the Scope
‘Reserv01r colony dld‘gylar flutter on the day of hatchlng.
Evaporatlve coollng by gular flutter 1s a primary mgans of
: temperature ‘control in nestllngs older than three weeks
; .(La31ewsk1 and‘Snyder 1969) . It appears to be equally .

<1mportant in ‘yolng nestllngs, and along w1th other:

temperature—related behavlors, can serve not only as an

'klndlcator of stress, but can be used to gauge the level of

stress. Nestllngs less than three days old did gular
flutter whlle belng brooded in the nest, w1th no exposure to
direct solar radlatlon, suggestxng that ‘this behav1or 1s

"controlled by body temperature and is in agreement with. the

@
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as a mechanismrfor'brood reduction in habitats with
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-

conclus1on reached by Evans (1984) for White Pelicans.
Y .
‘Heat—stressed nestllngs which are able to move often

:‘fnom the nest. The fate' of these birds is certain

,sdeath, either by gull predation or exposure.' ThlS type of

mortality, 1nduced indirectly by heat stress, may account

~for a large portion of nestling deaths which would not have

- occurred by heat stress alone. Therefore, while significant

mortality of nestlings less than two weeks old can occur in
less than 20 minutes by heat stress alone (Figure III- 3), |
heat stress—:elated mortality may result from much shorter
exposures._ % -

PoorideVelopmentaof air sacs was noted during

<

dissection to determine the location of radio transmitters.

- This limited air sacfdevelopment and may be a contributing
"factor to the rapid increase in the body temperatutes of

- nestlings exposed to heat stress.

,Asynbhnonous hatching hasibeenfconsidered advantageous
unpredictable resources (Lack 1954), as a counter predatﬁon
strategy (Hussell 1972), ‘as an 1nsurance against failure of
the first egg (Stinson 1979), and as a means of spreading

food demand on parents (Hussell 1972) ' Any or all of these

explanations mayﬁbe valid‘in a given situation, however, -

pwhere the interVal between hatching is‘large and the’

kl

e nestlings altr1c1al, as in the ‘caser of cormorants, -

asynchrony may be thermally advantageous.

Q;QEt
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v ° For instance, nestlings less than a week old have been
.reported by -Dunn (1976) to moye fnto the‘shade of parents.
‘Similar 'behavior was observed in”southern Aiberta inyolving
"older siblings. The markedly asynchronous hatch, spanning
'up to six days, results in nestlings in the sane nestnv ;G
varylng cons1derably in size and welght. On several
occa31ons on hot days, younger nestllngsm with presumably a

¥

low ability to thermoregulate, were observed to move into

“the shade of older Siblings.‘ Cons1der1ng the‘égpldlty with
’whléh hyperthermla can occur, partrcularly in, nestllngs less
than a week old, thlS behav1or, coupled to hatch asychrony,
‘1s highly adaptlve and prov1des a survival option not' |

available in synchronous hatch situations. As age 8

increases, homeothermy'deyelops and the nestling is better
‘able to stablllze its own thermal relatlonshxp to 1ts
env1ronmenta In so doing, 1t may prov1de hea% for younger,
1ess advanc@d 51b11ngs through passﬁhe contact, or it may
%ﬁ%vrde pa551ve cooling in heat stress 51tuat10ns through
body contact,or by providing shade.' - |
' Rapid gooling occurs when nestllngs ‘are exposed to
amblent temperatures 1ess than 259C, in- shade or 0vercast
conditions. Cold stress poses con51derably less risk than
v does heat“stress- .Nestllngs respond‘pas51vely to coollng

:and make virtually no attenpt to 'generate heat

metabolically. Shlverlng was seldom seen and was not

\
' sustained when it did occur. Recovery of comatose nestllngs
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with body temperatures as low as ll 5°C was generally rapld

vand complete. Nestlings which recovered from . hypothermla

|

grew normally and eventually fledged, after being régurned

4,
. .

to, their nests..
,‘Cold tolerance is not unique to COrmotapts. Altriciel
White Pelican nestlings'(EVans 1984), semipregooious We§tern
Gulls (Larus occidentalis) (Dawson and Bennett 1981), and
Ring-billed Gulls (Larus Dgleuaxgnﬁia) (Dawson et al. 1976)
also recovered normal functioning if warmed after being
comatose. Ring-%illed Gulls nest on the same 1sland$ as
Double—cresged COrmorants in southern Alberta.and occupy
muog‘ofvthe same renge.’ The ability to recover from acute

hypothermia.maY»be characterisitic of all species having

‘*altrlclal young.

homeothetmy, the ébiTit&“to withstand,thetmal étress,_

‘cootdlnatlon. Iq the ebsence‘of‘fully developed

- The gradual development of homeothermy is probably the &d
result of a number of age—related factors, 1nclud1ng

1ncreased mass, develqpment of down, and 1ncreased

particulérly qold_stress,‘has permitted cormorants to

. T , fu
successfully exploit the northern midcontinental part of
their range and perhaps the northern limitsvof their range *,

in Alaska and Newfoundland as well.
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Figure III-2. X-ray photograph of nestling with im?lanted

transmitter. Position of transmitter indicated by

arrow.' Other opaque objects are piecgs of gnavel.
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 Figure III-5. . Comparison of deep bédy and skin temperatures

of a live seven-day-o0ld Double-crested Cormorant

‘nestling with the deep body temperature ¢f a dead

nestling the same age.
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Iv. Incubation and btooding behavior of Double—

crested Cormoranta in. sou ern’ Albertm ﬁﬁ

,%ﬂw‘i‘?‘m “““““““
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WIhérod&Etion
Thermoregulation in birds is dependent to a
considerable extent on their ability to choose or constrgpt
an environment that minimizes thermal stress.. Because eggs
and nestlings of many species have limited abilities to cope
with thermal stress from temperature, wind, or solar
radiation, nest site selection and nesting behavior may be
extremely important aspects of reproductive success.
Responses to thermal stress during_éhe_breeding season vafy
from species to species and geographically.\ Blrds nestlng
in situations which are thermally stressful may avoid stressr
by utllizing sheltered areas or by building protective nests
"(Hensley 1954, Ricklefs and Hainsworth 1969, Orr 1970, ] .
Calder 1971). Several species nesting in haréh{désertrlw"é

conditions have been studied by Grant (1982) to determlne

how the effects of high temperature are relieved, allowxng

successful reproduction in fully—exposed nests. A ""af.n

Those species which choose to nest in northern

midcontinental regions may, during the nesting season; have -

to cope with both high and low temperatures. Dohble—crésted{

. Cormorants (Phalacrocorax auritus) are typical examples.

Clutches are initiated in late April or early Mayiwhen night

67
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'3 | ‘
tempgratures fall well below freezing. Nestlings may be
‘! subgect to potentially lethal heat loads in early June. The
| lack of brood patches in pelecaniform birds/g::oents
'complications for both"thermoregulation,and incubation of
eggs (srent 1975). N
This repoit deals with the behavioral adaptations of

Double-crested Cormorants for optimizing thermal

relationships within the nesting environment.
' ’

Study area and methods

All observations were made at the nesting colony on
three islands in Scope Réservoir 17 kmAeast of Vauxhall,
Alberta (50.6°N, 111.9%W) during May June, and July of 1983

‘ and 1984. The veget&tion and topography of the‘island_have
been described by Brechtel (1983).
) Data on incubation temperatyres and nestling deep body
temperatures were obtained b% methods described previously °
_(van Scheik 1985a) . Behavfhr‘of incubating and brooding
‘adults was recoraed on video cassette tapes by a Sears Model
30133D video cassette recorder powered by a car battery.
_Continuous video recordings, each four and one-half hours
long, were made by equipment 1éft in the colony focusing on
nests conta%ning'telemetry eguipn§§t. - |
\ vAnalysis of the video data was done in the laboratory.

Behaviors thermally relevant to aggs, nestlings, or adults



were categorized into‘eight:categories defined as follows:

1 .

. o

B 1 Orientation of %dult "l_ .

| Orientation of adult is the position of the

' adult with referencewto the position of the sun or
.w1nd.v Birds facing 459 on either side of the sun
position or wind direction were considered to be
facing the sun or wind. Tail to—sun or wind o

o

»
'<orientation was evaluated similarly. When thenhird

P

bird was considered to beMoriented laterally.

.Z,gGular flutter

a

‘ Gular flutter is the rapid oscxllation -0of the
: .é"gular region and hyoid apparatus.' Gular flutter
<rates were measu&ed from video recordings using a

‘fmechanical stroboscope.

’“'ngg movement ?'5‘° '.f'.~v7>"* PR

Egg movement refers to the turning ot rolling

R the egg on' top “of the feet with the bill. )
4 Full incubation | “f.,,} - '_ 4.‘7‘K.i

;

Full incubation refers to. eggs that are in
contact with the top of the feet and the breast.

-

r(:’} T : : ) s hv‘ ie

:  was facing at a right angle to thg sun or wind the }"

iJof the/egg as.a result of movmng the feet or loading I

[ X%

.
ks
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5. Partial incubation ,
. Partial incubation refers to. eggs that ayﬁ not

on top.of the feet but in 1oose contact with the -

breast. - - R
s‘;]‘ " - | . . - :)
) ‘A ' ‘-\2 . l. - ‘"‘ .’1‘
6. Brgﬂding Q'ﬁ ; ,;ﬁw_

Btﬁoﬁing refers td nestlings totally covered or

;mostly_coveredhby and in contac€'w1th the parent. 1
‘7.(Shading

) Shading refers to nestlings in the shade of the’

L ,7'parent. . ’ -
5 \/ " : " ‘ ; "@“ ’ ! . J -
SR U * s 0 <
- "+ % 8. Exposed@

s ' IJ; ' Nestlings are fully exposed to ambient éﬁ

conditions of wind and &emperature, either in the

‘ . ~
shade or in the sun. ' (
- ¥ > 8 . - ' E\ |
I g . . . z\i
R Rehulcs <
. AV L : e'\g
Results are ‘pagéd on 69< hours: of video data. w"' L
E ‘ : .
Incuéation—r lated ‘data consisted of 43, 5 hours of video
1§? _ recordings of ﬁeatség?ﬂtainigg ‘one to five*eggs. The
B remaining 25 5 hogggyof recoﬁgangs focused on the brooding
A o
) of nestling% S g)4:~?f;vb_ o o

. ! ;%’I
.- ,," -
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| Attentive behavior is related'to the‘time since the
laying of the first egg and to the: number of eggs present-in
the nest. A comparison of attentive behaV1or and average
.incubation temperatures for nests with one to four eggs is
shown in Pigure IV-l. " The percent of time spent in full
incubation 1ncreased gradually as eggs were laid. Eggs were
.continually either partially or fully incubated following
the laylng of the third eqq. Attentiveness is refleCted in-
the fluctuating temperatures of model eggs 1nvnests.wrgh
varying numbers of eggs (Figure IV-2) . As the incubation

(ﬁ period: progresses and the number of eggs increases,

‘ temperature oscillations tend to-be smaller. The amount of
time‘Spent in fﬁll 1ncubat10n is reflected in the 1ncreasxng'
mean. egg temperature. While average egg t peratures were
variable, there was no difference. in the frequency at which
_eggs were moved in the nests. Eggs were moved ‘once every
12.12 % 2. 66 minutes in the 4;_ '

v N
Gular flutter, an ‘indicatjion of r181ng heat loads, was

nests observed. ; v

seldom observed at temperatures below 20°C. Above that ’
temperature, a large percent of the time parents were. at the
" nest involved gular flutter (Table Iv-l). Rates of gular
flutter ranged fr%m 450 to 540/m1n. While gular flutter
' rates were relat!%ely cohstant,»tﬂe amplitude;’ 1 €.r the
amountéof flaring of . the hyoid, was mgLe variable., At low

¥

heat loads. llttle flaring was observed. but as heat loads(‘

1ncreased, flaring of the gular rqgion 1ncreased \\\
j B i néq;);‘ 'L"_‘" . \\ .
» , . ’_Q}ﬁ%% . ., ’ ; \
TR .
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. Orientation on the nest is an aspect of behavioral
thermoregulation which, with wind., gular“flutter, and sun
angie, can be used to adjust heat loads. Duringdincubation
in southern Alberta, the relatively constant light southwest
winds and moderate temperatures probably reduced the need
for the use of orientation as a means of thermoregulating.
Bowever, as summarized in Figur%yIVeB, orientation during
ineubation"deviatédAsignificanély from randém. .Incubatingf
fbirds assumed a“tail- to—sun orientation most often (xziin
| _201 df = 2, P < 001). Orientation to the wind ‘also. ’w
deviated significantly from random with 1ncubating birds
either faCing the wind or in a tail-to-wind 9051tion (x2 = -
327.5, 4f = 2, P < .001). |

The appearance of nestlings in the nest toward the end ‘
'uof May and thg early part of - June coincides With long,. warm,
sunny days in southernrAlbérta.' Young nestlings with naked
black skins are uulnerable to hyperthermia-and, therefore,
must be protected from direct solar insolation. Fully
exposed nests subject a tending adults to high heat 1oads
and increased thermal stress.. Orientation of the parent at
the nest is important both. for limiting heat 1oad and to
ensd'L that shade 1s«ava11able for nestlings in: the nest.
'Adult orientation while brooding, summarized in Figure Iv-4,
'fshows that- the ‘tail- to—sun position wgg assumed |
‘;significantly more of the time’ (%2 = 108.9, df =2, P<
'.001).n Orientation with regard tofyiga direction was highly
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81gnificant with tail-to~wind position being‘the favored
‘,posltion (x2 = 775.4, 4f = 2, R < .0001) . R
Nestlings less than seven days old are seldom fully

hexposed but are- alternately brooded or shaded by the parent.
Exposed nestlings, though shaded and subject to the cooling
effects of wind, Wsually rest quietly on the feet of the

dnlt. Brooded'nestlings often are covered totally except
‘igr the head which may be fully exposed to the sun. Day-old
nestlings, observed to gular tlutter while being brooded
under ambient conditions, did not appear to be stressed. Q

The percent of tinggspent by nestlings exposed in shade,

‘brooded, or exposed £ the sun is summarized in Figure IV—S.

R - - T T R A

B - .

: W B'iscussior% ,@& N ,”
Attentlvé behavior, as exhibited by Double—Orested
,Cormorants, appears to servezanree important functions
- during the 1ncubation period"@ﬂpglecting egg# from {\"

predators, maintaining egg temperatures7w1thin d range which
ensures v1ab111ty and development, and redq01ng the degﬁdé ﬁ@
of asynchrony of the hatch. The prese ce of adults at the
nest is suff1c1ent to protect eggs and\young nestlings from
‘attacks by gulls. Unless driven from the nést by ,g’“i y
disturbance, one or both of the nesting pair are at the nest
at all.times. Eggs may be shaded, partially 1ncubated or

2

fully 1ncubated, depending on éﬁe amount of contact w1th the

, o* .
oo . ?
T ., _ _ 3
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feet and/or breast of the attending bird. Egg - temperatures
are effectively’coﬂgtolled by varylng the amount of time in‘
each;mode'of intubatlon_in a manner 51mila: to that
described_by Grant (1982) for the vérioue charadrjjformg he

studied.

Partial incubEtion alternated with. full inCﬁbation“

luctuating egqg temperatutes‘(Figdré Iv;z)f As
nt (1975) and others, d@%éfopmenﬁqsiadually

Fv7°C). Through partial 1ncubatlon prior to clutch
'completlon, corﬁorants may reduce hatch asynchrony theréﬁy

.enhanc1ng the surv1vabxlity of nestllngs frOm eggs lald last

‘and‘at the same time preventing’problems of dlsproportlonate

heart growth and other anomalies associated with constantly

g

Iow incubatlon températures in first laid eggs (S}Ent 19757 .7

Completion of the clutch, ‘usually@®ur "eggs, results in a
gteatEr amount of time being -spént in the fUI% incypation
€

mode and the stabxlizat:En of egg temperatures-

“While providing a siitably cqnstant environment for

: optimal embryonlc development, 1ncubat1ng adultS neeé to

compensate for the effect of‘env1ronmental St;fss on ~

themselves.- Gular flutter, orientation on the nest, and

.‘.nest relief are»llkely the primarylmethods of rellevlng

' thermal stress in incubating.adults. ﬁt amb1ent

flutter s

temperatu;es above 20°C, adult cormorantSHGWl:i

.-41v < . : . o [
almost constantly. Measured gular flutter r%tesvof

briperatures decline to the point of no development‘

- e
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1ncubating birds were constant between 450 to 540/min,

slightly lower than the 615 to 677/min reported for

Juveniles ofﬂthe game Species in Washington by Lasiewski and
- Snyder (1969) or 64§¢to 730/min for adults *p California

(Bartholomew et al 1968).' Gular flutter ng function

,,1ndependent1y of. heat loads . ﬁLa81ewski and/ﬁnyder 1969) .~ -
Day-o 01d nestlings wereiobservedfﬁb“gﬁmar flutter while

being brooded. §§n most casesAwhen this occurred. theﬁﬁ_ ﬁ%

; ;nestling 8 head was exposed to dlrect sunfighiﬁ.t The
‘*k‘temperature regulation center 1s located in the hypothalamus

ffof the brain. Day—old nestllngs have featherless heads and
Tty L - o
iberyrthfn skulls. Direct stlmulation of the hypothalamus

may elicigiéooléngbehav1or even ;hough~body temperature is
not elev . c | ‘

\Dark coat colors may either increase or. decrease the.
solar heat 1oad, dependlng on how species 5pecific factgrs
such as plumage 1nsulation'and geather mlcrostructure ¥

interact wit@wind velocity. . Provﬁd m exceéds 3 .
g
n/sec (10¢8 km/h), a black feathered bird can heat o
A
,radlatlvely out of the wind or reduce heat loads in the wind

by erectlng_plumage (Walsberg et al. fB 8, Walsberg 1982).*

i -0r1entat1on toward the sun, along w1t ‘ tural adjustments,
o .

" can regulate heat gain from solar 1nsolation by regulatlng :

vthe amount of surface area exposed and by elther exp031ng or-
i protegylng those surface areas which are most absorptlve to

; solar radiation (Lusticw et al. 1978). As the angle of

4

\
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incidence of incoming radiation inckeases. thewdifference in

heat transfer between light and darﬂ plumage§ disappears

Tbuatlck et al 193°)° By postural: djustments, therefore:

a dark feathered blrd can respond th rmally as' thougp it

were whlte. ' } b ; |
Bare-skinned areas were found tg be important in

‘temperatdﬁe regulation in black vultures (ggraggpg a;;a;na)

(Larochelle et al. 1982) Double-crested Cormor

black ‘and have featherlegg skin in the gular regl
e'.be'éxpected. hen, thﬁt orientation should glay ap

part in their thermOIEQUIatlonq Fac1ng toward or

the, sun reduces the”Surface exposed to the sun to

to proceed with maximum efficiency.
™ At low wind velocitijes, birds with large, ‘ '73ef¢§wi
- whlte—feathered areas may reduce radiative heat gain: by
faciné“!he syn ai exp031ng the whlte areas (Grant 1982,
Lustick et al. 1978) . In the absence ‘of wlnd, Heermann 's
'Gulls (Larus heﬁxminni) oriented randomly’(BartholOmew and
Dawson 1979) while Masked Boobles (Snla das;xlﬁtra), whlte‘
birds except for feet and wing prlmarles, faced away. from
the sun regardless of wind direction (Bartholomew 1966) -
Since the wxnds in. Southern Alberta are predominantly fror
. the southwest, 1t is dlfficult toade ermipe if orientatiqn‘

“on the nest is the resylt of wind or sun

Winds greater;
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. than 3 u/sec may be more importent-than sun iﬁ’aetermining
orientation on the nest (Dexter 1961). A tail-to-wind
P°81fion would maximize the effect on cooling when feathers'
Weére erect and at the same time #’1n01de with a-
faéing—away-from—the-sun position during the hottest pag!bof
the day.

(

Nestlings and eggs are dependent Qn adults for
thermoregulation. *Adult cormorants u!g;e w:t‘nd, orientatlon,
and gyjar flutter to thermoregulate.s. In southern Alberta,
€dgs and nestllngs are protected agglnét hypothermla and
hyperthermia by the abillty of the adults to meet thejkf a0

thermal Stress of the environm%nt.

Q
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Table IV-1. Percent of time incubating birdg BPeht gular p
fluttering at various dates and ambient” :
conditions. Each date represents‘a diffexent
incubating ‘pair- .
"”Eﬁ? Average . .
Average wind : Time
- air velocity - gular
Date Time temp-(°C)  (km/h) flutter (%)
~ B : —
May 8 9:30 am 17.5 21.5 0
2:00 pm '
May 12 7:30 am 13.0 16.7 0
' 11:50 am -
May 15 1:00 pm 22.0 16.1 66.1
300 pm - C
, S R L
May 18 5:00 pm 16.5 . A2.5 .0
9:30 pm . e B
. ¥
May 22 1:00 pm 20.5 14.2 ... - 91.8
5:00 pm . '
June 3 ., 1:00 pm 24.0 16.6 - 88.3
5:00 pm g R

By
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No.ofEggs 1 . 2 3 4 , 5
Egg Temp. °c 27.8 29.5 35.2 36.0 36.0 v
No. of Nests 3 -2 2 » 2 1
. .| Full incubation | t
7 | e ’
/%/ Partial Incubation . . :
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Figure IV-1. Incubation attentiveness of,Ddubleacfested

t

Cormorants in relation to the number of eggs in the

#%_‘nest afid;egg temperature.
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Figure Iv-3. Orientation of nine different incubating
Double-crested Cormorants with respect to sun and wind.
Arrow indicates wind velocity (km/h). The curved line

represents the sun arc and the bars radiating from the
: N
-nest indicate the percent of time facing that direction.
~
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Figure IV-4. Orieﬁtatién of_nine'different brooding Double-
crested Cormorants with respect to sun and windt
Arrow‘iﬁdicétes wind Vélocity (km/h). TheDCUrved line
fepresents the sun arc and the bars rédiating from thé

ngst indicate the percent of time facing that direction.
\ } » ) . /v‘)“ - . o ' . . : ‘

S



85 -

Percent of time nestlings were exposed or '’

-5.

brooded in relation to age and ‘air temperature.

®

Observations on each nestling were ma

de continuously
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for four and one-half hours at midday.

Figure IV



V. Thermal signiflcance of,Double-crested
Cormorant shell structure and pigmentation

)
Introduction

Pactors affecting the thermal propertles of avian eggs
are knoyn to include pigmentation (Bakken et al. 1978),
surface‘staining and deposits (Grant 1982). Other factors
such as shell thickness and the volume of the egqg itself
would affect the rate of temperature change follow1ng

exposure. Cavity nesting birds and those which begln to

~incubate after the first egg is 1aid usually lay white eggs,

while open nesting, particularly ground nesting birds, lay

' 'colored eggs which are often cryptic (Lack 1958) .

-Eggs of many bird species are known to reflect as much
as 90% of incident solar radlatlon in the near 1nfrared part
of the spectrum (Bakken et al. 1978). ‘Infrared (wavelengths
of 800 nanometres to 50 microns) accounts for slightly less
than half of incident solar radiation. The remaining energy
1n solar radiation is in ‘the ultraviolet—v151ble portion of

the 8pectrum. Brown protoporphyrlns, blue bilivardin IXa

V,and its green zinc chelate are the pr1nc1pa1 shell pigments

"which influence the amount of solar radlatlon absorbed

(Kennedy and Vevers-1973). .Double—crested Cormorants
(Phalacrocorax aur;;ns) lay blue eggs: 1n eqused nests.
Blue b1rds (S;al;a spl) also lay blue eggs. but are cav1ty

86
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nesters. If, as Lack (1958) suggests, egg color is

associated with the type of nest site, the value of blue

‘pigmentation in both cormorants and blue birds is unclear.

-

| The.effect of shell structure, pigments, and soiling as
factors in the thermal environment of eggs has received
little attention.: In this paper, the effect of shell
structure, pigmentatio:; and soiling in relation to heat

transfer by fluorescence and infrared emission is reported.

Shell pigment analysis

| Blue shell pigments were extracted by putting the
ground up shell into a small volume of 6 mole/litre HC1 and
stirring,atthigh speed with a magnetic stirrer. The

resulting light blue colored froth‘was removed as it formed‘

" and agitated with methanol. After settling, the blue

supernatant ligquid was centrifuged 10 minutes at 15,000 RPM.

The clear pigment solution was decanted and stored in light

proof containers. This method was much more efficient than
that used by.Kennedy and Vevers (1973). |

To determine the number of different.pigments present
in the pigment extract, a sample was concentrated by
evaporation. 'Thin layer chromatography using methanol as
the’soluent was;used to attempt separation of pigments.

'Spectral characterization of the pigment was undertaken
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v

for both fluorescence and absorptivitysm nbsorbance wvas
scanned between wave lengths of 200 to 600 nanometres using
"a Bewlett Packard diode array spectrophotometer. Excitation’
spectroscopy and fluorescence measurements were made with a -

Ferrand MK2 spectroflurometer.

N

Shell structure analysis

Shell fragments (ca 5 mm2;¥from eggs which had minimal,
light, and heavy calcite deposits and flea defecation on the
surface were selected for scanning electron microscopy:
“Untreated shell fragments were mounted perpendicularly on
separatevstubs, sputter coated'withﬁgold (150 A) in a
Nandgec'coaterrand examined using a Cambridge Stercoscan 100
electron microscope. Representative and selected portions
of the fragments were'photographed. Contact prints of these
photographs were prepared for study purposes. The strncture
-and nature of the calcite deposit on the shell surface was
examined both qualitatimely and‘quantitatively.

.\\\ - ~

Thermal properties of the shell\ o

A comparison of the heat t ansmission properties of
‘shell fragments (ca 3.6 cm?) for clean shell with minimal
calcite deposit, heavy soiling, spotted soiling, normal
Ring-billed Gull shell, and white chicken eggshell was made
by monitoring the temperature change of agar 2 mm oeloy the

inner shell surface. The shell fragments were sealed to the

top of a glass shield with silicone adhesive after the agar
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contact between the Bhell and temperature probe had set.
(Figure V-1).. Temperatures v;re recorded every 30 seconds’
’for 20 minutes. A .
The same shell fragments usedlto compare heat \
transmission properties were used to cbmpare infraned
emission. After being placed on a styrofoam block, the
~shell fragments were heated in a drying oven to 65°C. The
uniformly heated shells were removed from the oven and
immediately monitored using an Aga Thermovision 750
(AGAtronics Ltd., Toronto, ON M81Z 4x4) infrared camera
system. A permanent record of the ‘video display was made’ by .

_taking polar01d pictures every 15 seconds as the shells

cooled.

.. Results

Pigment analysis .

_The. light blue pigment extracted from the shell was
unstable in light but weuld keep for several weeks if stored
in f01l-wrapped vials. Only one-pigment ‘could be detected
by thin—layer chromatographya The single pigment ‘known to

produce blue eggshell coloration is biliverdin (Kennedy and _

Vevers 1976) . - T— : ' ) o

An absorbance ‘spectrum of the pigment revealed

',absorbance'in the .region of 280 nanometres with declining

absorbance‘aSAthe wavelength increased (Figure V-2). The



low absorbance in the visible and near infrared region of
the spectrum would imply high transmission in this region.
The pigment sapplee fluoresce, although the emission is weak
with maximum fluorescenCe OCCurripg at 330 nanometres
(Figure V-3). E&citation spectra resemble the
ultraviolet—-absorption spectra very'closely, suggesting a

reasonably pure sample. No emission cguld be detected with
tL e

. % WRTEN
3By et s i

excitation at waved Wﬁ onger than 300 nanometres,

Shell structure

The structure of the Double-crested Cormorant eggsheli
is typical of most other bird species for struetures below
the cuticle. Scanhing eledtron microscopy reveals the
absence of .a true cuticle in this species (Figure V-4). The
.outermost layer overlaying the true shell is a calcite layer
which may completely hide the pigmented shell beneath.
Total thicknesg of various types of_shz}ls is summarized in
Table V-1. Thickness of the calcite cover of shell
‘fragments examined by electron microscopy varied:
cohaiderably, ranging from 20 to 80 micrens.
Whole sheii pregeriiea
h Thermal abserbance prqperties of the'eggshelis'ﬁere
found to be'variable dePerding on the thickness of the"
calcite cover and the amount of-soiling. Clean blue
eggshells generally heated ‘more slowly while eggshells wlth |

4
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calcite covers heated more quickly than shells spotted or
smeared with fiea excrement. Soiling due to smearing by
flea'excremgnt had variable effects but did not increase the
heat absorbing qualities of the shell. Table V-2 summarizes
the time taken for various shell types to reach 42.2°C.
Shell fragments cool;d'at different rates as deteFmined
by infrared thermoqraphy. The thinner shells cooled fastest
as expected, however, eggshells soiled with smeared flea
excrement cooled faster than thinner'chickeh eggshells or
those spotted with flea excrement. The cooling order--qull,
blue cormorant, smear-soiled cormorant, chicken, spot—qoiled'
cormorant, heavy_calcite—covered cormorant--was -consistent
over the 20 observations. Thermégraphs taken at 15-second

intervals over the cooling period are shown in Figure V-5..

N Discussion

o
?,',‘(’

The presence of pigments in the eggshells of birds has
long been a subject of discussion. Two questions have
pé&sisted: How does the pigment reach the shell? What is
its function? |

The first question is beyond the scope of thié study.
Answers to the second revolve around the function §f the
pigment in the shell calcificatlon process (Kennedy and

Vevers 1973) or 1n terms of the cryptic value a comblnatlon

-of pigments may afford the egg (Tinbergen et al. 1962, Lack

i
i
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1958) . Recentiy ngken et al. (1978).suggest that eggshells‘
containing;prétoporphyrins and bil'in may, in additjon to
giving cryptic protection, provide high reflectivity in the
near infrared while absorbing only visible radiation. -

During incubation, cormorant nests are heavily infested
with the Western Hen Flea (Ceratophyllus niger). These
blood—suckingéparasites breed in guano and congregate in
large numbers under the wirm eggs in the nest. Following
blood meals on adult birds, the fleas deposit excrement on
the eggé‘and nest material. These spots smear, causing the

eggs\t& stain a brown color. The amouﬁt.of‘staining
increases directly as the length of time the egg is in the
nest so that the order of laying can be determined by noting
the amount of egg discoloration. While the blue pigment in
cormorant - eggshells has no apparent cryptic value, heavily
soiled eggs are far hofe cryptic than clean blue or chalk
white freshly laid eggs. Soiling has little or no éffect
thermally but is probably advantageous to the bird becaJEe
of the protection afforded the egg by making it less obvious
in the nest.

The purified, extracted pigment absorbg energy in the
ultraviolet region of the spectrum (280 nanometres) but at
wavelengths greater than 300 nanometres absorbance is very
low. It is noteworthy, howevér, that excitation at 280
nanometres results in fluorescence at 330.nanometrés. The

pigment is effectively unresponsivé to all wavelengths
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examined above 330 nanometres. High transparengy would
reemphasize the question of the function of this pigment.
Clearly the response of the isolated pigment is‘lnadequate
to explain the response of the eggshell and piément to solar
radiation. Cormorant eggé heat.rapidly when exposed to
direct solar insol?tion. Reflectance of ingident solar
radiation in conjunction with shell structural properties is
the most probable function Qf pigment, yet a pigment
obscured by a layer of calcite can hardly be expected to
contribute to the reflective properties of the surface. All
Double~crested Cormorant eqgqs have a detectable calcite
cover which, in most eggé, totally or partially obliterates
the pigmented true shell. It is tempting to speculate that
the pigment's function is buried in the evolutionary history
of the species.

Tyler (1969) notes that shells of the Podicipediformes
and Pelecaniformes (except for the Phaethontidae) have a
calcereous cover over the shell. The thickness is variable
within and among species in these femilies. Among the
Phalacrocoracidae, cover thickness varied from as littlé as
4 microns in Phalacrocorax carbo novaehollandae to 80
microns in P. auritus (Tyler 1969).

This cover completely hideé the true shell surface and
the pore mouths. As seen in Figure V-4, this covering layer
- 18 very porous. This type of structure would be expected to

minimize heating by conduction and facilitate cooling by
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interstitial convection, yet eggs having calcite covers
heated more quickly than those with little or no cover. The
same shells also cooled more slowly. This seems at f%rst to
be inconsistent with the needs and properties of the éégs,
but further consideration ‘suggests it is not. Under normal'
qircumstances, cormorant eggs are not exposed to direct
solar insolation likely to result in overheating; therefore,
having a highly heét absorbing cover is no disadvantage.
Since incubationr depends on warming the egg without contact
to a brood patch, as in most bird species, having a heat
absorbing cover may be distinctly -advantageous. Shells
which heat quickly and retain heat well would allow more
efficient energy utilization, both reducing the energy cost
of incubation to the parent and stabilizing the thermal
environment of the egqg, thus facilitiating continuous ‘and

uniform development of the embryo.
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- Table V-1. Thickness of Dousiéwcrested Cormorant, Ring-—
: 'billed Gull and chicken eggshells.

Sheli»typeJ o Lo  Thickng§sj(mm) n
Cormorant ‘ )
é@gan.blue - s .03 10
spot soiled .402 + .020 .10
‘smear soiled . a4z.17 ¢ 100
"heavficaicite cover - .468 + .047 10
Chicken . 343 .029 3
Gull S o .298 # .032 - 3.
5 , ’
.
-
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Table V-2. Summary of the time for various
reach 42.2°cC. -

,?55

e

i
/

" shell types,io |

N -
‘ AVerage /[
~time , / '
‘ ST S to rsach '~ Avefage shell

Shell type *T n 42.2°C (min) thickness (mm)

) . - . . . . /4 B ;
Cormorant V /7

clean blue -7 11.0 4 .358 % .031

spot soiléd & 10.6 /402 & .020

smear soiled 4 . 9.6 414 + .017

‘heavy calcite covef T 9.;f .468 + .047
Chicken “ 3 8.5 .343 + .029
Gull 3 1.8 .298 + .032
5 ) . .
/,/ —_—
/ /
7/
/
//
// /
/'
. / /
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- Figure V-3. Excitation spectrﬁm of Double-crested
' Cormorant eggshell pigment. Note that the peaks in
the 560-610 - nm region are 2X harmonics of the

excitation frequency.



Figure V-4. 'Structufe Qf Doublé—crested‘Corﬁorant egéshells
collected one week after.laying. A. Radially
fractured eggshell 158X including (a) outer<eggsheil

K 'membrane; (b) mammillary layer, (c) palisade layer,
and (d) covef (scale bar = 200" um). The calcified
CQver B. is ;eén ié be\plabed directiy on- top of the

'»palisade layer (lOOOX) anq isjabCut 58 um thick (scaie
bar = 50 um). In C. the cover is magnified 5040X.
‘Notevrénddm Arraﬁgemeht of calcite spheriteéland‘high
porosity (Scéle bar = 10 um). In‘D. the caléite cover
is‘OVe:laia by a spot of flea‘defec;nt”beforé smeariné_

(317X, scale bar = 100 um).







Figure V=5. Thermographs.showing differential coolipg

rates of eggshells heated to 65°C and observed with

infrared thermography at 15Ssec
under the thermqgréphs identify
column. Note thet in A. 15 sec
‘red emission is.Uniform; "In B.
both the gull egQShells and the

‘show definite sxgns of coollng.

intervals. Circles

‘the shell type in that

after removal, infra-
30 sec after removal,
blue cermorant shells

Thermdgraphy C. 45Lvﬁﬁ“*ﬁ

sec after removal 1nd1cates cooling is detectable 1n'

/ :

all shell types'but shells w1thvheavy de9051t are

warmest. In D. one: mlnute after_remeva%/~only shells

"w1th heavy dep051t are emlttlng detectable amounts of'“

infrared.
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VvI. Concluding Discussion

Bird distribution, according to Welty (1979), is a

result of the interplay of two great dynamlc agents: the

perpetually changing env ronment and the continually

evolviﬁg bird. Ecologlc'l fltnéss, i.e., those abilities

,and characteristics whg”* make surv1yal and reproduction

and more per31stent forceé%ﬁ%ﬁch as those of geology,
climatology, and adaptive radlatlon.' Energy exchange in

living organlsms embraces a variety of subjects and is

" central to consideration of such topics as geographlc

distribution, productivity, and thermoregulation.
Thermoregulation and heat transfer, fundamentally important
consxderatlons for all homeotherms, become overriding
considerations in the reproductive ecology of birds. While
maintaining a steady state between heat income and loss in
an adult bird may not‘be difficult given the high degree of
mobility of oirds, thermal balance becomes exceedingly
complex with the presence of eggs\and young which are both
immobiie and thermally- dependent. The heterogeneity of the
environment with constantiy‘fldctuating thermal parameters,
such as the constaptly changing temperatures of air, nest‘v

and surrounding substrate, variable wind speed, humidity,

and solar insolation, requires high levels of adaptability
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on the part of the adult and'considerable thermal plasticity
~on the part of the embryo or nestling.

Thermal aspects of theTrepr00»~c1ve ecoiogy of
Double-crested Cormorants can be considered in four distinct
categories: embryonic hardfhess, nestling hardiness,
parental adaptive behaviors, and sﬁrﬁctural adaptations.

The normal thermal environment of eggs in the nest and the
ability of.embryos to withstand fluctuhtions in that
environment is of primary importance.

In this study the high mortality of embryos at
temperatures above 42.2°C is consistent with data oﬁ other
species (Drent 1975, Bennett et al. 198l). Eggs exposed‘to
di;ect solar insolation can heat rapidly; in reality,
however, the risks of overheating are minimel as egge would
only be exposed during disturbance. No disturbance, other
than that caused by mylpreeence in the.colony or as a tesuit
of management procedures, was ever observed during‘the three
nesting seasens studied. Dﬁring the time eggs are present
inethe hest, solar insoiation is weak and is accoﬁpanied by
a constant light b;eeiee' To be harmful to the embryos,
exposures would have to be proldnged, Although internal egg
temperatures were shown to increase at a maximum of

0.36°C/min when exposed in no-wind situations, internal
temperatures reaching lethal limits in the field wefe never
observed.L In all cases, wind or cleud prevented excessive

temperature increases. Cold hardiness of embryos, coupled
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with the low probability of heat stress, suggests that
factors other: than témperature control the breeding range of
this species in Alberta.

Embryonic cold tolerance allows truncation of the
hatch. Maintain;ng the first—laid eggs at lower
temperatures slows embryonic development and thus reduces
asynchrony. Egg temperatures increése as more eggs are
laid. . Maximim egg tempefatures'are not attained until
after the third egg is laid, at which time an internal
temperature of about 36°C is maintained. Thg absence of a
brood patch may facilitate the control of egg temﬁerature by
permitting a number of differing modes of incubation.
Contact with the totipalmate feet and feathers of the breast
-may be present or absent, tight or loose, thus alloﬁing_the
fine tuning of internal egg temperature.to suit short-term
developmental‘requiremenfs and long—-term considerations of
asynchrony.”

Lack (1954) suggested that hatch asynchrony, és seen in
a few species such as owls and hawks, is the exception to
the general rule of synchronized hatch of most birds. He
considered hatch asynchrony to be an adaptation to widely
flucthating_food supplies for hawks and owls, particularly
in the arctic. When food supplies are low, adjustment of
brood size allows éarents to cut their lésses by eliminating
those chicks in which their investment is smallest.

Synchronous hatching would be particularly advantageous
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in situations of abundant food, low predation threat, and
high thermal stability. It optimizes the effects of
environmental stability and equilibium. Asynchrony,would be
advantageous where the parameters contributing to nesting
success are less predictable. '

Asynchronous hatching is widespread among bird species.
Clark and Wilson (1981) summarize data on 87 altricial
species end‘indicate hatch spreads varied from seven hours
to eight days. In Double-crested Cormorants hatch spreads
of six days are not uncommon for a clutch of five eggs
(Brechtel 1983).

%hete the egg laying spread is great, mechanisms which
reduce overall hatch asynchrony may be present.

r . . .
Double-crested Cormorants with interegg 1nt;rvals of .up to

two days (Robertson 1971) and subject to 'egg predation

before clutch completion have mechanisms to reduce but not
eliminate asynchrony. Egg size decreases with each.
suceessivebegg and the last two eggs.in a clutch of five are
significantly smaller than the others (Brechtel 1983).
Small eggs have shorter incubation periods than large ones
(Bryant 1975, Parsons 1970, 1975). Egg size differences in
cormorants thus tend to reduce hatéh asynchrony. - ﬁolding
eqg temperatures at low levels until the clutch is nearly
complete results in further truncation of the hatch.
Hatching asynchrony as a mechanism primarily to

facilitate nestling loss (Lack 1954, Ricklefs 1965) seems
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simplistic. As an insurance against nest failure,
asynchrony may contribute directly to both individual and -
brood survival: Broods handle thermal stress better than
individuals (Clark and Balda 1981). Clutches of one egg
never fledged nestlings in B;schtel's (1983) study, possibly
because of the inability of the nestlings to handle thermal
stress alone. Nestlings are known to move into the shade of
adult birds (Dunn 1976). 1In southern Alberta colonies,
small nestlings moved into shade provided by older siblings.
Clearly hatch fsynchrony in this instance is a méchanistfor
preventing brood reduction.

. Hatch asynchrony in Double-crested Cormorants may serve
sé;;ral functions and provide options which ensure maximum
productivity. In situations of limited food resources,
Lack's (1954) brood reduction hypothesis could be
fungtional. Where food is not limiting, however, hatch
asynchrony may function to facilitate survival by spreading

the food demand, as suggested by Hussell (1972), or by
| providing thermal stability fo£ younger nestlings by older
ones. The adaptive significance of hatch asynchrony in a
fuﬁctional sense needs further investigation.

Double-crested Cormorant nestlings are more suscepfibie
to thermal stress than are embryos, particularly during the
first two weeks after hatching.' Their, naked, bl#ck bodies
absorb heat rapidly and mus£ be shaded. Death from

hyperthermia can occur in as little as 11 minutes in day-old
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nestlings. Heat tolérar:e and thermoregulatory capabilities

increase :with age during the first 12 to 14 days; however,

lthls 1s the perlod of greatest vulnerabllity for the .

nestllng. Parents are mostvattentlve during this part1of

'nesting (Brechtel 1983) and provide both warmth and shade,

- as needed.

™ The nestling stage up to the age of thermal
independence represents a pefiod of considerable risk,

~ < LN
probably greater than at any other ‘time from egg, to

fledging. Western Gulls’(Larus Qggidgntalis Hxﬁani) produce

sem1precoc1al nestllngs and are con81dered to be thermally
at greater rlsk ‘than exposed eggs of the same spec1es
(Bennett et al. 1981).‘ This ;lso is true°of the
Double—crested Cormorants I studled. Thevrisk of death due
to thermal stress is greatest in the first two weeks after
hatchlng. The risk is compounded by‘the inability of the

nestlings to escape exposure. Efforts by nestlings to

escape solar induced Heat‘streSS'often result in nestlings

falling from the ‘nest. Even though direct mortality from

heat stress may not occur, nestllngs less than two weeks old

wh1ch fall out of the nest are certaln to be taken by gulls.

Gular fluttering is generally considered to be

‘indicative of thermal stress. Evans‘(1984)‘suggests that

control of this behavior in White‘Pelicans resides in the
body temperature. In Double-crested Cormorants, gular

flutter was observed in-day—old-nestlihgs; Nestlings being
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brooded would gular flutter when their head was exposed to
the%éﬁn. It is doubtful that these nestllngs were heat
stressed, althqugh thlS behavior suggests_that exposure,of
the head alone may be sufficient. to trigger gular flutter,
perhapsdln an@&c1patlon of heat stress.

The cold’hardiness of nestlings, the thermal stablllty A
| providedlhﬁﬂparental behavior,.and to‘some extent by hatch
asynChrony, are without doubt features of definite survival
value. The reason Double-crested Cormorants are not at
- present exploiting the abundantly available resources
farther north is unclear. Both eggs Ahd nestlings are
suff1c1ent1y cold hardy to ‘permit utlllzatlon of suitable
habitat north of their present rance. Cold hardiness and
low heat tolerance;is highly correlated to the distribution
of other waterfowl (Kosklmlesﬁand Lahti 1964). If trueAfor
cormorants, range expansion may be anticipated as population
' pressures build in the present locations 1n south central
‘Alberta." Cormorants breed over a wide range of latltude and
'do not demonstrate a dlStlnCt preference to cooler northern
hparts of their.range as did the ducks»studled by Koskimies
and Lahtif(i964). Perhaps the range cf.altricialvspecies, 
rsuch as Double-crested Cormorants and White Pelicans, are
limited by,factors other than‘thermal or metabolic, ,
consi@erations. Large'altricial birds need sufficient time

to develop physically for migration. The short but intense

nesting season in latitudes farther north may not allow

i
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sufficient developmentyto'make exploitation of the
_“midcontinental'part of this‘regioh'viable._;

| Attentiveness of the parents at the nest durlng
1ncubat10n and broodlng prov1des thermal stablllty for 'eggs
~and nestllngs;f At the same time, the parents must maintain
their cwh'thermal balance; therefore.‘adult'behavior at the
nest 1s often a tradeoff between the thermal requlrements of
‘the eggs or nestllngs and the thermal tolerances of the
adult. o : - ‘ o .
| Drent (1975) contends/that during incubation parental
behavior is adjusted in response;to external‘clues, such as
embryo vocallzatlon, air temperature, radlatlon, and egg
temperature. Double—crested Cormorants do respond to a1r
temperature and radiation by ad]ustlng the amount ofyflar}ng
of the gular reglon, thus regulatlng their own hody
temperatures. Regarding: egg temperatures:.however, external
clues appear to be factors resultlng in coarse adjustment of
incubation temperatures. Artiflcally enlarglng clutches did
not result in increased’ 1ncubat10n temperatures. I
therefore conclude. that the mechanlsm for fine tuning of
incubation temperatures re81des Wlthln the pa ents, and 1s
possibly the result of a gradual 1ncrease 1n hormone levels._
This remalns to be tested by the approprlate blood
chemistry. It‘seems safe to say, however, that tactile-
feedback fromuthe.eggscplaYS little,if any role in adjustihg‘

incubation intensity in cormorants.
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NéStling behavior in response to thermal stress is‘
predictablf and stereotyped. Because of the predictable
nature-of this behavior under thermaiistresg, it is possible
tp gauge-the‘stress“lével. Unlike the Western Gull chicks
Studied.by Bennett et al. (1981), comatosé hyperthérmic
cormorant nestlings do not recover. " |
" Considering the ubiquity of pigmented eggsﬁellé,lthere
is a'pauqity of information available on théir nature‘and
functioﬁ; Evidence that pigments are functional in the
shell calcification,process,afé at best circumétantial
l(K@ynedy and Vevers 1973) . Indeed, Laskey (1943) reports
that 9.1% of the Bluebird (Siﬁliavainlia)'populationrhe
studied laid'white eggs instead of the'typicél blue ones of
thisbspecies. Evidently, lack of'pigﬁént did not inhibit
the shell calcification process in this instance.m While thé
cryptic value of heavi;f pigmented shells of birds nesting
in open exposéd‘nests‘cannot be disputed, the function of
bigment in the shells of.cavity—nesting speéies'of‘speCies
whose eggs are cdntinuouély covered is undetermiﬁed. No i
thermally significant,functipn could bé‘determined'for the

pigmengé%n Double-crested Cormorant shells. Thermal
O NpE : : ‘ L
properties of the shell are more directly influenced by the
caicite'covér, shell thickness, and to a limited extent,

: nest'sbiling;
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| Hanagement Implications

Increased human populatlons and the concomitant demand
for greater access to and wider ‘use of the environment often
result in habitat destructlon, 1nte:ruptlon of thernatural
processes of.reproduction, and ultimately in"deoreased
speéies‘diversity The tension between human ut111zat1on of
' the environment and the preservatlon of habltat sultable fot
the reproductlon and maintenance of w11d spec1es will
continue and increase;' Management of wildlife resourceskisv
a tradeoff between the economic,'recreational; and»political
~demands of people on ‘one hand and the needs of habltat and
wildllfe on the other. Managerlal deC151ons demand
: 1nformat10n, explanatlons, and predlctlons for guldance.
With thlS in mind, I»have 1ncluded thlS sectlon.

As p01nted out by Brechtel (1983), Double—crested
C Cormorants never actlvely defend thelr nests from human
:.dlsturbance. Whlle-the.eggs are in the nest from early May
'th:ongh»midfqune, the likelihood of human disturbance is
’small.‘ Duringtthat’periodi tecfeational use of reservoirs
in southern Albetta’is minimal and‘usualiy limited to‘a few
}weekend Sportsmen flShlng from shore.well beyond the range
at whlch the colony is dlsturbed. Asvhuman population
pressures increase, more lntense recreational.use is
- probable, with.a}cortespondingiincrease in the~distu:bance
‘factor.f Eggs are much 1essuvulnerab1e-to problems‘caused.by

'disturbance than are nestlings. Embryos are very cold
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tolerant and can normally wrthstand prolonged perlods durlng

’-nhlch 1nternal temperatures are well below the m1n1mum
temperature requlred for development (27°C)._

Cormorant embryos and nestllngs are not at risk as long‘
-as parental attendance 1s not 1nterrupted by dlsturbance.
If eggs or nestllngs are deprlved of parental care,
mortallty from gull predatlon and thermal stress 1ncreases
sharply. In southern Alberta, dlsturbance related mortallty
of embryos would generally be the result of gull predatlon.
Only rarely would- condltrons be sultable to brlng about
thermally related mortalrty at the egg stage, although ‘
nestlings less ‘than 12 to 14 days old are extremely _ |
sen51t1ve to heat stress. Consequently,'nestlng colonles
should be protected from dlsturbance dur1ng nestlng,
especxally when young nestllngs are present (June 1 to July |
15). Although ‘the rlsk of nestllng mortallty decreases asrv
nestllngs achleve thermal 1ndependence, the spread of
hatcblng (Brechtel 1983) would 1mply that up to half of the
.nest11ngs would be vulnerable from the mlddle of June to- the
mlddle of July. Colonles should not be v1srted durlng that
time, or if v151ted, the duratlon and tlme of the VlSlt are
-critically important. " In general, overcast days- present low_‘
rlSk.‘ However, on brlght, sunny days mortallty will be'
.significant if colony dlsturbance lasts 1onger than about 20n
minutes or occurs after 10:00 a.m. Care must be exer01sed

during bandlng operations of other waterfowl. Air boat
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\actiyity canvseriously disrupt cormorant colonies for
.considerable periods} inadvertently causing significant
nestling mortallty.

- Because of the threat of predatlon by gulls whenever
the‘adults leave the nest, it is essential thatfc010ny‘ |
inspections include enough personnel tohprotect the eggS'and,‘,
nestlings. Adultchrnorants do not return to the 'colony
during inspections.v Effective‘protectlon_nould requirenoné
person for approx1mate1y 200 nests.

: Although Double-Crested Cormorants are sen51t1ve to
‘human disturbance, they tolerate con51derable dlsturbance
prov1ded the events are separated 1n tlme and do not result
h1n‘nest’fa11ure. _Abandonmentlresulted when a colony was
'yisited'twice in onefday wlthjone hour'between~v1sitstf This
‘occurred early in June shortly after the hatch began at ‘the .
.~ time of. greatest sen31t1v1ty to dlsturbance.

Manlﬁhlatlon of nests, eggs, and hatchllngs durlng |
nesting are tolerated well. Prlor to the initiation of"
nestlng, nests relocated w1th1n the colony are accepted
‘readily. ' These observatlons suggest that mov1ng a colony or
deyelopment of new colonleS»may be»feaslble._

"The development(of a;reliable system for'sampllng
ﬂ;short—range‘telemetry’data in thelfield; along with;field
portable video recording equlpment, should be useful in |
obtalnlng data on behav1or and body parameters of other

N

'~d1ff1culteto—observe-Spec1es.
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