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o \l" : + Abstract _ : AR
The reproductlve parameters ‘and cl‘ronology of Double- crested Cormoranti!l,m sojthern
Alberta were studied between 1978 and 1980. Detailed reproductlve data )yere -
collected from marked nests and eggs during weekly ‘of: twice— weekly vns:ts to 2
colonies in 1979 and 3 colonies in" 1980 JIn eddltlon more ‘general data were collected
by rnonthly vi51ts to’ rnost southern Alberta. colonles durmg all yearsfof the stug
Earluest cormorants returned to thenr nestmg |slands during late Apl’ll A? Its were .
'.observed eerller than yearlmgs or two year olds and’ males appearg? to reg.nrn m greater |
numhers earller than females Nest mmatnon date as defmed%by the appearance of. the
first egg in a nest averaged May 10 Egg loss occurred prior to clétch completlon m 17%
in = 85) at the nests studled Mean clutch snze was 3. 53 with the modal clutch of &4 bemg
more common than all other sizes combmed The physlcal dlmensnons of 448 eggs were :
documented The ultlmate fates of 1657 marked eggs Were determlned The average -.';
' rm nest perlod for eggs ’thh hatched was 27.2 days The mean hatchmg success for o
,495 marked nests was ‘9%, resulting in an average brood. slze of 2 16 (range = 1 to'5).
Mean fledging success, deflned as chick survival to 18 days, was 73%, resultmg;;n CL I
average of 1 58 fledglmgs per nest. The weight growth and within br@od s@rvuval of 84
" marked nestlmgs were examined. From a sample of 3143 banded fledglungs mmlmum
post fledging on —colony. mortality was ersttmated at 4 8%. The pattern of fall departuré
was recorded and suggestegthat the Newell colony was used as a pre—mlgrgtory staglng
area. The reproductive parameters of renestmg birds were expmmed separately ahd were

t

found to be lower than those from first nests A ..ﬁ'p EEEE
- Varnatlon in these reproductlve parameters was: examlned amohg several temporal
v_categorles In general both reproductove outpit and success decreased as the season
progressed and cormorants nesting.in the later, cpoler year of 1979 were less .
successful than those nesting in 1980. " .
Spatial variation in reproductive parameterslwas alsd e)_tamined:‘Newer, smaller

colonies had greatdr reproductive output but generally equivalent r‘epro‘d.uctive success
“thiah older, larger colonies. Breeding pairs, preferentially selected Central ove'r peripheral
nest sites and had greater success at these central locatlons Nest helght mcreased w1th

nest age. All measures of reproductive output were numerlcally greater in: hngh (> 30 cm)

kY T



';}'t‘.\"‘ . .- . . . Lo '{tx- . >

;‘t'»nesgs than m elmer moduum (15—80 cm) or Iow (0-— 15 cm) nes;s and nestmg success was N |

sngmfncan'gy greater in h'P!’ nests Cormorahts prefarred usmg nsst sutes whlch were' two. :
or moro years old aﬁd had gr‘gator reproguctlve" output anti succass at these Iocatnons |
. - Cormorént ructnon’to, and thefeproductwaconsaquencé“s ef human dusturbance' o
. at the colony sute wcre also ex:?nmed B?’eodirig burds were most»attaehed to their nests‘ |
,‘ dumng tho peat of. the reproductlve season and Iass attached both early and |ate in the
: _{.,.«:yur Neﬁhsr annual nor betwtenﬂcolony vamtvon m«rep?oductuve succass eo‘uld b:
: "cleariy attnbuted to. elﬂteasaub&i?atioh o varistion in tho mtensrty of. resaarch dlsturbance
-Reproductnve output was howevér greater in the mofo frequently dlsturbed coromes
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' 1. INTRODUCTION
Background and Objectwes

In 1977 the Alberta Fish and Wlldllfe Division began -the preparatpon of a Specnes
Management Plan for the Alberta population of Double—crested Cormorants
{Phalacrocorax auritus auritus). While carrying out the preliminary literature review for
this program, | became aware that there were not sufticient data on either the
reproductive ecology or population status of .this so'ecies in Alberta to develop effective
management programs. Due, in .p!rt to this laok‘ot population data and in response to a
demonstrated need for habitat and management protectlon Double crested Cormorants
were declared to be ‘endangered species’ under the Alberta Woldllfe Act in November of
1877. In re‘trospect‘, this designation may be judged as overprotective, but at the time it
encouraged the immediate protection and management of threatened ne.sting colonies in
several areas of the provin'ce. ;M-ost important of these was Pelican l’slan.d. in Lake Newell.
ln 1877 this single island supported between 3_0 'and 40% of the breeding cormorants in
Alberta. Wlthout the immediate protectnon which was provnded under this legislation, '
rising water levels resulting from increased rrrugatnon storage would have destroyed this
nesting island. . - o

An additional value implicit in this designation, was that the provincial government
recognized the need for a much more active management program for this species. In .
order to fulfill this responsibility, a more cornglete'understandlng of the biology and

status of the Alberta cormorant population was required. The Alberta Fish and Wildlife

Division therefore agreed to supoort the research program which | proposed in
winter of 1978. . ' '
The overall intent of this study was to provide a more comprehensive

understanding of the reproductive e.cology, history and-status of bouble—crested' /
Cormorants in Alberta, 'upon which a .oomorehensive management program /oou\lw.

" Much of the data collected on history, population status. andbtren’ds and general

‘ .',reproducthe parameters has already been appiied to the fmal productlon of a Spec:es _
- ’Management Plan for cormorants in Alberta Brechtel, 198 1) The objective of thls thesns

-;.ls to report in more detanl on several specuflc aspeets ofthe reproductlve ecology of

Double—-crested Cormorants in southern Alberta. Three major topics are addressed:



types and nest site characteristics, and

3) a description of this species’ response to human ¢sturbance at the colony site, and

the effect this disturbance has on reproductive parameters
Several additional research topics, including food hablts ;mgratlon survival and
] ,subadult colony fidelity will be published elsewhere (Brechtel agd Lewin, in prep)

AN

The Species

K
L]

W)

The Double—crested Cormorant is the most widely distributéd Nearctic member
of thefamily Pha/acrocorac?dae. It breeds t‘hroughout much o.f“North America, from the
, prairie provinces east to Newfoundland, south to Mexico and the B'abhamas It also breeds
. ih Alaska and down the Pacnflc coast from Vancouver Island: to the Baja penmsula Of the
four recognized subspecnes only P. auritus auritus-is found in Alberta (Pfrmer 1962)

Double crested Cormorants are the only North American cormorant specles
which breeds on inland fresh water. They reach both the northern and western hmnts of
the mid—continent breeding range in Alberta in Alberta colonies are found in the prama
parkland and southern boreal forest regions (anure 1). Their known range has expanded -
in recent years, with new colomes belng located in both northern and southern areas of
the province. In 1980 the provincial breedlng populat:on was estimated at approximately

4,600 breeding adults, with the total population, including non- breednng and subadult
| birds, being 1.5 to 2 times this number {Brechtel, 1981). .

Although at least 6 colonies areknoWn to have been abandoned in Alberta prior 4
tor 1980, there has been a drastnc increase in both the number and ssze of cormorant
colonies in the past 13 years In 1967 only 4 colomes totalllng less than 200 nests, were
known (Vermeer, 1969) In"1978 the known: pdpulatlon had lncreased to 18 colonies with
- over 1900 nests. The 1980 population df 2309 nests on 27 colomes is more than a

12—fo|d increase over the 1967 breedmugpopulatlon (Brechtel, 1981).



I'-‘Tgure 1- Presently and prewously actwe Doubla—cmsted Conﬁorant colomes |n

"4.( Albarta 1980 (Brechtel 1981)
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' Previous Reselrch - X - \ ,

The Atlantic coast populatnon of the Double crested Cormorant has been weﬂ ‘
descrlbed Ma;or ecologleal studies were carrued out more than 50 years ago by LOWIS | ;v.
'(1929) and Mendall (1936) More recently, Ross (1973) and Hogan (1979) have carried
out comparatwe ecologncal studles on the Double—crested Cormorant and the Great
Cormorant (Phalacrocorax carbo), in Nova Scotla and Prlnce Edward Island respectuvely

A varnety of studves have also been conducted in the last 25 years on the west '
_coast subspscies (P a. a/boc///atus) at Mandarte Island, British Columbla Van Tets (1959,
>1965) described basic réproductive parameters and compared reproductnve' behaviors
among the three species of cormorants present on the west coast (Double-crested,
Pelagic (P. pelagicus), and Brant's Cormorant (P. penrc///atus)) Robertson (187 1)
continued the examination of th:s populatnon by studying feedlng and supranormal
broods’ Van de Veen (1973) expanded on Robertson s & Van Tets wozk_b.y_descnbmg
the demography of the west coast Doubie-—crested Cormorant. As the Brmsh Columbua
'populatlon is essentlally non—mngratory compar:sons between it and the Alberta
populatlon must be done with caution. ' _ ’ ) S

In contrast. to the east and west coast populatnons mid—- contnnent cormorants
have not been well studned Mltchell (1977) publushed the first extensuve account’ of mland
.nestung Double crested Cormorants after Studymg two arboreal colonies in Utah. 4
Aspects of Double- ~crested Cormorant habitat selectuon and reproductive- btology relat'ed
to population control attempts, in Manvtoba were described by McLeod & Bondar { 1953)
With few exceptions, publications: referrlng to lnland nesting cormorants focus on
descrlbmg Iocal or regional populatuon status

‘_ In western Canada Vermeer (1969a 1969b, 1969c 1970a, 1970b, 19700

' 1973) documented the population status and commented on aspects of coleny initiation
and habitat selectuon by cormorants in Alberta, Saskatchewan and Manitoba Roney (1977,
1878, 1980) provided information on cormorant status and trend ‘and pubhshed a
prehmmary examination of the food habits of this spec«es in Saskatchewan In Alberta
g Weseloh et al (1875, 1977) Markham and Brechtel (1978) and Brechtel (1981) have
reported o? the recent status of Double=crested Cormorants

1



:; The populatron status and trend of the ontlm Canadlan population of-
Double*crested Cormorants has been: sunmanzed m a report to the Commuttee on the
Status of Endangered Wildlife in Canada Markham (1978) T )

¢



. Study Area .

Six Doubke—crested Cormorant colonles within a 70 kilometer radlus of érooks
Alberts (50.6'N x 111. 9°W) were studied between Apnl and September of 1978, 1979
and 1980 {Figure.2). All of these colomes were located on islands in artnflcual |
waterbodles created for |rr|gat:on or w terfowl production purposes Waterlevels in
each waterbody are regulated annually normally being drawn down in sprmg and early
summer for wrrgatnon purpases and refilted in fall and sprmg wvth water dwerted fror-r_r .
the Bow River. Barkhausen Lake, however relies on local‘runoff and is not used for
irrigation. | o

~ The region is dominated by mixed prailrie V»egetation (Cop_etertd A;‘l 950) and includes
the area pre“\/i0usly describeé'by Keith (1961). A brief deseription of each colony island is .
provided below. - . ‘

Lak?\NeweH

——— s — £

7 S

The Newell colony is Iocated on Pelacan Island in the southwest corner of Lake
' Ne\:vell approxsmately 19 kllometers southwest of Brooks Alberta-lt is the largest colony
in Alberta and contained over 33% of the provnncnal breedmg populatvon in 1980 The '
) colony’ wasﬁtabushed at Ieast 35 years ago (Randall 1946) and is the oldest m the study
area. A 1927 report by Munroe suggests that the nsland was ongmaily colonlzed by elt»her

Cahforma (Larus californicus) or ng—bllled (L. de/awarens;s) Gulls -

. B
&

The reservoir was created in 1912 14, flrst flooded in 1915 and approached v
present levels in the mid~ 1930 s. Water is provrded from the Bow River viaa canal from
the Bassano Dam. The bed of Lake Newell its |slands and surroundmg uplands are ownéd .

'by the Eastern Irrigation District (ELD.), a user—owned co- operatrve of nrrngatlon ‘farmers.

At normal water levels, Pelican Tsland is 3 rough oval of approxsmately 50 x 100 m The

island has a-gently undulatlng surface which is betw_een 15and 25 m above.water,

“depending on reservoir levels. . : \

.

Water erosion had decreased the size of the island over many years to a minimum
during 1978. tncreased reservair levels in 1977 and 197'8'Were then threatenlngthe :

contnnued existence of the usland The Alberta Push and W:Idllfe Dtvusnon stablhzed the

island at its pr.esent ssze by adding.soil to the central portion and pr tegted the steep

outer slopes wnth rnp rap (rock & boulders) to prevent further erosnon (Anderson 1982).

.
< B ~ -
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Flgure 2- Loca'aon of study area and actwe Double—crested Cormorant colonIes in

southern Alberta, 1978~ 1980



The vegetatlon on the island is not typlcal of the short grass prame from whlch ct
orlgnnated At present vegetatlon covers from 40 to 50% of the island. The remalnlng |

areas are kept-open by the actlvmes. of nesting cormorants. The vegetatlon which does

: survNe lS comprrsed almost exclusuvely, of broad leaved annuals and perreruals

domlnated by false ragweed (tva xanth/fo/ ia), burnmg bush (Kochm scoparia), lambs

quarters (Chengpodium a/buml and tansy mustard lDescura/me sophia).

:TI"QY No‘rth

There is a distinct annual cycle of assocnatnon between the cormorants and thus
Vegetatlon In thé spring, cormorants return prior to the initiation of plant growth and
utilize v:rtually all of the pre\nous years, dead plant stalks for nestlng matenat Germanatlon

and surwval of plants under or near nestmg and loaflng areas is prevented probably due

‘to physical and chemical effects of the nestmg cormorants As summer progresses, the

vegetatnon grows in unoccupned areas and may surround groups of nests with a. visually
solid wall from O. 5 to 0. 75 meters hngh On the Newell colony nestmg density is high
enough that vegetatlon is ellmnnated from a large portuon of the island and most nesting
birds have an unobstructed view of the water '

Between 1978 and 1-980 cormorants attemptedfto nest on three other islands in - -
Lake Newasll,’ and in 1980 at least SiX young were fledged from a small island
approxlmately 1.7 km southeast of Pehcan Island These nestlng attempts are not included

‘
in the Newell colony data,

The Tilley North colony was located ona small (40 x 85 m) |sland created by
Ducks Unlimited ptior to the flooding of the Tllley B reservo;r T?ns |rrlgat|on reservour is

Iocated approxlmately 16 km northeast of Brooks, Alberta and was created in 1973 74,

‘“The lsland was a relatively smooth hummock rlSll"lg approxlmately 2 m ‘above water level

' froma broad shoreline, and located approximately 300 m from the closest malnland

shore. in 1978.

Vegetatlon cover on thls island was composed of a lower- growung grass forb

Amlxture lncludmg burnmg bush tansy mustard, lambs quarters, foxtaul bartey (Hordeum

/ubatum) western wheat grass (Agropyron smithii} and crested wheat grass

2
(A cnstatum) The area of vegetatnon suppressed by cormorant actlwty ranged ffom 4 to

~o

- 5% of the island. Cormorants began nestmg on this island only one or two years after |t

4



was created (furst do<:umented nestmg in 1976) The ELD. began to mcrease the water
| levels in: thls reservonr m 1979 and ley 1981 the' colony island was totally submerged
1 Tllley South L o '. ’

This colony is located on a broad low. lsland (80 x1 12 m) in the southwest corner |
of the Tilley ‘A’ reservotr 9 km South of the Tiltey NortH colony The tsland was formed
when this Ducks Unlimited waterfowl reservonr was flooded in 19‘73 It is owned by the
'E LD. and located approxlmately 300'm from the closest mamland shore. it i is a very
low lying island and may change in size by 50% or more dependmg on water levels. The
island's vegetation reflects thls with much of the shorehne bemg covered with emergent _
type vegetation such as spllte rush (Eleccharis palustrius) and water smartweed
(Po/yéo_num cocciheumn). The'upland oortion of the island is sifnilar to the l”llley North'.
colony with the addition of limited stands of bull thistle lCirs’/:y(nT.Vulga;re) and false
ragweed. | | R ’ |

v

Cormorants first nested on this island in 1977‘ “four years after it was cres

. addmon both California and Ring— billed Gulls have nested here since at least 1 76. In
1980, a complete census of the island revealed 422 Callfornla and 889 ng-— illed Gull

~ nests. | ' '

Hays ' ‘ )
‘ 'The l-la'ys colony is located on a. small island in Hay’s {also known as Scope)
Reservolr 17 km east of Vauxhall Alberta. This lsland dependlng on the highly vénable

h water levels in thns shallow reservolr us elther separate from or connected to a Iarger
complex of islands on the horth srde of the reservonr This is the only island in the studyf . s
area whlch is frequently connected to the mamland by mudflats - durmg late summer )

- minimum water levels \ ' I “
. The reservonr was created in 1954 by the Bow Rlver Irrngatuon Dlstrlct who own.

) the island and surroundmg shorelme Cormorants colomzed thls locatlon between 1967

" and 1971. A large colony of both Callforma and ng bllled Gulls was establnshed on

these |slands prior to 1967 and-is: still active. _ o

| o In 1980, the gull nestlng groups adjacent to the cormorent colony eons»sted of |

approxzmately 100 California Gull nests and 2100 Rang-bllled Gull nests The total gull :

¥ populagon on this and ad Jacent |slands is- several tlmes thls number



”

The vegetative composmon)of thls island depends greatly on the fluctugtion in
-water leveils. The dry upland aress are dominated by tall forbs such as burning bash and
lambs quarters. The lower areas which are flooded for a portion of the year exhibit a
more aquatnc vegetation mcludmg cocklebur (Xanthium ilalicum), spike rush and
smartweed. . ‘ : ' -
**  Smaller. cormorant colonies were established in 1979(2) and 1380(1) on the high
- points of the adjacent or connected island cdmplex These however, were relatnvely
unsuccessful and are not included in the reproductive data analysis ‘ T
Little Bow . ’ .

T

The Little Bow colony is located on a small (23 x 67 m) |sland n the northwest

!

“arm of Little Bow Reservoir. 55 km north of Lethbridge. Alberta The |sland and o
sturrounding area are owned by the Lethbridge Northern Irrlgation District The reservoir
was fiooded in 1920 for irrigation purposes but cormorants, were not observed to nest

- her# until 1965 (Brechtel 1981} On¢e agam California Gulls preceded cormorants as
colony occupants and 221 pairs nested there in 1980. -

! The |siand on which this colony was Iecated between 1965 and 1976 wds lost to
erosion in 1976-77. Both gulls and cormorants successfully relocated to the nearest
adjacent i;land in 1977 and c_ominued to use this site'in subsequentjears |

The vegetation &n this island is similar to-other nesting sites and is dominated bi/

* .
L) -

‘buming bush. lambs auarter s and false - dm e
Barkhausen
The Rarvhausen colony is Io;:ated ~n a natural island i L ake Barkhausen, 11 km
northeast of Bassano Alberta This waterfowl production reservoir was created in 1945
by Ducks Unlimited The colony lsland is roughly circular with a diameter of approximately
/ 15 m and a vertical height of no more than 1 rri above water level. Thns is the smallest
nestmg snte used by cormorants in Aiberta Even so, Cahforma Gulls nested on this lsland

prior to and after ‘the 1977 colonization by cormorants

The ve_getatnon on this colony is unique in southern Alberta in that roughly
40-50% of the island is covered by low (2-4 m) willows (Sa/ix spp) In addition. burning
hush and lambs quarters grow’on unoccupied areas to a height of 0.5- 15 m. '

-



-l'll Moﬂtods "
A varlety of data collectnon techmques were employed to document varnous
aspects of Double—crested Cclrmorant reproductlve ecology The majority. of these
techmques fall into -two broad cttegorles. off—colony or on-'colony observatlons A
colony is defuned as a geographrc localuty at ‘which cormorants nest. Colomes are often

subdlvnded into smaller groups of adjacent nests referred. to as subcolonngs

A, Off Colony Obs-rvations _
) Durlng 1978 and to a lesser extent in 1979 and 1980, all colonles were

observed from a distance. Each spring. colony- lnmatlon dates were documented by

, frequent lnormally'tW‘ice—weekly) observation of each colony until the first 'corntorants‘"
arrived. In May of 1:97_8 ob'ser\(ation blinds were constructed on islands adjacent to the
Neweli and Tilley North ’colon.ies at a-"distance of 250 rn'_vand_ 270 m respectively During
each year, daily (1878) and at Ieast;'tWice—week.Iy. (19,79“& "1980') observations were |
condu'é'ted from these blinds. Observation times, were‘:l'v.aried to include all periods from
dawn to dusk. S = - _ .

During each observatlon perlod a varlety qf data was collected usmg a 20 45x -
spottnng scope. A complete census of adults and subaduits on and off nests was made
using the.lnghter subadult plumage as the distinguishing crrtenon. Double-crested

. ‘Cormorants typlcally do not acqunre complete adult plumage until 3 years of age. As the
young of the year grow larger and attain full Juvenlle plumage and adult feathers lose
their sheen and become progressnvely more bl’OWhlSh the distinction between adult and

. subadult bec’omes lncreas-ngly d|ff|CUlt and is unreliable by mid- July Paimer (1962l
indicates that plumage is not a safe age criteria in Double- crested Cormorants as some
two year olds will appear younger than some yearlings, and some apparently adult birds
are. in fact two year olds It is, however safe to’ ldentlfy lught plumaged blrds as - -‘: vl
yearlln"Qe or.two year olds. All dark birds, however cannot be posmvely ldentrfued as- -«
adult and the subadult census is therefore a minimum estlmate

Durmg 1979 and 1980 -observations of color. banded cormorants allowed

calculatlons of return rate They also allowed documentatlon of subadult reproductlve

Ta actlvrty and success bnmlted'behaworal observataons were also collected from blinds
. < o e -
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Wthh allowed the ndentlflcatlon of varnous reproductive stages, particularly courtshlp and

' 'nest occupancy Data on nest specific reproductive behavior and success (1978) were

ollected after a sample of nests were individually marked with numbered stakes vnsuble

from tne blmds General observatlons on mter— and lntl’aspBCIflC interactions, subcolony

.-establnshment colony occupancy, and fall departure were also collected from blinds.

'.;f Less detalled and less frequent observatlons at the Hays, Tilley South, Barkhausen
and thtle Bow colomes were: collected from shorellne observatlon areas apprommately
500 m, 350 m, 230 m and 500 m frpm the colony sites respectively. The quality of
these observations decreased as vegetation adjacent to the colony grew and prevented a
cleaf view. o '

An aerial survey of waterbodies in southern Albert_a was carried out in late May or

garly June in each year of the study. In addition to observing all active cormorant colonies

| examined a large nurber of potential nest sites and waterbodies for colonial nesting

birds. it was durmg these surveys that the newly established colonues at Keho Lake and
Pakowkn Lake were fnrst dlscovered

s )
B. On-Colony Observations

o} all years, each colony was v\islted at least once per month, normally during the

first week of May, June and July.lComprehensive information on the number of active
and inactive nests,'eno the numbets of eggs and young in and out of nests was c_ollected.
In addition, the vegetation pattern, size and shape of the island, colony and subcolony
location and the height class, location, and coritents of all nests were documenteo at least

once per year on each island. Nests vyere d1v1ded lnto three helght classes: low = 0-15

"an' e B e imem oa o VL

. cm, medium = 16~ 30 cm, or high > 30 cm. Absolute height, ‘nest diameter and dtstancea

L
.

TUL T R e sl

tof*nearest ed;acenwest,were dlsmreco,rded for al, mduvnduélly marked nests A censbs of

Ca e - -

- aQtnve gult, nests on sach. colony lsland was carned out in late May 1980

Durmg 1979 'and 1980 several colomes ‘ware wsuted weekly (Newall 1979 and :

1980 Hays 1980) or tw1ce weekly (Tllley North 1979 and Trlley South 1980) Detailed ™ "

nest specific data were collectéd from alf nests on Tilley North and South and from-a

sample of the Newell (14%) and Hays (2 1%) colonies.
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In all of these colonies each egg in a staked .nest-was;individually marked to
identify the date laid and laymg sequence In cases where more thah one egg was laid
between observation periods, laylng sequence was estlmated by the relatuve amount of
nest staining on each egg. Thjs allowed the computatlon of nest, subcolony and colony
sped’lflc reproductlve output (e.g.. clutch size) and the calculatlon of reproductlve success
parameters (e.g., hatching success). The followmg parameters were documented

A nest sute may be occupued by a male several days or weeks prior to pair
- formatlon and copulatlon (Mendall 1936, Mltchell 1977) It was, however not possible to
' determine if the same individual or pair occupled the nest until eggs were laid. The most

accurate measure. of when a breedlng pair formed and began a nestmg attempt was,
therefore, the day on which the first egg was observed. Although one. or both of a pair
may ha\Le occupied the nest vprlor‘to this, the &fsulting 'ne’st"init‘iati‘on date’ provided a
definitive and broadly comparable point for, 'analysis of the timing of reproductive events,
As a measure of overall female r'eproductive effort, the sum of all eggs laid l
dur'ivng. one nesting period was recorded and defined as 'total laid. A nestlng period |
required contmuous occupancy and was termnnated when all eggs or young dlsappeared
~ from anest and n6 riew eggs were laid within. 10 days. The' reuse and laying of eggs ina
.prevuously occupied nest more than 10 days after the termlnatlon of layung By the original’
occupants was defined as a renest. Renests. therefore, may mclude occupancy by the
same male, female or pair or use by a dut’ferent male, female or pair.Ng sure way to

- identify-individuals was found-and renests are therefore treateJ separately from tlle main

LI A | .- . e

body of data relating to first nests™ ~ =7 * 1" Gt e g me T

Clutch size’ was defined as the. maxirnUm humber of egggobjservedgn a nest ‘“ o
- during a slnglé observation in the nestin‘g perlod(T nompson"‘l‘Q’B}J'"M?tc'hell 1977). 1 " 2 77
vnrtually all cases (496 of 497 nests), this flgure also represents the number of eggs ina.
_nest at the termnnatnon of laymg (Robertson 1971) In many cases. a female cormorant wm
continue to lay eggs well beyond the normal clut‘cﬁ size if eggs are removed prior to
“-clutch cormplétion. This suggests that Double-crestad Cormorants are at least partially -
indeterminate nesters and the maximum instantaneous chlutch count_is therefore the most i

appropr'late clutch size. measure (see’ Results clutch sizé). * A T .

D o L LA A L VN _— . . o . .. .
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'Pre—clutch success' is.an indicator of egg loss prnor to clutch completnon
calculated by dividing clutch size by ‘totai laid. Both of these measures assume that only .
one female lid in each nest and that no eggs were lost prlor to being marked for the |
first time. .

‘ 'lncubatlon perlod‘ was defined as the total number of days-an egg is present in
the nest prior to hatching. There is not aggreement on when functional incubation (the
application of heat by the f‘e‘male cor'morant) begins in Double—crested Cormorants. Drent
et al. (1964) and Mitchell {(1877) suggest that incubation‘begins vyith the first egg while
Lewis 1929’ and Palmer _l962 rebort it beginning with later eggs in a clutch. The measure
i used may, therefore, slightly overestimate the effective incubation period. Any egg
which staye'd in the nest for more than 35 days was assumed to be either infertile or
addled. |

‘Brood size’ was defined as the ma;<imum number of small young after hatching

| and prior to the young being'able to leaVe the nest. Hatching success is calculated either
on a nest specific basns {brood : clutch size) or by documentmg the fate of xndlv'dual eggs
by category (e, size, posmon in laysng sequence). The former has the advantage of bemg
a figure comparable to later estimates of fledging and nesting success. The fatter

' provi‘des the potential for- F] mo"re detailed examination of »factors responsible for -~ '
dlfferences in hatchmg success It was, assumed that if an egg was lost between the

r’observatxon peqods when |t should have hatched that: |t—was fost as an egg and dld not

contribute to brood sizé or hatchmg success. These measures ‘are therefore conservatlve

A S

~_-estlmates
As only a small number of young were mdmdually marked; it'was not generally
possrble to document the fates of mleldual chncks after hatchmg Similarly, nest specnfnc :
data are only rellable until young reach approxlmately three weeks of age.-At 3 weeks |
‘y.oung can and do feave their nests in response to the presence of an observer on the h
colony. Fl'ed'gi_ng ‘success was, therefore, defined as surviyal until 13 daysxof age. By this
age young are able to thermoregulate (Dunn 1976) and are not normally subject to gull
predationuf(Mendall 1936, Robertson 197 1). Van de Veen (1973) found that *.."all natural

. -~ mortality hapgengd_Vyith_ifg three weeks-<after hatching, ..". .

[T AR L S S B
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The age of individual young and their survival to fledging were documented in two
ways. First, unless otherwise indicated by other bbservations, young were gssumed to
disappear in the iﬁverse_order of hatching. Thus, ther first young to disappear Would be
assumed to be th.e youngest and would not be assumed to have fledged uniess it and all
it's siblings were at least 18 days old. The sécond factor gsed to determine survival to
fledging (18+ days) was the eruption of primaries from their sheaths. Several previous
.authors have documented feather development, ihdicating that primaries emerge between
16 and 19 days of age (Lewis 1929, Mendall 1936, Mitchell 1977). In or‘de;' to be
included as a fledgling, an individual had to fulfill both of these criferia. ‘Nesting Success’
was célculated by dividing the number of young fledged in a nest by the original-élutch
size of that nest. | o

‘Pdst banding survival' was the final estimaté.df on-—éblony répépductive success
and was calcu!atéd b;( dividing thé number of dead banded young fod;wd on a particular
colony by the total :numbér of young banded on that coloﬁy that year. This percentage is
applicabl_ev only at the colony level and is a miﬁimﬁh estimate a; ‘some.bandéd young ‘
whichv‘ died on—co‘lony may not have ‘been found. |

The accur’aéy of these reproductive parameters is dépéndent on the fréquency of -
6b$ervatio;\. By visiting colonies only once or twice a week,—disturba"nc‘e is minimized bﬁt
data quality suffers. It |s however, 'assn.;med that by ponsistently ascribing the Iaying,
hatching and nestling dates to the midpoiht~between;o'b’servation détes, and by providing a
large sample size. variations in .t'h'_es.e data will average out and that they do provide an |

’

accurate estimate of actual reprod_uetive performance.

~ C. Disturbance

Colony, and in some cases subcolony. reaction to _disturbancé ‘was recorded
during and after each visﬁ to a ngstip_g island: A sma'U’ {4 to 6m) boat with an outb,oa_r;d‘ :
.motor was used to;reach the islahﬁST Obse“r\_/atid'ns‘ inpiudé'd' relative‘sp,e'ed,' and dir‘ecfibn"~
 of approach, distanée at which the first and then 100% of thve'cormo'rant.s left the island
(flush distance), duration of disturbance,“ the time it took for the fi,ﬁst 'c':ormci'ant'"‘toreturn‘
to the cblpny‘(first return, and _vt'he time it _tqdk for all of the actiV_e"nests‘ to be Qccﬁpie‘_d

{100% return). In addition, notes were kept on gull predation and the location and behavior



of the dlsplaced ﬁ)rmorants Slmllar data were collected whenever a non-'research
"human disturbarice occurred during an observatlon peruod ina bllhd
Reproductive and egg mortality data were compared between mtens:vely ltwace
weekly), moderately (once weekly) and slughtly (once per month) dlsturbed colomes
Intensively and moderately disturbed colomes were compared usung detalled ‘
nest-specific data and success parameters. In order to compare equuvalent data between
these and slightly dusturbed colon:es however, it was necessary to use. the less preécise
measures resulting from single colony VlSltS at the begmnmg of May, June and July. On
" small colonies it was posslble to estimate overall reproductlv_e su,ccessoby dividing the
total number of late season young by the number of active nests'and adding a correction.
factor for unhatched eggs (number of eggs x 0.42378, the 'm_ean nesting success for all
.individually studied. eggs).. This es_timate was calculated using ,‘dat‘a from mid-July: Adtive
nests in this. instance are defined as those wuhlch appear‘to have been used in the present
year. lnactlve nests have a distinctive appearance Nest materlal in unused nests is taken
::»by adjacent breedmg birds and unused nest structures therefore dlsappear or are -
reduced to low r0unded mounds. Thls however, is a minimum estlmate as some nests
which had been prevaously active but fanled early in the season would be omltted
This type of estlmate was often not calculated on larger colonies (Hays, Newell)
as it was usually. not possuble to accurately census the large number of hlghly moblle
young found on these colonies. Subcolonies within these colonies were als_o highly
“asynchronous. There' were‘,. therefore; young old enough to swim away from the colony

prior to the final completion of laying.

D. Marking of Young

~ During 1979 a number of young were pataglum tagged wuth numbered chick. wing
bands {Monel, no. 3} shortly after hatchlng to-allow a later analysus of survwal w:thln
broods. Taggmg always o‘ccurred wrthxn the- flrst 7-13 days of life. When two or more

young in a nest were tagged on the same day suze dlfferences were used to estlmate

B

hatching sequence. Although this allows some, room for error cormorants hatch

. asynchronously and the smallest Cthk ln a nest is ‘ho mally the youngest Growth rates

- . -‘a..o‘

‘were calculated in 1980 by welghlng marked young tw:ce weekly unill they wer‘ 4*6’ »
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=-.  weeks. old wuth 500 g 1000 g or 5000 g Pezola Sprlng balances

Durlng all years of the study, nestlmg cormo\rants fore than three or four weeks

Umted States Fish ahd thdufe Serwce through the Canadnan Wildiife Servnce In addmon
\ at the Newell Hays Tiey North and Luttle Bow colomes, colored plastlc Ieg bands were
o attached above the alummum band to ldentlfy the colony on whach the mdlvndual was

hatched 4yellow whlte orange ‘and. red respectlvely) Yellow redor orange band’s were o

“also placed on; the rught Ieg to ldentlfy the year in’which. the young cormorant was
hatched ( 1978 1979 or 1980 respectuvely) in 1979 and 1980 a, colored year band was

placed on the rlght Ieg of blrds banded at au colonues The only exceptuon to this —‘

e t-wn,v -0"« oa - A

', et the Newell cotony lf'l 1978 were mark“ed ‘bnly by art o 's

qlumlnum band on the. teft leg and a yello _:"ba -on the rlght A total of 36,06 nestlmg

' cormorants—were banded wnth alumnnum bands between 1978 and 1980 The natal colony
_ and year of hatchlng of 28689 of these were identlfned wrth colored plastlc leg bands ‘
The. age class of an addltnonal 604 of the banded young was ldentlfned by a single colbr
band on the: rlght leg only.

A ‘ In all, approximately 65% of the c0rmorants fledged ln southern Alberta between
‘. 1978 and 1980 were banded with alumlnum bands and 64% of the 'young fledged from
the Newell, Hays Tulley North and thtle Bow colomes in thls same penod were, color

banded - ’ v A
Colored and numbered plastlc patagnal tags were applled to a small sample of
young from-the-Newell (12 in 1978, 38.in 1979 Hays (50 tn 1879} and Tllley North 50
in 1999) colonies. Tag colors were the same as Ieg band colony ldenttfncatlon colors .
- lyellow, white and red respectuvely) ‘and each tag bore a black number from 1 to 50.
' A portncn (76%) of the- plastic patagual tagged young from Tulley North in 1979
had been prevnously tagged wnth numbered Monel patagial tags at hatchlng As each actlve
‘nest was mdtvndually staked and numbered at Tllley North in 1978, it was pos51ble to

ldentlfy the nests at whnch many of these lndlvadually.marked fledghngs were hatched.

Unfortunately as the Tllley North colany rsland has subé"' ;mntt:y"-bee' destrbyecf these

.‘,_".

2 > ; ’datav are less valuable than they rnlght ha “been

i g oo
R A n-u;‘;\.:‘,,»_ R .o T
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E. Other Technlques L " , ' LA

' Several anclllary technlques were employed to explore speclflc aspects of |
Double—crested Cormorant blology‘ Egg slze and welght were determlned by o
measurements of both marked eggs ln nests and eggs whlch had been collected after
rolllng or belng lucked out of a nest. Throughout the study an-effort was made- to , |
recover marked 8ggs; and to a lesser extent unmarked. eggs from nest bases. Length and .
max;mum wvdth wer{e&measured wnth a dlal cahper accurate to O 01 mm, and werght’ was’
measured wnth elther a sprlng or. trlple beam balance

A sample of seven dead young between three and six weeks of age was

_ collected followrng a large scale mortallty on the Hays colony in late June 1980. These

< el ot

.....

mor\em exarmnatlon and detern*nnatn‘bn of oause ot death o L '7. \ N "’.'
: ,;._: RSO otder to compare reproductlve parameters between lntenswely studled colony
types colomes were divided into tWO genefal categorles Data frofn.the Tiliey ncrth

1979 and Tilley south, 1980 colonles were pooled in-a 'new small’ ‘category. Both of -
these were 4 years old and contalned 62 and 127 actlve nests respectwely m the years
studied. Data on ‘old large’ colonies were colle_cted at the Newell 1979 and 1980 and | _
Hays '1980'colonies- The Flays colony w'as established at least.9 years prior to 1980 and
contaifed 329 active nests when studled The Newell colony Was estabhshed prnor to

1945 and |s the oldest known cormorant breedlng slte in’ southern Alb. t is also the: -
largest colony in the provmce wath more than 700 actlve nests ln md 1980.,
F. Analytical Technn‘iques . '

The ma ]Orlty of the statistical anzalyses applled to the reproductlve success and
reproductlve output parameters rehed on non- parametenc rank ordet or frequency tests
of slgnl‘flcance The truncated non normal ~d|stnbutlon of these--data combmed- with the,
wnde ranges in varlance preciuded the appllcatlon of parametnc tests o |
e SR The data were stored, organlzed and statlstlcally tested using the Mlchlgan

lnteractwe Dafa.A\nalysls'_System lMIDAS Fox and Gutre 1976) avallable through the
Umve’rstty of Alber:ca Cpmputmg Servlces Centrs, Th'e Mann—*Whltney U—statlstlc test

"'kl.

(MW‘U) was used to compare reproductlve output parameters lclutch srze, brood SIZB

]
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_eto) nest mitxatlon dates and nest site characterusttcs (henght nearest neughbour) : '. R

Reproductlve success measures were cOmpared usmg Chu—squared tests (Chn’) If~

. observed sample slze m a contsngency table comparuson were less than 5, a Fnshers Exact
Test was used Rank order correlatnons were carrued out usmg the Spearman s rank order
correlatron coeffacnents (Rho) o : v ‘ '
o In order to facuhtate numencal and statnst:cal ca!culatrons with calendar dates each
day was gwen a sequentnal number from 1 for January 1%0 365 for December 31
These numbers were normally converted back to the more famuhar calendar dates for

e

dsscussaon. o Lol T R ST
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Y an ® ; [ e T .

- ALAngual Cyole in Alberta ” i T " : - -

ot a =0 . e

Cormorants |n Alberta durmg the summers of 1978 to 1980 Data and descnptuons of
actlvmes are dwnded nnto 15 generally sequentsal categones Detalled reproductlve data
- ane mostly from the 1979 and 1980 seasons, while descnptlons and comparisons are.,

made from observattons collected in 1978 1979 and 1980 A visual summa'ry of

. Sprlng Arrlval-“ "' Lt " v G

. o
-~

In all years the fnrst cormorants were observed on southern Alberta colonnes

between Apnl 18 and 20. Fnrst arruval dates.appeared to be mdependent of the ice.

"condmons as colony lakes varled fro emg 75% ice covered two weeks after arrnval to

bemg completely ice free prior to fl t return. Vermeer (1970a) reported a similarty
consrstent arnval date (Aprl| 161, and variable ice free dates (Aprll 2 - 21)in 1968 énd '
1968- at Lake Newell Cormorants were always observed earher on the older, larger
colonies (Hays Newell} than at the more récently established smaller‘locatlon.s (Tglley
North Tllley South ahd Barkhausen), |
Dally mean temperatures. taken at Brooks Hortucultural Statron ‘during late March to

v'late May 1979 and 1980 are shown in Flgure 4 Aprll and May of 1979 were cooler by
¥ 8°C than the Iong term average at Brooks and the eQUlvalent penod m 1980 was’ 3 4°C

) X warmer Mean temperature between first amval and mean nest mlt:atlon date was 4 9°C m

1979.and ¥3.3%in 1980.

. -
B

Partlally due to this dxfference in temperature Lake Newell became lce free
"learlner in 1980 (April 20) than in 1979 (May 3). Although cormorants were fnrst observed
on April 18 in both years, the number of adults on-—colony U‘;CFBaSGd much faster in
1980 (May & census: 1979 478 1980 820 adult cormorants).
Yearling and two year old cormorants always returned to the breedlng |slands
- later than adults Observatrons at the Newell and Trlley North CGIomes in 1979 and 1980
'showed that the furst yearlmgs arruved on average 23 da!s later and two year olds I

:arrlved 12 days later than the \ffurst adults Color—marked yearlmg cormorants were flrst

P
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observed 2 days earher at Lake Newell~ and 14 days earller at Tnlley North in 1980 than in

T 1979 Annual weather varnatvon did not appear to mfluence the earliest spring migrants,

but may have mfluenced the rate of return of both subadult and adult cormorants. _

AlthoUéh the sexes are externally‘rnonomorph.ic, they c0uld.be segregated during
courtship .by uniquebehavioral displays. The male—specific wing—flip display describedéby
Van Tets.(1965), was used to determine that a large proportion of the early migrants
were male. For example, on April 29, 1979, of 18 adults on or near the l‘llley North
colohy site, 6 (33%) were members of mated pairs, 10 (56%) were a‘ctivel’y courting"
males, one was an unmated f e‘male,' and pne was of unknown sex. A similarly un‘b'alanc"ed';
sex ratio was also obsn'rved during the ea.rl'y. establishment of subcolonies at both the
Tilley North and Newell ralnnies It would appear that male cormorants may have returned
to the nesting islands slightly eariier than females, and that it was 'mal'es who initially
colonized new subcolonies.

Courtship A o - .

w e Doubfe-rcreste’d" Cormorant reproductlve behav»or has been descnbed by several

b authors (Van Tets 1959, 1965; Mendall 1936; Lewns 1929) ln southern- Alberta the male

*" chose a nest sute normally a prevnously used best structure and attracted a female ta the

“ ".‘_'nest usmg a st‘ereotyped wing— fhp dlsplay (Van Tets 1965) A terntory was comprlsed of

. anest slte and a small radius lapproxlmately one head and neck Iength around lt The

. mean nnternest dlstance (center to center) for 456 nests ‘was 72 5 cm

w - e

Proor to pair.. format:on terrltorres were defended agamst other rnales and after
o_air for.matron,. against all other cormorants. Gulls and ‘magples (Pica pica) were also
excluded fror":n th.e lrnmediate vicinity of the nesff but were allowed to scavenge in open
areas of the colony island. \O'ccasionély compstition for previously used nest sites
. resUIted in the displacement of a courtmg male prior to pair formation but generally nests
appeared to be re— ocwpled on a first—come first—served basis. |

Once a paur had occupued a nest, the site was not normally left unattended untll
the young had attamed two or three weeks of age, .or the nestmg attempt 'had failed.
Early in the season nest’ materual was often stolen from unattended nests If abandoned
nests often disappeared entirely due to the theft of nestmg maternal by other cormorants.

This |s a -factor which must be considered when estimating the breeding population by

23



24

~_
nest counts made late in the season.

Copulation was observed only on the nest, and is usually followed by the male
offering a piece of nesting material to the female.

Nest Initiation '

The overali mean nest initiation date was May 10. Dates ranged from April 23 to
Jupe 22, wit'h 95% of all nests being initiated by May 27. The sequence of nest initiation
dates on study area colonies is shown in Figure. 5.

Although the majority of nests were begun between the last week in April and the
third w_gek in May. new nests were initiated until the third week of June This pattern
suooes.t-s that birds returning late are not necessarily excluded from breeding.

All nests initiated later than May 31 were on the oider larger colonies (Newell.
Hays. n = 14) It should be remembered thai’ these caiculations exclude renesting-attempts
‘occmrmg in the same nest, but may include individuals or pairs which had failed earlier
and nested again at a new site Although renesting wi'll be discussed later. it is interesting.
to note that while oid, large colonies comprised 62% of the nest sample, they contained,
90% of the renesting attempts. It appears that birds nesting on larger, older colonies are
more likely to renest than those nesting on newer, smaller colonies.

The pattern of mean nest initiation dates of different colonies was similar to the
pattern of first arrivals being earlier at the oider, larger colonies than the smaller,
vounge' colomes (oid mean initiation date = May 9, young mean = May '3 MWL p -
000 1) This relationship was ~nnsictent and significant both within and betwazm yaars
MW 1879 p < 0001, 1980 p - 0001 Annual variation also followed t'e previnuely
mentinned pattern with nests heing ‘nitiats~' \arher i the warmer spring ~' 1980 than th
cociar spana »f 1Q79 (1970 menr it~ tate = R 1R 1007 G gy @ AW
p - NOOn
Spati~! Variation

V/hen cormerante ratur s te a previnusly used colony they are confrontad with o
variaty of possible nasting sites Tha ch~cas which breeding birds make provide ineg!
'nto habitat selection priarities and sh~uld have implications for later nestir;g succese

There was a definite pattarn to the sequence of nest initiation on a colany island.

“rboolonies wern occupier sea ' " ith @ach beino ' «*nd bafore the pre - e
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“had ceased t& expand. Themean ini’tiatibn da%es am‘d‘ I'o'cat‘ions of»subcolonié's onthe
Newell 1979 and 1880 cploniqs;_’are' -shown in Figure 6. This pattérn was typical of the

. |alrger'cpl;on'ievs. §maﬂer colonies had fewer subcolonies but exhibited the same sequential
‘_Eéttern. . | 4— “ '

: s
e ' ’The pattern of nest lnmatcon within subcolomes was most clearly documented at

“ thie Tnlley South ébololﬁ ih- 1986 wherrreused nestswere marked hefore they were .. .

; %' occupied, and neyv nest sites were marked as they were established. The weekly pattern
of initiation for both subcolOmés active in 1980'is shown in Figure 7.
Reproductive Parameters in relation to initiation Date - ,
in ordér to éxamine whether differences in initiétion date influenced reproductive
' output or s:uc"c'evss | compared nest sbecific reproductive parameters with nest initiat'iov‘n
date (Figure 8, 9). In all parameters examined (total eggs layed, clutch size, brood size and
number of young fledged per nest) reproductive output decreased as the séason
progressed (Rho p'< .0001 for-all parameters). Although the small sample of Iatér nests
tendea to limit the reliability of Iate season observations, clutch size and the total number
of eggs layed appeared to be more consistent over time than brood or fledghng
numbers. st

A similar trend is clear in the relatioqship of nest success parameters to r)est:' |
initiation date (Figure 9). The relative stability of pre-—'cl;Jt‘ch success réflects the fact thét.
both the total eggs laid and'thé clutch size vdecrease at near the"same rate over the
reproductive season (Figure 8). The rather drastic decline in other success parameters
reflects an increasing ratio of eggs laid per young hatched or fiedged as the season
progresses This represents a decrease in the ability' of nesting birds to hatch or raise
voung independent of the number of eggs laid.

The overall reproductive impact of these data caﬁ best be visualized by comparing
the number of young fledged per v;est with the initiatbﬁ date of the nest (Figure 8). It is
rlear that raproductive output declines siénificantly as fﬁq ;s'eason progresses and if
initiation date reflects return date then cormorants which return earlier have a much
greater reprdductive 'c>utput, They not only produced larger clutches but were more

successful at hatching their eggs and ralsmg young than breedmg birds whlch returned

'vnd/or nitiated their nests later in the season.



Mean Initiation
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Moy?7 58 57
Moyld 79 20
May17 58 - 15
‘Moy26 637 4
June 2 27 5
N
0 0 20 30
[ e e |
meters
1980
Mean Initiation
,Subcolony N®  Date SD. n
1 " May 2 6.6 58
3 May 7 69 18
4 May13 97 27
S May12 45 8
6 May 11 0 4
7 May20 3. 9
8 Junelld 8.1 3

Flgure 6 Locatl,gns and mean nest inmatnon dates of subcolomes on Pehcan Island,

“Lake Newell, 1978 and 1980 : L o
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Subcolony 1

SubcAol;n; 2
g@%ﬁ%@p

Week2 Aprﬂ21 ~27 -

«

Week 6 - May 19-25

Week 7 - May 26 June 2

" o 1980 Nest site not yet active
e Nest initioted in this week

o Nest already active

Fiéure 7 — Weekly nest initiation pattern at Tilley South in 1980.
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Although th:s- general trend was consnstent in all years studued a commrlson of -

) nest success rates ameng lndlvadual colonues and years reveals several dlstmct Varlatlons" S
B (Flgure 10) Most dlfflcult to explann among these is the Iower ﬁedglng rate among nests

lnmated durlng the ﬁrst week of, Iaymg at the Newell colony in‘both 1979 and 1980 Thls

“.,.»,'vanatlon cannot be explalned by low sample size’ n=21in" 1979 n=: 29 in- 1980) or by S
| any readlly apparent cllmatlc dlfference between Néwell and the other. colonles studled li‘

- ;nlght sp_eculate that the drastlc reductlon ln early nest productlv:ty iy 1979 was i part

P,
. A T

due ‘o the coolel" Iater spring that.v 3. )i

- fledglng rate, thén the lower success of nests lnltlated in week 2 (Aprnl 21 28) in 1980
may have been lnfluenced by a short term drop in temperature which occurred in that

yea‘r between Aprll 20 and 23 (Flgure 4). lt IS dlfflcult to explaln however, why the Tilley

]

Sovl:h colony had its best nestung success ln nests iRitiated during thls week of 1980
S Ly drastlc decline in nestlng success on the Hays 1980 colony between weeks . |
- s two and five is largel.y due to the unexplalned mortallty of more than 33% of the young
o on this colony, between June 29 and July 2 ThlS mortallty selectlvely decreased the .

apparent nestmg success of later nests Many of the larger young wh:ch dled had attalned '

18 or more days of age and would therefore have been recorded as fledged In contrast,
- many young-from later, nests gad not reached 18 days and were therefore recorded as

‘. mlssmg pre—fledgllngs ' L o . PR
A comparlson of variation in rep'roductuve parameter‘s by nest mltlatlon date ‘
between years is provided in Figure 11. The general pattern of decreasmg reproduct|Ve

output and success was modlfled by early season fanlures ln 1979 v .

Egg Laymg T '

“in southern Alberta egg Iaymg in first nests began in Iate April and continued until’
| mid to late June ‘annually. New eggs were found in renests,’ hwer untll the last week
vy * An July. Alth0ugh there was consrderable varlatuon in laylng dates among colonies, egg
| laying occurred sngnn‘lcantly earlier in 1980 than m 1978 (Flgure 12, MW'U p= .0000).
‘ The weekly and bi— weekly on— colony observatlon schedule precludes the
. . calculatlon aof a prec1$e egg laylng rate There were, however a number of nests in whnch
_the laying of a complete clutch took more than seven days “The“actual Iaymg rate may

therefore be closer to the 1 egg every 2 days reported by Robertson (1971) than the 1 *

t
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: eygg per day reported by MltChB" (1977) Lewus (1329) and Mendall l1936l
" The' relatnve tlmlng df Iaylng between old, Iarge and. young, small colonles is sumllar
to that noted for nest |mt|atlon and colony arrival data (Flgure 13) Cormorants nesting at
. old, large ¢olonies began Iayung eérlier and ceased Iaymg later in. both years: studled The
mean laying date on old colonies was significantly earh-er than new colonies (MW'U' p =
- 0000) .An examination of these data revealed that the distribution of laying at older
: larger colomes was skewed to the later par‘y@te seasdn, with the majority of Iaymg
occurrmg in the early season. The newer s/maller colonies, by contrast, had a Iaylng ‘
wpa_tt_er_n which is la_ter and more synchronous. i
Pre-olUtch Egg Loss B | ‘ v
During edch visit to a colony. the contents of all mar,ked nests@vere recorded to
obtain estlmates of reproductwe output and success. For the purposes of this study,

- 7N -

.‘ clutch size is. defahed as the max:mum number af .eggs-observed in a. nest at any one time.

f Durlng intensive observatlons of the Newell Tilley and ‘Hays colonies in 1979 and
1980 the sum total of all eggs laid in staked nests during each nestmg attempt was also-

' recorded Pre- clutch egg loss is defmed as the difference between the total number of
eggs lald and the ultlmate clutch size. Egg loss’ pnor to clutch completlon occurred in
‘17% of the nests studied (n = 85). On average, each of these nest_s lost 1.37 éggs prior

to clutch completnon lrange = 1to 8 eggs).

L2 >

The frequency of pre ciutch egg loss d,ld not differ significantly between old and
new colonies.. Between years 1979 had sugnufucantly more nests shownng pre clutch loss
than did 1980 (Chi* p = 0. O‘l 12) If this greater toss in 1979 was assoclated with poor o
sprmg weather, then one might expect greater losses to occur m the early ‘weeks of nesti
initiation. in 1979 mean temperature remauned below the 1980 level until apprOxnmater
May 11 (the end of week 4) (anure 4). When the frequency of pre-— clutch 299 Ioss was
compared between nests initiated in weeks 1-4 and weeks 5- lO ho sngmflcant
dlfference was apparent (17.5% vs. 15.9%, respectlvely Chi? p = 0. 6716) When a similar
"comparlson was made between nests initiated durlng the flrst week of laymg (week 2) '
" and weeks 3-10, pre ciutch egg’loss ‘was sugnlfncantly more frequent m nests initiated in

week 2 (26.5% vs. 15.5%, Chi? p = 0.0246). It would apear that although mean

' temperature cannot be dlrectly implicated |n pre-—clutch 8gg Ioss some factor Gaused
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' more pre clutch loss in nests lmtlated very early in the season

" The effect that early egg loss had on ultimate clutch snze was examlned by
'comparlng mean clutch size between nests which lost eggs prlor to clutch comp zfﬁon
and those Wthh did not There was a small but sngmflcant dlfference between these two
groups with uitimate clutch snze being smaller in nests whnch lost eggs (mean = 3.25 .
vse3, 59, MW'U p = 0.00. 12) It appears that although Double-crested Cormorants will Jay ,
additional eggs to replace those lost early in the season; ultlmate clutch size may ‘be’
decreased in nests where this occurs. A ‘ .

Clutch Size ‘ v. : : _ : ', I

Clutch suze ranged from 1 to 6 eggs with an overall mean of 353 (Flgure 14) The
- modal clutech suze of four was: more frequent than all other-siZes comblned and the
general dns}rlbutlon was skewed towards lower clutch sizes. ‘

All reproductlve succeSS measures nnc:reased with increasing clutch size up to the
modal size of four (Figure 15). Clutches of five were slightly (5-11%) iess successful
than four and although the sample. size is small (n = = 3) clutches of six wereunore
successful than any other.

No clutch of one produ_ced any young: This rnay suggest that a single egg is not a
,s'ufﬁcie'ntly strong stimuli to induce adequate parental behavior. One-third of these single )
egg clutches (n = 5) lost one egg prier’ to clutch comp’letion, while rnest (h = 10) were |
the result of a pair taying only one egg. The majority of these nest sites containing a-
single egg {11 of 14) were latﬂer used by renesting cormorants yvith average success
(32% nest success)', . ‘

A comparison of reproductivezutput among clutch sizes (Figure 16) revealed
that, although reproductive success declined between a clutch size of 4 and 5, the
~ absolute reproductlve output (number of young fledged per nest} increased slughtly
Inmally this would seem to contradict the theory suggested by Lack (1954) that modal
clutch size is adapted to the greatest number of young that parents can normally raise. .
Lack 1.966); however, modified thls theory tc-lndncate that in expanding populations .
where environmental Iimitin'g fa'ctcrsihave not yet been reached, breeding pairs producing
larger clutches may be mdre successful. As this populatlon was expanding rapidly, the
increased productivity in larger than modal clutches may be consistent yvlth tack's clutch

@ y
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size Hypotﬁesis..

These data also correspond well with results from artificially enlarged broods of
Double—'cre;ted Cormorants. Robérison (Y97 1) reported that more ‘young‘ fledged from
supra—normal broods than from normal ones. This population was a]so aexpanding a;'\d
was therefore seen to comply with Lack's modified hypothesis (19‘66).

Clutch size also varied considerably between year and colony types. In the earlier,
warmer year of 19‘é0, clutch size was significantly larger than in 1979 (mean = 3.67
vs 323, respectively, MW'U' p = .0000). As pre—clutch egg loss was more common than
expected in 1879, this differénce might have been due to differential early clﬁtch
reduction. If, however, nests which suffered pre—clutch egg loss are removed from the
clutch size comparison, the significant difference between years is maintained IMW'U p =
0000. n=411) ()

When | compared clutch size between colony age and size categories, a
sur prising relationship emerged. élutch size on old, large calonies was significantly
smaller than on new small colonies (3.38 vs. 3.78 respectively, MW'U p = .0000) This
relationship was consistent and significant both within,and between years and is dif ficult
to explain. Nests on older colonies are, on average, initiated earlier, and nest initiation
date is strongly correlated with clutch size (Figure 8) It appears that altﬁough initiation
date may influance clutch size. other factors which véry between colony types must also
be operating
'ﬁga.gize and Volume

Measurements of the length, width and weight of 448 cormarant eggs were
~ollected in 1980 Southern Alberta eggs are apparently very similar to eggs from other
areas in the range of the (P. a..auritus) subspecies (Table i). Although length and width
measures aré‘“not available. the ‘~est coast subspecies © 3. a/bori/ »tus appears to have

-
heavier eggs

Of the three measures. egg weight was by far the least consistent. As avian eggs
develop they lose weight, decreasing by approximately 18% of their initial weight (Rahn
and Ar 1974) As most eggs were measured only once. egg dénsity (weight divided by

volume) was calculatad to control for variability in egg size and to compare between

differant eog ages A least squares regression comparing egg density by days in the nest
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Table 1: Double—crested Cormorant mean egg measurement.

—_—
_ Sample Length ‘Width  Weight o

Location Size (mm)  (mm) (gm) ° Source
U.S. Nat. Museum 40  61.60 38.80 Bent 1922
Atlantic Canada 50 . 59.90  37.70 " 6.5 Lewis 1929
Maine 15 60.50 37.60 Mendall 1936
Utah-Egg Island 20  59.30  37.10 Behle 1958
B.C.-Mendarte Isl. 215 51.0 Van Tets 1959
Utah 124  60.65 38.80 46.1 (n=20) Mitchell 1977
Alberta M8 6074 38.12

44.9

This Study
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resulted in a significant regression with the following equation:
egg density = 1.0927 + egg-age (-{6.005218) in '=.'146]
(SE = .0093268)  (SE =.0005186) |
As the age of an egg increases, its density decreases in a consistent fashion. Using this
equation, a carmorant egg would be neutrally buoyant after 17.8 days in the nest (density
= 1.0) and wduld thereafter float in water. Over the average incubation period _of-‘ 27.19
days an average egg would decrease in densuty by approxtmately 13%.
A documentatnon of egg size and weight by position in the laying sequence is
présented-in Table 2. 'As the relative I&ngth and width of eggs varies somewhat _
‘independently,-egg volume was calculated using the formula developed for southern
Alberta cormorant eggs by W. Van Scheik (;;ers. commy
’ Volume = 4985 LB?
where L = longitudinal axis and B = transverse axis. .
Although the sample size was small, egg numbers 5 and 6 were Asignificantlyv
'smaller in voiume than earlier eggs (MW'U-p = .0199). Although not significant, the first
egg in a clutch appeared to Se \siightly smélper than eggs 2 to 4. There was no significant
dif ference betwaen the egg volumes recorded from new, small vs. old, large colonies
{(mean = 44.02 vs. 44.55cc respectively, n = 82, 239, MW'U/ p = .508) ‘ |
A large percentage (39%) of the eggs used to eiamine volume and density
relationships were collected after roliing or being kicked out of the nest. The possibility
that these eggs had been actively rejected by the breéding birds r'ather than accidentally
lost from the nest could not be excluded. If thié were true, however, one might suspect
that they might be sub-normal in some size or volume character. in fact, eggs wﬁich had
been kicked from the nest were found to be slightly bﬁt significantly largér in volume
thah eggs from active clutches (mean = 4481 vs. 4351cc, n= 177,258 MWU p =
.0002). |
Incubation
The precise time at which incubation began w_as not defermined, but-an estimate
can be made by comparing the number of ' days éaclli egg spent in the. nest prior to J
hat'ching (Figure 17). As each egg from.1 to 4 spends consecutively less time in the nest,’ _

/
consistent incubation appears to begin near the laying of the fourth egg. On average,
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Table 2: Variation in mean egg dimensions -

between egg nunbé_r in laying seduienoe.

Length  Width  Weight  Volume

-Bgg # Sample mm . mn g ce.

1 ‘82 e0.9 378 4.4 7 46.05

2 63 - 60.4  38.3 448  46.72

3 54  60.4  38.3 44.6 ' 46.73

4 39 60.0  38.4 43.8 545;73

5 1. 59.8 37.7  40.2 4475

6 3 58.1- 36.7  40.0  41.14
Overall ~ 262 605  38.1  44.2 4635 -

N | |
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* however, there is less than one day difference between thetime egg ; to 5 spend in
the nest. This suggests that some development and partial mcubat_lon may begm s”ometime 3
after the first egg is layed | | |

The aVerage in—nest perlod for all eggs Wthh ultlmately hatched was 27.8 days. |
Infertile or addied eggs, how_ever, often remained in the nest for much longer periods (up .
to 74 days). - |

The mean incubation/period also varied ‘slightly between .differ»e' lutch sizes
(Figure 18). The mean lncubataon perlod for eggs from clutches up to th%.d:gze of 4
remained very close to the overall mean of 27.2 days Eggs from clutches of 5 and 6
however showed an increass in incubation perlod to 27.9 days. Although thls dlfference
did not reach statistical significance (MW'U' p = .2516) it may mdlcat.e that cormorants
have some diffic‘ulty incubating.large clutches. '

Egg L.oss ‘ o . .

Durlng 1979 and 1980 the ultimate fates of 1657 mdr\ndually marked eggs were
recorded lTable 3). If an egg did nat hatch it was recorded as being preyed upon by gulls
kicked (or rolled) out of the nest, crushed in the .nest, mfertlle or addled imore than 35 ,
days in the nest), abandoned in the nest or having dlsappeared without known reason. As \
‘only one clutch was ever recorded as having been abandoned thls category waé3
subsequently removed from analysis. Cases with mcomplete hlstorles were also excluded
from the data set ‘

The largest portlon of egg less resulted !rom the dlsappearance of eggs from
the nest for unknown reasons (n = 4 13/ 59% of all lgsses). From observatnons on the
colony I suggest that most of these eggs were removed by predators durlng our visits.
Gulls were occasionally seen flying from a colony with an egg in their bill, but more often
eggs were consumedb in- the nest and the shell removed by the adult cormoran't These
eggs were often too fragmented to ldentufy ‘hest or egg number codes and were
therefore mcluded in the dlsappeared category This category also includes some eggs
Wthh were kicked from the nest by adult cormorants and subsequently eaten by gulls
and some which were crushed in the nest but were rerr;oved by the adult prior to belng

recorded
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" spent in the nest prior to hatching.



Infertile or , ' ' L,- .
Addled o T.4% 124
‘-'Disappeared‘ o | 24.9% 413
Total . 1008 1657 eges

Te

_1 This. figure is based on individual egg histories and.

should not be confused with hatching success which.
is brood # clutch x 100. _
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A comparlson of the fate of eggs from old large colonies versus new, small/
Qolonnes revealed several interesting relatnonshlps New, small colonies last a- significantly
greater proportlon of their eggs to predatlon at the nest (3 3% vs. 5 9%, Chl’ p =.021 3)
In old, large. colonles however sngnufncantly more eggs were found to be klcked out of
th’hest prior to hatchmg {Chiz p = 0.0086). The percentage of infertile or addled eggs
was virtually identical in the two colony types (7. 5 vs. 7.6%). The number of eggs whlch
disappeared without known ciuse was also sogmfncantly greater in old Iarge colomes
(27% vs. 2?70, Chi? p = 0.0218). When all egg loss categories were combined. however,
there was no signiflcant difference in the proportion of eggs which failed to hatch
between the two -colony(.type's:

A similar comparison of egg loss between years. 1879 and 1990 revealed no
significant dlfferences between the number of eggs which were crushed or: kicked out
of the nest. There were, however srgnuflcantly more infertile and addled eggs (8.7%
vs. 6.5%, (:hl2 p= OOOO) significantly more eggs which dlsappeared (39% vs. 18%, Chi’ p
= 0.000), and significantly more eggs which were lost to predation (5.1% vs. 4.0%, Chi? p
= 0.0259) in 1978 vs. 1980.. - ' -

N The ultimate fate of an‘egg also seeme% be influenced by its relatnve posmon in
the laying sequence of a partlcular_nest (Figure 19). When a comparison was made
betwe_en ©ggs for which the fate is known (i.e., excluding the disappeared category) the
tirst egg laid in any nest failed to hatch significantly more frequently than expected (Chi’
p= 0.0251). The majority of this loss resulted from higher rates of pred-ation and more
frequent loss of an egg fr.om the nest bowl (ki,c‘ked) (7.9% and 10.1% respectively, Chi’ p
= 0.025 and p = 0.0000 respectively) Although intertll'é‘or addled eggs were also more
frequent among flrst eggs (116% vs. 10% overall average) this difference was not
sngnlfncant (Chit p = - 0.0714)

it might also be expected that the last egg laid in a clutch would be less
successful than othet eggs. A comparison of last eggs with known fates, however,
revealed no significant difference in hatching succ.ess (Chi? p = .7288) or any of the
individual egg loss categories loverall 4 x 2 Chi? p = 0.4554). In general, ‘however,
hatching success did decrease after the fourth egg layed in a particular nest (Fig." 19). In

fact, the frequency of hatching in eggs laid after.egg 4 was significantly lower than that
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Figure 19 — Variation in egg fate by position in laying sequence.
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In exan’iihing fhe.decreased hatchability of first and later eggs laid, it was difficult
to separate the effects of factérs influencing the individual nest (i.é., female condition,
parental ability, nest placement, etc.) from the more general in%luence of laying date fi.e.,
weather, colohy s‘ynch.r;ony, etc.) In order to examine thié problem, a comparison of egg
fate by week in which each egg was laid was carried out (Table 4J; For statistical
comparison, three categories wete éét'ablished: 1) eggs laid in the first week where iafing
was recorded (n = 75, 4.6%): 2) eggs laid in wesks 3 through 6 (n = 1431, 87.1%); and 3)
eggs laid after weeék 6 (n = 137, 8.3%). Within these data there was a clearly visible trend
towérds reduced hatching success in eggs laid early and late in the season. When |
compared with ~eg'gs laid in mid-season (wéeks 3 to 6), eggs laid in week 2 and weeks
7-10 were significantly less likely to hatch (Chi? p <.000 & B .

The reasons for this trend are not entirely evident Although the safrjple size yvas
small, there was no signi'ficant difference between these categor‘nés in the frequency. of
predation, crushed eggs or eggs which were infertile or addled (all Chi? values p > .20}
There were, however, significantly-more eggs kicked from the nest in both wéek 2 and
weeks 7- 10 (Chi? p < 0001andp < O1 reépéctively). The large number of eggs laid
aft'ér week 6 which uitimately disappeared for unléqown reasons also contributed to the
decreased hatching success of léte sea.son eggs .Significantly more eggs laid after week
6 disappeared than those laid in weeks' 3 to 6. Although proportionally more eggs laid ir
week 2 alsc disappeared. the difference was not signific~nt 11y e
Hatching ..

Hatching success i defined as brood sive divided by clutel: =ive multiplied by
100 This calculation excludes eggs lost prior tn clutch completion |

The mean hatching success for the 49% nests'studied was 59%, which is
extremely close to the 58% hatching success vqpor;e& by Mitchell (1977) for arbor aa!
cormorants ln U’t:aii:. No other published records for ?nland nesting Doubie~-crested
Cormorants are available but records from the Pacific coast sUbSpecies show generall
h]gher hatching success (Robertson 197 1: 78%; Van Tets 1 95-9:.'60%; and Van de Vgen
1973 84%) )
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'

The hatching date for 943 eggs observed ranbed from May 25 to Juiy*7, with the

mean on June 9 Although Mitchell (1977) did[not record a mean hatch date. 90% of the
£ '

hatching on his Utah colonies. was by May 30 On my study colonies. 90% of

the hatch was completed by June| 18

Both hatcr;ing success and mean hatch date vary considérably between colony
types and years. As might be expected, the warmer \spring vaar of 1980 had a mean
hatch date significantly (4 days) earlier than the cooler year of 1879 (June 7 vs June 11,
N VU p < 0001} Hatchi g suncese ~as nle~ much greatar it 'QR0 than in 1979 (67%

17% Chi’ p < 0DO 1)

Hatchlrig success wae v tually the same n new. small and old. large colonies (R2
vs R1%) Ag ‘ight be prrdirted ""“m the earliar discussion of sprmé r‘eturn‘and nest
iritiqtion the maan hatch date wae faul Aaye earlier on ~ld lar ge colonias (June 7 vs. June
T MW n < 0001). Thes diffargnce wase rangistent both within and between years * -
nitiation date was negatively corralated with hatching success. (Figure 9), it was
snmir < hat gurprising that the maan he' ' ing eur ~ese on the earher ' atching old’ larg~
- e .w~ags net higher

Hatching success also appeared to be related to clutch size As clutch size
jte " naced a0 did Hat"hi'\a srcecs (Figu- @ 15) Clutch size, in turn vwas negatively
~¢ o elatad wu;!» negt itat o data v ith la ge ol v ies being imtiated earlier (Figure 8)

' sedata - ced the nbr- ~' s ‘mhice cue T in the ar lien year
cronen

' Qire and Flodgi(\g SQue coee

Neuble ~rectad t qrr - ante hateh nakrd Vlind ard unahie te matabolically or
Vet avianally eonteol thet b tampar atuf.e (Dunty 1Q7R) Ct ~l-~ ar» dapendant ~n adulite
for tempei ghie ~ cagui-teen ontil at ot 14 days of age (Do 197 & They generally remain

in the neat fer 10 21 ayg after which they spend increasingly long perinds ~ff the neet
on their cv L ewnis (1977) tiandall (197&) Van Ta'e (1959) and Mitehell (197 7) all
provide da-n;ipt.f e af the 1’ e il arnd hehavier ol doo eliganinn te - f Dankbla - orested
Cosan ya g

Rinod eze in snnthern Alberta ranged from 110 R vv"rh. an overall mean of 216

Voo ner e Tigure TN The ke Niperic g wae Aefi =4 ar the time g nest crntains
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youﬁg between 1 and 18 days of age Excluding renests, this period ranged between May
25, when the first egg hatchéd, to July 25, 18 days after the last egg hatched. Assuming
equal brood"s_qrvival over time, the mean brood period date was June 27. 18 days later
than the mean hatch date As very few young were individually marked, n<; more precise
dates are available.

The mean fladging success for all colonies and years studied was 73% (n = 399
nests), which resulted in an overall average of 1.58 young fledged per nest (Figure 14)
This 16 somewhat lower than the 1.9 young per nest that Vermeer observed at Lake
Newell In 1969. but tus was; a total count »f all young and may have been inflated by
including those which had not yet reached 18 days of age Mitchell's reported survival for
one colony {1977 n = 15) results in a fladging success figure of 72% (13 of 18 young)
This nompéres very well with my data The particularly low brood size on this colany
(mean .= 106.n = 17 nests) resulted in an average of only 0 76 young being fledgad per
nest. but Mitchell's ov,erali“bro'od size was considerably larger (2.11, n ~ 786 nests), and if
the fledging success reported was .representaﬁve, a highly cofﬁparablh estimate of 152
youne fledged per nest rasults |

Duwing '979 41 newly hatched cormorant chicks from 14 broods were
mrividually marked. If more than one chick in a nest was found to be untagged, the larger =
chick ~as assumed to be the oldest (in all cases whare relative hatching datés were
known thie zceumptuor‘\ proved valid n = 5 b}oods) The sﬁrvival of these chicks to
flerdging (18- days) was subsequently checked al;ring banding and tagging operations Of
the 4 1 marked midivwiduale 37 fladged. The young which died during the brood period
waer e all aither the last or next -toa lagt chick hatched in a brood of 3 v;r 4.1t has been
rreviously suggested (Mitchell 1977, Des Granges 1982) that the youngest chicks in @
e ~eved may starve aTtgr hemg ot ~empeted by their older and larger siblings fér
pa otal feeding

During 1980 23 voung from B broods were individually tagged and wei.ghed
avery 2 ~r 1 days until 30 to 40 daye old The weights of mdividyals which survived
peoyide 3 ghowth curve for Double=cr asted Cormorants in southern Alberta (Figure 2Q)

Mera inter esting howaever, is the com;;arétive growth and survival of brood

matee (Firr e 71 Agin 1970 all of the marked. young which died on the colony in 1980



54

‘0861 WNOS As||iL ‘SuBIOWIO0) PEISEIO-BIgnoQ Buiisau Jo umoub wbiem ~ gz 8.unbiy

*

(GL=v) .vom: 2i9M oci:on £7 dUN[ O PAAIAINS YOIym BunoA AuQ = _
. .

4

(6) lﬁﬁno,( o Jybieapp -

(sAop ) 86y
Ge 0¢ sz o st o S L
1 1 N L i * 1 1 1
, 58¥] 0
| 3K
. (o] @ m o
& ' @
o] m W -1 o
8 400$
. @ rel
o @ o o
8 o
L°o9® doool
(o)
O o w
8 o O;M °© °
o [o e ] o .
o +400s!
8 8 . 4
o. (o}
o ,

3 40002




55

2000

v
T

Nest N@ 117 ] Nest N9 64
]

T T T A T

Nest N2118 . Nest N2128
20004

Figure 21 — Comparative weight growth of individually tagged brood-mates, Tilley
South 1980. )
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were the younger, lighter members of broods. In most cases, the rate of weight gain had
decreased and in some instances the chiéks had begun to loose weight pric;r to being
found dead or disappea;'ing fr‘om the colony. In both years, the 3rd and 4th chicks in
broods were significaritly less likely to survive to fiedging than thé first and second
chicks (1879 Chi? p =0.0191; 1980: Chi? p=00123) |

in 1980, 6 of the 23 tagged chicks died prior to fledging, and two died after
attaining. 18+ days of age. This.results in a sample fledging success of 74% which is
simitar to the overall fledging success of 77% for this colony in this year. Surviyal of the
marked samplre may therefore be considered as representative of the overall population.
The s_tress'associated with handling and weighing dc?es not appear to ‘have diffprentially
affected nestling survival in marked birds. a -:'1'- |

Brood size also seemed to have an effect on survival to‘fled&hg (Fig. 22). The
higher mortality of chicks 3 and 4 was‘reflected in the decreasing tledging success of
larger broods. It is, however more difficult to explain why broods of one have the
lowest fledging éuccess‘ {f nestmate competition and)or limited feeding ability were the
major factors causing brood mortality, single chick broods mighf have been expected to
have the highest fiedging success In contrast. my data indicated that broods of one were
significahtly less successful than broods of two (Chi’ p = .0152). Alth0ugh the difference
did not attain significance, broods of one were also less successful than all other broods
combined {Chi’ p = 0.0556..

Although fledging success was lowest in small and'iarge broods the absolute
number of young fledged per nest increased with increasing brood size (Fig. 23) 1t
. appears that brood size overrides the differences in fladging success when-r'eproductiv.e
output is measured.

As would be expected, the larger clutches found in 1880 vs. 1879 were
transiated into significantly lvarger broods (mean = 1.53 vs. 247 MW'U p = .0000).
Atthough fledging succéss was hot significantly different between years (Chi? p = 7611),
this dif ference carried through to result in a significantly grea;ter number of young
fl(—.!r*qod per nestin 1980 (1 11 vs. 1.82, MW'U p = .0000). ‘

A similar consistency was found in the relation between new, small vs{ old, large

cnlonies. Clutch size. brood size and number of ybung fledged per nest were all

hS
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Figure 23 — Varistion in the number of young fledged per nest with brood size.
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-significantiy higher in new, sfmaﬂ co\onies(Clutch MW'U p =.0000, b;'ood MW'U p =
.0280; fledge MW'U p = .0056). In %his case, however, new, small colonies also had
significantly greater fledging success than old, large colonies (70.5 vs. 76.0%, Chit p =
0512), ‘
Lato Season Colony Use
| ’ Although Double crested Cormorants utlhzed the colony islands until their fall
departure, their pattern of use changed as the young grew older and more self—reluant
For the first two to three weeks: after héjtchi’ng, the young rernained in the nest and were
almost always accompanied by an adult As the young betame more mobile, they made
short excursions out ‘of the nest but returnec{ for feedlng and, in the evening, to be .
brooded By late June to early July most young were 3-4 weeks old and were left
. unattended on the nest during the day. .
During July the attachment of both young and adults to the nest site slowly
decreased: The;adults were first to show this trend, spending progressively less time
with their yodng on the nest and more:time on other areas of the colony or away from
the nesting island. The aggressuve and persustent food-begging of the larger young
undoubtedly contrlbuted to the mcreasmg absence of adults. By the third week in July
large numbers of young were»also spendlng-mos_t of the day away from their. nests;:
loafing on shorelines and other open‘areas of the colony.
By late July to early August, most nest sites were abandoned during the dafl.\\
Young were fed wherever they were found by retorning parents, most often on‘
shorelines and open spaces near the nests. Aqults were often pursued by hungry young
around the colony and into the water. Although Mitchell (1877) reported never seeing
young fed on the water, | frequently obserVod that young which chased their parents into
the water were fed there. ‘ '
A large sample of young fiedged from southern Alberta colonies in 1978 through
" 1980 were banded prior to attaining flight (Table 5). A reasonable estimate of
pdst—banding on-colony mortality may be derived by examining the number of banded
dead young found on each colony {Table 6). The overall value of 4.8% is a minimum
estimate of pre—flight late season mortality. Some banded young may have died on the

colony and not been found, and in at least one year, many young died ona colony prior to



Table 5: Total mmber and percentage of young COITOTrants .
banded on southern A'lberta. colonies: 1978 to 1980.

. 59

Overall

1

co1dhy #Banded Flotal %Totall #Bended %Total’ #Banded FTotal
a2 2 2
Newell 591 65 569 85 492 35 1652 56
Hays 218 46° 407 96? 393 100% 1018 ™
Tilley North " 69 oot g3 ot No Young 152 97
Tilley South xu  wot a et 246 o3 21 9
Total 912 61% 1100 92  ° 1131 55%  -3143 66%

1 Number chicks banded + total number of young available x 100

2

Estimate of total

-

= number of activeé nests X mean number fledged per nest

3 Estimte of total young fram June 2 total count + (noumber of eggs X 0.424) [0.424 = mean .
nesting success]

. . 1 .
4 Estimate of total young from late season count (near July 15) + correction for eggs still in

nests as above

.
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being banded (Hays, 1980). So many factors mfluenced this estimate between dlfferent .
colomes and years, that no statistical comparnsons were made

Young Double—crestod Cormorants were often observed swimming prior to
attaining flight In fact, in 1978 some mortality resulted when 4-6 week old chicks were
allowed to swim away from the colony island during a data collection visit Some of these
young were later found deod or dying_on._the shore of the colony. Tnose whicn were

alive wefe very weak and thorougniy wet and wére thought to be suffering from .

escaping to the water.
o By early August the abandoned nests were often used as loaf Jné areas for adults,

_whvle the young loafed in groups near the shore Younger chicks Leiurned to their nests
during the evening to be brooded or fed lt was also common, partlcularly at the Newell
colony, to observe nest structures used for mock courtship, nest building and nest
defence by non—breeding subadults and, less frequently, by young of the year. in 1978
on the Newell colony this type of behavior continued from sarly August until late  *
September, shortly before the colony was labanaoned At the smaller Tilley North colony,
subadults were consuderably less common and this type of behavior was infrequently
'observed .

Although the precise age at whith flight was attained was not documented, young
of the ‘year were first observed in extended‘flight in late July to early August, between
approximately 8 and 9 weeks of age. These flights were preceded by a period of
practice which inciuded flapping into the wind and/or gliding from island edges to the
water or tand below. ' |

By late August both adults and fledged young were found loafing and roostmg on
islands and pomts away from the nestmg colony On many lakes thns process contmued
until cormorants were found on the lake but none rema:ned on the colony The temporal
pattern of fall colony abandonment was__momtored in both-1978 and 1980 and was .
generally the reverse of spring arrival, with the small colonies (Tilley North & South, Little
Bow and Barkhausen) being abandoned by early to mid-September. Data from the large

colony on Hays Reservoir was difficult to obtain as tall herbaceous vegetation blocked

. the view of the colony sjte. it appeared, however, that although cormorants remained on



the reservoir until mid to late September, they abandoned the nest sites and colony istand
by late August,
During September, whilé all other colonies were decreasing in a relatnvely

cons:stent manner, the Newell colony showed an increase in the number of cormorants

- present This increase suggested that Lake Newell was being used as a staging area prior

to fall migrationL A portion of this apparent increase, however, may ailso have been due to

rising watet levels which forcedyloafing birds onto a gravel bar which was more visible

from the observation blind. Only in 1978 did the total number of cormorants on the

island exceed the number of adults and young whrch could be estimated from the number '

of active nests and mean number of young fledged per nest

in all years color marked young of the year from other colonies were observed

..n the Neweil coIony durlng August and September, often after their. natal colony was

abandoned for the year (Table 7). Oniy the Tilley North colony was observed with
comparable frequency and accuracy during 1878 and 4952.{9. During these yeers,

however, no banded young from other colonies were ever observed at Tilley North

Although there appeared to'be some pre—migratory dispersaliarnong:fyo_ung of the year,

~-with the exception of the Newell observations, only one banded fledgling was observed

to visit-another colony prior to fall departure (1 Newell young of the year observed at

- Barkhausen in 1878). -

in all years the Newell colony was the last to be abandoned (Table 8) Inboth 1978
and 1880, when late season observations were continued mto October cormorants '
abandoned the Newell colony in-the second or third week of Oetober On average, this is
4t086 weeks later than the last birds were,observed on etner southern Alberta colonies |

It should be noted that Double—crested Cormoranfs ‘were often observed on
other areas of "colony lakes for several weeks after the nesting island was abandoned
When these observations were compared, c'o'rrnorams.,st_iu rernained at lsast two weeks
Iater and in much larger numbers on Lake Newell than on the other waterbodies.
heneeting

In"a study such as this. where breeding birde are not individually marked, renesting
is very difficult to document. It is never positively known whether the late nesting

attempts, following an initial failure, are in fact a renesting attempt by one or both of the
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Table 7: Observations of color marked young of the year from
other colonies at Pelican Island, lake Newell.
'?ate L ' YEAR ' * *ok
1978 - 197 1980
Aug. 8-14 . S 1-Hays '
Aug. 15-21 1-Little Bow, 1-Hays .
R e . ]
Aug. 29-Sept. 4 B - |
Sept. 5-11 ,, 1-Littlé Bow, 1-Hays, 1-Tilley North
Sept. 12-18 1-Tilley North
Sept. 19-25 1-Little Bow
Sept. 26-Oct. 2 1-Little Bow . | | 4-Hays
Oct. 3-9 : : ' 1-Hays
Observation
Periods 18 11 8
—_ - — | ) |

.
Little Bow = ipa~tive in this yéar

e

*
Tilley Worth = inactive in this year

L 4



Table 8: -Date last D-c Cormorants were observed on southern
Alberta colony islands. 4

v

Colony 1978 . 197 1980
— e e — - — .
1 ' 2 | 2
Newel1 Oct. 10 > Sept. 29 > Oct.. 13
1 3 1
Hays Sept. 3 < Sept. 14 Aug. 24
Tilley North Sept. 3% | - sept. 3' Farly ‘ugust®
Tilley South < Sept: 9° | - Sept. 4' © Aug. 201
Little Bow July 200 | - June 300% | < Aug. 213
' { .
. Barkhausen Sept.. 13 | > Aug. 20% < Sept. 10°

midpoint betweén last observation of cormorante ~n 2lony
and first observation of colony®abandoned.

2 > = observations terminated before colony totally abandoned.

3. insufficient August. observations to‘deternﬁne exact date.
Colony abandoned prior to date indicat~d.

4

q

all nests abandoned prinr te bretohing  na young produced.

64
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same pair, or é late nesting'attempt by a nev:/ pair using a previously established nest
Renesting was aéf?::i.:med to be a second for third) nesting attempt by the same pair
in the same nest Of the 60 renests observed, 58 were secdnd attempts and 2 were third
attempts\ fg)(gwing 2 previous,failures
" Wg'en compared with :ﬁrst nests. renesting cormorants produced smaller numbaer s
of eggs and young, and were significantly less successful at hatching and fledging the

—

eggs and young prﬁduced (Table 9). As would be expectead. renests were also initiated
much later than first nests. The mean nﬂacr initiation date for renests wﬁsé(.ime 21 42
days later than for first nests.

Most of the renesting attempts followed the failure nf first nests In 14 of the 58
cases. however’ the first neét occupants had raised young to fledging (18+ déys) prior t;-
renesting In these cases it .wa.s_assdr.;ed that the original vbung were.‘lost ;fter 18 davs
thus providing the stimulus to the breeding pair to renest Only 1 of these 14 renesting
pare rae et.lrmcsful in fledging a second brood fmrr; the same nest,

As was mentioned in the main nest initiaﬁon section, renestus/yvere not evenly
distributed There was a strong and si'gnificant trend for renests to be concentrated in the
old large colonies rather than in new, small ones (Chi’ p\= 0.0003) In addition, of the 6
renesting atteampts which weras documented in new gmall colonies. none were suctessfil
at fladging young In contrast 20% (1 1) of the §4 reviestiv\g paire o0 ~id, largo colnnies
sucrended in fledging young. |

Contrary to vvhat might he expect'ed from th! IbWel nasting surnecs ahenrved in
1978 ranests wera not significantly concentrated in 1979 over 1881 Similar ty:
sence sful rarests wer e not significantly concentrated in eitr\ef've?'

Iy >ix et nectq the initiation data w-aé neqatively corr elated with all raproductive
nutput and success measures (Figure R and Q) /' similar 1 elationehip was not apparert fo
v\\enests {Fig 24) Mean cuccess remainad helnyv 14% for all two whalk pariods ohseryan
fweeks were clumped to increass «ammprle cizvel and magn clutch size ino aased only
clight'v ~Avar the pr-;viod studiad

The physical dimensione of 17 eggs from 7 renest c|L3t.ches were raendrclad in

1880. It was somawhat surprising to find that eggs in renests weare signi ' i~antly heavier

wiirder and of greater volume than those rec~nrded from firgt ner' 1Taknt- 1OV Alhagalh



Table 9:

between first nests and ren\%ta)s.

66

Comparison of reproductive ocutput and success

First Nests Renests
mean n= lhean n= Difference
Nest Initiation May 10 496 | June 21 60 | 42 days '
Total Fggs 3.76 49 | 2.65 60 | 1.11" "
Clutch Size 3.53 496 | 2.52 60 | 1.01"
Brond Size 2.16 495 | 0.77 60 | 1.39%
# Fledged per Nest 1.58 489 | 0.32 6 | 1.26"
L. .
Hatching Success 61.2% 480 | 30.6% 60 | 30.6%
Fladging Success 73.26 480 | 41.6% 60 | 31.6%"
ST
~vsrall Nest "
Success 4 .9%  ARr9 13.0% 60 31.8%
MU - oot
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Table 10:

\

Physical dimensions of eggs

nests and renests.

from first

First Nests Renests Difference1
Length (mm ) 60.5 60.4 P .6311 ~
Width (mm) 379 38.8 o) .0091
Weight (g) 441 ’ 469 p .005

) /
Volume (cc)y #T— " 45.91 47.89 p = .036
n = 258 17
.

1

Sitnificance tested with MW'U’

XT’\,\ .-
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the sample size was small, it would sppear that the decline in renesting success was not

clearly attributable to gross chahqu in the ability to produce eggs.
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B. The Effe‘ct of Nest Site Parameters on Reproductive Output and Success

During the course of”t‘his siudy, | collected information on a variéty of nest site
parameters which | suspected might influgnce or indicate differences in reproductive
parameters. The nest itself was described by measuring its diameter and height. The
relative placement of a nest within the colony was categorized as being eithe; central or
peripheral and the minirﬁum distance to the negg;‘neSt was measured. When possible, the
relative age of the nest structures was recorded. ‘

These data were compared in two general ways. By examining how nest in’itiation
date varied with these nest paramefars, some indication of habitat cho:ce by returning
cormorants was obtained. A further comparison of reproductive output and success
between different nest types provided insight into the relative qdality of different habitat

h)

types and/or the individuals occupying them T
Central vs. Peripheral Nests ) .

A summary of compa}'ative reproductive and nest parameter data for central and
peripheral nests is bresentqd in Table 11.

On average, o] _nests warke,established 7 daxs,egrlier than peripheral nests.

Nesting generally be re cenftal portions of, any part;culéi' ‘;ubcolony and
proceeded to the mcEre peripheral aréas. This pattern .\;x;as particularly well documented in -
the nest establishment pattern of subcolony 1 o‘n‘Tilley South in 1980 (Figure 7).

This ;;attern was less consistent in new subcolonies established later in tﬁe season
li.e., Figure 7, subcoiony 2), where new nests wﬂere oft’en' appended to one end 'of the
existing nest group, resultir{g in a more linear pattern of growth. This may be a response
to decreased conspecific interference from recently established nests on one colony
end. Qualitative observations indicated that breeding birds on further advénced, older
pcsrticsﬁs of the colony were considerably less tolerant and rﬁore aggre‘ssive toward
adjacent courting birds. Knopf (1979) attributed similar variation in both the pattern-and
‘size of White Pelican (Pelec:anus erythrorhynchos) colonies in Great Salt Lake to similarly
conflicting tendencies towards gregariousness and social intolerance.

Although mean clutch size was very similar in central iand peripheral nests, brood
size was slightly larger and the greatef number of young fledged per nest ih .central nests

approached significance (MW'U' p = .0544). These differences were generated by



Table 11: Comparison of reproductive data, nest parameters
and egg fate between central and peripheral nests

— e

_ Central Peripheral
. Nest Data Mean n= Mean n = Difference
Nest initiation May 5 173 May 12 200 p = .0000%
Total eggs. ~ 3.88 173 3.69 201 p = .0528!
Clutch size *3.58 173 3.54 201 p = .8320%"
Brood size 2.32 173 2.7 300 p= .3282%
# Fledged per nest 1.77 170 1.54 288 p = .05441 -
Pre-clutch success 92.3% 170 95.9% 288 p =>Co112
Hatching success €4.8% 170 61.3% - 288 p = .1573°
Fledging success - 76.3% 170 ,70.9% 288 p = .06212
Nest success 49.4% 170  43.5%  288_ p = .0199°
. | |
Fall nest height 20.1cm 167 19.2 am ‘271 p = .0720"
Nearest neighbour ~  70.7 an 167 73.6 cm 270 p = .0010%
New: Reused nests 30: 127 127: 146 ' p= .00002
Egg Fate: Hatched - 60.0% 343 59.1% 577 p= .7435%
Preyed upon ‘ 5.6% 32 4.0% 39 'p-= .1468°2
Kicked Y- 1 28 3.0% 20 p= .0524°
Crushed . L% - 11 0.9% 9 p=.0023°
Infertile/Addled 7.2% 4 7.7 75 - p = .70942
Disappeared . 20.5% 17 25.06 244 p= .0412°

i

1 Significance tested with MW'U" |
2 Significance tested with ChiZ .' -

4
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greater hatching and fledging success, resulting in significantly greater overall nestingt
success in central nests (T able 11). ‘
On average, however, more eggs were layed in central nests to attain the
equivalent clutch size of a-peripheral nest. Pre clutch egg loss was slgmflcantly hngher in
| central nests (7 7%) than peripheral nests (4. 1%). R
It would appear that breeding pairs occupying central nests suffered greater early
egg-loss but were more successful at converting completed clutches into fledged young.
In contrast penpheral nestmg pairs suffered lower pre-ciutch mortallty but were less
' able to produce young once clutches were complete. | —
It was difficult to determlne how much of the apparent'difference‘ in reproductiye
parametﬁbetween central and perlpheral nests was due to nest location per| se as
opposed to the differences in nest initiation date. To examine this question, tPZe year was
divided into early and late periods at May 10, the mean nest initiation date. The two nest
types were then compared within and between these‘ternporal groups (Table 12). Within ..
both early and late periods, central nests were initiated significantly earlier than peripheral
sites. The general trend toward greater production in central ‘nests opserved in the '
\‘overall data, however, was not significant wuthm the early or late period: Although
fledging success was sngmf:cantly greater in central nests durlng thevearly period, overalt‘
nest success was- not significantly dafferent in either portion of the year. The pattern of
' greater egg loss prior to clutch completion in central nests was, however, significant in

[

both the early and late periods. s

In an attempt to control for the effect of initiation date, early peripheral nests
were compared with late centra‘t nests. If habitat related characteristiCs were of primary
importance, one would expect that late central-nests would maintain'tr\eir overall
superiority over early perlpheral sutes This did not occur. Early perlpheral nests had
significantly larger clutches and were numerrcally greater in all other output and success
measures. ,

When the fates of mdcvrdually marked eggs were, compared the only significant
dlfference was the larger percentage of eggs: disappearmg ‘from pervpheral nests. This -
dufference was balanced by slightly larger known losses from central nests; resultlng in

very similar hatching success between these two nest types (Table 1.
. \ " A
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P Y

Central nests were also slightly higher and slightly but significantly closertoge_ther‘
than periphefal nests. The ratio of new to reused nests also differed sighific/antly, with
central nests being 81% reused and Qeripheral nests only 53.5% reused (Table 11},
Compgrative Nest Height :
in the early spring of each year, prior to or soon after the return of cormorants\
to their nesting colonies, each numbered nest was cate.gori‘zed as being low (0 to 15 cm)
~medium (16 to; 30 cm) or high (> 30 cm). In the fall of each year, the absolute héight of

each staked nest was also recorded. | found that nest height increased with nest age

(Figure 25). During the early years of the study, nest height class was used as an indirect

measuge of nest age. ’ A ~ —
Cormorants returning early to my study colomes selected taller nests. The mean

nest initiation date was 5.1 days earlier on high than medium nests, and 4.5 days earller om

medium than low nests (Table 13). ‘ ) ‘

A consistent pattern emerged when reproductive output parameters were

compared. In all cases, high nests were more productive than medium or low nests (Table
13). With the exception of mean brood size, medium nests were consnstently more
productlve than low nests. When these differences were tested, however only the
greater brood size and number of young'fledged per nest in high vs. medium nests
attained significance. |

A similar pattern was found when reproduetlve success medsyres were

‘compared With the exceptnon of pWAess high nests were more successful
_in all stages of repro,ductlon than. e\(her medium or low nests. The differences between
njedium and low nests, how‘ey;ér, were less consistent Medium nests had bétter 'ﬂédging

' succéss but poorer hatching success\tha;n low nests, resulting in very similar overall
| nesfing. success. »

 The aboVe analysns| compares reproductnve data by sprmg nest he»ght class.

Although a small number of nests in the low category«qay have been newly built in " the

Be
year studied,’ the ‘vast majority of these data relate to reused nest structures.

s N

Nest Age
A : y
Several authors have suggested the possibility that the reuse of previously built

nest structures may.provide some reproductive advantage (Snow 1960, Mitchell 1977,
L ) E ‘ - )y . '



75

ZFP GIM po3sS9] S0UBDTJTUSTS z

LR 4ITM PRISOY SOUBDTITUBLS

- 8% 62

Z d 5T 6T . LL 0 - posnay  :moy
Z0000° =d 2L ST Z0000° = d 18 06 _moSm. =d - SE TV Tereydriad :TeIFUSD
(099" =d g8 woz'yL - (8%9% =d w1 wsoL et =d  p uogTys anoquByau 3sarsey
[0000" =d g8 upg"PT [0000" =4  ZLT  wog'yg (0000° =d g, uOO'YE WAy s TR
gt%0" =4 R TAT ., gi898 =d o1 gy - LII0° =d T2 %UIS ' 8S300NS SO
o y* =d * *=d * = A.m * E B}

A Nm%o 16  $1°99 2182 A ¥%6°0L Z¥518" ™ %6°GL ss300ns w@mﬁ )
cSeey =d 16 ¥5°V9 S =d o1 ¥ees o =d 12 99729 + 55300Ns Butyoley
L =d 16 39'%6 g% =d o %6° %6 glos’ =d 1L %9°26 §8300NS  YOINTO-aId
Laso’ =d 16 8T [9088" =d  o9L1 61 (P =d 1L L8t Iseu Jad padpoly ¥
(8o =d' 2z ez e =d e or'g . (80" =d 18 9 @z¥s pooag
serr =d 26 Ly'e oSt =d o8t 240 [68ee =d - 18 FO'E 9218 1PINTD
(£860" =d 26 L9'€E e =d - o8t 18°€ (oe =d 18 £6°€ s88s TeIqQL
(0000" = d g6 21 A [0000° = d o081 L fen [0000° = d 08 74 UOTJBTITUT 1SN

W] CSA Y31H =u a0 “SA Cpoy =u usay ‘PN ‘sA Y31y =u’ uean

o

(uoog- <)
43ty

SOT.1089780 JyBTay Isau
3utads usamjaq saajaumrvd a3ys a@o:.vﬁ BlEP aaTIoupArdar jo uostredw) €I STqQEL



76

Palmer 1962). This may be -earticularly true in Double—-crested Cormorants where nest
concealment is not a priority. The reuse of previously built structures may reduce the
time and energy required of-breeding birds prier to nesting (Thompson 1981). it might
also be sugge‘sted that information on the previous _qeproductit/e history of a partieular
site may be derived from relative nest height As nest height is stronéiyﬁ;related to nest
age (Figure 25), a courting male on a proven, taller sight might be more successful at
attracting a mate than a male on an unproven new site.

As a first examination of this problem, | compared several reproductive and nest
site .parameters between new and reused nests (T ahl_e 14). As would be expected fromh
‘ the previeys examination -of nest height, reused nests were initiated significantly aeariier

than new nests. Cormorants ‘nestingv at previously used sites also laid significantly more

total eggs per nest and had a significantly larger ciutch size. Brood size and‘rnean number
of young fledged per nest were also larger in reused nests, but the differences were not
significant,_ )

A comparison of reproductive success between new and reused nests, however
did not reveal any significant dufferences or consistent patterns between these two nest
types. An exammapon of physncal nest parameters between these two groups revealed
that new nests were S|gmf|cantly lower in henght and further apart than reused nests.

. A better understandlng of the differences in reproductlve parameters among
nests of dlfferent ages can be obta:ned by comparing rpore specific nest age classes.
The only exclusive age classes which | was able to construct were new nests, nests used

_ f_'or the second time and nests used for the third or 5uhsequent time (Table 15).
oThe general trend was similar to the new/reused comparison, with reproductive
output increasing with nest age. The total number of eggs laid, clutch size and number ef
~ young fledged per nest were all significaxntly greater in nests reused more than twice. in

addition, older reused nests showed sugnnfucantly greater fledging success and overall

RIS B

hest success than nests used fdr o"‘ly the second time. In contrast none of the paired
comparls_ons of reproductlve out&t or success b_e'tween new nests. and nests Used for
the second time were significantly different~ X

Parred comparnsons between nest site parameters revealed that new nests were

Iower than second use nests, which were in turn Iower than older reused nests Although
- o : - -
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Table 14; Compaiison of. reproductive data and nest site parameters

between new and reused nests.

78

1 Significance tested with MW'U'

2 Significance tested with Chi

-

2

New Reused Difference

S Mean n= Mean n=

. &
Nest Initiation May 17 173 May 6 281 p = .0000"
Total eggs 3.65 173  3.88 282  p = .0013'
Clutch éizg 3.47 173 345 282 p = .0185"
Brood size 2.19 173 2.26 281 p = .5482'
# Fledged per nest 1.56 173 1.66 275  p= .4101"
o N . : .

‘Pre—clutch success 95.1 173 94.1 275 p = .3872°
 Hatching success 63.1 173 61.9 275  p = .6301°
Fledging stccess ‘1.2 173" 73.5 275  p = .4453%
Nesting Success 45.0 173 455 275 p = .8407°
Fall nest height 12.9 154 23.5 266 p = .0000%
Nearest Neighbour 76.5 154 70.7 264 p = .0000"
‘Central: Peripheral 30: 127 127: 146 p = 0.0000
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new nasts were significantly further from their nesrest neighbour than reused nests. the
dilfference hetween the two reused categories was small and not significant. As would
be.evporvtm', the mean initiation date of nests used for th“e third or subsequent time was
significantly sarlier than nésts rered for the second tirﬁe, and new nasts were initisted
eignifi~ant!, latgr than nests used for the second tirﬁe.
f‘.‘Hu'mun Distmbarncel at the Colony Site ‘

Although the main thrust of my researc;h was; directed at describing the annual
\)r‘vcle ~f Double—crested Cormorants in southern Alberta, whenever possible | al.so
collected information on their reaction to disturbance | have divided these d%ta into two
categories a description of colony and individual responses to human disturbance, and a
pbst hoe comparison of reproductive ~nutput and suceess on colonies suihiar:fed to |
varying levels of disturbance
Individual and Colony Reaction to Human Disturbance

The flush distance {first and 100%) and the time to return (first and 100%) are
graphed against date in fiqures 26 to 29 respectively. There was no clear relationship
between the time of yas and the\a distance‘at’ which the first cormorants flushed from tha
colony island (Figure 2¢) Thig was not unexbected, .as the first birds to leave a colony
wer e those loafing of f the nests. There was little re;soh to believe that the ;vfhaa(\ﬁﬁn
three binds had tn the colohy should vary over the breed)i.t:g é;aason

The remaining three graphs Ficures 27-29). however. 3ll show a similar trend
Rr eoding carmor ants laave aarligr and ety later ~Awing heth the heginning and end nf
the reproductive caason

MDuring the haight of the reproag»rtivn season. breeding birds allowed us to
appr cach mor e closely BBfore they flushed. and returned to their nests more quickly
whan we dapartad There were. in fact, instances in which adult cormorants either
raturned to their nests while we ware still on the island, :c‘>r refused to leave until Wa had
renshoad the island and app' oached the colony 6:\ foot (O values on the graphs)

These data indicate that breeding ~ormorants were most gttached to their nest
sites during the péak of the breading season and less attached both garly and late in the

o

yesr Tn avamine thie @ elationshin the data from earh of these graphd were divided as to
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Being- eltlte: before or after the mean fledglng date of June 27. Casual observations
_suggqg_.ed that. once young were able to defend themsslves and/or flee. the nest in the
_face of dnsturbance the adults were less likely to 'stay on theur terrltory during a -
disturbance. ”Young generally attam these capac_mes during their third week of, life (14-21
. . days), and the mean .;f‘ledglng date (suryival to 18 days) thereforeappeared'to be a .
suutable dividing point s " | - ) 1",;
All pre- fledg& pernods showed a sugnnfvcant negative COI’F8|8tIOh between date
and t:me to return. There is-a sumular but posutuve correlation betwegn date post fledge
and both 100% flush dlstance and tlme to reﬁJrn llst and 100%) (Flgures 27- 29)

' Using similar data, | examined the potentual relatlonshlébetween the amount of
time we spent on a colony collectnng date, and the amount of time it took fqr the
breeding birds to return to their nests (T able 16). Within tpe range of times spent;on the
colony {7-196 mmutes mean = 57.2, SD = 36.85) the only sugmf:cant relatnonshnp was a
negative correlatlon between time on and first return. When the year was dwnded :nto the ‘
pre— and post-fledge pertods only the time to first return in the prefledge perlod was
.' -sngnlfncantly correlated wuth tlme spent on the colony. lt would appear that as the time we

’

- spent on the colony increased, the tlme it took the first cormorants to. return to their

nests decreased There, was, however no snmllar relatlonshlp between time spent on the
colony and the time it took for all act:ve nests to be occupned o * _
An q‘ddltlonal concept which should be addressed when consnderung the response
of a w1ldhfe specnes to‘dnsturbance uthabltuatupn How' much of the observed response,
or change in response over time, is due to f;amlluartty with the dl._sturbance._ Most colonies
were studied intensively for a single year or infrelquently for several years and did not"

provide adequate data for this type o-f'com__parison. The Lake.Newell colony, however,

K

was subje'tted to..vfrybsirnilar leyelsﬁof disturbance in both 1979 & 1980 and sufficient
3 : :

data were collected to éxamine this concept .
Observatiohs of t'hls colony suggested that these burds were |n fact, more
tolerant to dlsturbance in 1980 than in 1978. n21%n = T9) of the vns:ts |n 1980,
breeding cormorants remanrled oh nests in some part of the colony durmg the entire data
collectuon period. Thls occurred only once (6% of 17 visits) in 1979 Slmllarly during all

but one of the approaches to thlS island in 1980 (95%, n = 19), the colony was not totally
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Table 16:

Correlatlon between time. spent on a oo]:6ny 1sland
and time b&reedmg b1rds took to return _follow:mg
dlsturbanoe . O

4 . . s

e
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abangoned untll | had: reached the,sl‘%re and often (63%) not untit | approached the nests
on foot In}1979 at least some cormorants remamed on theur nests untll | arrived in 7 'r%
of the wsuts n=17) and stayed on unt|| l.approached on fgot in only 24% of the cases.
Although tlwese patterns are’ consustent and relngprce my personaﬁ‘observatlons none of
them attam statnsttéﬁﬁsrgmﬂtanc'e (Flshers"Exact TeSt’ p 5 05) ; '
A secohd way l exammed thls phenqmenon was to compare the weekly mean
: ilush dlsfance and trme to return, If habltuatlon was occurhng breedlng cormorants
’ should have been less wrll(pg tcﬂbave and would have returned more qwckly m 1980 than

“in \979 A pavrwnse cbmparlson of the avallable’ data héwever, revealed that although

e ,.'.cormorants>generally remalned on their nests Ionger and returned more qu1ck|y in 1980,

B

:.'»‘mne of the dlfferences in these responses attanned s|gn|f|cance (Table 17). s t
RPN Throughout the study the general pattern of approach to nestmg colomes was
. kept consnstent Durlng 1979 and 1980, however the rate of approach was untentnonal?l'y :
vaned to measure any potentlal dlfferences in flush dlstance Analysls of the -flush
dlstance response to.a Jast (approx 17 km/hr) versus slow {7~ 9 km/hr) approach
"revealed no s:gnlflczkat dlfferences in elther first or 100% flush dlstance durlng either the
- prefledge postfledge or overau penods?h/n:lack of apparent dlfference may, however,
-be due to the relatively narrow range m approach speed. Observatlons of non- research
’dfsturbance showed that |t was possuble for & silent boat to drlftlslowly onto the colony
_lsland wnthout causing any nests to be abandoned Conversely a hlgh powered speed
boat more than 17 km away was observed to cause a panrc flight inctuding the brlef
abandonment of sorhe nests. . . .
Reproductwe Conseguences of Human Dlsturbance ,
In addressung the reproductlve consequences of human disturbance on ‘colonial
bird nesting islands. the quégstion to” ask is not whether human visitation can affect
reproduction but rather how does -a particular level of disturbance influence reproductive
success. It is relati-velyl simple to eliminate or reduce the annhual reproduo%l’ve utput of a
colony, but is it also possible to visit a colony island without.significant reproductive .
disruption?

During the three years of this study, every effort was made to minimize the

influence of our visits on the reproductive output of the colonies studied. In general.
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"Table 17; Conpa.risop of the response of cormorants to research
disturbance in' 1979 and 1980: Lake Newell

’ Weekly Mean Values’
' 19790 1980° n=  Difference ‘)
Firét Flush (m) 405.4 ~ 4577 14 p> .05
A1l Flush (m) 3.5 269 13 p > .05
First Retwrn (min.) "'%2.78 148 13 p > .05
All Return (min.) 5,03 5.18 9. p> .05

L

\ » . -
1 Comparison of weekly mean values in cases wher'e-data was

“available in both 1979 and 1980.

2 Significance tested with Wilkoxen paired sample test.

/ .
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4 . e . -
colonies wére, not visited in the heat of the day or during particularly cold or wet
weather. Youn§ were norrr;ally prevented frotjn escaping to 'the.’ water'.until at least 4"-' " '_ .
weeks of age, and large creches of youhg were not allowed to devélbp and/or stay in
one place. Late hatchihg very small young which were exposed to high t,em'p%:atureé or
intense sun-during banding o?:erations were covered with fresh’ greén vegetation puiled
up from the colony margin to providé shade.
_ | collected-two levels of data which may be applied to this problem. Detailed

Eeprod'uctive ian'ormaticSn,-collected during one or two Visits per week to the Hays,
Newell and Ti'IIey South colonies in 1980 and the Newell and Tilley NortH colonies in
1879, provided the pfimary data on 'disturbed colonies.,vln-y\lears when they were not
intensively studied, these. and a varie"ty of other colonies in séuthern Alberta, were
visited two or three timés in a year to collect re;:rOdL’;ctivle'information in a. relatively ,
_undisturbed setting. ‘Undisturbed’ colonies were normally yi;i@ed once in the first yvéek of
_Ma“y and June, and in mid—July to document nest initiation, clutch size, and number of late
season young, respectively. Similarly timed single day counts were extracted from the
frequently disturbed colonies for com.parison. |

With the above data, it was possible to compare detailed reproductive parameters
from colonies subjected to two levels of intensive research disturbance {once vs. twice
l‘;;r week). It was also bossible té cémpare these 'dist@urbed‘ colonies with relat‘iv\e|y
_ undisturbed colonies visitkd only once or twice prior to the data collection visit.

Intensive Disturbance 7

The Newell 1879. Newell 1880. and Hays 1980 colonies were visted oncé per
week thraughout the reproductive season, and the Tilley North. 1879 and Tilley South
1980 colonies were visited twice per week to collect detéiled reproductive information.
Although a comparison of these colonies may suggest differing ef,fect; ot these two
disturbance levels, it should also be noted that the less disturbed islands “all supported
older and larger’ coloniés while the more disturbed Tilley cblonies were both newer and
smaller. As there were no formal control colonies, it is nbt entirely possible to ;epérate

the effects of disturbance from the differing reproductive output of old and large,

versus new and small colonies.
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- A comparnson of these two dtsturbance types revealed that all categones of
reproductlve output were sugmfucantly greater in the colonles v:snted twncl per waek
‘(T able 18). This dlfference may however stem from some-. mherent dufferenpe in the

’cormorants occ:Upymg the more d;sturbed colomes or the qualaty of nesting habltat
vfactors not directly unfluenced by disturbance. a

‘A more precrse reasure of how disturbance in_f!uenced the ability. of cormorants :
to nest and raise voung- was the comparative success of raising eggs to hatching and
nestlings to fledgmg (Table 18). Although all categones of reproduotnve success were

higher in colonnes visited twice per week, the dlfferences were small and only fledgung

£

/l

success hed statistical significance (p = .0512).

-

. d approach to this problem is to\!sompare the relative abundance of nests
which failed and/or were abandoned between colonies vussted once or twnce per week If
the harrassment caused by disturbance forces some age or experlence classes of
cormorants to abandon their-nests, empty nests should be more common in more
disturbed colomes I found, just the opposite to be true. Colomes visited onge per -week
had significantly more nests which fledged no young than those visited twice per week

(33% vs. 23%, Chi? p = 0.0168).

¥
Disturbed v@?;Undisturbed” Colonies
A second estimate of the reproductive consequences of disturbance was
obtained by comparing colonies which were intensive!y studied with those which vvere
visited only 2 or 3 times per ‘year. Equivalent 'single visit ‘data was available to compare
mean clutch size and number of late season youngper active nest batween 4 di'sturbed: AI g
and 18 ’undisturbed’ colony specific reproductive se'aso'ns (Table 19). An overall | .
comparison of these values reveale_d no significant difference in the number of late
season young between the two disturbance levels.(MW'U p > .10}, Overal_l clutch stze,'
however was significantly larger in d‘isturbed cotonies (MW’U' p= .01),
| Once again, a better medsure of the effects of dlsturbance may be gauned by
comparing the reilative ability of cormorants to produce young from eggs laid. When all .
data were compared nest suctess (clutch size divided by number of. late season young

per nest) was higher in undisturbed colonies (44.6% vs. 49.3%, th’ p= .0001),

o)



_Table 18:

Cm:pa.nson oi reproductlve data between
colonies visited once xtwme per week.

Onoe Per Week Tw10e Per Week

46.8%

Mean - n= Mean n-= Difference .
 Total eges . 3.62 303 3.9 ° 18 . p = .0000%
Clutch size 3.38 303 -3.78 . 186 - p = .0000%
' Brood size 2.07 303 '2.33 18 . p= .0280'
" # Fledged per nest 1.46 303  1.77 186 ' p=..0056"
| S o -
Pre-clutch success ~ 93.4% 303 94.7% 186 p> .05%
. Hatching success 61.25 303 61.6% 18 p > .052
Fledging sucoeSs 70.5% 303 76.05 186 ° p= .052 .
Neﬁtmg success 43.2% 303 186 p: > 052

-
_( .

! Stgnificance tested with MW'U'

2
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-

Significance tested with ChiZ
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A similar comearfs‘bn between years when the Newell, Tilley N, Tilley 'S and Hays
colonies were disturbed or 'undisturbed’ revealed a similar: trénd towards higher nesting
success in undusturbed years (44. 6% vs 47 0%, Chn2 p =.0457) It would appear that
undusturbed colonies produced more young per egg laid than disturbed colomes Wlthm
dasturbed colonies sample size was top small for meaningful -statistical analysis between
different irtensities of dlsturbance Both clutch size and number of late season young per
nest, however. were.greater in mtenstvely distuéBed colony years (1 visit per week:
Clutch = 3.36. late season young = 1 46 2 visits per. week: Clutch = 3. 68 late season
voung = 2.07). '

N Ay least Bhe factor limited the reliability of thié analysis. In 1980 over one-third
(231) of the young cormorants on the Hays colony died between June 26 and June 30
The ceuse of this mortality could not be determined with €ertainty. but malicious human
dasturbanceris suggested If these 231 dead young are inCl__Q‘ded as {ate eeae‘on young for-
the Hays 1980 .coIOny the apparént difference between nes{ing success on thiése four
colonies in dls;urbed Vs undlsturbed yesrs reverses. with significantly more young
raised per egg laid in mtensuvew stUdled yaars than in relatiVely undisturbed years 50.1%
'vsavo% Chitp - 0118) R

it WOuld appesr that research dns;turbance atone ;ld not cause a decrease in
nesting success. within colonnes between years If however. the effects of an

un,t:bntrolled non-rasearch disturbance are included, then disturbed colonies were less

e e aefiyl than the same colonids in letaﬁvel\/ Undicturbed years
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o V. DiseUseion ’

In the. following section | will summarize and mtegrate the data presented in the
following manner. In order to understand if and how much the reproductlve data have
‘been affected by the research method, | wil first e’xa‘mine the response to and ‘effects
" of research dieturbance. The remainder of this section will be made up of an examination
of how reproductive values vary between several colony and nest site parameters. Most

important among these variables will be: year, colony age and size, nest and cofony

initiation date nest placement and nest age

A. Double -er.esied Cormorant Response to Research Disturbance .
in ecological research a primary -paradox often must be dealt with while
coliecting data on a system the effects of the researcher on the system being studied
must be evaluated. It is usually difficult to separate the data whnch result f’rom the
observer's influence from those which describe the sys‘cem m it's natural condmon This
problem is Particularly ‘acute in studies of colonial birds, where large numbers-of nests,
egqgs young or adults are influenced by a single visit to, or even ngar, a colony island, and
where the sbility to control this disturbance while coliecting data is limited. It is essential,
“howaever, when attempting to describe or'compare the reproductive output or sdécess
of a species, to estimate the impact of the data coltection‘ technique on tne results

¢

obtained: 1t is equally |mportant when maklng management decisions. to under stand and
be able‘to predict the-respénse of a species to disturbance, and the effect that various ”
levels of disturbanca have on the ultimate reproductive output.

While it was not possible to evaluate non—research disturbance in this study. '
observations during 1979 and 1980 suggest that the 'inXeneivé"iy studied colonies were.
not frequently disturbed by non~research wvisitation‘.' The single major exception however,
caused an unprecedented nnortality at the ‘Hays colony in 1980. Fortunately, this
disturba'nrre occurred late enough in the season (Approximately July 1) that most
‘measures of reproductive success were not greatly affected. The fact that what | believe
to be vandalism couid cause the death of more than one-third of the young produced byi

"a large colony in less than four days, however, is sdfficient evidence that uncontrolled
-human disturhanee can, and sometimes does. have profound reproduc_tjve eonseqdences. A

P

>
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To a large extent',vthe' irnpact of any disturbance on a nestirig‘leolony is dependent |
on'the response it ejicits from the breeding adults. Although the basic response of
fleeirmg the colon;y island remains the same, the patterrw of-adult cormorant response
changes inﬂa predictable fashion over the reproductive s.eas“drx. Early' in the year when
pairs and nes-ts ar® being established, corm‘o'rants ‘ar'e"very wary of herna'n disturbance.

They flush from their nests more readily and are significantly slower to return after a
disturbance (Figures 26-29). Their reaction to c;isturbance decreases over the season,
reaching a minirﬁum at about the time when most young have attained three weeks of age
Aftrer this time, adults again become increasingly wary of human visitors

Contrary to observations in Quebec reported by Kllison & Cleary (1978)
Double~crested Cormorants in Alberta never actively defended their nests from human
visitation In a relatively long lived bird such as a cormorant,‘? the basic fliéht response to a
possibly lethal disturbance is a reasonable strategy It is probably more beneficial to
abandon a particular clutch or brood than to aggresswely defend them and possibly not
live to either renest or breed agam in subsequent years. Within this limit, however,
cormorants appear to petterr; their behavior in response to t’he needs of their eggs and
young. v |

| would suggest the following rationale for the pétterns observed. Early in th.e
season when laying has just begun, eggs are both thermally more tolerant and ea'sily
replaced by additional laying. At this time there would be less value in proteeting a nest
site against either human disturbance or the associated gull predation and/or thermal
stress which accompanies it As incubation and embr yonic development begin, eggs
become increasingly vuinerable to heat stress (Romanoff 1960) At this ‘point, replacing
Iosi egés would increase in both mefebolic and tirne costs and WO’UId require a
physiological restart’ by the female. Considering the relatively truncated breeding season
available to cormorants in southern Alberta, there may not be time for a breeding pair te
1 alay.and successfully raise a brood to mdependence There |s therefore an mcreasmg
value to the adult cormorant to protect |t ] eggs as the seaSOn progresses .

At hatchmg, the thermal tolerance of chicks is very low and newly hatched young
are functionally cold~blooded (Dunn 1976). Just a few minutes exposure to high

temperatures and direct intense sunlight can cause death during the first week of age



96

(McLeod and Bondar 1953, W. Van Schick pers. comm.). During the late incubation and
early brood periods, the predation pressure applied by gulls from their adjacent colonies
may also be reachmg a peak, as gull chlcks have hatched.and the food requirements of,
gull breeding paurs have mcreased accordmgly It is during this early post—hatch penod
that cormorant reproductive oltput is most at risk. It is also during this period that adult
cormorants aré most attached to their nests. Théy are hesitant to leave them undefended
and return rabidfy following a disturbance.

After the young cormorants reach three weeks of age they are both behaviorally
and metabolically able to aontrol their bédy temperature. At this age they are also abjé to
defend themselves against attack by gulls In fact. as the season progresses gulls will
abandon the colony island and move their family groups elsewhere reducing but not
eliminating their predation pressure. From this post-fiedge period to the end of the
' season, adult cormorants become increasingly less attached to the colony Eventually they
abandoh the nest site. and return to the colony only to feed their young. loaf, and roost
at night. Both their flush distance and return rate increase to.early season le\/'els,-By early
August, in fact, many adults may not return to their colony after a disturbance but will
remain on another island or point to roost -

In order to combine the data collected in all years of this study in an equal -
manner, it is necessary to show that no significant variation in reproductive ;aararheters
resulted from adult habituation'to the researéh,.method. During 1979 and 1980 the
Newell“colony received identi‘caal treatment. and if habituation were to occur. it would be
moet visible on this 'colony A comparison of all measures of aduit response to
disturbance at this-colony between these two yéars revealed no siénificant ditferences
(Table 17} Although a trend toward increased tolerance in 1980 was noted. a similar
comparison of the frequency of ad':UIts remaining on or returning 10 their nests while a
researcher was on the colony reveafed no ggn:fncant dif ferences between 1980 and
' 1979 #t appears safe to assume that the behavnor af adult cormorants on the Newell
colony did not differ significantly between 1979 and 1980, and that habituation, if it did

occur, did not have a significant impact on any of my s’tudy colonies.
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B. The Reproductive Conseduences of Research Disturbance
-ltis not possible to visit ah 'activévcormorant colony without having some impact
'~ on the breeding birds. Often this impact is lim}téd £o a brief and probably ineffectual
interruption Qf incubation. On occasion, however, our rese“arch visits vcaused direct
mortality by facilitating gull predation of eggs and/or young, by causing thermal stress of
newly hatched chicks, or by allowing the suffocation of small young in the large creches
of young which often form in response to disturbance. In the absence of human
disturbance on or near the colony, these types of mortality were seither never, or very
infrequently observed. In over 575 hours of colony observation from adjacent blinds, no
predation of eggs or young was observed except that associated with human
disturbance. ' N
When datggfrom ali colonies and years were compared, ‘undisturbed’ colonies
" were significantly more successful at cor:verting clutches into late season young. The
actual number of late seéson young per nest, however, did not differ significantly
between disturbance types. As this comparison relied on data from a broad variety of
colomes and years, it was difficult to determine how mugh of the observed varuabmty
was. due to different leveis of disturbance and how much was due to other colony or
: year variables.
| It was not possible to reverse disturbance levels between colonies and years to
control for this variability. A paire;j comparison of four colonies which were intensively
disturbed in one year and relatively undisturbed in a previous year revealed a significant
decrease in nesting success in intensively disturbed years. Further analysis revealed that
this difference, f;voring reproductivé success in undisturbed years, was reversed if the
effects of a siﬁgle known non-research disturbance (at Hays 1980} was excluded.

. When two Ieve|$ of intensive research disturbance were compared. there Was no
;igni,ficant difference in the ability of breeding cormorants to convert clutches to broods
or fledge y;o(mg from broods. In fact, the small differences which did occur, favored the
more frequently disturbed colonies.

Twol general conclusions can be drawn from these data. First, it appears that
while intensively studied colonies are less successful than relatively undisturbed colonies

at converting clutches to late season young, much of this difference may stem from
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variations in factors othef than relative rcsearch disturbance. Second-, there aappear's to be
no significant or consistent'd_ifferencé in reproductive succesa betwégh colonies visited
once versus twice per week. These data suggest that while the overall recroductive
parametars used in this study ma'y‘ slightly underestimate reproductiva output and success

for southern Alberta cormorants, the data from colonies visited once vs. twice per week

were not differentially affected by research disturbance.

C. Seasonal Variation in Reproductlve Parameters
*  "When data from all colonies and years was pooied there was a consistent and
significant decrease in all reproductuve output measures as the season. progressed (Figure
_8). With the exception of pre—clutch success, there was a similar negative correlation -
between nest initiation date and all measures of reproductive success (Figure 9)

This general pattern of “ciécrease in one or more reproductive parameters as the
season progresses has been noted in many specfes (Ryder 1975 in Ring—bilied Gulis,
Hogan 1979 in Great Cormorants . carbol. Snow 1960 in Shags (P. aristotelis), Coulson
and White 1958 in Kittiwakes (R/issa tridacty/a), Parsons 1975 in Herring Gulis (Larus
argentatus)). Although studies involving known aged individuals are rare, the most
common explanation of this pattern is that younger, less experienced birds tend to breed

| later in the season, and their lower reproductive output and/or success tendlto decrease
the mean reproductive success or output of later nests.

Ryder (1980) provides a ;chorough review of the influence of age on the breeding
biology of colonial seabirds. He summarizes the available data. from research on anW/-K'"
aged populations by stating that older, established pairs arrive earlier at the breeding ‘\
colony and lay larger clutches and cgg's that, on average, produce more fledged young-\\
per season than do younger pairs or pairs nestnng for the first time. /

ln cormorants Hogan (1979) found that younger P. carbo nested late\r in tbe/
season, durrng the period when mean clutch snze and halchmg success was low. As he
'could not document the clutch size of known aged individuals, the observed relatuonshnp
is only suggestive. Van de Vaen (1973) reported that 2 year old P auntus afbocil /atus

. :on the Pacific coast produced smaller numbers &f youn'g per nest than mature (3+)

breeders (1 5 vs. 2 0 n = 4, 60+). He did not, however, record nest :nmatnon dates and
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seasonal variatjons could not be caiculated. Sno@itgem attributed the lower breeding
success of P. aristotelis late in the season to the fact ﬂ:\at most late nests were new
nests occupjed by young birds. Using data from known eged P. aristotelis, Potts (1966
cited in Hogan 1979) found progressively earlier nestmg dates with increased age, with
early nesting birds occupying the best nest sites‘available‘ '
The extent to which reduced age and breeding experience infiuenced late season

nests in this study is unknown Although the earliest oormoran';g‘WEth immature plumage
returned several days later than the earliest adults, both age clasees appeared to increase
| at a similar rate, reaching maximum- Ievels in garly June. This snmoﬁarﬂy in the date of
return, however, does not necessarlly indicate that breeding occursvt‘a‘t the same time.
Ryder (1975) found that pairs of Ring—billed Gulls with at least one member in 1mmature
piumage nested later even though they arrived on the colony at the same tume as mature
pairs. ' ’ ‘

At the Newell colony in 1880, 2 marked nests were occupied by ;%?Fs 'w.ith at .
least one 2 year old cormorant, presumably a first year breeder. These 2 nests were
initiated _on May 18 This was 9 days after the mean initiation date for that colony year
but was W|thm.one standard deviation of the mean and should not be considered overly
late. These 2 breeding pairs laid 2 eggs each, hatched an average of 1.5 eggs per nest
(75% hatoning‘ success) and fledgéd at least 2 young (67% fledging success}. A‘lthough
their clutch size was considerably smaller than the Newell .1980 mean of 36 the 50%
nesting success was ve.ry similar to the colony average of 48% for that season. From this
very small sample, it would appear that younger Double-crested Cormokents on
es,tabl'ished colonies. may have lower reproductive output (clutch and brood size) but they

-are not less successful at fledging young per egg laid than the colony average.

A second mechanisrn which is often invoked to explain seasonal declines in
reproductive sucoess suggests that late nesjcing (younger?) birds are often relegated to
Iess desirable breeding habitat (Hogan 1979, Ryder 80, Blus and Keahey 1878, Tenaza
197.’1) Southern Alberta colony islands however, are relatively hornogeneous and
potentual reproduct:ve habltat is not obvnousiy limited. Birds that nest early do, however,

preferentlally select previously used nest snes forcing pairs that establish later onto

previously unused sxte.s,,P_aImer (1962) and Thompson (1981) have both suggested that
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| reused nests may b/§ prgpared for laying several days more quickly than previousty

unused sites. .This, in itself, would explain some of the difference in mean initiation d;zte
between‘ nesttypes. The reuse of a previously built nest, however, may also provide a
reproductivé:jvantage by decreasing the energy a pair devotes to nest construction,
thus increasil;\g the time and energy available for courtship, egg production and laying. The
relatively small but significant difference in clutch size associated with reused nests tends
to sypport this proposition (Table 14). There was, however, no significant }di‘ffe'renée in
rebroductive success between new and reused nest types. If an advantage was ga‘kned by "
> reusing .a nest, the benefit was apparently limited to a slight increase in the energy .
available for egg production.

Several previous authors have also 5uggested that breeders that return later are
forced into peripheral nest sites which are less desirable than central locations.
Cormorants in Alberta clearly preferred central locations, estabfishing nests at these sites
significantly earlier fhan at per'iphera! locations (Table 11} it is nc‘bt surpf'isjng, then, that
the ‘number of young fledged per nest was _.sig’nificantly greater in central nests. If early

'_.(oldér) birds select central sites, and are more productive, then central ngsts should also
be more productiVe. Nest success was also sighifiéantly greater in ¢_entr3’n?éts. Once
clutches were complete, pairs nesting at central sites Were moré successful at fledging
ybung than were those at p;ripheral Sites. ‘ _

“Although these data suggest that central nests may provide some reproductive
advantage,v it is difficult to diécover whether this is due to variations in timing or habitat
value. When the year was divided into early and late beriods and early pe.ripheral nests
were compared with late central ones, the data suggested that any potential dlfference in
habltat value was overpowered by the |mpact of variations in tlmmg {Table 12).

From the above analysis, I suggest that while variations in habitat utilized by
'breeamg (cormorants have some lmpact on reproductive output and success, they can not
adequately explam the observed sea$onal dechri@ in all reproductlve parameters A study

of thls populatlon mvolvmg known-aged mdlvnduals and more sensitive measures of
habltat qgallty wull be necessary before the reasons behind thls seasonai declme can be

documented. . - R LR e ."J

kY
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.D. Annual Variation in Reproductive Parameters N
. Table 20 provides a sUmrnary and comparison of reproductive parameters
measured in 197'9.and 1980. All .meelpu.refs of reproductive output and all reproduct'ive'
~success parameters except fledgin'é success were significantly greater in 1980. The
relative -stability of fledging success seems to indicate thet the majority of the observed |
annual variation revolves around the ability of .cormorants to lay and hatch eggs. .
Several authors have recorded annual variatio'ns in pre-fledging paramet_er‘s' -
(Mi'tchell 1877, Hogan 1979).Van Tets (1959) noted a 20% increase- between 1958 ‘and
1959 in the total number of eggs laid per nest |n Double crested Cormorants on the
Pacific Coast of B.C. The majority of this dufference was a result of dlfferentoal predation
; followed by relaying, and both brood size and fledging success remained remarkably
stable over the years studied. Although predation in my study was significantly more
frequent in 197h9, the:number of eggs lost was reletvively small. tf, however, a significant
proportian of the 38% of eggs which disappeared were lost to predators, tnis single
factor may heve beenbresponsible for rnuoh of the difference in hatohing success
between 1979 and 1980 |
if, as ! have suggested predation only occurs in assoc:atlon with human
- dlsturbance and predatnon was greater in 1979 than 1980, then human dnsturbance must
‘have been more frequent or more dnsrupt:ve in 1979 The frequency of and response to
my research disturbance, however, washsnmnlar between years. The additional disturbance,
if it occurred, must have reSUIted fror‘n'otner visitations.in 1979 '
- Although | do not have firm data o support this proposition, \more non—research
disturbance of colonies may have occurred in 1979 The new small colony studied in
1979 was idcated on the Tslley North reservoir (Figure 2). Thls reservoir: supports a sport
fishery of whitefish (Coregonus c/upeaformis) and northern pike (Esox (_yC/L{s) and is
frequented by many more fishermen than the.eédjacent Tilley éouth reservoir which was
studied in 1980. In fact, a combination of flooding caused by increased reservoir storage
and disturoance by fishermen combined to cause the failure and abandonment of this '
"colony prior to hatching in 1980. Although the known loss to predation at Tilley North in
l>979 was not particularly high {4.5%), many eggs disappeared from nests (36%), possibly

reflecting a high level of non-research disturbance. At the relatively undisturbed Tilley

P P -
J
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& Téble 20: Sumpary of ccnparisons of mpmd.xcﬂve data and individual
egg fates between 1979 and 1980. : '

Disappeared

1979 . 1980 '/’ﬁ;ﬁezénce'
Mean n= Mean n .
Nest initiation May 13 163 | May 9 332 | p= .0000%
Total eggs 3.60 163 | 3.8 333 | p=.00w2'
Clutch size 3.23 163 | 3.67 333 | p= .0000%
Brood size 1.53 163 | 2.47 332 | p= .0000'"
# Fledged per nest . _ _ 111 183 | 1.82° 326 | p = .0000%
Pm—clutch}sucoessﬁn' 89.7% 163 | 95.6% 26 | p= .0000%
Hatching success 47.4% 163 | 67.3% 326 | p = .00002
' Flediing sucoess 72.66 163 | T3.7% 326 | p= .76112
Nesting success %.4% 163 | 49.6% 3226 | p= 00007
Egg Fate: Hatched 42.1% 225 | 65.2% . 727 | p= .0000%
Preyed upon 5.1% 27| 4.06 45] p= .0280%3
Kicked 3.2% 17| 4.9% 5| p= 504723
Crushed 0.% 5| 1% 15| p= .8040%3
Infertile or Addled 9.7% 52| 6.5%5 72 p= .0000%3
‘.06 208 | 18.04 201 | p= .0000°

1 Significance tested with MW'U’

2 Significance tested with Chi®

-

v

3 Disappeared czlteﬁ:ry exZ:lud,ed in calculation of sighificenoe

102
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South in 1980, known predation was, in fact, higher (6.6%), but ‘egg-disappearance was .
- much lower (14.5%). Although annual varnatlons in other factors may’ have influenced

these flgures | suspect that disturbance by fishermen was at least partlally responslble

for the higher iosses in 1979

A similar scenario can be deve(QP d for dlfferentnal non—research disturbance at -

—

the Newell colony bétween 1878 and 1980. In May of 1979 the Alberta Flsh and
Wlldlufe Division piaced a floaxlng tire breakwater around the north and west ends of thns
colony (Anderson 1982) anchoring it approximately 200 m from the island. ..The
placement and repalr of this breakwater requcred several (6-7) days of intensive effort
by work crews .on and near the |sland and resulted in dlsturbance with known gult
predation of eggf and young cormorant chlcks durlng the incubation and hatching
periods. In 1980 the placement of the breakwater was considerably more etflcient and
| minirpal maintainance was required :;l_uring the reproductive season. This distdrbance .v.vae
the/’err ’ oF
1580 .
. In addition to this offlclal dlsturbance my observations at Lake Newell suggest
that thls colom'ray—héve been visited more frequently by pleasure boats in 1979 This

lake supports a provincial park, and although access on or within. 1/2 mite of the colony

has been prohlblted since 1977, marker buoys defmung the 1/2 mrle limit were not

placed until mid—-May-of 1979 Once in place, these buoys were generally respected bot -

»

" several unauthorized boats were observed near enough to the colony to flush.breeding.

birds before and shortly after the bd‘oys were initially placeo in position. Although the

reproductive impact of these visits was probably slight, more disturbance- was observed

in 1979 than in 1980,

The observed annual trend in reproductive success and egg loss at the Newell

colony may refject these differences in the frequency of non—reqearch distorbance. The

.

frequency of predation and -disappearance were both sugmflcantly higher in 1979 :
(predation =.5.5% vs. 1.8% Chi? p=0. 0027 dlsappearance = 41.6% vs. 24.7% Chl2 p=

0.0000). While these deferences do not explam varlatlons in clutch size, they do

337

undoubtedly contribute to the Iow_er‘reproductlv_e success °b5°“49‘,'—f..'ﬂ, l979.

ore less frequent, less intensive and provided fewer opportunities for predation in -
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) A second vsriable vvhichhmay have contributed to lower reproductiv_e'output and
success was the cool spring weather in 1979 (Figure 4). The temperatures that breeding
cormorants were exposed to between their return and the rnean nest initiation date were,
on average 8.4C cooler in 1979 vs. 1980 Durtng this perlod in" 1978, the mmlmum daily
temperature was at or below freezlng 8 1% of the tnme as compared with 14% of the
time in 1980. . . .

‘There’ are at least two ways in which cooler temperatures may have reduced
breeding success in 1979, Eggs laid early in the season but not closely nncubated may
~ have suffered from exposure to freezmg conditions. This may have resulted in the '
svgmflcantly hlgher rate of lnfertnle or addled eggs present in 1879 (Table 20) Cormorant
.eggs. however, appear to be very- tolerant to low temperature stress, remaining viable
after being cooled to'an internal temperature of 0.5°C (W. Van Scheik pers. comm.).

A second mechanism by which cool spring temperatures may have effected a
reduction in reproductive output, and possibly success, is by delaying the initiation of
breeding. Many north temperature zone bnrds have been found to breed later in cool, late
springs as opposed to warm, early ones (lmmelmann 1971) Such'a relatlonshlp was -
found in Alberta cormorants with the mean nest initiation date baing more than 4 days
'later in the cool spring of 19789. '

This delay in nest initiation may reduce reproductlve output in several ways Lake
ice cover assocnated wuth cool spring temperatures may have reduced the avallablhty of
food and feedlng areas for breechng birds. Laymg beglns shortly (5 to 14 days) after
cormorants return to southern Alberta from wintering- grounds 4 to 6,000 km away, and
early spring feeding conditions . may be critical for the replenishment of food reserves
used in mlgratnon If f‘eedtng is prevented or nutritional reserves are expended while
waiting for smtable feeding areas to become ice: free, breedmg blrds may be nutritionally
stressed Limited nutrient intake may, in turn, decrease the number $ize or, hatchabulvty of |
eggs produced (Scott 1873), and may have contributed to the poor reproductlve
performance observed in the first nesting week of 1979 (Flgure 8).-

Even if nutrntuon was not limited, a delay in overall nest initiation may have reduced
: reproductlve output As was documented in the prevnous sectlon clutch size is negatlvely ‘

,correlated wnth nest mutnatuon date (Flgure 8), and by preventlng early nestlng the
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frequency of the most productive clutch sizes may have been reducec_i

. E. Nest Site Salection: Spatial Variation in.Reproduction

' When a rr\ature cormorant returns to southern Alberta in the sering, it has a wide
varlety of potential nest sites from which to choose: Tr\e ultimate site chosen will refiect
. nestin_g‘habitai preferences. If these preferences 'are based on differential reproductive‘
| ‘suitability of a site, then the first sites chosen may be expected to be more productive
| -and/or successful-than later occupled and possibly less suitable habitat | exammed ‘these
habitat preferences and assocuated reproductlve variability at two levels: breedmg col0ny
‘selection and mduvndual nest site selection. . .
.Colony Site Selectlon :

Between the two colony types studled cormorants returned and bred first at old.
large colony sites. Mitchell (1977) found a snmllar relationship in Utah and suggested that
more intense competition for'limited nest sites may encourage birds breeding at larger‘
colonies to retum early .and 'therefore be assured of a prime nest site. Similarly, Coulson
and White (1960) found that Klttiwakes returned earliest 1o 'larger High density colonies
‘where sites may be more difficult to obtain, Although space per se is not limited on most
" Albérta colony lslands prime (reused) nest sctes are limited and nest s:te competmon may

b
be a factor mfluencmg the earlier return to Iarge colonies

N L3

. I the earlier initiation of old, large colonles reflects habitat pre‘ferences based on
’ reproductive suitability then one would expect old, large colonies to have greater
reproductnve outpyt and success than new. small colonies. | found just the opposnte to be

-

true (Table 21). AII measures of output were Slgmflcahtly greater at new colomes

- - Differences in reproductlve suacess whlle not significant, also favored the new, small

" . colony type. Although these dnfferences are reld\vely small (< 0.4 ggs or young, < 5.5%

success) their consistency suggests that new, small colonies have so reproductive

advantage over old. large colonies.

This relationshiﬁ'is'contrary to the findings of several ot’he‘r' workers. Van

Veen (197 3) found that the newest Double-crested Cormorant colony had the lowes
i

clutch size and productlon He attrlbuted this to decreased clutch scze of younger p rbrits

who were more common in thls new colony. Coulson and Whlte (1960) found that long

!
P
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Table 21: Summ-y of canpa.risons of reproductive data and indiv:.dual
egg fates between colony types.
Oldandl.a.rge_ NewandSmll e
Colonies ‘Colonies . Difference
Mean n= Mean - n= - :
Nest initiation: . May 9 309 | May.13 186 | p = .0000%
Total eggs o . 3.62° 310 | 399 186 | p = .0000"
Clutch size S "3.38 310 | 3.78 18 | p= .0000"
Brood size . 2.07 300 | 2.33 186 | p = .0280"
# Fledged per nest | 1.46 303 | 1.77 18 | p = .0056"
Pre-clutch success | 93.4% 303 { 94.7% 186 | p = .22612
Hatching success , 61.2% 303 | 61.6% 186 | p = .8672°
Fledging success | 70.9% 303 | 76.06 .18 | p = .0512°
: - . ., . 1 L. :.‘:av_ .-,
., Nesting success ' - | 43.2% 303 | 46.8% 186 | p.= .1367°
" Fgg Fate' Hatched 6% 536 | 59% 416 | p = .1697%
Preved upon 3.3% 3 | 59 41 | p=.oz3%3
Kicked ~ ° | ' 5.4% 51 | 3.08 21| p= »3
Crushed 0.7% 7 |.1.9% 13| p=.osa®3
Infertile or Addled 7.5 T | 7.6 53 | p= .7812%3
Disappeared 26.9% 286 | 21.9% 153 | p = .0218°
} significance calculated with MW'U'
/-‘ ’ ' R ’ . ' . ! '
2 significance calculated with Chi? DT

Diéa.ppeamnoe category excluded. in calculation of ﬁ@.ificahce
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,es'tablished Kittiwake colonies hagd fewer young (inexperienced) breede,u;s than young
colonies. in a later paper, Co"dlsén {1966) reported that clutch size and breeding success -
were.lower in younger and less experiencéd pairs. From this | assume younger colonies
of Kittiwakes would also show lower output and success-than older colonies.
‘Unfortunately, | do not have adequate data to determine the relative age composition of
my colony types Although nest mmatnon was Iater on new, small colonies, my
observations suggest that this does not reflect a dnfferpntlal abundance of (young) less
successful breeders’

One explanation which may conttibute to the bettet_;_ per formance of new, small
' . colonies is the fact that théy were more svnchronous than oid. large ones {(Figure 13)

'

barling {1938) v;/as first to suggest that increased synchrony resulted in gréater'
reproductive output He proposed that !ar ge colonies would ekperience greater socl:)ial
stlmulatuon leading to more synchronous Iaymg ‘A high proportion of young would
“theréfore hatch in a short period, reducmg the probability of predation on each mdnvndual
chick. Many authors have subsequently studied aspects of this rélationship wlth
Eonflicting results (see Gochfeld 1880 for a révvew) ‘ |
The data from my colonies both support ‘and confl»ct with Darling's hypothesus

Large colonies, are in fact. less synchronnus than smaller ones in thglsame reglon. Th'e
spread of laying was greater in large colomes in both 1979 and 1880 If socnal !
stimulation mediates reproductive eynchrony then it would appear that the pairs breeding
in the smaller colonies raceive ' re social stimulation, rather than less as suggested by
Darling (1938)

These smalier mare synchronous coloniee do, however, produce mdre young per
nest than the older less synchronous ones Althmugh much of this difference stems from
larger mean clutch size. pairs breeding nn small colonies' are also numerically more
successful at fledging young. Although these diffarences may reflect the benefits of
reproductive synchrony the potpntial influence of disturbance must also be considered.,

As previously mentioned, new. small colonies were visited twice weekly, Whlle
old, large colonies were visited only once per week. It might, therefore. be suggested

that the greater output of the small colonies was somehow due to the more frequent -

researéh disturbance Parsons éﬁd Burger (1982) reported that frequently disturbed

o
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nesthng Black - crowned Night Herons (Mycticorax nycticorax) habituated to human N

visitors and were Iess likely to flee their riest than, undusturbed nastlings. They suggested

that this habltuatvon may have’ mcreased the probabnllty of fledging and survival. Robert - {
and Ralph (1975) found that while egg loss increased with the frequency of disturbance
on a Western Gull (L. ‘occid_enta/ /1is) colony, chick survival was greater at more frequently.
disturbed sites.zTheseauthors also attributed the higher chick survwal to) habituation. |
Frequently disturbed chicks were Iess’ frightened and less subject to attack ?hy adults on
adjacent terri‘tories. -

Although this inechanism may have had a small impact on my study colonies,

young cormorants do not typicaliy leave their nests until approximately 18 to 21 days of

.age By this age they are not subject to gull predation. and are fully tapable of returning”

to the nest and/or finding their parent(s) for feeding Although adjacent adults may be
intolerant to wandering young. territories are beginning to break down by this time and
young are seldom if ever harmed {(Mendall 1936). There i¢ little reason to suspect that
mcreased habatuatnon of chucks to fore frequent vnsns could have resulted in the greater
output from these coionies
Several authors have found that. late nestmg is inhibited or decredsed on

frequently disturbed colonies (Ellison and Cleary 1978, Tremblay and Ellison 1979) In my

study, late nests and renest‘s were both more abundant on old, large, less disturbed

"’colomes This may have increased the rélative output of smaller colonies in tWo ways. |f

disturbance prevents or decreases late nesting. then small colonies would become
relatively more synchronous and then possibly, therefore, more productive and
successful. h addition, if cormorants that nest later are younger, less productive and/or
less successful breeders. then their abundance on old large colonies may have decreased

\
the overall reproductive output. Additional study of a known aged population will be

< e i e gy

required before the relative impact-of this factor is -defined. ST T e
" . S - .

Nest Site Selection: Central vs. Peripheral - . . e e ls
The reproductive consequences of variations in nest site parameters has been an

active area of colonial waterbird research. Of all the parameters examined. the difference

"between centrall-y and peripherally located nests has been most often compared. Coulson

o (1968),,reported tbat Kltﬂwakes‘?\estmg in-the center of a colony exhnblted lower annual
™ .

e A .
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morta!i_ty and better rept'oductive success than similar birds on the periphery. Similar
preferentiat success of-cent;el'hesting individuals has subsequently been reported by
Tenaza (1971) for Adellie Penguins (Pygoscelis adeliae), by Dexheimer and Southern
(1974) for Ring-billed Guils, and by Gochfel_d (1980) for Magetlanic Penguins (Spheniscus

. magel/aricus). Other researchers have found no significant differences in prodll.lctivity -
between central and periphe'ra’llsites (K'nopf 1979 Ryder and Ryder 1981).

One or both of two general mechamsms are usually mvoked to explain the
preferent;al success of central over perlpheral nest sites. The dif ferences may be due to
inherent differences in habitat quality (i.e.. exposure to predators, disturbance or habitat
destruction). or.to the fact that young breeders, which are less successful wherever they
nest, may be selectuvely concentrated in penpheral sites, thus reducing the reproductive
success or output of these nests. B ER '

No detailed'comparison ‘of reproductlve parameters between central and

~ peripheral nesting Qouble—crested Cormorants has 'b'een published. Siegel-Causey and
Hunt (1981), h0wever, found that aerial predators visited peripheral cormorant nests
more often‘_than central sites, end had signifioantly greater per visit success at peripheral
nests.” | h |
In southern Alberta, | found that breeding cormorants clearty preferred central
_ nest sites. Once established, centrally located breeders fledged more young per nest than
those at peripheral ‘s‘ntes Although central nests lost ssgmflcantly more eggs prior to
clutch completion, slightly greater hatching and fledging success resuited in significantly
greater nest success, thus producing more young per nest. ‘
The reasons behind this dlspar+twacp not clegr. Although Ihe comparatalve age of .
- S

breeders is not known, clutch size in central and peripheral nests was’ virtually” identical, If

A A

[

EEE

ST “Douﬁle "brested €omorantsfo|lothhe genesal trend towards mchasmg ctutch suze w1th

-

- - 'moreasmg age fLack. 1968 Van de Veen 1973, Hogan 1979) thvs w0uld suggest that the '_

age composmon at these sites ‘was not s:gmfncantly different. The fact that central

' nestmg pars. layed more totat eggs to attam an equnvalent clutch slze, however confuses
thus relatuonshnp, and suggests that females occupying central sites may be more -

a persistent or able breeders.
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The differential effects of inherent habitat values between these two nest types
are similarly difficult to docurnent If peripheral nests are more subje‘ct to predation,
either because their occupants are less .attentive' (younger), or 'because their location ddes
not afford equivalent protection from adjacent nests (Tenaza 197 1), then Iosse's to
predation at these sites 'snould be more frequent. In fact, known egg predation was
slightly, but nct significantly, more frequent at central nests. Even if all the eggs which
disappeared are assumed to have beeh taken by predators, the difference in predation
pressure was not significant between central and peripheral sites (Chi? p = 0.1421).

While it was not possible to document the fate of individual chicks, the majority
of post hatching loss was due to chicks disappearing from tne nest. Much of this
disapbearance, particularly during the first 10-14 days after hatching. was probably due
to predatlon After this age, chicks are notgenerally vulnerable to avian predators and
before this age, young wV:ll not usually Ieave their nest. As central nests lose- .
proportionally fewer young than peripheral nests, habitat influenced predation may
contribute to the decreased success of perlp_heral nests

The growth and survnval curves of individuals wtthm a brood are presented n

Figure 21. These curves sugg’e‘s't that sibling competition-of harassment miay also reéduce -

brood size. Although habitat values rnay not directly influence sibling survival expérienced

" pairs may be both more able to compete for '‘prime’ central locations, and better able to
breed and care for larger broods. Tenaza (197 1) suggested that Adelie penguins which

-nest in sentral lecations have stronger- iricubatio;n tendeqc'tes an'd Coulson and White

(1958) suggested that lower breedung success in younger Kltf:Wakes:may ‘oe due ‘to

- L S T

. inadequate mcubatuon behavior or reduced ablllty to care for chigks. If ‘younqer

" cormorants returned later and were less 'able to obtain or keep a dentral nest site, then *

the Iower reproductnve parameters observed at perlpheral nest sites may have been due

toa combnnatnon of both age and habltat related factors

Nest Sité Selection: nest height and age
| examiined two additional nest site parameters which have not previously been

studied in ground nesting Double-crested. Cormorants: nest height and nest age. In-

southern Alberta these two-factors are clearly mterrelated Most actlve’nest structures

pergist from one year to the ‘next' tncreasmg in helght wntﬁ age and rep’eated ﬂse (Flgure -



25). This rhay be due.' to climatic conditions favoring the preservation of'-‘n'eeting pla;tfo'rrns-
as suggested by Vermeer (1970c¢): It is, however, also true that the colony islands are .
high ‘enough not to be scoured by ice each year. On several low lying colonies in northern’
Alberta, nests are often destroyed in early spring by ice soouring the top of colony
islands.

. Nests which fail durmg their first year of use are often abandoned and totally
dismantled by cormorants removing the nest materials. Normally however & nest which
has been active for one or two years has grown to such an extent that even if it is
abandoned during a Single season it is not entirely destroyed. New or loose nest material
.will be removed, but a basal mound of partially decomposed material will remain to mark
the used site. Even this remnant, however, may disappesar if it is not reused in subsequent
years. . )

in contrast, nests which. are reused m several subsequent seasons tend to
increase in height. Although the height of an individual nest seldom reaches beyond 50
cm, the core area of an old colony such as Lake Newaell, is supported by a broad mound
of decomposing ne‘st material and guano. Recent nes'ts may, 'fherefore, be more than 1 m
above the original island top. ‘ |
' 'Theoreeence o‘f a large nest structure in spring indicates a site which has been.
used, probably successfully for several years In.view of this relationship, | suspected
( .thai abreedmg oormorent could.enhance hxs reproductwe chances by choasing to reuse
a prewously*bunlt fAiest rather than risk colomzlng new. habntat A cormorant which returned
N early and had a w:de Varlety of reused S|tes to choose from mlght further enhance his

_chances by seiectmg a taller’ nest,over a LOWer younger and less proven snte Similarly, a

v ™ T ~ o

. femalemtght beneflt by choosvng a maJe courting’ on 3 tall reused nest over one
B occupylng a low new site. _
Other factors may also contribute to a prefer* for prevnously used structures.
Thompson {188 1) suggested that Double—crested Cormorants utilizing vacant Great Blue
Heron (Ardea herodias) nests in Montana may have obrained an advantage by reducing the
amount of time and energy required for nest construction thereby allowing early nest
-~|n|t|at|on As both reprodu‘ct«ve sugcess and output decline over the season, quick nest

PN

- = = initigtion ﬁ’\ay providé -sighificant réproductive advantage Thls may becomé mcreasungly
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important as the breedlng season becomes truncated in northern areas.

in southern Alberta .Double-crested Cormorants clearly preferred to occupy
.prev»ously built nests rather than bunldung at new s:tes The mean nest mmatnon date was
almost 10 days earher at reused sites (Table 14). The reproductwe output of pairs reusing
prevnously built nests was also slightly higher than those’ nestmg at new sites. Only the
total number of .eggs and clutch size were sagmf:cantly greater however, and
reproductive success was very similar between the two groups. It appeared that little
obvious benefit was gained by simply reusing a previously built nest site.

When reused nests were separated into those used for the second time and
those used for the third or greater time, a much stronger relationship was apparent
(Table 15). [\lests used for the third or greater ti'me were‘significantly more productive
than either new or two year old nests.. They also had significantly gre&ter fledging and
overall nest success than either of the newer nest categories There”was however no
ssgnufncant difference in reproductive parameters between new nests and those used for
'only the second time.

~ An explanation of this increase in reproductive output and success at frequently.

used sites relies on seve'rat factors. These nests are occupied earlier than either new or ™
second use sites, probabl‘y by older, more experienced birds. !f reproductive output
increases with age and/or experiente, then the observed increase in reproductive output
-and success at these sites will be partially due to differences in the quality of the
breeders occupying these sites. v

The location and size of the nest itself may also b.ehefit the occupants. As we.' |
have seen, nest height increases with nest age‘ and the tallest nes-ts are more successful
than medium or low ones (Table 13). In addition central nests are signifieantly more
productive and successful than those located peripherally, Nests occupied for three or
more years are significantly taller than either new nests or nests used for a second time.
They are also most often located at central sites; sfgnificantly more often than new nests
.and humerically more often than nests used for.a second time (Table 15). It may be that
these ta“er more central nests are easier to defend frorn conspecifics or predators, or
that they take I_ess_tirhe and en_ergy to preparﬁe for laying, or possibly that the occupants

of these sites receive greater 'social stimulation’ and therefore reproduce more rapidly
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or su,cc_e‘ssfully. \ﬁhatever the .reason, the physical characteristtcs of frequ_ently _us”ed_ |
nests’show a consistent interrelated pattern which undoubtedly eantributes to;th_e‘ -g’,rea'tt'er‘. '
reproductuve parameters of birds occupylng them. ‘- !

* A third factor which may also contribute to this pattern is the possuble increase in
reproductive success in palrs whlch stay together for several years. \-,oulsdn .(196_6)-:,;_,,‘ )
found that inﬂKitti'wak,es, reproductive success was higher in pairs which had previously
bred successfully. and that although nest site fidelity was high, nests which failed were
more likely to be abandoned in subsequent years than successful sites.

If cormorants mamtann a pair bond between years if these palrs tend to return to
the same nest sutes and if experienced pairs are more succeesful than newly formed
pairs then nest sites which have been reused for several years would be ‘expected to be

‘ more successful than those Wthh have been more recently estabhshed Clearly however
much additional data on mate and nest slte ﬂdehty are necessary before this reiationship
can be ‘verified, ' '

Although high nests and nests used for 3 or more years are significantly more

" successful than their Iower moreé recent counterparts, no s:mllar differences were found

| between low vs. medium or new vs. second use nests. The fact that no s:gnlflcant ‘
d:fference was fOund in any measure of reproductnve outptrt or success between these
categories Suggests that the reproductive advantage of ocoupyung older -and/or taller
nests is not suffncnent to alter mean reproductlve parameters until the nest becon‘es

more than 30 cm tall or 3+ years old.
° :



. o . .‘ VI. Future Research Directlons 'i "-:.’ﬁ"
. '_ A large portion of my reason for initiatmg thlS study wasto provnde a data base
. from which rational management decsswns could be made regarding Double-crested
Cormorants in particuiar and colonial nesting birds in general Although this document
prov»des a-first step in this airection, many additional questions remain to be answered
Most perhnent among these I beneve is the documentation of intercolony dynamics
: What is. the relative importance of different colomes and colony types to the ‘Alberta -
population7 ln order to address this topic it Will be necessary to document the, colony and
nest site fidehty and reproductwe pararneters of mdiwdually marked birds. - ‘
‘ Although | have addressed several general aspects of the effects of and the:
- reaction to human dlsmrbance at: nesting coglovn.i.es<rno’r:deptai'le“d°vyorkmis ;lso ‘r"'equsred_in

[ this® area The documentation of thermal tolerances parental behavuor and age spemfic g

Cn order to more clearly understand the population dynamics of this species in-
Alberta, it will be necessary to examine the reproductive output and success of - 'o -
known-aged birds through several seasons. This data, combijned wnth the extensive
banding program which h\as been carried out in Alberta since 19?7, will allow the
production of a detailed life history and dernography of the Alberta popUla_tion. This data
could also' be applied to the question of colony dynam_i.cs.‘ | |

As human popualtion densities incr_ease and land use intensifies, it will become

increasingly important to understand the processes controlling colony initiation and
habitat ,seJectiori. The relatively complete history of southern Alberta col_onies and the
rapdd expansion of'this population provide an excellent opportunity for examining this
. question Some of the factors mfluencmg nest site selection were addressed in this

study, and some additional information has already been collected 'on the effgcts of

colony site modification (Anderson 1982, W. Van Schick pers. comm). From my

. experience in southern Alberta, | would suggest that Double—cre'sted Cormorants tend to
follow other colonia{,spemes lgulls herons) mto new- breeding habltat but this hypothesis ‘

remains to be tested
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