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Abstract

" The breeding ecoiogy'and social organization of the

-

Northwestern Crow (Corvus caurinus) was studied from 19 May ta

30_Augustf1976, 27 Apr%l to 26 .August 1977, and 28 ApriT\fo 19
July 1978 on Mitlenatch Island, Brit}sh Cb]umbia; Displays of -
the Northwéstern CréW*weré similar to those of other’speéies-ofv
crows. Nesting territories averaged 0.50ha. In 1978 nests .that
were built jn continuous woodland were, on'averagg, 21ﬁ8m aparf;
The location of many nests chaﬁged iitt1e from year to year
,which‘suggested strong sité'fengcity; Boundaries‘extendedjabout B
2-3m beyoﬁd thefhfgh tfde'ljne in territories that were adjacent
to the beaches and croﬁs from these territories dominated all
other crows on:the a&jacen{ sﬁretch of beach, although the
intertidal was a communal-feéding area. The male crow perfbrmed
most of the territorja1 defense which, in beach edge territories,
was pdsiti&e1y corre1ateﬁ with decreasing tides during the nesting
season. |

Cn1yvforced copulations were seen. No courtship behaviour
that terminated in eopu1ation was observed. |

Yest building began in April and most nesti,were built in
Qhrubs although ground and tree nest sites were«§1so used.
Those nests built in beach-gdge territories were significantly
.farther apart than nests built in inland territories. The ‘
composition and construction of 32 neSts is described.d

The eggs were laid beginning in late April after a mean
of 8.6 days following the completion of the nest. Crows that

estatlished new territories waited significantly longer to lay



v
their eggs thdn croﬁs‘thatrusea the sa@e teréitéry ﬁrdmrthé
previous year. C]&tches were initiated over 37 and 32 days in_
1577 and 1978, respettive1y. The mean clutch siié was 3.7 andvWﬂ 
3.8 eggs in 1977 and 1978,‘resbective1y. 61utches were
significantly larger in beach-edge territories fhan in]an&:
territorieé;- The eggs of g.‘céurinus were incdbatéd on]y‘by
the female and lost ah averagevof 0.18 g perfday (16.3% bf -
original weight during‘inéubation). The femé]g;qrow was hjgh]y
attentive torHer eags and only left them to be fed bf;the mafe
and for short maintenance éctivitié;. Incubatioh 1astedgf6r

18 days. 1In 1977, 39% and in 1978, 52% of laid eggs hatched,

which is much lower than for the Common Crow (E. brachyrhyn;hos);

in California. . ' - i
: ) ' 1,/

The female attentively brooded the nestlings until they e
were about 10 days old. The Horthwestern Crow nestlings grég
\faster, on averagé; than Commpn Crow nestlings. The male per-
formed about 66%'of3the feedinas until the nestlings reached 7
gays of age and afterward the female fed tHe nestlings about
66% of the feedings until fledging age. Most nestlings were
1ost_in the first week of 1ife, probably to otherrérows. About
52%‘of thé hatched eqgs fledged‘young iﬁ,197§-78, much higher
than California CommonACron (13%5J Fledging occurred in June
and early Julf'when ‘the nestlings weréiéC{;;ys old, on avefaée,
and weighed 318.1'9. F];ﬁging success (no.'o? eggs laid that
fledged young) was 27.1% “tn 1977 and 16.8% in 1978. Beach-edge

territories lost significanf]y fewer nestlings and fledged

significantly more young than inland territories.
5 - ’
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Juven11e CTOWS 1eft the terrxtory about 2 weeks after

% ~fledging and still bqugd food from their parents in 1ate
August ‘when my observat1ons ended.
The,roosts comnr1sed of the ma]e roost, pair roost,

yearlinmg roost, and a famil¥ roost, on the terrttory and a

L3

communal roost off\ﬁhewterr1tory

b “The food of the Northwestern Crow came from the beach, the
Z,

} L

meadow,:and_the qull cotony. . The crows shewed a significant

s Dreference.fdr the beach as a food source over the meadow and

: gu11 eo}onya'

45\

'£;7 % Some year11nq crows he1ped their parents raise the

;est]1ngs " However, most agaJt pairs did not have year11ng
he1oers h -Yearlings ass1sted in terr1tor1a1 defense a d‘on one
occasion fed ghe nest11ngs In return they were fed E;\the
adults Those adultsrw;th.he}pers had- larger clutches, nore
inest1ings,vand more }13q51ings than adults without he1pers.'
The presence of the Northwestern Crow nest11ngs co1nc1ded ;_ .
with the per1od of. food abundance on the beach in the meadow,' ///
-and in the qull™ co1ony ‘ |
' A]though Northwestern Crow nests are clumped 1 suggest that};,_
*the d15pers1on of nests on the island has arisen in response to
the avai]ab111ty of nest sites and not a strategy to explo1t the
food supp1y 4 ‘ ) o - »
I suggest that nest;hg as}nchrony is a response to the
ability of pairs to establish nesting terr1tor1es in spr1ng
Those crows that nested in new territories. were 1ess synchronous

-

in laying tge1r eggs than pairs reusing the previous years



territory. _

Thelud?;hwe§te;F Crow appears to be a solitary nester that |

has incorporated some non-breeding yearling crows into the
breeding effort. I suggest,that its social organization is a

response to the nature of the_availabj]ity'of the food. resource.

s

—~
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Juotation |
In a time when tides were absent from the eartH,’ihe
Ra'ven, Klook-shood, stble the daughter of Tu-chee, the;East}‘
Wind, for his wifer As a marriagé prqsent;’Tulchee’promfsed',
to bare the mud-flats for twenty day§ so that Raven; bejng‘a
shiftless fellow, could find eééy E{ey.
"Good", said -the tazy Raven, byt you must bare the 1and
to the cape"; to which the Fast H{hd replied, ;No, I will make -
}t d%y for onTy a few féét.“ |
The hagqling wenf"onJénd on until Raven finai]y fhreatened
to return the.daughter. Tg-cheé,_a]armed, compromi;édland
agreed to'makevthé water 1eavé the f]at§ twice each day. So
- the ti¢es were born, and so Raven; andicrowsvnaw gor;o ghe,f]ats 
to feea;' : | ’ . N ; | '
;; based on a Makah legend

(Carefodt 1977}

- Y
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1. Introduction

Fach organism has arcertain amount of‘time and energy that
it can devote to maintenance, agrowth, and reproduction. Through
nafura] se]éctfon those individuals that are best suited to
efficientfy exploit the available energj’resgu}cgs‘w111 have
the best chanée of survival. The way that an'oréanism arranges
its use of time, enérgy, and behaviour, form that species ‘ "
"exnloitation system” {(Verbeek 1973).

One effective method used by an organism to cope with 7a
changing environment, and yet retain some degree of adaptation
to it, is to vary the budgetiné of its time aﬁd energy (Pianka
1974). Thus, a_Horthestern Crow holds an exclusive ferritory
only when food is abundant and from’shortTy before there are
eggs until the young leave the nest. The energyfresourcés also ///
affgct the ;oc1a1 organﬁzatioh of birds (Crook 1965; Horn 1968;
rack 1968; and others). As Verbeek (1973) has pointed out, .
the degree of sociality among corvids is a function of the
distribution of the food supply in time and space. As the

" resources become decidedly discontinuous, or "patchy", the
various species of corvids become incfeasing]y colonial and/or
non-breeding individuals are incorporated into the breeding

effort. The availability of food plays an important role in

the evolution of mating systems (Orians 1969, Pitelka et al.

-

1374, Yerner 1964, Yerner and Wilson 1966), age at first

3

. N
breading {Lack 1366, Yerbeek 1977), size and type of territory

"3rown 1364, Pianka 1974}, clutch size (MacArthur 1958, Perrins’

/A*‘

-~
3 e

h

3, Ltack 1966} and oooulation movements (Crook 1965, Holmes,\

~



1966} .
On Mitlenatch Island seasonal yariation of environmental
factors such as‘precipitatiop, temperature, and tidal position

Y

create temporal ditferehce; in the‘aQaiTab11ity of food. 1In
the terrestrial habitats the meadow inver;ebrate popu]aéibns
respond to tHe/primary productivity of the gras§ﬂanq;‘by
increasing their numbers to a ﬁaximum pbpu]ation‘1evé1 shortly
after the peak in gr@ss1ahd bibmass. The méadows-havev
diffe;entia1'exposure, drainage, amounts of sunlight, moisture,
etc. This creates a "mosaic" of matﬁration étages'of the
grassland and thus the numbers of invertebrates that>fepd in the

meadows. “ .
The fish Broqght to the chitk§ and the seabird gggé’;ave

less temporal anq spatial variability thah the méadoQi t
invertebrates because they%are synéhronizgd in their breeding
cycles and are therefore more predictable. ’Herver; these
seabirds[defend'theif nests which reduces thehavailabi1ity of
thefreéource§ (eggs;'chibks, etc.),torthe Crows. I &

| The nuﬁberigf intertidal organisms are-tempofﬁ11y and

spatially variable in their distribution due ‘to exposure to

waves, sunlight, salinity, etc. (Carefoot 1977). 

Field studies of the New World Jays. (Corvidae, subfamily

Garrulinae) have shown that theirﬂsocia]‘grganizations and

breeding systems range ?rom territoriality by breedinq'pairs

in the Blue Jay (Cyanocitta crﬁstata).{ﬂardy 1961) to cooperative .

breeding in the Mexican Jay (Aoﬁe]ocoma ultramarina) (Brown

1963, 1970) and other species, and to ¢olonialism in.the Pinon .
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Jay (Gymnorhinus cyanocephalus) (Balda and Bateman 1971, 1972).

Except for the Raven (C. corax), however, little is known about
the social organization and breeding ecology of North American
Crows (Corvidae, subfamily Corvinae) (Goodwin 1976).

The Northwestern Crow (Corvus caurinus) is distributed

’along the Pacific Coast of North Ame}ica from washinqtonuState
‘to Alaska (Godfréy 1966). " Observations have shown that the
NJ?thwestern Crow procures most of its food from the intertidal
beaches on Mitlenatch Island dthng the breeding season (Butler
. 1974y, Except for a few short papersland notes very little is

known about the‘social organization and bqeeding ecology of

&
Corvus caurinus.

This 1ittle-known crow thus offered a promising subject of
investig ion into the sotial organization and breeding ecalqu
of a teﬁperate species inhebiting an ehvironment with an
unstable food resource.

The pdrpoee of this study was to investigate how the
fluctuating food resource on the ietertidal beaches, in the
meédows;~and in the gqull colony has shaped the breeding‘eCOIOgy
and social organization of the Northwestern Crow on Mitlenatch

Island, British Columbia.



Study Area o : : ) .

Mitlenatch Island (49057‘N, IZEOOO'W) is .located in
northern éeorgia‘Strait BritishrColpmbia (Fﬁgure 10 The 35 5ha
island is mostly composed of basa1t1c roch that forms*two f
prominent hills: \west'H111 rises 54m above sea 1eve1/and Easﬁi;
Hi1ll has an elevation of 32m above sea Ieve] Jo1n1ng ‘these B
two knolls is’an approximateiy 2.5ha meadoy. On tge northwest
side of the meadow.ts Northwest Bay‘#hiCh'has a'steep 1ntertida1
slope of gravel and rock Border1ng the southeast edge of the“
meadow is -Camp Bay, wh1ch has a 1ow 1ntert1da1 s]ope and is
composed of grave], sand, or mud, depend1ng on the location.

-The tidal F' Island separates~the mouth of Camp Bay in two; The
remainder of the ﬁslaho has a varied topography with manj -
exposed rfses‘and knolls interspersed with vegetated basins and
ravines | In 1958. a fere razed the island so that most of the
1s1and s vegetation is in early success1ona1 stages

Mitlenatch Island 11es within the Coasta] Doug]as fir ‘Zone
of Krajina's (1965) biogeoclimatic scheme; Table 1 shows the"

- weather: trends for 1976‘78' “Figure 2 shows d clﬁmograph'for
Cortez Island wh1ch is about 6km no#thwest of Mitlenatch Is]and

. Figure 3 shows the major vegetat1on types on Mitlenatch
Island and Tab]e szhows the approx1mate area of the 6 major
vegetation communitiesf

Recent estimates'otfthe humher of breeding seabirds -
(Campbell 1976) revea1ed that about 1632 pairs of giau;ous;winged

Gulls (Larus g]aucescens):nesteo;on the exposed, rocky areas of -

the island, and about 286 pairs of Pelagic Cormorants

-
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(Phalacrocorax pelagicus) and 200 pairs of Pigeon Guillemots

(Cepphus . columba) nested along the_edge of the island in

suitable habitat. Although all 3 species of seabirds supplied eggs,

chicks, and food scraps for the Northwestern Crow, this study

investigated only the interactions bétween-the Northwesfern Crow

and the Glaucous-winged Gull.

A uf‘p %'
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Figure 1. Major landmarks on Mitlenatch Island.

.
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Table 1. Mean temperature (OC), mean daily precipitétion
(mm), and estimated mean maximum daily wind speed (km/h) at
Cortez Island (April) and Mitlenatch Island (May-August)

Apri11 May June Ju]y’ ‘August
TemperatuKe
- 1976 2 - ‘11.0 14.3 17.0 15.8
- 1977 ) 9.7. 11.9 16.4 17{1 21.9
1978 8.9 12.0 17.8 19.2 -

Precipitation
viop

1976 g 3.7 1.4 N 0.5 4.6

~ o
1977 1.1 - 6 0.6 0 sz
1978 4.0 6 0.4 3 - '
Wind Speed
1976 - ©36.0 19.5 23.0 23.0
1977 R 2 29.9 20.0 23.5
1978 - - 21,3 16.5 15.0 -

from Dept. of Environment, Monthly Record for Western Canada,
Ottawa. ~ )
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Figure 2. Climograph of mean values for Cortez Island (6km
. north of Mitlenatch Island). Intermittent summer
~~ %. weather records from Mitlenatch Island have shown
BT that Mitlenatch receives less precipitation than
Cortez Island. Data from Environment Canada,
- ,Monthly Record 1970-75. )Nnmbers correspond to

months.
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Figure 3. Major plant commomities on Mitlenatch Island in
1978. Dashed }ines (---) demarcate Glaucous-winged
fuyll nesting areas. .
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Table 2. Approximate area of major vegetation communigties
on Mitlenatch Island .

2

Community | " Approximate Area (m©) % Area
rocky meadow . 196,670 55.4
‘grassy_l'neadow ‘ 74,195 ' 20.9
shrub | 48,280 13.6
deciduous forest 29,465 - | 8.3
coniferous forest 2,840 0.8
beach edge : 3,550 . ; 1.0
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Methods , .
This study was conducted ffom 19 May to 30 August 1976,
27 April to 26 Auqust 1977, and 28 April to 19 du]y 1978, and
included 244 whole or-partial days,
i

Mests were located in ADr11<and MAy in each season during

nest building or eqgg laying and w viisited once every 3 to
7 davs while the nestlings fledqged. *Infernest distances were
measured on aerial ohotoqraoﬁs. The size of each crow territory
was determined by nlottina the territoriai skfirmishes on an
a=srial photograsn and then calcutating the area enclosed by a
1ine ininina those noints. In 1977, 66 eqggs in 23 nests were
numbered with India in¥k so that weiaght changes durina 1ncubat16n
could he determined ‘orvindiViduaY eggs. MNestlinags were tagged
with colored tape on one leg until they were about 14 &ays old
at which time the tape w2s renlaced with unicue combinations of
zoloured, plastic bands 2nd numbered, metal tan4ds in 1977-78
"fppendix I). I did not caoture and band adult crows.

hdyit males were dﬁstinquiéhed from adult females by their
zaraviour /males were more azlaressive than females, only females
incubated and brogded tne nest1inqs,’%ﬁc.}; 2dults are glossy
and bBlack, while vearlinas {young from the‘orevious year) have

2 brownish cast to tneir feathers, especially on the back and

wings. Yearlins Common Crows (C. brachyrhynchos) also have a

crownisa cast to their feathers ‘Emlen 1936).

Seasonal chances “n tne livina and dead components of

- >

tne olant biomass 5% ¢he meadows was determined by clipninn

ind immediately separiting the aoreen f“rom the dead vyenetation
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in 12 plots (400 cmzjeach) at aporoximately 2 week intervals
from 25 April to 13 July 1977. Each of those 10 plots was
randomly selected from a checkerboard arrangement measuring
260cm x 280cm. Onfy every second plot was harvested to mini-

mize tne effect of collecting on adjacent plots. Each sample

was ajir dried in the field and, later, oven dried for 24h at

30°

C.
Nest]inq foﬁd samples were obtained in 1976 and 1977
ysinng the pipecleaner method (Kluijver 1933). Nestlings that
were extensivelvy sampled for food were omitted from the growth
rate and nesting success ca1cu1ation§.

I was able to determine the major food items of the crows
on Mitlenatch Island by pellet analysis (Butler 1974), and
?irect observation. Based on this 1nforma£ion [ determined
fhe relative importance of known and potential fodd item§ in
the intertidal zone, the qull colony and the meadows. In the

_dntertidal I counted the number of organisms that were known .
to be eaten or were highly suspected to be eaten by the crows
in 1m2 plots. Five plots were placed randomly at the 1m and-
3m tide levels each week between 28 April and 19 July 1978 on
Camp and Yorthwest Bay beaches. |

In the gull colony ! determimed the availability of food
af thna crows on a weekly basis by counting-food items (fisﬁ,
meat and visgcera, inyertebrates, etc.) along a 1 x 190m tran-
sect in a ranﬁomTy c?osen site from 28 April to 16 July 1978.
117 itenms were air aried and-weighed. The contents of 56

Sraycous-winged Suyll nests were 2lso recorded once every 3 to



9 days from the 1Hit1afion of egq laying (27 May)”untjlfﬁSSt
eggs'Had hatched and thé crows' nestingjéeason'had‘ende§ (71l
Jul@ | 5 |
Relative ava11ab111ty of the 1nvertebrafe fauna in tﬁe‘
meadows was . determ1ned each week "from Apr11 to Ju]y 1977-78 by
sweep nett1ng along an approx1mate1y 250m transect fqr one ha}f\"
hour on calmtand sunny ddys. Ten pit fa]1 traps weré opened
from dawn to- dusk on the éﬁmé day as tﬁe sweep nettinj took
place. These sampling techniques were'used because of the
crows' diversified dfet, which fnc]udes spiders, beetles, and

caterpillars. ' S . : L
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Resu1t§ .
1. . biég]axs |
| ‘The displays of the NorthWegter?mCrow are generally similar

to those of other corvids (Coombs 1960, Goodwin 1976).

defensive threat

The. defensive threat (Goodwin 197%) of the Northwestern .
Crow involved thé.erectidn of the head and neck feathers, holding
o the head over the shoulders, and pointing the billfdown at abouf
a 10 degree angle frpm the horizontai (Figure 4a): /This pqSture
is the typical defeﬁsive threat posture. of many corﬁids}(Goddwin
‘1976).f,This display was mdsf]y used by males when another crow
entered or approached the tefr{tory, in defense of a food item,

and before or after a fight or chase. Coombs (1960) called the

R

éimi{ar disp]ay»in the Rook (C. frugilequs) "feather fluffing".
It anpeared to be}a display of uncerfaihty as to whethér it
should fdght or flee. | |

Dur#%q escalation of a territorial dispute the tail was
raised to a maximum df 45‘degrees above the horizontal and the
wings were drooped until fhey nearly touched the ground '3;
(Fiqure 4b). I could not hear any véca]izations. The re]afive
intensity of " the display could be determined/byrthe angle. of
the tail; the greater the angle of the taii the greater the
display intensity. Brown (1963) found that the Steller's Jay-

(Cyanocitta stelleri) erected its crest with increasing display '

intensity.

bowing

Bowing involved leaning the body forward while ho]ding'the
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Figure 4.

Social displays of the Northwestern Crow.
a) mild defensive threat display (feather
fluffing), b) intense defensive threat
display, c) dominance display, d) subor-
dination display. (see text for details.
Displays a and ¢ redrawn from photographs).

EX
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bill ho;izonta1 and partially fanning the tail. The breast
feathers were drbopéd over the legs. While in this position the
crow quickly snapped its head and forward part of thé body up
and down. With each raising of the body the crow uttered a
drawn out "caw". Most often 3 bows of the body were given in
about 3 secs. THe Rook performs a similar display (Coombs
1960) but spreads fts tail more widely than the Northwestern
Crow. Goodwin (1976) refers to similar displays in other corvids
as se1f4assert1vg displays although he does not mention any
accompanied ;6bé1ization. Bowing was used to indicate
territorial possession and social dominance. Both Qa]es and
females performed the displays but it occurred mostly in males.
Yearlings associated with territorial crows performed the display
- toward intruders on their parent's territory.

tail flioping

This display involved rapid spreading of the rectrices
followed by théir quick, but decidedly slower, closing. This
behavior closely resembles the tail flipping display of ther
Carrion Crow (C. corone) (Coombs 1960). Tail flipping often

followed a bout of bowing displays although_it was also directed

at rival or subordinate birds. \\

head-up

: Dominant birds displayed to subordinat:ESby holding their
bodies in an erect posture so that the bill was_directed
slightly above horizontal and the head feathers were sleeked
(Figure 4c). Males often performed this display in disputes

over food items on the beach. Marler (1961) has shown that
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- variations in the head-up behaviour is used widely among

passerines as a dominénpe display.

bill wiping

Bill wiping on a rock or{berchxoften‘cbné]uded a successful
confrontation by a territorial male and may fuhctiq%ﬁgfua

displacement activity similar to grass-pulling behaviour between

territorial male Herring Gu]]s.(LarusAafggntatus)/(Tinbefgen
u : ! - ’ :

1960).

subordination

A submissive crow disp]ayéd.to‘a dominént indjvi&ual.ﬁy
crouching until the belly néér]y touched the ground, ?aising
the tail s]ightly above horizontal, and tilting the head so
that the bill pointed nearly vertically (Figure'4d). The
submitting bird .uttered calls that resembled those of begging
nestlinqg.l This behaviour.was seen only on ;}Ye o;casidnSJ

Dre-cOpulatidn

Only forced copu]ationvattembfs.wére Qitnessed. 'Ong éefies
of displays that ceased before<coifion so closely resehb]ed
that of the forced copd]ation attempt that I believe’it wds'pért
of:a cbpu]&tory behaviour. I have.déscribedvthis behaviour

later (See courtship).



2. Territory

The Northwestern erw defends.a nesting territory against
all adult crows and yearlings other than their own.  The ave'rage
~area of 29 territorfes was 0.5 ha (range = 0.18-1.07) (Table 3).
Nests wefe not always located in the cehter of a térritory '
probably because of- a shortage of suitable nesting sites. This
creatéd a clumping of nests in the shrubbery and treed areas
with the territorial boundaries extendina over the sufrounding
open areAs. The mean disfance to the nearest nest from 23 nests
in continuous woodland {n 1978, was 21.8m (range =_7.0—54.0).
The distance between Hearest nests, regardless of location in
1978, ranged from 7.0 to 168.0m (N=£7) (Figure 5).

The 1ocat{on of the nests and the térritoria1 boundaries
~were modified from year to yeaf (Figure 6). Boundaries of
nesting terrﬁtorieﬁ located adjacent to the beaches extended
only about 2-3m into the intertida1.: The remaining portidn of
the intertidal was a communal feeding area for all crows,
a1th0u§h Crows f}om territories anacent to that stretch of beach
showed a degree of do ;>ance over other . crows. This dominance ,
was expressed by chasing or supplanting less dominant crows from
their feeding location on the béach,’a1th0ugh the same crows
would at times alight within 2m of the dominant crow and continue
feeding. One pair that nested adjag?nt to a stretch of beach

terminated or initiated 25 of 29 intertidal feeding bouts in this

area. Eight of these 29 feeding bouts resulted in the dominant

bird chasina o WS e beach upon return from its land

based territoRy. Crows from territories located further'inland'
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significantly avoided the beach adjacent to nesting crows and
2

foraged on an unoccupied part of the beach (X~ = 24.6, d.f. = 1,

p < 0.01). Most territorial defense is performed by males

(Table 4).

(7~
\
g \j
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Table 3. Mean percentage of territorial area composed of beach,
grassy meadow, rocky meadow, and shrub or tree. The beach ’
category includes the area bounded by the upper limit of
driftwood and an imaginary line 3m below the lower limit of
driftwood. fArassy meadow is dominated by herbs and grasses,
rocky meadow is dominated by exposed rock among grasses and
herbs, and shrub-tree is enclosed by shrubs and trees that are .
taller than 1m.

-habitats ‘
: arassy rocky shrub & mean,territory

1976 beach meadow meadow tree Y area (ha)

mean 10.9  63.5 16.7 8.9 9 0.41
,/~\<nge(o.4-34.8) (0-98.0) (0-60.4) (0.5-17.7) (.18-.71)

1977

mean 15.1  47.3 28.3  -10.72 3 . 0.146

range (0-34.8) (0-77.0) (9-69.8) (Z.4-18.0) (.26-.71)

1978 | - )

A .

mean 6.9 41.0 37.0 15.1 12 0.62

range (0-31.4) (0-98.4) (0-73.7) (0.6-26.3) (.31-1.07)

overall S .,,;/';Q’/

mean g : .50

L
~
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Fiqure 5. Internest.distance (m) between 37 nearest nests
located in &TT habitats in 1978.
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The locatwons of some nesting territories

in 1276-78. Dashed limes (---) =
territory boundary, closed dots (
nest site.

) =
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Table 4.

23

Observed participation in territorial defense encounters

at 1 nest with a2 helper and 14 nests without helpers.

CooE

Nests with helper- Nests withoﬁt helper
male. 21 (55.3%) 31 (79.5%)
female 12 (31.6%) 8 (20.5%)
helper 5 (13.1%) - -
Mg. of defensive - |
encounters 38 . : .39
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Territorial aggressiveness began to decline when the young

—
v

were about to leave the nest. The first time that the male d¥%

a2 very frequently watched pair tolerated another crow on his a
territory was when his nestlings were 18 days old. After leaving
the ‘nest thelyoung developed their flight abilities and began

to follow their narents about the island. This resulted in
minor sk~irmishes, mainly betﬁ@eﬂ»adu]ts., Trespassing“young
aooéar to be much more tolerated than adults. By mid-July most
voung beagan to feed regularly outsiae of the territory and by
nid-Auqust intrud?ng adults and young were tolerated within 2m
nf the teri}}érial pair. By this time the males returned to

the territofy for about lh near sunrise and sunset where they.
called at passing crows but allowed penetration of the territory
on the grounh. As the tides drooned the crows moved from the
territory on to the beach and crows holding beach‘ierritoﬁfes
encountered more trespassing Crows during low tides than deing
niah tides (Figufe 7). Most low tides occurred in the late

~grning !Figure 2. '

O
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Figure 7.

£l

Number of encounters (fights, chases, dis-
plays) between 14 pairs of crows holding
beach-edge territories and trespassing
crows versus tidal position from 1 May to
30 Jurie 1977-78. (Data based on 119h. of
observation equally spaced through the day).
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vFigure 8.

%

The. number 6fitides below 2.5m between 1 Ma
and 30 June 1977, versus time of day.

A"
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3. Courtship _

The female beaged sporadically of the ma1e'during nest
building ahd was not fed until sfter the nest wasrnear comp]etion
or was finisheq.. At one nest the pair finished bui]di;g the nest
othhe morning of i May and the female begﬁn begging in the
afternoon.  The following morning she was fed for the first time
on the territory. On 3 May the first egg was laid and the
fémale vigo}ous1y begged and was fed several times. Goodwin
(1976).states'that in most, if not all:corvids, begging is
characteristic of laying or incubating females.

No copu1ations4wereAﬂitnessed é1though pre-copu]afzry
{behaviour was'seen once. On 30 April 1978 a male crow flew to

-
his terr1tory with a Red Rock Créb Cancer productus) pincer and

passed 1t to the female. %/Jﬁe she was engaged with caching the
pincerithe male found a sﬁa11 (Haplotreme sp.) which he also
passed to her. ;he reygéted-the storing behaviour with thé snaijl-
but then walked awayrwﬁﬁh it. The male followed her and -
,V'together they pecked uheqsi]y at the snail in a clump of grasses.
Both birds then bowed forward with their gails sbread, wings-
‘drooped, and their bills opened but directed downward.;”The
female's tail quivered for approximately 2 secs. snd then shg
resumed pecking actions at the snail. Tail quivering is a
widespread pre-copulatory behaviour among corvids (Goodwiq 1976).
About 30 secs. later the female bowed once flore and the ma1e“
preened her back fér 1-2 secs. Then he stepped onto and over her'

back to the opposite side. Both crows poked in the grasses for

another 2-3 mins. and then departed. Interestingly this female's
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eqqs were never fertilized and were abandoned in the nest after
30 days of incubation. Rowley (1973) has suggested that
courtship on the ground shou}d'occur in corvids with small
nest}ng territories.

At one reqularly watched nest the first egg hatched on 26
May and the lone surviving nestling fledged on 23 June. ‘The
\¥ema]e of that nest begged and was fed by the male until 5 June.
The fema]e begged for the following 7 days but was not observed
being fed. Begging occurred on the nest until the first egg was
laid and then begging and feeding occurred on the territory or
on the beach: Vérbeek (1973) has suggested that-the female

Yellow-billed Magpie (Pica nuttalli) vigorously begs to her mate

during égg laying so that he will continue to feed her through
the 1ncubation~peridd. I. suggest that beqgging may- also habituate
predators to begéing'adu1ts so that the beggiﬁg you;g are ignored
-1ater in the.season,

Mated pairs allopreen each other usually in the head and
neck region. rSoficitation behaviour invo1ved‘one member of a
pair approa;hing the ofher with its head and bill directed down
and the nape feathers ereéfed. A solicitor appeared to be
entranced‘by the preening behaviour of its mate. Allopreening
occurred thkoughout the hesting season. |

I saw one case of an attempted rape of 5 female by a strange

male on 1 May;1977. The female was sitg?kg\gﬂ/n’?pst in the

corner of her territory when agstrangerma1e arrived, from the.
beach. The female moved to a new position on the pos® which

allowed the male to alight. Thé male then spread his wings and
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tail, pointed his bill down and opened it s1ight1y‘but I did not
~hear him call. He then rocked his body,up and down two times
before stepping on to the female's back.J The female pointed her
bill up and crduched so that her back was horizontal. The male
held her napewith his bil1 and attempted4to copu1%£e with her.
The female began giving distre;s calls whicb/br0ugkt her mate
from the territory where he had been concealed by the tall
gra;ses about 50m away. The rapist fluttered to the ground and'
wagczuitk1y chased from the\territory by the male. Both members
of the pair-then flew to the centerlpf their territory where the
female begged and was fed by her mate. The raped female had not
begun eqg 1ayinq. Hhether the rapist's nest contained eggs is
unknown. Attempted r;pes of 1ncubafinggfema1es occurs in the
Rook (Coombs 1960), the Raven (C. corax) (Kramer 1932), thé
Carrion Crow (Wittenberg 1968), and the Yellowbilled Magpie

(Verbeek 1973). S *
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4, Hest

The nest of the ﬁorthwestefn Crow is similar to that. of the
Common Crow (Bent 1946, Emlen 1942). A typical Aest is made
with sticks, blackberry vines, or grass stems on the bottom and
sides. The first placed twiqs are occasionally driftwood sticks.
Inside this stick construction was a thin layer of grass and mud.
In 1976 all 32 nests were built with abbutb.Scm diameter twigs

and lined with western red cedar {(Thuja plicata) bark. Thirteen

nests contained qull feathers, 12 held moss, 3 had grass stems
and leaves, 7 contained crow feathers, 2 had wool fibres,, 2 had

trailing blackberry (RBubtus ursinus) vines, and 1 had paper in its

const#uction. The inner cup was composed of fine strips of
cedar bark upon which a fine, 1oo§e mat of plant fibres was
placed. DOne new, but unused, nest was dismantled and 1ts;parts
were weighed. The outer structure of. twigs and blackberry vines
weighed 6749 while the inner cup, made of earth, cedar bark, and
grass weighed 338g5. The overall nest weighed 10129. There were
236 twigs, and 286 strios o cedar barkK. The nest mater{a1'came
“rom bd%hjon and off tne territory. Some twigs came from the
béach while the remaining ones were broken from trees or shrubs
rear the nest. M. Verbeek {pers. comm.) has seen cron ’
dismantling old nests-qnp\redsing‘the parts in new nests on
Yandarte Island. Cedar bark was §tripped’from driftuood logs
ind moss was collected 'on the rocky meadows. The distance from
the ;round to the nest rim of 110 nests in 1976-78 is showh in
iqure 3, fAround neszing'haélbeen reported in this species

“Zarcus 1930, Jrent e% 21, 19647, The mean nearest internest
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Figufe 9, Distance from the ground to the nest rim of 110

Northwestern Crow Aests in 1976-78. The first
intervyal includes nests built omn the ground.



31b

I
4]
AV

~ 0

L ©

| M -

—II‘_ j

I‘J L o

I , ]

T T T T T T T T T
SLIS3AN 40 HIGWNN

NEST HEIGHT (m.)



32
‘distance to_ 10 nests located within)59m of the beach (i.e.'
mostly from territories that were adjacent to the.beach) {n
1978 was 69.8p_4#mange = 3.0-168.0), while 27 nests located
farther thin 50m from the beach in 1978 had aimean 1ntern€sti
g;ptance o% 29.3m (range = 7.0-96.0). Inland nests were
significantly closer to each other than nests in beach territories
(t-test, p<0.01). ; |
The mean measurémeqts of 23 newly built nests in 1976 were
8.9cm (7-11) for an inner cup depth, a cﬁp diameter of 16.4cm
114-20), an overall nest depth of ézjlcm'(lé-30) and an pvéra]]
nest diameter of 33.2cm (24-45). In 1976,15 nests were buidt in
shrubs, 13 in trees, 4 on the ground, and 1 on a rock ledge. |
Two of the new , nests weré built on top of{ﬁrevioué years' nests.
In 1977 L}vnests were built in shrubs, 11 in trees, and 7 on the
ground. In 1978 the ground was very wet during nest building and
only 2 nests were built there and both of these were built on
top of the 1976 nest but no old nests were reused.-
‘ Nests in trees appeared to last 3 to 4 years while nests
on the grdund aid not last the year. One nest-had a seeond,
presumably, new nest aboﬁt 2m away and at the same height.
food (1952) found a nesting pair of Common Crows that partially
built 4 nests before finally using one for egg laying.
Near Vancouver, B.C. I have seen Northwestern Crows building
nests as early as 7 March. One pair built a nest in 19 days.
On Mitlenatch IsTand in 1977 the“first Crows were 1ining their
nests during the last 2 weeks of April. In 1978 th;hfirst nests”

were completed in the last week of April. Some evidence

-
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'suggestea that more nest bui]ding oceurred durfng sunhy periods *
than on overcast ones‘ On 30 Aprklwtpe sky was c]oudy dur1ng
approximately 45 mins. of observation and no crows wére nest
building. By approximately 1015h the sky cleared and 4 Ra1rs
began gathering_nest‘meteria1 and t]ew to their nest sjtee.
during 75 mins. qt observation.

The female Northwestern Crew'carried most of the nest
material (17 pet of 20 trips) and did most of the bui]ﬁing_
although the maie eccompaeiedrher th]e she teeded the nest.

It is uncertain, why the male accompan1es the fema]e to the nest

¢

but it may be to guard aga1nst her being raped by other’ ma]es
or to act as a‘sentine1 against,predators. One pa1r of Crows
mede } tripg‘to the neet in 1 h during their most .active neét
‘.bu11d1ng.period. The mean time spent at a nest by 1 pair was-
2.05 mins. (1-6) in 32 visits. Most-bu11d1ng occurred in the -

morning or late afternoon to early evening and was‘intersperséd.

with bouts of fofaging.
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. territories and 5.3 + 1.5 days (2-10, Sb=3.2) in 8 previously
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5., Eags and Incubation

‘Female Northwestern Crows began to lay their eggs shortly
after completion of nest gui1d1ng; The mean'intervaT between
nest comp]etion‘and.egg laying in 15 nests was 8.6 + 1.5 days
(1-20) assuming that the eggs were laid at a rate of 1 per day.
0f thesd 15 nests, 6 }ere built in neQJy established territories
(i.e. unoccupied areas in the Qpev%ﬁﬁs year), 7 were built in
the‘same territory as the prerous year, and 2 were found in
territories where the'ownership was uncertain in the previous
yeare The mean interval between nest completion and egg“layjng
Was lé.3 + 1.5 days (1-20, SD=6.6) in 10 newly established
occupied territories. Ihis difference is significant (t-test,
p < .OOQ{’aﬁH may bé due to higher metabolic g?%ts requiredito |
estaBWishxaanew territofy. It s unknqwn whether oﬁe or both
mehﬁers‘of the pair were present in the same territory in
successive years in the reused territories.

Bfeéding synthrony fs,best measured by the &ccurrende of
fir;t c1qtches.in a pqpu1ation (Woolfenden 1973). Twe1v; first
clutches in 1977 and 19 fifst clutches in 1978 were initiated
over a'3lﬂahd 32 day sgan, fespécfive]y (Figure iO). Drent et
al. (1964) reported a:span.of'é weeks over which this species
beéaﬁ egqg 1ayingﬁqn Mandarte Island. This is much shorter than

Emlen's (1942) findings for the Common Crow. He found that egg

laying in this species covered 58 to 60 days with all first

clutches being initiated in the first approximately 23 days.

Drent et aT; (1964) Said that most clutches (16 of 18) of

=

b
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the Northwestern Crow on Mandarte Island were initiated between
the last week of April and the first week in May although the
eqg laying period lasted for 6 weeks. This is contrary to my
findings for this species on Mitlenatch Island (Fiqure 10).
The extended period of clutch initiation, on Mitlenatch Island
in 1977 and 1978 is apparently é.resu1t, in part, of territorial
estabfishment. DQrﬁng territorial estabT{shment'and nest
building 1ﬁ the sor{ng of 1977 the weather was dry and warm
(Table 1). Cortez Island, 6km north of Mitlenatch Island
sreceived AO%'1ess rainfall in April 1977 than normal (5épartment
of the Environment 1277)., This allowed some crows to bgild
nests on the ground (7 out of 31 nesfsr. In 1976 and 1978 the
weather was wetter (154% more rain than nofma1 fe11'on Cortez
Island in 1978) (Devpartment of the Environment 1976-1978) and
fewer nests were built on the ground (4 out of 33 in 1976, and
2 out of 65 in 1978). In years wi}h dry spring seasons the
competition for tree nest sites would be re@uced because some
crows could nest on t ground. The wet spring in 1976 and
1978 reduced the numb&c,d? nest sites (Pn the ground) and
competition appeared to be more severe for tree sites. Of the
7 pairs qf Crows in,1978.that began egg laying early (prior to
7 May), 6 built in the same territory as the previous year in

-~ 1977 (1 is uncerta}ﬁ).“ (1 assume that at least one member of

7
,r]

Tthe pajir returned tdvthe territory because two crows banded as
2 nestling in 1965 and 1970 used the same territory in every
year that observations were made). Of 121 pairs that began egg

]
laying after 7 May 1378, 8 were in newly established territories
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Figure 10. Clutch initiation dates for first tlutches of the
’ ' S Northwestern C;ow on Mitlenatch Island.

12
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(i.e. not used in 1977), 2 were in the same territory'as the
previous year, and Z al€ uncertain.

The mean difference in dates of clutch initiation for nests
built in the same territories in 1977 and 1978 was an average

“of 3.5 daysl(rangé = 1-9, & = 12). A comparative fiaure is not
av&i]ab]e for crows that changed territories because very few

" trows that were banded as nestlings in 1976 survived to .
adulthood in 1978. : - . ‘
| {he Noffhwestern»Crow is single brooded but will lay
replacement c]u?ches when disturbed. Although the data are
<1imitéd, egg laying appeared to occur at approximately 24h
intervals, which is typicaf of most (if not a]]) corvids
(doodwin 1976} and passerines (Welty 1975). Eggs were laid in
the early morning. The mean clutch size for lé nests in 1977
and %5 nests in 1978 found during incubation or during laying
prior to incubation was 3.7 and 3.8 eggs, respectively. VSeven
nests contained 5 eggs; 22 held 4 eqggs, 8 had 3 eqggs, 3 held
2 eggs and one contained 1 egg. The 1 égg clutch was Taid in a
poorly built ne§t)that Segan to fall .apart during incubation. \\

“The eqqg failed to hatch. This nesting attempt may indiéate

inexperience by 1 or both members of the pair. Drent ét al.
T

(1964) reported a clutch size of 4.3 eggs for 8 nests of this-

species. 7 ‘

Clutches were significantly larger (t-test p<0.10) in
territories adjacent to the beach (mean = 4.0, N = 19, range =
2-5, SD = 0.97) than in the inland territories (mean = 3.5,

Y 21, range = 1-5, SD = 0.81) when the data from 1977 and

1378 are pooled.
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The mean wefght of 11 eggs found before incubation had
bequn was‘lB;Bg (17-20). Emlen (1942) gives an average weight
ef 16. 694tor 157 Tresh Common Crow‘eggs (12. 5-21. 3). TFhe eggs
of the Northwestern Crow lost an average of 16.3% of their
we1qht dur1ng 1ncubat1on, or 0.17g per day (F1gure 11). This
conforms closely to the figure of 18% weight loss during |
incubation.givem by Rahn and Ar (1974) for 475 species of birds.
Parmalee (11952) found a weight loss of 2. 89 (sic) per day
(probably 0.28qg) ‘during 1ncubat1on of: Common Crow eggs.

Only females incubated and they appégieﬁ\t be very

attentive to their eggs (Table 5)‘ The mean incubation pdriod

def1ned as the t1me between the 1ay1ng of the Tast egg unti
that eqq and all other eggs hatched in the clutch for four
"clutches wds 138.0 -days (17-20), which is s11ght1y more than
the .16.8 days N 12 s range = 16 18) for the Common Crow (Emien
1942). One 1nfert11e egg was. 1ncubated for 33 day§{1n 1977 and
weidhed 1ess than 9 Og‘when it d1sappeared from the nest. In
1978 one fema1e sat for at 1east 30 days on an 1nfert11e c1utch
of 3 eqggs: before abandon1ng them. Common Crows have been 7
reported to s1t on<’nfert11e eggs for up to 32 daxs (EmlenA1942).
, The eggs in ate1utch of the Nerthwestern Crow hatch‘
as&nthronpus]y. On numerous occasions when ;/}dsitedhe;ts

in the afternoon during the crows' egg laying/stage I found 1

L2

or 2 cool eggs but these same eggs were warm or the female
flushed from the:nest when 3 or more eggs were present. I also
rarely saw one newly . hatched nestling in a nest, that held 2 or

more eggs, without a second nestling of . the same weight or a
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Fiqure 11. Weight loss of Northwestern
incubation.
(0 = 4 eqgs, m= 3 eqggs,
®=1¢99): «
3

Cgﬁﬁregg§ during

A= 2 eqgs,

e L
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Table 5) Nest attentiveness of 3 female Northwestern Crows to

N their eggs dur1nq 1ncubat1on in 1976 and 1978.
1 No. of obs. No. of mins. % ‘
Age of eqqg mins. on nest . attentive
1 120 ° . 1120 7933
5 161 ‘ 154 957
6 120 oy 112 -7 93,3
7 338 - - 284  84.0° )
14 | 240 233 L9701
15 120 .10 183.3
1

number of days following the commeﬁcement of fulT ‘
incubation, ;

part of the time was spent off the nest pursu1ng a crow
that had penetrated into the terr1tory

M
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pipping egg. This EVTdEHCé“SUQQEStS that females begin ﬁuLY//{/fi \

incubation after laying the third egg- in most clutches.

v

Table 6 shows the fate of 146 eggs from 39 nests in 1977.

and 1973 f}om laying until hatching.. Emlen (1942) found that -
68 out of 77 (38%) eags that were laid in 22 Common Crow nests‘

-
¢

hatched compared to 45.3% {average of i977 an& 1978) in this
study. Mice (1957]).obtained a hatching success/of 60% for a

large number of‘ooen nesting, altricja] birds.r I'also found a,
higher degree of hatching failure (average of 1977 and.1973 = -

17.9%) in the Northwestern Crow than Emlen-(1942) fbund'F¢r4thej'
7 v ST

. Common Crow {12.9%7. - )

~ ,
¢ ,
= M -

- - - - . .
” | - \
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oy

Summary of the egg stage of the Northwestern Crow
in completed clutches (percent of eggs laid)

Number of
Mumber of
Ygmber—of

Mumber of
- time of

Yumber of
hatch

Yumber of

nests
eggs laid
eggs Tost

eggs remaining at
hatching 1

eggs failing to

‘"hatched eggs

1977 1978

16 23

59 87

17 (28.8) 38 (43.7)
42 (71.2) 49 (56.3)
11 (18.6) 15 (17.2)
31 (52.5) 34 (39.1)

assuming an incubation time of 18 days

for

infertile eqggs

v

d
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5. Nestlings
a) brooding

Only the female Northwestern C;ow'brooded the nestlings.
She rehained very atteht%ve to the nést]ings until they were
about 10 days of age (%qb]e 7), after which the female increased
her share of feeding the nestlings. The female Cémmon Crow |
broods the nestlings for 9 to 14 days (Emlen 1942). When the
ambient temperatures exceeded éOOC the young sbread themselves
over the nest rim in an attempt to cool themselves in a simf1ar
fashion to Scrub Jay nestlings (Woolfenden 1978).
b) grdwth of the nesfjings '

There is a trend, based on small éamples, for Northwestern
Crow nestlings to gain weight more quickly than Common Crow
nestlinés (Figure 12). The wéight of Common Crow (Emlen 1942)
and‘ihe‘Northwestern Crow nestlings declined in the last week
to 10 days of nestling 1ife. Using Ricklefs (1967) method of
estimafing the asymptote of growth cruves the yorthwe§tern Crow
fledges at 318.1g and the Common Crow at 3030@. Interestingly,
though, the Morthwestern Crow nestlings fledge about one week
earlier than Common Crow. o

For fhehfirst three days after hatching the nestlings wefe
oink skinned ;nd their eyes were closed. Tufts of down feathers
qrew from the head, dorsal region and the wings, and the chicks
held their heads up for less than ébout'lo s during gaping.
They uttered weak sgueaking calls. By the fifth day the young
were grey co]ored, their eyes were tiny slits, énd the first

pin feathers began to erupt through the skin. Their eyes opened
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Table 7. Nest attentiveness of 3 feﬁa]e Northwestern Crows

during brooding in-1976-78.

y

-4
nest]ing~age‘ No. of obs. Female on \\B’Percent
- (days) 5 mins. nest at ive
1 - 381 359 94.2
2 140 129 92.1
3 315 298 94.6
5 210 188 . 89.5
8 40 32 80.0
9 98 90 91.8
11 123 64 52.0
12 122 62 50.8
13 105 43 40.9
14 236 12 5.1
17 70 . 21 30.0
18 200 27 ' 13,5
»
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‘Figufe-lz. Weight gain by nest!iing Northwestern Crows ign
1977 versus the Common Crow derived from Emjen's
(t842) study. -
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and the iris was blue coloured by day 7. Parmalee {(1952) said
that the eyes of‘8 Common Crow nestlings began to opén between
the IOtQ and 12th day although one bird's eyes began to open by
the 6th day. Emlen (1942) founa that the eyes of Common Crow
nest]ingsrin California were slits by 8 days of‘age and began

openina when they were 11 days old. The iris of the Northwestern

_—

"Crow began to turn brown by 30 days of aage.
The feathers of Yorthwestern Crow nestlings first erupted
from the sheaths by day 9 which is 6 days earlier than the
Common Crow (Emlen 1342). 0On day 12 the negtTingé crouched at
my presence at the nest and fgaped reluctantly. This same
behaviour begins at 18 days iﬁ the Common Crow (Emlen 1942).
Secondary flight feathers were approximate]y pone quarter
unsheathed by 15 days, half unsheathed by i8 days and the wing
tios were Tonger than the tip of the tail near fledging at 20
days.
The tarsus grew aquickly and attained adult length at
fledging (Table 8). Most of the growth (92.6%) in length
. occurred before day 18 and at about this ,age the nestlinas began
to deﬁgcate over the nest rim. Hestling crows leave the nest
before ‘they can fly ‘and must have strong, well deve]ooeg_perch1ng

S

g111t1es at fh1s age,
c)' egg\agd»ﬁ“3t11ng 1oss
Fewer eggs and nestlings wére’lost'in‘1977 than in 1973 °
{Tables 6 and 9). Egg losses in 1876 are unknown ‘but nestling
losses were higher than in 1977. Losses appeared to occur mostly

in the zarly stages o‘/yestling 1ife probably because of the
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Table 8. Changes in tarsus length with age in nestling North-
western Crows in 1977. .

e

i
-+ L

<mean daily

— s S e e
o W N = O W 0N O W N

- s
W o~

~ny
(o]

Age (day) N mean range increment gain
4 12.4 11-15 -
4 12.5 11.5-13.5 0.1
5 13.4 ©12-15 0.9
6 16.3 14-20.5 2.9
.5 20.8 . 17.5-24 4.5
6 243 21-29 3.5
3 26.2 25-27 1.9
3 30.0 27-35 3.8
3 31.3 25-33 1.3
1 37.0 - 5.7
2 40,0 39-41 3.0
5 40.0 33-44 0
1 43.0 - 3.0
4 44 .3 40-48 1.3
4 44 .6 42-47 .3
6 4 46.5 45-43 1.9
2 50.0 48-52 3.5
4 51.0 49-53 .0
9 2 50.5 49-52 -.5
3 50.0 49.5-50,5 -.5
1 2 50.0 49-51 .
2 1 50.0 -
3 1 49.0 - ijéé’
4 1 50,0 - - A,
3 5 - - -
5 1 53.9 .. 1.5
7 A

52.9 - -1.0
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Table 9. Outcome of 107 eggs followed from hatching to fledging
v in 1976-73. \

)

1976 1977 1978 Total

Yg. of nests 17 13 12 4?2
Yo. of eggs »

hatched 42 31 34 107
Yo. of nestlings ,

Tost 20 (47.6) 10 (32.3) 22 (64.7) 52 (48.6)
Yo. of nestlings : ' -

fledqged 22 (52.4) 21 (67.7) 12 (35.3) 55 (51.4)
Mean fledging’ _

age 27.2 24.8 25.9 26.0
fdays)

4 ‘ 11 ‘ 5 8 25

Pange o 22-33 23-27" 22-31 22-33
B _ 7 .‘_/"‘.‘—I‘—‘ .

. f'A ~ { - 'f.\

s

'
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‘ combined effect of weather, 1nattentivené§s by the female, the

. .49

-

ease of predatigr—on small, helpless young, and other factors. ~

The Carrion Crgw in Scot?and i4 highly suspected of Thtraspecific
eqq and nestling predation (Yom-Tov 1974). Of 47vﬁéét1ings that
went missing at|a known age 27 (57.5%) occurred witfem the first

week of hatching, 13 (27.7%) between 8 and 14 days of age, 7

(14.9%) from 15 to 21 days, and none old than 21.days from
‘d

’

hatching. Nest\ings older than 15 days either died in the nest
as runts (N'= 4) ‘or %e11 from the nestf(N = 3)., I fixed
pipecteaners §nug1y around the neck 6f one 15xday old nestling
that had fallen from a nest. Its 3 remaining nest mates<a1so)
had pipecleaners fitted and I Teft the birds for 2h to see if .
the fallen bird would be fed. Although it,beggedvvigorous1y fof
the 2n it was never fed although its 3 nest mates were fed. All

the nestlings weighed aoDroximate1y 210 q.
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7.  Fledglings

Fledging is a gradual process in the Northwestern Crow.
Atra,Qeight.of about 3005 the nestlings moved on £o the Aesi
rim and inté the branches of neighbouring trees.and shrubs., I
considered that a nestling had’f1edged when it left the nest’
during my fﬁspection or‘perched on the nest rim or was outside. e
the nest. For about 2 to 3 days the young moved back and forth 
from the nest to the branches until an average age of 26 day§-'
when they permahent1y left the nest. From the shrubs and trees.
near the nest the young crows begged and called to their parents
for food. The first time that a fledgling took to the air from
the trees or shrubs was 33 days in 1976 and 3frdays in 1977.
The f]edq]ings; iris was grey-blue and the lining of the mouth
was watermelon-red. The first f1ight of the young crow was
awkward and the adults fé11owed the young calling loudly.
Glaucous-winged Gulls that came within about‘Sm of the young
crows were swooped at by the adult crows. When the adults were
out of sight of the young the fledglings slept, preened their
feathers, or picked and tugged at twigs and leaves. Upon the
abproach of the adults the young let out a,c1amour of begging
“gaaa-gaaa-gaaa" calls at a rate of about tﬁg calls per second
while fluttering their wings and stretching their necks in thé
direction of the adult. The young begged to any péssing adult
until they were about one week old after which they begged only
te their parents. Verbeek (1973) found that young Yellow-billed

Magnies begged to strange adult magpies and also to Acorn

Moodpeckers (Melanerpes formicivorus) until they were 6 days old,
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after which'they begged only t6 théir parents.

After about 15 to 20 days of being fed on the territo}y'thg
fledglings attempted to follow thei; ﬁareﬁts to other 1ocations{
mon the island. ‘ )

Emlen (1942) found ihat»the Common Crow nestlings fledged
on about the 35th day when they weighed about 300 g. The
Northwestern Crow nestlings on Mit]enatcﬁi[sland f]edgéd, an
average, at)about 318g on the 26th day. The Northwestern Crow
on Mandarte Island fledged in abouf 35 days (N. Verbeek, pers.
comm.). . In 1977 the first departure from the territory of 10
fledglings from 5 nests occurred dt an.age of 18 days after
fledging (4-25). The Tow value of 4 days was a f]edgling from ;
~a nest bu#1t‘on the ground that walked into the gqul}l co]qny.

Mdre young fledged in 1977 than 1978 due primarily, to higher

egg and nestling-losses in 1978 (Taﬁ]es 6 and 9).

a) f1edging success ‘ . ‘ ?;

Fledging sqcceés is defimeﬁ_a} the proportion of eggs laid
that produce f1édg}ings (woqlfenden»1973). Théwf]edging succes;
of all eggs tha{xwéfe\1aid by NQrthwesterﬁ:Crows,on Mitlenatch
Island was 27.1% in 1977 ;nd'16f8% in-1978., Em1en‘(1942)bdid.
not give a fledging succéssﬁfigure;Aas dé;ineq‘by Woolfenden
(1973), but reporfed’that lé%‘of 88 eggs ;hat hafched fTédgéd
young. Comparablie values fbf'ﬁhe Norgﬁwééfern Crow Bn Mit1ena££h
Island were much higher, 52.4% in 1976 (N - 17), 67.7% in 1977

. , S
{M = 13), and 35.3% in 1978 (N = 12). The reasons for this

large difference are not known. Verbeek and Butler (1980) i\;\\“‘\\\_i

have shown that adult Northwestern Crows that have yearling

‘heloers fledged significantly more young than crows without:
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helpers but the helper system is not widespread among

Northwestern Crows on Mitlenatch Island and‘wou1d not greatly

change the population's overa}1 fledging success.

Upon departure from the territory faﬁi1y groups began to
mingle.. ?he mean number of days between fledging and faﬁ11y
mixing for 10 fledglings from 5 nests in 1977 was 37.6 days
(8-48). Table 10 shows the weekly survival of f1edg1ings in
"the 9 weeks following fledging in 1976 and 1977. By the end
August mo§f{young'were feeding themselves although they beggdd
sporadically to their parents. In Vancouver Northwestekn Crow
young were sti11 begging, although rarely, on 23 September 1978.
J Although both mdrta]ity and dispersal are probab]e,causes‘
for the decrease in §1ght1ngs as the Qeeks progressed, clearly
.the juvenile Northwestern Crows remained on Mitlenatch I§1and
“for a long time.

In a 4 year study of the Florida Scrub Jay (Aphelocoma

coerulescens) Woolfenden (1973) found 74%1of ti% young of the

year survived the first month, 69% the second month, and 62%
1}ved’through the third month. The c6mparab1e figures for 54
Northwestern Crow fledglings are similar (first month = 86.6%,
second monih = 73.6%) to Woolfenden's (1973) fjndings.’ 0f the

22 colour banded young Northwestern Crows from 1976, 3:;ere

seen in the study area 1n\1977 and 2 (of the same 3) returned‘/

+as adults in 1978. 1In 1977 31 nestlings were colour banded o?“
which 7 returnedzas yearlings in 1978. ‘

Bécause the beach appeared to[be the favoured feeding

location for nesting crows we might expect that -nests located
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_Table 10. Weekly survival of colour-banded fledgqling North-

western Crows

No. of individuals (%) seen

Week 1976 N = 22 1977 N = 31 1976+1977 N = 54
1 20 (90.9) 31 (96.9) 51 (94.4)
2 20 (90.9) 26 (81.3) 46 (85.2)
3 | 20 (90.9) 26 (81.3) 46 (85:2)
4 20 (90.9) 24 (75.0) 44 (81.5)
5 20 (90.9) 23 (71.9) " 43 (79.6)
6 19 (86.4) 20'(52.5) 39 (72.2)
7 19 (86.4) 20 (62.5) 39 (72.2)
8 18 (81.8) 20 (62.5) 38 (70.4)
9 18 (81.8) 20 (62.5) 38 (70.4)

I

4
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near the beach would be more successful (produce more young)
than nests located further from shore. To compare nesting
success in territories adjacent to the beach and those further
away | divided the nest distances into those located 0-50m and
those 51-250m from the beach. All nests within 50m of the
beach are not necessari1y in territories that abutt against the

beach but it does include all nests within territories that are

adjacent to the beach., Mests located within 50m of the beach
lost significantly fewer eggs to predation (1.95 (% = 21) versus
1.77 (N = 17) (1-tailed Mann-Whitney U test, p< 0.01), and fledged .

significantly more young (1.25 (4 = 32) versus 0.47 (N = 23),
Mann-Whitney U test, p< 0.01) than nests in nonadjacent |
territories. There is also a trend for nestlinas in beach
territories to grow faster than nestlinas in inland territories.
The reasons for these differences are several, The increased
flight distance to unoccupied nortions of the beach might fesu]t
in a decreased feeding rate of the incubating and broodinq female
by the male. She therefore might spend more time off the nest
foraging for herself. This would Teave the eags and young more
vulnerable to predation and cold.

Not only did the interior nesting crows fly further t0 the
intertidal but they also avoided those portions of beach that ~

were adjacent to crow territories along the shore.
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2. Poosting R

The seasonal differences in sociality among the-adults,
yearlings, and youna of the yearﬁo1us the changes in roostﬁpg
sttes of the 3 age classes created a complicated roosﬁihg‘
picture. The size of the roost varied from one bird in June to
290 birds by Auaust. Two main types of roosts ogcurred: |
territorial roosts and communal roosts. The territorial roost
consisted of a male foost, a nair roost, a year1ing roost, and
a family roost. The communal roost involved all crows at the
end of the braedinn cvcle although it was mostly occupied by
a&ﬁlté that 1 hglieved were non-breeéinq b{rds or those that
failed early in the season. . |

a; -Territorial ronst VR -
i), . Male roost '

The male Yorthwestern Crow roosted in the shrubs or trees

on the tefritory at niaght Hhiie the femaléf;a§ Gﬂvﬁhe eggs or
ﬁestfings. ¥5e {oosérsﬁte‘ias withih Im of the Egps 6f-thg
Sugh or treé‘ané‘it was used ;egu1ar7y jud§iﬁg by the droppings
ﬁﬁ'therbranches below. One male flew each n{ght to the area
used Jater in the seascn as a commJ}a1zroos£ orobab}y'beca;se‘
nis territory lacked S suitafle roost site. wWhen the nestlings
fledged and were caoable of gﬁcdrfiight the males aban&dned their
gtérrito%f;? roosts for the‘cdmmunai roost.

ii? Pair ropst

The female bronded ;he nestiings until they were about 10
{a/s old and thén'ﬁhe‘joinéd the male on his territorial rdost.

’ .

~dnen the male abandoned the territorial roost she accompanied

,
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him to the communal roost. L .

iii) Yearling roost .

e

Yearling helpoers roosted with the male until the young
fledoed from the pair's nest. Itvis not certain wheré the
yearlings roosied each night foT1qwjnq the fledging date of
the nestlings a1thoagh they were seen occasionally at the

"communal roost. |

iv) . Family roost , . - ' Cﬁw

After fledaing the young remainedvoﬁ the territory for about
17 to 25 days where they ronosted in the-shrubs and trees. As
their flying skills imoroved they triéd to follow the adults to

.communal roost. % few days later the younqg were seen at

ot
o
[94]

\\

“r
Iy
]

communal roost “or the first time.

Ly

- Communal roost

from late June to early July the fledglings began to leave
, - ‘ -
territories durinmg tne day and followed their parents around

%
-
i

he adults and the occasional yearling

Ve
¥

M

ot

island, At this ti=e
7athered in dead snags in a oreroosting site located or an
eleyated part 0f the jsland where they jostled for positions,

made 2 great deal of noise, and disolayed vifgorously. Several

Times in an evening ssveral hundred crows would take to the wing
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roost while they called loudly. The tempo

]
L

4isolaying craows inzrezsed with eachC?ew arrival. Although
Ny . .

tra2 vearlinag sat amoers toe aduylits s igd not display and
22577y gave uys their sesition to any adult. - On windy nights the
3745755 curzailed “neir disslays and ysually sat still.

The oprmyral oroost wad 27sa used by ub to 13 crows from

.
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Hernando Island which joined thé roost during good weather.

In 1977'the young birds arrfvéd at the roost for the first
time on 14 July without fheir parents. They perchéh at different
locations than the adults and yearlings. On 23 Augu;t the
young gathered as a group without the adults on Northwest Béy
beach and tugged at driftwood twias before they chased each
other in the wind to the preroost site. Some juveni]és flew to
the roost alone as early as 2h before sunset while the eaf]iest;
adult arrived 30 mins. prior to sunset on clear evenings.

The vigorous disnlaying and joi@]ing among the adults and
lack of displaying by yearlinags and juveniles is possib]é
eyidence that the communal roost serves a social function in
establishing a hierarchy amongst flock members. With the coming
winter ¥t may be "evolutionarily wise" for the members of the
flock to establish the hierarchy early in the season while the
food resources are still relatively abundant and not to waste
energy later during more stressful’times. Further study is needed
to ascertain the advantageé accrued by creating a hierarch;iin
chd iorthwestern Crow. Swingland (1977) has'shbwn that when

tne weather became severe dominant Rooks {Corvus frugilegus)

forced lower ranking individuals from the sheltered parts of the
72933t. These Pooks lost more energy at night than the dominant
2irds through exoosure and this was exacerbated on the feeding
2=5gnds during the day, He also showed that the morta}ity p¥

. N - i & - .
s2dng Pooks was nigrer tnan for adults in winter.
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i »

- g, Food of the Northwestern Crow

a) feeding areas -

; , Vg '
» The food sources of the\ﬂgrthwestern Crow are the 1ntettida1
beaches, the grassy meadows,‘énd,the seébird cofony. "Table 11 ‘
shows the amount of time that Slpairs of adults spent at the 3°
food sources during the egg, nest1§ng, and fledgling stages. I .
stress that fhis is the amounf of time spent at each‘region and
not the amount of time spent foraging theré. However, because
the érows spent most of their day foraqing 1 feel these figuré?‘
are fairly representative of the actual aﬁount of time spent |
‘oraaing. On a seasonal basis, crows spent more time on the "
beach than in the meadow-and aull colonyv. The meadoéléhows a

~J

decline in use during the nestling stage. This may be 2 rqsu]t
0f the Targe allocation nof time spent on the territory (i.e. in
tre meadow) during the 293 stégerfor nest defense and not a
decrease in the intensity of foraging activitv there. The qull
colany shows a gradual increase in usaqe throuah the nesting
seasﬁn of the crow. .

il dintertidal ‘ .

Most crows concertrated theirkintertidal food searching in
aitrer Northwest or Camo Bay. To determine the imoortance of
“m2 2 Says as scurszas 2f fcod ! divided the besaches into 2
r27ians, I chose the 1,2m tidé}éﬁé as the division bétweeﬁ the

Szrtian of peach exoosed by hian, low tides [HLT) [i.e. tides>

T.Imioand low, Yow %ides ‘LLT).  The 1.2m tide line was chosen

o
14

evzY, in YNorthwest 8ay, the beach was

b

zrz =slcw tnis leayel the beach was mostly covered
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'Tqblp %}. Amount of time spent by 5 pairs1 of crows on the
{

beach,

n. the meadows, and the gull colony in 1977-78 (N = 3477

mins.). Females were excluded during incubation and brooding

* - seasons.

-

y : \\

Beach Meadow Gull Colony

" No. mins. % - No. ming. % No. .mins. %

Fgg stage 276, 440 292 46.6 5% 9.4

'~Nest1$ng | '

stage 1367  60.1 657 28.9 251 11.0
F1edg1ing . ‘ _ ,

stage 262 45.6 213 - 37.0 100 17.4

. Mean §35. 49.9 387  37.5 137 12.6

1 ~
v* A1l pairs nested in
beach.

2

territéries that were adjaceft to the

Up to 17 daysv?o1lowfng fledging.
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in Ulva sp. and, other marine algae. Casual observation had shown

that the algae zone was much gsed'by crows and the gravel beach

| was mos;}y ignored. During 26 ebbing and floading tides I
rcounted the>number of crows feeding in Horthwest and Camp Bays.
iduring HLT and LLT {Table 12). The crows concentrated their
?ggding activities at Camp Bay duriﬁg HLT'and at Horthwest Bay
during LLT.. Crows that nesteﬁ adjacent to the-beach tended to
stay on that portion of beach during all tides. |

A It is uncertain why the crows moved between the two beaches

as the tides chaﬁged.“The search and handling times were always

A

A-reater in Northwest Bay exceot durinﬁ HLT when the handling
times were éhorter Tatle 13). (I define search time as the
anount of time taken between Finishing feeding on one item and
o€ the éaotureidfra new gtem. Yandling time is the amount of
time taken from the‘eé:tute of the item until it had been

completely swallowed.; I found different marine organisms were

'

creseﬁt»nn'Noﬁthwest»Bay than Camp Bay and this-may explain why

_ the croﬁs:swi;éﬁed Feaches. It is more probable, though, that
the‘majbrity 0¢ crows oreferred Horthweét Bay becaﬁse it was
‘claser to theitznegts. ‘

i1}  meaddws , : v " «

The crows fed in the grassy headows mostly within the
territory although they also perched in shrubs to reach
?ayertebraie;vén the leaves. Oﬁ1y on rare occasions du}ing'high
tidés did the crows leave the territory to feed in other parts
ki the‘meadbys{ Inyertebrates were picked from the rocks, and

: -~
slant stems;and dug sut of the ground. Porttons of the meadows

| )

-

AN
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Table 12. "The number and (percent) of crows using Northwest
Bay and Camp Bay when the tide was 2 1.2m (HLT) and when the
tide was < :1.2m (LLT). (N = 26 ebbing and flooding tides). .

”

T

Northwest Bay Camp Bay.
LLT . | - 119 (57.2) - 89 (42.8)

HLT . 54 (21.9) 193 (78.1) -




Table 13.

—

Search and handling times (sSecs.) for randomly

62

chosen adult Northwestern Crows during HLT and LLT in Camp
{See text for details).

Bay and Northwest Bay.

Camp Bay Northwest Bay
Tide Position Search Handling Search Handling
LT 50.9 4.6 99.3 9.3
(N=32) (N=16) (N=26) (N=23)
HLT . 28.8- 23.0 83.0 4.9
' (N=79) (N=7) (N=26) (N=12)
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were vegetated with dense, tall grasses. fhese aréa§ were
ayoided by the crows. As the meadows dried out ‘and the insect
populations declined the crows spend more time in‘phe‘gqu
colony. It was not easy to separate the foraging‘time in the
qull colony from that performed in the meadows because“the,gﬁlls
do nestrin some grassy mggdgws. I arbitrarily {nc1uded all -
meadows wifhin the gull cd;ony as part of the seabird,co]ony;

iii) qull colony |

The gull colony provided fooa intermittently for tﬁe crous.:
Nuring courtship the male G}aucous-wﬁnjed Gﬁll feeds the fema]é7
an their territory {Vermeer 1963) on an average of once every
10h [Henderson 1972). This food was sometimes sto]én by groups
of crows that swooped at the qulls that.had drooped-their
courtship food. Usually one or 2 crows swooﬁed»at the gulls in
ap attempt to drive them away from the food or allow another
crow to fly in and steal the morse1.‘ Large amounts of food
seemed to attract more crows than smaller amounts.

The Glaucous-winged Gulls laid their eggs fn late May and
early June. Some of these eggs were faken by the crows from
abandoned. nests and from occupied ﬁests dufing disturbancgs
in the colony. Seab1rd eggs are: eaten by many corv1ds Vermeer
(1963) mentioned oredat1on of. 1aucous»w1nged Fu]T gggg/bx
Worthwestern Crows on Handarte I;1and F1sh Crows Lé(

ossffragus) and Common Crows prey extens1vely on the eggs of

Laughing Gu]]s (Larus. atr1c11]a) (Wont&vechh1 1977) dur1ng,

numan distufbances. Ravens regular?y DatroT BTackiegged S ?\*

i

{ittiwake (Rissa tr1dacty1a) nestwng coTon1es in search of eg,gs;~

e . - -
‘ i - N
. [
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while Carrion Crows prey on the eggs of the Black-headed Gull

(Larus ridibundus) (Montevechhi 1979). It is difficult to
accurately quantify the degreé‘of‘égg predatioé bj‘the crow
because.my disturbance to the nesting gulls wHi]e examining fhe
number of eggs in their nests brobaﬁ]y increased the'chance 6f
eggvprédétidn by the crows. I also marked gull ﬁésts with stakes.

Artificial nests that were marked with stakes have Eeen shown to

assjst Corvus corone in locating them (Picozzi 1975).,

The adult gqulls feed their chicks with increasing biomass
-as the ch%cks érow (Henderson 1972). Because some of this food
is sto]entf{om'the gulls by the crows it may be one reason why
the crows increase their foraging activity in the co]ony during .
the chick stage.

One of the greatest‘tauses,of L. glaucescens mortality in

the cHick stage is due to attacks by the gdu]ts €Vérmeer 1963).
Young gqulls are attacked by neighbouring gulls if the young
venfure away from their parents' territory. lThese carcasses
are §¢avenged by the crows (But1e£/1974). .

Northwestern Crows were seen carrying 1 to 4 day-old qull
chicks on several occasions but I never witnessed a crow.killing
them. When th;,;oung gulls weighed approxihately 4009_(ab6ut
15 days old; Vermee} 1963) both the adults and chicks showed
little concern about the presence of the crows in the colony.
b) food sources and feeding rates at the nest

The food broughtlto the brooding female and the nestlings
by the male was 1o¢ated on and off the territory (Table 14).

Later, when the female assisted in the feeding of the young the
T ¥
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food still was located on and of f' the territory. To find the
role of the territory as a food source I observed one pair of
nesting crows from when the first-egg hatched (26 May) until the

~one surviving nestling fledged (22 June) aﬁd regbrded where the
food was found by the_pgir. 'Sodrces of food were only scored
for the'origing] site, so, for example, if the male fed the
female Qho in turn took the food to the nestlings I recorded
the source where the male found the food only. A single feeding
~ could have come from on the territory, off the territory, or
from poﬁh on '_d of f thé\territory. I considered the crow's |
‘teryitory to end at the‘@igh tide mark on the beach and 1n£lpd .
_Aggportion'of meadow and shrubbery. Because the attractjvéneés
of the'beach as a fobd sburce roughly increases with 15 ebbing
tide I decided to also see if more food came from the Hééqh at
a low tide than from the meadows on the territory. I o A
arbifr;ri]y chose a 2.5m-tide line to separate the beach into
an area exposed by high, low tides (HLT), and low, low tides
{LLT). Of course the HLT portion of the beach is exposed during
311 LLTs but the pair of crows tended to feed along the water’s
edge at all times. When given a choice the pair of crows fed
on the beach (Chi-Squared Test, p<10.005)‘(Tab1e 14).
Approximately 70% of the nest]inds‘ food is located on the
territory during HLT and 20% during LLT.
7 The males from 4 nests made the most number of trips (66%)
to feed the brooding female and the nestlings in the first week

of the nestlings' 1ife (Table 15). After about 10 days of

brooding the female assisted the male in feeding the nestlings.



66

Table 14. Location of food brought to the brooding female

by the male, and by the male 'and femalé to feed the nestlings
at one nest in relation to tidal position. (See text for
details). :

tidal position

LLT ' HLT
Food source No. of trips 2z  Nos of;trips %
On territory 4 20 28 70
O0ff territory 13 65 2 | 5
Both on and off

the territory 3 15 10 25

Total 20 - 40
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Table 15.

—_—

(percent)
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Nest11ng feed1ng rates by the male and the female
at 4 nests in 1977-78.

‘Meag'feeQings per hr.

No.

Nestling age N male N female Total ©bs.
(dayS) mins.
0-7 44 1.8(66.7) 22 0.9(33.3) 2.7 1431

. 8-14 13 1.1(33.3) 26 2.3(66.7) 3.4 677

15-21 8 0.7(32.0) 17 1.6(68.0) 2.3 672

22-28 6 0.8(40.0) 9 1.2(60.0) 2.0 456
| , —=

¥
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A feedihg was only scored for the last adult that touched the
food although at one nest that could be observed from a close
distance the'male only fed the nestlings under the age of 2
days and so some feeding scores may be biased aga}nst the male.
In a 14h day an adult croﬁ visits the nest approximately
once eveiy 23 minutes,:on aveﬁage,'to feed its nestlings. This
‘is nearly double the approximate rate of once eve;y 35 minutes
for the Common Crow (Good 1952). '
c) nestling food 4
Fifty-three samples of food fed to 7- day-old and older:
nestlings were obtained using the plpec]eaner method (KTuijver
1933) (Table 16). Of ese 53 samples 63.9% had ztems found on
the beach, 30.6% from the meadows, and 5.5% from;thé‘gull
colonies. These figures agree c1ose1y,wifm4¢h§ amount of time
that the crows spent on the beach during the ﬁestiing stage |
{Table 11). Only the qull coTony figure s Jow in relation to
the time spent there (5.5% versus Ll.Or).: As ment1oned ear11er
this is prqbab]y because some meadow-f&oas (invertebrates) were
caught in the gull colonies but recorded Q; meadow food. In
addition, gull eggs that are fediz;f?he nest}inés would-not

(

appear in the food sampie using'the pipecleaner me;hod,fbecause

only the egg content is eaten The method also hjé Hmit_‘ations;~ o

e
i

.

- d) adult and year11ng food
Little-neck c}lns (Protothaca staminea and Venerugus

}

semjdecussata) were eaten after they were dropped on large rocks

(Butler 1974). To- deterufne the size of clams selected by the
crows in this study I randoa1y co]]ected 117 Little-neck Clam

shells that had been dropped by.-crows. on the\upper bea;h and
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. LY
Table 16. Food items in 53 thrﬂEfWSamp1e§”&o1lectedéarom
nestling Northwestern Crows in 1976-78. '

Food item - ' No. of samples

" containing item

R

mollusc and/or gastropod viscera
* (probably Protothaca staminea and

“*

W W WWOa T ool ol Gl 0 0 W B —

P. semidecussata) , 22 27.9
Hemigrapsus nudus and H. oregonensis 17 “21.5
Anoplarchus purpurescens 12 ‘ 15.2
Rubus ursinus ) 7 8.9
spiders (Order phalangida)  ° 7 8.9
Cancer'productus' 6 7.6
Geometridae larvae 6 ~\ 7.6

- spiders (Salticidae) 5 - 6.3
Noctuidae pupae‘and adults 4 5.1
moss, grass stems, Teaves -4 . 5.
leaf hoppers (Cercopidae) 4 5.

_ Diptera larvae A 3 - 3.
shrimps (Spirontocaris spp.)  * 3 3.
‘bread from humans . 3 3
spiders (Mimetidae) - 3 3.
beetles (Scarabidae) , 3 3.
gull meat ard feathers A 3 3.
ants (Formicidae) 2 2.
Pugettia gracilis -2 2.
unknown crab sp. o 2 2
wasp adult and 13rvé%/£ﬁymenoptera) 2 2
Nereis sp. 2 2
beetles (Elateridae) -2 2.
sculpin (Cottidae sp.) 2 2
‘Shield bug (Pentatomidae) 2 2.
fish (Tonicella lineata) 1 1.
Mosquitoes (Culicidae) 1 I.
Diptera (Empididae) 7 s 1 1.
shrimp (Callianassa sp.) 1 1.




Table 16 {cont'd)

Clingfish (Liparid florae?)
unknown fish ’ A .

unknown spidef

spiders (Oxyopidae)

_wasp (Sphecidae)
beetle (Coleoptera)

spiders (Mecicobothridiidae)
Edible Mussel (Mytilus edulis)
~fish (Clingcattus acuticeps or C.embrynum

~

LY

‘grasshopper (Acrididae)

bt s b d b ed ped b b b

™

]
S

— — — — el — [ R -
. . - . -
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measured their gréatest length on 5 ruler (méan = 3i.é;mwéjﬁ: =
2.3 range = 27.0-39.0). When a clam was dropped rare]yq(id both
valves break so I feel that my sampling method accurately
represents the range in sizes of clams dropped by the crows. I
also dug eight plots (50x50x6cm) in all habitats of the
1ittle-neck clams and Sorted all clams larger than 5mm in length -
from the sample. 1 chose a plot depth of 6cm because this is -
aboyt as far as the crows ddg into the beach. O0Of 217 clams dug
from the beach 87 (40.1%) fell within the range of shells at the
drop stations 6n the beach (27.0-39.0mm).

The mean shell size of these 87 clams was 29.6mm (S.D. =
i.4). 1 then measured 250 clam she1is from craéking stations
oh 5 crow territories (50 sﬁe11s per territory) and found a
mean shell size of 39.8mm (S.D. = 6.3, range = 29.0-60.0).
Shells found on cracking stations on territories were significantly.
larger than thase found on the beach cracking stations (z-test"
p<0.05). - The reasons for these differences are uncertain.
The Northwestern'Crow stored food-when it was superabundant.
?erhaps a large clam is more energetically profitable to store
than smaller ones and so these are taken to the4terrftory for
caching; Stored clams that I located and those fhat I saw the
“crows carrying to their territories appeared to be Targer than
those eaten on the beach. Large clams were generally deeper 1n
the beach substrate and more difficult for the crows to remove.

é1enn1es (Anoplarches purpurescens) were captured in tidal

pools and under marine algae. The crows carried these fish to

© the upper beach where they directed séyera1 b1oys at the

%’
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writhing fish. The blennies were then swallowed whole?

Red rock crabs (Cancer productus) were captured under

B algae on the beach or by wading 1nto the water. The crows
tossed these crabs ashore and with a few quick shakes removed
the 1egs and pincers. Sometimes the crabs were 11fted 1nto the
air and dropped onto the rocks- to crack them open. ‘

Nereid sp. worms were pullied from the beach substrate and

then broken into several p1eces before they were consumed.
P . i _
The glaucous-winged Gull fed along the beach and ‘on occasion -
tried to steal Red Rock Crebs fron the crows. Usually the gulls

lost crabs,_thet they'had caught, to the crows. The gulls also

"—caught Cockles (Clinocardium nuttalli) at very low tides and
dropped these dnto the rocks to open them. The crows often 7.
stole parts;o; these clams from the gulls. -
4 Besides gd11 eggs adult and yearling Northwestern Crows
fed on fish scraps in the gullvcplony. These were picked.from
around the nest of gu]]s and cormorantS’ When a large amount of
scraps were found by the crows they would make as many trips
as necessary to f1y the remains to the territory where it was
stored. Some of this food was stolen from the young gulls
shortly following a feeding but more often foilowjng a distur-
bance ihich caused the gull chicks to regurgitate their food.
Seldom did this requrgitated food eppear in the food'samples
taken from nestlinggnro;s. S - -

Blackberries (Rubus ursinus and R. laciniatus) were eaten

by crows in late June. I found remains of these berries in 80%

of 86 regurgitated crow pellets in July 1973 (Butler 1974) but

kS
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only 7 of 53 (8.9%) of the néstling samples contained, them.

Seven Coast Garter Snakes jThaanphié elegans) were killed and

partially eaten néar the beach by the crows. Only adult crows
were observed killing the snakes although a year11n§ did carry
a carcass killed by an adult. Coast GﬁrterfSnﬁkes also eat
nestling crows (Campbell 1969).
e) food caching

Food caching is widespread in the Corvidae (Turcek and
Kelso 1968; Goodwin 1976). In 5 out of 6 observations of food
storing the food came f}om the beach and on one occasion the
food came froﬁ the gull colony in 1977. Food stofing was not
only performed by the adults. Three yearlings stored food on
their parents' territqry and in on; case a juyeni]e stored food
also. In this instance the youﬁg bird had been feg 5 times in
rapid succession after which it bicked up a piecg\of clam from
under its pareﬁt and carried it to a foreign territory where it
pushed the meat into a crack in a rock. After walking to and
from the storage site four times it was fina[]y chased'away by
an adult. Ip all cases wqfre I returned to the‘cafhé,’the food
was gone wieﬁ%n 24h. Cached foods included Red Rock CraSs.
sculpins (Cottidae), and Little-neck Clams - ‘
f) timing of the nestling period

During the breeding season the food of the Northwestern
Crow on Mitlenatch Island came from the beaches, the méadoﬁs, .
and the gull colony. The timing of the nestlings' presence
coincided with the maximum number of available foods at these
three sites (Figufe‘13). The major food items showed only

- small changes in size over the period that the crowé preyed
e
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Figure 13.

7

Seasonal abundance of gqull eggs in 56 Glaucous-
winged Gull nests (a), invertebrates in the
meadows (b), and the number of organisms on the
beach (c). Camp and Northwest Bay beach organisms
were ‘sampled in 1978 (see methods). ' The meadow.
invertebrates were collected along a 250m tran-.
sect using a sweepnet (1977) and a sweepnet and
pit traps (1978). Gull eqgs were counted in

1978. ) ‘ O
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upon théﬁiand.so'the number of71tems.;;;b;;}y closely 7
approximates the avaiTablé biomass, too. In 1977, 66 days
elapsed between the dates of the first nestling and the last
fledgling while in 1878 49 days elapsed. The‘occurrenbe of
nestlings is4extended over several weeks as a result of the

extended egg laying period (Figure 14).

>
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Figure 14.

—

Dates of first nestlings in 49 Northwestern Crow

- nests in 1976-78.

oo
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Discussion and Conclusions .

10, Timing of the breeding cycle

The 4 major ultimate factors that appear to influencevthe
timing of breeding in the Northwesfern Crow are the length of
day, and the seasonal cycles of teiperaturé, precipitation,
and oceanic tﬁdes, With increasing*~daylength the ﬁrows can -
spend more time performing activities. The longest a;tive-crbw
day is abou; 15 hours. The hottest month is July and the
driest month is August (Figure 1). Low tides occur mainly
during the night in winter and during the day in summer
(Figure 15). The seasoha] cycles of precfpitation,
temperature, and daylength affect the productivity of the
grassliands and the numbers of invertebrates fhat live there.
The standing crop of the grasslands reached a peak in the
third week in May in 1977 (Figure 16) and the greatest
abundance of invertebrate fauna followed shortly after'
(Figure 13). The maximum number of Glaucous-winged Gull eggs
are laid in the first ﬁeek of June in colonies in Georgia
Strait (Drent and Guiguet 1961, Vermeer 1963, personal
observation).

These 4 ultimate factors (daylength, temperature,

’ precipitation and tides) hot onﬁy create a seasonal abundance

of food but, in addition, there is also a larger nulbgr—of»
daylight hours available to exploit it. The Northwestern Crow
probably begins nest building in late March on Mitlenatch

Island. The eggs are laid from the last week in Abr11 to the

first week in June and most eggs hatch from mid-May to late
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Figuré 15. The number of low tides (< 2.5m) that occurred
, during the day and the night versus  the months
of the year.,
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Figure 16,

»

Standing crop of the grasslands in 1977. Each
point represents the mean weight of dried
vegetation collected from 10 randomly chosen
400::-3 plots arranged in checkerboard fashion.
{See methods for details).
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June when the food is most abundant. Fledging occurs from
mid-June into July. . ,

It/f; generally belfeved that the breeding season of birds
is timed so that the presénqe df the nestlings coincide with
maximum food ava1lab1]1tyr(Lack 1954, Perr1ns 1970). The
amount of time that the crows;can spend foraging in the _
meadows and seabird colony is governed, mostly, by the number

of daylight hours. However, on the beach the varying heightsﬁ

and occurrences of the tides within the day]ight'hours creates

a second constraint on‘the availability of food on the beach.

The: time and tide components create daily, wéekTy, mohthly,

and annual cycles of food availability on the beach. 1In

June (when the nestlings are present) more intertidal organisms

ére available to the crows on the beach than at any other time

~of.the year (Figure 13) and furthermore, the low tides also

occur during_the daylight hours (Figure 15). The weekly and
daily tidal cycles appear to have little or no effect on the.
timing of nesting. The crows showed no correlatjon’between
egg laying and the position of the tides on a weekly basis.
Theseltrends then, creéte‘a sgasona] cycle of food~abun2ance :

which, in turn, is exploited by the nesting crows.

~
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11. Role of‘non-breeding,helpers

From observations of'c010ur-bended Northwestern Crows,
_nest1ng appears to first occur at 2 years of age or older.
This .is characterxstic of most crows (Goodwin 1976)
Northwestern Crows were aged by the brownish cast to the
feathers of yean11ngs, and by 1nd1Vi§ua1 co1oun band
comBinationst' Because many yearlings were also helpers the
words he]per:and yearling are used synonyddus]y here. |

_On'M1t1enatch Island the ratio of adult pairs known to
‘have helpers versus pairs without he1per; was 3 to 6 in 1976,
4-to 13,15 1977, and 3 to 22 in 1978.'?The’r01e of the helpers
consieted of various degrees of participation between years
and between nesfs. In 1978 the yearling at two closely
watched nests escorted their parents to the territory,when a
disturbance occurred there but se1dom defended the territory
“alone. Unlike in 1978, the yearling at one nest in 1977 was
{nvo]ved in 38 encounters (chases, fights, and/or displays)
toward 1ntrud1ng crows of which 5 (13.1%) were by the»year11ng
: eTone. v v

In addition to physical encount@rs. the yearlings uttered
alarm calls that brought the adults to the territory. Although
- the year11ngs expended only a small amount of energy in
-physical defense of the tenritory their preeence probably also _
served as a}detérrent to other crows. One yearling spent 30
of 956 mtns.4a1oneion its parents' territory while they
~foraged elsewhere during the nestling and fledgling periods.

Off'the'ferritory the yearlings were subordinate to all adult
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Crows But were dominant over intruders on the territory.

" Helpers uttered alarm calls, mobbed, or assisted their parents

in chasing Ravens, Bald Eagles (Haliaé&us leucocephalus),

Glaucous-winged Gulls, ahd River Otters (Lutra canadehsi;).-
The presence of a yearling helper did not significantly chdnge
the territory size of 1ts‘parents.

One yearling fed its parents' nes?Iings once in 1976. No
other- feeding was observea. On Mandarte Island one helper
fed the nestlings 23 of 171 (13.5%) times while other helpers
‘never assisted in feeding the nestlings. -

The behaviour of the parents towards the yearlings
appeared to be fickle. On one day the yearling fs'tolerated‘v
near the nest while on the next-it is not. Only on oné
occasion was a helper seen at the nest without its pérentsi

Adult Northwestern Crows readi]y,store large food items.
(Butler 1974). A yearling stored food on 2 occasions during
2512 mins. of observation fn 1977 and 2 yearlings stored food
on their parents' territory once in 1978. )

Helpers received food from theif parents by begging and
being fed, or begging from a feediné adult who then abandonédl
the food item to the yearling. All begging was directed '
toward tﬁe territorial male throughout the nesting season. In
1977 a yearling was*fed 7 tiﬁes in 2425 mins; of observation
but 2 yearlings at 2 nests in 1978 were never fed in 1065 mins.
of observation,

Helpers associated with territories fed on these

territories and therefore competed for its food with the

adults. Yearlings that were unattached to territories
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vremainéd on the beaches or in the unoccupied regions of tHe
island. 4As the nesting season progressed helpers move farther
afield from their parents' territories. Roosting occurred on
the terrftéry with the male. ' |

When the yearling became an adult in the foi]owing year
it attempted to establish a territory. The data aré'too small
to determine where all returning -helpers establish themselves
in relation to their parents' territory. However,vone former .
helper nested within 300m of its parents' territory of the
previous year. Only territories located adjaéent to the beach
had helpers (7 of 34). A simJJQr trend existed on Mandarte
I;1and (Verbeek, pers. comm.)

Not all nests had helpers from yearAto year, probably
begiyse all the previous young did not survive the winter.
From banding information and nest site tenacity I assume that
yearlings only help their parent(s) in the next year. Adults
with helpers tendéd to have 1$rge clutches, more nestlings,
and produce more fJedgiings per pair than adults without
he]pers.(Ta61e 17). A similar trend exists on Mandarte Island
but Phese trends are sighificant only if the Mitlenatch and

 Mandarte Island data are pooled (Verbeek and Butler, ms.).
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Table 17.. Reproductive’ ‘success of pairs with and without
he]pers in 1977 and 1978. v

with helpers without helpers t1
Number of nestsZ®> 6 22
Eggs laid = | 25 | 79
Mean clutch size | 8.2° 3.8 1.36
Mean no. nestlings/pair ‘3.5 : 1.8 - 3.26
Mean no. fledglings/pair 2.0 ' ' 0.6 1.31
1 Significant ‘difference exists (p<O0. 05) between means

tested with Student's t test

Only 28 nests had c¢ ntinuous nestling data although helpers
assisted at 7 of 34 Mmests.

Only first clutches were considered and on]y those nests
whose eggs were not abandoned .
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12, ‘Nesting synchrony ‘ ' sg; : 7 , : e

~The pro]onged 1n1t1at1on dates of egqg. 1ay1ng (Figure 10)
resulted in pronounced;asynchrony in the nesting stages -
betweenrpairs of crows: "No more than 3 females ever began
laying on the same day in 1977-78. 'Yom-Tdv (1975) has
suggested that synchronization in.nesting Carrign Crous_
reduced the degree of cann1ba1izat10n of eqgs and chicks. He
showed that nests that were c]umped tended to be more
synchronized than dispersed nests. It wou]d be expected that
because of asynchronous eqg laying and the fact that nests
were built close together that the f]edg]ing success of the
Northwestern Crow would be Tower than-for the Carrion Crow.
However, f]edgfng success of the 2 sSpp. does not differ greatly.
Both species of crows 1ay 4 to 5 eggs (Goodw1n 1976) The
‘fledging success (number of young that fledged from hatched
» eggs) in the control of Yom-Tov's (1974) study was 58% versus
a mean of 48.6% (35.3%-58.1%) in my study. The two closest
nests'in my study were within 4m of eaCh other and yet the |
first eggs in these tno nests were laid 20 days abart: X ’
Asynchrony in the Northwestern Crow is probab1y a resu1t‘of the
ability to establish a territory.a Thosevcrous thattneSted in |
the same territory between 1977 and 1978 were more synchronizedr_
in egg laying than the crows.that established newlterritoriesf,‘z.‘
(I assume that if the{territoria].boundaries changed_11tt1e;
between years then-the same'pair occupted that territory‘
because»2 adults banded as nestlings prior to this study have .

always occupied the same territory). The mean of the range



of egg 1nitiat10n dates in nests built in the same territory
between 1977 and 1978 was 1.6 days (N = 5) and 6. 4 days (N =
5) in new1y‘established territories. Th;s may be a result of
higher metabolic costs required to estabaish a new territory‘
The higher degree of: ei? and chick loss in nests located
greater than 50m from the beach 1s probably a result of
reduced feeding rates due to the increased flying distance.
betweeh the nests and the food-sﬁ;ply. a]though 1neiper1ence
may a]so'5e inngved. Females from_z nests withtn 50m of the
ﬁbeach and one nest éreater than 50m. from the‘beach were
V'1ncubat1ng 5 to 7 -day old eggs on 11 and 12 May 1978. Over
‘thvs period the,ueather was wet and windy "The females at
“the two beach nests were,’ on average, 88.9% attentive to
their eggs and spent an average of 6.9 mins. off the nest in
10 shifts (N = 626 mins.). The female from the inland nest
was 59.4% attentive and spent an ‘average of 27.2 mins. off
the nest‘1n12ishifts(Ng= 802 mins;). \Unfertunately the
number of times that,the female was fed by the male from the
distantly IOeated neat.could not belmade but'f’gresume that
she was feedfng herself mgre than the fema]es near the‘beach
Casual observation of other simiLgrLy located nests showed a

As1mi1ar trend.” 0 .

&’—t
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13. Nesting disbersion

Genera11y it has been cbnc1uded that nesting dispersion
and feeding dispersion>are influenced by abundance of food
and predator avoidance (Crook 1965, Lack 1968). Verbeek (1973)
theorized that communal and colonial breeding in corvids was
a‘method of exp1b{t1ng a -less dbundant or a more abundant but
patthy food‘supp1y, respective]y Thé‘fOOd of the Northwestern
E;OW comes mostly from the Seach (Tabf”)g) The ‘intertidal
food 1§bmost abundant 1n June (Figure Y3) and appears to be
: somewhat homogendﬁs in its.spatial dif{iibution. For example,
while I 25am1ngd the abundance of organisms in the beach
quadrants each';eek I noticed a éonsistency in thei} numbers
between ‘quadrants within the saéz habitat. There was no
apparent clumping of,organisms_within'aﬁgiven habitat. Al;o,
I have shown that some crows feed on the same stretch of
deach most times. - Both of these points,.aﬁthough somewhy;
indirect, suggest that the food supply has little spatial
variability in numbers of 1nd1¥jdua1s,' | |

The tide cantro1s the p?owﬁ"a¢cessjb11ity to the food
on the beach. Thus, kelp crabs (Pugettia sp.) which live in

the lower intertidal will be available less often than:%hore

crabs (Hemigrapsus sp.) on the upper beach because the upper
beach is exposed by tides more 6ftéh; So, in effect, any
given species whose numbers,fiuétuate'TittTe from season to
season are available in a proporfion equal to the amount of
time it is exposed by the tide. An organism that has seaséna]

fluctuations in abundance w111Aa1§o be available in a
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proportion equal to the amount of tidal exposure but it has
Seasona] donstraints‘toq. The picture gets complicated,
indeed, when one compareslthe many possib]eicombinations of _
seasonal and'tidal rythymS'oflintertidal food availability to ’
the crows )

F"isher (1954) suggested that co'lon'iath enhanced
‘efficiency in exploiting an unevenly distributed food supply.
Several stud{es (Horn 1968,_Hunt and Hunt 1976, and others)
have shown that colonial nesting bisxds gaih 1hformatf0n from
each other on the whereabouts of tocally abunddnt food.

Because the beagh’food of the Northwestern Crdw'probably showsr
_only.minor spafig},f]uctdatiohs fhe'only advantage of colonial
'nesting 1; on a temporal level. That 1s,fthe-beha91our of

- ngsting neighbours indicates when the tide is low. But'sure]y
a crdw that nests within 250m of the beach knows when the tide
is low andrdoes not need clues from its neighbouf, I suggest
 that the apparent coloniality jn the Northwestern Crow on’
Mitlenatch Islandfmay be an artifact created by the dature of
the avai]abi]ity;of the'food supb]y,' The bifds are simply
trying to nest as close to thd food source as possible. Brown
{1964) stated that territorid]ity in birds will occur when the
resource is defendable. This means that the food supﬁly must
be snmg!ggt predictable in its 10cat1on and abundant for the
1ength of the nesting season. When th1s does not occur birds
general]y exploit the resource communally or colonially (Brown
1974, Verbeek 1973).. If hypoiheti;al]y the tide was always

low I would predict that the nesting dispersion of the crows

would not change greatly. Instead, the beach would become

SR b e -
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exclusive territory of the pairs that nested adjacent to it.

Brown (1974) and Verbeek (1973) suggested that as food

resources became less predictable an exclusive téffitory would

unlikely supply the needs of the pair. This would favour the

evolution of*coloniaIityvor communia]ity. From the classic

all-purpose territory Brown (1975) envisages a colonial route

depitted by smaill nesting territories and a large home rénge

where flocks of up to 100 birds "roll1" over the landscape
searching for food. The resident pairs only defend the

vicinity of the nest such as in Pinon Jays (Gymnorhinus

cyanocephalus). An alternate commusi; route involves the
incorporation of nonbreeding "helpers™ into the breeding
effort and maintenance of exclusive territories. This

culminates with the Mexican Jay (Aphelocoma ultramarina.) in

which up to 11 he]pers are involved in the bréeding effort of

- one pair. Verbeek (1973) described the'évolution of
vcolonid]ity as a‘fun;tion of abundant, but patchy food
resources, and coﬁmunia11ty a result of less abundant'food.
The major food resoﬁfce of the Northwestern Crow is on the

beach (Table 11) The food availability there fluctuates

between rich and lean periods with the ebbing and flooding of

the tides. 'According to Verbeek (1973) the nature of this
resource would favour communiality. During high tides the
beach food s unavailable and the crows rely on'thefmeade

1nyertebrates. The meadow food appears to be fairly -

predictable in distribution and abundance or the crows would

not hold an exclusive territory. Therefore the 1mportant

factdr in the availability of the food supply appears to be
- . ’.

-
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the fluctuation between rich and lean periods of_the beach
food. :

The Northwestern Cfow apgears;to follow both routes of
colonia]ity»and sociality (Brown 1974) if coloniality is
defihéd only by 1n;erhest distances; Herver, I see the
-~ definition of coloniality to incorporate both internest
distaﬁce and the benef*ts it accrues.\ I have argued earliér
that the Northwestern Crow probably ber fits 1ittle from its

colonjality and I feel it has followed the route to

communia]ity,

e

R T L
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APPEHDIX 1 - Colour band combinatxons of crows on Mitlenatch
Island from 1976-78. Band prefixes are 704~ ‘in 1677 and 1978,

Nest Number ‘Colour combination Date banded
1 ' left wh{tt, right green : 18 June 1976
= left green/green _ . 18 June 1976
left green 17 June 1976 _ L
right green 17 June 1976 S
left green, right green = 17 Jung 1976
~left green, right white .17 June 1976
8. left blue, right green 17 June 1976 = — -
left greeq, right yellow 17 June 1976 -
Teft ye¥10w, right green 17 June 1976
11 left green, right red - 17 June 1976
1eft'red, right green 17 June 1976
12 right green/green " 18 June 1976
left green/red - | 18 June 1976
17 left 'green, right blue 17 June 1976
26 - . right green/red 18 June’ 1976
| right red/green - 18 June W76 N,
30 right green/blue o 18 June 1976 '
Teft green/yellow 18 June 1976
right gzgkn/yelioé 18 June 1976
32 right xei?aw/graen - 18 June 1976
34 left green/blue . 18 June 1976
right‘fed/green : ' 18 June 1976
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Appendix [ cont'd.

Nest Number

Colour combination

92

Date- banded

4

10
11

12

14
20
28
31

left blue/white,right
-03515

left white/white,right
-03518

Teft yellow/blue, right
-03506

left yellow/yellow,
right -03507-

_1eft red/blue, r1ght

-03509

left red/yellow, righf
-03508

TJeft blue, right -03503
left blue/red, right
-03514

left blue/blue, right
-03515 - 5

left white/blue, right
-03516

left white/red, right
-03517

left -03501, right yellow

left -03502, right red
left -03521, right blue
!bft -03522, right white

Teft red/red, right -03509
left -03525, right yellow/

yellow

left -03524, right ygilpw/

blue -

yellow

3 June

- :3 June

3 June

A3 June

3 June

3 June
3 June

3 June

3 June

7 June

7 June
1 June
1 June
8 June
8 June
3 June

14 June 1977

1977

1977

1977

1977

1977

1977

1977

*r977 .

1977

1977

1977

1977
1977
1977
1977
1977

14 June 1977

14 June 1977

2
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Nest Number

Colour combination

93

Date bahded

34

35

38

.39

37

.40

left white, right -03504
left yellow/red, right
-03505

left yellow, right -03519

left red, right -03520

lTeft red/white, right -03511

left blue/yellow, right
-03512 ‘
right red/blue

right red/red

left -03529, right blue/
blue

left -03528,§right blue/
yellow

left -03530y right blue
-red )

left -03531, right blue/
white

3

W N N W

15
15

11

11

June
June
Jpne
June
June
June
June
June
July
July
July

July

1977

1977
1977
1977
1977
1977
1977
1977
1977
1977
1977

1977
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Appendix [ cont'd.

.94

Nest Number Colour combination ‘Date banded
12 Teft yellow/-03532 4 June 1978
14 - right red/-03533 8 June 1978
right blue/-03534 8 June 1978
right -03536/red 8 June 1978
16 ~left yellow/-03538, o
, right red : .25 June 1978
left blue/03535 25 June 1978
9 left red/03539, right red 3 July 1978
| left blue/03540, right red 3 July 1978
20 left -03546/yellow, right
red ' 3 July 1978
5 42 left -03547/red, right | .
X red ‘ 3 July 1978
a4 left -03548/blue, right
‘ red 3 July 1978
right yellow/03549 3 July 1978
55 left red, right red/
 -03550 3 July 1978
left red, right blue/
~ -03551 3 July 1978

g Dty A e
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Appendix I - Parasdtes found in Northwestern Crow nests.
* From the last week of April to 14 May 1977 14 fleas were
.col1ected from séver§1 crow nests that had been in use in
1976. ‘G.P. Holland (péfs. comm.) identf;ied the fleas as "...

close (t6), if not identical to Ceratophyllus niger Fox ...

but he said that all of the 7 females had incised sternums VII
where this structure isrordinarilyventire. This is generally

considered a "simple variation® within the species.

Nonetheless C. niger is endemic in western North America

occurihg on many species of birds, especially Passerifbémes,

but this is the first record from crows. A true crow ?1ea

(C. rossittensiS'swansoni‘Liu) has been found on Asio otus

and Corvus brachyrhynchos (Holland 1954). This flea is the

New World equivalent of C.r. rossittensis Dampf which occurs

on Corvus cornix, C. corone, and Asio otus in Europe. C.

rossittensis formerly swansoni) has not -been recorded in B.C.

although it has been found in Montana (Jellison and Good 1942).
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