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B aird , P a tr ic ia  Arm, Fh.D ,, December, 1976 Zoology

Comparative Ecology of C a lifo rn ia  and R ing-B illed  G ulls ( Larus 
c a lifo rn ic u s  and L. delaw arensis) ( 183 pp.)

D irec to r: Andrew L. Sheldon

The ecology of mixed and s in g le  species colonies of R in g -b illed  and 
C a lifo rn ia  Gulls was stud ied  in  in su la r  and pen insu lar lo c a tio n s  in  
Montana. The purpose of th i s  study was to  investigate the for-aging and 
n es tin g  niches of these  symp a tr ie  congeners and to  a s c e r ta in  what enr- 
ab led  them to  c o e x is t, what possib le  d iffe ren ces  in  l i f e s ty le s  e x is te d  
between them, and possib le  causes of these  d iffe re n c e s . The adaptive 
s ig n if ican ce  of p a tte rn s  of h a b i ta t  choice of the 2 species was a lso  
in v e s tig a te d  with respect to  rep roductive success. The in t e r -  and 
in t r a s p e c if ic  behavior of the  2 species was described . V egetation 
h e ig h t, cover, volume, and species  com position, d is tance  to  w ater of 
each n e s t, nest d en s ity , and n ea re st neighbor d is tan ces  were examined 
as possib le  fa c to rs  in flu en c in g  nest constru c tio n  on a p a r t ic u la r  
s i t e .  Resource u t i l i z a t io n  was examined with respect to  choice of 
feed ing  s i t e s ,  in te r s p e c if ic  in te ra c t io n  a t feeding  s i t e s ,  and types 
o f food ea ten . Reproductive success of each species w ith resp ec t to  
colony ty p e , lo c a tio n  in  colony, v eg e ta tio n  p ro f i le ,  n earest neighbor 
d is ta n c e , and species o f n earest neighbor was in v e s tig a te d . Egg and 
chick success were determined and m u ltiv a ria te  reg ress io n  used to  de
term ine what fa c to rs  in fluenced  m o rta li ty .

C a lifo rn ia  G ulls a r r iv e  2 weeks in  advance of the R in g -b illed  G ulls 
and e s ta b l is h  t e r r i t o r i e s  in  s p e c if ic  areas of the colony. There is  
l i t t l e  in te r s p e c if ic  in te ra c t io n  and although the C a lifo rn ia  Gulls 
a re  more aggressive and occasio n a lly  predate the  R in g -b illed  ch icks, 
th e  behavior is  u su a lly  one o f avoidance.

The 2 species segregate the  n e s tin g  h a b ita t w ith resp ec t to  vegeta
t io n  c h a ra c te r is t ic s  and nest in  monospecific subgroups. Both p re fe r  
the  middle of the  colony to  th e  edges. C a lifo rn ia  G ulls nested  in  
th e  h i ^ e r  denser v eg e ta tio n . The n earest neighbor d is tan ces  d if fe re d  
between the 2 sp e c ie s , and fo r  R in g -b illed  G ulls, th i s  d is tance  is  
r e la te d  to  species of nearest neighbor. In  th e  monospecific colony 
of C a lifo rn ia  G u lls , the  n estin g  niche i s  w ider.

C a lifo rn ia  and R in g -b illed  G ulls segregate th e  food niche mainly by 
d istance  from the  colony and by h a b i ta t  type of the  fo rag ing  a re a s , 
and le ss  by food ty p e . They had a  62^ overlap in  th e i r  d ie ts .  Cal
ifo rn ia  Gulls forage f a r th e r  from th e  colony on dryland farmlands and 
p ra ir ie  while R in g -b illed  G ulls forage near the colony in  i r r ig a te d  
farm lands.

Chick su rv iv a l frran the  egg stage  was h i ^ e r  on the  mixed species 
in su la r  than  on the  pen in su lar colony, and le a s t  on the monospecific 
colony. Death ra te s  o f chicks were p o s itiv e ly  c o rre la te d  w ith n ea re st 
neighbor d is tance  and c lu tch  s iz e ,  and negatively  c o rre la te d  with 
v eg e ta tio n  cover, in  most co lo n ie s . There i s  an in d ic a tio n  th a t  an 
optimal d en sity  e x is ts  w ith in  co lon ies and th a t d e n s it ie s  above or 
below th i s  cause a h i ^ e r  chick death r a te ,

ii
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CHAPTER I 

imODUCTION

D iffe ren t species solve the  problems of niche seg regation  or 

sym patric a sso c ia tio n  in  d if fe re n t ways. I t  i s  im portant to  study many 

d iverse  species rep resen tin g  d if fe re n t tro p h ic  le v e ls ,  reproductive s t r a t 

e g ie s , and geographic lo ca tio n s  in  order to  more fu lly  understand evolu

tio n a ry  and comparative ecology. I  chose R in g -b illed  (Larus delaw arensis) 

and C a lifo rn ia  ( Larus c a l ifo rn ic u s ) G ulls as su b jec ts  fo r  th i s  study in  

comparative ecology. These 2 g u lls  a re  good su b jec ts  fo r  such a s tu d y . 

They are  unique among ground-nesting g u lls  in  th a t  th ey  a re  the  only 

white-headed g u lls  in  the contiguous United S ta te s  to  nest in lan d . Ring

b i l l e d  G ulls have a  more ex tensive breeding  range from e a s t to  west than  

do C a lifo rn ia  G u lls . Their range extends from n o rth easte rn  C a lifo rn ia  to  

no rthern  Saskatchewan and from Newfoundland to  no rthern  New York (F ig 

ure 1 -1 ). The range of C a lifo rn ia  G ulls i s  south from th e  north c e n tra l  

Jîackenzie R iver to  n o rtheastern  C a lifo rn ia  and west from e a s t c e n tra l 

North Dakota to  northw estern Wyoming (AOU 1957). The 2 species are  

sym patric over approxim ately 70^ of th e i r  range, although lo c a lly ,  the  

b reeding  populations can be e i th e r  mixed or s in g le  sp ec ie s . No o the r 

c lo se ly  re la te d  species in te ra c ts  on th e  breeding  ground w ith th ese  2 

g u lls  (Moynihan 1959) thus sim p lify ing  th e  study . F ra n k lin 's  (Larus 

p ip ixcans) G u ll, a  black-hooded g u l l ,  nests  in  the  same a re a , bu t has 

a com pletely d if fe re n t ecology from th a t  o f C a lifo rn ia  and R in g -b illed
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G ulls (Burger 1974)» These g u lls  are  re a d ily  a v a ila b le  research  animals 

because they  occur in  g rea t numbers, a re  e a s i ly  observed, and the 

co lon ies are  qu ick ly  censused (Brown 1967b, Moynihan 1959, P a tte rso n  

1965, Paynter 1949, Tinbergen 1953, Vermeer 1963,1970). Likewise, both 

the  mixed and s in g le  spec ies  co lon ies are found near each o ther and th i s  

obv ia tes the  n ece ss ity  to  take in to  account d iffe re n c e s  in  population  

param eters caused by la t i tu d e ,  a l t i tu d e  or gross h a b i ta t  v a r ia t io n  

(F igure 1 -2 ),

The sample areas in  th i s  study—Arod and Freezeout Lakes—are 

id e a l s i t e s  fo r  the  fo llow ing reaso n s. On each lake th e re  i s  a  mixed 

breeding  colony, on th e  one i t  is  an is la n d , on th e  o ther i t  i s  a pen

in s u la , Also a t  Freezeout Lake th e re  i s  an is la n d  w ith a coloqy o f only 

C a lifo rn ia  G u lls , The g u ll populations in  th ese  co lon ies can a l l  be 

co n tra s ted  w ith resp ec t to  p ossib le  d iffe re n c e s  in  n e s tin g  p a tte rn s , 

b reeding  b io logy , rep roductive success, and v a r ia t io n  in  th e  feeding  

n iche.

Much of th e  past research  in  comparative ecology has been mainly 

d e sc rip tiv e  u n t i l  e c o lo g is ts  l ik e  Cole (1949,1954), Lack (1933,1944, 

1945, 1946) and MacArthur (1957) in v e s tig a te d  causa l and fu n c tio n a l re 

la tio n sh ip s  between spec ies  w ith resp ec t to  th e  environment or th e  

n iche . Before th e i r  s tu d ie s ,  most of the  comparisons between species 

were an enum eration of th e  2 sp e c ie s ' c h a ra c te rs . Then came a  c o lle c 

t io n  o f "com p etitio n "-o rien ted  research  where many of the  c o -e x is tin g  

species were s tu d ied  to  determ ine i f  they  were competing. These l a t t e r  

in v e s tig a tio n s  sometimes sim ply dem onstrated d iffe re n c e s  between th e  2 

species involved .
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Competition, often defined as the u tiliza tio n  by 2 species of 

common resources of which the supply is  lim ited (Birch 19571 Milne 1961) 

or the e ffect of one species on the other (Miller 1954)> has been divided 

more clearly  into 2 categories, exploitation and interference (Park 

1962) .  Both types of competition can be avoided by 2 species by phys

ica l separation or in the way they divide up the space. I f  they 

u til iz e  no common resources, then 1 cannot exploit the common resource. 

Likewise, i f  they are separated physically, 1 cannot interfere with 

the other. Physical separation and division of resources, however, can 

be the result of competition. As is  often the case, when 2 species are 

not physically isolated from one another, they may avoid competition by 

dividing up the resources in the habitat.

There i s  a lim it to  th e  s im ila r i ty  of species i f  the  2 are  to  

co ex ist (MacArthur and Levins 1967). There must be a c e r ta in  amount 

of d iffe ren ce  in  l i f e s ty le s  between 2 species to  prevent them from oc

cupying the  same niche (Hutchinson 1957)» These d iffe ren ces  are  shown 

in  food ty p e s , preference of the  fo rag ing  h a b i ta t ,  morphological d if 

fe ren ce s , n e s tin g  h a b ita t choice and by behav io r. A ll th ese  fac to rs  

to g e th e r may be considered a  c e r ta in  " s tra te g y "  fo r  th a t  species in  a 

c e r ta in  environm ent. In  a study of comparative ecology, one must look 

more deeply in to  not only how th e  2 species a c tu a lly  d ivide up the  

h a b i ta t  so th a t  they  can c o e x is t ,  but a lso  how the proxim ity of 1 

species might in fluence the reproductive success of ano th er. Only by 

comparison and an a ly sis  of sym patric and a l lo p a tr ic  s i tu a tio n s  can we
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begin  to  determine what q u a l i t ie s  a f fe c t the  p ro d u c tiv ity  or su rv iv a l of 

the 2 species and how they  may influence one another (E lton  and M iller

1954).

An in v e s tig a tio n  of the  breediiig ecology of R in g -b illed  and

C a lifo rn ia  G ulls may give a c le a re r  understanding as to  how these  2

species co ex ist during the  breeding season. The nest s i t e  resources are 

extrem ely lim ite d  because the  p re fe rred  breeding ground is  on is lan d s  in  

la k e s . This s i t e  preference may produce possib le  severe in t e r -  and 

in tr a s p e c if ic  com petition fo r  nest s i t e s .  There must of n ece ss ity  be an 

upper l im it to  the  abundance of each species on th e  colonies un less 1 or 

both  undergoes a  ra d ic a l niche s h i f t  and e i th e r  decreases s iz e  o f nest 

t e r r i t o r i e s  or n es ts  in  another h a b i ta t .  These g u lls  are  a lso  examples 

of d if fe re n t kinds of breed ing  s tr a te g ie s  because they  rep resen t a "breed, 

e a t and get out f a s t"  s tra te g y . Their sojourn  in land  on the  breeding 

ground i s  r e la t iv e ly  sho rt a l th o u ^  many remain in land  u n t i l  e a r ly  f a l l .  

The ad u lts  leave the  colony soon a f te r  the  chicks fledge in  la te  Ju ly .

Due to  the  in land  nature of th e  breeding  s i t e s ,  th e se  g u lls  are  a lso  ex

posed to  harsh er weather th an  g u lls  th a t  breed near the  ocean. Iilhen the 

g u lls  a r r iv e  in  th e  sp rin g , ice  is  u su a lly  presen t on th e  lakes surround

ing  th e  is la n d s  or peninsulas on which they  n e s t.  I t  can snow as la te  as 

June and as e a r ly  as September in  these  a re a s .

The mechanisms behind th e  s e t t l in g  f a c to r s ,  fa c to rs  which a t t r a c t  

the  b ird s  to  breed in  a  c e r ta in  a re a , on these  lo c a l ly  mixed or s in g le  

species co lon ies a re  not known. In  f a c t ,  i t  is  not known how these  

breeding  co lon ies are  s e t up . Many species of Larus g u lls  nest near a
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congener and i t  i s  in te re s t in g  to  note th a t the  co u rtsh ip  behavior of a l l  

of them is  very  s im ila r  although most do not in te rb reed  even though they  

are  c lo se ly  re la te d  (Moynihan 1959)« There may be a  dominance in te r 

a c tio n  a t the  ou tse t in  the  c re a tio n  of the  nest t e r r i t o r i e s ,  or the 2 

species may d i f f e r  enougli in  the p re fe rred  h a b ita t types th a t  th i s  is  not 

necessary .

The g u l ls ' b reeding  h a b its  a lso  rep resen t a d if fe re n t s tra te g y  

from o ther groups th a t  have been s tud ied  in  th a t  th e  ad u lts  do not 

u su a lly  feed where they  n e s t .  They e x h ib it the  Type 4 t e r r i t o r y  c a t

egory of Nice ( 1941) '  Other co lo n ia l groups such as te rn s  and cormorants 

likew ise show th i s  p a tte rn  (N ice, 1941). Most a v a ila b le  space on the  

is la n d s  i s  used fo r  nest s i t e s .  Thus, the  g u lls  must make frequen t t r i p s  

from the  colony to  the feed ing  grounds.

G ulls are  likew ise unique in  th a t  they  co ex ist w ell w ith humans 

(Hunt 1972, Moynihan 19591 Vermeer 1970). T heir feeding  grounds are  d is 

tu rbed  areas such as dumps or c u ltiv a te d  f ie ld s .  A ssociation  w ith humans 

has a c tu a lly  improved breed ing  success in  some cases because of th e  prox

im ity  of garbage dumps.

Thus, g u lls , as a  taxon , a re  re p re se n ta tiv e  o f c e r ta in  breeding  

and feeding  s t r a te g ie s .  However, most work has been conducted on Old 

World g u lls  and has concen trated  on th e i r  behavior (Beer I965, Brown 

1967a b . Lack 1968, P a tte rso n  I965, Paynter 1949» Tinbergen 1953). The 

comparative s tu d ie s  on New World g u lls  have concen trated  on behav io ral 

and eco lo g ica l d e sc rip tio n s  (Beer I965» Brown 1967a b c . Brown, e t  a l .

1967, Coulson 1963, Couison and White I96I , Cullen 1957, Drury and Smith

1968, H arris  1964, 1965, Maunder 1972, Moynihan 1955,1956,1958a' b ,1959 ,
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Paynter 1949, Smith 1966, 1967, Schreiher 1970, Snow and Snow I968,

T h re fa ll 1968); or on censusing of the  breed ing  co lon ies only (Johnston 

and P o ste r 1954, Moos I968, Vermeer 1963,1970).

Because of the  copious amount of data  to  be gleaned from the 

co lo n ies , much can be learned  about niche p refe ren ce , niche overlap , 

n e s t- s i te  com petition or species dominance, and e s p e c ia lly  any b e n e f ic ia l  

or detrim en tal in fluence on reproductive success in  a mixed species s i tu a 

t io n .

DHISION OP SPACE

For most species of anim als, space and food are  items which are

a t a premium (Paine I966) .  For g u l l s ,  space on th e  breed ing  ground i s

decidedly  lim ite d  due to  the  s c a rc i ty  of s u ita b le  is la n d s  or peninsulas 

and th e i r  p h y s ica lly  l im it in g  space. In  o the r s tu d ie s  o f o ther b i rd s ,  

space has been found to  in fluence p ro d u c tiv ity  or popu lation  s ize  (Brown 

1967a b . Chapman 1966, Lack 1945, P a tte rso n  1965) .  Chapman ( 1966) s ta te s  

th a t  re g a rd le ss  of th e  food supply , th e re  i s  u su a lly  a  minimal space re 

quirement fo r  animals and th i s  puts upper l im its  on the  d en s ity . The 

same may be tru e  fo r  g u l l s .  I t  i s  im portant to  d iscover what fa c to rs  may 

in fluence nest spacing , and i f  nest d is tr ib u t io n  and d e n s ity  vary among 

the  co lo n ies . I f  they  do vary , i s  th i s  variance r e la te d  to  the  in te ra c 

t io n  between th e  2 species? In  o ther b ird  sp e c ie s , the  presence of a

congener has o ften  a l te re d  n e s tin g  p a tte rn s  (Brewer I963, Catchpole 1972,

Crowell 1966, Dixon 1954, Legg and P ite ik a  195°)« Tiiis a l te r a t io n  may or 

may not a f f e c t  reproductive success. I f  dense n es tin g  insu res th a t  a 

p redato r i s  more l ik e ly  to  be n o ticed , re s u l t in g  in  le s s  nest d e s tru c tio n ,
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then  a change towards denser nesting  would be b e n e f ic ia l .  However, i f  

the  in te r -  and in tra s p e c if ic  aggression increases w ith denser n es tin g , 

then  th i s  might be detrim ental to  the  reproductive success of 1 or both 

sp ec ie s .

There have been many s tu d ie s  on various species d escrib in g  p ref

erences of nest s i t e  w ith respect to  h a b ita t parameters (Brown 196?a b , 

Colquhoun and Morley 1943, Hawksley 1956, Horn 1970, Johnson 1966,

K lopfer 1963, Lanyon 1956, Legg and P ite ik a  1956, MacArthur 1957,1964, 

MacArthur and MacArthur I961, MacArthur, e t a l .  I966, Newton 1967, R a itt 

and Hardy 1970, Root 1964, 1967, Selander and O ilie r  1959,1961, Wiens 

1965) .  Most of these  s tu d ie s , however, have been on passerine  b ird s  in  

h a b i ta ts  w ith d e f in ite  v e r t ic a l  components. The conclusions about hab

i t a t  preference reached in  some of these  s tu d ies  are th a t  b ird s  d i s t r ib 

u te  themselves in  a h a b ita t in  p art according to  the  height or volume and 

not the sp ec ie s , of the  fo liag e  and th a t  each v e r t ic a l  zone has i t s  own 

dominant sp ec ie s . There can a lso  be v e r t ic a l  h o rizo n ta l and temporal 

components of h a b ita t preference (MacArthur I964) . On th e  g u l le r ie s ,  

fa c to rs  o ther than , or in  ad d itio n  to ,  he igh t-in fluenced  s e t t l i n g  fa c to rs  

may be operating  because th e re  is  l i t t l e  h e i ^ t  v a r ia tio n  of v egeta tion  

on th e  breeding grounds. Some colonies are  almost devoid of v eg e ta tio n , 

and in  f a c t ,  no vegeta tion  was found higher than  120 cm on th e  colonies 

used in  th i s  study.

The g u lls  may be a t t r a c te d  to  the  small d iffe ren ces  in  height of 

v eg e ta tio n , or perhaps the  bushiness of the  p la n ts , the  d is tance  to  w ater, 

or even to  other b ird s  when th ey  land on the breeding colony to  court 

and b u ild  th e i r  n e s ts . In  co lo n ia l b re e d e rs , the presence of a
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conspecific  may be enough to  promote s e t t l in g  (Nelson I966, P atterson  

1965) .  Niche s h if ts  in  h a b ita t s e le c tio n , even in to  a marginal h a b i ta t ,  

are another way th a t s im ila r  species have avoided "com petitive elim ina

tio n "  (Cody 1968a , Crowell 1968, D ilger 1956, Dixon 1954, Wiens 1965) .

FOOD, FSBDISG GfROINTS, AND FCRAGINTÏ BEHAVICE

On the breeding grounds of many b ird  sp ec ie s , com petition fo r 

food fo r  the  young i s  severe (Ashmole 1968a , Dorward 1962, Lack 1969) .

The g u lls  may not have th i s  problem because they  are  omnivores and scav

engers and food always should be abundant. Yet, th ey  may be omnivorous 

because food is  sca rce . Paynter (1949) b e liev es  th a t  abundance of food 

i s  of no importance to  H erring (Larus a rg en ta tu s) Gull su rv iv a l. He 

s ta te s  th a t the g u lls  have p ra c t ic a l ly  un lim ited  food in  a normal year. 

W illis  ( 1966) b e liev es  th a t  fo r  b ird s ,  superabundance of food may be the 

ru le  ra th e r  than  the excep tion . However th e re  may be some lim ita tio n  of 

food resources near th e  co lo n ie s . Gulls may share food resources by 

d iv id in g  up ..the ac tu a l foods ea ten , the p laces where th e  2 species feed , 

and/or by varying feeding  or fo rag ing  behav ior.

Food

For the  moment, i f  we th in k  of food as the  only important com

ponent in  a g u l l 's  l i f e s t y l e ,  th e  2 species may be ab le to  coex ist pro

v id ing  th a t  every h a b ita t they  u t i l i z e  has enough he terogeneity  and the 

r ig h t species or s ize  of prey. However, i t  must be kept in  mind th a t the 

an a ly sis  of the food niche is  very  su b je c tiv e . "From a b i r d 's  view point, 

a  c a te r p i l la r  and a b e rry  may be c lo se r  to g e th e r  on some h y p o the tica l
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food ax is  than  a seed and a  b e rry —th a t  i s ,  the  hardness may be a more 

im portant c r i te r io n  than  th e  chem istry or phylogeny . . (Soule and 

Stewart 1970) .

Feeding Grounds

The b ird s  may a lso  divide up the h a b ita t according to  where in  

the  h a b ita t  they  fo rage, the v eg e ta tio n  types in  which they  forage and 

the  height a t which they  forage or even the sp e c if ic  p a rt of th e  p lan t 

they  forage in .  Many o ther s tu d ie s  have demonstrated th a t  i f  2 species 

are searching  fo r  a p a r t ic u la r  h a b i ta t  type and not ju s t sp e c if ic  types 

or s iz e s  of prey, they  may segregate the h a b ita t p h y sica lly  (e .g .  A ustin anu 

Smith 1972, Brewer 1963, C arpenter 1952, Cody 1968a ,  Colquhoun and 

Morley 1943, Crowell I96I , D ilger 1956b, Gibb 196O, Hamilton 1958,

H artley  1953). In  some sp e c ie s , even the  sexes occupy d if fe re n t hab

i t a t s  (Kilham I965, Ligon I968, Selander I966) .

Where g u lls  feed , th e re fo re ,  might be more im portant than  the

type or s ize  of prey species e sp e c ia lly  since g u lls  are  omnivorous. I f  

th i s  i s  t r u e ,  then  the d if fe re n t feed ing  s i t e s  may be im portant in  le s s 

ening or even e lim in a tin g  any p o ssib le  com petition between them. This

can be b r o u ^ t  about by passive circum stance, a b i r d 's  simply avoiding 

an u n su itab le  h a b i ta t ,  or a c tiv e  avoidance when a  member of the  o ther 

species i s  p resen t—both examples of com petitive exclusion . Likewise, 

th e  g u lls  may forage in  d if fe re n t types of h a b ita ts  where th e i r  fo rag ing  

ranges overlap . When th e se  ranges do not overlap , th e  g u lls  may choose 

s im ila r  fo rag ing  h a b i ta ts .  Lack of divergence in  ways of ex p lo itin g  the 

environment may mean: I) th a t  th e re  has been in s u f f ic ie n t evo lu tionary
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time fo r  th e  b ird s  to  s h i f t ,  2) the  environment imposes some lim ita tio n  

p reventing  evo lu tio n  of d if fe re n t  foraging  n iches, 3) the  o ther sp e c ie s , 

by i t s  behav io r, prevents divergence in  c e r ta in  d ire c tio n s ,  or 4 ) divergence 

i s  not advantageous because th e re  i s  a resource su rp lu s .

Foraging Behavior

The th i r d  way 2 s im ila r  species may d iv ide up th e  h a b ita t  is  

sim ply by dominance a t  the  fo rag ing  s i t e  (A ustin  and Smith 1972, B irch 

19571 Dixon 1954) Dorward I962, Drury and Smith 1968, Gibb I96O, Kilham 

1965, Ligon 1968) .  I f  1 spec ies  is  dominant on th e  feeding  grounds then  

th e  o ther spec ies  may simply avoid feeding  in  th e  same a re a . I f  i t  does 

feed th e re  when the  o ther i s  p re sen t, i t  may keep a t  a d is tan ce  and re 

s t r i c t  i t s e l f  to  th e  m arginal h a b i ta t .  This avoidance may be simply a 

change in  feed ing  behavior p a tte rn s  in  the  presence of another species 

(Wiens 1965) .  On the  feed ing  ground, dominance or a reduction  in  in te r 

sp e c if ic  c o n ta c t, a r e s u l t  of a behavior change, has been shown in  vai^  

ious species and i s  1 method of resource seg regation  (A ustin  and Smith 

1972, Dixon 1954, Selander and G ille r  19591 W illis  I966) .

Another p o s s ib i l i ty  i s  th a t  the  2 species may a c tu a lly  feed  in  

d if fe re n t ways l ik e  many o the r s im ila r  species when they  feed sym patric- 

a l ly  (A ustin  and Smith 1972, Ashmole 1970, Holmes and P ite ik a  I968,

Nevrton I967, Orians and Horn I969, Root I967, Selander I966) .  I f  the  

method of fo rag ing  they  use d i f f e r s  and i f  th ey  subsequently  catch  d if 

fe re n t food item s, i t  may preclude or reduce any com petition  (Catchpole

1972) .
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TEMPORAL SEGREGATION

Another way many species avoid com petition or d iv ide up th e  hab

i t a t  resources is  by a d iffe ren ce  in  tim ing of breeding  (Brown 1967a , 

Catchpole 1972, Dane I966, Maher I962, Nelson 1966, P a tte rso n  I965, 

H ick ie ffs  i960, Root 1967, Royama I966, Wiens 1965) .

Previous s tu d ie s  and a lso  observations on 5 Montana co lon ies show 

th a t  the  g u l l s ' f i r s t  hatch ing  and fledg ing  dates  a t  these  a l t i tu d e s  are 

c lo se  to  each o ther (Smith personal communication, Vermeer 1963,1970)*

For g u l l s ,  the  in te re s t in g  questions about temporal seg regation  a re :  Which 

species a r r iv e s  f i r s t  on the  breed ing  grounds? Does t h i s  f i r s t  spec ies  

get d isp laced  by th e  l a t e r  a r r iv in g  species o r does i t  decrease th e  s iz e  

of i t s  t e r r i t o r i e s ,  and does the peak energy demand by th e  chicks occur 

a t  th e  same time? A few o the r s tu d ie s  have re p o rts  of dominance d isp la ce 

ment in  b ird s  ( Orians and W illson 1964, P ite ik a  1951, Wiens I965) .

BEHAVIOR ON THE BREEDING AREA

Behavior, e sp e c ia lly  aggressive behav io r, between th e  2 spec ies  

may account fo r  any d iffe ren ce  in  reproductive success between th e  mixed 

and s in g le  species co lon ies which i s  not explained by nest placem ent, 

food h a b i ts ,  or tim ing . Too o ften  in  eco log ica l s tu d ie s  th e  b ehav io ra l 

in te ra c tio n s  a t  the  nest s i t e  between the  2 species a re  excluded or 

sim ply overlooked and these  may be some of th e  more im portant fa c to rs  

a f fe c t in g  p ro d u c tiv ity .

I t  i s  im portant to  know ju s t  what s o r ts  of in te ra c tio n s  occur be

tween th e  2 species in  s e t t in g  up th e i r  t e r r i t o r i e s  because th e  s e t t in g
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up of t e r r i t o r i e s  in  a p re ferred  h a b ita t may u ltim a te ly  determine the re 

productive success of the b ird s  on the co lon ies . A b ird  nestin g  in  a le s s  

p re fe rred  h a b i ta t , perhaps a peninsula as in  th i s  study , may not fledge as 

many young as a b ird  nesting  in  i t s  p referred  h a b i ta t .  Observations on 

these  in te r s p e c if ic  in te ra c tio n s  t e l l  us much about the influence 1 species 

has on the  o ther and i t s  b e n e fit or detrim ent to  reproductive success.

From th i s  we can possib ly  hypothesize why the  mixed and s in g le  species 

b reeding  popula tion  endure.

Gulls are  known to  be predatory  on g u ll chicks and eggs (Moyni- 

han 1956j Smith personal communication, Tinbergen 1953» Vermeer 1963»

1970) .  At tim es they  are  even c a n n ib a lis t ic .  Larger g u lls  tend to  be 

predatory  on sm aller g u lls  nestin g  nearby (Moynihan 1956» Vermeer 1963» 

1970)» Immature g u lls  th a t do not breed but inhab it the breeding colony 

are  o ften  p redato ry  (Kennedy 1973» Smith personal communication).

Chicks in  a  crowded s i tu a tio n  with p o te n tia l p redators nestin g  nearby 

m i^ t  s u f fe r  a g rea te r  m o rta lity  than  chicks in  an uncrowded s i tu a tio n  

w ith no predato r n es tin g  nearby. Likewise, the presence of another 

spec ies  m i^ t  e l i c i t  a g re a te r  (o r le s s e r )  in tra s p e c if ic  aggression , 

thus in d ir e c t ly  in fluencing  p ro d u c tiv ity . P redation by o ther g u lls  and 

cannibalism  are the  major m o rta lity  fa c to rs  on g u ll colonies (Paynter 

1949» Vermeer 1963,1970). Cody ( 1968a) i s  even stronger in  h is  wording: 

"P redation  i s  th e  s in g le  g re a te s t cause of reproductive f a i lu re  in  

b ird s ,"  In  the above s tu d ie s , an average of 4&/a of th e  eggs were ob

served to  f led g e . Reproductive success likew ise is  influenced  by the 

p redation  on chicks by other species and by g u lls  ( Paynter 1949» Vermeer

1963, 1970) .  Also, lik e  a l l  ground-nesting sp ec ie s, the  g u lls  are
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continuously th rea tened  by o ther p redato rs of a l l  s o r ts —coyotes, w easels, 

snakes, and humans. Ju st the  presence of a predator on the  colony d is 

tu rb s  the  g u lls  and in creases m o rta lity  (Hunt 1972, P ra tt 1970, Vermeer

1963, 1970) .

In o ther comj>arative s tu d ie s  on various sp ec ie s , in te r s p e c if ic  

aggression has not always been an im portant fa c to r  in  the behavior rep

e r to i r e  (Carpenter 1952, Drury 196I ,  Jaeger 1972, Morse 1970, Orians 

and C o llie r  1963, Root I964, Selander and C il le r  1959, Smith 1967) .  The 

explanation  fo r th i s  may be th a t e i th e r  the  2 species do not e l i c i t  ag

gression  in  each o ther because th e i r  behaviors are so d if fe re n t o r be

cause they  p a r t i t io n  the  environment so w ell and are segregated 

s p a t ia l ly  or tem porally .

Where aggression  i s  shown, i t  can be fo r  a v a r ie ty  of reasons.

The 1 species may be recognized as a  predator and evoke a ty p ic a l a n t i

p redator re a c tio n . The aggression  a lso  simply may be a  response to  a 

com petitor e sp e c ia lly  i f  th e  h a b ita t  is  not w ell segregated . Also each 

species may look so s im ila r  to  th e  o ther th a t they e l i c i t  s im ila r  in t r a -  

sp e c if ic  responses (Brown I966, Catchpole 1972, Dixon 1954, Legg and 

P ite lk a  1956, Ligon I968, Minock 1972, Orians and C o llie r  1963, Rohwer 

1973, Wiens I969) .  In te r s p e c if ic  t e r r i t o r i a l i t y  i s  expected w ith an ab

sence of s u f f ic ie n t  eco lo g ica l divergence (Orians and C o llie r  I963) .  I f  

the 2 species are com patible, s e le c tio n  should elim inate  in te r s p e c if ic  

aggression  (Orians and C o llie r  1963). In te rs p e c if ic  t e r r i t o r i a l i t y  is  

a u se le ss  expenditure of energy according to  Oi'ians and Korn ( 1969) .

The r e la t iv e  abundance of each species a lso  may in fluence in te r 

sp e c if ic  aggression . However, P a tte rso n  ( I 965) b e liev es  th a t  aggression
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i t s e l f  can influence the spacing in s tead  of the  spacing in fluencing  the 

aggression . In f a c t ,  o ften  the aggression  of 1 species i s  so g rea t th a t  

i t  com pletely excludes the  o ther from breeding  in  th a t  area  (P ite lk a

1951) .

HSFRODÜCîTïE SUCCESS

One of the more important outcomes of a study such as th i s  i s  a 

comparison of p ro d u c tiv ity  of each of the co lo n ies . From th is  comparison 

can be obtained a measure of what in fluences each species has on the re 

productive success of the o th e r. Other s tu d ie s  have determined f a i r l y  

accu ra te ly  the  causal fa c to rs  of reproductive success from the data  

gathered on s p a t ia l  and temporal d is tr ib u t io n ,  vegeta tion  cover, food 

and fo rag ing  h a b i ts ,  and in te r s p e c if ic  in te ra c tio n s  of various species 

(Crowell 1968, Jaeger 1972, Legg and P ite lk a  I956, Maher I962) .

Brown ( 1967b), in  a comparative breed ing  b io logy  study on H erring 

and Lesser Black-backed (Larus a rg en ta tu s  and L. fu seu s) G ulls, noted 

th a t  breeding success was p o s itiv e ly  c o rre la te d  w ith vegeta tion  cover. 

Burger ( 1967) found th a t th e re  was g re a te r  n es tin g  d ensity  w ith more 

v eg e ta tio n  cover. Spacing, d en s ity , and colony placement in  the  h a b ita t 

likew ise in fluence p ro d u c tiv ity  in  many o ther species (Legg and P ite lk a  

1956, P a tte rson  1965, Tenaza 1971)•

The date of nesting  i s  an im portant fa c to r  in  successfu l breed

ing  (Brown 1967b , Maher I962, P a tterson  1949) as i s  previous breeding 

experience (Coulson and White I96I ) .  For many sp ec ie s , c lu tch  s iz e  is  

sm allest and breeding success is  le a s t  i f  eggs are  la id  a t  the end of 

the  nestin g  period . E arly  eggs have a g re a te r  chance of fledg ing  than
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la te  eggs in  most of these  s tu d ie s ,  hut le ss  chance than  eggs la id  in  the 

middle of the  breeding cy c le . Weather i s  another fa c to r  in flu en c in g  pro

d u c tiv ity  (Nelson 1966, P ra tt 1970, Seel 1969) .  Ernien (1976) s ta te s  th a t 

fo r  co lo n ia l b ird s ,  synchrony in  n estin g  is  probably more im portant than 

a c tu a l date of lay in g .

In  summary, th i s  study describes the breeding  b io logy , tim ing  of 

reproductive a c t i v i t i e s ,  and behavior of C a lifo rn ia  and R ing^b illed  G ulls. 

I t  compares th e i r  feeding  and n es tin g  n iches, and analyzes any d if f e r 

ences in  reproductive success of the  2 species on sev era l co lo n ies .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I I  

BREEDING BIOLOGY AND BEHAVIOR 

INTRODUCTION

No general d e sc rip tio n  has been made o f the breeding  b io logy  and 

behavior of C a lifo rn ia  and R in g -b illed  Gulls in  Montana. Many of the 

s tu d ie s  o f the breeding b io logy  of g u lls  have involved Old World g u lls  

(Beer I965, Brown 1967a b , Lack 1968, P a tte rso n  1969, Paynter 1949; 

Tinbergen 1953). The m ajo rity  of th e  research  on New World g u lls  has in 

volved the  c o a s ta l breeding g u lls  only ( e .g .  Brown, e t 1967, Cullen 

1957, Maunder 1972, Snow and Snow 1968, T h re fa ll 1968) .  None of these  

s tu d ie s  e lab o ra te s  on the way the  2 species d iv ide up the  h a b ita t  a t  the

onset of th e  breeding  season upon a r r iv a l  on the  colony.

MATERIALS AND METHODS

I observed the b ird s  from a 10-foot tower on th e  Freezeout Lake 

P en insu la , from a b lin d  on th e  Arod Lake I s la n d , or from a canoe a t  the 

Freezeout Lake Is la n d  and a t  Arod Lake I s la n d . In  1973 I  obtained pre

lim inary  observations from a  b lin d  a t  Freezeout P en insu la  and Arod

Is la n d , in te rm itte n t ly ,  from 20 A pril u n t i l  13 M y, and recorded data  

fo r  approxim ately 4 hours a  day. Later in  th e  season, from 14 June u n t i l  

8 August, I  obtained da ta  on behavior and b reed ing  bio logy mainly from 

the Freezeout P en insu la  colony during 10-12 hour observation  sessio n s in  

the  b lin d  each day. T otal observation  days were 28 a t Freezeout and 6 

a t  Arod.
13
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In  1974 I observed g u lls  on and sometimes away from the colonies 

from 21 March through 3 August. I observed them from 2 to  8 (average = 4 ) 

hours per day. In 1975 I p rim arily  observed the  colony a t Arod from 28 

March through 1 June. Four days of th i s  time period I spent a t Freezeout 

B sninsula and Freezeout Is la n d . The observation  sessions averaged 4 

hours each. Types of data  recorded during a l l  the observation sessions 

were: tim es of a r r i v a l , nest co n s tru c tio n , egg lay ing , chick hatch ing  

and f led g in g . In  a d d itio n , I recorded d esc rip tiv e  data on a l l  ag o n is tic  

encounters ( i n t e r -  and in t r a s p e c if ic )  during a l l  phases of the breeding 

c y c le .

CHRONOLOGY OF BREEDING BIOLOGY

G ulls of the  same species a r r iv e  on the Montana colonies w ith in  

a  day of each o ther (Table 2 -1 ) . The various s tages of th e i r  repro

ductive sequence a lso  are s im ila r  in  tim e. The fa c to r  th a t  influences 

th e  tim ing  of the  cycle i s  the  date of a r r iv a l .  I t  is  not known what 

in flu en ces  t h i s ,  bu t weather may be an im portant fa c to r .  A rriva l times 

on the  colony d i f f e r  from year to  y ea r . They can vary over approxim

a te ly  a 2-week period  from one year to  the  n e x t. Once the  breeding se

quence has been s ta r te d  on the  colonies i t  can be delayed, se t back, or 

even e n t i r e ly  d is ru p ted  or term inated  by storms or by severe disturbance 

(u su a lly  human) on the  colony.

The C a lifo rn ia  G ulls a r r iv e  on the  average 2 weeks (range: 11-

17 days) e a r l i e r  than  do th e  R in g -b illed  G ulls . This is  tru e  fo r  each 

colony s tu d ie d . S im ilar r e s u l t s  fo r  both  species have been obtained in  

Idaho and Canada (T rost personal communication, Vermeer 1970)»
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C alifo rn ia  Gulls construc t the f i r s t  n ests  approxim ately 5 weeks 

a f t e r  a r r iv a l  while the R in g -b illed  G ulls co nstruc t th e i r  n ests  a l i t t l e  

over 3 weeks a f te r  a r r iv a l .  For both sp ec ie s , the  f i r s t  eggs are  la id  a 

week a f te r  the n ests  are begun. Depending, perhaps, on the  f i r s t  a r r iv a l  

time of the g u lls ,  the period between a r r iv a l  time and egg lay ing  can be 

shortened . For C a lifo rn ia  Gulls th i s  period is  6-8 weeks; fo r  Ring

b i l l e d  Gulls i t  is  4-6 weeks.

The incubation time is  26-27 days fo r  both sp e c ie s . The f i r s t  

C a lifo rn ia  Gull chicks hatch 10-11 weeks a f te r  the  f i r s t  g u lls  a rr iv e  on 

the colony, while the  f i r s t  R ing -b illed  chicks hatch approxim ately 8 

weeks a f te r  the a r r iv a l  of the f i r s t  a d u l ts .

Thus, even though the  R in g -b illed  Gulls a r r iv e  l a t e r  than  the 

C a lifo rn ia  G ulls , they come in to  breeding synchrony w ith th e  l a t t e r  by 

decreasing  the  time between time of a r r iv a l  and co n stru c tio n  of the  

f i r s t  n e s t. This decrease in  time may be due to :  l )  the  fa c t th a t  they

are a lready  in  physio log ical synchrony w ith the  C a lifo rn ia  G ulls and are 

a t th e  same breeding  stage when they  a rr iv e  2 weeks la te r ,  or 2) the  ad

vanced breeding  s ta te  of the C a lifo rn ia  G ulls may somehow s tim u la te  or 

f a c i l i t a t e  the  reproductive cycle of the R in g -b illed  G ulls and acc e le r

a te  i t  so th a t  they  become synchronous, or 3) the  nest b u ild in g  may be 

tr ig g e re d  by the same environm ental c lues fo r  both sp ec ie s .

BEHAVICK DESCRIPTIONS

In  order to  understand the  behav ioral aspects  of comparative 

ecology, I  found i t  necessary  to  study postures of th e  g u l l s .  This en

abled me to  d is tin g u ish  between a g o n is t ic , sexual, and o ther s o r ts  of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 2

behaviors of the g u lls .  The a g o n is tic  and sexual behaviors are the im

portan t behaviors to  study fo r  in t r a -  and in te r s p e c if ic  comparisons with 

respect to  niche seg regation , I made observations, described the postures 

myself and then  reviewed T inbergen 's d e sc rip tio n  of postures of other 

species of g u lls .  The follow ing d esc rip tio n s  are mine with some m odifica

t io n  from Tinbergen (1953,1953).

There are 10 postures both C a lifo rn ia  and k in g -b ille d  Gulls 

assume in  a g o n is tic  and sexual encounters w ith o ther a d u lts . Both 

species a lso  ex liib it four a tta c k -c h a se s . These behaviors are described 

below. They are  the same fo r  both species except v;hen otherwise noted.

Forward

The Forward is  accompanied by 1 sharp v o c a liz a tio n , the ty p ic a l 

g u ll Long C a ll. The d is p la y 's  movement i s  d ire c te d  s tra ig h t  aliead and 

the g u ll has the neck elongated and the beak open, with the  body in c lin ed  

towards the h o rizo n ta l but not n early  as much as in  the Black-headed 

( Larus rid ibundus) G ull, fo r  in stance (Tinbergen 1953). The Forward i s  

one of the  low -th rea t d isp la y s . C onspecifics to  whom the Forward is  

d ire c te d  are not w ith in  1 to  2 m eters of the C a lifo rn ia  Gull or w ith in  

approxim ately 2 m eters of the  R in g -b illed  G ull. The Forv/ara is  d ire c te d  

e i th e r  a t a p o te n tia l t e r r i to r y  tre sp a s s e r  or a t  a t e r r i to r y  h o ld e r.

The Forward i s  sometimes followed by th re a t  d isp lays of g re a te r  in te n s i ty .  

Tinbergen (1953) describes th i s  low -threa t d isp lay  as one th a t stops the  

acc id en ta l in tru d e r .
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Oblique

In  the  Oblique, the body and head of the  g u ll are  a t  a 45° 

angle to  the  ground. The beak is  open and a Long Call i s  given. This 

is  a th re a t d isp lay  of h i ^ e r  in te n s ity  than the Forward because i t  is  

o ften  followed by a  h i ^ - t h r e a t  Down-Up d isp lay  or by a f ig l i t .  Likewise 

i t  is  used more o ften  when a conspecific  is  c lose to  th e  g u ll issu in g  

the Oblique. The Oblique a lso  can follow  a Downr-Up or a f ig h t .  I t  i s  

more common in  c a lifo rn ic u s  than  in  delaw arensis and i s  not p art of the 

Down-Up sequence as in  H erring (Larus a rg e n ta tu s ) Gulls (Tinbergen 1953)* 

The Oblique more o ften  is  d ire c te d  i n i t i a l l y  a t  a p o te n tia l t e r r i t o r y  

tre sp a s se r  than  a t a t e r r i to r y  h o ld e r.

Head Toss

The Head Toss is  p rim arily  a sexual d isp la y  by the  1 of a p a ir  

towards i t s  mate. Before copu la tio n , th e  female c i r c le s  the  male to ss in g  

her head back th re e  to  four tim es w ith the  beak c lo sed . The male in  l a t e r  

s tages of th e  mating cycle rep ea ts  t h i s .  The fem ale 's  Head Toss in  th i s  

sequence i s  follow ed by aggression  from the  male, chest pecking by the  

fem ale. Head Toss by e i th e r  sex , or copu la tion . In  th e  e a r ly  p a rt of the  

season th e re  is  more aggression  by the male. Some research e rs  c a l l  the  

Head Toss an appeasement d isp la y  because the female b ird  u su a lly  looks 

away from the  male and does not u t t e r  a c a l l  (Tinbergen 1953). Avoidance 

of eye con tact i s  a  c la s s ic a l  appeasement gesture (M arier and Hamilton 

1966) ,  Gulls d isp lay  the Head Toss outside of the  mating s i tu a t io n  a lso . 

I t  sometimes occurs a f te r  an "Anxiety U p r i^ t"  posture (Tinbergen 1958), 

and in  th i s  co n tex t, I  be lieve  i t  is  an anx ie ty  d isp la y , n e ith e r
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aggressive nor appeasing. The Head Toss o ften  occurs when another g u ll 

is  ju s t ou tside the t e r r i t o r y  or even a f t e r  an aggressive exchange.

Down-Up

Tht: jJown-Up can be broken in to  two components co n sis tin g  of a 

Head Toss w ith the beak open and a Long C a ll, and a Ghoking-Mew compon

en t w ith th e  head tucked to  the chest or even between the le g s . The 

Down-Up d if f e r s  in  form between R in g -b illed  and C a lifo rn ia  G ulls.

Head Toss (Throwback—Tinbergen). The Head Toss component of 

the  Down-Up is  s im ila r  to  th a t described  prev iously . However, the Long 

C all does occur. The R in g -b illed  Gull form of th i s  d isp lay  is  s im ila r 

to  the  sexual o r anx ie ty  Head Toss in  th a t  th e  to s s  is  repeated up to  6 

tim es w ith a  separate  Long C all v o c a liz a tio n  a t each to s s .  In  between 

to s s e s ,  the  head i s  placed in  i t s  normal h o rizo n ta l p o s itio n . The 

C a lifo rn ia  G u ll 's  Head Toss d i f f e r s  in  th a t  the  head remains in  the back 

extended p o s itio n  w ith up to  6 Long C alls  emanated a t  th i s  p o s itio n  and 

th en  a  re tu rn  to  th e  normal p o s itio n . A separate  to s s  i s  not in i t ia te d  

fo r  each v o c a liz a tio n .

Choking-Mew. The "down" segment of th e  Down-Up is  s im ila r  to  

th e  Mew described  by Tinbergen (1958). In  th e  mild Choking-Mew, the 

head is  thrown down on the  chest w ith th e  beak open, neck s t r a ig h t ,  and 

"mew" v o c a liz a tio n s  a re  em itted . In  th e  in tense  Mew the  head is  thrown 

down almost to  the  ground, o ften  between the  le g s , th e  beak i s  open, 

th e  neck i s  arched and up to  8 mew v o ca liza tio n s  are  em itted .
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The Down-Up is  a d isp lay  of high th re a t  and in te n s i ty .  I t  is  

em itted  by t e r r i to r y  owners or by o ffen siv e , not a c c id e n ta l, t e r r i to r y  

in tru d e rs . I t  is  a d isp lay  of "read iness to  a ttack "  and i s  o ften  followed 

by a tta c k  from the  b ird  who em itted  i t .  The Down-Up a lso  occurs a f te r  

f ig h ts  or chases and seems in  th i s  sense to  be a re a ffirm a tio n  of t e r r i 

to r i a l  ownership. In tense Down-Up d isp lays occur as d is tan ces  between 2

ad jacen t b ird s  decrease , and as aggressive d isp lays by o ther b ird s  in

crease .

Pre-A ttack

The Pre-A ttack d isp lay  is  an ex tension  of the  in tense  Hew and 

does not always lead  to  a tta c k  by the g u ll em ittin g  i t .  I t  i s  a d isp lay  

of high th r e a t .  The head is  lower than  the  body, h o r iz o n ta l, and facing

towards the opponent. The wings are  e i th e r  spread or the  ca rp a ls  are

positioned  forw ard. These are  both described  by Tinbergen (1953) as wing 

p o s itio n s  of high th r e a t .  E ith e r  the  a c tiv e  in tru d e r or the  t e r r i t o r i a l  

g u ll can d isp lay  the Pre-A ttack p ostu re .

Jabbing

Jabbing i s  not a posture but ra th e r  an ac tiv e  th re a te n in g  move

ment. The jabbing by R in g -b illed  and C a lifo rn ia  G ulls i s  s im ila r  to  

Jabbing in  o ther species of g u lls  (Moynihan 1955^11958a,1962, Tinbergen 

1953, 1958) .  Jabbing occurs when 2 b ird s  a re  w ith in  pecking d istance  of 

each o th e r. I t  i s  the  l a s t  in tense  d isp lay  used before an a c tu a l a t ta c k , 

but is  not necessary fo r  an a tta c k  to  occur. A Jabbing d isp lay  i s  sim

i l a r  to  the Pre-A ttack d isp lay  w ith respect to  p o s itio n  of the  head, 

neck, and wings of the b i rd .  The main d iffe ren ce  i s  th a t  Jabbing is  a
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moving d isp lay  while Pre-A ttack is  s ta t io n a ry . Jahhing sometimes follow s 

a Pre-A ttack d isp lay . The b ird  producing the  Jabbing d isp lay  snaps i t s  

beak open and shut in  a pecking-like motion but does not touch i t s  op

ponent. Tlie reac tio n  of the opponent i s  u su a lly  a Jabbing d isp lay  in  re 

tu rn .

A fter a s e r ie s  of jabbings ( l  to  5 s p a rs ) , the con fron ta tion  w ill 

e i th e r  e sca la te  or d is s ip a te .  U sually , and e sp e c ia lly  i f  the  g u lls  are 

on th e i r  n e s ts ,  i t  d is s ip a te s .  Probably due to  the energy used and the 

in te n s i ty  and high th re a t of the  Jabbing, the  b ird  cannot remain s ta 

tio n a ry . Jabbing is  seen more o ften  in  R in g -b illed  Gulls than in  

C a lifo rn ia  G u lls. This may stem in  p a rt from the g re a te r  n estin g  den

s i t y  of the  form er, because the  m ajo rity  of th e  Jabbing I observed oc

curred  while 2 adjacent g u lls  were s i t t i n g  on th e i r  n e s ts .

U sually 2 g u lls  in  the  colony w ill  never get w ith in  Jabbing 

d is tance  of each o th e r. Likewise, Jabbing is  u su a lly  an in tra s p e c if ic  

d isp la y . This may be due to  the  fa c t th a t  i t  is  o ften  more than  a 

th r e a t ;  i t  i s  a statem ent of purpose. Tinbergen (1958) puts i t  more 

su c c in c tly : " . . .  don 't a tta c k —i f  he i s  a ttacked  he w ill f ig h t back."

A f i ^ t  between a C alifo rn ia  and a R in g -b illed  Gull i s  not a balanced 

match. The C a lifo rn ia  Gull w ill  always win because of i t s  s iz e .  I f  a 

c a lifo rn ic u s  invades or gets too  close to  a delaw arensis ' t e r r i t o r y ,  the  

l a t t e r  in s tead  of Jabbing w ill  u su a lly  G rass-P u ll, a f a r  le s s  threatenr- 

ing  g e s tu re . Tinbergen (1958) describes a  d isp lay  of le s s  th r e a t :

" .  . . he i s  ready to  a t ta c k ."  The opposite s i tu a t io n ,  th a t of a Ring

b i l le d  G u ll 's  invading a C a lifo rn ia  G u ll 's  t e r r i t o r y ,  never or r a re ly  

happens. R in g -b illed  Gulls avoid a l l  C a lifo rn ia  Gull t e r r i t o r i e s  and
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nest in  th e i r  own t ig h t  subcolonies, never walking in  the a rea  of the 

C a lifo rn ia  Gull subcolony. The only possib le  v io la tio n  of c a l ifo rn ic u s * 

t e r r i t o r i e s  by delaw arensis occur on the ou tly ing  C a lifo rn ia  Gull t e r r i 

to r ie s  where they  are  positioned  in  the  areas th a t  con ta in  nests  of R ing

b i l le d  G ulls .

G rass-P u lling

G rass-P u lling  is  a d isp lay  of low th r e a t .  I t  occurs when a g u ll 

is  w ith in  1 to  2 m eters of another g u l l 's  t e r r i t o r y .  This d isp lay  inr- 

d ic a te s  th a t  the g u ll i s  ready to  a tta c k  but o ften  the  encounter term in

a te s  a t  th i s  p o in t. I f  th e  in tru d e r tre sp a sse s  near or onto the  G rass- 

P u llin g  g u l l 's  t e r r i t o r y ,  the  l a t t e r  w ill  a t ta c k . G rass-P u lling  i s  s e l f -  

exp lanato ry . The g u l l ,  while stand ing , reaches down w ith i t s  neck 

s tr a ig h t  and p u lls  out growing v eg e ta tio n  with i t s  beak. Two g u lls  in  

ad jacen t t e r r i t o r i e s  o ften  face each o the r and G rass-P u ll. Tinbergen 

( 1958) describes G rass-P u lling  as a  d isp la y  th a t  i s  combined w ith a c tu a l 

a tta c k  movements and th a t  displacem ent a c t iv i ty  is  superimposed on these  

a t ta c k  movements.

The h ighest aggression  was m anifested in  chases and f ig h ts .

These are  not d isp la y s , but a c tu a l con tact movements, u n like  the  o ther 

behaviors I  have describ ed . There were 3 le v e ls  of "chase" and 2 main 

kinds of f ig h t s .  Chases and f ig h ts  a re  u su a lly  in i t i a t e d  by th e  t e r r i 

t o r i a l  g u ll in  defense of th e  t e r r i t o r y .  The t e r r i t o r i a l  male w ill  

chase or f i ^ t  o ther g u l ls ;  t e r r i t o r i a l  females w ill  chase or f ig h t 

o the r fem ales.
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Run-Chase

The Run-Chase is  the chase movement w ith th e  lowest aggression  of 

the  chase sequences. The g u ll which is  Run-Chasing may lunge towards 

another in  an Oblique posture or i t  may run a d is tance  of up to  approx

im ately 10 m eters. Most chased g u lls  subsequently ran  or flew away from 

the a rea  th a t  the  aggressor was defending.

Run-Fly-Chase

The Run-Fly-Chase is  th e  middle lev e l of aggression  of the  chase 

sequences. Tb.e g u ll w ill  s t a r t  to  run a f t e r  the  tre sp a s s in g  g u ll but 

near the  end of th e  chase, i t s  fe e t leave the  ground and the  g u ll f l i e s  

low (1 m eter above the  ground) a t  the in tru d e r .

Ply-Chase

In  the  Fly-Chase postu re , the  t e r r i t o r i a l  g u ll f l i e s  a t  the 

tre s p a s s e r  im mediately, pecking a t  i t ,  le s s  o ften  h i t t in g  i t  w ith the 

f e e t .  This i s  the chase of h ighest aggression .

Ground F i ^ t s

A f ig h t occurs when a tre sp a ss in g  g u ll does not leave the  d is 

puted a rea  a f te r  numerous th re a ts  by the  t e r r i t o r i a l  g u l l .  These f ig h ts  

can be mild w ith the  in t ru d e r 's  leav ing  a f te r  a few pecks, or can be long 

and v io le n t .  Much pecking occurs and 1 g u ll u su a lly  attem pts to  grasp 

the o th e r 's  beak or sometimes a wing. At t h i s  p o in t , neighboring g u lls  

o ften  get in to  th e  f ig h t and peck a t the body or grab onto the t a i l  of 

the  g u ll th a t  i s  the  in tru d e r . Gulls sometimes h i t  each o ther w ith th e i r  

wings during th ese  f ig h ts .
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A eria l F ights

The a irsp ace  approxim ately 2 meters above a t e r r i t o r y  i s  a lso  de

fended. IJhen a g u ll v io la te s  th i s  a irsp a c e , the t e r r i t o r y  owner f l i e s  up 

and chases or e lse  f ig h ts  the  in tru d e r .  The a e r ia l  f ig h ts  u su a lly  con

s i s t  of h i t t i n g  w ith th e  wings. G ulls a re  sometimes pecked while in  the 

a i r  and occasionally  are  knocked down to  the ground. A erial f ig h ts  

m ainly take place during the  very onset of t e r r i t o r i a l  behav io r. Once 

t e r r i t o r i e s  were firm ly  e s ta b lish e d  and nests  were b u i l t ,  I r a re ly  observed 

th i s  behav ior.

From my observations I  learned  th a t  the  above postures were not 

as im portant as I  had th o u ^ t  in  in te r s p e c if ic  in te ra c t io n s .  Because of 

th e  fa c ts  th a t  the R in g -b illed  G ulls avoid C a lifo rn ia  Gulls and th a t  the 

2 segregate them selves from th e i r  congeners in  th e i r  own subco lon ies, the 

postu res were not s ig n if ic a n t  in  th e  s p a tia l  seg regation  of th e  nesting  

grounds.

BEHAVIORAL PROGRESSION: ARRIVAL ON THE COLONY 
THROUGH THE CHICK STA(S

A rriv a l on th e  Colony and T e rr i to ry  
C onstruction

The fo llow ing  d esc rip tio n s  are  from observations a t  Arod Lake 

on the  m ixed-species colony. However, th e  behaviors are  the  same as fo r 

o ther m ixed-species co lo n ie s .

The f i r s t  b ird s  to  a r r iv e  are  the  C a lifo rn ia  Gulls which f ly  back 

and fo r th  over the  colony and then  land on the  frozen lake or on the  in 

s u la r  colony i t s e l f .  I f  they  land  on the  is la n d , they  take f l ig h t  again
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im mediately, and e i th e r  f ly  hack and fo r th  or land on the  frozen  lake 

where they  congregate in  groups of 10 to  50 b ird s .

Two weeks a f te r  the f i r s t  b ird s  a r r iv e ,  the m ajority  of the  

C a lifo rn ia  Gulls th a t w ill nest a t  Arod have a rriv e d  and the f i r s t  of the 

R in g -b illed  Gulls are a r r iv in g . TTie R in g -b illed  Gulls a lso  f ly  over the 

colony upon a r r iv a l ,  landing only o ccasionally  on the is la n d  and a lso  

grouping on the ic e .

When the g u lls  land on the colony, they  remain segregated  by 

species on the  areas of the  colony where they  have been known to  nest 

b e fo re . These p re fe rred  areas fo r  each species are approxim ately in  the 

same lo c a tio n  from year to  y ear. The 2 species areas a re  a t opposite 

ends of th e  is la n d  from each o ther (F igures 2-1 through 2 -9 ). A 40-m eter 

p la teau  w ith l i t t l e  vegeta tion  separa tes th e  2 a re a s .

The m ajo rity  of g u lls  a l ig h t  on th e  d i s ta l  p a r ts  of each of the 

Bubcolony a re a s . Few descend near the  p la teau  and i f  th ey  do, th ey  leave 

qu ick ly . As the breeding season p rog resses, g u lls  begin  to  a r r iv e  in  

g re a te r  numbers and a lso  begin  to  remain on s i t e s  a longer tim e. Perhaps 

as a r e s u l t  of these  fa c to rs  which b rin g  about a more permanent crowding, 

th e  g u lls  begin to  exh ib it a g o n is tic  behavior towards each o th e r. Dis

plays of low t h r e a t , lik e  Forwards and O bliques, ty p ic a l t e r r i t o r i a l  be

h av io r, occur a t  th i s  tim e. The onset of t e r r i t o r i a l  behav ior, th e re fo re , 

commences approxim ately 2 to  3 weeks a f t e r  the  C a lifo rn ia  Gulls a r r iv e .

R ing -b illed  and C a lifo rn ia  Gulls a re  s t i l l  separated  by a g reat 

d is tance  (approxim ately 60 m eters) a t the onset of the  s e t t in g  up of 

t e r r i t o r i e s .  Yet the g u lls  are  not as crowded a t  th i s  time as they  w ill 

be l a t e r  on in  the  season. They d is tr ib u te  them selves in  a d en s ity
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grad ien t with the densest areas being those approxim ately I5 m eters from 

the  water but on the extreme ends of the is la n d . This gradien t arrange

ment suggests th a t the re  is  in tra s p e c if ic  a t t r a c t io n  and/or avoidance of 

the o ther sp ec ie s . Yet th e re  is  a lso  in tra sp e c if ic  com petition d isp e rs

ing them. Otherwise the d e n s it ie s  in  the p referred  areas would be high 

from the o u tse t.

R in g -b illed  Gulls never flew over or walked onto the C a lifo rn ia  

Gull a re a . C a lifo rn ia  Gulls o ften  flew low over the R in g -b illed  Gulls 

nearest to  the p la teau . A few C a lifo rn ia  Gulls a l i ^ t e d  on the Ring

b i l le d  side of the  p la teau . At f i r s t ,  these journeys were s im ila r  to  the 

a r r iv a ls  of a few weeks before in  th e i r  own subcolony. They landed, 

stayed no longer than  approxim ately 2 m inutes, and flew  o ff ag a in .

The only in te ra c tio n s  I  observed between the  2 species were on 

the  border between the 2 subco lon ies. The in te r -  and in tr a s p e c if ic  be

hav ior p a tte rn s  d if fe re d  in  in te n s i t i e s .  I t  has been s ta te d  before th a t 

C a lifo rn ia  Gulls are  more aggressive than the  R in g -b illed  Gulls (Koos 

personal communication, Vermeer 1970)» and th i s  was evident a t  th e  border 

a re a . The behavior of the  R in g -b illed  Gulls towards C a lifo rn ia  G ulls is  

one of avoidance. They faced away when C alifo rn ia  Gulls approached. I f  

the  C a lifo rn ia  Gulls approached too  c lo se ly , the  R ing -b illed  Gulls 

walked away from them. The behavior of the C a lifo rn ia  Gulls,however, 

could be described as dominance ra th e r  than  as overt aggression . They 

d id  not a c t iv e ly  seek out and pursue R in g -b illed  G u lls . Yet, i f  one 

approached too  c lo se ly  or showed ag o n is tic  behavior, the C a lifo rn ia  Gulls 

responded agg ress iv e ly , f i r s t  w ith d isp lay s , then  w ith a t ta c k s .  The ag

gression  by the  C a lifo rn ia  Gulls d irec ted  to  the  R in g -b illed  G ulls was
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not as in tense  as th a t  d irec ted  towards conspecifics  because of the avoid

ance behavior of the  R in g -b illed  G ulls . There was absence of any counter- 

aggressive behav ior. A conspecific  on the o ther hand would a t le a s t  give 

a d isp la y  of low th re a t in  response to  overt ag o n is tic  behavior.

In the  R in g -b illed  subcolony, ag o n is tic  d isp lays by conspecifics 

were met w ith ag o n is tic  d isp la y s . Thus, i t  is  not always the nature of 

the R ing^billed  Gull to  avoid possib le  aggressive encounters. This avoid

ance only occurs in  response to  a g o n is tic  behavior of the C a lifo rn ia  

G u lls . This cannot be explained by a f a i lu re  to  recognize the congener's 

behavior as ag o n is tic  because the behaviors of the 2 are very s im ila r , 

as in  a l l  g u l l s , and the  message cannot be m istaken.

A s e r ie s  of severe storms 2 | weeks a f te r  the  a r r iv a l  of the  f i r s t  

g u lls  in te r fe re d  w ith the  smooth t r a n s i t io n  from i n i t i a l  t e r r i to r y  con

s tru c t io n  to  mating. The g u lls ,  which had a lready  e s tab lish ed  t e r r i t o r i e s ,  

vacated  th e  colony during th e  2 weeks of storm s. Irflien they  re tu rn ed , 

the t e r r i t o r i e s  were not a l l  th e  same as they  had been previous to  the  

storm , and many of the g u lls  had s ta r te d  copu la ting . I  knew th a t the 

t e r r i t o r i e s  were d if fe re n t by the d if fe re n t d isp e rs io n  p a tte rn  of the 

b ird s  a f te r  the storm and by the  d if fe re n t p o s itio n in g  of a few c o lo r-  

marked g u l ls .

Incubation  and Chick Stage

In both sp ec ie s , both  sexes b u ild  the  nest and incubate the  eggs 

and brood th e  ch icks. The ag o n is tic  d isp lays described  prev iously  dim

in ish  in  in te n s i ty  and in  frequency once the t e r r i t o r i e s  are e s ta b lish e d . 

However, both  low- and h i ^ - t h r e a t  d isp lays s t i l l  occur th r o u ^  the  chick
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s ta g e . The a e r ia l  and ground f ig lits  found so o ften  during th e  e s ta b lis h 

ment of t e r r i t o r i e s  ra re ly  are  presen t then . During the  incubation  and 

th e  brooding s ta g e s , both ad u lts  a re  ra re ly  present to g e th e r a t the  nest 

during the  day. Tiiey a l te rn a te  food gathering  and incubating  or brooding. 

One of the p a ir  can be absent 20 minutes to  3 hours. The g ree tin g  d is 

plays of the 2 species when 1 ad u lt a rr iv e s  back a t the nest are s im ila r .  

The a rr iv in g  adu lt c a l ls  as i t  f l i e s  and nears the n e s t.  The s i t t i n g  

g u ll then becomes a l e r t  w ith i t s  neck s tra ig h t  and i t s  head h o riz o n ta lly  

in c lin e d , evidence th a t g u lls  can recognize in d iv id u a ls ' c a l l s .  B efore, 

or a t the  time the a r r iv in g  ad u lt lan d s, i t s  mate s tands up and gives 

sev e ra l Downr-Ups. Often th e se  are  th e  more in ten se  ty p e . This g u ll i s  

th en  jo ined in  i t s  Down-Up d isp la y  by th e  re tu rn in g  g u ll and they  o ften  

walk around th e i r  t e r r i t o r y  to g e th e r , g iv ing the  Down-Up c a l l .  Perhaps, 

th i s  is  a rea ff irm a tio n  of t e r r i t o r y  ownership.

When the  chicks are  3 days to  1 week o ld , bo th  paren ts food 

g a th e r, leav ing  th e  chicks unattended . Upon hearing  an alarm c a l l  from

other g u lls ,  a t  1 to  6 days of age the  chicks crouch in  th e  nest ; from

th e  age of 1 to  2 weeks th e  chicks run in to  th e  nearby v eg e ta tio n ; and

from 2 weeks on they  e i th e r  run to  the  water or remain where th ey  are

w ithout crouching.

From 3 days t o  a p p r o x im a te ly  3 w eek s, th e  c h ic k s  a re  most v u ln e r 

a b le  t o  p r e d a tio n  b y  o th e r  g u l l s .  They have become m ob ile  and r e a d i ly  

le a v e  th e  p r o te c t io n  o f  th e  n e s t  and i t s  su rro u n d in g  t e r r i t o r y .  Even  

t h o u ^  a d u lt s  are n o t a t t e n d in g  a n e s t , a n o th er  g u l l  w i l l  r a r e ly  e n te r  

t h a t  t e r r i t o r y  u n le s s  i t  i s  t o  e a t  th e  eg g s ( i f  any) p r e se n t and o n ly  

when th e r e  i s  a  m ajor d is tu r b a n c e  in  th e  c o lo n y . O ther more a g g r e s s iv e
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species (Moynihan 1955»1958a, Paludan 1951, Tinbergen 1958) e n te r  occupied 

t e r r i t o r i e s  and snatch chicks o ff  th e i r  n e s ts . The chicks from 3 days to  

3 weeks, besides being  mobile and thus unpro tec ted , are a lso  not la rg e  

enough to  f ig h t back e f fe c t iv e ly  i f  a tta ck e d . Many chicks a t  th i s  age 

are  k i l le d  by ad u lt g u lls .  From about 3 weeks on the  chicks peck or 

chase ad u lt g u lls  th a t begin to  a t ta c k  them, or even th a t  are  near th e i r  

t e r r i t o r y .

There i s  so c ia l f a c i l i t a t i o n  in  many of the  g u l ls ' a c t i v i t i e s ,  

a common phenomenon fo r  gregarious co lo n ia l b ird s .  One s o c ia l ly  f a c i l 

i ta te d  behavior th a t  occurs o ften  a t  the  chick stage is  c h ic k -k ill in g  

behav io r. Other ad u lt g u lls  o ften  w ill  seek out a nearby chick th a t  is  

being  a ttack e d  and w ill jo in  in  th e  a t ta c k . As i l l u s t r a t i o n ,  a t  one 

point I  observed a  chick th a t  wandered o ff  i t s  t e r r i t o r y  and which was 

chased in  a c irc u ito u s  route by a number of t e r r i t o r i a l  a d u l ts .  The 

chick found refuge under a bush away from any g u l l 's  t e r r i t o r y .  Five 

ad u lt g u lls  tra v e le d  up to  10 meters o ff  th e i r  t e r r i t o r i e s  to  the  bush 

and stood in  a r in g  around i t  ; and when the  chick f in a l ly  emerged, they  

k i l le d  i t  by pecking i t .  Young chicks are  sometimes ea ten  whole accord

ing to  Tinbergen (1953) a l th o u ^  I  never observed i t .

SUMARY

The C a lifo rn ia  Gulls a r r iv e  2 weeks in  advance of th e  Ring

b i l le d  G u lls . They e s ta b l is h  t e r r i t o r i e s  in  one a rea  of the  e n t ire  

colony. The R in g -b illed  G u lls , upon th e i r  a r r iv a l ,  a lig h t in  the u n f i l le d  

areas o f the colony, d is ta n t from th e  C a lifo rn ia  G u lls . There are  many 

a g o n is tic  in te ra c tio n s  which take place in t r a s p e c if ic a l ly  and which
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f u n c t io n  t o  m a in ta in  t e r r i t o r i e s .  H owever, th e r e  i s  l i t t l e  i n t e r s p e c i f i c  

c o n ta c t  and any th a t  o ccu rs  i s  u s u a l ly  an a v o id a n ce  b y  th e  K in g - b i l le d  

G u lls ,  O c c a s io n a lly  a g o n i s t i c  in t e r a c t io n s  ta k e  p la c e  b etw een  s p e c i e s ,  but 

th e y  a re  o f  sh o r t  d u r a t io n  and te r m in a te  b y  a v o id a n ce  o f  th e  C a l i f o r n ia  

G u ll b y  th e  R in g - b i l le d  G u ll .
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CHAPTER I I I  

COMPARISONS OP THE FEEDING NICHES 

INTRODUCTION

congeners th a t are  broadly sym patnc over a la rge  a re a , as 

are  the C a lifo rn ia  and R in g -b illed  G ulls, Larus c a lifo rn ic u s  and Larus 

d elaw arensis , o ften  have s im ila r  feeding n iches. They may forage in  

s im ila r  ecotopes and choose the same s o r ts  of prey item s. Because of 

th i s  s im i la r i ty ,  the  2 congeners have the  p o te n tia l to  compete in  lim ited  

forage areas or over lim ited  food item s. Most c lo se ly  re la te d  species 

avoid a c tiv e  com petition and are  able to  coex ist w ell by segregation  of 

the  feed ing  n iche. This is  e ffec ted  in  many ways. They can ea t d if 

fe ren t foods, forage in  d if fe re n t h a b i ta ts ,  or forage in  d if fe re n t ways.

FOOD NICHE

On the breeding grounds of many b ird  sp ec ie s , com petition fo r 

food fo r  the  young is  severe (Ashmole 1Ç‘68a, Dorward 1962, Lack I969) . 

According to  some re sea rch e rs , however, g u lls  may not compete fo r  food 

because they  are  omnivores and scavengers and food should always be 

abundant (Paynter 1949» W illis  1966) .  However, because resources are 

not in exhaustab le , th e re  i s  some lim it to  how s im ila r  the  2 species can 

be and s t i l l  c o e x is t . How much overlap in  the  feeding  niche w ill they  

to le ra te ?  The measure of the  overlap between 2 species w ith respect to  

th e  feeding  niche is  o ften  complex. Two in d iv iduals  in  the  same

45
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environment may fin d  d if fe re n t foods by forag ing  in  d if fe re n t ways, or 

may obta in  the same foods in  s l ig h t ly  d if fe re n t environments (Orians and 

Horn 1969)»

G ulls, lik e  most b ird s ,  are op p o rtu n istic  fe e d e rs , o ften  feeding 

in  la rge  m ultispecies groups. They are a lso  extreme g e n e ra lis ts ,  o ften  

ea tin g  non-b io tic  th ings such as a paper and s t r in g .  Yet, because they  

are  op p o rtu n istic  and probably are e a tin g  food items th a t are most abun

dant a t  the tim e, th e re  is  a  p o te n tia l of eco log ica l overlap and thus 

com petition .

HABITAT NICHE

Another way fo r  2 c lo se ly  re la te d  species to  avoid c o n f lic t  i s  to  

forage in  d if fe re n t h a b i ta ts .  They may divide up the  fo rag ing  h a b ita t 

according to  gross h a b ita t ty p e s , v egeta tion  ty p e s , forag ing  h e i s t s ,  or 

even sp e c if ic  p a rts  of the  p la n ts . Many s tu d ie s  have demonstrated th a t 

i f  2 species are  searching fo r  a p a r t ic u la r  h a b ita t type and not fo r  

sp e c if ic  food item s, they  may segregate  th e i r  food resources (A ustin  and 

Smith 1972, Cody 1968b , MacArthur and Levins I964, Schoener 1968b ,

8elander I966) .  Numerous o ther observations on h a b ita t seg regation  are 

s c a tte re d  throughout the eco lo g ica l and o rn ith o lo g ic a l l i t e r a tu r e .

Where g u lls  feed might be more im portant than  the  type or s ize  

of prey species e sp e c ia lly  since they  are  omnivorous. I f  th i s  is  t ru e ,  

then  th e  seg regation  of the  feeding  h a b ita t may be im portant in  le sse n r  

ing  or even e lim inating  any possib le  com petition between the 2 sp ec ie s . 

This segregation  can be p assive , a b ird  w ill  simply avoid an unsu itab le  

h a b i ta t ,  or a c t iv e , an avoidance of a h a b ita t when a member of the o ther
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species is  p re sen t. Lack of divergence in  e x p lo ita tio n  of the  feeding 

h a b ita t may simply mean th a t th e re  has been in s u f f ic ie n t time fo r  the 

b ird s  to  s h i f t ,  the  environment is  s t r u c tu ra l ly  simple and cannot be seg

regated , some o ther sp ec ie s , by i t s  behavior prevents divergence in  

c e r ta in  d ire c tio n s  or th a t divergence i s  not advantageous due to  some 

resource su rp lus ( Orians and W illson I964) .

MQRHiOLCOY AM) BEHAVIOR

Two s im ila r  species may forage in  the  same a rea  but due to  d if 

fe ren t s iz e s  of b i l l s ,  bod ies, or le g s , or to  d if fe re n t ways of fo rag ing , 

or to  dominance a t the forag ing  s i t e ,  th ey  may sample com pletely d if 

fe ren t s e ts  of th e  av a ilab le  prey population (A ustin  and Smith 1972,

Birch 1957, Dixon 1954» Dorward 1962, Drury and Smith 1968, Gibb I960, 

Kilham 1965, Ligon I968) .

I f  1 species i s  dominant on the  feeding  grounds, then  th e  o ther 

species may be excluded from feeding  in  the  same a re a . I f  i t  does feed 

when th e  o ther i s  p re se n t, i t  may keep a t a d is tance  and r e s t r i c t  i t 

s e l f  to  m arginal h a b i ta t .  A reduction  in  in te r s p e c if ic  co n tac t, a r e s u l t  

of a  behavior change, sometimes in  response to  dominance of the  o ther 

sp e c ie s , has been demonstrated in  various animals and is  1 method of re 

source seg regation  (A ustin and Smith 1972, Dixon 1954» Selander and 

G ille r  1959» W illis  I966) .

Two species may a lso  feed in  d if fe re n t ways due to  morphological 

d iffe ren ces  in  th e  feeding apparatus (A ustin and Smith 1972, Ashmole 

1970, Holmes and P ite lk a  I968, Newton 1967» Orians and Horn I969, Root 

1967» Selander I966) .  Tims, they  may experience no overlap a t  a l l  in
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t h e i r  fo rag in g . Many o ther s tu d ie s  have shown th a t morphological d if 

ferences preclude com petition and th a t  in  some cases these  d iffe re n ces  re

s u lt  from ch arac te r displacem ent (e .g . Ashmole 19?0> Brown and Wilson 1956» 

Catchpole 1972, D ilger 1956» Dixon 1954» P icken, a t  1968, Keast 1968, 

P ite lk a  1951» R ic k le ffs  1966, Soule and Stewart 1970» Tinkle and B allinger 

1972).

My research  o ffe rs  some concrete evidence which supports the 

hypothesis th a t  C a lifo rn ia  and R in g -h illed  G ulls are not the complete 

g e n e ra lis ts  they seem. In  f a c t ,  they  n ea tly  segregate the  feed ing  hab

i t a t  and tend  to  ea t d if fe re n t foods which they  gather in  s im ila r  ways.

MATERIAia AND METHODS

There are 2 major g u ll co lon ies a t Freeze out Lalce, 9*66 km north

west of F a i r f ie ld ,  Montana. One i s  a m ixed-peninsula colony of Ring

b i l l e d  and C a lifo rn ia  G u lls; the  o ther i s  an is la n d  colony of C a lifo rn ia  

G u lls . I  conducted a census of the  feed ing  h a b ita t of th e se  g u lls  during 

the  breeding  season of 1974 w hile the  g u lls  were feeding  th e i r  ch ick s .

Since the  adu lt g u lls  u su a lly  do not feed  on the  colony, and o ften  f ly  

g rea t d is tan ces  to  fo rage , I  drove in  concen tric  c i r c le s  1 km apart (as 

roads perm itted) around th e  c o lo n ie s . I  recorded a l l  observed g u lls  as to :  

sp e c ie s , whether f ly in g  or feed in g , d ire c tio n  of f l i g i t , gr-oss h a b ita t  where 

feed ing , feed ing  behav io r, d is tance  from the colony, and time and date ob

served . The choice of the  rad iu s  d is tance I  picked to  d rive  along each day 

followed no p a t te rn . Every 5 days, however, I  covered a l l  d is tan ces  up to  

65 km and a l l  d ire c tio n s  eq u a lly . I  divided the  a rea  surrounding the  co l

onies in to  4 quadrats and each quadrat in to  2 d is tance c la s s e s :  0-30 km
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and > 3 0  km. Every tr ip  I chose 1 of these 8 areas to  census. There were 

3 2  tr ip s with an average distance covered and time elapsed of 6 9 . 5  km and 

3 hours 4  minutes respectively. The foraging data only uses observations 

of gulls on the ground.

RESULTS

Foraging Distance

California and Ring-billed Gulls fed at varying distances from the 

colony (Figures 3-1» 3-2; Table 3-1)» The values are not continuous be

cause any gulls feeding between 2  concentric c irc les  were totaled for fin a l 

display as being the distance of the further radius from the colony center. 

Not a l l  peaks can be related to  ecological changes in the habitat. Large 

values at 6  km reflec t a c tiv ity  at the F a irfie ld  dump, while those at 30 

and 3 1  km reflec t presence of gu lls on 2 reservoirs. The peak between 9 

and 10 km for California Gulls represents feeding in a lake adjacent to  

Freezeout. The largest peaks re flec t no major ecological change in  the 

habitat. Gaps in the data may be from lack of roads. I also recorded gulls  

overhead as to  species, direction fly in g , where and when seen. These data 

are not included in  Figures 3-1 and 3-2 nor in  Table 3-1 (See Appendix).

There i s  a  s ig n if ic a n t d iffe re n c e  in  fo rag ing  d is tance  between Cal

ifo rn ia  and R in g -b illed  G ulls (Jlann-HhitneyU t e s t , p < 0.001, Table 3 -1 , and 

Appendix). This s ig n ifican ce  a ls o  ho lds when th e  d is tan ces  foraged are  

ccanpared by h a b ita t  ty p e : i r r ig a te d  farm land, p < 0.069; dryland fann

in g , p < 0 .001. In th i s  comparison, i t  appears th a t  th e  R ing= billed  

G ulls feed  a t  a  g re a te r  mean d is tan ce  in  th e  i r r ig a te d  farmland th an  

do the  C a lifo rn ia  G u lls . Of th e  t o t a l  number of a l l  C a lifo rn ia  G ulls
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TABLE 3-1

Numbers of Gulls Feeding at Different Distances 
From the Colony and in Different Types of Farmland

Kilometers 
from Colony 

Center

Larue c a lifo rn ic u s Larus delaw arensis
I r r ig a te d Dryland Total I r r ig a te d Dryland Total

1 11 _ _ _ 11 _

2 — 1 1 11 — 11
3 4 1 !■- 4 — —

4 5 — — 5 100 100
5 18 mmmmm 18 16 ------- 16
6 3 18 21 116 37 153
7 3 5 8 53 53
8 — 1 1 — —

9 1 25 26 —— — -------

10 13 10 23 338 — 338
11 7 7 — — —

12 25 25 68 68
13 12 188 200 113 11 124
14 4 — 4 45 — 45
15 — 3 3 8 9 17
16 — 1 1 — — —
18 ——— 1 1 — ..—

19 8 95 103 50 —— 50
20 82 82 —
21 3 1 4 — —— ......

22 —— 15 15 — — -------

23 — 3 3 — —

24 — — — - — — — 1 1
29 — 6 6 — — —

30 ■ 38 38 — 1 6 16
31 — 67 67 — 37 37
36 — 3 3 — ' - —

37 " 9 9 — — — ——

44 — 1 1 — — —

51 — 1 1 — ■ —

53 — 1 1 — — —

54 — 1 1 — — —

61 — 1 1 —— — —

T otals 92 602 694 850 179 1029
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s ig h te d , 495'a were on th e  ground feed ing ; of the to t a l  number of a l l  Ring

b i l l e d  Gulls s ig h te d , 87/o were on th e  ground feed ing .

Foraging D irec tion

C a lifo rn ia  and R in g -b illed  G ulls feed in  d if fe re n t h a b i ta ts .  I f  

th e  a rea  Surrounding the co lonies is  d iv ided  in to  4 quadrats w ith magnetic 

north  on the v e r t ic a l  a x is ,  and th e  colony cen te r as the o r ig in , an in 

te re s t in g  d is tr ib u t io n  develops. Each species has i t s  own p a tte rn  of 

d is tr ib u t io n  (F igures 3-3A, 3-3B, 3-4A, 3-4B, 3 -5 )« kost C a lifo rn ia  G ulls 

feed in  the  southw estern a rea  from the colony while most K ing -b illed  Gulls 

feed  in  the  area  n o rtheast of the  colony. Both o f these  d is tr ib u t io n  

p a tte rn s  were s ig n if ic a n t ly  d if fe re n t  from an equal d is tr ib u t io n  w ith
2

p < 0.001 (d f  = 3) and p <  0.001 (d f  = 3) re sp e c tiv e ly . A contingency X
2

te s t  among th e  4 quadrats and between the  2 species y ie lded  a X of 1000.3, 

p 0.001 (d f  = 3 ) .  The g u lls  included in  th i s  comparison were only g u lls  

th a t  were feed ing . This is  im portant to  note because a g u ll seen f ly in g  

in  the  southwest quad ra t, fo r  in s ta n c e , 3 k ilom eters from the  colony 

c e n te r , may a c tu a lly  be making a b ig  c i r c le  and end up feed ing  in  th e  

sou theast quadrat.

H ab ita t Segregation

The h a b ita t  around Freezeout Lake can be g ro ssly  d iv ided  in to  

i r r ig a te d  and dryland farming a rea s  (Table 3 -2 , F igures 3-6 , 3 -7 )« Vihen 

th i s  farming p a tte rn  i s  la id  over th e  a rra y  of g u ll feeding a re a s , a 

s tro n g  c o rre la tio n  between species and farm ing method becomes ev id en t. 

R in g -b ille d  Gulls mainly choose i r r ig a te d  farming areas in  which to  feed ;
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9NIG33J 81109

fO
o
<
D
a

— <£) 
cvl'O 
«Oflo

«CM
ûo*^

-ss
- 9 !
—CD

To
o
cvl

M i l l  n 1 1o o o o o o o oo
(D (D 4- (V! o CD (0 ĈVI
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FREEZEOUT LAKE 1974
NUMBER OF GULLS FEEDING
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table 3-2

Gross Habitat Segregation,
Larus californicus and Larus delawarensis 

Freezeout Lake, 1974

61

Species
uonTingency Table

Irrigated Dryland Total

Larus californicus 92 602 6 9 4

Larus delawarensis 850 179 1029

Total 942 781 1723

i r  = 804.31 p < 0.001

TABLE 3-4

Association Table:
Number of Food Items in  Common

Larus delawarensis 
+ -

Total

+ 15 10 25
Larus californicus

- 3 0 3

Total 18 10 28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6 2

TABLE 3-3

Stomach Contents of 71 C a lifo rn ia  and 25 R ing-B illed  G ulls '

Larus c a lifo rn ic u s Larus delaw arensis
Prey Items A VI Frequency of Frequency of

4fVUIi1/VA Occurrence ULOWUO* Occurrence

O ligochaeta 3 0.011 8 0.082
Crustacea 1 0.004 1 0,010
O rthoptera

G ryllidae 6 0 . 02O 0.028 1 0 . 051) 0.133A crididae 2 0 . 007J 8 0.082
Ephemerida 1 0.004 0 0
Odonata 4 0.014 0 0
Homoptera 3 0.011 0 0
Hemiptera

Corixidae 14 0.0501 0 0 1
Notonectidae 1 0 . 004) 0.058 0 0 0
Gerridae 1 0 . 004^ 0 0 J

Coleoptera
Carabidae 22 0 . 078^ 8 0 .0 8 ^ \
E la te rid ae 0 0 1 1 0.010
Tenebrionidae 2 0 . 007 '>0.142 3 0.031 \ 0.204
Scarabaeidae 12 0.043 2 0.020
Curculionidae

Lepidoptera
4 0.014

J
6 0.061

Pbalaenidae 3 0.011 2 0.020
( la rv a l)

D iptera
Tabanidae 0 0 A 2 0.020)
Tipulidae 2 0 . 0071 0.053

0 0 0.061Chironomidae 6 0.021 0 0
Muscidae 7 0.025 4 0.041 J

Hymenoptera J J
Formicidae 1 0.004 0 0

Amphibia 7 0 .0 2 f 0 0 1
Aves
Mammalia

3
0

0.011
0 0.146 1

2
0.010
0.020 ^0.050

Unknown V ertebrate 31 0.110, 2 0.020 )
Vegetation^ 60 0.211 25 0 . 255"
G rit 71 0.251 15 0.153
Debris® 15 0.052 3 0.032

Total 282 1,000 98 1.000

^Bata from R. R othw eiler, unpublished M aster's  th e s i s .

^Wheat and b a rle y  kerne ls  and stem s.

^Garbage* meat, chicken fragm ents; wood; s t ic k s ;  f r u i t  p i t s ;  paper; 
c lo th .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

C alifo rn ia  Gulls mainly choose dryland farming areas in  which to  feed 

(contingency = 8O4 . 3I ,  p <  0 .001).

Food Segregation

I did not c o lle c t stomach con ten ts during th is  p ro je c t . However, 

Robert A. Rothw eiler c o lle c te d  stomachs of yG g u lls  a t Freezeout Lake in  

1953 and 1959* With h is  perm ission, I  analyzed the da ta  to  see i f  th e re  

were any d iffe re n ces  in  the  types of food th e  C a lifo rn ia  and R in g -b illed  

Gulls were e a tin g . The data  are  d isplayed in  Table 3-3 and Table 3-4»

I compared ca teg o ries  w ith the  g re a te s t d iffe re n ces  and found 

th a t  C a lifo rn ia  Gulls consumed more v e r te b ra te s , hem iptera and g r i t  than 

d id  R ing^b illed  G ulls whereas the  l a t t e r  consumed more o rth o p te ra , o l i -  

gochaetes, and co leop tera  th an  d id  th e  form er.

Behavior

I  observed g u lls  o f both  species feeding  in  the same way and 

s ide by s id e . As they  walk, they  pick up food from the su b s tra te  w ith 

t h e i r  beaks. They remain on a  feeding  area from a few seconds to  over 

an hour. I  more o ften  observed g u lls  in  monospecific groups feed ing  in  

g ro ssly  d if fe re n t h a b i ta ts ,  the  C a lifo rn ia  Gulls in  the  dryland a re a s , 

th e  R ing^billed  Gulls in  the  i r r ig a te d  a re a s . Even in  th ese  w idely d if 

fe re n t a re a s , they  were s t i l l  feeding  in  s im ila r  ways. The main d i f f e r 

ence was the  amount of time each spent in  the  a re a . A lth o u ^  exact tim es 

of a r r iv a l  and departure are  not a v a ila b le , from my observations I  can 

say th a t in  th e  i r r ig a te d  areas  (where th e re  was probably more food) the  

g u lls  remained lo n g e st. In  th e  dryland a re a s , the g u lls  would o ften
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touch down fo r  up to  approxim ately 10 m inutes, e sp e c ia lly  on road k i l l s ,  

and then  f ly  away from th a t v ic in i ty .

In  ad d itio n  to  forag ing  in  s im ila r  ways when in  the same h a b i ta t ,  

the  2 species a lso  showed no in te r -  or in tr a s p e c if ic  aggression  while 

feed ing . This was tru e  even when they fed  in  mixed or monospecific 

groups, o ften  in  la rge  numbers (over 100), and in  temporary sources of 

superabundant food such as behind a plow or a t  dumps.

DISCUSSION

C alifo rn ia  and R in g -b illed  G ulls are omnivores, and are 2 of the 

few species of g u lls  which breed in lan d . They have the  p o te n tia l to  

come in to  eco lo g ica l com petition although W illis  ( 1966) and o thers 

(Orians and Horn 1969, Paynter 1949) say th a t  food i s  not l im itin g  to  

b ird s  during  th e  breeding season. B irds u su a lly  breed when the  vegeta

t io n ,  emergent in s e c ts ,  and o ther prey items are  a lso  reproducing, and 

the food a t  th i s  time is  g en e ra lly  abundant. Even i f  food is  not a 

l im it in g  fa c to r  to  these  g u lls ,  i t  i s  n e c e ssa r ily  im portant fo r  chick 

su rv iv a l and u ltim a te ly  fo r  the propagation of th e  sp e c ie s .

The p o te n tia l fo r com petition may e x is t  or have e x is ted  a t some 

time in  the past fo r  these 2 sp ec ie s , or perhaps they  never competed 

because they  feed in  d if fe re n t a re a s . They segregate the  fo rag ing  habi

t a t  by ecotope, d is ta n ce , d ire c tio n  from the  colony, and food ty p e s .

Also, th e re  is  l i t t l e  in te i^  or in t ra s p e c if ic  aggression  among or w ith in  

the  2 species a t  the  feeding a re a s . This seems to  be a s trong  argument 

again st the  past or present ex istence  of com petition.
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MoriAiological D ifferences

Other s tu d ie s  have shown th a t  C a lifo rn ia  Gulls are only about 

1.14 tim es la rg e r  in  length  than  R in g -b illed  Gulls of the same sex 

(Davis 1925) (Tables 3~5i 3 -6 ) . In  th i s  same study, Davis found th a t 

males were approxim ately I .07 tim es la rg e r  than  females of the same 

sp e c ie s . He s ta te d  th a t  th e re  was much v a r ia tio n  among the b ird s .  Be

cause Davis had a lread y  made a l l  the  comparative length  measurements 

between the 2 sp ec ie s , I made no morphological measurements on the  g u lls  

a t  F reezeou t. Many au thors attem pt to  c o rre la te  d iffe ren ce  in  b i l l  

leng th  with eco log ica l seg regation  of the food n iche. I t  is  d i f f i c u l t ,  

i f  not im possib le, to  ex tra p o la te  from other data in  o ther geographic 

a re a s ,  or even in  o ther years fo r  Freezeout because populations vary 

over d is tance  and tim e. T herefore, i t  would probably not lend much in 

s i s t  in to  the  problem of ch a ra c te r  d iffe ren ces  between the  2 species i f  

I  were to  use data  from colonies o the r than  Freezeout.

Furtherm ore, various au thors s ta te  th a t too  much emphasis has 

been placed on beak s iz e  d iffe re n ces  in  eco log ica l comparisons (Hespenr- 

heide 19711 Schoener I965) ;  and Lack (1949) s ta te d  th a t  the  adaptive 

s ig n if ican ce  of beak s ize  d iffe re n ces  is  hard to  determ ine. The d i

vergence, i f  any, between th ese  2 species took place long before the 

c u ltiv a te d  land e x is te d  in  which these  b ird s  now feed .

Absolute morphological comparisons among b ird  species are a t  

tim es d i f f i c u l t  i f  not im possible to  analyze depending on the niche 

w idths of th e  congeners. I f  th e  niches are wide as in  g u lls ,  th e re  w ill  

o ften  be g rea t m orphological v a r ia tio n  with respect to  b i l l ,  ta rsu s  and 

body s ize  (Soule and Stewart 1970). Absence of ch arac ter displacement
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Length of

TABLE 3-5

Hiysical Comparisons of Ring-Billed 
and California Oulls^

Larus delawarensia Larus ca liforn ieus
Appendage n = 13 n = 10 n = 13 n =  10

Wing 347-392 
X = 377.1

335-370 
X = 355.0

3 8 3 - 4 1 5
I  = 398.8

368-395 
X = 384.2

Tail 140-162
X = 148.7

134-149
X = 140.6

150-162 
X = 156,1

150-155
X = 152.2

Tarsus 54-62
X = 57.9

_ 52-58 
X = 54.6

_ 57-63 
X = 60,6

53-60
X = 56.7

Toe (w/o claw) 36—42 
X = 39.5

35-40 
X = 37.3

46-52 
X = 49.0

43-49 
X = 45.7

Culmen 39-46 
X = 42.4

36-43 
X = 38.8

45-56 
X = 50.0

42-49
X = 46.1

B ill  at Base 12-16 
X = 13.6

12-15 
X = 12.9

15-18 
X = 16.3

13-16 
X = 14.7

B ill  at Angle 13-16 
X = 14.0

12-14 
1 = 12.9

15-20 
X = 16.9

14-17
X = 15.4

^ o m  Davis ( 1925) .
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TABLE 3-6

R atios o f Fhysioal C h a ra c te r is tic s  
Within and Between Species

Length of 
Appendage

R atio 
Male: Female

Larus Larus

R atio
C alifo rn ia :R in g -B iiled  Gulls

dslaw arensis c a lifc rn ic u s

Wing 1.06 1.04 1.07

T ail 1.06 1.03 1.07

Tarsus 1.06 1.07 1.04

Toe (w/o claw) 1.06 1.07 1.23

Culmen 1.09 1.08 1.18

B i l l  a t  Base 1.05 1.11 1.17

B i l l  a t  Angle 1.09 1.10 1.20

O verall
Mean 1.07 1.07 1.14
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in  the a rea  of overlap , though, does not n ece ssa rily  mean the  2 species 

a re  not competing (Ashmole 1968b ) .

Behavior

Some symp a tr ie  congeners have developed d iffe ren ces  in  foraging  

techn ique , seg reg a tin g  the food niche and avoiding com petition . By ob

ta in in g  th e i r  food in  d if fe re n t ways, fo r  example probing versus g lean ing , 

they  sample d if fe re n t prey taxa  or prey of d if fe re n t  s iz e s  without per

haps s e le c tin g  the  prey item per se but ra th e r  ob ta in ing  d if fe re n t items 

because these  items occur in  d if fe re n t m icrohab ita ts  (Selander I966,

Selander and G il le r  I956) .  There comes a p o in t, however, when i t  is  

d i f f i c u l t  to  say whether th e  animal i s  seg regating  the  forag ing  niche 

v ia  i t s  behavior or whether i t  is  seg reg a tin g  i t  v ia  d if fe re n t h a b ita t 

s e le c t io n . Newton ( 1967) ,  fo r  in s ta n ce , c i te s  behavior of d iffe re n ces  

o f a e r ia l  versus ground feed ing , what I would c a l l  h a b ita t  d iffe re n c e s .

The most in te re s t in g  behavior in  the fo rag ing  niche is  th a t  of 

overt aggression  between congeners while feed ing . This i s  an energy- 

w asting behavior and should have been e lim inated  from the  population  in  

most cases i f  indeed i t  had ever been present (Orians and W illson 1964).

I  never observed th i s  behavior in  g u l ls .  Yet, th e re  are some observations 

fo r  o ther spec ies  of in te r s p e c if ic  aggression  during forag ing  (Ashmole 

1966a ,  Selander and G ille r  1959)* However, th i s  observed aggression  is  

from b ird s  which feed on the  n es tin g  t e r r i t o r y ,  q u ite  a d if fe re n t s i tu a 

t io n  from g u lls .
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H abita t Segregation

By f a r ,  the commonest means of eco log ica l is o la t io n  between 2 

species i s  by d iffe ren ces  in  h a b i ta ts .  There are numerous examples of 

seg regation  of the fo rag ing  h a b ita t  among the eco log ica l l i t e r a tu r e  ( e .g .  

A ustin  and Smith 1972, Cody 1968a , HacArthur I968, Morse 1972, Sheldon

1972, S n e llin g  I968) .  This h a b ita t  segregation  can even be m icrohabitat 

o rien ted  such as liz a rd s  in  Bimini which choose d if fe re n t s ize  branches 

(Selander I966) or w arblers which forage in  d if fe re n t areas of tre e s  

(KacArthur 1958).

Space o ften  i s  more e a s i ly  d ivided up than  i s  food presumably 

because prey items a re  so ephemeral or f lu c tu a tin g  (Hespendeide 197l)« 

Some authors suggest comparisons of d if fe re n t d ire c tio n  the  b ird s  f ly  to  

and from the colonies in  order to  demonstrate h a b ita t seg regation  (Brown 

1967a , Hopkins 1972). For reasons a lready  mentioned, these  methods o ften  

provide erroneous d a ta . The physical a rea  where the  b ird s  a re  feeding 

of course a re  the im portant da ta  to  compare.

Not only d id  the  R in g -b ille d  and C a lifo rn ia  Gulls d iv ide the 

areas  w ith in  30 k ilom eters surrounding the  colony, th ey  a lso  segregated  

where th ey  fed  by d is tance  to  the fo rag ing  grounds and by th e  gross hab

i t a t  types o f fo rag ing  areas they  frequen ted . Other spec ies  a lso  ex

h ib i t  h a b ita t  seg reg a tio n , some on a f in e r  le v e l than  o thers  ( e .g .  Hunt

1973, KacArthur 1968, Schoener 1971a).

Gulls f ly  away from th e  colony in  order to  feed . Much of the 

a rea  surrounding the  co lonies is  an eco lo g ica lly  d is tu rb ed  a re a : cu l

t iv a te d  f ie ld s .  However, the g u lls  do not s a tu ra te  th e  a rea  immediately 

surrounding the  colony in  th e i r  feeding  fo ray s . They have been found
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feed ing  as f a r  away as 72.42 kms from the breeding grounds (Kothweiler 

1956, Vermeer I963) .  This may mean th a t although g u lls  are omnivorous 

and scavengers, the  areas in  which they feed may not have a high y ie ld  of 

food per u n it time e f fo r t  and thus the g u lls  may be forced to  feed over a 

w ider a rea  (Earner I968) .  The p re fe rred  food h a b ita ts  are very patchy. 

Often g u lls  are  seen follow ing a plow as i t  tu rn s  up the s o i l ,  or follow

ing mowers as they  cut g ra in , or feeding a t  dumps.

Of the  to t a l  number of a l l  C a lifo rn ia  Gulls s ig h ted , 49 / were on 

the ground feed ing ; of the  to t a l  of a l l  R in g -b illed  Gulls s ig h ted , 87/  

were on the ground feed ing . Therefore, a g re a te r  percentage of observed 

c a l i f o r n ieus were f ly in g  than  were delaw arensis. The a e r ia l  C a lifo rn ia  

G ulls were probably f ly in g  to  or from a feeding  a re a . Their feeding 

a rea s  were more d ispersed  than  those of the  R in g -b illed  G ulls, and thus 

i t  follow s th a t  I  would observe C a lifo rn ia  Gulls in  the  a i r  more than  I  

would observe R in g -b ille d  Gulls in  the a i r .

The observed sep a ra tio n  o f the g u lls  i s  what I  had expected 

given 2 congeners of d if fe re n t s iz e s .  The C a lifo rn ia  Gull i s  la rg e r  

than  th e  R in g -b ille d  Gull and i s  slower m aturing (Davis 1925, Dwight 

1925, Vermeer 1970). Cody ( 1968a) has shown th a t  chicks of seabirds 

th a t  a re  slow er m aturing are  not fed  as o ften  as those th a t mature 

q u ick ly . Pearson ( 1968) has shown th a t le s s  time i s  spent feeding 

la rg e r  chicks th an  sm all. However, he d id  not observe how much the g u lls  

fed th e  ch ick s . I f  C a lifo rn ia  G ulls do not feed th e i r  chicks as o ften  as do 

th e  R in g -b ille d  G ulls, then  they  can a ffo rd  to  go on longer feeding 

fo ray s .
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C alifo rn ia  Gulls are  la rg e r ,  th e re fo re  they  can consume la rg e r 

prey than can the  R in g -b illed  Gulls (Pearson I968) .  The feeding data  from 

Rothweiler support t h i s .  Large prey, i . e .  v e r te b ra te s , are mainly found 

fa r th e r  away from the colony. C ultivated  wheat f ie ld s  surround th e  colony 

fo r many k ilo m eters . The la rg e r  v e rte b ra te s  such as ground s q u ir re ls  are 

not as p le n tifu l in  these  f ie ld s  as they  are in  the open p r a i r ie .  Thus, 

the C a lifo rn ia  Gulls f ly  f a r th e r ,  and obta in  la rg e r  prey. Earthworms and 

in sec ts  are re a d ily  found in  the c u ltiv a te d  f ie ld s  around the colony. 

Probably not many v e rte b ra te s  liv e  th e re  t h o u ^ ,  because the major method 

of i r r ig a t io n  is  simply flood ing  the f ie ld s .  E igh ty -th ree  percent of the 

R in g -b illed  Gulls s igh ted  fed in  these  f ie ld s ,  and 87/  of the observed 

C a lifo rn ia  Gulls fed in  th e  dryland farming areas of p r a i r ie s .

Segregation of th e  Food Niche

I f  c lo se ly  re la te d  sympatric species are  to  r e ta in  sympatry or 

separate  species s ta tu s  they  must develop mechanisms to  avoid eco log ica l 

com petition. One such mechanism i s  to  feed on d if fe re n t so r ts  of food. 

Soule'and Stewart (19?0) argue ag a in st many in v e s tig a tio n s  involving com

parisons of d if fe re n t food ty p e s . They th in g  th a t such comparisons are 

an thropocen tric  because a b ird  may be segregating  food items v ia  a 

q u a lity  lik e  hardness ra th e r  than  by taxonomic category .

Table 3-3 shows the frequencies of occurrence of 28 d if fe re n t 

food items in  the  d ie t of C a lifo rn ia  and R in g -b illed  G ulls a t F reezeout.

In  g enera l, C a lifo rn ia  G ulls have a g rea te r  number taxonom ically , of 

items than  do the  R in g -b illed  G ulls . I  used a Shannon-Weiner H d iver

s i ty  index to  measure the d iv e rs i ty  of food sp ec ie s . This is  an
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inform ation content index or a measure of u n c e rta in ty . I t  y ie ld s  H' = 

2.435 fo r c a l i f o r n ieus and H' = 2.415 fo r delaw arensis , in d ica tin g  th a t 

the  d iv e rs i ty  of the 2 d ie ts ,  the  niche b read th , i s  approxim ately the 

same.

Ihe methods of overlap an a ly sis  I used were Schoener's (1970)

and S n e llin g 's  ( 1968) .  In Schoener's method: c^^ = overlap , p^^ =

proportion of ind iv iduals  of species i  with resource s ta te  j ;  p^^ =

proportion of species h with resource s ta te  j .  The formula is  =

l^i.i~^hi| and the c. . fo r  R in g -b illed  and C a lifo rn ia  Gulls w ith 
2

respect to  food type is  O.624O. In  S n e llin g 's  method: c = overlap ,

a ■ number of food items of C a lifo rn ia  G ulls, b = number of food items

of R in g -b illed  G ulls , and w = number of food items in  common. The fo r -  

2wmula is  c = —r  and c = O.7O fo r  th e  2 sp ec ie s , a+b

These 2 ind ices of overlap show th a t  th e  species have 70/ 

(S n e llin g  method) and 62.4/  (Schoener method eco log ica l food s im ila r i ty .  

A value from the a sso c ia tio n  ta b le  (Table 3-4) i s  1.87 ( p >  O.O5 ) in

d ic a tin g  th e re  i s  e s s e n tia l ly  no d iffe ren ce  between the 2 sp ec ie s .

Unlike some o ther sp ec ie s, these  congeners do not d i f f e r  s ig n if ic a n tly  

in  th e i r  d ie ts  yet they  s t i l l  l iv e  sym patrica lly .

The da ta  from Rothweiler a re  such th a t th ese  t e s t s  cannot be 

in te rp re te d  w ith much b io lo g ic a l meaning. He shot g u lls  only in  one 

a re a , on the  e a s te rn  shore of Freezeout Lake, and made no attem pt to  

determine where they  had been feed ing . As o thers have sa id  (Hespen^ 

heide 1971, Soule and Stewart 1970) taxonomic d iffe ren ces  in  the food 

an animal ea ts  do not re a l ly  exp la in  how an animal i s  seg regating  the 

food n iche. B irds e sp ec ia lly  are o p p o rtu n istic  fe e d e rs . C aloric values
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and especially  the frequency that the prey items occur in  the environment 

should also be investigated. These data then are just a b rief descrip

tiv e  sumary of niche breadth with respect to  food items of the 2 gull 

species.

Although Rothweiler obtained no prey sample from the environment,

I think i t  is  safe to  assume that the b io tic  d iversity vegetation is  le ss  

in the areas of extensive wheat monoculture than i t  is  in the prairies. 

Perhaps, because of th is  lim it in taxonomic d iversity and simple cranmunity 

structure, the overlap in diet is  so great. Not much can be said , how

ever, without knowing also the d iversity  and abundance of the prey species 

in  the environment.

CONCLUSION

California and R in^ b illed  Gulls segregate the food niche mainly 

by distance and habitat type of the foraging areas and le ss  by food type. 

E i^ty-seven percent of the observed California Gulls fed on prairie or 

dryland farming areas, while 83/  of the observed Ring-billed Gulls fed 

on irrigated areas at a mean distance of 17*4 and 10.8 km from the colony, 

respectively. They had a 62/  (minimum) overlap in d ie t , with California 

Gulls eating a sign ifican tly  greater amount of large food items, mainly 

in  the form of vertebrates, than did the Ring-billed Gulls.
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CHAPTER IV 

CŒPARISON OF THE NESTING HABITATS 

INTRODUCTION

C a li fo r n ia  and K in g - b i l le d  G u l ls ,  l i k e  manj- c o lo n ia l  ground 

n e s t in g  w a te r fo w l, p r e fe r  t o  n e s t  in  r e s t r i c t e d  e n v ir o n m e n ts , on is la n d s  

in  la k e s  (J o h n sto n  and F o s te r  1954, Evans 1972). ilhen i s la n d s  a re  not 

a v a i l a b l e ,  th e  g u l l s  n e s t  s u c c e s s f u l l y  on p e n in s u la s .  S in c e  th e s e  two 

s p e c ie s  a re  n o t so  s im i la r  m o r p h o lo g ic a lly  and b e h a v io r a l ly  (tloyn ih an  

1955, Vermeer 1970) and s in c e  th e y  occupy th e  same g e n e r a l h a b ita t  and 

are  c o lo n ia l  n e s t e r s ,  a  r e a so n a b le  c o n c lu s io n  i s  th a t  th e y  have s im i la r  

n e s t in g  req u irem en ts  and th a t  th e r e  may be k een  c o m p e t it io n  f o r  sp a ce  on 

t h e s e  n e s t in g  s i t e s .

B ecau se  o f  th e  c o lo n ia l  and in s u la r  a s p e c t s  o f  th e  b r e e d in g  s i t e s ,  

an a c tu a l  boundary surrounds th e  b ir d s  w ith  th e  r e s u l t  th a t  a l l  in fe r e n c e s  

made from th e  in v e s t ig a t io n  o f  th e  n e s t in g  h a b ita t  can be b a sed  on an a c 

t u a l ,  not an  a r t i f i c i a l l y  bounded, b r e e d in g  grou p .

Brew er ( I963) and o th e r s  s t a t e  t h a t  fo r  2 d i s t i n c t  p o p u la tio n s  o f  

s im i la r  s p e c ie s  t o  c o e x i s t  s y m p a t r ic a l ly ,  th e y  must be r e p r o d u c t iv e ly  

i s o l a t e d  and a v o id  c o m p e t it io n . H a b ita t s e g r e g a t io n  i s  one o f  th e  more 

common v;ays  f o r  2 sj-m patric s p e c ie s  t o  a v o id  i n t e r s p e c i f i c  c o m p e t it io n  

(H ard in  1959, H u tch in son  1953, R ic k le f f s  1966) .

C lo s e ly  r e la t e d  s p e c ie s  o f t e n  s e l e c t  s im i la r  b u t d i s t i n c t l y  sep 

a r a te  h a b i t a t s ,  th e  p r e fe r e n c e  o f  w hich i s  a c t u a l l y  a r e s u l t  o f  t h e i r
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ev o lu tio n ary  h is to ry .  They have had d if fe re n t s e le c tiv e  pressures oper

a t in g  on them and a t  a p a r t ic u la r  moment in  time are  adapted to  the use of 

d if fe re n t  resources in  the environment (Lack 1933,1945). In order to  co

e x is t  they  must have developed s l ig h t ly  d if fe re n t h a b ita t choices. The 

presence of an ad jacen t sp e c ie s , however, may somewhat modify the ac tu a l 

niche so th a t  the re a l iz e d  niche i s  a subset of th i s  due d ir e c t ly  to  in te r 

s p e c if ic  in te ra c t io n .  Sometimes th i s  narrower niche is  a c tu a lly  the op

timum h a b i ta t ;  sometimes i t  is  the  marginal h a b ita t (Svardson 1949)» The 

presence of co nspecifics  may ac t as an a t t r a c ta n t  or a d e te rran t to  nest

ing  (Nelson and P a tte rso n  I965) . Thus, absence of a species from an area 

may be due to  lack  of proper physical or b io t ic  fea tu re s  or to  in t r a -  or 

in te r s p e c if ic  in te ra c tio n s  (DeBach I966) .

There are numerous examples of s im ila r  species co ex istin g  by means 

o f p a r t i t io n in g  the  n es tin g  h a b ita t  ( e .g .  Brown 1967a b , Horn 1970,

K lo p fe r  1963, HacArthur 1957). H ost o f  th e s e  s t u d i e s ,  h ow ever, have been  

on p a s s e r in e  b ir d s  in  h a b it a t s  w ith  d e f i n i t e  v e r t i c a l  com ponents. The con

c lu s io n s  reach ed  were th a t  b ir d s  d i s t r ib u t e  th e m se lv e s  in  a  h a b ita t  in  

p a r t a c c o r d in g  t o  th e  h e ig h t  o f ,  and o f t e n  t o  th e  volume o f  th e  v e g e ta 

t i o n .

G u lls  a re  g e n e r a l i s t s  and o f t e n  co n g reg a te  in  f lo c k s  w ith  o th e r  

s p e c i e s  o f  g u l l s .  One w ould not e x p e c t  a b ir d  su ch  a s  t h i s  t o  have d e f

i n i t e  p r e fe r e n c e  o f  n e s t  s i t e s .  The a v a i la b le  sp a ce  t o  n e s t  would be a t  

a  premium, but one w ould not e x p e c t  th e  h a b ita t  t o  be d iv id e d  up in  any  

o r d e r ly  w ay. H ow ever, th e r e  have b een  some d e s c r ip t iv e  s t u d ie s  o f  g u l l s '  

d iv id in g  up th e  n e s t in g  s i t e  h a b i t a t  and I  b e l i e v e d  t h i s  t o  be t r u e  fo r  

th e  g u l l s  on th e  Montana c o lo n ie s  (B ent 1921, J o h n sto n  and F o s te r  1954,
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Vermeer 1960, M il le t  I919)» Y e t, no com p lete  a n a ly s i s  o f  th e  n e s t in g  hab

i t a t  has b een  done so  th a t  l i t t l e  in fo r m a tio n  has b een  added t o  th e  knowl

edge o f  c o m p e tit io n  and c o e x is te n c e  fo r  th e s e  b i r d s .  None o f  th e  p r e v io u s  

s t u d ie s  o f  g u l l s  t r i e d  t o  e x p la in  th e  fu n c t io n s  or c a u sa l f a c t o r s  beh in d  

th e  c h o ic e s  o f  h a b ita t  or th e  n e s t in g  p a t te r n  o f  th e  g u l l s  in  t h i s  h a b i t a t .  

S in c e  th e r e  are f a c t o r s  which are r e s p o n s ib le  fo r  th e  way 2 con gen ers  

d iv id e  up th e  n e s t in g  h a b ita t  s p a c e , an e f f o r t  sh o u ld  be made t o  d is c o v e r  

them .

T h is stu d y  o f  th e  n e s t in g  h a b ita t  o f  K in g - b i l le d  and C a l i fo r n ia  

G u lls  p r e se n ts  d ata  on and p o s s ib le  accom panying e x p la n a t io n s  o f  th e  d i f 

fe r e n c e s  in  n e s t in g  p a tte r n s  and o f  p r e fe r r e d  n e s t in g  s i t e s  w ith  r e s p e c t  

t o  v e g e t a t io n  h e ig h t ,  c o v e r , and s p e c ie s  in  3 c o lo n ie s .

MATERIALS AND METHODS

Description of Study Areas

The m ajor a n a ly s e s  o f  th e  n e s t in g  h a b ita t  compare 3 g u l l  c o lo n ie s :

2 a t  F reezeo u t Lake and 1 a t  Arod L ake. Some secon d ary  com parisons in 

c lu d e  d a ta  from c o lo n ie s  a t Bowdoin R efu g e . The m ixed c o lo n ie s  fo r  

C a lifo r n ia  and R in g - b i l le d  G u lls  a re  lo c a t e d  a t  F reezeo u t Lake and Arod 

Lake, th e  form er on a  p e n in s u la , th e  l a t t e r  on an i s la n d .  There i s  a l s o  

a m ixed c o lo n y  on Long I s la n d  a t  Bowdoin R efu g e . A m o n o sp e c if ic  C a lifo r 

n ia  G u ll c o lo n y  and a m o n o sp e c if ic  R in g - b i l l e d  G u ll c o lo n y  occur a t  

F reezeo u t Lake and a t  Bowdoin R efuge r e s p e c t i v e l y ,  b o th  on i s la n d s .

Freezeout Lake is  in  Teton County, Montana, 59 km northwest of 

Great F a l l s .  The main lake covers approxim ately 1200 ha (Figure 4~l) and 

is  shallow , averaging 1 m in  depth . There are no n a tu ra l stream s in to
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or out o f  th e  la k e .  F reezeo u t was c o n s tr u c te d  in  1940 t o  be u sed  in  f lo o d  

c o n t r o l ,  and in  1954 an o u t le t  was c o n s tr u c te d  t o  c o n tr o l  th e  w ater l e v e l .  

The m ixed R in g - b i l le d - C a l i f o r n ia  G u ll c o lo n y  i s  lo c a te d  on th e  p e n in su la  

(F ig u r e s  4 -2 A , 4 ~ 2 B ). The lo n g e s t  a x e s  o f  th e  c o lo n y  are  205 b y  1 l6  m 

( le n g t h  X w id th ) ,  and th e  av era g e  w id th  i s  71 m. The m o n o sp e c if ic  C al

i f o r n ia  G ull c o lo n y  i s  lo c a t e d  on an i s la n d  0 .4  km from th e  p e n in su la  in  

th e  main la k e  (F ig u r e  4 - 3 ) .  I t  m easures a p p ro x im a te ly  515 b y  122 m and 

i s  more o v a l th a n  th e  p e n in s u la .

Arod Lake i s  5O km n o r th e a s t  o f  F reezeo u t Lake and 17 km w est o f  

B rady, M ontana. A rod, l i k e  F r e e z e o u t , i s  a human-made la k e  a lth o u g h  much 

d eep er w ith  an av era g e  depth  o f  4 m. I t  c o v e r s  200 h a . There i s  a  con

s ta n t  f lo w  o f  w a ter  v ia  a stream  in t o  and out o f  th e  la k e  and th e  o u tf lo w  

can  be r e g u la t e d .  The m ixed g u l l  c o lo n y  i s  on an i s la n d  w hich m easures  

143 b y  68 m on i t s  lo n g e s t  a x e s .  The a v era g e  w id th  i s  52 m (F ig u r e s  4 -4 A ,

4- 45) •

Bowdoin R efuge i s  i n  P h i l l i p s  C ounty, M ontana, 25.5 km e a s t  o f  M a lta . 

Bowdoin Lake and th e  nearby ponds w ere a l s o  f i r s t  c o n s tr u c te d  fo r  f lo o d  

c o n tr o l  and l a t e r  e s t a b l i s h e d  a s  a r e f u g e .  The c o lo n ie s  a t  Bowdoin are  

b o th  on i s l a n d s .  The m ixed c o lo n y  i s  on Long I s la n d  w hich m easures 195 

by 21 m w ith  th e  average w id th  18 m. I t  i s  20 m from th e  n e a r e s t  s h o r e .  

The R in g - b i l l e d  G u ll c o lo n y  i s  lo c a t e d  on a 67 b y  26 m g r a v e l b a r  i s la n d  

100 m from  th e  n e a r e s t  sh o re  in  a sm a ll pond near th e  main Bowdoin L ake. 

A ll  o f  th e  la k e s  in  my s tu d y  a r e a s  a re  f lo o d  and i r r i g a t i o n  p r o je c t s  and 

th e  w a ter  l e v e l  in  them f lu c t u a t e s  s e a s o n a l ly .

I t  i s  not known, when t h e s e  c o lo n ie s  w ere e s t a b l i s h e d .  On th e  3 

main c o lo n ie s  s t u d ie d ,  th e r e  a re  no d e t a i l e d  r e c o r d s  o f  n e s t in g  p r io r  t o
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th i s  study . At Freezeout Lake, the  C a lifo rn ia  and K ing -h illed  Gulls both 

occupied the  is lan d  u n t i l  196G when th e re  was heavy p re c ip ita tio n  and the 

w ater le v e l rose so as to  com pletely inundate the is la n d , Vihen th i s  hap

pened, the peninsula became the n estin g  grounds fo r both C a lifo rn ia  and 

K in g -b illed  G ulls , The follow ing season, the  is land  was dry and was used 

as n estin g  grounds by C a lifo rn ia  Gulls only (Louis Loos personal communica

t io n ) .  The peninsula was used by both C a lifo rn ia  and K ing -b illed  Gulls 

th a t  year and has been so ever s in c e . The R in g -b illed  Gull colony was 

never re -e s ta b lish e d  on th e  is la n d . I t  i s  not known i f  the  is la n d  a t  arod 

flooded during the  I968 season.

F ie ld  Methods

During the  breeding season of 1973 I  censused the  e n t ire  Freezeout 

Peninsula colony as fo llow s. I  placed a g r id  of s takes 10 m ap art on 

the  colony. I  measured the  exact lo c a tio n  of each nest u sing  rec tan g u la r 

coord ina tes on each 10 x 10 m q uad ra t; I measured the heiglit o f the  h ig h est 

v e g e ta tio n , the  percent cover of th e  v eg e ta tio n , determined th e  species of 

the  v eg e ta tio n  w ith in  a 30 cm rad iu s around each n e s t, and measured the 

d istance  to  the  nearest v eg e ta tio n  from each n e s t . From these  da ta  I  ob

ta in e d  nest d e n s it ie s ,  exact lo c a tio n s  of a l l  nests  on the  colony, n earest 

n e i t h e r  d is ta n c e s , and veg eta tio n  he ig h ts  on the g u ll colonies a t  Bowdoin, 

Arod Lake and the  2 co lonies a t  Freezeout Lake.

D u rin g th e  1974 b r e e d in g  se a so n  I  sam pled th e  c o lo n ie s  on F reeze 

out P e n in s u la , F reezeo u t I s la n d ,  and Arod I s la n d  b y  t r a n s e c t s  10 m a p a r t ,  

e x c e p t a t  Arod where th e y  were 20 m a p a r t . The le n g th s  o f  th e  m ixed c o l 

ony t r a n s e c t s  were th e  w id th s  o f  th e  c o lo n ie s  a t  th e  p o in t  o f  th e  t r a n s e c t  ;
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but on the monospecific colony, Freezeout Is la n d , a l l  t r a n s e c ts  were 10 m 

long. The tra n s e c ts  v;ere la id  across the  w idth of the co lo n ies , and th e i r  

cen te r l in e s  were the edges of the e s ta b lish e d  q u ad ra ts . The tra n se c t 

width was -g m on e i th e r  s ide of th i s  cen te r l in e .  Ever 10 m along the 

tra n se c t was a lo c a tio n  stake  corresponding to  one of the  4 corners of a 

quadrat (F igure 4 -5 )« I measured placement of each nest w ith in  i t s  tra n 

sec t and d is tance  to  nearest neighbor. On th e  Freezeout Peninsula colony 

I made a count of g u lls  in  each quadrat ; and on the  If'reezeout Is lan d  col

ony, I  made a count of g u lls  in  a row of 10 x 10 m quadrats which cut 

d iagonally  across the  is la n d . On each of the  3 co lon ies I  la id  down a 

Daubenmire p lo t ever 10 m along the  tra n s e c ts  to  sample th e  sp ec ie s , 

h e ig h t, and percent cover of the  v eg e ta tio n  (Daubenmire 1959)* From these 

data  I  v;as again  ab le  to  o b ta in  sample d e n s it ie s  and placements of nests  

w ith in  the co lon ies and average v eg e ta tio n  p ro f i le  data  fo r  the  quad ra ts.

Around 21 June 1974> approxim ately 7 weeks before th e  censuses 

were made, an unknown human in tru d e r (s )  d is tu rb ed  th e  Freezeout Peninsula 

colony while I  was absent fo r  2 days. Upon my re tu rn  I  found th a t  many 

C a lifo rn ia  G ulls had d eserted  the  colony. The v eg e ta tio n  census then  in

volved only the rem aining n es ts  and th i s  b ia sed  sample may have a l te re d

the  r e s u l t s  fo r  those an aly ses.

RESULTS

A summary of the n estin g  h a b ita t  is  presen ted  fo r  each sp ec ie s .

Comparisons are  th en  made w ith in  each colony between th e  2 species and

then  among a l l  co lon ies fo r  each sp e c ie s .
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Lams c a lifo rn ic u s—Summary, A ll Colonies

C a lifo rn ia  Gulls nest next to  high,dense vegeta tion  (height means = 

40. 9- 187»7 cm, cover means =64.02-99*50^) (Figure 4- 6 , Table 4-1)* They 

p e rfe r the middle of the colony to  the edges in  the m ajority  of cases 

(Table 4 -2 ) . The nearest neighbor d istance and den sity  are not h igh ly  

co rre la ted  with veg eta tio n  param eters nor does nearest neighbor d istance 

vary with resp ec t to  lo c a tio n  of nests  w ith in  the  colony (Tables 4-3» 4-4)*

Lams delaw arensis—Summary , A ll Colonies

R in g -b illed  Gulls nest near low, sparse vegeta tion  (height means = 

16. 95- 135*54 » cover means = 59.52- 86 .44) (Figure 4-6» Table 4-1)* They 

b u ild  the  m ajo rity  of th e i r  nests  in  the middle of the  colony in s tead  of 

on the edges. The nearest neighbor d istance and d en sity  are not h igh ly  

co rre la te d  w ith v egeta tion  param eters nor does n earest neighbor d istance 

vary w ith resp ec t to  lo c a tio n  of n es ts  w ith in  the  colony in  the  m ajority  

of cases (Tables 4-3 » 4-4)*

Within Colony, Between Species Comparisons

Within every colony except the  Freezeout Peninsula 1974 colony, 

th e re  are  d iffe ren ces  between the  2 species with respect to  n estin g  pat

te rn  (n ea re s t neighbor d is tance  and d e n s ity ) , and nest s i t e  preference 

(v egeta tion  h e ig h t, v eg e ta tio n  cover, and vegeta tion  sp e c ie s ) .

Meeting p a t te rn . C o n s is t e n t ly ,  C a l i fo r n ia  G u lls  have s i g n i f 

i c a n t ly  g r e a te r  n e a r e s t  n e i t h e r  d is ta n c e s  and low er  d e n s i t i e s  th a n  do 

R in g - b i l le d  G u lls  on a l l  c o lo n ie s  (T a b le s  4- 5 , 4- 6) .  The mean n e a r e s t  

n eigh b or d is ta n c e  i s  s i g n i f i c a n t l y  g r e a te r  f o r  con gen ers th a n  fo r
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TABLE 4 -2

Numbers of Nests in  Different 
Locations of the Colony

Larus californicus Larus delawarensis
Colony Date Edge of 

Water Middle Edge of 
Water Middle

Preezeout 
Peninsula 1-VI-73  
—All

118 175 119 99 394 146

= 15.50 p < 0,005 2df x^ = 235.90 p<  0.005 2df

Preezeout
Peninsula 25-V-74  
—All

109 82 87 157 573 182

y r  = 4.45 P > .05 2df X = 358.07 p < 0.005 2df

Preezeout
Peninsula 20-VI-74  
—Transect

16 16 20 40 12

x^ = 7.20 p < 0.05 2df x^ = 17.33 P < 0.005 2df

Arod
Island 20-VI-74  
—Transect

18 1 21 72

X = 12.80 p < 0.005 2df X = 79.12 p c 0.005 2df
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TABI£ 4-3

Correlation C oefficient, r , o f Nearest N eith er  
and Density on Vegetation Characteristics 

Preezeout Peninsula, 1973

__L̂ us_californicû _̂  
r , Nearest _ 
N e i th e r

Vegetation
H eight

Vegetation
Cover

Vegetation
Volume

0.11

0.04

0.12

0.36

0.16

0.35

0.04

0.05

0.04

- 0.12 

0.21 

—0.09

TABLE 4-4

Mean Nearest Neiggihor Distances in  Different 
Ihrts of the Colonies

Colony 
and Date

Larus californicus Larus delawarensis
Edge of 

Water
Edge of 

Water

Preezeout X = 1.87 X = 1.60 X = 3.12 X = 1.12 X = 0.52 X = 0.78
Peninsula
1973 P = 3.06 2df p >  0.05 P = 0.82  2df p >  0.10

Preezeout X = 1.43 X = 1.72 X = 1,05 X = 0,52 X = 0.57 X = 0.72
Peninsula
1974 H = 0.83 2df p > 0.05 H = 6.24 2df p <  0.05

Arod X = 1.18 X = 1.39 X = 1.58 X = 0.82  X = 0.55 X = 0.58
Island
1974 H = 3.97 2df p > 0.10 H = 6.24 2df p < 0.05
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TABLE 4-5

Nearest NeiAbor Mean Distances 
(meters)

Larus californiens   Larus delawarensis
and Date A ll Nests C onspacific Congener A ll Nests Conspecific Congener

Preezeout
Peninsula
1973

X = 
N =

1.64
394

X = 1.64
N = 381

X = 1.46 
N = 13

X = 
N =

0.56
638

X = 0.55 
N = 633

X = 1.81 
N = 5

Pr3szeout
Peninsula
1974

X = 
N =

1.25
32 ------ —

X = 
N =

0.81
104 ------ ------

Arod
Islan d
1974

X = 
N =

1.32
33 ------ ------

X = 
N =

0.61
97

X = 0.61 
N = 96

X = 0.89
N = 1

Preezeout
Is lan d
1974

X = 
N =

1.23
81
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TABI£ 4-6  

Density of Nests

Colony 
and Date

Larus californicus  
N Density/m%

Larus delawarensis 
N Density/m^

Preezeout
Peninsula
1973

394* 0.059 648* 0.246

Preezeout
Peninsula
1974

263* 0.055 863* 0.254

Arod
Island
1974

33  ̂ 0.165 97^ 0.539

Preezeout
Island
1974

729°  0.270 — —

®Total nest count.

^Sample from 6 transects ( l  i  70m).

^Sample from 27 transects (10  x 10m).

TABLE 4-7

Differences Between Species with Respect 
to  Vegetation Characteristics

Preezeout Preezeout 
Peninsula Peninsula

1973 1974

Arod
Island

1974

Vegetation
H ei^ t

z = 19.83 U = 106
p < 0.001 p > 0.05

U = 81
p > 0.05

Vegetation
Cover

t  = 1.-88 U = 87 
p < 0.05 p > 0.05

u = 51
p  ̂0.02

Vegetation
Volume

t  = 18.59 U = 97 
p < 0.001 p > 0.05

U = 37
p < 0.02
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conspecifics  in  th e  R in g -h illed  Gull population but not in  the C a lifo rn ia  

Gull popu la tion . In  R ing^h illed  G ulls , th e  mean d istance to  nearest 

neighbor which is  a R in g -b illed  Gull i s  le s s  than  the mean d is tan ce  to  a 

nearest neighbor which is  a C a lifo rn ia  G ull. In C a lifo rn ia  G ulls, the 

mean nearest neighbor d istance  is  not influenced  by the species of the 

nearest neighbor.

Nest s i t e  p reference—v eg eta tio n  p r o f i l e . The an a ly sis  of the 

vegetation p ro f ile  i s  q u ite  complex when compared among the co lonies in  

th i s  study . I  gathered the v eg e ta tio n  data  d if f e re n t ly  during the 2 f ie ld  

seasons, and sampled i t  a t  d if fe re n t tim es of the season fo r  2 years so 

th a t  only r e la t iv e ,  not a c tu a l ,  measurements can be compared. The species 

com position and the  physical layout of the  v eg e ta tio n  v a ried  markedly from 

colony to  colony in  the  same sampling period .

On a l l  mixed co lo n ies , except in  the  Preezeout Peninsula colony 

in  1974» R in g -b illed  and C a lifo rn ia  Gulls segregated the  h a b ita t  w ith re 

spect to  h e ig h t, cover or volume of v egeta tion  (Table 4~7)* The ac tu a l 

values of mean heigh t and mean cover vary fo r a l l  co lonies but the r e la 

t iv e  d iffe re n ces  between the  2 species are c o n s is te n t. There i s  no cor

r e la t io n  between v eg e ta tio n  h e ig h t, cover or volume and n earest neighbor 

d is ta n ce , fo r  e i th e r  species on a l l  co lonies (Table 4 -3 ).

The species and d iv e rs i ty  of p lan ts  on the nest s i t e s  d i f f e r  be

tween the  2 species (Table 4 -8 ) . The R ing -b illed  Gulls o ften  nest in  the 

open; but when they  nest near v eg e ta tio n , the species of p la n ts  are d if 

fe ren t from those of the C a lifo rn ia  G u lls . There i s  a g re a te r  d iv e rs i ty  

of p la n ts  around the  R in g -b illed  Gull nests  than  around the C a lifo rn ia
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Gull n e s ts .  The monospecific is lan d  has the le a s t  d iv e rs i ty .  The measure 

of d iv e rs i ty  I used is  the Shannon-Wiener d iv e rs i ty  (u n certa in ty ) index,

H' (Shannon and Weaver 19^9)* fo r  Preezeout Peninsula 1973: h ’ Hing^- 

b i l le d  Gulls is  0.6738, H* C a lifo rn ia  Gulls is  0.4172; fo r Preezeout 

Peninsula 1974» H' R in g -b illed  Gulls is  O.586O, and H' C alifo rn ia  Gulls is  

0 . 5927; fo r Arod Is land  19741 H' R in g -b illed  Gulls is  0.7032 and H' Cal

ifo rn ia  Gulls is  0. 5356; and fo r  Preezeout Is lan d , H' C a lifo rn ia  Gulls is

0 .4152.

Nest lo c a tio n s . R in g -b illed  and C alifo rn ia  Gulls do not d is 

t r ib u te  themselves evenly throughout each colony. In every colony each 

species has a d isc re te  subcolony which is  separated  from the o ther sub

colony by an area w ith few or no nests  (F igures 4“ 2A, 4 -2 B , 4“4A, 4~ 4B ). 

For an a ly sis  of th i s  n estin g  p a tte rn  on the colony I  chose the general 

d iv is io n s  of nest lo c a tio n  a s : ,  w ith in  10 m of w ater, middle of colony, 

w ith in  10 m of the landward edge of the colony. Table 4-2 shows the place

ment of the b ird s  w ith in  these  subd iv is io n s . I t  i s  obvious th a t both 

species p re fe r the middle of the colony because even th o u ^  there  is  le s s  

"m iddle," th e re  are  more nests  th e re .  R in g -b illed  Gulls in  a l l  cases 

p re fe rred  the middle (X t e s t  each colony p < O.OO5 , 2 d f ) .  C alifo rn ia  

Gulls p re fe rred  the middle of the  colony the m ajo rity  of tim es, yet a t

th e  Preezeout Peninsula colony in  1974 they  chose the  w ater edge over the
2

landward edge or middle of the  colony. A X t e s t  fo r  each colony y ie lded

p < 0.005 fo r  Preezeout Peninsula 1973 and Arod 1974; P ^ O.O5 fo r the

tra n s e c ts  on Preezeout Peninsula 1974 ( 2df) .  The lo c a tio n  of nests  on the
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colonies d id  not influence mean n earest neighbor d is ta n c e , except fo r  the 

R ing^b illed  Gull colonies in  1974 (Table 4 -4 )«

Among Colonies Within Species

Nesting pattern. Ihere are  no d iffe ren ces  in  nearest neighbor 

d istance between the 2 colonies of R in g -b illed  Gulls in  1974 (Preezeout 

Peninsula and Arod Is la n d ) , or between Arod 1974 and Preezeout Peninsula 

1973 (hann-Whitney U te s t  p > 0.348, P > 0.10 re sp e c tiv e ly , Table 4 -5 ) ' 

There i s  a s ig n if ic a n t d ifference  between Preezeout Peninsula 1974 and 

Preezeout Peninsula 1973 fo r  nearest neighbor d is tances of R ing^billed  

Gulls (p < 0 . 005) .  There is  no d iffe ren ce  in  the nearest neighbor d is 

tances of C a lifo rn ia  Gulls on the 2 Preezeout co lo n ies , between the 2 

mixed colonies in  1974» or between mixed colonies in  d if fe re n t years 

(Mann-tfnitney ü t e s t  p > 0.10 fo r  each). Tiiere is  a s ig n if ic a n t d i f f e r 

ence between the monospecific 1974 colony and th a t a t  Arod Lake in  1974

(p < 0 . 05) .

Preference of nest s ite s —vegetation p ro file . The preference of 

the g u lls  fo r  b u ild in g  nests  next to  veg eta tio n  of a sp e c if ic  h e ig h t, 

cover, or volume d iffe re d  among the  co lonies but was more a r e f le c tio n  of 

the  d iffe ren ces  in  av a ilab le  h a b ita t types on these d iverse colonies than  

a s h i f t  in  general preference (Table 4-9’) • For each species in  the mixed 

co lo n ies , th e re  was le s s  v a r ia tio n  among co lon ies with respec t to  vegeta

t io n  height and cover than th e re  was w ith in  each colony between species 

(Table 4 -1 )« I  te s te d  d iffe ren ces  between v egeta tion  param eters w ith a 

K ruskal-W allis one-way an a ly sis  of variance and then  by p a irs  w ith a
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t a b l e  4-9

Non-Paraoietric Teste—Vegetation Characteristics 
1974 Cclcnies: Within Species

Characteristics Larus californicus Larus delawarensis

V egetation
Height

K ruskal-W allis H = 7*09
p < .05 2df

Mann-Whitney U t e s t  
U = 69 (Freezecut Peninsula 

and Arod Island)
P >  .05

Mann-Whitney Ü t e s t  
U » 106 p > .05

V egetation
Cover

K ruskal-W allis H = 7*35
p < .05 2df

Mann-Whitney U t e s t
Ü = 78 p > .05

Mann-Whitney U t e s t
u = 89 P > .05

V egetation
Volume

K ruskal-W allis H = 13*38 
p < .01

Mann-Whitney U t e s t  
U = 117* z = 2.22* 

p <  0.02 (Preezeout Peninsula 
and Preezeout 
Is lan d )

Mann-Whitney Ü t e s t
u = 47* p < 0.05

(Preezeout Peninsula and 
Arod Is lan d )

Mann-Whitney U t e s t
u = 91 p > .05

S ig n if ic a n t D ifference.
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Mann-lilhitney U t e s t . The C a lifo rn ia  Gulls on Preezeout Peninsula 1974 and 

Arod 1974 had a p > O.O5 fo r  height and a p > O.O5 fo r cover. The Ring- 

h i l le d  Gulls on these  co lonies had a p > O.O5 and a p > O.O5 re sp e c tiv e ly .

On a i l  co lonies the K ruskal-W allis an a ly s is  of variance showed 

th e re  was no d iffe ren ce  in  choice of v eg e ta tio n  p ro f ile  fo r  the King

b i l le d  G ulls . Between the  mixed colonies fo r  C a lifo rn ia  Gulls th e re  was 

a s ig n if ic a n t d iffe ren ce  in  choice of v eg e ta tio n  volume {Kruskal-W allis 

p <  0 . 01) .  The monospecific g u ll colony d if fe re d  s ig n if ic a n tly  from the 

o ther C a lifo rn ia  Gull co lonies with respeo t to  a l l  v eg e ta tio n  ch arac te r

i s t i c s  (p  < 0 , 02) .  On the monospecific colony, the  g u lls  nested  next to  

p lan ts  w ith a g re a te r  v a r ie ty  o f volumes, h e ig lits , and covers than  they  

d id  on the mixed co lo n ies . From colony to  colony, they  nested next to  a 

s ig n if ic a n t ly  d if fe re n t a rray  of p lan t sp ec ie s .

Nest lo c a tio n . In  a l l  ca se s , except the Preezeout Peninsula 

colony in  1974» the  m ajo rity  of g u lls  nested  in  the middle of the  colony 

ra th e r  than  along the edge (Table 4“ 2 ) .  I  te s te d  th i s  w ith param etric 

and non-param etric an a ly sis  of v a ria n ce . However, th i s  p a tte rn  was not 

r ig id  from year to  year in  th a t  the  nests  were not b u i l t  in  ex ac tly  the 

same p lace . On the  same colony but in  d if fe re n t years the numbers of 

nes ts  in  each quadrat were not s ig n if ic a n tly  d if fe re n t fo r  R in g -b illed  

G ulls (Wilcoxon t e s t  p > O .2546) but were s ig n if ic a n t ly  d if fe re n t fo r  the 

C a lifo rn ia  G ulls (p <  0 .0 2 3 8 )  although the same general colony lo c a tio n s  

were s t i l l  chosen (F igures 4 -2 A , 4 -2 B ) .
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DISCUSSION

C alifo rn ia  and R in g -b illed  G ulls coex ist on the n es tin g  grounds 

yet they  choose d if fe re n t  veg eta tio n  h a b ita ts  and have d if fe re n t n estin g  

p a tte rn s  from each o th e r. The causes of those d iffe re n ces  are probably 

due both to  the physical environment and to  in t e r -  ana in t r a s p e c if ic  

in te ra c t io n s .

Nesting Pattern

In  a l l  cases the C a lifo rn ia  Gulls are more spread out in  th e i r  

n estin g  p a tte rn . Their lower d en s ity  and g re a te r  nearest neighbor d is 

tances r e f le c t  th e i r  s ize  and e sp e c ia lly  th e i r  more aggressive n a tu re .

I f  the d e n s it ie s  were g re a te r  they  might spend more time in  energy- 

w asting a g o n is tic  encounters. The monospecific C a lifo rn ia  Gull colony 

had nearest neighbor d is tan ces  sm aller than  but s im ila r  to  those o f Cal

ifo rn ia  Gulls in  the  mixed co lo n ies , in d ic a tin g  th a t the presence of 

R in g -b illed  Gulls had no in fluence on th i s  n estin g  p a t te rn . However, 

when the  nearest neighbor to  a C a lifo rn ia  Gull i s  a R in g -b ille d  G ull, the 

d istance  is  c lo se r  than  i f  i t  were a co n sp ec ific , in d ic a tin g  perhaps a 

g re a te r  to le ran ce  of R in g -b ille d  than  of C a lifo rn ia  Gull proxim ity by the 

C a lifo rn ia  G u lls . This a lso  may be due to  the more aggressive  and u ltim 

a te ly  more c a n n ib a lis t ic  nature of the  c a lifo rn ic u s  than  of the  delawar

en s is  to  g u ll chicks (Vermeer 1970)* Likewise, the g re a te r  n ea re st n e i t 

h e r d is tance  fo r  congeners than  conspecifics  in  R in g -b ille d  G ulls re 

f le c t s  a possib le  avoidance of the  more aggressive C a lifo rn ia  G ulls by the 

R in g -b ille d  G ulls . Perhaps minimal nearest neiglibor d is tan ces  are
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d eterm in ed  in  p art b y  th e  s i z e  o f  th e  C a l i f o r n ia  G ull t e r r i t o r i e s .  The 

p r e fe r r e d  n e a r e s t  n eigh b or d is ta n c e  i s  prob ab ly  th e  r e s u l t  o f  a b a la n c e  

b etw een  a  m utual in t r a s p e c i f i c  a t t r a c t io n  ( f o r  s a f e t y  and s o c ia l  f a c i l i t a 

t i o n )  and a d e te r r e n t  due t o  s o c i a l  in to le r a n c e  ( i n t r a -  and i n t e r s p e c i f i c ) .

P r e fe r e n c e  o f  Ifest S i t e  : V e g e ta t io n  P i-o i i le

The same b a la n ce  b etw een  a t t r a c t io n  and a vo id an ce may e x i s t  fo r  

th e  2 g u l l  s p e c ie s  w ith  r e s p e c t  t o  th e  p r e fe r e n c e  o f  th e  n e s t  s i t e .

C h o ices  a v a i la b le  fo r  n e s t in g  h a b i t a t s ,  th e  p o t e n t ia l  n ich e  b r e a d th , fo r  

c o lo n ia l  b i r d s ,  R in g - b i l le d  and C a l i f o r n ia  G u lls  in  t h i s  c a s e ,  i s  q u it e  

l i m i t e d .  The g r o ss  p r e fe r e n c e  i s  a c o lo n y  on an i s la n d ,  a p r e fe r e n c e  

w hich  p ro b a b ly  was d ic t a t e d  e v o lu t io n a r i ly  b y  p ressu re  from t e r r e s t r i a l  

p r e d a to r s ,  s in c e  th e s e  b ir d s  a re  co n sp icu o u s ground n e s t e r s .  With th e s e  

l im i t e d  c h o ic e s ,  how ever, th e s e  2 s p e c ie s  s e g r e g a te  th e  n e s t in g  h a b ita t  

w ith  r e s p e c t  t o  v e g e ta t io n  h e ig h t ,  c o v e r , or vo lum e.

The p a tte r n  o f  C a lifo r n ia  G u lls '  n e s t in g  near h ig h , dense v e g e ta 

t i o n  and th e  R in g - b i l le d  G u lls '  n e s t in g  near sp a r se  v e g e t a t io n  or in  open  

a r e a s  e x i s t s  on a l l  m ixed c o lo n ie s  c en su sed  i n  Montana: Arod, F x e e z e o u t ,

and B ow doin. T iiis  p a tte r n  does not h o ld  fo r  m ixed c o lo n ie s  in  o th e r  a r e a s  

w here th e  s i t u a t i o n  i s  r e v e r se d  (B ent 1921 , Joh n sto n  and F o s te r  1954»

T r o st p e r so n a l com m unication, W ille t  1 9 1 9 )» H owever, i t  seem s th a t  where 

C a l i f o r n ia  and R in g - b i l le d  G u lls  n e s t , th e y  w i l l  s e g r e ^ t e  th e  h a b ita t  ; 

b u t th e  a c tu a l  d ir e c t io n  t h i s  s e g r e g a t io n  ta k e s  may vary  th rou gh ou t d i f 

f e r e n t  g eo g ra p h ic  a r e a s .  T h is may be tr u e  in  part b eca u se  each  s p e c ie s  i s  

more a t t r a c t e d  t o  n e s t  near i t s  own s p e c ie s  th a n  near i t s  c o n g en ers .

T h u s, h a b ita t  s e g r e g a t io n  b y  p h y s ic a l  lo c a t io n  in  th e  c o lo n y  may be
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im posed on t h e s e  b i r d s .  N e v e r th e le s s  in  Montana, th e  d ir e c t io n  t h i s  s e g 

r e g a t io n  ta k e s  i s  c o n s is t e n t  among a l l  m ixed c o lo n ie s .

The K in g - b i l le d  G u lls  have a  sm a lle r  mean v e g e t a t io n  h e i g l i t ,

c o v e r , and volume th a n  do th e  C a l i fo r n ia  G u l ls .  Ih e y  a l s o  n e s t  in  open  

and in  co v ered  a r e a s  w h ile  th e  C a l i fo r n ia  G u lls  n e s t  m a in ly  n ex t t o  v e g 

e t a t i o n .  S in c e  th e  R in g - b i l le d  G u lls  a r r iv e  on th e  a verage o f  2 weeks 

a f t e r  th e  C a l i fo r n ia  G u l ls ,  t h i s  v a r ia t io n  may in d ic a t e  th a t  th e y  choose  

w h atever  h a b it a t s  rem ain on th e  c o lo n y  a f t e r  th e  C a l i fo r n ia  G u lls  have  

ch osen  t h e i r  p r e fe r r e d  n e s t  s i t e s .

H igh v e g e t a t io n  w ith  much co v er  co u ld  be b e n e f i c i a l  t o  ground  

n e s t in g  b ir d s  in  th a t  i t  p a r t i a l l y  c o n c e a ls  th e  b ir d s  from p r e d a to r s , i s  

good co v er  fo r  c h ic k s  t o  h id e  i n ,  and c o n c e a ls  them from g u l l s  n e s t in g  

n e tr b y  w hich are  p o t e n t ia l  p r e d a to r s  a l s o .  Perhaps th e  h ig h ,  den se v e g 

e t a t io n  i s  th e  p r e fe r r e d  n e s t  s i t e  fo r  b o th  s p e c i e s ,  and th e  C a lifo r n ia

G u lls  se e k  i t  out and f i l l  i t  up when th e y  a r r iv e  f i r s t ,  and what rem ains

i s  a v a r ie t y  o f  d i f f e r e n t  h a b i t a t s .  Two mechanisms co u ld  th e n  be w ork in g . 

The R in g - b i l le d  G u lls  c o u ld  b e more g e n e r a liz e d  n e s t e r s  th a n  th e  C a l i fo r 

n ia  G u lls ,  p r e fe r r in g  a v a r ie t y  o f  h a b it a t s  and in  t h e i r  a b sen ce  would  

c o n tin u e  t o  n e s t  in  a  v a r ie d  h a b ita t  w ith  r e s p e c t  t o  v e g e t a t io n  charac

t e r i s t i c s .  A la c k  o f  p r e fe r e n c e  may have d ev e lo p ed  o v er  a p e r io d  o f  tim e  

i f  th e y  were r e p e a te d ly  sh u t out o f  h a b it a t s  w ith  a  h ig h  volume o f  v e g 

e t a t i o n ,  and th e  b ir d s  t h a t  s u c c e s s f u l l y  f le d g e d  c h ic k s  were th o s e  th a t  

n e s te d  in  th e  v a r ie d  h a b i t a t s .  A l t e r n a t e ly ,  th e  R in g - b i l l e d  G u lls  co u ld  

a c t u a l ly  be in  c o m p e t it io n  w ith  th e  C a lifo r n ia  G u lls  f o r  n e s t  s i t e s  near  

th e  h ig h , dense v e g e t a t io n  b u t due in  part t o  t h e i r  a r r iv a l  tim e in  ad d i

t i o n  t o  t h e i r  s m a lle r  body s i z e  and l e s s  a g g r e s s iv e  n a tu r e , th e y  would
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not d is p la c e  th e  C a lifo r n ia  G u lls .  The o th e r  a l t e r n a t iv e  o f  co u rse  i s  

th a t  R in g - h i l le d  G u lls  p r e fe r  s i t e s  w ith  low v e g e t a t io n  and not much 

c o v e r .

P erh ap s, g iv e n  a  s im i la r  but m o n o sp e c if ic  n e s t in g  s i t e ,  th e  K in g -  

b i l l e d  G u lls  w ould ch oose th e  h ig h , den se v e g e t a t io n .  In  th e  l a t t e r  c a s e ,  

th e y  would be u s in g  a  s w itc h in g  s t r a t e g y  on th e  mixed c o lo n y , not n e s t in g  

in  t h e i r  p r e fe r r e d  h a b ita t  b eca u se  o f  th e  a lr e a d y  p r e se n t  C a lifo r n ia  

G u lls .  They co u ld  a l s o  n e s t  in  a s  v a r ie d  a h a b ita t  a s  on th e  m ixed c o l 

on y , b e in g  a g e n e r a l n e s t e r  in  a l l  s i t u a t i o n s .  No com parable m o n o sp e c if ic  

c o lo n y  was found in  Montana t o  t e s t  t h i s  th e o r y . T h is may im ply  t h a t  th e  

normal s i t u a t i o n  i s  a  m ixed c o lo n y  and t h a t  R in g - b i l le d  G u lls  p r e fe r  t h i s  

t o  a  m o n o sp e c if ic  c o lo n y . I f  t h i s  i s  th e  c a s e , th e  R in g - b i l le d  G u lls  are  

b a la n c in g  d e tr im e n ta l a g g r e s s io n  and c a n n ib a lism  o f  th e  C a lifo r n ia  G u lls  

a g a in s t  some b e n e f i t  g a in ed  when i n  a s s o c ia t io n  w ith  them .

In  th e  a b sen ce  o f  a  p o t e n t ia l  c o m p e t ito r , th e  fundam ental n ic h e  

may som etim es be r e a l i z e d  due t o  e c o lo g ic a l  r e le a s e  and an in c r e a s e  in  

i n t r a s p e c i f i c  p o p u la t io n  p r e s s u r e . In  some r e s p e c t s ,  t h i s  i s  tr u e  o f  th e  

P r e e z eo u t I s la n d  C a lifo r n ia  G u ll c o lo n y .  The p r e fe r e n c e s  f o r  v e g e t a t io n  

a re  d i f f e r e n t  from th o s e  in  th e  m ixed c o l o n i e s .  On P reezeo u t I s la n d ,  

th e  n e s t s  occu r  over  a  more v a r ie d  h a b ita t  w ith  C a lifo r n ia  G u lls  o f t e n  

n e s t in g  n ex t t o  lo w , sp a r se  v e g e t a t io n  or w ith  no v e g e t a t io n  a t  a l l  near  

th e  n e s t .  The e x p la n a t io n  f o r  t h i s  in c r e a s e  in  n ic h e  w id th  in  th e  ab

se n c e  o f  R in g - b i l le d  G u lls  i s  n ot one o f  c o m p e t it io n  w ith  th e  R in g - b i l le d  

G u lls*  f o r c in g  th e  n ic h e  o f  th e  C a l i f o r n ia  G u lls  t o  be narrower in  th e  

m ixed c o lo n y . R ather i t  i s  one o f  g r o s s  n e s t  h a b ita t  p r e fe r e n c e  and 

t im in g .  S in c e  C a lifo r n ia  G u lls  a r r iv e  e a r l i e r  th a n  do th e  R in g - b i l le d
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G u lls  and s in c e  th e  g r o ss  p r e fe r r e d  h a b ita t  i s  an i s la n d ,  th e  e a r l i e r  

California G u lls  f i l l  up t h i s  h a b ita t  b e fo r e  th e y  s e t t l e  on th e  p en in 

s u l a .  An open sp a ce  on an i s la n d  prob ab ly  i s  p r e fe r a b le  t o  a co v ered  

n e s t in g  s i t e  on a p e n in s u la , h ow ever, th e  co v ered  s i t e s  on th e  p en in 

s u la  are  p r e fe r r e d  t o  open s i t e s  and th e s e  co v ered  s i t e s  a re  ta k e n  n ext 

b y  th e  C a l i fo r n ia  G u l ls ,  l e a v in g  th e  R in g - b i l le d  G u lls  w ith  w h atever  re 

m a in s. Each c o lo n y  p rob ab ly  h as a l im it e d  b r e e d in g  p o p u la t io n  w hich re 

tu r n s  t o  i t  y e a r ly ,  b eca u se  ev en  though th e  C a l i fo r n ia  G u lls  a r r iv e  f i r s t  

on th e  Arod c o lo n y  th e y  do n ot f i l l  i t  up c o m p le te ly , presum ably b eca u se  

th e r e  are  not enough C a l i f o r n ia  G u lls  on th e  Arod c o lo n y  t o  f i l l  i t  u p .

The p r e fe r e n c e  o f  C a l i f o r n ia  g u l l s  fo r  h ig h  volume v e g e t a t io n  may 

be in  p art r e la t e d  t o  t h e i r  a g g r e s s iv e  and c a n n i b a l i s t i c  n a tu r e , a  pro

t e c t i o n  a g a in s t  i n t r a s p e c i f i c  a g g r e s s io n  (B urger I967) . The s e g r e g a t io n  

o f  th e  h a b ita t  b etw een  s p e c ie s  may be s im p ly  t o  a v o id  i n t e r s p e c i f i c  ag 

g r e s s io n .

Conclusions

R in g - b i l l e d  and C a l i f o r n ia  G u lls  s e g r e g a te  th e  n e s t in g  h a b ita t  

w ith  r e s p e c t  t o  v e g e t a t io n  c h a r a c t e r i s t i c s :  v e g e t a t io n  h e i ^ t , co v e r  and

v o lu m e. They a l s o  s e g r e g a te  th e m se lv e s  on th e  m ixed c o lo n ie s  in  mono- 

s p e c i f i c  su b g ro u p s. C a l i f o r n ia  G u lls  have g r e a te r  n e a r e s t  n e i t h e r  d i s 

ta n c e s  th a n  do R in g - b i l le d  G u l l s ,  in  p art a r e f l e c t i o n  o f  t h e i r  b e h a v io r  

and s i z e .  The m a jo r ity  o f  th e  t im e , th e  g u l l s  b u i ld  t h e i r  n e s t s  in  th e  

m id d le r a th e r  th a n  on th e  ed g e s  o f  th e  c o lo n y , perhaps b eca u se  th e  m idd le  

i s  s a f e r  from p r e d a to r s .
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The g u l l s  are  not So s p e c i f i c a l l y  h a b ita t  o r ie n te d  th a t  th e y  a re  un

a b le  t o  s w itc h  t o  a d i f f e r e n t  n e s t in g  h a b ita t  g iv e n  an e l im in a t io n  o f  th e  

p r e fe r r e d  or o ld  h a b i t a t .  L ik e w ise , in  a  m o n o sp e c if ic  C a lifo r n ia  G ull 

c o lo n y , th e  g u l l s  ch oose a w id er  v a r i e t y  o f  h a b i t a t s  th a n  when in  a s s o 

c i a t i o n  w ith  th e  R in g - b i l le d  G u l ls .

The s e g r e g a t io n  ob served  on th e  m ixed c o lo n ie s  may be im posed by  

a  b a la n c e  b etw een  i n t e r -  and i n t r a s p e c i f i c  c o m p e t it io n .
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CHAPTER V 

REFRODÜCTIVE SUCCISS 

im O H JC T IO N

In  ord er  t o  d is c o v e r  r e la t io n s h ip s  between 2 c o - e i i s t i n g  s p e c i e s ,  

one h a s t o  in v e s t ig a t e  v a r io u s  f a c t o r s  th a t  m igiit r e v e a l  some o f  th e  com

p e t i t i v e  p r o c e s s e s .  One o f  th e s e  f a c t o r s  i s  th e  r e p r o d u c tiv e  s u c c e s s  o f  

a p o p u la t io n . The d i f f e r e n c e s  in  r e p r o d u c tiv e  s u c c e s s  o f  2 s im ila r  

s p e c ie s  w ith  r e s p e c t  t o  t h e i r  lo c a t io n s  in  th e  c o lo n y , v e g e ta t io n  p r e f 

e r e n c e , and n e a r e s t  n eigh b or d is ta n c e  p r e fe r e n c e  m ight g iv e  some in s ig k it  

in t o  th e  a d a p tiv e  s ig n i f i c a n c e  o f  p a tte r n s  o f  h a b ita t  c h o ic e  o f  th e  2 

s p e c i e s .

R ep ro d u ctiv e  s u c c e s s  in  d i f f e r e n t  p o p u la tio n s  o f  K in g - b i l le d  and 

C a li f o r n ia  G u lls  w ith  r e s p e c t  t o  th e  above param eters o f  s p e c i e s ,  h a b ita t  

and placem ent in  c o lo n y  h as not b een  s tu d ie d  th o r o u g h ly . S im ple d e s c r ip 

t i o n s  o f  h a b ita t  c h o ic e ,  o f  w hich th e r e  are  few , do not ask  th e  c r u c ia l  

q u e s t io n  o f  what advan tage th e r e  m ight be fo r  th e  2 s p e c ie s  t o  s e g r e g a te  

th e m se lv e s  a n d /o r  ch oose  s p e c i f i c  h a b it a t s  in  w hich t o  n e s t .  Only b y  

com parison  and a n a ly s i s  among and b etw een  m ixed and s in g le  s p e c ie s  c o l 

o n ie s  can th e  q u a l i t i e s  th a t  a f f e c t  p r o d u c t iv ity  and s u r v iv a l  o f  c h ic k s  

o f  th e  2 s p e c ie s  be d eterm in ed  (E lto n  and M ille r  1954)•

In  b i r d s ,  th e  p resen ce  o f  a  congener on th e  same b r e e d in g  ground  

h a s b een  r e p o r te d  t o  a l t e r  n e s t in g  p a tte r n s  (Brewer 1963, G atchpole 1972, 

C row ell 1968, Legg and P i t e lk a  1956)» These a l t e r a t io n s  o f t e n  in v o lv e  a
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sw itc h  t o  a l e s s  d iv e r s e  n ich e  b y  one o f  th e  s p e c i e s .  I f  sp ace i s  l im i t e d ,  

more members o f  th e  same s p e c ie s  may crowd t o g e t h e r ,  in c r e a s in g  d e n s i t y .  

Y et, i f  den se n e s t in g  in s u r e s  th a t  a p red a to r  i s  more l i k e l y  t o  be n o t ic e d ,  

r e s u l t in g  in  l e s s  n e s t  d e s t r u c t io n ,  th e n  a  change tow ards d en ser  n e s t in g  

would be b e n e f i c i a l  in  e i t h e r  th e  m ixed or s in g le  s p e c ie s  c o lo n y . How

e v e r , i f  i n t e r -  and i n t r a s p e c i f i c  a g g r e s s io n  in c r e a s e s  w ith  more c l o s e l y  

sp aced  n e s t s ,  t h i s  m ight be d e tr im e n ta l t o  th e  p r o d u c t iv ity  o f  1 or b o th  

s p e c i e s ,  and g r e a te r  p ack in g  to g e th e r  o f  n e s t s  would p rob ab ly  not o c c u r .

Numbers o f  n e s t s  v a r ie d  w ith  lo c a t io n  in  th e  c o lo n ie s  and th e  d i s 

t r ib u t io n  o f  each  s p e c ie s  was c o r r e la t e d  w ith  c e r t a in  v e g e t a t io n  char

a c t e r i s t i c s .  The 2 s p e c ie s  d is t r ib u t e d  th e m se lv e s  q u it e  d i f f e r e n t l y  w ith  

r e s p e c t  t o  v e g e t a t io n  h e ig h t ,  co v er  and volume (S ee  C hapter I V ) . L ike

w is e ,  th e r e  were d i f f e r e n c e s  in  p lacem ent o f  th e  n e s t s  w ith  r e s p e c t  to  

th e  edge and th e  c e n te r  o f  th e  c o lo n y  and d is ta n c e  t o  w a te r . I  hypoth

e s iz e d  th a t  th e  a n a ly s i s  o f  r e p r o d u c tiv e  s u c c e s s  o f  th e  g u l l s  under th e s e  

v a r y in g  c o n d it io n s  m ight g iv e  some in s ig h t  in t o  th e  s u r v iv a l  v a lu e  o f  

th e s e  f a c t o r s .  O ther r e s e a r c h e r s  have a n a ly zed  s p a t ia l  d i s t r ib u t io n  o f  

and v e g e t a t io n  c h a r a c t e r i s t i c s  su rro u n d in g  th e  n e s t s  t o  determ in e th e  

c a u sa l f a c t o r s  o f  p r o d u o t iv ity  (C ro w ell I968 , Jaeger  1972, Legg and 

P it e lk a  1956, Maher I962) .  Brown ( 1967b) in  a  com p arative s tu d y  on 

b r e e d in g  b io lo g y  o f  H err in g  and L e sse r  B la ck -b a ck ed  G u lls  ( Larus f u s e u s ) ,  

n oted  th a t  b r e e d in g  s u c c e s s  was p o s i t i v e l y  c o r r e la t e d  w ith  v e g e ta t io n  

c o v e r . B urger ( I967) found th a t  th e r e  was g r e a te r  n e s t  d e n s i ty  w ith  

more v e g e t a t io n  c o v e r . I fu ile  t h i s  may not have in c r e a s e d  p r o d u c t iv ity  

per n e s t ,  i t  in c r e a se d  i t  f o r  th e  w hole c o lo n y  b eca u se  more g u l l s  co u ld  

n e s t  on th e  c o lo n y . S p a c in g , d e n s i t y ,  and n e s t  lo c a t io n  in  th e  c o lo n y
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likew ise influence reproductive success in  many o ther species (Legg and 

P ite lk a  1956, P atterson  1965» Tenaza 1971)•

The date of nestin g  is  an im portant fa c to r  in  successfu l breeding 

(Brown 1967b, Maher 1962, P atterson  1949)« Clutch s ize  i s  sm allest and 

breeding success is  le a s t i f  eggs are  la id  a t  the  end of the  n es tin g  per

iod . For co lo n ia l b ird s ,  probably a more im portant fa c to r  is  synchrony 

of nesting  (Ernien 1976).

Possible causes of m o rta lity  in  g u ll chicks are p redation , 

w eather, and s ta rv a t io n . P redation  can be divided in to  p redation  by 

o ther species and p redation  by a conspecific  (cann ibalism ). In  the c a t

egory of "o ther species" I  place congeners a lso .

Predation by o ther g u lls  and cannibalism  are the major m o rta lity

fa c to rs  on gu ll co lonies (Paynter 1949» Vermeer 1963,1970)« F'rom 34 / to

41/  of the eggs were observed to  fled g e . Paludan (1957) s ta te s  th a t 

H erring Gulls on h is  study fledged le s s  than 1 chick per n e s t.

MATERIAIS AND METHODS

I obtained both b i r th  data and chick m o rta lity  data  fo r  a l l  col

on ies. In 1973 I  performed a complete nest census on Preezeout Penin

su la , gathering  da ta  on th e  number of chicks and eggs per n e s t.  The 

values obtained were probably near the  maximum c lu tch  s ize  fo r  each nest 

because, p recluding any egg m o rta lity , th e re  was e s s e n t ia l ly  no chick 

m o rta lity  to  confound the census since the  eggs were ju s t hatch ing . Like

w ise, in  1973 I  obtained egg ages on 4 colonies from sample nests  along 

tra n se c ts  10 m ap art and 1 m wide.
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In 1974 I included in  the census of clutch size only nests in  

transects 10 m apart (20 m apart at Arod) and 1 m wide. I began data 

gathering a month ahead of expected hatch date and ran 2-3 censuses per 

colony before the eggs hatched. I did not run censuses after the eggs 

hatched because of the disturbing factor of the census process, and the 

resulting chick mortality.

Because censuses disturbed and displaced chicks from their nests,

I obtained the mortality data by counts of dead chicks after the breeding 

season had passed. I inspected each quadrat thorou^ly for dead chicks and 

measured the chicks' ta rs i to  age them. I could not distinguish King

b illed  Gull from California Gull chicks and thus included for analysis of 

the dead chicks only monospecific quadrats. Because some chicks were con

sumed or blown away, not a l l  chicks that died could be accounted for.

I hypothesized that the placement of the nests in the colopy, the 

vegetation profile surrounding each nest, the nearest n e ith er  distance, 

density of the nesting and species of gulls would influence mortality 

rates but not birth rates. I believed that predation on chicks would be 

the mortality factor most responsible for chick death and that i t  would be 

influenced in  various ways by the above factors. Subsequently, I ana

lyzed these factors within and between species and within and among col

onies with respect to mortality rates and birth rates.

BESULTS

Clutch Size

Using the Kolmogorov-Smirnov t e s t ,  I found no difference in  

clutch size for each species among the 3 different 1974 colonies (Fig

ures 5“ 1}5“2) s There was likewise no difference in clutch size between
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th e  2 species and among the 3 co lon ies in  proportions of nests  in  each 

category of c lu tch  s ize  ( a l l  p ^ O.O5) .

R e la t io n s h ip  B etw een  C lu tch  S iz e  and V ariou s  
M easures o f  P r o d u c t iv ity

F ig u re  5~3 shows th e  s te a d y  d e c l in e  o f  numbers o f  n e s t s  w ith  

v ia b le  young th rou gh ou t th e  e a r ly  b r e e d in g  s e a s o n . T h is  was c o n s i s t e n t  

f o r  a l l  c o l o n i e s .  T ab les $-1  and $ -2  show th e  changes in  numbers o f  n e s t s  

w ith  v ia b le  young and number o f  n e s t s  over tim e w ith  r e s p e c t  t o  d i f f e r e n t  

o r ig in a l  c lu tc h  s i z e s .  The ch an ges in  numbers o f  n e s t s  were not co r 

r e la t e d  w ith  th e  o r ig in a l  c lu tc h  s i z e .

Tables 5“ 3A and 5-3B compare the mean age of eggs and the  s ize  

of th e i r  c lu tc h . The general tren d  i s  fo r  sm aller c lu tches  to  be younger 

which i s  what I  expected. A ch i square contingency t e s t  revea led  no in 

fluence of age c la ss  on c lu tch  s iz e  fo r  Preezeout Peninsula in  1973, fo r 

Larus c a lifo rn ic u s  (p > O.O5) ,  yet th e re  was an in fluence fo r  Larus 

delaw arensis (p < O.O5 ) .  There was no influence of age on c lu tch  s ize  

fo r R in g -b illed  Gulls a t  the Lakeside Unit R in g -b ille d  Gull colony, 

Bowdoin re fu g e , nor a t  th e  mixed Long Is land  colony a t  Bowdoin (Table 

5“4A). The same was tru e  fo r R in g -b illed  G ulls a t Arod. The exceptions 

were the  C a lifo rn ia  Gulls a t  Long Is lan d  and a t  Arod (p ^  O.O5) .

At Preezeout Peninsula 1974, and Arod Is lan d  1974, fo r  both 

species and a t Preezeout Is lan d  1974 fo r  C a lifo rn ia  G u lls , the  i n i t i a l  

c lu tch  s ize  d id  not in fluence hatch ing  success, ra te  of change of c lu tch  

s iz e ,  or su rv iv a l of the eggs (p > O.O5 , Table 5“4S).

A Mann-Whitney U t e s t  b etw een  a g es  o f  dead c h ic k s  on P reezeo u t  

P e n in su la  and Arod r e v e a le d  a s i g n i f i c a n t  d i f f e r e n c e  i n  age o f  c h ic k
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TABLE 5-1

Changes in  Numbers of Nests w ith Viable Young

Colony Larus c a lifo rn ic u s Larus delaw arensis

Freezeout 18 îilay 31 May 18 May 31 May
Peninsula on no C.C. CO
1974

C.C \J\J

Arod 19 May 1 June 12 May 1 June
Island
1974 31 28 97 78

Freezeout 23 May 29 May
Island
1974

81 75

TABLE 5-2

Numbers of Nests w ith Various C lutch S izes

E arly  Spring Census Late Spring Census

Colony and Species ( Post-Laying) (Pre-H atching)
C lutch Size Clutch Size

5 4 3 2 1 0 5 4 3 2 1 0

Preezeout Is la n d , 1974 
Larus c a l ifo rn ic u s

Freezeout P en insu la , 
1974
Larus c a lifo rn ic u s  

Larus delaw arensis

Arod Is la n d , 1974 
Larus c a lifo rn ic u s

Larus delaw arensis

-  1 62 15 3 0

— — 6 7 — 1

-  2 50 18 10 3

2 - 1 9

2 - 7 0

8

8

2 0 

2 0

-  3 33 19 19 7

-  -  6 5 - 3

-  1 23 19 15 25

2 -  8 11 5 5

2 -  21 24 12 19
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TABLE 5-3A
*

Mean Age of Eggs in  B iffe re n t-S ized  Clutches
10 May 1973

Colony and Species Clutch Size Grand
4 3 2 1 Mean

Bowdoinr-Lakeside Unit 
Larus delaw arensis 1.25 1.52 1.53 1.50 1.69

Bowdoin—Long Is land
Larus c a lifo rn ic u s 2.5 1.5 2.35
Larus delaw arensis 1.38 2.03 1.8 1.33 1.99

Arod Is lan d  
Larus c a lifo rn ic u s 1.75 2.48 2.0 1.5 2.24
Larus delaw arensis 1.37 2.2 2.75 2.67 1.93

Freezeout Peninsula 
Larus c a lifo rn ic u s 1.72 2.17 1.0 1.72

Larus delaw arensis — 2.8 1.5 1.5 1.81

Age Code: 3 = 13-15 days o ld ; 2 = 10-12 days o ld ; 1.5 = 7-9 days o ld ; 
1.0 = 4-6 days o ld .

NOTE: Eggs hatched 31 May -  3 June
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table 5-3B

Mean Clutch Size of Different-Aged. Eggs 
10 May 1973

Colony and Species Age in Days Grand
16-18 13-15 10-12 7-9 4-0 Mean

Bowdoin—Lakeside Unit 
Larus delawarensis 2.6 2.8 3.05 2.6 2.83

Bowdoin—Long Island
Larus californicus 3.0 2.95 2.85 2.55 2.4 2.86
Larus delawarensis — 2.9 2.75 2.92 2.63 2.82

Arod Island 
Larus californicus 2.72 2.95 3.25 2.3 2.76
Larus delawarensis 2.85 3.0 3.05 2.75 2.93

Freezeout Peninsula
Larus californicus 2.6 2.95 3.0 2.3 2.71
Larus delawarensis — 3.0 2.82 2.7 2.5 2.77

NOTE: Eggs hatched 31 May -  3 June.
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TABLE 5-4A.

Chi S(iuare Contingency Tables: 
Numbers of Nests

Colony Lams californiens Lams delawarensis

Clutch
Size

Age (Coded) of Eggs 
3-2 l i  1

Clutch
Size

Age (Ceded) of Eggs 
3—2 1-&-1

Freezeout
Peninsula
13-V-73

3
2-1

23 7 
4 0

9
6

3
2-1

27 15
3 7

= 5.8656
P > 0.05

Clutch
Size

x^ = 3.8919
P > 0.05

Age (Coded) of Eggs 
3-2 li-1

Lakeside
Unit
10-V-73

4-3
2-1

20 29
5 5

x^ = 0.2846 
p >  0.05

Clutch
Size

Age (Coded) of Eggs
3^ 3 2 1I-I

Clutch
Size

Age (Coded) of Eggs 
3 2 li-1

Long
Island
10-7-73

4-3
2-1

47 38 
1 5

7
8

4-3
2-1

21 22 27
2 7 8

x^ = 26.3627 
p <  0.05

X̂  = 2.3478
p >  0.05

Clutch
Size

Age (Coded) of Eggs 
3 2 l i  1

Clutch
Size

Age (Coded) of Eggs 
3-2 li-1

Arod
Island
13-7-73

4-3
2-1

30 17 7 
10 4 2

5
10

4-3
2-1

43 33 
3 4 _

X̂  = 11.3868
P <  0.05

x^ = 0.489 
P >  0.05
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TABLE 5-4B

Hatching Success of Eggs with Respect to  Clutch Size

Colony Larus californicus Larue delawarensis

Preezeout
Peninsula
1 9 7 4

Arod Island 
1 9 7 4

Freezeout
Island
1 9 7 4

Clutch #  Eggs #  Young Clutch é  Eggs #  Young
Size Laid Hatched Size Laid Hatched

1 1 0 1 9 2
2 20 5 2 28 12

. 3 51 11 3-4 110 36

Clutch #  Eggs #  Young Clutch #  Eggs #  Young
Size Laid Hatched Size Laid Hatched

1-2 16 4 1 2 3
3-5 67 23 2 24 10

.3 -5 240 97

Clutch #  Eggs #  Young
Size Laid Hatched

1 3 0
2 30 12

183 , , . J 1  _
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death on th e  mixed colonies (p 0 .001 ). Chicks died a t  a younger age a t 

ilrod than  they  did  a t F reezeout. I could not determine from the dead 

chicks the date they  d ied .

R ela tionsh ip s Between Clutch Size and 
Various E cological V ariab les

A K ruskal-W allis a n a ly s is  of variance showed no d iffe ren ce  in  

n earest neighbor d istance  among n es ts  with d if fe re n t c lu tch  s ize s  in  

e i th e r  R in g -b illed  Gulls (p  > O.IO) or C a lifo rn ia  Gulls (p > 0 .1 0 ) ,  a l l  

co lo n ies , both y ea rs . I  could not compare vegeta tion  param eters fo r  a l l  

colonies in  th i s  manner because of the way the data  were tak en . L ikew ise, 

analyses of variance fo r  th e  nests  on Freezeout Peninsula 1973 fo r  per

cent cover, height and volume (cover x he igh t) of v egeta tion  showed no 

d iffe ren ce  among c lu tch  s iz e  fo r  the  R in g -b illed  Gulls ( a l l  p > O.IO). 

However, the  C a lifo rn ia  G ulls d id  e x h ib it d iffe ren ces  in  v eg e ta tio n  

cover, heigh t and volume w ith  respect to  c lu tch  s ize  ( a l l  p < 0 .0 1 ,

Table 5~5)* The cover was g re a te s t w ith clu tches of 5 and 6 and height 

of v eg e ta tio n  was g re a te s t w ith a c lu tch  of 3* However, th e  d iffe ren ces  

in  a c tu a l measurement were not g re a t;  a  13>j range in  cover and, ex

cluding  1 n e s t,  a 10 cm range in  h e ig h t.
2

Table 5-6 compares the r  and F values fo r  each s e t of v a ria b le s  

fo r both sp ec ie s . There was no c o r re la tio n  between c lu tch  s iz e  and any 

of the  4 independent v a ria b le s  te s te d .

On a l l  1974 co lo n ies , fo r  each sp ec ie s , th e re  i s  no s ig n if ic a n t 

d iffe ren ce  among lo ca tio n s  in  colony w ith respect to  numbers of young a t 

l a s t  or f i r s t  census. The lo c a tio n s  compared were; 1) w ith in  10 m of 

the  w ater, 2) the landward edge of the colony, 3) the  middle of the  colony.
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TABIE 5 -6

Correlation of Clutch Size and Vegetation Parameters
and Nearest N eith er Distance

Colony and Spooico Independent
Variable

J.2 F P ^

Freezeout Peninsula, 
1974

Percent Cover 
Vegetation 0.00484 1.8438 0.10

Larus californicus
H ei^ t of 
Vegetation 0.000499 0.2017 0.10

Cover X Height 
of Vegetation 0.000184 1.3373 0.10

Nearest Neighbor 
Distance 0.00204 0.7861 0.10

Percent Cover 
Vegetation 0.000004 0.005 0.10

H ei^ t of 
Vegetation 0.00051 0.3084 0.10

Larus delawarensis Cover X Height 
of Vegetation 0.00085 0.536 0.10

Nearest Nei^bor 
Distance 0.00091 0.575 0.10
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2
Both the  X contingency t e s t , comparing s ta r t in g  and ending numhers of 

young w ith lo c a tio n , and the extension of the median t e s t ,  comparing 

c lu tch  s iz e s  g rea te r than and le ss  than  or equal to  the median with re 

spect to  lo c a tio n  y ie lded  a p > O.O5 (Tables 5“ 7i 5 -8 ).

M orta lity  of Clutches—Hatching and Pre-Hatching

Total pre-hatch ing  m o rta lity  could not be compared accu ra te ly  

among the  colonies because the census periods fo r each colony d if fe re d . 

T herefore, a d a ily  m o rta lity  ra te  was used. This is  obtained by the

formula K,, = - In  — / / d ,  where = d a ily  m o rta lity  r a te ,  and

are the number of eggs a t times t+1 and t  re sp e c tiv e ly , and d = number 

of days between t+1 and t .

I  compared the d a ily  c lu tch  m o rta lity  ra te s  in  a l l  colonies fo r 

both species during the p re-hatching-hatching  s tag e . The average ra te s  

per colony are  d isplayed in  Table 5-9 a-ud Figure 5”4* Both species a t 

Freezeout Peninsula had a higher average d a ily  m o rta lity  ra te  than  they  

d id  a t  Arod and the C a lifo rn ia  Gulls a t Id-eezeout Is land  had the h ighest 

m o rta lity  ra te  fo r  a l l  co lon ies, both sp ec ie s . A stepvjise m ultip le  re 

g ression  an a ly sis  fo r  each colony and species y ie lded  a c o rre la tio n  co

e f f ic ie n t  th a t was not s ig n if ic a n tly  d if fe re n t from zero between d a ily  

m o rta li ty  ra te  and den sity  fo r  the mixed co lonies but revealed  a s ig n if 

ican t c o rre la tio n  vrith d ensity  in  a c u rv ilin e a r  fash ion  fo r  the  s ing le  

species colony ( Table 5 -10). The m ultip le  c o rre la tio n  c o e ff ic ie n t fo r 

d a ily  m o rta lity  ra te  and density  is  O.3168 (F = 4*29)• Changes in  pro

d u c tiv ity  are  d isplayed in  Tables 5-17 through 5~19«
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table 5 -7

s ta r t in g  and Ending Numbers of Eggs 
w ith Respect to  Location in  the  Colony

L o ca tio n  in  C olony
Edge o f  

Water
Middle lanuwaru

Edge

F i r s t  Census 

F in a l  Census

F i r s t  Census 

F in a l  Census

Larus delawarensis 
Freezeout Peninsula, 1974

43 21

18 13

Larus delaw arensis 
Arod Is la n d , 1974

55 74
31 60

103

79

149

93

F i r s t  Census 

P in a l  Census

F ir s t  Census 

F in a l  Census

Larus c a lifo rn ic u s  
Freezeout Peninsula, 1974

43 21

24 13

Larus ca lifo rn ic u s  
Arod Is la n d , 1974

31 7
30 6

103

79

47

31

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



124

TABLE 5-8 

Clutch Size and Location in  Colony

Colony Larus c a lifo rn ic u s Larus delaw arensis
Location o f Nest in  Colony Location of Nest in  Colony

Edge o f L a n d w a r d  Edge of Landward
Water '  “  Edge Water Edge

Arod > Median 7 4 ^ Median 6 12 16

1974*̂  ̂ ^  Median 9 13 -  Median 14 15 34

X = 1.522 df = 1 X = 4.029 d f = 2
0.3 >  p > 0 .2  0 .2  >  p > 0.1

Edge of /Landward Edge of Landward
Water Edge Water Edee

Freezeout > Median 6 3 > Median 4 1 18
f tn in su la  ^  I4 5 é  Median 15 8 24

X = 0.1482 d f = 1 = 5.035 d f = 2
0.8 >  p > 0 .7  0.1 > p >0.05
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TABLE 5-9

Reproductive Success 
Mortality Rate; Egg Stage

Larus californicus Larus delawarensis

Colony Daily
Mortality

Sate

X
Density

Daily
Mortality

Rate

X
Density

Preezeout
Peninsula
1974

0.029 0.055 0.031 0.254

Arod
Island
1974

0.016 0.165 0.021 0.539

Preezeout
Island
1974

0.046 0.270 — —
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D e s c r ip t io n s  o f  M o r ta lity

I determined a chick death ra te  fo r  each q u ad ra t, using  the dead 

chick counts. On each colony, the  count o f dead chicks revealed no d if 

ference in  m o rta lity  of chicks w ith resp ec t to  lo c a tio n  in  the colony: 

w ater edge, m iddle, or land edge. A ll colonies were compared with re 

spect to  death ra te  (jM ead/nest per quadrat) f i r s t  by a Kruskal-W allis 

an a ly sis  of v arian ce , and then pair-w ise  by a Hann-Iftiitney U t e s t .  There 

was a h igher m o rta lity  ra te  on Arod in  1974 than on Preezeout Peninsula 

in  1973 (p < O.OOl) or 1974 (p ^  0 .001). There was a h igher ra te  of chick 

m o rta lity  a t  Freezeout Peninsula in  1973 than  in  1974 (p ^  O.OO9 ) and 

th e re  was h igher chick m o rta lity  on Freezeout Is land  in  1974 than  on the 

peninsula in  1974 (p < O.OOO5) .

I  compared the m o rta lity  in  the  3 main areas of the Freezeout 

Peninsula colony fo r each species by the K ruskal-W allis an a ly sis  of 

v arian ce . The lo c a tio n  in  the colony had no re la tio n sh ip  on the m ortal

i t y  fo r  e i th e r  species (p < O.O5) .  The m o rta lity  ra te s  averaged the  

same among the 3 a re a s .

R e la t io n s h ip s  B etw een  M o r ta lity  and  
V a rio u s E c o lo g ic a l  V a r ia b le s

I  te s te d  3 sample co lon ies fo r  re la tio n s h ip s  among m o rta lity  

ra te  and d en s ity , c lu tch  s iz e ,  n ea re st neighbor d is ta n ce , vegeta tion  

param eters, and age of dead ch ick s. The co lonies were : Freezeout Is lan d  

1974) Arod Is lan d  1974> and Freezeout Peninsula 1973. I  d id  not use 

Freezeout Peninsula 1974 iu  the analyses because i t  re p lic a te s  1973 and 

th e re  was some unknown human d istu rbance on th i s  colony in  the midst of 

the chick re a r in g  season, which increased  m o rta li ty . TTie t e s t  I  used
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fo r  th e  above com p arison s was a m u lt ip le  s te p w is e  r e g r e s s io n .  T able ^ - n  

com pares th e  sum m aries f o r  each  t e s t  and T ab les 5 -1 2 ;  5“ 13A, 5 -1 3 B , 5 -14A , 

and 5- I 4B g iv e  th e  c o r r e la t io n  m a tr ic e s .  T a b les  5-15 and 5- I 6 g iv e  th e  

c o r r e la t io n  m a tr ic e s  and th e  summ aries fo r  each  t e s t  r e s p e c t iv e ly  fo r  

d eath  r a te  and d e n s i t y  o n ly .

Survival of Chicks—Post-H atching

h i n g - b i l l e d  G u lls  on Arod I s la n d  and F reezeo u t P e n in su la  had  

m o r ta l i ty  r a te s  th a t  were c o r r e la t e d  w ith  n e a r e s t  n e ig h b o r  d is ta n c e  and 

c lu tc h  s i z e  (p  < O .O O l). The g r e a te r  th e  n e a r e s t  n e ig h b o r  d i s t a n c e ,  th e  

h ig h e r  th e  c h ic k s '  m o r t a l i t y  fo r  b o th  mixed c o l o n i e s .  H owever, on F r e e z e 

o u t ,  th e  m o r t a l i t y  was n e g a t iv e ly  c o r r e la t e d  w ith  c lu t c h  s i z e  w h ile  a t  

Arod i t  was p o s i t i v e l y  c o r r e la t e d .  There was no c o n s i s t e n t  p a t te r n  o f  

c o r r e la t io n  fo r  th e  v a r io u s  C a l i f o r n ia  G u lls '  m o r ta l i ty  r a t e s .  On b o th  

P reezeo u t P e n in su la  and P reezeo u t I s la n d , m o r ta l i ty  was p o s i t i v e l y  co r 

r e la t e d  w ith  c h ic k  age a t  d ea th  (p  < O .O O l). On F r e e z eo u t P e n in su la ,  

th e r e  was h ig h  m o r t a l i t y  c o r r e la t e d  w ith  low co v er  and on Arod m o r ta l i ty  

was n e g a t iv e ly  c o r r e la t e d  w ith  d e n s i t y  and p o s i t i v e l y  c o r r e la t e d  w ith  

c lu tc h  s i z e  (p  < 0 . 025) .

When a l l  v a lu e s  o f  m o r t a l i t y  and d e n s i t y  are  com bined fo r  each  

s p e c i e s ,  a l l  c o lo n ie s ,  th e r e  i s  a n e g a t iv e  c o r r e la t io n  b etw een  d ea th  

r a te  and d e n s i t y  f o r  E in g - b i l l e d  G u lls  (p  < O.OOl) b u t no c o r r e la t io n  

fo r  C a l i fo r n ia  G u l ls .  A p lo t  o f  d ea th  r a te  and d e n s i t y  fo r  each  s p e c i e s ,  

a l l  c o lo n ie s  com bined, s u g g e s t s  a U -shaped  and a h y p e r b o lic  curve fo r  

C a li fo r n ia  and R in g - b i l l e d  G u lls  r e s p e c t iv e ly  (F ig u r e s  5 -5  ; 5 - 6 ) .
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TABLE 5-11

Stepwise Multiple Regression 
Death Rate and Nesting Niche Parameters

130

Regression Steps and Equation Multiple r Multiple F

Preezeout Peninsula, 1973

Step 1—Nearest N either Distance 

Step 2—Clutch Size

Larus delawarensis
r = 0,6278 
p2= 0.3941

r = 0.6983 
p2= 0.4876

Step 1—Age of Chicks 

Step 2—Vegetation Cover

Step 1—Nearest N either Distance 

Step 2-HJlutch Size

Larus californicus
r = 0.5002
r^= 0.2502

r = 0.5671 
p2= 0.3216

Arod Island, 1974
Larus delawarensis

r = 0.8780
p2= 0.7708

r = 0.9141
0.8357

Step 1—Clutch Size 

Step 2—Density

Step 1—Tarsal Length

Larus californicus
r = 0.6643 
p2= 0.4413

r = 0.7924
p2= 0.6279

Preezeout Island, 1974
Larus californicus

r = 0.3655
p2= 0.1336

P = 14.958
= 1,29

F = 4.014  
=  2,28

P = 17.352
= 1,53

F = 5.3685
= 2,52

P = 50.457 
= 1,16

F = 5.522
= 2,15

F = 8.690  
=  1,12

F = 5.0128 
=  2,11

F = 3.393 
=  1 , 2 2
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TABLE 5-15

Correlation Matrioee 
Log Death Rate: Chicks 
All Colonies Conhined

Larus californicus Larus delawarensis

^°Ra%^^  ̂ Density Density^ ^°fate^^^ Density Density‘s

^°Rate^^^ 1.0 -0.163 -0 .118 ^ % te ^ ^ ^  “ 0*311 -0.233

TABLE 5-16

Stepwise Multiple Regression . 
Log Death Rate and Density + Density

Larus californicus

F is  not significant

Larus delawarensis

Regression Step and Equation Multiple r Multiple F

step 1-B eneity  ' z ]  o ! w 9  '' =
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TABLE 5-17

Changes in  Clutches 
Preezeout Peninsula, 1974

Larus c a lifo rn ic u s Larus delawarensis
Date of Census

18 May 31 May 18 May 31 May

Number of Nests 32 32 69 71
Number of Eggs 73 33 167 55
X Clutch Size: Eggs 2,28 1.06 2.42 0.77

Number of Chicks 0 17 3 60
(58 l iv e ,  

2 dead)

T otal P o ten tia l 
Young 73 50 170 115

(113 liv e )

X Clutch Size Total 2.28 1.52 2.46 1.59
( l iv e )
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TABLE 5-18

Changes in  Clutches 
Preezeout Is la n d , 1974

Larus c a lifo rn ic u s  only 
Date of Census

23 May 29 May

Number of Nests 81 81

Number of Eggs 191 99
(98 l iv e ,  

1 dead)

X Clutch S ize Eggs 2.36 1.21
( l iv e )

Number of Chicks 33
(32 l i v e ,  

1 dead)

87
(71 l iv e ,  

16 dead)

T otal P o ten tia l 
Young 223 169

( l iv e )

X Clutch S ize T otal 2.75
( l iv e )

2.09
( l iv e )

TABLE 5-19

Changes in  Clutches 
Arod Is la n d , 1974

Larus c a lifo rn ic u s Larus delaw arensis
Date o f Census

12 May 1 June 12 May 1 June

Number of Nests 31 33 97 98
Number of Eggs 83 38 278 74
X Clutch S ize Eggs 1.68 1.15 2.87 0.76
Number of Chicks 1

l30 l iv e ,  
5 dead)

0 133
(110 l iv e ,  

23 dead)
X Clutch Size Total 2.71 2.06 2.87 1.88
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DISCUSSION

A ll co lon ies in  th is  study can be compared w ithout b ia s  w ith re 

spect to  p ro d u c tiv ity  because th e i r  b reeding  cycles co incided . This d is 

cussion has 6 major p a r ts :  1) d e sc rip tio n  of c lu tch  s iz e  among and

w ith in  co lo n ies , 2) comparisons of hatch ing  success and su rv iv a l of 

chicks among and w ith in  co lo n ies , 3) re la tio n s h ip s  between c lu tch  s ize  

and various eco lo g ica l v a r ia b le s : nearest neighbor d is ta n c e , vegeta tion

p ro f i le ,  d en s ity , lo c a tio n  in  colony, date of lay in g  and age a t  chick 

death , 4 ) in fluence of c lu tch  s ize  on hatch ing  success, su rv iv a l, and age 

of chick dea th , 5 ) m o rta lity  d e sc r ip tio n , and 6) c o r re la tio n  of m o rta lity  

r a te s  of chicks and v a ria b le s  in  the n es tin g  n iche .

D esorip tion  of Clutch Size

Not only were the d iffe ren ces  in  c lu tch  s iz e  among and w ith in  the 

co lon ies not s ig n if ic a n t  but a lso  the d is tr ib u t io n  of n es ts  w ith in  c lu tch  

c la sses  was not s ig n if ic a n t ly  d i f f e r e n t .  I  d id  not expect any d if f e r 

ences among the co lon ies fo r  each species because although th e re  are minor 

v eg e ta tio n a l and topographic d iffe re n ces  among the co lon ies they are near 

each o ther geograph ically  and experience th e  same macroclimate and any 

o ther eco lo g ica l in fluences from th e  environment.

Hatching Success and Survival o f Chicks

The hatch ing  success (d a ily  su rv iv a l r a te  of eggs) and the chick 

su rv iv a l ra te s , w ith the exception of Freezeout Peninsula R in g -b illed  

G ulls , was what I  p red ic ted . For both R in g -b ille d  and C a lifo rn ia  G ulls, 

hatch ing  success was le s s  on the peninsula than  on the  2 is la n d s . A lso,
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the  to t a l  su rv iv a l of eggs and chicks in  the hatching and pre-hatching  

stages was le s s  on the peninsula with more eggs and chicks unaccounted 

fo r  th e re  than  on any other colony. This is  understandable because pred

a to rs  can get to  the peninsula colony much more e a s ily  than they can to  

the in su la r  co lon ies. T e r re s tr ia l  predators such as the lo n g -ta ile d  

w easel, coyotes and snakes were only seen on the peninsula, never on the 

is la n d s . The low hatching success in  197^ a lso  may have been in  part a 

r e s u l t  of human disturbance ea rly  in  the season. Some nests  were deserted  

permanently. A g rea te r  proportion of R ing -b illed  Gulls than  C alifo rn ia  

G ulls remained on the peninsula a f te r  th is  d is tu rbance. This may have 

been because the person(s) only tresp assed  on the C a lifo rn ia  Gull a rea .

The higher su rv iv a l ra te  of the R ing^billed  Gulls on Freezeout Peninsula 

may in  p art have been a r e s u l t  of the re le ase  from C a lifo rn ia  Gull pred

a to ry  p ressu re .

The high hatching and su rv iva l ra te s  on Arod Is lan d  fo r C a lifo r

n ia  Gulls may be re la te d  to  the in su la r  aspects of the colony in  conjunc

t io n  with a  higher, denser vegeta tion  and g rea te r nearest neighbor d is 

ta n ces . Some authors (Brown 1967b , Burger I967) have noted a g rea te r  

breeding  success co rre la ted  with cover. The g rea te r  R in g -b illed  Gull 

su rv iv a l and hatch ing  success may be due to  the fac t th a t on Arod they 

a lso  are n es tin g  a t th e i r  p re fe rred  nearest neighbor d is tance and near 

v eg e ta tio n  w ith the p re fe rred  p ro f i le .  On Arod the R ing^billed  Gulls 

nested  near vegeta tion  th a t was lower and le ss  dense than  th a t a t  Freeze

o u t. 'The nearest ne i  glib or d istance was c lo ser a t  Arod fo r the Ring- 

b i l l e d  Gulls than  a t Freezeout Peninsula. Perhaps th i s  is  a spacing 

p a tte rn  to  ensure more p ro tec tio n  from C alifo rn ia  Gull p reda tion , hence
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the h igher chick su rv iv a l. Also, these may be the p re fe rred  conditions 

under which R ing -b illed  Gulls have survived fo r  many years and have had 

the g re a te s t breeding success, The b iggest fa c to r , however, may have 

nothing to  do with v eg e ta tio n , but ra th e r  may bo the in su la r  nature of 

the colony.

Freezeout Is land  has a lower hatching  success and chick su rv ival 

ra te  than  does the mixed colony a t  Arod. The nearest neighbor u istance 

on th i s  monospecific colony is  a lso  lower than  i t  i s  on Arod and the 

height and cover of veg eta tio n  is  much le s s .  Tliese fa c to rs  perhaps 

working s y n e rg is tic a lly  may increase  the in tra s p e c if ic  predatory  pressure 

and thus account fo r the lower r a te s .

In  both mixed co lo n ies , more R ing^billed  eggs and chicks could 

not be accounted fo r  than  C a lifo rn ia  eggs and ch icks. As noted b e fo re , 

C a lifo rn ia  Gulls are predatory  not only on th e i r  ov/n ch icks, but a lso  on 

R in g -b illed  Gull ch icks. R in g -b illed  Gull ad u lts  do not o ften  tre sp a ss  

onto the C a lifo rn ia  Gull area  and th e re fo re  are predatory  mainly on th e i r  

own ch icks. C a lifo rn ia  Gull a d u lts  are a lso  la rg e r  and may have a 

g re a te r  a b i l i t y  to  eat ch icks. R in g -b illed  Gulls furtherm ore are not so 

aggressive nor are they  as b ig  as the C a lifo rn ia  Gulls and thus th e i r  

ch ick -ea tin g  capacity  is  somewhat lim ited  by s ize  (Vermeer 1570)•

The Arod and Freezeout co lonies have hatch ing  and chick su rv iv a l 

ra te s  comparable to  o ther co lo n ies . The fig u res  may seem low but Lack 

( 1554) s ta te s  th a t approxim ately 25/j of ground nestin g  b ird s ' young su r

vive to  fled g e . Paludan ( l5 p l)  found th a t 20)j h e rrin g  Gull (Larus 

a rg e n ta tu s ) chicks and 5}° Lesser Black-backed Gull ( Larus fuseus) chicks
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fledged . The steady decline of n es ts  w ith v iab le  young (Figure $-2) was 

what I expected and i s  comparable to  these o ther s tu d ie s .

R e la t io n s h ip  B etw een C lu tch  S iz e  and N earest
Neifdibor D is ta n c e s ,  V e g e ta t io n  P r o f i l e ,  L o ca tio n  
in  C olony and Date o f  L aying

There was no s ig n if ic a n t d iffe ren ce  w ith in  the h in g -b ille d  Gull 

c lu tch  s iz e s  a t  Freezeout Peninsula (1973) in  nearest neighbor d istance 

and vegeta tion  p ro f i le .  However, th e re  was a s ig n if ic a n t d iffe ren ce  fo r 

the  C a lifo rn ia  G ulls ' c lu tch  s iz e s  with respect to  the v egeta tion  para

m eters. However, the ac tu a l d iffe re n ces  fo r  the C a lifo rn ia  Gulls were not 

g re a t ,  a range of 130 cover and 10 cm h e ig h t.

The comparison of the average nearest neighbor d istance w ith re 

spect to  c lu tch  s ize  among and w ith in  a l l  1974 colonies a lso  y ie ld ed  no 

s ig n if ic a n t d iffe re n c e . This i s  what was expected because c lu tch  s ize  is  

g e n e tic a lly  la id  down by years of evo lu tion  (Lack 195411969)* In  most 

b ird  s tu d ie s , c lu tch  size i s  not what i s  a l te re d  to  adapt to  changing en

vironm ental cond itions; death ra te  i s  and i t  o ften  has been shown to  be 

d ensity  dependent (Lack 1954*1968).

Likewise, the lo c a tio n  in  the colony had no in fluence on c lu tch  

s iz e .  This agrees with what I  p red ic ted  about c lu tch  s ize  and w ith the 

c lu tch  s ize  th e o rie s  of Lack and o th e rs . Location furtherm ore did not 

influence egg su rv iv a l over a three-w eek period .

A reg ress io n  an a ly sis  y ie lded  no s ig n if ic a n t c o rre la tio n  between 

c lu tch  s ize  and the v a r ia b le s ;  n earest neighbor d is ta n ces , v eg e ta tio n  

p ro f ile  param eters, and lo c a tio n  in  colony fo r  a l l  1574 c lu tc h e s . There 

was a general tren d  fo r  l a t e r  la y e rs  to  have sm aller c lu tc h e s . However,
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2
th e  X t e s t  fo r  Larus c a l i f o r n ic u s  y ie ld e d  no in f lu e n c e  o f  age c la s s  on 

c lu tc h  s i z e  w h ile  fo r  Larus d e la w a r e n s is , c lu tc h  s i z e  was c o n t in g e n t on 

d a te  o f  la y in g .  In  th e  l a t t e r  c a s e ,  th e  c lu tc h  s i z e s  had been grouped  

in t o  j u s t  2 c a t e g o r ie s  f o r  th e  a n a l y s i s ,  so  th a t  th e  r e s u l t s  a r e n 't  as  

m ean in gfu l a s  th e y  would have b een  i f ,  w ith o u t gro u p in g  c a t e g o r ie s ,  th e  

t e s t  had b een  s i g n i f i c a n t .

In  gen era l, however, the tren d  is  fo r the mid-season n es te rs  and 

e a r ly  n e s te rs  to  have the la rg e s t c lu tch  s iz e s .  This is  s im ila r  to  the 

ICittiv/ake (Lack 1969) whose re la tio n sh ip  of c lu tch  s ize  and nestin g  date 

is  r e la te d  to  the  a v a i la b i l i ty  of food throughout the  season. There is  

probably le s s  food av a ilab le  towards the  end of the season. This is  un

lik e  the re la tio n s h ip  between c lu tch  s iz e  and date of lay ing  in  many 

perching b ird s  where the food i s  most abundant in  m id-season. Others 

have found th a t  the l a t e r  n e s te rs  w ith sm aller c lu tch  s ize  have le ss  

breeding success (Kennedy 1973* Lack 1969: Vermeer 1968) .  However,

Emlen (1976) s ta te s  th a t synchrony in  n es tin g  i s  more im portant fo r  

co lo n ia l b ird s  than  is  th e  a c tu a l n estin g  d a te .

Influence of Clutch Size on Hatching Success,
Survival and Age of Chick Death

Clutch s ize  did not in fluence hatch ing  success, chick su rv iv a l or 

r a te  of change of th e  s ize  of the  c lu tch  over a three-week sampling per

io d . I t  is  Lack's (1954:1958) b e l ie f  th a t  b ird s  w ill  ra is e  the number of 

chicks they  can feed . There should a lso  be some kind of obvious re la t io n 

sh ip  between c lu tch  s ize  and su rv iv a l of chicks i f  food is  a lim itin g  

f a c to r .  I  found no such re la tio n sh ip  on any of the  g u ll co lo n ies . Lack's 

s tu d ie s  were mainly on passerine  b ird s  which are  a l t r i c i a l .  The co lon ia l
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g u l l s  have s e m i-n id ifu g o u s  young th a t  a re  p h y s ic a l ly  and b e h a v io r a l ly  b e

tw een  a l t r i c i a l  and p r e c o c ia l  you n g . A fte r  th e  f i f t h  day th e y  le a v e  th e  

n e s t  fo r  lo n g  p e r io d s  o f  tim e and a re  a b le  t o  fe e d  th e m se lv e s  a lth o u g h  

th e  p a ren ts  f e e d  them fo r  a t  l e a s t  6 w eek s. T h is may in  p art e x p la in  why 

g u l l s  do not fo l lo w  th e  p a t te r n  o f  o th e r  b ir d s .  Tne a d u lt s  and th e  c h ic k s  

are  f e e d in g  th e  c h ic k s .

The measurement of the t a r s i  on chicks is  a  common and co n sis te n t 

method of aging them (Behle and Goates 1957)» The dead chicks a t  Arou 

were on the average younger than  those a t  F reezeout. This may not be 

very s ig n if ic a n t ,  however, because a la rge  percentage of the Freezeout 

chicks were m issing. The sm aller and th e re fo re  younger chicks are  e a s ily  

eaten  by p red a to rs , both by o ther species and by o ther g u l l s .  Freezeout 

a lso  is  le s s  p ro tec ted  from the wind than  i s  Arod because of geography 

and v eg e ta tio n  d iffe ren ces  and th e re fo re  winds could account fo r  a 

g re a te r  lo ss  of small dead chicks a t  Freezeout Peninsula than  a t  Arod.

The sm a ll c h ic k s  are  l i g h t  in  w e ig h t and c o u ld  be b low n away e a s i l y  in to  

th e  la k e  b y  s tr o n g  w in d s . T h e r e fo r e , any in t e r p r e t a t io n  o f  th e  r e s u l t s  

o f  th e  r e la t io n s h ip  b etw een  age a t c h ic k  d ea th  and c o lo n y  must taJce in t o  

accou n t th e s e  f a c t s .

M o rta lity ; D escrip tion

In  m o r ta l i ty  com p arison s among th e  c o lo n ie s  I  m easured number o f  

dead c h ic k s  and c o n v e r te d  t h i s  in to  a m o r ta l i ty  r a te  b y  d iv id in g  by th e  

number o f  n e s t s  per q uadrat or t r a n s e c t ,  a s  I  e x p e c te d , th e  m o n o sp e c if ic  

C a li f o r n ia  G ull c o lo n y  had th e  h ig h e s t  m o r ta l i ty  r a t e .  The i n t r a s p e c i f i c  

p ressu re  was m a n ife s te d  in  a g g r e s s io n ,  f i g h t s ,  and p r e d a t io n  on th e
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ch icks. The vegeta tion  volume cover and height were minimal fo r C a lifo r

n ia  Gulls on Freezeout Is lan d  and the nearest neighbor d is tances were 

c lo se r  th e re  fo r th is  species than on any other colony san-pled.

Freezeout Peninsula in  1973 had a h igher m o rta lity  ra te  than  did 

the same peninsula in  1974 porhaps due to  the d isturbance on the colony 

ea r ly  in  the breeding season, a t th i s  time many eggs would have been 

present and probably the absence of many dead chicks l a t e r  on in to  the 

season was because they were destroyea in  the egg s ta g e . l'iirtherm ore, 

many ad u lt C a lifo rn ia  Gulls deserted  nests a t th a t time and th e re fo re  re 

moved themselves as p redators which con tribu ted  to  higli m o rta lity  r a te s ,  

arod may have what seems a h igher m o rta lity  ra te  than Freezeout Peninsula 

1973 because of le s s  wind being present th e re . The wind a t  Freezeout 

could e a s i ly  blow away any small ch icks, thus lowering the count. Like

w ise, the  b ird s  are more crowded a t Freezeout and the v eg e ta tio n  i s  lower 

and le s s  dense and th i s  may mean th a t sm aller chicks were re a d ily  seen 

and eaten  com pletely, thus a r t i f i c i a l l y  depressing the numbers in  the 

count of dead ch icks.

M orta lity  and Location in  the  Colony
2

A A t e s t  revealed  no s ig n if ic a n t d iffe rence  fo r  number of chicks 

dying w ith respec t to  lo c a tio n . The numbers of dead chicks found in  each 

of the a re a s , w ater edge, middle, and land edge, did not d if f e r  s ig n if 

ic a n tly  from each o th e r. The ICruskal-Wallis t e s t  of m o rta lity  ra te  and 

lo c a tio n  in  colonj” likew ise revealed  no d iffe re n c e . There i s ,  however, 

a s ig n if ic a n t d iffe ren ce  in  every colony between number of n es ts  in  the 3 

main a re a s : w ater edge, land  edge, and middle (See Chapter I I ) .  This
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may be a re s u lt  of so c ia l f a c i l i t a t i o n  of nestin g  among co lon ia l b ird s  

lik e  g u lls  which o ther researchers have reported  (Lack 1963, Tinbergen 

1954: Vermeer I968) .  Gulls o ften  s e t t l e  to  nest in  the densest part of 

the colony. Tlie presence of o ther g u lls  may lielp to  ensure synchroniza

t io n  of lay ing  and a lso  f a c i l i t a t e s  breeding behavior (Tinbergen 1954)»

M ultiple Regression of Various Independent 
V ariables and M orta lity  Rates

The dependent v a r ia b le , number of dead chicks per nest per 

quadrat (m o rta lity  r a te ) ,  was regressed  on various independent v a riab les  

in  a stepv/ise m ultip le  reg ress io n  equation to  find  the  im portant v ariab les  

in fluencing  m o rta lity . The independent v a ria b le s  included measurements 

of vegetation  around the n e s ts ;  h e ig h t, cover, and volume; nearest 

neighbor d is ta n ce ; d en s ity ; c lu tch  s iz e ;  date of lay in g ; and age of 

chicks dying.

For R ing^billed  G ulls, as the nearest neighbor d istance increased , 

and d ensity  decreased, the m o rta lity  ra te  a lso  increased  a t i'lrod and a t 

Freezeout Peninsula. For the C a lifo rn ia  Gulls a t Arod, the m o rta lity  in

creased as the  den sity  and nearest neighbor d istance decreased; while a t 

Freezeout Is la n d , as density  inc reased , m o rta lity  in c reased . These are 

in d ica tio n s  th a t in tra s p e c if ic  a t t r a c t io n  may be an im portant fa c to r  fo r 

reproductive success (almost every nearest neiglibor fo r  both  species was 

c o n sp e c if ic ) . Many authors have noted th a t g u lls  nest in  the a lread y  oc

cupied p a rts  of the colony (Brewer 1963: Catchpole 1972, Crowell 1560, 

Dixon 1954: Hunt and Hunt 1973: Legg and P ite lk a  1956).

For b o th  s p e c ie s  on Arod I s la n d  and f o r  C a lifo r n ia  G u lls  a t  

F reezeo u t P e n in su la  1973 , th e  c lu tc h  s i z e  v a r ie d  d i r e c t l y  w ith  m o r ta l i ty
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r a te .  A high m o rta lity  ra te  fo r  chicks from large c lu tches may have been 

caused by the in a b i l i ty  of the  parents to  feed a la rg e r  brood. This con

curs w ith Lack's hypotheses ( 1954, 1968) .  However, fo r the H ing-b illed  

Gulls a t Freezeout Peninsula, the m o rta lity  increased  w ith lower clu tch  

s iz e s .

Some v e g e t a t io n  c h a r a c t e r i s t i c s  in f lu e n c e d  m o r ta l i ty  r a t e s .  H igh  

m o r ta l i ty  r a t e s  o f  th e  C a l i fo r n ia  and H in g '-b ille d  G u lls  a t  F reezeo u t  

P en in su la  were c o r r e la te d  w ith  low  co v er  o f  v e g e t a t io n .  T h is may in  part 

e x p la in  t h e i r  c h o ic e  o f  n e s t  s i t e s  near v e g e ta t io n  w ith  hi^^i c o v e r .

The cover, height and volume measurements from the  1974 colonies de

scribe  the vegeta tion  over the e n t ire  quadrat and were from sample p lo ts  

th a t approximated the average veg eta tio n  cover and height in  each p lo t .  

Tliis approxim ation may not be as accurate  as measurements taken  30 cm 

from the n es ts  as in  1573 (See a lso  Brown 1966b , Liaiier 1962, P a tterson

1965) .

C a li fo r n ia  G u lls  on a l l  c o lo n ie s  and R in g - b i l le d  G u lls  a t  F r e e z e 

out P e n in su la  had h i ^  m o r ta lity  r a t e s  c o r r e la t e d  w ith  o ld e r  dead c i i i c k s .  

A lthough p u z z lin g  a t  f i r s t ,  t h i s  becom es c le a r e r  when one c o n s id e r s  th a t  

many c h ic k s  a re  e a te n  and n ever  show up in  th e  count o f  dead c h ic k s .  Hy 

h y p o th e s is  i s  th a t  in  q u ad rats where th e r e  are  many dead c h ic k s  th e r e  

must be many p red a to ry  a d u lt s  t h a t  a r e  b i g  and s tr o n g  enough t o  k i l l  

la r g e r  c h ic k s .  These a d u lt s  are  p rob ab ly  la r g e  enough t o  devour w hole  

sm a lle r  c h ic k s  w ith o u t le a v in g  a  tr a c e  and th u s  th e  m o r ta l i ty  i s  most 

l i k e l y  much h ifÿ ie r  on th e s e  q u ad rats th a n  i s  r e v e a le d  by th e  count o f  

dead c h ic k s .
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ViTien I com bined d a ta  from a l l  c o lo n ie s  fo r  d eath  r a te  and d e n s i t y  

c o m p a r iso n s , I  found t h a t  th e  C a l i fo r n ia  G u lls  showed no c o r r e la t io n  be

tw een  d eath  r a te  and d e n s i t y ,  perhaps b ecau se  th e s e  were so  v a r ia b le  from 

c o lo n y  t o  c o lo n y . The R in g ^ b il le d  G u l ls ,  th o u g h , e x l i ib i t e d  a n e g a t iv e  

c o r r e la t io n  b etw een  m o r t a l i t y  r a te  and d e n in ty . T his r e la t io n s h ip  fo l lo w s  

from th e  n atu re  o f  th e  t i g h t l y  com pacted R in g - b i l le d  G u ll s u b c o lo n ie s .

Low d e n s i t y  a r e a s  are on th e  ed g es  o f  t h e i r  su b co lo n y  where th e y  a r e  su s 

c e p t ib l e  t o  p r e d a t io n , e s p e c i a l l y  b y  a d ja c e n t C a lifo r n ia  G u l ls .

The graphs com paring d e n s i t y  and d eath  r a te  per quadrat seem t o  

show a tr e n d  tow ard s a U shape fo r  C a lifo r n ia  G u lls  and tow ards a  h y p erb o la  

fo r  K in g - b i l le d  G u l ls .  T h is  w ould in d ic a t e  th a t  th e r e  i s  some o p tim al 

d e n s i t y  or range o f  d e n s i t i e s  where d ea th  r a te  o f  c h ic k s  i s  m in im ized .

Tiiis Ü shape and hyperbola can be explained in  part by the co lo n ia l be

h av io r of the  g u l l s .  The co lon ies would not have remained cohesive u n its  

throughout evo lu tionary  h is to ry  had th e re  not been some b e n e fit  to  the 

in d iv id u a l b ird s  in  rem aining c o lo n ia l.  For d e n s itie s  le s s  than  th e  op

tim al co lo n ia l d en s ity , the  death ra te  in c re a se s , presumably from an in 

crease in  p redation  due to  th e  lo ss  of co lo n ia l p ro te c tio n , or from some 

lo ss  in  so c ia l f a c i l i t a t i o n  of care fo r the ch icks. Perhaps the ad u lts  

are worse paren ts when they  are removed from the colony or a re  a t  le a s t  

in  a le s s  than  optim al d e n s ity . Socia l f a c i l i t a t i o n  has been shown to  

play an im portant p a rt in  b i rd  co lo n ia l l i f e  (Tinbergen 1553). P redators 

likew ise could approach an in d iv id u a l n e s te r  more re a d ily  than  th ey  could 

approach an e n t ir e  colony due to  the  mobbing of the predato r by neighbor

ing g u l ls .  À too dense colony on the  o ther hand, e sp e c ia lly  fo r C a lifo r

n ia  G u lls , would produce an increase  in  in tra s p e c if ic  and in tra g e n e ric
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predation  and thus a lso  increase  the death ra te  of ch icks. Tims, an op

tim al d en s ity , as in d ica ted  hy the U-shaped and hyperbo lic  curves in  

F igures 5-5 and 5- 6 , would seem the b est n estin g  s tra te g y  fo r the b ird s  

to  fo llow . However, more data poin ts are necessary in  order to  make any 

d e f in i te  conclusions about these  tre n d s .

CONCLUSION

Chick su rv iv a l from the egg stage was h igher on the mixed species 

is la n d  than  on the pen insu la . This i s  probably due to  a lack  of t e r 

r e s t r i a l  p redators on is la n d s . The monospecific colony of C a lifo rn ia  

Gulls had a sm aller su rv iv a l ra te  than  d id  e i th e r  of the mixed species 

c o lo n ies . On the  monospecific colony th e re  was more crowding and prob

ably  a g re a te r  in te r s p e c if ic  com petition plus le s s  d es irab le  n es tin g  

s i t e s ,  a l l  which may have co n tribu ted  to  the increased  m o rta lity .

Clutch s iz e  i s  not c o rre la te d  w ith any v eg e ta tio n  param eters, 

lo c a tio n  in  oclony, or n earest neighbor d is ta n ce . Death ra te  of Hing- 

b i l le d  Gull chicks was p o s itiv e ly  c o rre la te d  w ith n earest n e i^ b o r  d is 

tance fo r  both co lo n ies ; and a t  Arod, p o s itiv e ly  c o rre la te d , and a t 

Freezeout Peninsula , neg ativ e ly  c o rre la te d  w ith c lu tch  s iz e .  On both 

the  Freezeout co lo n ies , death ra te  of C a lifo rn ia  Gull chicks was posi

t iv e ly  c o rre la te d  w ith age a t  chick dea th . At arod , th e re  was a posi

t iv e  c o r re la tio n  w ith c lu tch  s ize  and a negative c o rre la tio n  with d e n s ity , 

and a t  Freezeout Peninsula , a negative c o r re la tio n  w ith cover. These 

fa c ts  support the th e o rie s  of o ther re search e rs  who s ta te  th a t m o rta lity  

ra te  not b i r t h  ra te  is  what responds to  short-te rm  changes in  th e  eco

system.
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There is  a lso  an in d ica tio n  th a t an optimal density  e x is ts  on the 

co lon ies and th a t d e n s itie s  above or below th is  tend to  have a higher 

death ra te  of ch icks.
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CHAPTER VI

SUMMARY

Much of the cu rren t work in  ecology in v e s tig a te s  the coexistence 

of two s im ila r  species and how th i s  coexistence i s  e f fe c te d . Foraging 

and n esting  preferences are of importance in  an a ly sis  of the ecology of 

2 sympatric avian congeners. There i s  a  lim it to  how s im ila r  th e i r  l i f e 

s ty le s  can he and s t i l l  allow  the 2 species to  c o e x is t . The purpose of 

my study was to  in v e s tig a te  the fo rag ing  and nestin g  niches of C a lifo rn ia  

and R in g -b illed  Gulls and to  a s c e r ta in  what enabled these  congeners to  

c o e x is t , what possib le  d iffe ren ces  in  l i f e s ty le s  ex is te d  between them, 

and what may have been the  causes behind these  d iffe re n c e s .

R in g -b illed  and C a lifo rn ia  G u lls , Larus delaw arensis and Larus 

c a l ifo rn ic u s , m igrate in land  to  b reed . They o ften  nest on the  same 

is la n d  or pen insu la, and n estin g  space in  both  these  s itu a tio n s  i s  very 

lim ite d . They c rea te  sp e c if ic  subcolonies and they  segregate the  n estin g  

h a b ita t  by h e i ^ t ,  cover, and volume o f v eg e ta tio n , even w ith the  lim ited  

choice of places to  n e s t. V egetation can be of advantage to  the  g u lls  

because i t  helps conceal nests  and ad u lts  and i s  a good h id ing  place fo r  

ch ick s .

The C a lifo rn ia  G ulls a r r iv e  2 weeks ahead o f the  R in g -b illed  

Gulls and e s ta b lis h  nests  near v eg e ta tio n  th a t  i s  h i ^ e r  w ith more cover. 

They have g rea te r  nearest neighbor d is tan ces  than  do th e  R in g -b illed  

G ulls , and lower d e n s it ie s .  The C a lifo rn ia  G ulls may lim it the Ring

b i l le d  G ulls ' expanding in to  ad jacent n es tin g  areas and may d ic ta te
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the choices in  vegeta tion  p ro f ile  by acqu iring  what seems to  he the  

b e t te r  nestin g  areas in  the high dense v eg e ta tio n , and when the Ring

b i l le d  Gulls a r r iv e ,  they  simply take what i s  l e f t .  However, the  l a t t e r  

may p re fe r  the  low sparse v egeta tion  or may be more g e n e ra lis ts  in  th e i r  

se le c tio n  of nest s i t e s .  They have a g rea te r  range of choices of vegeta

t io n  p ro f ile  than  do the  C a lifo rn ia  G u lls .

The spacing i s  probably d ic ta te d  by the  s iz e  and th e  behavior of 

the  g u l ls .  The C a lifo rn ia  G ulls are la rg e r  and th e re fo re  would have 

la rg e r  t e r r i t o r i e s ,  but they  are a lso  more aggressive and more cannibal

i s t i c  than  are  the  R in g -b illed  G ulls , and the g re a te r  nearest neighbor

d is tan ces  o f the  C a lifo rn ia  G ulls may a lso  be a r e s u l t  of th i s  aggressive

nature of th e  a d u lts .

The c h a ra c te r is t ic s  of the  n es tin g  s i t e s  of the C a lifo rn ia  Gulls 

in  th e  monospecific colony d if fe re d  markedly from those o f these  g u lls  

in  th e  mixed co lo n ies . The g u lls  had a  broader v eg e ta tio n  p ro f ile  

preference and a lso  had sm aller t e r r i t o r i e s .  I  be liev e  th a t  th i s  was 

not a  case of eco log ica l re le a se  but ra th e r  a unique packing-in  s i tu a tio n  

re s u l t in g  from p r io r i ty  preference o f an is la n d  over a peninsula on which 

to  b u ild  n e s ts . In  th i s  case , v eg e ta tio n  p ro f ile  would become a secondary 

p referen ce . I t  i s  notable th a t  no permanent s in g le  species Ring^-billed 

Gull co lon ies were found.

The 2 species segregate the  feeding niche by d is tance  to  the 

fo rag ing  a re a s , by what they  ea t and by h a b ita t ty p e . C a lifo rn ia  Gulls 

forage fa r th e r  from the colony and ingest a d if fe re n t a rray  of prey which 

includes la rg e r  prey such as v e r te b ra te s .  R in g -b illed  G ulls forage 

mainly in  the  i r r ig a te d  areas and c lo se r  to  the colony while C a lifo rn ia
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Gulls forage mainly in  the dryland farming areas and prairie and farther 

from the colony. Intraspecific competition for resources decreases with 

increasing distance from the colony, yet there must be a balance between 

energy expended traveling to the foraging area, and energy gained by ex

p loiting th is  area. Perhaps by ingesting larger prey such as ground 

squirrels the California Gulls gain more energy per foraging tr ip  and are 

thus able to  travel greater distances.

There seems to be l i t t l e  overlap in the feeding or nesting niches 

of the California and Ring-billed Gulls and also there are few behavioral 

interactions between them. Ring-billed Gulls never trespass onto the 

California Gull subcolony, and California Gulls rarely enter the Ring

b illed  Gull area. When they occasionally do trespass, however, the Ring

b illed  Gulls respond by avoidance of the California Gulls,

There was no consistently strong trend for a l l  3 colonies 

studied with respect to  any one parameter influencing reproductive 

success. However, there were positive correlations in some colonies 

between large nearest nei  gib or distance and low chick mortality and h i^  

dense vegetation and low chick m ortality. There was greater chick mor

ta l i ty  for both species on the peninsula than on the islands, which was 

expected. Island preference for nesting was probably dictated evolutioa- 

a r ily  by pressure from terrestr ia l predators.

Chick and egg m o rta lity  i s  o ften  caused by n e i^ b o r in g  g u lls ,  

congeners or c o n sp e c if ic s , besides being  caused by o ther p red a to rs .

O ften, congeneric or conspecific  p redation  i s  a major cause of th i s  

m o r ta li ty . The placement of n es ts  in  th e  colony must be th en  not only 

a placement th a t  in su res  a balance between enhancement o f group defense
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and p redator swamping by clumping and a s c a tte r in g  of n es ts  fo r c ry p tic i ty  

bu t a lso  a placement th a t  i s  as c lose  as in tr a s p e c if ic  com petition w ill 

permit and one th a t  i s  f a r  en o u ^  ap art to  prevent or reduce th e  pos

s i b i l i t y  of in t e r -  or in t r a s p e c if ic  p red a tio n . I t  i s  in te re s t in g  to  

note th a t  d en sity  and n earest n e i^ b o r  d is tance  of th e  C a lifo rn ia  Gulls 

are  not a ffe c te d  by presence of th e  R in g -b illed  Gulls as n earest neigh

b o rs , but the n earest neiglibor d is tan ces  of the  R in g -b illed  Gulls are 

a f fe c te d  by what species the n earest neighbor i s .

In stead  of a com petitive s i tu a t io n  so o ften  encountered between 

congeners, i t  seems as i f  th e re  may be a sym biotic re la tio n s h ip  between 

th e  2 sp e c ie s . In  Montana, the  R in g -b illed  Gulls are  almost always found 

in  a sso c ia tio n  w ith the  C a lifo rn ia  G ulls on the n es tin g  grounds. The 1 

s in g le  spec ies  R in g -b illed  Gull colony I  found was a t  b es t a  temporary 

one and c le a r ly  in f e r io r  n estin g  h a b i ta t .

The presence of many conspicuous ground n e s te rs  in  reproductive 

synchrony i s  e v o lu tio n a r ily  ad ap tiv e . There i s  mutual w arning, they  

mob p red a to rs , and th e i r  sheer la rg e  numbers may discourage p red a to rs . 

Likewise, synchrony i s  rep roduction  which th ese  g u lls  have has been shown 

to  decrease p red a tio n . The sm alle r, le s s  aggressive R in g -b ille d  Gulls 

may gain  advantage by a lig n in g  them selves during the  n es tin g  season w ith 

the  la rg e r  C a lifo rn ia  G ulls which have a g re a te r  tendency to  a tta c k  

p red a to rs . The R in g -b illed  G ulls may balance de trim en tal aggression  and 

cannibalism  of C a lifo rn ia  G ulls ag a in st some b e n e fit gained when in  as

so c ia tio n  w ith them.
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C olony

Hatching Success By Clutch Size

Larus ca lifo rn ic u s Larus delawarensis

PYeezeout
Peninsula
1974

Arod Island
1974

PYeezeout
Island
1974

(N = 27 Nests)

Change in  Clutch Size 
(13 ^ays)

Clutch
Size 0

1
2
3

0
1
0

0
6
8

1
2
9

Clutch
Size

1
2
3
-1

# Eggs H Young 
Laid hatched 

19-V-74 1-VI-74
2

14
57
10

0
4

23
0

( n = 30 Nests) 

Change in  Clutch Size

Clutch
Size + 0 -

1 0 0 2
2 0 6 1
3 0 8 11
5 0 2 0

Clutch
Size

ê  Eggs 
Laid

■23-V-74.

# Young 
Hatched
29-V-74

1 3 0
2 30 12

18.3 62
I F = 79 N ests)

Change in  Clutch Size
(6 days)

Clutch + 0 —Size
1 0 2 1
2 1 10 4
3 3 30 27

Clutch
Size

a Eggs 
Laid 

lB—V—74

a Young 
Hatched 
31-V-74

Clutch
Size

it Eggs 
Laid 

18-V-74.

a Young 
Hatched 
31-V-74

1 1 0 1 9 2
2 20 5 2 28 12
3 51 11 3 102 35

.,.,,.4.. . 8 1
( n = 59 Nests)

Change in  Clutch Size 
(13 W s )

Clutch
Size 0

1
2
3

A.

3
5

10
0

3
7

23
2

Clutch
Size

1
2
3

_1

# Eggs # Young 
Laid Hatched 

12-V-74 1-VI-74
2 

24 
240

10

3
10
97

(N = 96 Nests) 

Change in  Clutch Size

Clutch
Size + 0 -

1 1 0 1
2 5 6 1
3 4 20 56
5 0 2 0

172

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



N earest N e i^ b o r  D is ta n c e s  i n  M eters
P ree zeo u t P e n in s u la ,  1973

Clutch
Size X S,D. N

Larus californicus
0 2.36 1.91 7
1 1.46 0.91 28

2 1.57 0.85 107

3 1.67 1.41 230

4 1.37 0.85 13

5 1.74 0.92 7
6 2.21 0 .0 1

Larus delawarensis
0 0.62 0.19 2

1 0.61 0.39 59
2 0.55 0.26 159

3 0.56 0.44 395

4 0.49 0.15 24

5 0.57 0.16 6

6 0.61 0.05 2
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Percent Cover X Height (Volume) of Vegetation 
Preezeout Peninsula, 1973

Clutch -  q n
Size “ B.D.

Larus californicus

0 4 ,509.7 1,664.55 7
1 3 , 752.87 1, 740.2 28

2 3 ,820.81 1,939.28 107

3 3,936.8 1, 951.1 230

4 3 ,938.47 2 ,554.68 13

5 3 ,036.7 2 ,604.2 7
6 1,558.35 0 .0 1

Larus delawarensis
0 225.0 318.2 2

1 1,763.39 1,790.55 59
2 1,431.33 1, 764.91 159

3 1, 716.29 1,829.74 395

4 1,417.27 1, 253.91 24

5 2,328.66 2 ,689.7 6

6 2,443.75 3 ,351.67 2
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Percent Cover o f V egetation 
Preezeout P en insu la , 1973

Clutch
Size X 5.Û. N

Larus c a lifo rn ic u s

0 94.22 7.21 7
1 91.31 19.6 28

2 90.94 19.48 107

3 93.95 9.41 230

4 90.43 28.47 13

5 94.29 7.33 7
6 103.89 0.0 1

Larus delaw arensis

0 90.0 0.0 2

1 82.43 30.65 59
2 84.41 29.56 159

3 84.98 29.93 395

4 89.68 28.51 24

5 79.97 39.85 6

6 60.43 59.38 2
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H e i ^ t  o f  V e g e ta t io n  i n  C e n tim e te rs
P re e z e o u t P e n in s u la ,  1973

Clutch
Size X S.D. N

Larus californicus
0 47.86 18.04 7
1 39.64 18.31 28

2 40.31 20.21 107

3 41.58 19.53 230

4 39.62 25.61 13

5 31.0 25.38 7
6 15 0 .0 1

Larus delawarensis
0 2.5 3.54 2

1 18.8 19.17 59
2 14.69 17.42 159

3 17.67 18.58 395

4 14.42 13.11 24

5 23.83 28.61 6

6 25.5 30.41 2
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CJNON VO _ On 
CO O  CM r -• • • • •o  o  o  VO o  m CMON VO ON rr) CM

ON

r—

LA VO t— [— VO VO CO CM
CO -a-CO CO ro ON ro CO H~ CO ON ON
CO ro o .a-

fO CM ON CM r— CM ON r-CO lA
LA ̂ vo CM r-VO LA CO C—

CO CM CM-a- o CO
r~ o m o rOLA ro CO

CM -a" VO CM VOOn
U u ^ U l  I

fO CO

CO coco lac3 LA
ON CO CM COr—VO rnvoCM T-

LAOOCOOCOOOOOOOCM
CMrOCMrOCMrnmmCMrOCM

ON r-vo OCOVOrOLALAOO
mCMrnCMCMCMrf)r- r .  Irn

LALA LAO C—O 
CM CM CM CM ro

VOrn-a-VO-a-CrvCOO-a-OON l «-VO .-VO LALAr̂ v- l on i LAlACMr-rnI CM CM CM I I T—r -  r -  T- fT,

rn LAVg t— CM ro -a- LA VO C— n- CM rr, -a" LA VO C— CM rO ^  LA VO [— m -a" LA VO
< 8 < a x - < x m m m m m p q o o o o o o o A A A A A A H M H H
CM g  LAVg r -  CM rr\ LA VO h- CM m  -5? LA VO ^  CM ,"0 T f yAvo CM m  Tf LA 
<!<s!X<l«3)Apqmpci(E|paO(OiL?OOOoAAAAAA!x)HCtiIjq

•d'd'd'd'd'd'd'd'd'd so . a  I

177

"d -d E o T( o
r O T - L A C M L A f O V O O L A O T a  I C— ONrO r  CM CM r 'd o u u 0 uro I CM CM T- -a" H"

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T*

i
•H

Io
?
ON

I
a0•H

1

in

I

a  «g IInj a ^

, x ^ l13

I hM -H T)

i r

M 48 48
O  f n C M 4 8 v o o v o t — ü

UN r O r n 'H C M 4 S m C M j 3

a .  “  ^

•H feO "M p 'H ? H a

00 UN a- VO a VO CM■a- UN CM r - ON a 00
T- o T- T-

8  8
in UN ON

ON UN
UN CO CM

CO UN ON t -a CM [ -m C- m CM

ON CO CM O

O O 8

O Ô r -
O n (7 \ f -

t— C— UN UN 
UN C - ■Sf • < • •
r- O O O 
C~ UN 0 0  00

a a CM CM a
VO VO ON ON CO o O
r- t- m t- t-
VO VO CM CM CM CM

O O O
rn rn

ON VO

O O O O« » * *
r n  UN CM -a-

ON UN 0 0  OO

C - 00 a UN VO [—
M M k k k k o
VO c - a UN VO
M H &. k b k

o Ü Ü o o o o
rO CM m a r o

1 7 8

Ü -d  E

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I
IX

J

E h
“II<8 ^  T> 
8 1 “

•Hm h/-> ® o m

I I I
, S I 1

g
• r t

"S I
8.*3
« >

I X

a
O

•H
•P
(8 h o

■P ® r-N
8 , o
Q) O On
0) O

>

IX

ao
•H
■P -P“■S'? a
0) -H Ü t -
Q) <D UN
®  a s

>

IX

! '

'3 m
o ^

CMOOOC Ma vC- l ACV JC MC- OC VJ l Aa CM rOOJ ONH -CMOU NOCM

VO
m

O I caoo rC, ON aONO UNt—a  mONH" r-OnOO VO CO ^  VO 00 rO a m '3

UN I (VI (Vj

ON VO UNO O VO O O t— a t — m P-VO UN UN (VI a O  VO O CO OOCTNONCVJCVIOeOOOaUNONt—COCNIOh-COVOUNh-ONUN • • • • • « • • • • « • • • • • • • • • *
O O ^ T - T - O O T -  irvo OOr^H"H-OT-T-rCVlO

VOVO

uNa

ii
m H-

o  (VI a m t-  aVO m o
c o t —voom m vo00 rnvo UN (VI ON CO mrn

(VI

m o m
VO a  00 m

VO T- CO a  (VI ON ONcovoaauNOcviouNt—CO # # # # # # * # * * *
a t —o m t —a o N m r - r - t —O O  mcov-co . “ CMrnoNt—ocvi ONCMUNCVIVOUNH-tMCJCMON

VO O  *“  
(VI r

ONV

a o  
•  «

m O  
VO m

o  o  o UN a VO C— On c— (VI a  t — H- 
m a m v o v o t - o  o  u n o n o  o  m o v c v i  • • • • • • • • • • • • • • •

o o o o o v o m o t —r ( MO UN VO cvi o  o  uNovmo ON ON (Tv 00 VO UNCO CVI ON a  (vjVO m m

aco 
m  H-

00 OO UNa

CO VO O O ON CO CVI CM
UN a  H-

o  CM c—CM o  mmvo m m C3N t—VO t—

00 CM VO CM 00 VO CM a  ar- VO UN UNCO UNm r" C- CM ON • • • • • • • • • • •
c o c M a c o o o c M m c —o t —O O  
a  r- 0\  CM VO a  U N a  V CM CM CM CM T-

o  H- CM m a  UN VO I—coavOv-CM ma unvo t—co
( M m a U N V O t —COON .̂-T-T-r-T-T-r-T-T-CMCMCMCM(MCM(M(M(M

O T- CM m a  UNVO t—COONOrCMmaUNVOt— H-CMrnaUNVOt—COONH-r-T-t-T-T-rr-T-T-CVICMCMCMCMCMCMCM

VO I m UNVO OCAt—ONCMOf-UNCMCMONmaOVOVoavOt-t-voO I T-cM CM a m m C M a m a m c M  rnamuNmmmcMCMrcMr-

179

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Is
a

I
I X

"I
s

E h

"is "  "3 
"S 3 ”
Eh (S

+• . m H'-'- 
0) o  m

§ 1 1

Üo
•H■P ® (d G

5"3
„ >

IX

§
•H
•P<A A 
•p  0) ^

o u  
>

IX
a
o

•H

"S
-P lî
V >

>  ®

IX

■s
■§ N r4 H 
U  CO

IX

s ,atiO
W -H p

H O -H
flj . H

8 1 “Eh a

"3  m

0  .!§

1I

. . o o o c o .  o n o o  v o o  cmcm a a  c -  r -

I I a a m  CM I I m  a  a  I CM a  I I m m  I m m  I i n  I I I i n  I t -

m

o  o ■ m a \ o o a c M t n o H - O N O O i n i n o i n a O T - o o o » - o

a  m c o  CM o \  
m  i n  CO a  o  c— '

t n  a  ' ' m  '

i n
c ï \ ^  ^  p \  a  CM 00  t - c M  VO a  m o N t — a  m v o  c o i a c m c m  
T- 00  a  a  o  •  i n  CM o  i n r - V O  t— T - o  o  CM o  m c M  VO ON ♦ • • • • m • • • • • • • • • • # • • § • • #

r-T-1— C\Jr“ T—T-r-r-OJt~OJmY-r-^OJ

c o o o m o o m a  cv i t — avom c o  r -  o o o o o c M o o v o o a o c o t —mm»~c3oof - macMoooNOm
o  o  o  UN VO v o o N o a o c o o o N a a m  
VO o  m o  ON m e — c— o  t — a t — m v - o o
o t — ( M O O N O O O O N O N O v O o O O t — CM

m c M a a m m c M C M m c M C M m a m m a m m . “ a m c M a a ’~ v o a m m

* * * # # # # # # # # # #
m a m m v o H - H - c o a o r n c M o  v o a m H - o v a t —ovOaeOCMvo 
m O N t — C M C M m O v O r a C M ^ O N

m
-  CO 

o n O

a
^ - . ’" - . - > C j N ^ ^ _ _ a _ C M V O 0 0 ( j N C M m  C O t - v o  CTi 00  CM 
o o v - o o m o o o o H - o t — OO a c o  m m O T - o o a o m o o a o m  

# # # # # $ # # # # # # # « # # # # # # # # # # # # # # #
0 0 C M 0 0 r 0 0 0 0 a 0 « - T - c M m T - c M 0 v - a c M 0 t — o o a o m
(TNOvONONONONCZNONOvONmONONONONO CJn CTn CJNCACJNONCTvCJNCJNOv On ONCJn

t— m  a  m o o  cm 
V- m m m o 00 m o  cm

ON 00 m  CM VO a
o o c M m a a . - o m o o o m v o o o o v o m o

a o v o a a c M m m m m o m a o t - c M m O m t —t—c M m v - v o c Am a a
m m a a a a c M  m a m c M  a a a m a a a v  a m m a a ^ - v o  a  a  m

_  t— _  ONt— m  a  a  t— t— ONt — f - v o  VO
m o  m m c M  a m o v o  m m  o  o  m  m o  m v o  o  a v o  v o v o v o o v - a o m

r O C M C Mm C MC Mf O C M C MC Mm m C MC MC MC M C Mm C MC M C MC MC M C MC MC M CM

m  m o o  o  VO a  m v o
^  t — T- CM CM

* *  *
*  r - x  *  x - s *
X—»0O x - s r o x -v  o  x-x
T-v-t—mmv-mcMr-co

CO m  m  
V- m  CM a w

*  *

a  CM
CM m

* * *
x ^ x -s
OJ VO CM m  CM r -  m

T - mm m mm CM

cmh- c— a m o o c M r o a m H ~ v o m O v - o o . - c M o c M v o m v o . - v o m ' ON

ÿ r H S r H Ï E H S S E r H r H Ï B r H S e S r H Ï B r H S B r H S E r H S
O O O Ü O O O O Ü O O O O O O Ü O O O O O O Ü O O Ü O O O  

r  CM m  a  m v o  t— c o c 7 \ 0 . - c M m a  m v o  t— c o o v O . - c M m a  m v o  t— c o  o  
. - . - T - r - r - < r - T - T - r - t - C M C M C M C M C M C M C M C M C M m

180

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Idm

dCQ

g
I X

II
a g

a

s |
'O  Nw/

+»
m A ^  Q) o m|tl
»  -H p  
IX îSw

II
g  > 

I X

§
•H
•P(d u
■p p x - ^

iS
I X

§
•H
12 12 

jO w

I X

^  N 
H  «Hü  W

I X

E hpq -H p
1-1 ü  -H p rH

Eh p

=^P
'a "5-p 0)

-d4k

I

I I I OO O vo m r - o  « « « « « *
w a  CM m u > a

VO o  CM o
• • • t

CM a  m a
r- ONvo 00 o  # # # # #

CM CM CM a
m o  a  m o  
m a  CM m a

181

c— m 
« «

m m

H“ OOOc M. “ CMm*” r - o . ” ’H ' r - t - o . - e - c M a ’f“ O r n . - mo N . - o a c M

moo a  cj\m a  t— moo a  CM m m m m o o  M3 o  t—00 a  a  a  o  o  mco c- m ’T ^  CM —̂ m  c— ON m m. r-vo m. o  a  a  a  a  m cm oo a  m.'o m 'o  m t— a
•  •  *

mr 0 O . -T - t—O O C M t- t -O O O o  o  o CM o  o  o  m r- CM

CM t— C—ON o  o  CM VO o  o c— T-a  m CM moNvo r  CM m O Na  00 o  o  ' * CM a m  a c —v-aOOOONOCMCM o  o am
ç g o o m o o o o m r - v o o m m m o m T - a c M O N O C M m o a v ^  o c M m a m . - v o a . - t — moo o  m mt—■«-o  00 t—mvo 00 CO VO m m a m.-VO .-00 m m  a o  o  oo m amcjv m a o  cm cjn
m . - . - m a m m m a m

m o  m m  t—00 t—oOV r- ONOO VO
CM CM a  m a .- i - c M m a . - . - . - c M > r -m a

o  mvo a .- m mvo o  CM o
m oooN_ „ m _ c o _  m m cm o  m on  t— r- 
O N O O m m o o r - o m o t —o o o o m a m a a o r - c M O  # # # # # # # # # # $ # # # # # # # # * # # # # # # # # # #
\ r » r > o r w m o O m O  ^ C V J v ü O O n Q  ONVO O O ^ C N i O i A ^ C V J O O OononO ono\ononco onononOco lAONOsO O o \ m a \ a \ o \ o \ 0

. -  T-  r  T-  T-

VO o  o  t-00
ON ON C3N ON ON

o o  o  CM
_ m m m  o  CM m t -  CM 00 00 m mco m t—mt— t—a r - r o o m m c M o o o o o o o a a o o o  onvo

co00 m a m o N m t —m o  o  mm • m a  m m m a  a laamcMmmavommmcMmovCMCMCMvo CM cM a  m a . - m m a . - . “ . -cMCMaa

mcM CM m a  a m m o o m  oo t— cM m c— mmovovo ovovo t—onO mt—t—o  o  mvo mvo cMOmovomoNOt—o  » * # # « # # # # # # # # # # # # « # # # # # # # $ # # $ #
C M C M m . - C M m C M C M C M C M C M C M C M C M r - m C M C M C M C M T - m C M m C M C M C M m C M . -

*  *  *  *
*  *  *  *  *  X—.*  X-  ̂ * x^y^x->  *  X-N* *

r - '  ^ x ^ x - x x ^  VO XX UN x ^ m t — m  x-x O  x-x x-xmmmcO'T-mcMt—.-vocM.- mvo . - c o m v o m m m m . - m  moNvo m m m
T— rO  v_x*>w''w'

VO m m T- m co cm cm moo a  m o  m a  t—CM T-T-T-m VO ON m m m o  a c jv a  cm.- T- T- r  m CM

CM CM T- UNO .— mvo a  CM t— CM CM a  c— •vomCMmaa.-CM . -m m .-  T- mt—mr- o  m

E H r H ÿ s e H  > E I-H E Ï S i - l  S a S S S r H i H E S_  ^ x ^ x x ^  ^ x x x _ x x ^ x _ x  ï  s  iH
o () o o o O "d JE o ü O S E a  a  o o s a a ^ a  o '6 ’'6 ^ ^ ^ 'c T 'c r o  .- CM a  mvo t— ON O CM m ^  mvo t—ooovO .-C M na  mvo t—co ca O cm m 
m m m m m m m a a a a a a a a a m m m m m m m m m m v o  vo vo vo

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I
IX

I
II
4 1

a

O  r— vo ON o  vo 

^  rn ^  ^  OJ 1 1
t— o  o  CVI 

•  •  « •UN a  a  m I I I
O  O  o  

# » •
a  a  a u

c v i a c v i c v j T - T - o o . - mo o o c v i c v i T- Or -

Ç M Ç V J U N t - O O C V l r n C M C V j T - o O C A U N t — a o O C V l m C A Oo  t— t— CO m c M  a c —aco  u N u N a c o  o n u n o  a o \  # # # # # # # # # # # # # # # # # # # #
rCOOOONCVIOOrrT-T-CVlT-OOOCVlOO

T- CVI VO a  UN CVI CVI r  r -
ONt—m a o o a v o T - o o a

mco CVI r— aco  m v o  o  T-o *- a

e— a  CVI
ON U N O  0 0  00

^ * « * # # # # # # # #  # # # # #
C V I 0 N m U N O 0 0 P - C V l m O O C A O O N a U N C V I O r - O  

L. _  CM O  UN
OoOOr-OCMcOT-UNT-CMt— — — — — —
C M m C V I C M U N U N C M m v O U N a m

m a  ON
CM CM

m v o  ONON _  t - c o  VO t - CM w, 
ONVOCMuNOC-C— C M U N a O C M

ON .- V O  ON C—
VO U N U N m  CM

t— UNVO O CO C MC O. - C M O C M O C M C O C —c o o t — O  
ONOn CJNCAONO ONCTNO O  ONO ONCAVO VO UN

   o v m t - t -  m m o v o  r
T - 0 0  m  CM o  a  CM u N o o  0 0  v o  r -  m m u N m  on# # * # # # * # * # # $  # # # # #
C M C A O C M V O O O O r - r -  o n VO U N O O m a O O a O
CM r n  CM CM u N a m  mvo a a m  cm cm

cAOcof-  a  CM m e- uNt-co mvo mr-.-CMOOt—OmOCACMOOrr-\ot—OCMmO aco  # # # # # # # # # « # # # # # # # # # #
CMCMCMCMrOCMnCMCMCMCMrOT-CMmmCMCMCMCM

* * * . ^  * * * *
a v o c o ' T - m . - m t — o t — r n m m

m o v v o  r -  o  m o  T- m
m  m  a v o  . -  T- o  a  CM

*  *
ON CM a  CM t— m

x _ x x ^  CM a  
mvo
r -  CM

v o  t— vo CMX— T- r- (\j amaoNVovo m m ON m a  r-
r o  T- f—

' VO

i - i s s  h s ^ H pH
4 Ë Ë e o ü ' d s o o o o o e o e ' d ' d a a  

m t — CO O  . -  CM m  a  m v o  t— oo  o n o  r -  r n  a  m v o  
v o  v o  vo  vo  t— t— t— i— t— t— r— t— t— t— c o o o c o c o c o o o

a

I

1 8 2

I
g
CHo

u
•H U
m P
5 A
p
h
Id
3
Id 0

iH +»
P

a r 4
Id

§ ê
§ P

P
•H

g P
Id P

P
ta tn Q 2
? •H d aÜ o -if

•H H rl
a P a ?
h h h H
O Id O m

3 IM A■rt tS
(—1 1—1 iH a
a P Id p  ri
o a o f. iH© a  a  t*
CQ p m -p ss a  pp a  id -rl  ,Q
H H S  A s  1
A •3 .3 II II » 2

II n II
3  r 4  E  _

O T3 E --------- *

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D irec tion  Qulls Were Seen F lying 
(Based on True North)

Distance
From Colony North N ortheast East Southeast South Southwest west Northwest 

(km)

Larus delawarensis

1 — -------- 10 — MM — 10 --------

2 10 -------- — — MM — — —

3 9 10 1 3 5 4 —
4 — MM — MM — — 1 —

5 — MM 2 2 — MM 4 7
6 — MM 1 MM — — 35 2
7 4 — MM 2 MM — —
8 3 —

10 1 MM 2 MM 1 — 1 —
11 1 —
12

Larus c a lifo rn ic u s

2

1 8 209 7 4 7 200 3
2 MM 16 MM — MM 4 — —

3 8 4 MM 6 1 3 — 6
5 — — 4 4 2 1 13 1
6 51 — — — 32 2 3 1
7 — — —• — 2 — 15 —

8 27 —
9 — — — MM 9 — — —

10 21 — — MM 4 — 19 —

11 1 3 —

12 MM 2 — --- 7 — — —
18 •M. — 1 --- — — MM —

19 MM — 1 MM — 1 1 —

30 1 —
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