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including the Florida Scrub-Jay (Woolfenden and Fitzpatrick 1984) and the Mexican Jay 
(Brown 1986). In add ition, because reproduction in scrub-jays is a joint effort , attribut 
of the pair, such as length of pair bond, may enhance breeding succes (Woolfenden and 
Fitzpatrick 1984 ). Third, annual variation in environmental and ecological condition 
may amplify or overwhelm these differences. 

In this section. I examine reproductive succes. of Hastings jays and attempt to unravel the 
factors that influence an individual's breeding succes once it ha establi hed a territory. 

BREEDING CHRO OLOGY 

Ne t building typically b gin in early March (Fig. 33 ), although fir ' t egg date (FED) 
varied signifi cantly over the study period (Kruskal-Wallis A OVA x2 = 50.9, df = 4, P < 
0.001; Table 9). Jay at Ha ' ting · fledged only one brood per year but renested up to two 
times if earlier ne t · failed. 0 er the study period an average of 51 o/o of pairs losing first 
nests renested. Second broods (rene ting after . ucce fully fledging young) have be n 
observed in other population of We tern Scrub-Jay (A . cal{/omica superciliosa, 
Van Rip r. pers. comm.; A. ca/~fornica ooc/eptica, F. Pitelka, per . comm.). In Florida 
Scrub-Jays, 13% of pair~ fledging young from fir. t ne t attempt d to rai e second broods 
(Woolfenden and Fitzpatrick 19 4). 

Females may begin incubation after the fir t gg is laid or later, and ne ·tlings hatch 
synchronously or o er several day . Th complete nest cycl take. appro imately 49 
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FIGURE 32. Natal-to-breeding di pcrsa l distances w·thin the study area and immediate vicin ity. Di. tance is 
measured in territories traver, ed. 
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day : 3- 5 for laying, 19- 24 for incubation, and 21-24 from hatching to fledging. Most 
pair have nestling by late April and fledging peak in late May but extends to mid-July 
(Fig. 33). 

A NUAL PRODUCTIO OF FLEDGLJ GS A D I DEPE DE T YOU G 

Table 10 and 11 summarize the mean annual reproduction variable . Ne t failure i 
high (51 % of fir t ne ts, 60~ of all nest ) and rene ting increa e mean annual produc­
tion (Table 10) by 25% (fledglings) and 21 % (independent young). The proportion of 
pair renesting did not vary ignificantly among years, but ranged from a low of 35% 
in 1984 (following acorn crop failure) to 58% in 1982 (Chi-square x2 = 2.3, df = 4, P > 
0.05; Table 9). Overall mean annual production of fledglings wa 1.19/pair and varied 
ignificantly from 0.62 in 1984 to 1.56 in 1981 (Kru kal-Wallis ANOVA x2 = 17.5, 

df = 4, P = 0.001); independent young a eraged 0.88/pair and varied from 0.37 to 1.32 
(Kru kal-Walli ANOVA x2 = 25.4, df = 4, P < 0.001; Table 10). Fifty-two percent of 
pair monitored from clutch initiation fledged young (43% when all pair are included; 
Table 11). 

FACTORS I FLUE Cl G REPRODUCTIVE SUCCESS 

Failure to lay eggs 

Over five year , the proportion of territorial pairs that laid egg varied from 96~ in 
1981 to 62% in 1984 (mean= 81 %; Table 11). Only two of 23 fir t-year female:adult 
male pair laid (Table I 2), both in 1985. Adult female paired with first-year males laid 
in 4 of 10 ca e . In 1984, 12 of 38 adult pair did not lay eggs (Table 12), probably be­
cau e of the poor acorn crop in fall of 1983. 

Clutch size 

The modal clutch ize was 4 (67.9~ of 140 complete clutche ); three-egg clutches 
made up 24.3%, and 1, 2, and 5 egg clutche fewer than 8~. Clutch izc did not vary 
among year , with a overall mean of 3.7 and annual range of 3.5 to 3. (Table 11). The 
modal clutch ize wa. the mo t productive in four of five year , but three-egg clutche 
produced more fledgling in 1983. 

Survival of eggs, nestling , and fledgling 

Data on urvival (Table 13) are ba ed on 761 eggs and 460 ne tling in 20 ne ts. The 
ample include ne ts where clutch size (67) and brood ize (20) were not d termined 

( e METHODS); in the e ca es the mean clutch ize (3.7) or brood ize (3.0) wa a -
urned. Hatching succe s ranged from 53~ in 1984 to 70% in 1985 (mean = 61 ~) and 

TABLE 9. FIRST FGG DATE (MEAN± SD) A D THE PER ENTAGE OF PAIR RE ESTING 

Ye_ar ___ urnber of pairs Fir. t egg date 

1981 25 7 April± 10 
1982 51 7April±l0 
1983 52 7 April± 7 
1984 42 20 April ± 1 J 
I 985 45 25 March ± 7 

Overall 215 7 April± 8 

Range 

29 March- 22 pril 
20 March- 27 April 
28 March- 21 pril 

7 April- 7 May 
12 March- 10 April 

Pairs rene!'tting 

55 ~ (6/J I) 
58% (11119) 
48% (14/29) 
35% (6/17) 
57% (8/14) 

12 March- 7 May _____ 51 % 
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FIGURE 33. esting chronology of Hastings crub-j ay, , J 981 - 1985. 

51 

fledging ucce from 18-40% (mean = 30% ). Losses from fledging to one month post­
fledging a eraged 27%, and ranged from 14% to 44%. Years with low fledging succe , 
al o howed the lowe t fledgling urvival (R, = 0.99, P < 0.05). 

Key-factor analy is 

Key-factor analysis (Varley and Gradwell 1960) can be u ed to determine which factor 
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TABLE 10. A AL PRODUCTIO (MEA ± SD) OF FLEDGLI GS A D INDEPE DE T YOU, G ( U IBER OF PAIRS IN 

PARENTHESES) 

First nests on ly II nests 

Year F ledge I ndependent' F ledge I ndependent 

198 1 l. 21 ± 1.4 l.08 ± l. 2 l.52 ± l.5 1.32 ± 1.3 

(25) (25) (25) (25) 

1982 1.08± 1.5 0.76± 1.1 l.56 ± 1.6 l.08 ± 1.3 

(5 1) (5 1) (50) (50) 

1983 0.58 ± 1.1 0.37 ± 0.9 0.79 ± l.2 0.45 ± 0.9 

(52) (52) (52) (5 J) 

1984 0.50 ± 1.6 0.32 ± 0.9 0.62 ± 1.2 0.37 ± l .O 

(42) (4 1) (42) (41 ) 

1985 l.1 6 ± 1.5 0.96 ± 1.3 1.44 ± l.5 1.1 8 ± 1.3 

(45) (45) (45) (45) 

Pooled 0.87 ± 1.4 0.66 ± l. l 1.1 6± 1.5 0.84 ± l.2 

Means 0.9 1± 0.3 0.70 ± 0.3 1.1 9 ± 0.4 0.88 ± 0.4 

(2 15) (2 14) (214) (2 12) 

• Young cou nted as independent at 4 weeks after fledging. 

wa primarily re pon ible for variation in reproductive succe . First, maximum poten­
tial egg production i e timated . Then, actual egg production is mea ured and ub equent 
urvivor hip i followed. Thu , compari on are between pote nti al and actual production. 

Thi allow le tangible factor uch a failure to lay egg , failure to rene. t, e tc ., to b 
cons idered. The data are converted to logarithm., and total mortality is obtained by sum­
ming the individual mortality events (k 1 + k2 + ... + k" = k

10
u)· Thus, k towi is the difference 

between potential and actual production. Whe n the k values are plotted against time, the 
k-factor that i. largest and parall el k

10
1a

1 
is designated the key factor re. po n ibl e fo r the 

variability. Thi . need not alway be the largest portion of annual mortality; for example, 
in Common Woodpigeons (Co lurnba palurnbu. ), 80% of all egg ' wer take n by pr da­
tor , but thi contributed little to the ob. erved flu ctuation · in annual mortality (Murton 
and Westwood 1977). 

TABL l l. A AL VARIATION I Rl,PRODUCl l Vt VA RI ABLES 

Percen t lutch 
% o f eggs 

% of hatched % nedgcd to 
Breed ing success 

Yeu r breeding Sl/C I l atched __ Fledged eggs fledged' m dep<:ndencc Breedtng All 

198 1 25 96% 3.5±1.0 64.2",f 32.0<;( 50lk 87'1 67 or·c 64.0l'f 

(6/1 1) (50178) (25/50) (33/38) ( 16/24) (16125) 

1982 51 82% 3.8±0.5 59.6% 40.41'f 68% 69% 61 .0<k 52.9% 

( 1111 9) ( 109/1 83) (7411 09) (54178) (27/44) (27rl) 

1983 52 85% 3.7±0.7 56.3% 19.7<?(' 35 o/c 59% 36.0% 30.8% 

( 14/29) (l 17/208) (41/11 7) (23/39) ( 16/44) ( 16/52) 

1984 42 62'X 3.8±0.4 53 .0% 18.8"« 35 11: 63% 27 .0% 16.n 

(6/17) (62/l 17) (22/62) ( 15/24) (7/'26) (7/42) 

1985 45 84% 3.7±0.6 69.7% 37 . l o/c 53% 82% 66.()<;, 55.6<'( 

(8/14) ( L2/ l75) (65/122) (53/65) (24/38) (24/45) 

M ean 2 16 8 1% 3.7 60.6% 29.611: 48% 72% 52 .0"'c 43.2% 

x~ = 15.8 x' = 2.4 x' = II x1 = 3 1 x' = 30 x 1 = 11.8 x 1 = 16.8 x1 = 24.6 

p = 0.003 p = 0.66 p = 0.03 p < 0.00 1 p < 0.00 1 p <0.0 1 p = 0.002 p < 0.00 1 

Nole: Tests for differences among years 111 reproductive variables by x' con ti ngency except clutch 'lie and mean fledged b) Kruskal -Wallio, 

A OVA 
• Clutch size undetermined in 62 cao,es and hrood o,ize in 20; mean clutch s11e D .7 eggs) and brood ~ iLe (3 .0 chicks) "ere assumed. 
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TABL 12. AGE COMPO ITIO OF PAIRS AND MBER I ITIATING BRFEDI G 

---
Compo~ition Number of pairs 

Year Male Female Total Followed Breedincr 
1981 Adult dult 29 24 24 (100%) 

lst yr dull 0 
Adult 1st yr I I 0 

1982 dult dult 40 40 40 (100%) 
Lt yr Adult 6 6 3 (50%) 
Adult !st yr 5 5 0 

1983 Adult Adult 46 44 44 (100%) 
1st yr Adult 2 2 0 
Adult I t yr 6 6 0 (100%) 

19 4 Adult Adult 39 38 26 (68%) 
1 t yr Adult 0 
Adult 1st yr 4 4 0 

1985 dult Adult 35 35 35 (100%) 
I t yr Adult 2 2 1 (50%) 
Adult l t yr 7 7 2 (29%) 
I t yr I t yr I 0 

Total Adult dult 18 181 171 (94%) 
I t yr Adult 10 10 4 (40%) 
Adult I st yr 23 23 2 (9%) 
I t yr l ' t yr I 0 

Grand total 23 215 177 (82%) ------

I con. idered the following variable (Table 11): 

1. Maximum potential egg production: the modal clutch siz , four, was taken as the 
maximum. a five egg clutche. compri ed only 5~ of all clutche,. Each year many fir t 
ne ts fail. I therefore added the corre, ponding number of eggs to potential egg produc­
tion, a urning that all of the e pairs could lay replacement clutche . Because only 51 % 
of pairs rene ·ted, thi ov re ti mates p tential egg production but doe not ffect the 
re ult of the analy. is . 

2. "Mortality" events: (a) k,: failure to lay eggs; (b) k
2

: failure to lay four ggs in 
clutch: ( k 1: failure to rene t: (d) k

4
: egg los : (e) k~ : ne tlino lo . ~ (f) k

6
: fledgling loss 

(to one month). 

The re 'Ult ar plotted in Fig. 34. Nestling mortality (k
5

) contributes greatest to k
1
mai 

and paralJels it most closely. However, s veral other factors influence k
10 1

ar In 19 4 all 
factor incr ased e c pt modal clutch size (k

2
), and failure to lay (k

1
) jumped apprecia­

bly; 1984 wa. the only year some adult-adult pairs failed to lay. 

Causes of nest and fiedglin mortality 

Although lo ses of nestlings contributed mo t to annual fluctuations in reproductive 
output, egg and fledgling los. es were also con. iderable. Here I as , ume, fir t, that lo es 
of entire clutches and brood , not due to breeder death or abandonment, were due to 
predator.; usually phy ical evidence confirmed thi . Second, ne tlings that di. appeared 
from continuing broods were counted a, having tarved to death; thi ignore partial 
brood predation (no case detected) and al o disea e and para, ite (probably minimal). 
For brood. of one, no cause was assigned. 

Of the 208 ne t, 84 (40.4% ) fledged young (Table 13). Predation accounted for most 



54 STUDIES IN A VIAN BIOLOGY NO. 28 

Individual. Nests 

% individuals % lo s N % nests % loss 

Eggs and nests 761 100% 208 100% 

los e due to: 
Hatching failure 39 5. L% 12.0% 0 

Desertion 3 0.4% l.0% L 0.5% L.4% 

Breeder death 20 2.6% 6.7% 6 2.9% 8.2% 

Predation 239 31.4% 79.4% 66 31.7% 90.4% 

Total lost before hatching 301 39.5% LOO% 73 35 .1% 100% 

Nestlings and nests 460 100% 135 100% 

losse due to: 
Breeder death 15 3.3% 6.4% 4 3.0% 7.8% 

Starvation 79 17.2% 33 .9% 

Predation 132 28.7% 56.7% 41 30.4% 80.4% 

Ambiguou 7 1.5% 3.0% 6 4.4% 11.8% 

Total lo t after hatching 233 50.7% 100% 51 37.8% 100% 

Survivorship 227 29.8% (egg ) 84 40.4% 

49.3% __ (ne tling ) 62.2% 

' All losses of entire broods as~umed to be caused by predation. 

lo , e during the egg and nestling tage , abandonment and breeder death le s than 10%, 
and tarvation 17 .2%. 

Yearly variation in predation and starvation 

Predation on egg, averaged 31.7% but varied ignificantly over the five years, as 
did predation on ne tlings (mean= 30.6~; Table 14). The mean percentage of ne tling 
tarving (16.3%) wa not stati tically different among year . 

E OLOGI AL A DE VIRONME TAL EFFECT 

Weather 

r rub-jay at Hastings, l found no significant correlati n between weather vari­
able (mean annual, winter, and pring rainfall; mean, mean minimum, and mean maxi­
mum winter and pring temperatures) and reproductive variable (including FED and 
ov rail mean annual reproductive ucce, ). Nor did I find any ignificant correlation 
between weather and the annual relative abundance of the diet fed to ne tling (e.g., fly­
ing in ect from the yellow-pan sample or ground-dwelling in ect from the gra land 
weep ample ) or acorn crop (from urvey of 250 oak ; Carmen et al. 1987). 

Food and reproduction 

Correlations among four reproductive variables and the relative abundance of everal 
food type are pre ented in Table 15. Total flying insect abundance wa po itively correlated 
with FED (i.e., higher in ect abundance coincided with later FED). Thi i urpri ing and 
counterintuitive becau e jay u ually initiate breeding before adult in ect become abundant, 
and early onset of breeding i expected to be correlated with higher insect abundance. I wa, 
unable to measure the relative abundance of lepidopteran larvae on oak leave , which are the 
main prey of jays early in the spring and more likely to influences reproductive activity. 
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T BLE 14. AN AL PREDATION AND STAR\ATION RATES OF EGG • NESTLI GS, \ D NET 

Predat ion on 
Starvation of 

Yciu- Eggs + combined e~ts nestling~ 

1981 29.6% 51 % 50% 12.0% 

(2 1/78) (40/78) (12/24) (6/50) 

1982 32.8% 10.1% 39% 39% 16.50f 

(60/183) (1 1/109) (7 1/1 83) (2015 1) ( I /109) 

1983 37.0% 35 .9% 57 0/c 64o/r 20.So/c 

(77/208) (42/l I 7) (119/208) (36/56) (24/117 ) 

1984 38.51* 40.3% 60% 63% 14.5 o/r 

(45/ 117) (25/62) (701117 ) ( 19/30) (9/62) 

1985 20.6% 28.7% 41 % 42<k 18.0'1<: 

(361175) (35/ 122) (7 11175 ) (20/47) (22/ 122) 

Mean 3 1.7% 30.6o/c 50o/c 5iq, 16.3% 

x~ = 16 x2= 27 x~ = 24 x'= 10 x' = 2.3 

p = 0.003 p = 0.001 p < 0 .001 p = 0.03 p > 0.05 

.VrJte: Stati,ucal le!>I\ of difference' in predation and .,tanat1on ln-,se~ among )ear-, b) (hJ-,4uare conungenc). 

Both total acorn abundance and the abundance of Q. agr~fo/ia acorns were correlated 
with tandardized FED and overall breeding uccess (Table 15). When acorns, particu­
larly those of Q. agrifo/ia, were abundant, scrub-jay. bred earlier and w re more suc­

cessful. 
To test whether acorn availability enhances reproductive succe., , I suppli d four pairs 

of jays with acorn during the crop failure of 1983- 1984. Each week, from lat December 
through March, I placed 200 acorn on an elevated feeding platform at the center of each 
territory . The jays in all ca.e responded quickly and stored the acorns within 30 min . 
The fed pair. all laid eggs (compared to 22 of 34 unfed pair.) and laid an average of 15 
days earlier than th average for the unfed pairs (see discus ion of effect of acorn suppl e­
mentation on time-budgets of jays). choech ( 1996) found that Florida Scrub-Jays fed 
suppl mental dog food from January to clutch completion laid their clutches an a erage 

16 days earlier than nonsupplemented groups. 

Timing 

At Hastings, while neither clutch size nor production from first nests alone is corr -
lated with standardized FED, the number of independent young from first n sts, and total 
fl edged and independent young from all nest attempts, was greater for early ne. ting pairs 

TABLE 15. SPEARMAN RANK CORREL.A T IO OJ- Ml A A ,\J. Rl-PRODL CTIO~ \ARI \Bl LS WITH f\. t'>U I. 

ACOR'J .-\!'ID I SECT AB NDANCE ( = 5 YEARS) 

Yellow-pan weep-net Total 

Mean insects in ·ects acorns 
---- -----
FED' 0.94** 0.20 - 0.76* 

Fledged -0.2 1 - 0.16 0.60 

Independent -0.32 0.34 0.17 

Percent ucce sful - 0 .54 0.45 0.75* 

• FiN egg date, 'ta11dard1Led \O that the earlie'l egg each yea r falls on the <,ame date . 

*0.1 > p > 0.05 
0 .05 > p > 0.01 

***0.0l > p > 0.001 

Q. agr{folia 

a oms onl 
- 1.00*** 

0.52 
0.45 
0.85** ---



NONCOOPERATIVE BREEDING IN SCRUB-JAYS 57 

(Spearman rank test, all P < 0.01). To examine what factor contribute to higher ucces 
of jays initiating breeding early in the spring, un tandardized FED was divided into three 
categorie : early (prior to 1 April), middle (1 April to 12 April), and late (past 12 April). 
The middle category ' midpoint is 6 April , the overall mean FED for the population. The 
results of thi analy is indicate that the benefit of early ne ting occur in two way . Fir t 
early ne ter had a higher probability of rene ting; 60%, 53% and 6% for early-, middle­
and late-ne ters , re pectively (RxC test, P < 0.001). Second early nester experienced 
lower fledgling lo e ; 14% 37%, and 33% for early-, middle- , and late-ne ter , re pec­
tively (RxC test, P < 0.001). 

The benefit of early ne ting are not likely to end at independence. In several tud­
ie , early-fledging individual have greater competitive ability or higher statu leading 
to an improved probability of obtaining a territory and breeding (e.g. Eurasian Magpie 
[Eden 1987] ; Black-capped Chickadee , Poecile atricapillu [Gla e 1973]; Eura ian 
Nuthatche , Sitta europaea [Matthysen 1987]; and Song Sparrows [Arcese and Smith 
1985]). 

Breeder density 

Breeder den ity varied from 9.2-12.2 pair /40 ha (Table 3); the correlation with 
annual fledgling production wa not ignificant. Highest fledgling production came in 
1982, the year of highe t breeder density, and the lowest in 1984 with the lowest breeder 
density. 

Territory quality 

No discernable relationship existed between territory quality and mean annual fledg­
ling production; 1.3 1.1, and 0.9 fledgling per territory for Type 1 through Type 3, 
respectively (Kru kal-Walli ANOV A x2 = 1.3, df = 2, P = 0.37). Although the trend i in 
the expected direction , factor such a high rate of nest lo and difference in parental 
quality, particularly tho ea ociated with age effect , may ob cure the effect of territory 
quality on mea ured reproductive succe 

EFFECTS OF AGE A D EXPERIEN E 

Age of breeders 

Age is the mo t important influence on repr ductive ucce. s (Table 16). Adult pairs 
comprised the va. t majority of all pairs and were re pon ible for nearly all succes. ful 
reproduction (98% of 253 fledgling ). Of 23 adult male:fir t-year female pair on true ter­
ritories only two pair laid and hatched young and only one fledged young. All 23 adult 
male:fir t-year female pairs succe sfully defended territorie , built ne t , and in all other 
respects appeared to be table, bonded pair . An additional four adult male:fir t-year fe­
male pairs defended pseudo-territorie . Of 10 first-year male:adult-female pairs, four laid 
eggs, two hatched young, but none fledged young. Also, none of the. e pairs establish d 
p eudo-territorie . Only one fir t-year pair defended a territory throughout the breeding 
ea on; no eggs were laid. 

To determine whether age beyond the fir t year affect reproduction, I compared the 
reproductive output of jay of one ex from 2 to ~ 5 year-old paired with jay of the other 
ex two year or older; hence, the age of the mate of a jay of a given age could vary from 

two years to the potential longevity in the population (the oldest known breeder, a male, 
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wa 11 years old in 1987). Although the age of both member of a pair i important, there 
were few pairs where the exact age of both individuals was known. 

Female age was significantly correlated with standardized FED, clutch size, total 
fledged, and total independent young (Table 17). Thi was true al o of FED with age of 
male, and approache ignificance with total fledged (P = 0.06) and independent young 
(P = 0.08; Table 17). The e relation hips are broken down by age cla s in Table 18 and 
Figure 35, and reveal a significant decrea e in FED and a significant increa e in fledg­
lings and independent young per pair for females and males through age four (when 
first-year birds are included, all variables show a significant increase with age). Mo t of 
the e variables varied ignificantly among years, but the relationships between age and 
reproduction also hold within a single year (1985), the year with the mo t complete data 
(Fig. 35). However, becau e mo t of the data for the older age cla es are from 1985 (a 
good production year), the value may slightly overestimate average reproductive output 
for the older age classe . 

Duration of pair bond 

FED and year together as a pair show a significant negative correlation (R~ = -0.36, 
P < 0.01; Table 17); the longer the pair remained intact, the earlier it ne ted. Jays with 
enduring pair bond nested an average 10 days earlier than recently paired jay 

Prior breeding experience 

In compari on between novice and experi need pair older than one year, neither 
FED, number fledged, and number independent were tati tically significant, despite 
nearly twice the fledgling output of experienced pairs (Table 19). 

SURVIVORSHIP 

Pattern of age- and ex-, pecific urvival affect population tructure (Caughley 1977), 
mating ystem, (Murray 19 4), ocial organization (Woolfenden and Fitzpatrick 1984), 
and overall fitne , through their influence on life-time reproductive succe s (Koenig 
and Mumme 1987, van Balen et al. 1987, Fitzpatrick and Woolfenden 1988, Fitzpatrick 
et al. l ). Newly independent young in mo t cooperatively breeding ~p ies face th 
option of independent br eding or delayed di per al (and helping); in noncooperative 
pecie , the option are ind pendent breeding or floating. Survivorship play a key role 

in determining the relative benefit of the e option . Increa ed urvivor hip of helper on 
their natal territorie and their assi ted parents are hypothesized to be important factor 
favoring delayed di per al and cooperative breeding (Brown 1974, Emlen 19 2, Koenig 
and Pitelka 1981, Woolfenden and Fitzpatrick 1984; Arnold and Owen 199 , 1999). In 

TABLE 16. PERCENTAGE OF TERRITORIAL PAIRS BY AGE COMPOSITIO THAT LAID EGGS, BREEDING CCE S, D 

MEA MBER FLEDGED 

Age umber o/c breeding Mean number Total 

composition of pairs % breeding_ success fledged number fledged 

Both first-year 1 0% 0% 0 0 

Adult() : first-year$? 23 8.7% 4.3 % 0. 1 2 

First-year(): adult$? 10 40.0% 10.0% 0.3 3 

Both adult 181 94.0% 60.0% l .4 248 
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TAB LE l 7. SPEARMA RANK CORRELA TIO . Or FOUR REPROD CTIVF VAR IABLES WITH 

AGE OF MALE (2 TO 5+ YEARS), AGE OF FEMALE (2 TO 5+ YEARS), AND YEARS TOGETHER 

A A PAIR (0 TO 2) (N I PARENTHESES) 

Ag_e of male A~e of fema le Years together 

FED" -0.45 -0.48 -0.36 
(44) (32) (58) 

p = 0.009 p = 0.002 P =O.Ol 
Clutch 0.21 0.44 0.04 

(33) (26) (48) 
NSh p = 0.02 NS 

Fledge 0.24 0.41 0.12 
(60) (46) (83) 

p = 0.06 p = 0.005 s 
Independent young 0.23 0.32 0.13 

(60) (46) (83) 
p = 0.08 p = 0.03 s --- -----

• First egg date standardiLed so that the fir't egg each year fall. on the same date 
hp> 0.10. 
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addition, urvivor hip of breeder may largely determine how many breeding vacancie 
open, and the urvivor hip of floaters (and helper ) determines the inten ity of competi­
tion for the e vacancie . 

Here I examine urvivorship of both territorial breeders and nonterritorial floater and 
calculate sex- and age- pecific survival rate based on population averages over a fi ve­
year tudy p riod. The re ulting life table allow calculation of other key demographic 
parameters that are important in evaluating the co t and benefit of early di per al and 
floating. 

TABLE 18. EFFE TS OF BRFEDER AGE o, RT:PRODU TIO (M!:AN ± D) ( IN PARF, TllFSL. ) 

Age (yr) 

2 4 5+ p• 
FE Oh 

Female 7 p ± 14 12 p ± l7 21Mr±7 24 Mr± 7 xi= 11 ...i 
(0) (8) (7) (6) (II) P=O.C>O J 

Male 8 Ap ± 13 20 p ± 15 IOAp ± 14 28 Mr± 10 p ± 13 X'= 7.64 
(2) (4) ( ) (4) (2 ) p = 0.05 

Clutch size 
Female 3.1 ±I.I 3.6 ± 0.5 3.5 ± 0.6 4.0 ± 0.5 x 2= 4.23 

(8) (7) (6) ( 11) 
Male 3.0 ± 0 2.5 ± 2.J 3.7 ± 0.5 3.5 ± 0.6 3.7 ± 0.8 x ' = 5.01 

(2) (2) (7) (4) (21) s 
Fledgling 

Female 0.08 ± 0.4 0.7 ± 1.3 I. I ± 1.5 2.4 ± 1.1 2.2 ± 1.8 x2= 8.7 
(24) (1 5) (9) (8) ( 14) p = 0.03 

Male 0.3 ± 1.0 0.6 ± 1.5 0. ± 1.2 1.7 ± 1.3 1.6 ± l.6 x1= 3. 1 
(9) (7) ( 10) (7) (36) N 

Independent young 
Female 0.04 ± 0.2 0.6 ± 1.1 1.1 ± 1.5 2.0 ± 1.1 1.7 ± 1.6 x1= 6.7 

(24) (15) (9) (8) ( 14) p = 0.08 
Male 0.3 ± 1.0 0.4 ± 1.1 0.3 ± 0.5 l.l ± l.l 1.2± 1.4 x~= 2.2 

(9) (7) (10) (7) (36) s 
• Kruskal -Wallis tesh of differences among ages cla,;es 2 5: if age cla" I 1s included all comparisons are significant. NS denotes P > 0.10. 
• FED= fir;t egg date . Ap=April. Mr=March. 
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Total 9 7 10 7 36 
N= 

1985 4 4 19 
2.5 
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FIG URE 35. Age-specific fl edgli ng production of breeding males (a) and fema le (b). Pooled data fro m all 

years, and fo r 1985 only, are plotted. Sample size fo r each year are plotted aero s the top. 
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TABLE 19. EFFECT OF PAST BRloEDING EXPERIE CE ON REPROD CTION (PAIRS THAT 

I TLUDED A FIR T-) EAR JAY ARE EXCL OED) (NUMBER OF E T. I PARENTHESES) 

o prior experience Experienced pa 

First egg date 9 April± 12 3 April± 12 z = 1.25 
(6) (52) p = 0.21 

Young fledged 0.73 ± l.I 1.39 ± 1.6 Z=-1.13 
(11) (70) p = 0.26 

Independent young 0.6 ± 0.9 1.01±1.3 z = - 0.82 
( 10) (70) p = 0.4 l 

• Mann-Whitney U-te't' for differences in variables between experienced and inexperienced breeders. 

SURVIVORSHIP OF BREEDERS 

As umption 
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Once a crub-jay acquire a territory and breeding tatu , it typically retain both until 
death. Although it i. u ually not po ible to eparate death from emigration, everal 

lines of evidence indicate that death wa. responsible for virtually all breeder disappear­
ance on the !'itudy area. 

Scrub-jay · at Ha~ting rarely leave their territories. A no floater wa ever een to 
dominat a breeder, it is unlikely that breeder were e er evicted by floater . Excluding 
1983-19 4 (the year of the acorn crop failure), only one indi idual a urned dead later 
returned to it t rritory. In that case. neither the male nor female wa · ·een on their ter­
ritor_ h tw n 0 toher and February, when the male returned with a fir t-year femal . 
In ontra. t. between Augu . t 1983 and February 1984, 59 of I 03 banded breeder di ·ap­
peared; 38 returned later, mo. tin March and April. 

Typically. jays that lost a mate remained on their own territory and acquired a new 
mate from the pool of floaters. How ver, in several instance" a known breeder paired 
with the re. ident on a different territory. Thi pre. ents two lines of possible error in cal­
culating survi\orship rate . irst. it was not always clear whether th se jays separated 
from th ir mate' or their mates had died. 1 cla<:>sified them as separations if the bird wa. 
later seen as n float r (i.e., adult.., wirh hrecding exp rience can become floater ); how­
ever. th probability of ob 1,;rving <;uch individuals i<> low and the calculation<; of urvi­
vor<..,hip may b artificially low. Howeve1. -..cparation · were relatively rare. 

Second, indi idual' that move away from the study area may be undetected. However, 
data on brccdc1 movement~ on the ~tud; arl!a indicate that they are of very limited dis­
tance. On ">Urvcy. surrounding the study area, only one former breeder was found-a 
male that had disappeared during the acorn crop failure. I therefore conclude that 1 de­
tected nearly all permanent moves of breed rs off their original territories. 

A AL SURVIVOR ll!P 

Annual survivorship was calculated from 1 April to 31 March each year, and data from 
74 banded male and 72 banded females (292 breeder-year ) were analyzed. Survival 
wa calculated by comparina the number of jay at ri , k during the p riod to the number 

alive at the end of th period. I include two samples derived slightly differently: (l) an 
entire year . ample that include only those individual already banded at the beginning 
of the period (1 April); and (2) a "partial" year sample that includes the above jay plus 
those banded after l April of a given year. In the latter sample, if the jays banded after 1 
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April urvived, the fraction of the year a a banded breeder is added to the calculation of 
urvivorship. U ing the partial year sample increa es the ample izes, especially for the 

early year of the study when comparatively few breeders were color-banded. 
Annual variation in survivorship of breeders (all ages pooled) i presented in Table 

20. Overall male urvivor hip (partial year ample) ranged between 71.5~ and 89.7% 
with a four-year mean of 83.4%. Female urvivor hip was lower in every year, but not 
tati tically different from that of male , ranging from 62.7% to 84.5% and averaging 

77.9%. 
Male and female survivorship were correlated (Rs= 0.96, N = 5) and were not statis­

tically different among years. Survivorship wa similar in all year except 1983-1984, 
and territorial jays that di appeared after August 1983 and had not returned by late April 
1984 were considered dead a a result of the crop failure. In all, an e timated 30 out of 
103 banded jay (the fall 1983 tudy population) died in thi year, 45% of deaths during 
the 5-year study. The crop failure affected male and female equally, with 16 female and 
14 male deaths, constituting 33% and 29% of the banded territorial jays in fall 1983. 

Seasonal patterns 

To analyze sea onal patterns of breeder mortality, I divided the year into the breed­
ing season (March-June), late summer dry period and molt (July-October), and winter 
(November-February). Mortality did not vary ignificantly by season either for males (N 
= 32) or female (N = 35; Fig. 36a) or for both exe combined. Although the proportion 
of female dying during the breeding sea on i twice that of male , the difference are not 
tati tically ignificant, in my view because of mall sample size . Excluding death at­

tributable to the acorn crop failure results in imilar distributions of easonal and gender 
mortality (Fig. 36b ). 

TABLE 20. A lJAL S RVIVORSHIP OF BREEDERS 

Year Males 

1981-1982 
ntire year a 85.7% (14)" 

Partial year b 89.7% (25) 
19 2-1983 

Entire years 88.4% (43) 
Partial years 89.7% (52) 

1983- 1984 
Entire years 70.4% (54) 
Partial year 71.5% (59) 

1984-1985 
Entire year 82.4% (51) 
Partial year 82.6% (53) 

Overall (mean of annual values) 
Entire year · 81.7% (162) 
Partial year 83.4% (189) 

Year% mortality: G =10.3, df = 3, 0.025 >P > 0.01 
Sex % mortality : G = 2.0, df = 3, P > 0.10 

• Entire years include only scrub-jays banded by I Apnl. 

Females 

84.0% (11) 
84.5% (18) 

79.4% (34) 
83.3% (47) 

61.4% (44) 
62.7% (51) 

81.0% (42) 
81.3% (44) 

76.5% (13 l) 
77.9% (160) 

h Partial year\ include scrub-jay banded by I pril and those banded before the next I 

April. For scrub-jay banded after I April, if the scrub-jay died during the year it was counted 

as dead; if it lived, the proportion of the year since banding was added into the calculauon of 

survivorship. 

' Total number of scrub-Jays at risk during the year. 
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Age-specific survivorship of breeders 

Survivor hip calculated on a yearly basis as above, where all individuals are lumped, 
ignores difference in age- pecific survivor hip. On the other hand, lumping all years 
to calculate age- pecific mortality ignore the effect of annual variation. Ideally, age­
specific mortality hould be compared within year among cohort (e.g., Sherman and 
Morton 1984, Gibbs and Grant 1987), but thi require large sample izes. I therefore cal­
culated age- pecific survivor hip a average for same-age jay from different cohort . 

Age- pecific survivorship chedule for breeders (Table 21) ugge ted that urvivor­
ship was not greatly affected by age of adults. One complication is the relatively few 
sample years and the large drop in survivorship during the acorn crop failure, which 
appeared to affect breeders irre pective of age. Adult mortality rate in bird i, often 
as urned to be age-con tant (but see Caughley 1977) and some long-term studie up­
port the concept (e.g., I land Scrub-Jay [Atwood et al. 1990], Acorn Woodpecker 
[Koenig and Mumme 1987]); other do not (Loery et al. 1987). In the Florida Scrub-Jay, 
Fitzpatrick and Woolfenden (1988) found con tant urvivor hip of breeder through age 
11 followed by a harp decrea e suggesting ene cent mortality. 

Wool fen den and Fitzpatrick ( 1984) and Koenig and Mumme ( L 987) examined sene -
cent mortality by comparing survivorship of known vs. unknown aged breeder . In this 
tudy, for a breeder' age to be known I had to band it when no more than 15 month old 

at which time it enter the fir t complete molt. Becau e the tudy includes only four years 
of survivor hip, the known-age ample exclude jay older than five. If survivorship 
decrea es with age, the known-age ample (N = 44) should how higher survivorship 
than the unknown age ample (N = 102); however no difference wa found (Lee-Desu 
urvivor hip stati, tic D = 0.03, P = 0.8). 

I al o compared the urvivor hip of jays that began breeding as fir t-year birds (N = 
31) with tho, e waiting until two or older (N = 27). Survivor hip over one year (e.g., from 
one to two for fir, t-year birds and from two to three for a two-year old) is not statistically 
different for the two groups (X 2 = 2.0, P = 0.15), although older first-time br eder , ur­
vivorship averaged 89% v . 74~ for fir t-year breeder.. Calculated over a s v ral-year 
period, jay. that bred a yearlings experienced higher mortality (annual average= 18.9%) 
than jays waiting until two or three (annual av rage 11 .2%; L e-Desu sur iv r. hip . ta­
tistic, D = 3.6, P = 0.058). Of our e, this may be due to lower sur ivor~hip of first-year 
bird rather than any effect from a delay in bre ding. The definitive compari ' n, which I 
am unable to make, would be between first-year territorial jays and first-year nonbr ed­
ing floater , an important but elusive parameter in weighing the cost and benefit of 
delayed vs. early di per al. 

TABL 21. AGE SPFCIFIC St.;RVIVOR HIP OJ· K OW AGE: MALF A D F MALI BREEDER FROM AGF 

[ TO ~5 YR 

Males Females 

umber umber umber umber 

Age at risk survived % survival Age at risk survived % survi,al -
I 9 8 9 l 18 15 83 
2 14 11 79 2 13 10 77 
3 9 8 89 3 8 7 87 
4 4 3 75 4 
~5 50 40 80 ~5 28 20 72 
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FIGURE 36. Seasonal pattern of deaths of males and females dur ing the entire study period (a), and excluding 

death during the acorn crop fai lure (b). 
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Ignoring the pos ible decrea ed urvivor hip of jays acquiring a territory a yearling , 
composite survivor hip curve (Fig. 37) using all banded breeders, how an expected 
survivorship of 83% for male and 79% for females. 

LIFE T BL SA D S URVIVORSHIP OF No BRE DERS 

Determining the survivor hip of juvenile and older nonbreeder in any pecie i 
difficult because of di persal in juveniles and wandering in older nonbreeder . In coop­
erative breeders some of these problem are overcome by delayed <lisper al, absence of 
nonbreeding floaters, and a large number of edentary helper . Estimates of nonbreeder 
(helper) deaths can then be estimated from the number of helpers disappearing minu 
the number expected to have become breeders out ide the study area (Woolfenden and 
Fitzpatrick 1984, Koenig and Mumme 1987). Custer and Pitelka (1977) used life-table 
analy is to e timate juvenile survivor hip; their approach i u ed here and extended to 
estimate urvivorship of older nonbreeder a well. 

As umptions 

Several a umption are neces ary to carry out a life-table analy i . One i that the 
Hasting population has a table age di tribution (e.g., Caughley 1977). Few, if any, 
field tudie meet thi criterion. Both birth and death rate of fledglings and breeders 
varied con iderably, e pecially in 1983-19 4. However, if viewed over the five-year 
tudy period, the Ha tings breeding population wa relatively table. It follow that the 

population' net reproductive rate (R) was approximately 1.0. 
From a life table based on breeder , nonbreeder urvivor hip can bee timated, given 

that R
0 
= 1. Thi can be corrected further by checking the values again t observed value , 

including the age that jay acquired a territory for the fir ·t time, and the proportion of 
territorial jays that were yearling . With the e check th life table repre ent a reason­
able model for the Ha ting population. The life table further allow e timation of other 
demographic ariable con ' idere<l to be important factors leading to cooperative or non­
cooperative . ocial y tern 

Life-table parameters 

The prop rtion of ach age clas that acquire a territory can be e timated from the 
age di tribution of jay acquiring a territory for the first time, the number of territory 
vacancie available for each age cla . of nonbreeder, and the number of jay. competing 
for the vacancie . 

The age di tribution of male and females acquiring a territory for the fir t time (Fig. 
14) are con ervative e timate in which Ider age cla e are probably under repre ented. 
Female filled vacancie · earlier than male with 50% of 34 territory vacancie taken by 
first-year female and 29% of 27 vacancie taken by fir t-year male . The olde t known 
female wa three and the olde t known male four, but again, because the study la ted 
only five years the oldest known novice could only be four year old. 

The number of breeding opportunitie each year i determined by the mortality rate 
of breeder , and thu , in part, by turnover in territory occupant . Counting the mean an­
nual number of openings in the population would undere timate the number of available 
vacancie becau e ix more territorie were lo t than were added over the tudy period. I 
as urned that over time breeder density would have tabilized at prior level . To calculate 
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FIGURE 37. urvivorship of breeding California Scrub-Jays plotted as the proportion of banded breeder. sur­
viving from L to 4 years after banding. Sample sizes above points are the number of individuals at risk during 
the period and include breeders of all age . The lines repre. ent con. tant survivorship of 0.83% per year for 
males and 0.79% per year for females. 

the number of vacancie I u ed the mean mortality rate, which averaged 16.6~ for males 
and 22.1 ~ for female (Table 20). Becau e female breeder have a higher mortality rate, 
more vacancies are available to and filled by fir t-year females. 

The next tep is to determine the number of indi iduals competing for these vacancie . 
The earliest age at which a jay could acquire a territory wa et at 10 months, although 
a few jay may do so by ix month . Survi r. hip from fledging to one month aver­
aged 72% (Table 11). Pa t thi age for un ettl d young and older floater · . urvivorship 
wa e timated iteratively u ing various combination of urvivor hip values. Numerou 
combination are possible, but lowering one value (e.g., juvenile urvivor hip) neces­
. itate rai . ing the other (e.g., older floater urvivor hip) to sati, fy the conditions peci­
fied above. Survivor hip values from one month to one year of 60% for both exe , and 
72~ and 75% for older nonbreeding female and males, re pectively, provided the mo t 
reasonable e timate . 

The estimated number of male and female nonbreeders in each age class (Table 22) i 
dependent on age- pecific urvivorship and territory vacancie . For example, a hypothetical 
population of 1,000 pair produce 1,200 fledgling (1.2 per pair; able 10), half of which 
are male and half female . These fledgling urvive to one year at 0.43 (0.72 urvivor hip 
to one month postftedging x0.6 urvivorship from one month to one year), when they ei­
ther acquire a territory or become floater . Each year there are 166 vacancie for males and 
210 for females (1,000 x annual mortality rate). These vacancies are filled by different age 
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cla e in the proportion found on the study area (Fig. 14b). For example, 50% (105) of 
the 210 vacancies for female are filled by first-year jays, 37.5% (79) by two-year olds, and 
12.5% (26) by three-year olds. Juvenile and older nonbreeder survivor hip was adju ted o 
that all surviving female hold territories in their third year. 

These data further allow calculation of the proportion of each age class that is ter­
ritorial (P,), and the age-specific probability of acquiring a territory (Pbx; Table 22). 
Under the conditions outlined above, 40% of fir t-year, 83% of econd-year, and 100% 
of third-year female are territorial, compared to 19% of first-year, 52% of second-year, 
75% of third-year, and 100% of fourth-year males . These values reflect tho e actually 
observed: 12 jays banded as nestlings prior to 1984 acquired breeding status on the study 
area, 5 (42%) in their first year, 4 (33%) their second year, and 3 (25%) in their third year 
(Table 2). 

However, only 8.7% of territorial first-year females and 40% of territorial fir t-year 
males bred, and after the acorn crop failure 32% of adult pairs failed to lay (Table 11). 
P,bx (the proportion of each age class breeding) reflect thi by reducing P

1
x (the propor­

tion territorial) by the relevant amounts for each age class. 
In the Hastings population, fecundity of territorial jays if) increa ed with age (Table 

18, Fig. 35), but these data slightly exaggerate average fledgling production becau e 
mo t of the data for older jay were obtained in 1985, a year of good reproduction; fx 
value were, therefore, reduced by approximately 5% for the four- and five-year old age 
classe . The values in column_fx of the life table further differ from the values in Table 18, 
becau e.fr value in the life table are for jays that initiated breeding. Because not a11 jays 
bred, mx (the average fecundity of all jays of age-class x) equal !, (the average fecundity 
of breeders of age clas x) multiplied by P,bx (the proportion of each age class breeding). 
The maximum age of jay wa et at 15. 

TABLE 22. ALCULATING AGE THAT SCRUB-JAYS FIRST ACQUIRE TERRITORIES 

---
urvivorship 

Age 
umber of 

Probability 

of territory Proportion of getting 

Age Breeder Floaters aquisition Vacancie~ on breeders Breeders territorial territory 

(x ) (Sb,) (SJ,) (A,) (Ob) (NJ) ( b,) (Pt ,) (Pb) 

Female. 
Fledge 0.72 0 o· 600b 0 0 0 
l month 0.60 0 0 434 0 0 0 
1 year 0.79 0.72 0.50 105 156 105 0.40 0.40 
2 years 0.79 0.72 0.38 7 33 162 0.83 0.70 
3 years 0.79 0.72 0.12 26 -2c 152 1.00 1.00 

Males 
Fledge 0.72 0 0 600 0 0 0 
l month 0.60 0 0 434 0 0 0 
1 year 0.83 0.75 0.29 49 212 49 0.19 0.19 
2 years 0.83 0.75 0.37 61 96 102 0.52 0.39 
3 years 0.83 0.75 0.17 28 44 129 0.75 0.39 
4 years 0.83 0.75 0.17 28 +SC 136 1.00 1.00 
Nore: Values for breeder urvivorship from Table 20: nonbreeder' survivorship from life-table calculations; age distribution of scrub-jays filling 

territory vacancies from Figure 14b. 

umber of vacancies based upon a hypothetical population of 1,000 pairs. with all vacancies created by breeder death . 

• Number ofnedglings based upon 1,000 pairs producing 1.2/pair (Table 10). 

' There were no excess female floaters (-2) 111 year 3. and S excess males floaters in year 4. 
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TH LIF TABLES 

Several assumption u ed in deriving the life-table values warrant closer examination. 
Fir t, many of the variables are e timate ba ed on five-year average . Mean breeder ur­
vivor hip and reproductive output may actually be higher than observed becau e of the 
poor ucce in 1983-1984. Second, true urvivorship rates of floating juvenile and adult 
nonbreeders is unknown. Such data are crucial for re olving questions concerning the 
co t and benefit of floating . Third, the demographic e timate are ba ed upon 50 pair 
of jay living in relatively high-quality habitat that attracted, in good acorn year , floater 
from a wide area and fledged large numbers of independent young. For the life table, the 
tudy area was treated as a "closed y tern" uch that the number of nonbreeder com­

peting for the vacancies were tho e produced by the local breeder and the number of 
vacancie that opened were tho ere ulting from the breeders' deaths. The implication 
of a regional (and more realistic) view are di cu ed below. 

Although ba ed on everal as umption , the life-table models for female (Table 23) 
and male (Table 24) closely fit ob erved population parameter . For example, all fe­
males breed by their third year (identical to observed), l 0.7% of all territorial female are 
fir t-year birds (10.7% ob erved), and the total number of territorial jay in the life table 
( L (l)CP)) produce 1,000 fledgling , which equal 1.2 fledgling, per pair (the overall 
average for the population; Table 10). Value for male are , imilarly clo e to tho e ob­
served in the population. 

The known age tructure of the population in 1985 i shown in Table 25. In 1985, the 
exact age of 37 (41 %) of the 90 breeder were known. Because of the hort duration 
of the tudy, known age older jay are few. Neverth les , 22~ of female breeders were 
known to be five year. or older, and 45~ of male breeders. The olde t known male wa 
at lea t nine and th olde t female at least five. 

E. ti mated age-specific reproductive value ( V) and the contribution each age class 
makes to the net reproductive rate ( L l/n) are presented in Figure 38. The values are 
similar for males and femal s, despite the earlier age at which female. acquire territo­
rie. , becau e of the low reproductive success of young breeders. part1cularlv first-year 
females, and the higher urvi orship of male breeders. Reproductiv alue and /

1
m

1 
of 

males and females reaches a peak at age four, due to both delayed breeding and low f -
cundity and reproductive success of young territorial jay~. 

E TIM Tl G LIFE-TIMI· REPROD CTIVE S CCES 

Mean life-time reproductive . ucce s (LRS) may be estimated from the life table a, 
e. timated LRS= L /

1
m

1
,where l , and m, are age-specific survivorship and fecundity (same 

sex fledglings per breeder) from breeding age ( ~ J) through age 15, the as urned rep ro­
ducti e life. Thu, , LRS equals the expected number of . ame sex fledglings produced b 
an indi idual. 

LRS estimates for males and female. that acquire t rritorie a. yearlings. at age two. 
and as modeled in the life table are given in Table 26. A female acquiring a territory 
at age one can expect to fledge 2.60 female offspring over her lifetime. and a male 3.17 
male off pring. (These values can be doubled for total fledglings produced ). Mal LRS is 
higher due to slightly higher urvivor hip. How doe. a delay in breeding affect the e LRS 
e timate ? A female that delays breeding (float ) for a year and then acquire~ a territ ry 
at age two can expect to fledge 2.31 fem ale , 11 % fewer than a female acquinng a terri ­
tory at age one. Becau, e fecundity of territorial first-year females is only 0.04 fledglings. 
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FIGURE 38. Life table C\t1mmc of reproductive value and /
1
111. (a) Reproducti\e value (in fledglings) of 

male . and females. and (b) l,m, (the contribution each age class makes to the total reproductive output or the 
population). 

the decline is due almost entirely to the probability of dying before breeding (survivor­
, hip is e, timated to be higher for breeders than floater ). A male that delays breeding 
until age two produces 2.72 male fledglings , a 14~ decline. 

However, dispersi ng scrub-jays may be for ed to delay breeding and float for. everal 
years; as modeled in the life tables, e timated LRS , discounted for age-specific prob­
ability (from age one onward) of acquiring a territory (Table 22) and the probability of 
dying, equals 2.42 fledglings for females (9.6% Jess than females acquiring territories as 
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TABLE 23. F EMALE LIFE TABLE (R,, = l.004) 

Agex S," S,1 

Fledge 0. 724 
1 month 0.600 
l year 0.79 0.720 
2-yr 0.79 0.720 
3-yr 0.79 0.720 
4-yr 0.79 0.720 
5-yr 0.79 0.720 
6-yr 0.79 0.720 
7-yr 0.79 
8-yr 0.79 
9-yr 0.79 
10-yr 0 .79 
11 -yr 0.79 
12-yr 0.79 
13-yr 0.79 
14-yr 0.79 
15-yr 0.79 

s. 
0.724 
0.600 
0.74 
0.778 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0.790 
0 .790 

'· l.000 
0.724 
0.434 
0.325 
0.253 
0.200 
0.158 
0.125 
0 .098 
0.078 
0.061 
0.049 
0.038 
0.030 
0.024 
0.019 
O.Ql5 

0.000 
0.000 
0.035 
0.769 
0 .927 
0.927 
0.927 
0 .927 
0.927 
0.927 
0.927 
0.927 
0.927 
0.927 
0.927 
0.927 
0.927 

f, ___ m_,_ 

0.000 
0.000 
0.500 
0.458 
0.555 
0.750 
0 .950 
0.950 
0.950 
0.950 
0.950 
0.950 
0.950 
0.950 
0.950 
0.950 
0 .950 

0.000 
0.000 
0.018 
0 .352 
0.515 
0.695 
0 .881 
0.881 
0.881 
0.881 
0 .881 
0.881 
0.881 
0.881 
0.881 
0.881 
0.881 

l,m, 

0.000 
0.000 
0.008 
0.115 
0.130 
0.139 
0.139 
0.110 
0.0 7 
0.069 
0.054 
0.043 
0.034 
0.027 
0.02 1 
0.017 
0.013 

NO. 28 

Age structure 

Tota l Breeder 

0.228 0.110 
0.170 0.169 
0.133 0.159 
0.105 0.125 
0.083 0.099 
0.065 0.078 
0.052 0.062 
0.041 0.049 
0.032 0.039 
0.025 0.030 
0.020 0.024 
0 .016 0 .019 
0.01 3 0.015 
0 .010 0.013 
0.008 0 .01 3 -------

yearlings) and 2.42 for male (24% less than tho e acquiring territories at age one; Table 
26). Male that do not acquire territories their fir, t year incur greater co t relative to 
females, because a male ha a lower probability of acquiring a territory at any age than 
a female (Table 22) . 

An intere ting que tion i how estimated LRS would be affected if California Scrub­
Jay delayed <lisper al , remained at home, and helped. The increase in fledgling produc­
tion due to a single helper in the Florida Scrub-Jay average 51 % (Woolfenden and 
Fitzpatrick 1984); a imilar increa e in the California Scrub-Jay would rai e production 
from 1.2 to 1.8 fledgling /pair. When thi increa e i converted to genome-equivalents 
( ee Brown and Brown 19 1 b for detail of thi method ; the e value may be doubled for 

TABLE 24. M ALE LI FE TA BLE (R,, = 0.998) 

Agex 

Fledge 
l month 
I year 0 . 34 
2-yr 0 .834 
3-yr 0.834 
4-yr 0.834 
5-yr 0.834 
6-yr 0.834 
7-yr 0.834 
8-yr 0.834 
9-yr 0.834 
10-yr 0. 34 
11 -yr 0.834 
12-yr 0.834 
I 3-yr 0.834 
14-yr 0.834 

s,, 
0.724 
0.600 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 

15-y_r __ o_.8_3_4 ___ _ 

0.724 
0 .600 
0.766 
0.793 
0.81 2 
0.834 
0.834 
0.834 
0.834 
0.834 
0. 34 
0.834 
0.834 
0.834 
0.834 
0.834 
0.834 

'· 1.000 
0.724 
0.434 
0.333 
0.264 
0.214 
0.179 
0.149 
0.124 
0.104 
0.086 
0.072 
0.060 
0 .050 
0.042 
0.035 
0.029 

0.000 
0.000 
0.075 
0.43 
0.635 
0.855 
0.855 
0.855 
0. 55 
0.855 
0.855 
0.855 
0.855 
0.855 
0.855 
0.855 
0.855 

_I_; __ m, 

0.000 
0.000 
0.500 
0.400 
0.400 
0.875 
0.875 
0.875 
0.875 
0.875 
0.875 
0. 75 
0. 75 
0.875 
0.875 
0.875 
0.875 

0.000 
0.000 
0.038 
0.175 
0. 254 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.748 
0.74 
---

0.000 
0.000 
0.016 
0.058 
0.067 
0.160 
0.134 
0.112 
0.093 
0.078 
0.065 
0.054 
0.0.+5 
0.038 
0 .031 
0.026 
0.022 

Age ~tru tu re 

Total 

0.200 
0.153 
0.121 
0.099 
0.082 
0.069 
0.057 
0.048 
0.040 
0.033 
0 .028 
0.023 
0.019 
0.016 
0.013 

Breeders 

0 .051 
0.107 
0 .123 
0.135 
0.112 
0.094 
0 .078 
0.065 
0 .054 
0.045 
0.038 
0.031 
0 .026 
0 .022 
0 .018 
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TABLE 25. AGE DISTRIB TIO OF BRLEDERS I~ 1985 

Females ( = 45) Males ( = 45) 

~ umber Percent umber Percent 

1 8 18% 3 7% 
2 3 7% 
2+ 3 7% 2 4% 
3 5 11 % 7 16% 

3+ 8 18% 4 9% 
4 5 11 % 5 11 % 
4+ 3 7% 4 991: 
5 
5+ LO 22% 12 27% 

6+ 2% 
7+ 4 9'/l 
8+ 2 4% 

9+ 2% 

TABLE 26. ESTIMATED LIFE TIME REPROD CTIVE SUCCESS (lN SAME SEX FLEDGLI GS) OF 

MALE A D FEMALE C ALIFORN IA SCRUB-JAYS THAT ACQUIRE TERRITORIES AS YEARLI GS, 

AT AGE TWO, A DI THE DISTRIBUTIO AS MODELED IN THE LIFE TABLE 

LRS for jays acquiring 

territories at age 
Indirect 

I -year 2-years Life table benefits' 

Male 3.18 2.72 2.42 0.25 
Females 2.60 2.31 2.35 0.24 

• Hypothetical indirect benefit of helping fo r one year (',ee text for ex planation ). 
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"offspring equivalents"), the estimated indirect benefit for helping for one year equal 
0.24 genome-equivalent for a ingle female h lper and 0.25 for a single male helper. 
The e hypothetical indirect benefit are , ignificantly greater than the direct benefit de­
rived from acquiring a territory and breeding tatu for a fir t-year jay. For example, a 
fir t-year female acquiring a territory will , on average, fledge 0.0 off pring (Table 18) 
or 0.04 genome-equivalent (and a male 0.17) . Thi sugge, t that a jay would do be t 

by helping for a year and then breeding independently rather than breeding at age one 
or floating, all el e being equal. However, differences in survivor hip on and off the 
natal territory and in the probability of ecuring a uitable territory may ea ily outweigh 
the e hypothetical indirect fitne benefit (Woolfenden and Fitzpatrick 1984 Walter et 
al. 1992a). Analy es of life-time reproductive ucce for everal cooperative breeder 
(Florida Scrub-Jay , Woolfenden and Fitzpatrick 1984; Acorn Woodpecker , Koenig and 
Mumme 1987) indicate that the highest LRS i achieved by breeding as early as pos ible 
on a suitable territory. In Florida Scrub-Jay , uccess in acquiring a territory at an early 
age is, together with breeder life- pan, the mo t important contributor to a jay' lifetime 
reproductive uccess (Fitzpatrick and Woolfenden 1988, Fitzpatrick et al. 1989). 

Not surpri ingly, relative urvivorship of floater and breeders and the age of fir t 
breeding are critical factor affecting estimated LRS. In their long-term tudy of Florida 
Scrub-Jay , Woolfenden and Fitzpatrick ( 1984; Fitzpatrick and Woolfenden 1986, 1988) 
concluded that the indirect benefit to nonbreeders of rai ing the reproductive output of 
relatives i small (and decreases rapidly with group size) compared to those of (1) higher 
urvivorship on the natal territory, (2) increasing the chance of getting or creating a high-
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quality territory vacancy, and (3) increa ing the urvivor hip ofrelated breeders ( ee also 
Brown 1974, Koenig and Mumme 1987; Stacey and Ligon 1987, 1991). Hence, except 
for the latter benefit, the general conclusion regarding factor affecting LRS and elect­
ing for alternative di per al strategie in cooperative and noncooperative crub-jay are 
similar. The pecific ecological factor that promote delayed dispersal in one population 
and early <lisper al and floating in another are examined below. 

TEST OF THEORIES AND COMPARISONS 

In this ection, I compare data from the California Scrub-Jay with tho e from everal 
clo ely related cooperative Aphelocoma and other cooperative breeders to test hypoth­
e e and prediction of model for the evolution of cooperative breeding. These compari­
son are u ed to an wer the following question : Do the model adequately explain why 
one specie i cooperative and a closely related pecies or con pecific i not? What are 
the critical ecological, demographic, and behavioral differences that elect for the alter­
native ocial sy tern in the e pecie ? There are, however, three potential complications 
in drawing conclu ions based on uch compari on : (1) the model examined are for the 
evolution of cooperative breeding, not its lo s; (2) it is difficult to eparate the effects 
of hi torical v . current ecological factors; and (3) ob erved behaviors may be relics of 
ancestral, cooperative population . 

The model discussed are for the evolution of delayed <lisper al and cooperative breed­
ing. But are the condition hypothe ized to elect for the evolution of a character tate 
. uch a cooperative breeding the mirror image of tho e leading to it loss? Not always. 
In Aphefocoma jays, phylogenetic tudies reveal that cooperative breeding occurred be­
fore the diver ification of the genus (Peter on and Burt 1992) and that it wa · lost in the 
western North American lineage (Pitelka 1986). Studies of Aphefocoma examine factors 
important to the maintenance of cooperative (or noncooperative) breeding rather than its 

volutionary origin ; current condition. may not reflect tho e that led to the evolution of 
the ob. er ed trait and would therefore not be respon. ible for ob, erved differ nces in ' O­

cial behavior. For example, cooperative breeding in Australian babbler, (Pomato tomus 
spp.) apparently aro. e in rain forest habitat (Schodde 1982) but ha. been maintained as 
the group diversified and spread into arid interior Australia; cooperative breeding still 

ccurs but und r far differ nt co\ogi al condition und r whi h it e ol ed. In a similar 
vein, noncooperative population derived from cooperatively breeding ance tors may 
exhibit behaviors or demographic components that are relic f ancestral, cooperativ 
population . In Western Scrub-Jay the e may includ tolerance of young and nonbr ed-
r on territorie , delayed breeding, very low r produ tive ucces , in territorial fir t-year 

bird. , and aspect of territorial acquisition. 
De pite the e potential complication , for the first time detailed ecological, d mo­

graphic, and behavioral comparL on can be made among closely related cooperativ 
and noncooperative specie. and may provide evidenc of the key factors . electing for · 
witch from delayed di persal and cooperative breeding to early <lisper al and floating. 

BRow 's THEORY OF HABITAT SATURATIO A 10 GRo P Livr o 

Brown (1969) developed a model for the role of territorial exclusion in creating a 
nonbreeding urplu , and later for group living and cooperative breeding in New World 
jays and the genus Aphelocoma in particular (Brown 1974, 1978; ee al o Verbeek 
1973). Thi habitat saturation (HS) theory incorporates both ecological and demographic 
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arguments, and with variou modifications and elaborations ha erved a the underlying 
framework for most other theories for the evolution of cooperative breeding in perma­
nently territorial specie . 

Brown argue that in nonmigratory , Jong-lived specie re iding near carrying capac­
ity in habitat characterized by stable mature vegetation, territory vacancies will be rare, 
a all uitable habitat will be " aturated." Under these conditions, the be t trategy for 
young bird i to delay breeding and remain on their natal territory. Early <lisper al and 
floating are not precluded, but young that delay dispersal stand a better chance of eventu­
ally getting a territory and reproducing ucces fully due to competitive advantage that 
come with increased age and experience and through territorial inheritance. And once 
young delay dispersal, tho e that "help" relative are at selective advantage (through di­
rect and indirect fitne , benefit ) over ones that do not. Advantage also accrue to breed­
er via decrea ed defen e co t and enhanced reproductive , ucce due to helper aid. In 
addition, larger group have a competitive advantage o er maller ones in securing and 
keeping territorial space. Brown (1974) sugge. ts that thi proce is elf-reinforcing, 
leading to a build up of nonbreeders and eventually to multi-pair territories and i mir­
rored in the progression from the noncooperative California Scrub-Jay, to a ingle breed­
ing pair with helpers a in the Florida Scrub-Jay, and finally to the multi-pair territories 
with helpers as in the Mexican Jay. 

Brown ( 1974:78) Ii ted ix attribute of cooperative a compared to noncooperative 
breeder under the "K- election pha e" of hi model: (l) delayed maturity, (2) higher 
survivorship, (3) lower reproductive rat , (4) reduced di per, al, (5) a higher proportion 
of nonbreeders, and (6) narrower habitat tolerance. The e predictions are tested b low 
with data from the California Scrub-Jay and provide a framework for exploring other 
hypothe. es as well. 

Delayed maturity and the "Skill Hypothesi " 

Delayed maturation i. common among coop rative breeders, but controv r. y xisL 
over whether thi . lead. to group Ji ing and cooperation p r e ( kutch 1961, Lack 1966) 
or is merely a correlate of som other causal factor(s) (Br wn 1978, Lawton and Lawton 
1986) . Retention of juv nile or subadult m rphological charact ristics for a year or two 
could be a c n. equence of delayed bre ding, but ~uch characteri~tic~ occur in both coop­
erative and noncooperative pecies (Pitelka 1945). Delayed maturation or "lack of skill" 
in foraging efficiency, t rritorial defense, predator avoidance, and reproductive skills 
may favor delayed breeding (Stearn. and Crandell 1981 ; Brown 1985. 1987), and ~om 
ugge. t this may lead to group living and c operative breeding as well (Skutch 1961, 

Rowley 1965, Lack 1966; Hein ohn et al. 1988, 1990; Heinsohn 1991 ). 
Num rou') . tudie. have demon trated that young of cooperati e breeder. are less skill­

ful than older individuals, including those on cooperative Aphe/ocoma jay (Stallcup and 
Woolfenden 1978, Brown 1985, DeGange 1976, McGowan 1987), but thi i al. o true 
for numerous noncooperati ve . pecies that delay breeding (Srether 1990). It is also true 
that young nonbreeders may learn from e perienced group members (e.g., White-winged 
Chough, , Corcorax melanorhamphos [Hein.,ohn et al. 1988]; Seychelle Warbler~, 

Acrocephalu echellensis [Komdeur 1996]; White-throated Magpie-Jay, [Langen 
l 996a,c; Langen and Vehrencamp 1999); and Long-tailed Tits. Aegithalos caudatu 
[Hatchwell et al. 1999)). 

Delayed maturation and overall lack f , kill in young birds in both cooperative and 
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noncooperative breeding y tern i indicated by a teep increa e in age- pecific repro­
ductive success of breeders. In California Scrub-Jay , Florida Scrub-Jays, and Mexican 
Jays, reproductive uccess is quite low at age one and increa es to peak at age four or 
five (Fig. 39). More California than Florida scrub-jay acquire territories as yearling , but 
few breed and tho e that do have very low ucce . Some of the few Florida Scrub-Jay 
that acquired a territory their fir t year bred ucce fully (Woolfenden and Fitzpatrick 
1984). In ome cooperative breeders, such a the Gray-crowned Babbler (Pomatostomus 
temporalis), the gonads are u ually small and pre umably nonfunctional their fir t year, 
and do not reach full size until the third year (Brown and Brown 198lb). However, thi 
may be more an inability of young individuals to acquire a territory and breeding status 
as young Gray-crowned Babbler that are able to acquire a territory and breed are nearly 
as productive a adults (Brown and Brown 198lb). 

In both the Florida Scrub-Jay (Woolfenden and Fitzpatrick 1984) and Mexican Jay 
(Brown 197 4 ), larger groups are more succes ful than smaller ones in ecuring and 
expanding territorial space. Although thi makes it difficult to establi h and defend a 
territory independently, group living and cooperative behavior may in some cases allow 
young individuals to be more successful breeder than otherwi e would be pos ible by 
providing aid in feeding young, territorial defen e, detecting and fighting off predators, 
and nest building. For example, inexperienced Florida Scrub-Jays breeding a pairs aver­
age 1.24 fledglings/pair, mixed pairs 1.34, and experienced pair 1.8. With helper , the 
ame pair rai e 2.2 2.5, and 2.4 fledglings, re pectively; inexperienced (young) and 

experienced (older) pair with helper fledge the ame number of young (Woolfenden 
and Fitzpatrick 1984 ). 

These comparison ugge t that young in both cooperative and noncooperative bird 
may be less efficient at foraging, exhibit delayed maturity, and lack reproductive skills 
compared to older age classe . Although lack of skill and delayed maturity in We tern 
Scrub-Jays may al o be relic of ancestral cooperative population , no rea on exist to 
expect that difference in delayed maturity or kill have led to group living rather than 
having ari en a a consequence of it. 

Higher survivorsh;p 

Higher ur i or hip of breeder wa predi ted for cooperati e br eder (a this con­
tribute to lower breeder turnover and fewer breeding vacancie ; ee Arnold and Owen 
199 , 1999) but no ignificant difference exi t among the California and Florida crub­
jay and Mexican Jay (Table 27), or A. californica obscura another noncooperative 
population (83%; M. J. Alper , per . comm.). Survivorship wa even higher (94%) in the 
Island Scrub-Jay (Atwood et al. 1990). 

Lower Reproductive Rate 

Reproductive rate is not related to social behavior in Aphelocoma jays (Table 27). 
Clutch size is lightly smaller in the Florida Scrub-Jay than in either the Mexican Jay 
or California Scrub-Jay, although population of the We tern Scrub-Jay in drier habitats 
have ignificantly smaller clut h izes overall (Atwood 1978). Fledging succe i lower 
in California compared to imple pairs in Florida (43o/c: v . 66%), and con iderably lower 
compared to pair with helpers (80% ). 

Percentages of egg and ne tling survivor hip are imilar. In California, 60.6% of eggs 
laid hatched and 48% of hatchlings fledged. In Florida, for pairs without helper , 60% of 
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FIGURE 39. Increa e in reproductive ucce~s with age for the noncooperati e Calif rnia crub-Jay, the c p­
erative Florida crub-Jay, and the Mexican Jay. (a) ge-specific reproductive succe . (fledgling production) 
in California Scrub-Jay breeder ; (b) relation hip between past breeding experience and fledgling production 
in Florida-Scrub Jays (because few first-year jays breed, the x-axis begins roughly at age 2; from fig . 8.15 in 
Woolfenden and Fitzpatrick 1984); and (c) fledging uccess with age in Mexican Jay breeders (from fig . 3 in 
Brown 1986). 
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ggs laid hatched and 54~ of hatched eggs ft edged. For pair , with helper in Florida, cor­
responding values increase significantly to 69% and 68~ (Woolfenden and Fitzpatrick 
1984). Overall, fledgling production averaged 1.2 per pair at Hastings and 1.59 in Florida, 
ri ing to 2.31 for pairs with helper (Woolfenden and Fitzpatrick 1984). 

Given the e imilaritie , what account for the higher reproductive output in Florida? 
Fir t, although ne t predation rates are imilar, a major difference between the Florida 
and California population i the rate of tarvation (4.8 % v . 17.2%). Second, virtually 
all breeding pair in Florida initiate breeding every year (G. Woolfenden , per . comm.) , 
and 13% of pairs attempt to rai e second broods. At Ha ting , however, in 215 breeding 
pair-year , 40 pair failed to lay eggs. If the e pairs are excluded, the overall average 
climb. to 1.5 fledglings per pair, quite clo e to 1.59 per pair without helper. in Florida. 
Third , pairs with helpers in Florida how a ignificant increase in fledgling production, 
which i attributable to lower predation rate on egg and ne tling compared to those of 
una i ted pair . 

Reduced dispersal 

Comparisons among Aphelocoma jays generally support Brown' s prediction of re­
duced di persal (see aL o Zack 1990). Mean natal to breeding territory di tance in Florida 
Scrub-Jay i 0.9 territorie for males and 3.4 for female (the e di tance include nearly 
all di per al events). In compari on , value from crub-jay at Ha ting were 1.3 and 3.2 
territorie traver ed for male and females; however, the e data include but a mall per­
centage of the estimated succ sful di persal event . Many California Scrub-Jay float in 
the vicinity of their natal territories but other make wide-ranging movements and mo t 
acquired territorie off the , tudy area; hence, actual natal to breeding di tances, though 
unknown, are certainly greater. Brown and Brown (1990) found that Mexican Jay, may 
never leave high-quality territorie or at mo ·t move to adjacent territories to breed, but 
their ample wa small 6 territorie ) and evidence of immigration existed. 

T BLE 27. D EMOGRAPll JC ('O'v!PAR JSO. s AMONG APFIEJOC0\11 JA \ S 

crub-Jays 

California·' Islandh Florid a' 

Breeder survivorship a o.s3 Both 0.94 Both 0.82 

~ 0.79 

Mean lutch size 3.7 3.7 3.-l-

Mean Oedgling /pair 1.2 1.4 (pairs) 

2.4 (w/helpers) 

Percent non-breeders a 29% - 50%< 31% 

~ 16% 22'k 

Age of transition to breeding tatus (yr) 1- 3 2-3 2- 3 

Mean age first territorial (yr) a 2.2 2.9 

~ 1.6 2.4 

Mean age first breeding (yr) c3' 2.4 3.0 
~2. 1 2.4 

-
• bt1mate' den\'ed from Llemographil: ~aluc' a' used in the hie table, ror fema les (Table 2 .~ ) anu male' <Table 24 . 

Mexi can Jayd 

0.86 

0.81 

4.0 

3-4 

• Daw from Atwood e t al. ( 1990); c lutch ,j,e from twood ( I 980b )~ percent nonbrecucr' from an independent life 1 l k .-,ti111::ik. 

• Data fro m Woolfenden and Ht1patri ck ( 1984 ). 

" Data fro m Brown (1974, 1985. 1986) and Brown and Brown ( 1990). 

' Combined e't1mate, not broken down by 'C'- . 
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Prebreeders 

A salient feature of Brown's (1974, 1978) theory is that permanently territorial non­
cooperative specie either should not have a significant nonbreeding surplus, or that the 
. urplu is due to factors other than habitat saturation, uch a an unbalanced sex ratio 
(Rowley 1965), inability of simple pairs to raise young (Rabenold 1984, 1985), or gen­
eral lack of kill in young individual (Brown 1985, 1987). 

The "nonbreeding urplus" can be a significant in both cooperative and noncoopera­
tive breeders. In field experiments where breeders were removed or high-quality habitat 
created, breeding positions were filled by nonbreeding helper in cooperative pecies 
(Hannon et al. 1985, Pruett-Jones and Lewis 1990. Komdeur 199 l, Walter et al. l992b) 
and by floater in noncooperative pecie (Wat on and Mos 1970, Rutberg and Rohwer 
1980). A sub tantial percentage of nonbreeders may occur in other permanently territo­
rial, noncooperative species, with stimates of 35% in Carrion Crow (Corvus corone) 
in Scotland (Charle, 1972, a cited by Patter. on 1980) to 50% in the Rufous-collared 
Sparrow (Smith 1978). Cooperative pecie, also how a wide range in the percentage of 
nonbre der.. from a low of 8% in one population of Bicolored Wren (Campy/orhynchus 
griseu ; Austad and Rabenold 1985), to 25% in Acorn Woodpecker. at Hasting (Koenig 
and Mumm 1987), and up to 80% in the African Yellow-billed Shrik (Corvine//a cor­
vina; Grime 1980). 

The percentage of nonbreeder (one year and older) averaged 31 ~ for the Florida 
Scrub-Jay and 30% for the Mexican Jay, compared with an estimated 22~ for crub­
jay at Hasting (Table 27) and perhaps 50% on Santa Cruz I land (data calculated from 
Atwood l 980b, Atwood et al. 1990). 

Evidence that . crub-jay at Hastings may not acquire territorie, for . everal years 
include : (1) the small proportion of territorial fir t-year females and males (10.7% and 
4.9~, respecti ly, N = 223 breeding y ar.; Table 12); (2) the percentage of jay banded 
as n :tlings that eventually acquired territ ries on the study area ( 42% did . at age on , 
33% at age two, and ~5% at age three (Table 2); and (3) in four of fi e year , floater · wer 
pre. ent in large numbers in March through early May and had no chance of br eding. 
Thus, n ncoop rati scrub-jays can have as high, or :ometi me higher, proportions of 
nonbreeJers than th ir cooperative r lativ s. 

But is th "surplus" in noncooperative populations due to other factor. b side habi­
tat saturation? In We. tern S rub-Jays, the sex ratio of floaters is roughly equal, ·imple 
pairs are th breeding unit, and lack of ski II doc. not prevent young from acquiring t r­
ritories and attempting to breed given th opportunity. More to the point, neither lack 
of mate or skill has any bearing on whether prebreeders delay disp r. al or float. A lack 
of mate. may prevent indi idual from breeding but ha. no bearing on wh ther delayed 
di persal or floating would be favored. imilarly, genetic or age effect ("skill'') may 
deter individual from attempting to . et up territories and breed independently, but are 
unlikely to be important in determining whether delayed <lisp r al or floating is favored. 
However, in species where a critical group size i required for succes. fol reproduction 
(e.g .. Campy/orhynchus wren ), breeding a. part of a . imple pair is not a viable option 
and delayed di per al may be favored ver fl ating. 

Habitat d~fferences 

Brown (1974) originally predicted that permanently territorial cooperative breeder 
should inhabit mature table egetation type , but later acknowledged many exceptions 
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(Brown 1978). Of all the Aphelocoma, We tern Scrub-Jays occupy the greatest geo­
graphic range and diversity of habitats (Pitelka 1951, Peterson and Vargas 1992). Florida 
Scrub-Jays occur in periodically burned oak scrub (Woolfenden and Fitzpatrick 1984) 
but may also inhabit fire uppres ed and suburban landscape that include oak scrub, al­
though the latter may function in mo t years a population ink (Breininger et al. 1995, 
1996). Mexican Jay mo tly inhabit mature oak-pine woodland, and Unicolored Jay are 
found in humid tall, luxuriant hardwood fore t (Pitelka 1951, Webber and Brown 1994). 
Even on a local level, Western Scrub-Jays use a wider variety of habitats than their rela­
tive . For example, where Mexican Jays and scrub-jays are sympatric, the latter u e habi­
tats that are rarely used by Mexican Jays. However, in similar habitats without Mexican 
Jay , scrub-jay expand into the former's preferred habitat (Marshall 1957; P. Stacey, 
per . comm.). Burt and Peter on (1993) found that a cooperatively breeding population 
of crub-jay in Oaxaca, Mexico, u ed a diver e assemblage of habitat and that conver-
ion of its natural habitat ha allowed expan ion of the population. 

Brown' (1974) generalization that cooperative breeders inhabit "mature, table veg­
etation" followed from the idea that good quality habitat had to be aturated, o that the 
chance of a nonbreeder finding a good territory would be low. In contrast, Brown (1974: 
73) uggested that " ... the [we tern population of] Scrub Jay inhabits a variety of habi­
tats, including scrubby area and chaparral, much of which i tran ient and created by 
forest fire .... the higher reproductive rate and wider dis per al of the Scrub Jay may be 

iewed as adaptation for finding and exploiting newly available uitable habitat." The 
key idea i that ome ecological factor act to keep breeding habitat available or "un­
saturated" in noncooperative breeder . A shown in the previou ection, however, the 
large nonbreeding urplus in Western Scrub-Jays ugge t that other factor are needed 
to explain the loss of delayed di per al and group living. 

THE MARGI AL HABITAT HYPOTHESIS 

Koenig and Pitelka (1981) propo ed that for group living to ev Ive in permanently 
territorial , pecie , not only mu5t high-quality habitat be aturated but marginal habitat 
mu, t be relatively rare with a relatively harp division between the two. Under these con­
ditions, terrilorie in high-quality habitat will be continuou ly occupied by establi hed 
group. ; tho e of intermediate quality will relatively rarely be occupi d, and offspring will 
ha ea low probability of acquiring breeding, talus on a uitable territory. The key factor, 
however, i that becau e of a teep gradient between good and poor habitat , young indi­
viduals attempting to br ed or even ub i tin unoccupied habitat face a low probability 
of uccess and are "forced" to delay <lisper. al and remain on their natal territorie . 

If, however, a large proportion of intermediate and low-quality "marginal" habitat al­
low young individuals either to ettle on territorie , or float, early <lisper al i favored. 
Prediction of the marginal habitat hypothe i (MHH) are contra ted with tho e of other 
model in Table 28, and examined below. 

The MHH not only provide an ecological explanation for habitat aturation, it at­
tempt to explain conditions that would preclude floating and favor delayed di per al. 
Studies of cooperative breeder generally , upported the MHH, including field experi­
ment in which helper actively competed for and filled artificially created breeding va­
cancies (Brown et al. 1982, Hannon et al. 19 5, Pruett-Jones and Lewi 1990, Komdeur 
1991 ). Prior studie of Aphelocoma also fit the prediction of the model. In the Island 
Scrub-Jay, Atwood (1980a) found breeding habitat "saturated" and floater , including 
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juveniles, only in "marginal" unoccupied habi tat (open gra land with cattered shrub 
or young trees and low Baccharus thickets that would be unsuitable for floaters on the 
mainland). In Florida, breeding space in hi gh-quality habitat i always filled, and juve­
niles have a low probability of acquiring a territory. Juveniles do wander off their natal 
territories and are generally tolerated by unrelated adult until their po t-juvenile molt in 
fall (Woolfenden and Fitzpatrick 1984). Group members, both breeders and helper , then 
evict virtually al I non-natal juvenile and older trespasser , and juvenile return to their 
natal territorie and become helpers. Woolfenden and Fitzpatrick (1984; Fitzpatrick and 
Woolfenden 1986) demon trate that jays breeding in marginal habitat have both lower 
survivorship and lower production of breeding age offspring, and therefore conclude that 
nonbreeding juveniles and adults would al o experience low urvivorship compared to 
staying on their natal territorie . 

Although the e patterns upport the MHH, evidence from the California Scrub-Jay 
doe not. Nonbreeder , tolerated except during the height of the breeding sea on , u ed 
occupied territories and aggregated in habitat with the most abundant food resource . 
During the breeding sea on , breeders evicted floaters from their territories and floater 
were rarely ob erved. In one year (1985) floater were evicted only from the nest area 
and remained in the highe t quality habitat , and microhabitat use and foraging behavior 
of floaters wa identical to that of breeder . Thu , in the California Scrub-Jay, marginal 
or unoccupied habitat doe not appear to be a factor in allowing nonbreeder to di per e 
and float. Tolerance of floater by breeder and floaters ' use of occupied habitat wa al o 
found in an study of A. c. ob cura in southern California (M. J. Alper , per . comm.). 
This tolerance, in particular that of allowing nonbreeders acce , to territorie but not to 
nest , i, similar to the pattern in Florida Scrub-Jay and may be a relic behavior. In other 
territorial species, such a the Rufou -collared Sparrow (Smith 1978), floater sneak 
through territorie. , which again sugge t that fl oating does not depend on unoccupied or 
marginal areas for di persal. 

The MHH may explain higher level of delayed di sper al and larg r group ize under 
different ec logical condition in coop rati ve breeder , but fail s a , a general explanation 
a to why another population i~ noncooperati e (i.e., why nonbr eder float) for . v ral 
rea on . The MHH predict that the hape f th di stribution in territory-habitat quality 
i fundamental. Fore ample, Acorn Wo dped.er territ rie. at Hastings exhibit a. teep 
territory-habitat gradi ent curve (little marginal habitat) and the birds are hi ghly ocial 

T A BLE 28. P RED I TIO S OF ECOLOG ICAL MOL>EL FOR T ll b I VOLU rJON OF DFLAYED DISPERSAL, GRO P LI VI G, AND 

COOPERATIVI:. BRE!oDI G ( HS = H AB ITAT AT RATIO a; MHH = M ARGI AL H AB ITAT H YPOTHESISh; FSJ = FLOR IDA 

ScR B-J AY M oDbL<; EC = Eco1,001CAL Co!'< TRAI T <l; R W = R ED-COCKADED W OODPECKER M ODEL' ; B O P = 

B E EFITS r P111 LOPATRY1; WSJ= W ESTER CR B-J AYS ") 

Pred ictions HS 

Habitat ·aturated? yes 
Level of breeding constraint criti cal '? yes 
Floating cologically constrained'? no 
Benefits of phil opatry of primary importance? yes 
V ariance in rank order of territory quality __ high 

• Brown (1974, 1978, I 987 ). 

• Koenig and Pi tell.a (1981 ). Koenig and Mumme ( 1987). 

' Woolfenden and Fitzpatrick ( 1984), F1upa1nck and Woolfenden 1986J. 

• Emlen ( 1982a). 

' Wnltw, et al. ( 1992b). 

' Stacey and Ligon ( 1987, 1991 ). 

This ~tudy 

MHH 

yes 
no 
yes 
no 
low 

FSJ 

ye 
yes 
yes 
no 
low 

yes 
yes 
yes 
no 

RCW BOP WSJ 

yes 
no 

no yes 
no 
no 

no 
no 

yes no 

~_h ___ low 
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(Koenig and Mumme 1987); in New Mexico where a shallow gradient exi t , group 
ize i maller. However, even in the latter, floating appears to be infrequent. Floating 

in cooperative breeder is usually rare ( <5%; Woolfenden and Fitzpatrick 1984, Koenig 
and Mumme 1987, Brown 1987, Walters 1990). Further, Woolfenden and Fitzpatrick 
(1990) found nonbreeder "declining" available breeding pace in high-quality habitat, 
and the presence of available but unu ed" uitable" territorial pace in cooperative breed­
er i difficult to reconcile with a trict reading of the MHH ( ee al o Stacey and Ligon 
199 J ). 

Under what habitat gradient (range of habitat condition ) i floating precluded? In 
Florida Scrub-Jay (Woolfenden and Fitzpatrick 1984), Acorn Woodpecker in both 
California (Koenig and Mumme 1987) and New Mexico (Stacey and Ligon 1987), and 
other cooperative breeder (e.g., Grey-backed Shrike , Lanius excubitorius [Zack and 
Ligon 1985b]), some unoccupied lower quality habitat i u ually a ailable. For example, 
Florida Scrub-Jay breeding in overgrown scrub fledge a many young a do una -
sisted pair in high-quality habitat, although fledgling urvival i lower in the former 
habitat due possibly to higher predation pres ures (Woolfenden and Fitzpatrick 1984). 
If overgrown scrub can upport uccessful breeding, floating should also be possible, 
although higher predation rate may also apply to floater in thi habitat (G. Woolfenden, 
pers. comm.). Indeed, nonbreeder in Florida do occasionally di per e into unoccupied 
habitats, forming small flock that may persi t for a month or two (Woolfenden and 
Fitzpatrick 1984). 

Adult may force their off pring off territorie even when marginal habitat may not be 
present. An extreme example is the Red Grou , e (=Willow Ptarmigan, Lagopu /agopus), 
where nonbreeders are victed from breeding habitat and are forced into area where 
urvivor hip i so low that few urvive through the winter (Wat on and Mos 1970, 

Wat on 19 5). 
Finally, the MHH also fails to explain how floating, and delayed di . per al and help­

ing, could coexi t as alt rnativ strategies in the same population. In Purple Gallinule 
(Gallinula martinica), juvenile help but nonbreeding adult float in nonbreeding habitat 
(Hunter 1987). Young Green Jay (Cyanocorax ynca.) in Texas delay dispersal for 15 
months and a sist their parent in defending the territory, but the nonbreeders are evicted 
after the next year's off ·pring are ft.edged (Gay u 19 ) and evidently float until a vacan­
cy is located. White-throated Magpie-Jay male di. per e and a ub tantial number may 
ft at in unoccupied habitat, whereas most female are philopatric (lnne and John ton 
1996, Langen 1996b). In a population of western Ameri an Crows, Caffrey (1992) found 
that nonbreeder could d lay di per al, float, or witch between the two. The best docu­
m nted example i the Au tralian Magpie (Carrick 1963, 1972; Veltman 1989), where 
ome nonbreeders float in nonbreeding habitat and other. remain on group territorie . 

TH FLORIDA SCRUB-JAY MODEL 

Woolfenden and Fitzpatrick (1984, Fitzpatrick and Woolfenden 19 6) developed a 
demographic model for the evolution of cooperative breeding in the Florida Scrub-Jay 
and the other Aphelocoma. Three variable are crucial to their model: D

0
, the probability 

that early di perser will become e tabli hed ucce fully a breeder ; B, the ummed 
annual probabilities that a urviving helper remaining on it natal territory will encounter 
or create a breeding vacancy it can ucce fully fill; and Lh, the urvival rate of a helper 
at home. The model predict that as Band L" increase, relative to early dispersal, delayed 
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breeding and group living will be favored o long as D
0 

i low, even without any indi­
rect fitne s benefits (Table 28). In the Florida Scrub-Jay, D

0 
is low (high constraints on 

independent breeding); L
11 

is high (in comparison to that estimated for early disper ant 
floating in marginal overgrown crub or neaking through hostile occupied territorie ); 
and Bi large, for male at lea t, due to territorial budding (Woolfenden and Fitzpatrick 
1984). 

Becau e the model does not include floating a an option, it as ume that nearly all 
Western Scrub-Jay breed a yearling . Woolfenden and Fitzpatrick (1984:339) predict 
that D

0 
values for We tern Scrub-Jays are high enough to favor early di persal: "a wide 

range of acceptable habitats mean that di per ing juveniles need only to stay alive in 
order to be more or less certain of obtaining space in which to breed a yearling ." D

0 

values, e timated from life-table variable , provide an index of breeding pace competi­
tion ( ee Fitzpatrick and Woolfenden 1986). Similar D

0 
e timate for California, Island, 

and Florida scrub-jay , and for other taxa (Table 29) uggest that the level of breeding 
constraint per e i not ufficient to explain why one population is cooperative and an­
other noncooperative; in fact, the level of breeding constraint provides absolutely no 
clue a to a population' ocial organization. More meaningful compari , on in D

0 
values 

could be made u ing fledgling production from imple pairs only; the added increment 
in fledgling production of breeders attributable to helper · may be important in the main­
tenance of delayed di per al and cooperative breeding, but the e econdarily deriv d 
benefit hould not be u ed to as es the importance of breeding con traints leading to 
it evolution. When D

0 
is calculated for pair only, thi lowers the value for cooperative 

breeder , further blurring any relationship between breeding con traint and breeding 
ystem (Table 29). 

L,, (adult helper-survivor hip) and B (probability of a helper acquiring a breeding 
vacancy), on the other hand, may be much different b tween Florida and Western 
scrub-jays; unfortunately, both are impo , ible to mea, ure for noncooperative p ci .. 
Woolfenden and itzpatrick ( 1984, 1990) pre ent a convincing argument why Lh may be 
relati ely high compar d to early disp rsal in Florida. H wever, in California the con­
ver e may be true because jay can float, ore en ettle temporarily, in high-quality, oc­
cupied habitats as well as fl at and merely move through marginal ones. B (the summed 
annual pr hability of finding or creating a reeding acancy) for Western Scrub-Jays, 
as for female Florida Scrub-Jays (which do not benefit from territorial budding, rarely 
inherit territorie , and disperse farther), is even harder to evaluate; however, an increase 
in Bin Florida Scrub-Jay must b a econdarily derived benefit of group )jving, rather 
than a primary casual factor. 

The Florida Scrub-Jay model overempha ize, the importance of breeding con traints 
in the evolution of delayed <lisper al, but provide valuable insight into the role of 
relative urvivor, hip of nonbreeder pur, ing different trategies and other demographic 
factors. However, it fall hort in its application to noncooperative populations imply 
because the model con iders only two option for young bird : (1) di , per e and breed, r 
(2) tay and delay breeding. The third option, floating, i not considered. 

Walter et al. (l 992a) applied a imilar demographic model to empirical data from 
Red-cockaded Woodpecker to evaluate fitnes payoff of young males that "depart and 
earch" (DAS) for lerritorie · and tho e that "stay and foray"(SAF); all female employ 

the former trategy. Of male urviving to age one, 31 % employed the DAS trategy 
and of the. e 39% became breeders on territories; 56% were olitary on territorie and 
an estimated 5% remained a floaters. Walter et al. e timate that mean fitness for male 
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TABLE 29. I DEX OF BREED! G SPACE COMPETITIO 3 FOR 0 'COOPERATIVE CALI FOR I AND 

J LAND SCRUB-JAYS, COOPERATIVE FLORIDA S RUB-JAYS, AND TWO OTHER COOPERATIVE BREEDERS 

Breeding space competition 
----

pecies ex Overall (with helpers) Pair only 

Scrub-Jay 
California Male 0.31 (0.23 )b 

Female 0.54 (0.43) 
I land Both 0.07< 

Florida Both 0.27 0.44d 

Acorn Woodpeckers Male 0.08 0.09e 

Female 0.21 0.25 
Green Woodhoopoes Male 1.10 5.301 

Female 0.43 0.92 
' Lower values indicate higher levels of competition: a value of 0.1 would mean one breeding \acancy for every 9 

non breeders. 

•Values for breeder. juvenile, and adult nonbreeder survivorship as used in life tables (Table 23 and 24), where adult 

nonbreeder urvivorship is 10% less than that of breeders: values in parenthesis are assuming nonbreeder . urvl\or. hip 

equals breeder sunivor-,hip. 

' Value calculated assumi ng 94% breeder su rvivorship (Atwood et al. 1990). adul t nonbreeder survivorship 20% less 

than breeder survivorship, and juvenile survivorship and fec undity the same a;, for the Hastings population . 

• Calculated from data in Woolfenden and Fitzpatrick ( 1984). 

'Calculated from data in Koenig and Mumme ( 1987). 

' Calculated from data in Ligon and Ligon ( 1978) and Ligon ( 1981 ). 

NO. 28 

employing the two trategies i nearly equal even without indirect fitne , benefits a the 
potential advantage of early reproduction in DAS i balanced by a low probability of 
ucces ful di persal and increa ed survival in tho e adopting SAF. Walterc et al. identify 

four variable that may be re. ponsible for a reduced payoff in DAS relative to nonco­
operative ·pecie : (1) a high survivor hip in male adopting SAF compared to birds in 
noncooperative pecie ; (2) a low probability of surviving DAS bird attaining breed­
ing tatu ; (3) poor performance of male that do attain breeding statu at a young age; 
and ( 4) a triking increa e in reproductive ucc ss with age. The e variable are nearly 
identical to tho~e identified by Emlen (1982:32) a· the key factors in favoring delayed 
di p re al and that "Such situation are expected to be rare, and philopatry (remaining 
at home , hould occur only when the option of early per, onal reproduction is severely 
constrained." As noted before, the, e attributes were shown to differ little between coop-
rati ve and noncooperative Aphelocoma. 

THE B FIT OF PHILOP TRY MODEL 

Sta ey and Ligon (19 7) developed a model for the e olution of cooperative breed­
ing in Acorn Woodpecker that they term the benefit of philopatry (BOP) model. Ba ed 
on their long-term tudy of Acorn Woodpeckers in New Mexico, they concluded that, 
contrary to previous model (Table 28), all uitable habitats are not saturated and no 
harp gradient exi t between good and poor habitat . Accordingly, nonbreeders remain 

on high-quality territorie because helping for up to three year , and then breeding on a 
high-quality territory, accrue higher LRS than early di persal and independent breeding 
on a territory of lower quality. 

Similar re ult , albeit with a different interpretation, were found by Fitzpatrick and 
Woolfenden (1988) and Fitzpatrick et al. (1989). Analyses of life-time reproductive 
succe , in Florida Scrub-Jays indicate that the highest LRS is achieved by breeding a 
early as po sible on a suitable territory; uccess in acquiring a territory at an early age 
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is. together with breeder life-span, the most important contributor to a jay' lifetime 
reproductive ucce . However, when lifetime fitness is compared for Florida Scrub­
Jays breeding in different habitat , they found that jay could delay breeding for several 
years in the good habitat and till have higher fitne s than early breeder in the poor 
habitat (overgrown scrub). Thus, in both Florida Scrub-Jays and Acorn Woodpeckers, 
individual that breed early in the always available but less suitable habitats will have 
lower life-time fitne than individuals delaying di persal but eventually breeding on bet­
ter territories, a suming the choice of a territory is final and permanent. Fitzpatrick and 
Woolfenden see this as a high cost of early di persal, wherea Stacey and Ligon see it 
as a high benefit of philopatry (i.e., opposite sides of the ame coin). Interestingly, when 
Fitzpatrick et al. (1989) examined how the production of breeding descendant varied 
within high-quality habitat, profound differences became evident; some areas howed 
much higher production of breeding de cendants than other . Although thi may re ult 
from differences in individual (genetic) quality, if it is due to long-term difference in 
habitat, then high-quality habitat are pa ed down through familie , re ulting in high 
variation in the succes of different lineages (Brown 1974, Fitzpatrick et al. 1989). Such 
variation in habitat quality would lend upport to the variance hypothesis and ome of 
Brown' , prediction (Table 28). However, Fitzpatrick et al. (1989) could find no evi­
dence that individual differentially compete for these area , a nece sary requi ite for 
the BOP model. 

Stacey and Ligon (1991; see also Waser 1988, Powell 1989) propose that natal 
philopatry is favored when a high and table variance exist in territory quality, and/or 
group size affects the quality of a breeding opportunity. Under the BOP hypothesi , 
young in small group, on high-quality territorie should delay <lisper al in anticipation 
of inheriting breeding space, whereas young born into very larg groups or on low-qual­
ity territorie, hould di per. e and breed a. so n a possible. If gr up size i critical, 
nonbreeder should remain only in group of :ome critical ma s that a ures the groups 
of high reproductive succe ·s and , urvivorship. For example, in Campylorhynchu. wren 
(Rabenold 1984, 1985; Austad and Rabenold 1985, Zack and Rabenold 1989), reproduc­
ti e succ ss of pair is near zero and increa: s v. ith group size so that reproductive output 
(per capita) p ak in groups of either three (C. gri eus) or four ( . nuchali. ). In th . 
species, nonbreeder. ar effe ti ely prevented fwm independent breeding by high n ·t 
predation rates, and neither habitat saturation nor differences in territory quality are im­
plicated (Austad and Rabenold 1985). Under the e conditions, floating i not precluded, 
but the advantage of group living and helping for nonbreeders make floating, or even 
breeding in simple pairs, a poor alternative. 

The BOP model predicts that young in noncooperative . pecie. should <lisper e at in­
dependence either becau. e: (1) the habitat is more uniform and territorie are of similar 
quality; (2) interterritory quality fluctuate unpredictably over time (therefore high-quality 
territories are not "inheritable"); or (3) individuals do not benefit from living in groups. 

De pite uch clear examples of specie that may form group because of "group-liv­
ing effect ,"two problem xi t with thi. ugge tion. Fir t, the BOP hypothe is doe not 
clearly distingui h between primary and s condary group-living effects. For example, 
Stacey and Ligon (l 991) ugge t that Florida Scrub-Jays and other cooperatively breed­
ing New World jays delay disper al becau. e of anti-predator benefits of group living. 
The orche trated sentinel y, tern (McGowan and Woolfenden 1989) and other group 
behavior in Florida Scrub-Jays may lessen predation; pairs with helper do experience 
lower nest predation rate (Schaub et al. 1992). Another group-living effect is territorial 
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expansion with increased group ize in Florida Scrub-Jays. This not only le ens any 
adverse impact from re ource depression, but allows for territorial "budding,' which 
Woolfenden and Fitzpatrick (1984) identify a an important factor in maintaining co­
operative breeding in the Florida population. Such econdarily derived benefit. may be 
sub tantive but cannot be attributed a a primary cau e of delayed di per al, although 
they may be important in it maintenance (current utility). Becau e it is alway pos ible 
to point to ome benefit of group living, one cannot ugge t that another population i 
noncooperative because group benefit do not apply. 

Other predictions of the BOP concern how variance in territory quality differ among 
populations that vary in social behavior. To date, test have involved comparison be­
tween widely eparated population of cooperative specie (e.g., Acorn woodpecker 
in California and New Mexico; Koenig and Mumme 1987, Stacey and Ligon 1987). A 
more appropriate te t can be between the clo ely related We tern and Florida crub-jays. 
Scrub-jay territories at Ha tings were ranked from Type 1 to Type 3 on the basis of oc­
cupancy rate and vegetation characteristic . Of approximately 45 territorie (range of 40 
to 52 over the study period), five (-11 % ) were of very low quality. In Florida, the quality 
of the habitat depend on whether it has been burned recently, but all of the area in the 
periodically burned scrub i continuou ly occupied in nearly all year (therefore Type 1 
and Type 2 territorie ). Fledgling production over the study area at Ha ting also appears 
to be more variable than in Florida. In Figure 40, both the Ha, ting and Florida tudy 
area are arbitrarily divided into 9 parts. Within high-quality habitat, fledgling produc­
tion i. relatively uniform in Florida, ranging from 1.9 to 2.2 (Woolfenden and Fitzpatrick 
1984 ), wherea in California it ranged from 0.6 to 1.4. 

While thi ugge, t greater variance in territory and habitat quality in the noncoop­
erative population, it could be argued that the "marginal" unburned, overgrown , crub 
in Florida should be included, despite the fact that unburned crub i rarely colonized 
but rather "grows up" and eventually take, over what was formerly high-quality habitat. 
Stacey and Ligon ( 1991) ~ugge . t that comparisons of high- and low-quality habitat in 
Florida would reveal marked variation in habitat-territory quality, implying that this 
would run counter to both the Florida Scrub-Jay model (Woolf nden and Fitzpatrick's 
J 984) and the MHH (Koenig and Pitelka 1981 ). However, one could argue that thi . 
differenc i exactly the ba:i. for the latter model (a teep drop-off in quality in rarely 
occupied, marginal habitats). The fact that these low-quality habitat are not continu­
ou Iy ", aturated" only refute. Koenig and Pitelka and Woolfend n and Fitzpatrick to the 
extent one stretches the definition of "suitability," and once again illu. trate th problem 
in defining " uitable" and "marginal" habitat. ( ee al o Koenig et al. 1992). In a study 
of Florida Scrub-Jays at the Kennedy Space Center, where habitat i generally more 
marginal, Breininger et al. (1995) found that ome area acted a. ource population and 
other a. population ink . All areas may appear ", aturated," but only becau e of im­
migration fr m ource habitat . Over a three-year period, demographic performance wa 
related to land cape feature ; a at Archbold, open crub oak wa higher quality habitat, 
but territorie al o included a matrix of low-quality and un uitable habitat. 

According to the BOP, a hortcorning of prior analy es is that they compared habitat, 
not territory, quality (Stacey and Ligon 1991 ). For delayed dispersal to be favored under 
the BOP, high-quality territorie mu t be inheritable, i.e., long-term difference. in qual­
ity on a per-territory ba i . Early disper al will occur in ituation with low variance in 
territory quality, which can ari e either by very low correlation and large difference in 
quality among year , or high correlation but uniform quality among years. For example, 
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FJG URE 40. Variation in fleclgl ing production over nine randomly drawn geographic segments of the California 
and Florida scrub-jay study area ·. (a) California crub-Jay study area at the Hastings Reservation , (b) Florida 
Scrub-Jay study area at the rchbold Biological talion (from Woolfenden and Fitzpatrick. 1984). umbers arc 
overall mean fledgling production calculated by averaging mean fledgling production for all breeding pairs (or 
family groups) on ach territory in each area: =breeding-pa ir yca.-s i11 each area. 

Waser ( J 988), in relating philopatry to variance in home range quality, hypothesized that 
the banner-tailed kangaroo rat (Dipodmys spectabilis) dispersed, despite all other condi­
tion. fa oring philopatry, becau. e no correlation existed between home range qualicy 
among year . . 

However, as with defining ' 'marginal habitat" under the MHH, it is not cl ar how 
much or little variance is required to favor on ocial system o er another. AL o, interter­
ritory comparisons among cooperati and noncooperativc specie. are difficult to make 
for . everal reason .. Because territories are occupied and defended by groups in coopera­
ti e specie.;;, and better territories arc more continuoui.;ly o cupied by larger group~ . this 
may re. ult in more stable boundaries and greater permanence of groups on higher quality 
territories, and combines (and confounds) group eff cts with effects of territory quality. 
ln noncooperative populations, becau. only pairs occupy territori s, no group effects 
occur and territ ry boundaries oft n flu tuate upon the death of one of the breeders. The 
BOP model also assumes that the choice of a territory is p rmanent. However. move­
ment in noncooperati e breeders from low-quality to higher quality habitat may be com­
mon (e.g., Great Tits, Parus major fKrebs 1971]; Eura ian Magpies [Baeyen 1981]). 
At Ha ting , 20% of all territory vacancie. were filled by breeders changing territories. 
Thi ugge t that young nonbreeclers are able to breed initially in low or intermediate 
quality habitat and later acquire a better site. In cooperative breeders, on the other hand, 
young that <lisper e to low-quality habitats may not be able to hift back becau e non­
di, persing individual are present to fill vacancie on territories in high-quality habitat . 
A third problem involve scale; the MHH generally e amine habitat gradient o er a 
wide geographic area, whereas BOP focu e on interterritory differences within a mall, 
local area. 
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DELA YEO DISP RS L THRESHOLD MODEL 

None of the models (Table 28) are fully upported by comparisons among the co­
operative and noncooperative Aphelocoma. Mo t treat only two options (di per e and 
br ed or stay and delay breeding) and ide tep the que tion of floating. In population 
where floater are re tricted to the ame degree a helper from independent breeding, 
the relevant compari ons are between early di per al (and floating) vs. delayed di per al 
(and helping), not between delayed dispersal and independent breeding. The Delayed 
Dispersal Threshold Model (Koenig et al. 1992) addressed some of the hort comings of 
the previou model by giving equal treatment to early disper al and floating, delayed 
di persal and helping, and independent breeding. Rather than specific prediction , the 
m del provide a general guide for organizing and evaluating the relative importance 
of ecological factor under which the different di , per al strategie , including floating, 
are favored. The model li ts 13 factor influencing the dispersal option available to 
offspring, most of which have been di cus ed in the context of the other models. Here, I 
focu closely on how three factor -re ource depression on territorie , habitat available 
for floating, and habitat variability-influence di per al option in Aphelocoma jay and 
how why floating i the preferred option in We tern Scrub-Jays. 

Resource depression on territories 

Models developed by Waser (1981, 1988) and Brown (1982, 1987) explore the rela­
tion hip of territory quality and re ource depres ion to group living. If territorie have 
limited re ource or low rate, f re ource renewal, the addition of individual beyond the 
breeding pair may lower urvival and reproductive . uccess to uch a degree that breed­
er should evict offspring, or offspring should choose to leave, or both. Where resource 
renewal is slow, group size may be limited to pairs de pite other factor favoring reten­
tion of off pring. Nonbreeder, may, however, increase the fitne, s of breeders by helping 
t defend the territory, or by helping to raise young. These . econdarily derived benefit. 
may lower the ab olute cost · to breeder of allowing offspring to remain. Lowered de­
fense cost were used by Brown ( 1969) to explain why adult would tolerate young in 
Mexican Jays and other cooperat1v breeders. ln contrast, on high-quality territories, 
specifically those with rapid r ource renewal or those with "nondepreciable resource " 
(Waser 1988), additional group members wi!J have relatively little effect on survival and 
reproductive ucce, . 

Doe resource depre .. ion explain the different pattern of territorial behavior, di per­
al, and group Jiving in Aphelocoma jays? Both territory ize and habitat productivity 

contribute to re ource levels, but data on the latter are cant. Comparisons of territory 
ize uggest that on large territories re ource le el are lower per unit area, more patchy, 

or fluctuate more trongly. In this context, it i noteworthy that in Florida, crub-jay ter­
ritorie are extremely large (mean of 7.2 ha for pairs and increasing igniticantly with 
group ize; Woolfenden and Fitzpatrick 1984) compared to tho e recorded for We tern 
Scrub-Jay (1.5 to 2.5 ha). Mexican Jay territories in Arizona are extremely large (20 to 
25 ha), support large group (ranging from 5 to 22 jays), but territory ize apparently does 
n t fluctuate with group siz (Brown 1987, Brown et al. 1997). Brown (1987) ugge ted 
that Mexican Jay territorie are larger than needed except at p ak den itie , but data are 
lacking, particularly with re pect to winter condition . Unicolor Jay territorie may be 

ven larger; the one territory Webber and Brown (1994) were able to map in it entirety 
r nged between 41 and 45 ha, and was held by a group of six. 
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Several line of evidence sugge t that territorie. in Western Scrub-Jays are not of uch 
low quality a to preclude group living. First, breeders at Ha tings tolerated their own 
young and unrelated floater in the nonbreeding season and, in 1985, even in the breeding 
season. Second, Western Scrub-Jay occupy habitats that upport group-living Mexican 
Jays when the latter are absent. Third, acorn , an important re ource for Aphelocoma 
jay , are unlikely to limit group ize becau e they are a "time-limited" re ource (Wa er 
1988); proce e other than con umption by crub-jay limit their availability. Acorn 
remain on oaks for everal months and numerous eed cachers and seed predator remove 
acorns before and after seed fall. In mo t years, acorns are uperabundant with re pect 
to a jay's (or an aggregation of jays) ability to eat or cache them, and this decrea e 
the co t of haring a territory either with related offspring or unrelated floater . Little 
information on insect productivity i available for compari on, but nestling tarvation 
in Florida Scrub-Jay i extremely low, and adults (with helpers) foraged only 40% of 
daylight hours during the breeding ea. on. Nestling starvation averaged 17% at Ha ting 
and breeder. foraged 70% of daylight hour , suggesting potential for re ource depr ssion 
effects. Additional work on food resource of the e jays would be required to provide a 
definitive answer regarding the importance of re ource depre ion on their disper al op­
tion ( ee al o Burt 1996). 

Hab;tat available.for floating 

In ome cooperative pecie , special feature of their habitat can strengthen ties of 
helper to home group . For example, roo t-hole in Green Woodhoopoes (Phoeniculus 
purpureus; Ligon 1988) and granarie in Acorn Woodpeck r (Koenig and Mumme 
1987) appear to be critical for breeders and nonbreeder alike; when limited, offspring 
that either attempt to et up a territory or float will do poorly. When the critical resource 
i important only for breeding (e.g., nest cavitie ), this does not con train floating, and 
ome oth r e planation for delayed di p r al mu t be invoked. When breeding pa e 

it elf i in . ome way limited, a ha. been . uggested for the coop rative Aphelocoma jay , 
it i more difficult to pin-point the resources that mak pace or oth r habitat featur s 
critical for nonbreeder . . However, a complete theory for group living in any species mu, t 
include an xplanation of what ecological factor~ mak adja 'ent habitat unsuitabl for 
floating by nonbreeders. 

Acee s to high-quality habitat hould re 'Ult in high floater survivorship, but actual 
floater survivor hip is unknown. Data on relative age-specific . urvivorship of juvenile, , 
adult nonbreeder , and territorial jay are particularly crucial for resolving que tions con­
cerning the co ·ts and benefit of floating. In many cooperatively breeding pecie. , non­
breeding helper have higher urvivor hip than breeder (e.g., male Florida Scrub-Jays 
[Woolfendcn and Fitzpatrick 1984], Acorn Woodpecker [Koenig and Mumme 19 7]). 
In contrast, nonbreeder survivor hip in noncooperative species is thought to be lower 
than that of breeder , due to risks of dispersal (Brown 1974, Emlen 1982), being forced 
into marginal habitats (Wat on 1985), or not having the benefit. of unre tricted acces to 
critical re. ourc , and microhabitats (Ekman and A kenmo 1984). However, Ekman and 
A kenmo (1986) found that nonbreeding adult male Willow Tit (Parus montanus) had 
higher urvivor hip than adult male breeder . 

In Aphelocoma jay , the types of habitat available to nonbreeders are trongly influ­
enced by the territorial behavior of breeders. In Florida Scrub-Jays, juveniles wander 
and are tolerated on all territories prior to their post-juvenile molt (Woolfenden and 
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Fitzpatrick 1984). Later, however, they are not tolerated on non-natal territorie , and 
either return to their natal territories (the preferred option), or move to unoccupied area , 
u ually non-breeding habitat . Survivorship of helpers does not tabilize at adult breeder 
level until age two, but this eems to be cau ed primarily by the risks of di per al forays 
(Woolfenden and Fitzpatrick 1984, Fitzpatrick and Woolfenden 1988). Nonbreeder in 
Florida mu t trespa occupied, ho tile territorie in earch of breeding vacancies, or 
float in unoccupied habitats with high predation rate (Woolfenden and Fitzpatrick 1984, 
1990) and possibly al o a paucity of acorn . 

At Ha tings, scrub-jay breeders tolerated both off pring and unrelated floaters of all 
ages on their territories except in May and June, and the floaters aggregated primarily 
where acorns were in good supply. Most remained edentary throughout the winter and 
early pring, taring and recovering acorn a did the resident territorial breeder . By late 
April in mo t year , aggregations dis olved and floater were rarely een until early July 
when ome of the ame individuals returned and joined independent juvenile . Their dis­
appearance coincided with increased aggre ion by territorial jay , but they al o di ap­
peared from areas unoccupied by breeder . In all month but May and June, floaters had 
unrestricted access to the be t habitat , aggregated in loo e flocks, and did not inve t time 
and energy in territory defen e or reproduction, and it i po sible that their urvivorship 
may be near (or even exceed) that of breeder . 

In contra t, juvenile I land Scrub-Jay. move to unoccupied area by early Augu t a 
breeders aggressively exclude them, including their own offspring, from their territorie 
(Atwood l 980a; J. Atwood, per . comm.). Yet, they do well, even though they mu t 
encroach on territorie to gain acces to acorn (Atwood l 980a). Few detail are avail­
able on di. per al in Mexican Jay , but young retain juvenile characteristic for several 
year. (Brown 1963), which may extend the period of tolerance and lessen the aggres ion 
of adult. (Lawton and Lawton 1986). Degree of sociality varies within the range of the 
Mexican Jay (Brown and Brown 1990); they occur primarily in montane oak-woodland, 
but no obvious habitat or veg tation feature( ), separate high- and low-quality habitats, 
either for breeder or potential float rs (Edwards 1986). 

Habitat variability 

It i nece ary to att mpt to eparate variability on a per-territory ba is from phenom­
ena that occur on a larger scale. For example, at Ha tings, territory quality (occupancy 
rate) was correlated with vegetation characteri. tics, including the number of oak pecie 
and area of oak canopy. Both of these variabl are indicator. of reliable acorn produc­
tion on a per territory ba i . Hence, on the local cale, t rritory quality i predictable 
and the relative ranking of territories probably doe. not vary greatly from year to year. 
However, on a broader regional scale in California, acorn production i highly ariable 
and strongly affects scrub-jay population den ity and dispersal option . Thi may be a 
key point in the econdary los. of cooperation in Western Scrub-Jays. 

Acorn production in high-quality crub-jay habitat in Florida show little annual 
and patial variation relative to that in California. In Florida, crub oak form continu­
ou , hrub-like tand covering many hectare , and each crub oak produce. few eed . 
E ti mated production on the average territory wa 12 ,000 acorn , and ranged from 
14,000 to 331,000 (DeGange et al. 1989). Group ize range from 2 to 10 jays in Florida, 
and each jay eats and cache approximately 8,700 acorns per year. It eem probable that 
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in the poore t acorn year demand may exceed production for ome large group , but 
during their 25 year of , tudy, no complete acorn crop failure occurred on the study tract 
(G. Woolfenden and J. Fitzpatrick, per . comm.). Whether acorn production declines 
with time since last burning in Florida crub oak pecie as in . ome other scrub-oak 
(Wolgast and Stout 1977) is not known, but thi would contribute to low uitability 
of long unburned area in Florida for both floater and breeder . Relatively uniform 
production of acorn contributes to a . ituation where nonbreeders would gain little by 
intruding on neighboring territories, intruder pres ure is slight, and territory defense is 
economical (DeGange et al. 1989). The rarity of acorn crop failure in Florida would 
al o prevent the local population crashes that occur in California, thereby eliminating 
the benefits of the wide-ranging movement by floater (i.e., locating area where acorn 
crop era he have created low population densities and territory vacancie ) ob erved in 
Western Scrub-Jay . 

Mexican Jays and We tern Scrub-Jay co-occur throughout much of their range, and 
although Mexican Jay locally exclude crub-jays from their preferred habitat, both can 
be found in oak woodland that are generally more typical of those in California than 
those in Florida, that i , with highly variable acorn production (Bock and Bock 1974, 
Stacey and Bock 1978). However, pecific detail on acorn production patterns and acorn 
use and dependency by jay in Arizona are not known. 

On the crub-jay study area at Ha ' tings, the three common pecie of oaks are di . -
tributed a i olated individual , exten ive monotypic tands, and mixed clo ed-can py 
fore t. The oak are generally quite large and a ingle tree can produce well o er 400,000 
acorn (W. Carmen, unpubl. data) . An average crub-jay territory at Ha ting include 
0.55 ha of oak canopy and two oak species, and although acorn production per territory 
wa not measured, acorns are probably produced far in excess of jay demand in all but 
the poorest year'. Acorn production was highly variable among years , with relatively 
fr quent crop failure. on a local habitat level and more rarely on a r gional level. Acorn 
rap failure . resulted in territory abandonm nt, high m rtality, emigration by bre der · 

and floaters, and poor reproductive succe s the following breeding eason. Early disper-
al and floating allow. nonbreeder.' to r :pond most efficiently to patial and temporal 

variation in acorn production patterns and to locate breeding vacancie, . The. e tactic , 
yield three patterns: (l) localized home-range movements by floaters during the fall­
early spring period in mo. t years; (2) emigration to locate acorns during local acorn crop 
era he ; and (3) either local or wide-ranging movements in early pring to lo at breed­
ing vacancic , particularly to areas where population density has been reduced by acorn 
crop failure . 

SYNOPSIS 

The fundamental result of thi .. tudy is that floating should be con idered an important 
trategy for acquiring breeding pace, ju t as i delayed disper al and helping. When 

floating is ignored or treated as a one-dimen ional phenomenon, not only do theorie f r 
the evolution of delayed <lisper al and cooperative breeding fall hort, but a intere ting 
and compJex part of the ocial behavior fa pecie i overlooked. Factors that lead to 
delayed di persal in cooperative peci . are known to be complex and may differ . ub­
. tantially among specie and populations, and even among individuals within population 
and groups. Condition leading to early disper al and floating may be equally complex, 
as are the varied response of floaters to t he e condition . Clearly, opportunities for in-
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dependent breeding are constrained in both cooperative and noncoop rative populations. 
What then makes early di per al and floating the preferred trategy in We tern Scrub­
Jays? Several factors play a part including: (1) the interplay between the pattern of habi­
tat quality and acorn production, (2) the varied behavior floater may employ to exploit 
the e re ource and acquire breeding pace, (3) the behavioral interaction between ter­
ritorial jay and floater , and (4) the ability of floater to ettle on low-quality territorie 
and then as breeder to move and improve the quality of their territorie . Below, I provide 
a synopsis of the range of crub-jay dispersal, movement and behavioral pattern 

Sm s-JAY D1sPERSAL A o FLOAT! GIN CE TRAL COASTAL CALIFORNIA 

Figure 41 illustrate a land cape representing an idealized mosaic of habitat qualitie 
for scrub-jays a are found in central coastal California. Higher quality habitat occur 
where oak diversity i high, live oak predominate, and insects and berrie are abundant. 
The e feature are mo t commonly found along tream channels in the area. 

Figure 4la depict cluster of territories in high- and low-quality habitat (territories 
in better habitat are more tightly clu tered and maIJer) and the di persal movement of 
floaters during the nonbreeding ea on (August-April). Tolerance by breeders allows 
floater to aggregate in high-quality habitat where acorns are abundant and floater ur­
vivorship is expected to be high. A shown, floaters fledged in low-quality habitat move 
into high-quality habitat, wherea those fledged in high-quality habitat may remain on or 
near their natal territorie ; both may also mo e con iderable di tance . Floater appear 
to be a dependent on cached acorn a breeders and may be clo. ely tied to their tore 
during the winter. When acorn are few, jay experience significantly higher mortality, 
reproductive failure, and territory abandonment. Poor acorn production in local areas 
(e.g., X and Yin Fig. 4la) r suits in emigration by both offspring and a ub tantial num­
ber of territorial breeder . They search for location with high acorn production in which 
to 'P nd the fall-early pring period. 

Beginning in April, floaters and residents are le dependent on their cached acorn. 
as invertebrate food become more abundant. Thi . easonal patt rn of food abundance 
may contribute to the tolerance of floaters by local, ettled breeders in the winter (when 
acorn are uperabundant), and their intolerance in the breeding sea. on (when in ect 
prey i important and tarvation rates of nestling are high). At this time (Fig. 4lb), 
floater may move out of high-quality habitat where breeding vacancies are few to po­
tentially high-quality habitat where an interval of poor acorn production has reduced 
breeder den ity (e.g., area X) or to poor quality habitat where breeding pace may be 
a ailable intermittently for a number of reasons, including frequent poor acorn crop 
and movement of breeder from there to higher quality habitat. Surviving breeder may 
aL o return to the location th y abandoned due to poor acorn production the previou 
fall, only ome of which are able to reestabli h their territorie . In uch area. in high­
quality habitat, occupied pace i unchanged but territory size ha increased (Fig. 41 b 
area X); in low-quality habitat, territories imply may be abandoned and the pace go 
unu ed (area Y). Over time br eding density return to prior level as new territories 
are e tabli hed. 

At the onset of the breeding ea on, individual ft oater employ different behavior , in­
cluding establi hing p eudo-territorie , sneaking through territorie and unoccupied hab­
itat and, a ob erved in one year, moving ubstantial di tance in large cohe, ive flocks 
(as indicated by the large arrows in Fig. 4lb). Floaters also may remain in aggregations 
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FIGURE 41. Floater and breeder (territorial jay) movements in an idealiLed mosaic of habitat qualities as found 
in central coastal California. The un haded area represents high-quality habitat and the shaded area low-quality 
habitat. A few representative territ rie are drawn howing smaller, denser t rritorie'i in high-quality habitat. 
Line with closed arrow. denote movement of floaters , open arro\\ s denote floater-to-breeder transition, closed 
circle denote breeder. changing territories, open circle denote breeder abandoning territorie. , and large 
arrow~ denote flock movements. Poor acorn crops ccur in area X and Y with exceptional production in area 
Z. (a) Movement patterns during the nonbreeding ... ea~on (August-April ). (b) Movement patterns during the 
breeding eason (May-Jul y). 
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on high-quality habitat throughout the breeding . eason (e.g., area Z in Fig. 41 b) a, a 
re ult of increased tolerance by breeder given unusually abundant acorn into the um­
mer months. 

During the year, floater earch for and fill available breeding vacancies a hown in 
Figure 41. Although breeding vacancie ari . e from breeder death throughout uitable 
habitat, floater have the greate t probability of gaining a breeding acancy either in poor 
quality habitat where breeder turnover may be greater or in high-quality habitat where 
breeder density has been reduced by an acorn crop failure. Al o a, hown in Figure 41, 
ther is movement of breeder. from one territory to another, often from lower to higher 
quality habitat. Not illu trated are the relatively rare regional acorn crop failure that may 
result in breeder den ity decline and ubsequent low reproductive output over a broad 
area, providing increa ed opportunity for di per. ing off pring and older floater to gain 
a territory and breeding tatus. 

The e pattern of habitat quality and acorn production, the varied behavior floaters 
employ to acquire breeding space and exploit resources. the behavioral interactions be­
tween territorial jays and floaters, and the ability of breeder to move and improve the 
quality of their territorie all promote selection for early dispersal and floating in crub­
jays in central coa tal California, and election again t cooperative breeding. 
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