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quality territory vacancy, and (3) increa ing the ur ivor hip of related breeders ( ee al o 
Brown 1974, Koenig and Mumme 1987; Stacey and Ligon 1987, 1991). Hence, except 
for the latt r benefit, the general conclu ion regarding factor affecting LRS and elect
ing for alternative di per al trategie in cooperative and noncooperative crub-jay are 

imilar. The pecific ecological factor that promote delayed di per. al in one population 
and early di per al and floating in another are examin d below. 

TEST OF THEORIES AND COMPARISONS 

In thi ection, I compare data from the California Scrub-Jay with tho e from everal 
clo ely related cooperative Aphelocoma and other cooperative breeder , to te t hypo th
ese and prediction of modeL for the evolution of cooperative breeding. The e compari-
on are used to an wer the following que tion : Do the model adequately explain why 

one pecie i cooperative and a clo ely related pecie or con pecific i not? What are 
the critical ecological, demographic and behavioral difference that elect for the alter
native ocial y tern in the e pecie ? There are, however three potential complication 
in drawing conclu ion ba ed on . uch compari on.: (1) the model e amined are for the 
evolution of cooperative breeding, not its los ; (2) it i difficult to eparate the effect 
of historical v . current ecological factor ; and (3) ob erved behaviors may be relic of 
ance tral, cooperative population . 

The model di cu ed are for thee olution of delayed di per 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 miiTor image of th . e leading to it lo . ? Not alway . . 

In Aphelocoma jays, phylog netic tudies reveal that cooperative bre ding occurred be
fore the diver. ification of the genus (Peter on and Burt l 992) and that it was lost in the 
we tern North Am rican lineage (Pitelka 1986). Studie of Aphe/ocoma examine factor. 
important to the maintenance of cooperative (or noncooperative) breeding rather than its 

volutionary origin ; u1Tent c ndition may not reflect tho e that led to the evolution of 
th ob. rved trait and would ther fore not be r sp n ible for observed difference in ' O

cial b havior. For example, ooperativ breeding in Au .- tralian babbl r. (Pomato. tomus 
spp.) apparently aro. e in rain f rest habitat. ( chodde 1982) but ha be n maintained as 
the gr up diver. ified and . pread into arid interior Australia; cooperative br eding still 
oc urs but und r far diff r nt ol gical c nditi n. under hi hit l d . In a imilar 
vein, noncoop rative population derived from cooperatively breeding an e tor may 
xhibit b havior. or d mographic components that ar relic f ance. tral, cooperative 

population . In W ·tern rub-Jay the may includ toleranc of young and nonbreed
er on t rritori , dela ed bre ding. very low r produ ti e ucces , in t rritorial fir t-y ar 
bird. , and a. pect of territorial acqui . ition. 

De pite these potential complication , for the first time detail d ecological, d mo
graphi , and behavioral compari ons can be made among closely relat d cooperativ 
and noncooperative pecie. and may provide evidenc of the key factors . el cting for <1 

. witch from delayed di per. al and cooperative breeding to early dispcr. al and floating . 

BRO\: 's THEORY or H BJT TS TURATJO A 10 GRo P L1v1 o 

Brown (1969) developed a model for the role of territorial exclu ion 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 incorp rates both ecological and demographic 
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argument , and with variou modifications and elaborations ha erved a the underlying 
framework for most other theorie for the evolution of cooperative breeding in perma
nently territorial specie . . 

Brown argue that in nonmigratory, long-lived pecie re iding near carrying capac
ity in habitat characterized by stable mature vegetation, territory vacancie will b rare, 
a all uitable habitat will be ' aturated." Under the e condition , the be t trategy for 
young bird i to delay breeding and remain on their natal territory. Early di per al and 
floating are not precluded, but young that delay di per al rand a better chance of eventu
ally getting a territory and reproducing ucce fulJy due to competitive advantage that 
come with increased age and experience and through territorial inheritance. And once 
young delay di . persal, tho e that "help' relative are at elective advantage (through di
rect and indirect fitne benefit ) o er on that do not. Advantage al o 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 competiti e advantage o er maller ones in ecuring and 
keeping territorial ·pace. Brown (1974) . ugge. t that thi. proce is elf-reinforcing, 
leading to a build up of nonbreeder and ev ntually to multi-pair territories and i mir
rored in the progre sion from the noncooperative California Scrub-Jay, to a ingle breed
ing pair with helper a in the Florida Scrub-Jay, and finally to the multi-pair territ rie 
with help r. as in the Me ican Jay. 

Brown (1974:7 ) Ii ted ix attribute of cooperative a compared to noncooperative 
breeder und r the ''K- election pha e' of hi model: (1) d layed maturity, (2) high r 
urvivor. hip, (3) low r r productive rat , (4) reduced di. persal, (5) a higher proporti n 
f nonbreeders, and (6) narrow r habitat tolerance. The e pr di tion. are te. t d below 

with data from the California crub-Jay and provide a framework for exploring other 
hypothe. e. a: ell. 

Delayed maluri~v and the "Skill Hypo/he i. " 

Delayed maturation i. common among cooperative breed r ·, but contro r y xi .' t 
ov r wh th r thi . I ad. to gr up Ii ing and co peration p r e ( kutch l 96L Lack 1966) 
or i mer ly a c rr lat of som oth r causal factor( ) (Br wn 1978, Lawton and Lawton 
19 6). Ret ntion of ju nile or ubadult morphological haracr ri~ti . for a year r two 
c uld be a Cl n. cquence of delay d bre ding, but ~uch characteristi s ccur in both oop
erativ and noncooperativ . pecie. (Pitelka 1945). Delayed maturation or "lack of skill'' 
in foraging effi i ncy, territorial d f ns , predator avoidanc , and reproductive skill ' 
may favor delayed breeding ( teams and Crandell 1981; Brown 1985, 1987), and sorn 
·ugge. t this may lead to group living and cooperati e breeding as well (Skut h 1961, 
Rowley 1965, Lack 1966; Hein. ohn et al. 1988, 1990; Hein. hn 1991). 

Num rous . tudie. have d m n trat d that young of cooperative breeder are Ie:s .· kill
ful than older indi iduaL, in luding tho on cooperative Aphelocoma jay (Stallcup and 
Woolfend 11 l 978, Brown J 985, DeGange l 976, McGowan 19 7), but thi i al o true 
for numerous noncooperative p cie that d lay breeding ( rether l 990). It i al. o true 
that young nonbreed r. may learn from experien ed group member, (e.g., White-winged 
Chough , Corcorax melanorhamphos [Hein ohn et al. 19 ]; Seychelle Warbler~, 

Acrocephalu · echellensis [Komdeur 1996]; White-throated Magpie-Jays [Langen 
l 996a,c; Langen and Vehrencamp l 999]; and Long-tail d Tit , Aeuithalo caudatu 
fHatchwell et al. l 999]). 

Delayed maturation and overall lack f . kill in young bird. in both cooperative and 
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n ncooperative breeding y. tern i indicated by a teep increa e in age- pecific repro
ductive ucce s of breeder . In California Scrub-Jay , Florida Scrub-Jay , and Mexican 
Jay , reproductive ucce i quite low at age one and increa e to peak at age four or 
five (Fig. 39). More California than Florida crub-jays acquire territorie a yearling , but 
few breed and tho e that do have ery low ucce . Some of the few Florida crub-Jay 
that acquired a territory their fir t year bred ucce fully (Woolfenden and Fitzpatrick 
19 4 ). In ome cooperati e breeder , uch a the Gray-crowned Babbler (Poma to to mu 
temporalis), the gonad are u ually mall 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 individual to acquire a territory and breeding tatus 
a young Gray-crowned Babbler that are able to acquire a territory and breed are nearly 
a productive a adult (Brown and Brown 19 lb). 

In both the Florida Scrub-Jay (Woolfenden and Fitzpatrick 19 4) and Mexican Jay 
(Brown 1974), larger group are more ucce ful than mailer one in ecuring and 
expanding territorial pace. Although thi make it difficult to e tabli h and defend a 
territory independently, group living and cooperative behavior may in ome case allow 
young individual to be more uccessful breeder than otherwi e would be po ible by 
providing aid in feeding young, territorial defen e, detecting and fighting off predator , 
and ne t building. For example, inexperienced Florida Scrub-Jay breeding a pair aver
age 1.24 fledgling /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 19 4 ). 

The e compari on ugge t that young in both cooperative and noncooperative bird 
may be le efficient at foraging, exhibit delayed maturity, and lack reproductive kill 
compared to older age cla e . Although lack of kill and delayed maturity in We tern 

crub-Jay may al o be relic of ance tral c perative population , no rea on exi t to 
expect that difference in delayed maturity or . kill have led to group living rather than 
having ari en a a on equen e of it. 

Higher urvivorship 

High r ur i r hip f br der wa pr di t d f r oper ti e breed r (a thi con
tribute to lower breed r turnover and fewer breeding vacancie ; ee Arnold and Owen 
199 , l 9 ) but no ignificant difference exi t among the California and Fl rida crub
jay and Mexican Jay (Table 27), or A. a/ifornica ob cura, an th r none perative 
p pulati n (83~; M. J. Alper , per . comm.). urvi or hip wa even higher (94~ in the 
I. land Scrub-Jay (Atwo d et al. 1990). 

Lower Reproductive Rate 

Reproductive rate i not r lated to ocial behavior in Aphelocoma jay (Table 27). 
lutch ize is lightly maller in the Florida S rub-Jay than in either the Mexican Jay 
r California Scrub-Jay, although population of the We tern Scrub-Jay in drier habitat 

have ignificantly mailer clutch ize overall (Atw d 197 ). Fledging u ce i lower 
in California compared to imple pair in Florida (4 ~ v . 66~ ), and con iderably lower 
compared to pair with helper ( o~ ). 

Percentage of egg and ne tling urvivor hip are imilar. In California, 60.6% of egg 
laid hatched and 48% of hatchlings fledged. In Florida, for pair without helper , 60% of 
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FIGURE 39. Jncrea. e in reproductive ucce with age for the noncooperati e alifornia Scrub-Jay th coop

erative Florida crub-Jay, and the Mexican Jay. (a) ge- pecific reproducti e succe (nedgling production) 

in California crub-Jay breeders ; (b) relationship between pa t breeding experience and fledgling production 
in Florida-Scrub Jay (because few fir t-year jay. breed, the x-axis begin roughly at age 2; from fig . .15 in 

Woolfcnden and Fitzpatrick 1984); and (c) fledging c ucces. with age in Mexican Jay breeder (from fig. 3 in 
Brown 1986). 
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gg laid hatched and 54o/c of hatched egg fledged. For pair ' with helper in Florida, cor
responding values increa, e ignificantly to 69% and 68o/c (Woolfenden and Fitzpatrick 
1984). Overall, fledgling production averaged 1.2 per pair at Ha ting and 1.59 in Florida, 
ri ing to 2.31 for pair with helper (Woolfenden and Fitzpatrick 1984). 

Given the e imilaritie , what account for the higher reproductive output in Florida? 
Fir t, although ne t pr dation rate are imilar, a major difference between the Florida 
and alifornia population i the rate of tarvation (4.8o/c v . 17.2%). Second, virtually 
all br eding pair in Florida initiate breeding every year (G. Woolfenden, per . comm.) , 
and 13% of pairs attempt to rai e econd brood . At Ha ting , however, in 215 breeding 
pair-years, 40 pair failed to Jay eggs. If the e pairs are excluded, the overall average 
climb to 1.5 fledgling per pair, quite close to 1.59 per pair without helper in Florida. 
Third pair with helper in Florida how a ignificant increa e in fledgling production, 
which i attributable to lower predation rate on egg and ne tling compared to tho e of 
una i ted pair . 

Reduced dispersal 

Comparison among Aphelocoma jay generally upport Brown' pr diction of re
duced di per al ( ee al o Zack J 990). M an natal to breeding territory di tance in Florida 

crub-Jay i 0.9 territ rie for male and 3.4 for female (the e di tance include nearly 
all di per al event). Inc mpari on valu from crub-jay at Ha, ting were 1.3 and 3.2 
territorie traversed for male and females; however, the e data includ but a mall per
centage of thee ti mated ucc , fol di per al event . Many California Scrub-Jays float in 
the vicinity of their natal territorie but other make wide-ranging movement and mo t 
acquired territorie off the study area; hence, actual natal to breeding distance ', 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 adjac nt territories to br ed, but 
their :ample was , mall (6 territorie.) and evidence of immigration exi. ted. 

T BLE 27. O EMOGRf\P11 1 COMP\R1so ·s AMO'<G AP11noco.H1 J w 

crub-Ja," 

California" lslandh Florida' 

Brc'dcr survivorship cs 0.83 Both 0.94 Both 0.82 

~ 0.79 

Mean fut h size 3.7 3.7 3.-+ 

Mean Oedgling /pair 1.2 1.4 (pam) 

2.4 (w/helpers) 

Per cnt non-breeders cs 29~ -50%" 3 1% 

~ 16CX 22~ 

Age of transition Lo breeding . talus (yr) 1-3 2-3 2-3 

Mean age first territorial (yr) cs 2.2 - ·9 
~ 1.6 2.4 

Mean age first breeding (yr) 0 2.4 3.0 

~2. 1 2.4 
-

• bt1111at'' derived from Jemograph1c ~aluc, a used in the life tahk' ror rcmaJc, <Tahle 2>) and male' t !'able 24 

Mexican Jayd 

0. 6 

0 l 

-1-.0 

3-4 

• Data from Atwood et al. ( 1990); clutch '"e from twood ( 1980h); percent nonhrecder from an 1nJepcndent Ilk t 11 : " ' 11 11 <it-. 

Data lrom Woolfenden and l-it1pa1nck ( 1984 ). 

" Data from Brown ( J 974, 1985, 1986) and Brown and Brown ( 1990). 

Combined e'llmate, not broken down hy \C\ . 
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Prebreeders 

A sali nt feature of Brown's (1974, 1978) theory i that permanently territorial non
cooperative sp ci . either hould not ha e a significant nonbre ding urplu , or that the 
surplu · is due to factors other than habitat saturation, uch as an unbalanced ·ex ratio 
(Rowley 1965), inabilit of imple pair to rai e young (Rabenold 1984, 1985), or g n
eral lack f kill in young indi iduals (Bro n 1985, 19 7). 

The "nonbreeding urplu " can be a significant in both cooperative and noncoopera
tive breed rs. In field experiment wh re breeder were r moved r high-quality habitat 
created, breeding position were filled by nonbreeding h Ip r. in cooperative specie. 
(Hannon t al. 19 5, Pruett-Jone and L wis 1990, Komdeur 1991, Walter et al. 1992b) 
and by floater.· in n ncooperative . p cie (Wat on and Mo . 1970, Rutberg and Rohw r 
19 0). A . ub tantial percentage of nonbre der may o cur in other permanently territ -
rial, nonco perati e . pecie , with . ti mat s of 35% in Carrion Crow (Corvus corone) 
in Scotland (Charle 1972, a cit d by Patter on 1980) to 50~ in the Rufou -collared 

parrow (Smith 197 . Cooperati e ·p cie aL o how a wide rang in the percentage of 
nonbreeder , from a low of 8% in on population of Bicol r d Wren (Canzpylorhynchus 
griseus; Austad and Rabenold 1985), to 25~ in Acorn Woodpecker. at Hasting (Ko nig 
and Mumm 19 7), and up to 80~ in th African Yell w-billed Shrik (Corvine//a cor
''ina; Grime. 19 0). 

Th percentage of nonbreeder. ( n ear and older) a eraged 31 % for the Florida 
Scrub-Jay and 30% for the Me ican Ja , c mpared with an timated 22% for crub
ja . at Ha. tings (Table 27) and p rhap. 50% on Santa ruz Island (data calculat d fr m 
Atwood l 980b, twood t al. 1990). 

Eviden e that . rub-jay at Hastings may not acquir t rritori . for s veral year. 
includ . : (I) th mall proportion of territorial fir t-year f mal and males ( J 0.7% and 
4.9%, respe ti I , = __ 3 bre dingy ars; Table 12): (2) th percentage of ja s band d 
as ne:tling~ that entuall acquired territori . on the . tud ar a (42% did . at age on , 
33~ at ag two, and _5~ at ag thr e (Tab! 2); and (3) inf ur of fi e ear ·, floaters er 
pre. nt in large numbers in Mar h through early Ma and had no chanc of br ding. 
Thus, noncoop rative s rub-jays can ha c as high. or :ometimes higher, proportions of 
nonbreedcrs than th ir cooperativ rclati cs. 

I3ut i th ''. urplus" in non o p rativ p pulatiom, due tc other factor.· besides habi
tat saturation? In We:t rn S rub-Jays, the se ratio of Ooatcrs i. r ughly quaL ·irnpl 
pairs ar th br ding unit, and lack of ski II docs not pr ent y ung from a quiring t r
ritories and attempting to breed giv n th opportunity. Mor to the p int, neither lack 
of mate. r skill has any b aring n wh ther prebreed rs d lay disp Lal or Ooat. A lack 
of mat s may pr ent individual. from br eding but has nob aring on wh th r delayed 
di persal r ft ating would be favored. imilarly, g n tic or age effect (''skill'') may 
deter indi idual. fr m att mpting t s t up territories and breed independently, but arc 
unlikely to b important in determining wh ther delayed disper. al or floating i favor d. 
Howev r, in sp cie. where a critical group size i required for succe . ful r production 
(e.g .. Campy/orhynchu wren ), br ecling as part of a . imp! pair i. not a viabl option 
and dela ed di p r. al may be fa ored o r Ooating. 

Habitat d([ference 

Brown ( l 974) originally predicted that permanently territorial cooperative breeder 
should inhabit mature table egetation typ , but later acknowledged many exception. 



78 TUDIES IN A VIAN BIOLOGY NO. 28 

(Brown 1978). Of all the Aphelocoma, We tern Scrub-Jay occupy th greate t geo
graphic range and diver ity of habitats (Pitelka 195 L, Peter on and Varga 1992). Florida 
Scrub-Jay occur in periodically burned oak crub (Woolfenden and Fitzpatrick 1984) 
but may also inhabit fire uppre ed and uburban land cape that include oak crub, al
though the latter may function in mo t year 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, We tern Scrub-Jay use a wider variety of habitat than their rela
tive . For example, where Mexican Jays and crub-jays are sympatric, the latter use habi
tat that are rarely used by Mexican Jays. However, in imilar habitats without Mexican 
Jay , crub-jay expand into the former' preferred habitat (Mar hall 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 ea emblage of habitat and that conver-
ion of it natural habitat ha allowed expan ion of the population. 

Brown' (1974) generalization that coop rative breeder inhabit "mature, table eg
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) ugge ted that' ... the [we tern population of] Scrub Jay inhabit a variety of habi
tat , including scrubby area and chaparral, much of which i tran ient and created by 
fore t fire .... the higher reproductive rate and wider di per al of the Scrub Jay may be 

iewed as adaptation for finding and exploiting newly available uitable habitat.' The 
k y idea i that ome ecological factor act to keep breeding habitat available or "un
aturated" in noncooperative breeder . A hown in the previou ection, however, the 

large nonbreeding urplu in Western Scrub-Jay . ugge t that other factor. are n eded 
to explain the Jo , of delayed di per al and group living. 

TH - MARGI AL H BIT T HYPOTHE. IS 

Koenig and Pitelka ( 19 l) propo ed that for group Jiving to evol in permanently 
rritorial pecie , not only must high-quality habitat be saturated but marginal habitat 

mu. t be relatively rare with a relati ely harp di vi ion between the tw . Under the econ
dition , territori in high-quality habitat will be continuou. ly o cupied by establi hed 
group ; tho ·e of intermediat quality will r latively rarely be occupi d and oft pring will 
ha ea low probability of acquiring breeding tatu on a uitabl territory. The key factor, 
howe er, i. that becau e of a teep gradient betwe n good and poor habitat , young indi-

idual · attempting to br ed or even ub i tin unoccupied habitat face a low probability 
of succe s and are "forced" to delay <lisper al and remain on their natal territorie . 

If, howe er, a large proportion of intermediate and low-quality "marginal" habitat al
low young individuals ither to ettle on territorie or float, early di per. al i, favored. 
Prediction of the marginal habitat hypothe i (MHH) are contra t d with tho e of other 
model in Table 2 , and e amined below. 

The MHH not only provide an ecological explanation for habitat aturation it at
tempt to explain condition that would preclude floating and favor delayed di per al. 
Studie of cooperative breeder generally . upported the MHH, including field e peri
ment in which helper acti ely competed for and filled artificially created breeding va
cancie (Brown et al. 1982, Hannon et al. 19 5, Pruett-Jone and Lewi 1990 Komdeur 
1991 ). Prior tudie of Aphe/ocoma also fit the predictions of the model. In the I land 
Scrub-Jay, Atwood (1980a) found breeding habitat "saturated'' and floater , including 
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juvenile , only in "marginal" unoccupied habitat (open gra land with cattered hrub. 
or young trees and low Baccharus thicket that would be unsuitable for floater on the 
mainland). In Florida, breeding pace in high-quality habitat i always filled, and juve
niles have a low probability of acquiring a territory. Juvenile do wander off their natal 
territorie and are generally tolerated by unrelated adult until their po t-juvenile molt in 
fall (Woolfenden and Fitzpatrick 1984). Group member , both breeders and helper , then 
evict virtually all non-natal juvenile and older tre pa er , and ju enile return to their 
natal territorie and become helper . Woolfenden and Fitzpatrick (1984; Fitzpatrick and 
Woolfenden 1986) demon trate that jay breeding in marginal habitat have both lower 
urvivor hip and lower production of breeding age off pring, and therefore conclude that 

nonbreeding juvenile and adults would al o experience low urvivor hip compared to 
taying on their natal territorie . 

Although the e pattern 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 territorie and aggregated in habitat with the mo t abundant food re ource . 
During the breeding sea on, breeders evicted floater from their territories and floater 
were rarely ob erved. In one year (1985) float r were evicted only from the nest area 
and remained in the highe t quality habitat , and microhabitat u e 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 floater ' u e of occupied habitat wa al o 
found in an tudy of A. c. ob cura in uthern California (M. J. Alper . pers. comm.). 
Thi toleran e, in particular that of allowing nonbreeder acce to territorie but not to 
ne t , i similar to the pattern in Florida Scrub-Jay and may b a relic behavior. In other 
territorial peci uch a the Ruf u ·-collared Sparrow (Smith 197 ), floaters neak 
thr ugh t rritorie. , which again ugge t that floating doe not depend on unoccupi d or 
marginal ar a for di per al. 

The MHH may explain higher level of delayed di per al and larg r group ize under 
differ nt ec logical condition in o p rative breeder , but fail · a. a general explanation 
a to why another population i noncoop rati e (i.e., why nonbr d r float) for e eral 
rea on . The MHH predict , that the hap of the di tribution in t rrit ry-habitat quality 
i fundamental. F r e am le, Acorn Wo dpeck r letTitories at Ha-;ting exhibit a teep 
territory-habitat gradient curv (little marginal habitat) and the birds are highly social 

TABLE 28. PR FDICTIO OF ECOL GI AL MOUELS F R rHr l\OLL IION OF DFL YEO DISPERSAL, GRO P l IVI , AND 

0 Pf:RATIVI:. BRPEDI (j (H = H AB ITAf ATLRATIO •; MHll =MAR I AL H Blf\T lhPOTHESISh; SJ= Fi.ORIO 

CR B-JA MooLL"; EC = Ecm. GI L Co TRAINTS'1; RCW = Rw-co K OED WoooPLCk.ER MoDLL•; BOP = 
C'RLB-JAY ) 

Predictions H 

Habitat . aturated? yes 
Level of breeding constraint critical? yes 
Floating ecologically constrained? no 
Benefit of philopatry of primary importance? ye 

ariance in rank order of territory quality high 

• Bro\\n (1974. 197 . 19 7). 

' Koenig and P11ell..a ( 19 1 ). Koenig and Mumme ( 1987). 

Woolfenden and Fitzpatrick ( 19 4). Fn1pa1ricl. and Woolfen<Jen 19861. 

• Emlen ( 1982a ). 

' Walter> el al. (I 992b). 

' Stacey and Ligon ( 1987. 1991 ). 

This study 

MHH FSJ 

ye ye 

no yes 

yes yes 

no no 

low low 

R w 
yes 

yes ye. 
yes no 

no 

BOP 

no 

no 
no 
ye · 

high 

w J 

yes 
no 

no 
no 

low 
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(Ko nig and Mumme 1987)· in New Mexico where a hallow gradient exi t , group 
ize i mailer. However, even in the latter, floating appears to be infr quent. Floating 

in cooperative breeder i. u ually rare (<5~; Woolfenden and Fitzpatrick 1984, Koenig 
and Mumme 1987, Br wn 1987, Walter 1990). Further Woolfenden and Fitzpatrick 
(1990) found nonbreeder "declining' available breeding pace in high-quality habitat, 
and the pre ence 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 
1991). 

Under what habitat gradient (range of habitat condition ) i floating precluded? In 
Florida Scrub-Jay (Woolfenden and Fitzpatrick 1984), Acorn Woodpeckers in both 
California (Koenig and Mumme 1987) and New Mexico Stacey and Ligon 1987), and 
other cooperative breeder (e.g., Grey-backed Shrike , Laniu excubitoriu [Zack and 
Ligon l 985b]), ome unoccupied lower quality habitat i u ually available. For example, 
Florida Scrub-Jay bre ding in overgrown crub fledge a many young a do una -
si ted pair in high-quality habitat, although fledgling urvival i lower in the former 
habitat due pos ibly to higher predation pre sure (Woolfenden and Fitzpatrick 1984). 
If overgrown scrub can upport ucce fol breeding, floating hould al o be po ible, 
although higher predation rate may al o apply to floater ' in thi habitat (G. Woolfenden, 
per . comm.). Indeed, nonbreeder in Florida do occa ionally di. perse into unoccupi d 
habitat , forming mall flock that may per i t for a month or two (Woolfenden and 
Fitzpatrick 1984). 

Adults may force their off pring off territorie even when marginal habitat may not be 
pre, nt. An extreme example i the Red Grou , e =Willow Ptarmigan, Lagopu, lagopu ) 
where nonbreeder ar vi ted from breeding habitat and are fore d into areas where 
urvivor hip i o low that few urvive thr ugh the winter (Wat on and Mo ' 1970, 

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

ing, could co xi t as alt rnative trategie · in the ame population. In Purple Gallinule. 
(Gallinula martinica) , juvenile help but non breeding adult float in nonbre ding habitat 
(Hunter l 87). Young Gr en Jay (C;anocoraxynca.) in Texa delay dip r.al for 15 
month: and a i t th ir parents in defending the t rritory, but the nonbreed rs ar e icted 
aft r th next year's off ring are fledged (Gay u 19 and vidently fl at until a vacan
cy is lo ated. Whit -throat d Magpie-Jay male di . per e and a ub tantial number may 
fl at in unoccupied habitat, wherea mo t female are philopatric (lnne and J hn ton 
1996, Langen l 996b). In a population of w . tern Ameri an Crow , affrey (1992) found 
that nonbreeder could delay di per al, float, or witch between the two. The be. t docu
m nt d ample i the Au , tralian Magpie (Carrick 1963, 1972; Veltman 1989), where 

m nonbreeder, float in nonbreeding habitat nd other. remain on group territorie . 

THE FLORIDA ScRus-J v Moo ·L 

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

11
, the probability 

that early di perser will become e tabli hed ucce fully a breeder · B, the ummed 
annual probabilitie that a urviving helper remaining on it natal territory will encounter 
or create a breeding vacancy it can ucce fully fill; and L

11
, the urvival rate of a helper 

at home. The model predict that as Band L,, increa e, relative to early di p r al, delayed 
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breeding and group living will be favored so long a D
0 

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

0 
i low (high con traint on 

independent breeding); Lh is high (in comparison to that estimated for early disper ant 
floating in marginal overgrown crub or neaking through ho tile occupied territorie ); 
and Bi large, formal at lea t, due to territorial budding (Woolfenden and Fitzpatri ·k 
1984). 

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

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

range of acceptable habitat mean that di per ing juveniles need only to tay alive in 
order to be more or le certain of obtaining space in which to breed as yearling ." D

0 

value , 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, I land, 

and Florida crub-jay , and for other taxa (Table 29) ugge t that the le el of breeding 
con traint , per e i not ufficient to explain why one population i cooperative and an
other noncooperative; in fact, the level of breeding con traint provide ab olutely no 
clue a to a population ' ocial organization. More meaningful compari , on in D

0 
valu 

could be made u ing fledgling production from imple pair. only; the added increment 
in fledgling production of breeders attributable to helper may be important in the main
tenance of d layed di ' per al and cooperative breeding, but the e econdarily derived 
b nefit hould not b u ed to a e the importance of breeding con traint leading t 
it evolution. When D

0 
i calculated for pair only, thi low rs th valu . for cooperativ 

breeder further blurring any relation. hip between bre ding con traint and breeding 
y tern (Tab! 29) . 

L
11 

(adult help r-. urvivor hip) and B (probability of a h lper acquiring a breeding 
vacancy), on the th r hand, may be much different betwe n Florida and We t rn 
crub-jay. · unfortunately, both are imp . ible to measure for non ooperati e sp ci . . 

Wo lfenden and Fitzpatrick ( 19 4, 1990) pre. ent a c nvincing argum nt wh Lh may b 
relativ 1 high compar d to early di p r. al in lorida. How ver, in California the con
v r e may be tru becau, e jay can noat, or c n ettle temp rarily, in high-quality, oc
cupied habitat. as well a , float and m r ly m e through marginal ones. B (the 'Urnm d 
annual pr bability f finding or er · ting a re ding acancy) for W tern Scrub-Jay . , 
a. for female Fl rida crub-Jay which do not b 'nefit from territorial budding, rarely 
inherit territories, and di per e farther) , is even harder to evaluate; however, an increase 
in B in Florida Scrub-Jay mu, t b a : condarily derived benefit of group living rather 
than a primary ca ual factor. 

The Florida crub-Jay model overempha ize the importance of breeding con traint 
in the evolution of delayed di persal , but provide valuable in ight into the role of 
relative urvivor hip of nonbreeder pur ing different , trategie and other d mographic 
factor . However, it fall hort in it application to none operative populations imply 
becau e the model con ider only two option for young bird : (1) di per e and breed, r 
(2) stay and delay bre ding. The third option, floating, i not con idered. 

Walter et al. 1992a) applied a imilar demographic model to empirical data from 
Red-cockaded Woodpecker toe aluate fitne payoff of young male that depart and 
earch" (DAS) for territorie · and th that " tay and foray' (SAF); all female employ 

the former trategy . Of male urviving to age one, 31 % employed the DAS trategy 
and of the e 9% became breeders on tenitories; 56% were olitary on territorie and 
an e timated 5% remained a floater . Walter. et al. estimate that mean fitne for male 
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T BLE 29. 1 DEX OF BREED! G SPACE OMPETITIO a FOR 0 OPERATIVE ALIF R IA AND 

l SLA D SCRUB-JAYS, COOPERATI E FLORID S RUB-JAYS, AND TWO OTH R COOPERATIVE BREEDER 

Breeding . pace competition 

pecies Sex Overall (wiLh helper _) __ Pair onl ~ 

crub-Jay 
California Male 0.31 (0.23 )" 

Female 0.54 (0.43) 
Island Both 0.07' 
Florida Both 0.27 0.44d 

Acorn Woodpecker Male 0.08 0.09° 
Female 0.2 1 0.25 

Green Woodhoopoe Male I.IO 5.301 

Female 0.43 0.92 
• Lower value indicate higher levels of competition: a \alue of 0 . 1 would mean one breeding vacancy for every 9 

non breeders. 

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

non breeder urvivor. hip is I 0% less than that of breeders: \alues in paren the.,i . are assuming non breeder urv1vorsh1p 

equals breeder unhorship. 

' Value calculated assuming 94"i breeder survivorship ( twood et al. 1990). adult nonbreeder surv1vorsh1p 20% le-,s 

than breeder survivorship, and juvenile survivor. hip and fecundity the same as for the Hasting., population. 

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

' alculated from d<ita in Koenig and Mumme ( 1987). 

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

N0.2 

employing the two trategie i nearly equal even without indirect fitne benefit a the 
potential advantage of early reproduction in DAS i · balanced by a low probability of 
ucce ful di per al and increa ed urvival in tho e adopting SAF. Walter. et al. identify 

four variable that may be re pon ible for a reduced payoff in DAS r lative to nonco
operative pecie : (1) a high 'Urvivor hip in mal · adopting SAF compared to birds in 
nonco p rative pecie ; (2) a low probability of . urviving DAS bird attaining breed
ing tatus· (3) poor performance of male that do attain breeding tatu at a young age; 
and (4) a striking increa e in reproductive ucce . with age. The. e variabl . are nearly 
identic I to tho~e identified by Emlen ( 1982:32) a · th k y factor in favoring delayed 
di p r al and that "Such ituati n are expected to b rare and philopatry (remaining 
at home) hould occur only wh n the option of early per. onal reproduction i everely 
constrained." A, noted before, the e attributes were sh wn to differ littl b tween coop
erative and noncooperati ve Aphelocoma. 

TH E B EFJT OF PH!LOP TRY MODEL 

Sta ey and Ligon (19 7) d vel ped a mod I for th e olution of co perative breed
ing in Acorn Woodp cker that they term the ben fit of philopatry (BOP) model. Ba ed 
on their long-term tudy of Acorn Woodpeckers in New Mexico, they concluded that, 
contrary to previou model (Table 28), all suitable habitat are not aturated and no 
harp gradient exi t between good and poor habitat . Accordingly, nonbreeder remain 

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

Similar re ult , albeit with a different interpretation, were found by Fitzpatrick and 
Woolfenden ( 19 8) and Fitzpatrick et al. (1989). Analyse of life-time reproductive 
ucce in Florida Scrub-Jay. indicate that the highest LRS i achieved by breeding a 

early a po sible on a uitable territory; ucce s in a quiring a territory at an early age 
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i , together with breeder life- pan, the m t important contributor to a jay' lifetime 
reproductive ucces . However, when lifetime fitne i compared for Fl rida Scrub
Jay breeding in different habitat , they found that jay could delay breeding for everal 
year in the good habitat and till have higher fitne than early breeder in the poor 
habitat (overgrown crub). Thu , in both Florida Scrub-Jay and Acorn Woodpeckers, 
individual that breed early in the alway. available but le uitable habitats will have 
lower life-time fitne than indi iduals delaying di per al but eventually breeding on bet
ter territorie., a urning the choic of a teJTitory is final and permanent. Fitzpatrick and 
Woolfenden ee thi as a high co t of early di per al wherea Stacey and Ligon ee it 
as a high benefit of philopatry (i.e., oppo ite ide. of the ame coin). Intere tingly, when 
Fitzpatrick et al. (19 9) examined how the production of breeding de cendant varied 
within high-quality habitat, profound difference became evident; ome area howed 
much higher production of bre ding de cendant than other . Although thi may re. ult 
from differences in indi idual (genetic) quality, if it i due to long-term difference in 
habitat, then high-quality habitats are pa. ed down through familie , re ulting in high 
variation in the ucce of different lineage (Brown 1974, Fitzpatrick et al. 1989). Such 
variation in habitat quality would lend upport to the variance hypothe is and ome of 
Brown' . pr diction (Table 2 ). However, Fitzpatrick et al. (I 9 9) could find no evi
dence that individual differentially compete for the e area a nece ary requi ite for 
the BOP m del. 

Stacey and Ligon (1991; e also Wa er 1988, PoweJJ 19 9) propose that natal 
philopatry i favor d when a high and ~ table variance exist in territory quality, and/or 
group ·ize affect the quality of a breeding pportunity . Und r the BOP hypothe i , 
young in small group. on high-quality territorie hould delay <lisper al in anticipation 
of inheriting breeding . pace, whcrea young born into very larg group~ or on low-qual 
ity territorie hould di per. and breed as . n a po . ible. If group ize is critical, 
nonbr dcr hould remain nly in group f ·ome critical ma .. that ( ur the group 
of high reproductive . ucce. sand survivorship. For example, in ampylorhynchus wren. 
(Rabenold l 9 4, I 985; Au tad and Rabenold 19 5, Zack and Rabenold 1989), r produc
tive uc ss of pair is near zero and increa: . V\ ith group size . o that reproductive output 
per apita) p ak in groups of either three ( C. gri eus) or four ( . nuchalis). In the . 

. p cie., nonbreeder~ ar effe tiv I prevented from indep nd nt breeding by high nc. t 
predation rates, and neither habitat . aturation nor diff rences in territory quality are im
plicated (Austad and Rabenold l 85). Under the conditions, floating i. n t pr eluded, 
but the advantage of group living and helping for nonbr eders mak floating , or even 
breeding in s imple pairs, a poor alternati e. 

The BOP model predicts that young in n ncooperative pecie .. hould di per e at in
depend n ither because: (I) the habitat i: more uniform and territ rie ar of similar 
quality; (2) interterritory quality fluctuate. unpredictably over time (therefore high-quality 
territorie. ar not "inheritable"); or (3) individuals do not benefit from living in groups. 

De pite uch clear examples of specie that may form group bccau e of "group-Ii v
ing effect.," two problem xist with thi , ugg tion. Fir t, the BOP hypothe i doe. not 
clearly di ' tingui h b tween primary and c ndary group-Ii in(] effect . For example, 
Stacey and Ligon (1991) ugg , t that Fl rid Scrub-Jay. and ther o p rativ ly breed
ing New World jay delay di per al becau. e of anti-predator benefit of group living. 
The orche ·trated entinel y tern (McGowan and Woolfenden 1989) and other group 
behavior in Florida Scrub-Jays may le n predation; pairs with helper do experience 
lower ne. t predation rates (Schaub et al. 1992). Another group-living effect i territorial 
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expan ion with increa ed group ize in Florida Scrub-Jay . Thi not only le. en any 
adver e impact from resource depre ion, but allows for territorial "budding," which 
Woolfenden and Fitzpatrick (1984) identify as an important factor in maintaining co
operative breeding in the Florida population. Such econdarily derived benefit may be 
. ub tantiv but cannot be attributed a a primary cau e of delayed di per al, although 
they may b important in it maintenance (current utility). Becau e it i alway po ible 
to point to ome benefit of group living, one cannot , ugge t that another population i 
noncooperati e becau. e group benefit do not apply. 

Other prediction of the BOP concern how variance in territory quality differ among 
population. that vary in ocial behavior. To date, te t have involved compari on be
tween widely eparated population of cooperative . pecie (e.g., Acorn woodpecker 
in California and New Me ico; 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-jay . 
Scrub-jay territorie at Ha tings were ranked from Type 1 to Type 3 on the basis of oc
cupancy rate and vegetation characteri tic . Of approximately 45 territorie (range of 40 
to 52 over the tudy period) five (-11 ~)were of very low quality. In Florida, the quality 
of the habitat depend on wh ther it ha been burned recently, but all of the area in the 
periodically burned uub i continuou ly occupied in nearly all year (therefore Type 1 
and Type 2 territorie ). Fledgling production over the tudy area at Ha ting al. o appear. 
to be more variable than in Florida. In Figure 40, both the Ha ting and Florida tudy 
area are arbitrarily divided into 9 part. Within high-quality habitat, fledgling produc
tion i relatively uniform in Florida, ranging from l.9 to 2.2 (Woolfenden and Fitzpatrick 
1984 ), wherea in California it ranged from 0.6 to 1.4. 

While thi .. ugge t greater ariance in territory and habitat quality in the noncoop
erative population, it could be argued that the 'marginal" unburned, overgrown . crub 
in Florida hould be included, d . pite the fact that unburned scrub i. rarely coloni?ed 
but rather "grows up" and ev ntually take. over what wa. former! high-quality habitat. 
Stacey and Ligon (1991) sugae. t that compari on"i of high- and low-quality habitat in 
Florida would r v al mark d variation in habitat-territory quality, implying that thi · 
would run c unter to both the Fl rida Scrub-Jay model (Wo If nden and Fitzpatrick' . 
1984) and the MHH Koenig and Pitelka 19 1). However, one could argue that thi . 
difference i . e actly the ba i f r the latter m del (a teep drop-off in quality in rare! 
occupi d, marginal habitat ). Th fact that th s low-quality habitat ar not ntinu-
ou ly ''. aturated" onl refute. K enig and Pitelka and Wo If nden and Fitzpatrick to th 
extent one stretche the definition of" uitability," and once again illu trat th pr bl m 
in defining ". uitable" and "marginal" habitat ( ee , 1 Koenig et al. 1992). In a . tudy 
of Florida Scrub-Jay at the Kennedy Spac Center, where habitat i generally more 
marginal, Breininger et al. (1995) found that . me area act d a .. ource populations and 
other. a. population . ink . All area may appear ". aturated," but only becau. e of im
migration from ource habitat. 0 er a thr e-year p riod, demographic performance wa 
related to land ape 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 hortcoming of prior anal , e i that th y compared habitat, 
n t territ ry quality (Stacey and Ligon 1991). F r delay d di. p r. 1 to be f v red und r 
the BOP, high-quality territorie mu t be inheritable, i.e., long-term difference in qual
ity on a per-territ ry ba i . Early dL per al will occur in ituation with low variance in 
territory quality, which can ari e either by very Jow correlation and large difference in 
quality among years, or high correlation but uniform quality among year . For example, 
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FIGUR 40. Variation in fledgling production over nin randomly drawn geographic egments of the California 
and Florida ~crub-jay . tudy area ' . (a) California crub-Jay study area at the Hastings Reser arion , (b) Florida 

crub-Jay stud area at the rchbold Biological talion (from Woolfcndcn and Fitzpatri k l 9 4) . umbers are 
overall mean fledgling pre duct ion calculated by meraging mean fledgling produ tion for all breeding pair'> (or 
famil) group1,) on ach territor1 in each ar a; =breeding-pair years i11 each area. 

Wa er (198 ), in relating philopatry to variance in home range quality, hypothe ized that 
the banner-tailed kangaroo rat (Dipodmys . pectabili ) disp rsed, despit all other ondi
ti n fa oring philopatry, becau e no corr lation xisted betw en home range qualiry 
among year . 

H we er, a. with defining "marginal habitat" und r the MHH, it i n t cl ar how 
much or littl variance is requir d to fa or one social .. tern o er anoth r. Al o, intert r
ritor ·ompari on · among co perative and noncoop rative specie. ar di ffi ult to mak 
for . evcral r ason .. Because t rritories are occupied and d f nded by groups inc pera
tive p cies, and heller t rritories are m re ntinuml'~ly cupied by larger group., this 
may re. ult in mor . tabl boundarie. and greater permanence of groups on higher quality 
territori s, and combine (and confounds) group eff cts with effects oft rritory quality. 
In none operativ population , becaus only pairs oc upy t rritori s, no group effect. 
occur and ten-ilory boundarie oft n flu 'tuate upon th death of one f the bre der.. The 
BOP m del al o as ume that the choice of a territory i permanent. However, move
ment in noncooperati e breeders from 1 w-quality lo higher quality habitat may be com
mon (e.g., Great Tit, Parus major [Krebs 1971]; Eura ian Magpie. [Baeyen 1981)). 
At Hasting. 20% of all ten-itory acancies were filled by breeder changing territories. 
Thi ugge t that young nonbreeders are able to breed initially in low or intermediate 
quality habitat and later acquire a better ,' ite. In cooperative breeder , on the other hand, 
young that di per e to low-quality habitat. may not be able to hift back becau e non

di per ing individual are present to filJ va ancie on territorie in high-quality habitat . 
A third problem involve cale; the MHH generally examine habitat gradient ov r a 
wide geographic area, wherea BOP focu e on interterritory difference. within a mall, 
local area. 
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DELAYED D1 p RSAL THRE HOLD MODEL 

None of the model (Table 28) are fully upported by compari on among the co
op rative and noncooperative Aphelocoma. Mo t treat only two option (di per e and 
br ed or tay and delay breeding) and ide tep the que tion of floating. In population 
where floater are restricted to the ame degre a helper from independent breeding, 
th relevant compari on are between early di per al (and floating) v . delayed di per al 
(and helping), not between delayed <lisper al and independent breeding. The Delayed 
Disper al Thre hold Model (Koenig et al. 1992) addre ed ome of the hort coming of 
the previou model by giving qual treatment to early di persal and floating, delayed 
di ' per al and helping, and independent breeding. Rather than pecific 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 trategie , including ft ating 
ar favored. The model Ii t 13 factors influencing the di per al option available to 
off pring, most of which have been di cus ed in the context of the other mod l . Here, I 
fo u clo ely on how three factor -re ource depre ion 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 Western Scrub-Jay 

Resource depres ion on territories 

Model developed by Wa er (1981, 1988) and Brown (1982, l 987) explore the rela
tion hip of territory quality and re ource depre ion to group living. If territorie. have 
limited re ource or low rate of re ource renewal, the addition of individual beyond the 
breeding pair may lower urvival and reproductive succe . to uch a degree that breed
er should evict off pring, or offspring should choo e to leave, or both. Wh r re ource 
renewal i slow, group ize may be limited to pair ' de pite other factor_ favoring reten
tion of off. pring. Nonbreeder. may, howe er, increa. e the fitne .. of breeder by helping 
t def nd th territory, or by helping to rai ·e young. These econdarily deri ed benefit 
may lower the ab olute costs t breeder of allowing off ·pring to remain. Lowered de
fen e co t were used by Brown ( 1969) to explain why adult would tolerate young in 
Mexican Jay. and other coop rat1v breeder, . ln contra t, on high-quality territorie , 
. p cifically tho e with rapid r source renewal or th s with "nondepreciable re. urce " 
(\Va er 198 ), additional group member will haver lati ely littl ffect on . urvival and 
r productive ucce. . 

Doe resource depr . ion e plain the different patt rn of territorial behavior, disper
al and group living in Aphelocoma jay ? Both territory size and habitat pr ductivity 

contribute to re ourc l el , but data on th latt r are cant. Compari on oft rritory 
ize ugge t that on large territorie re ource le el. are lower per unit area, more patchy, 

or fluctuate more trongly. In this context, it L n t worthy that in Florida scrub-jay ter
ricorie ar e tremely large (mean of 7 .2 ha for pair and increa ing significantly with 
group ize; Woolfenden and Fitzpatrick 1984) compared to tho recorded for We tern 
Scrub-Jay ( 1.5 to 2.5 ha). Mexican Jay te1Titorie. in Arizona are extremely large (20 to 
25 ha), support large group (ranging from 5 to 22 jay ), but territory ize apparently doe 

n t fluctuate with group . ize (Brown 1987, Brown et aJ. 1997). Brown (19 7) ugge ted 
that Me ican Jay territorie are larger than ne ded except at p ak den . itie , but data are 
la king, particularly with r , pect to winter condition . Unicolor Jay territori may be 
e ven larger; the one territory Webber and Brown ( 1994) were ab! to map in it entirety 
r nged between 41 and 45 ha, and was held by a group of ix. 
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Se eral line of evidence ugge. t that territorie in We tern Scrub-Jay are not of uch 
low quality a to preclude group living. Fir t, breeder at Ha ting tolerated their own 
young and unrelated floater in the nonbreeding ea on and, in 19 5, even in the breeding 
ea on. Second, We tern Scrub-Jay occupy habitats that upport group-living Mexican 

Jay when the latter are ab ent. Third, acorns, 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); pro e es other than con umption by . crub-jay limit their availability. Acorn 
remain on oaks for everal month and numerou eed cacher and eed predator remove 
acorns before and after seed fall. In mo t year , acorn are superabundant with re pect 
to a jay' (or an aggregation of jay ) ability to eat or cache them, and thi decrea e 
the co t of haring a territory either with related offspring or unrelated floater . Little 
information on in ect productivity i available for compari on but ne tling tarvation 
in Florida Scrub-Jay i extremely low, and adults (with helper ) foraged only 40% of 
daylight hour during the breeding sea on. Nestling tarvation averaged 17% at Hasting. 
and breeder foraged 70~ of daylight hour , ugge ting potential for re ource depres ion 
effect . Additional work on food re ource of the e jay would be required to provide a 
definitive answer regarding the importance of re ource depre ion on their di per al op
tion ( e al o Burt 19 6). 

Habitat available for floating 

In ome cooperative pecie , special features of their habitat can trengthen tie of 
h lpers to home groups. Fore ample roo ·t-hole in Gre n W odhoopoe (Phoeniculus 
purpureus; Ligon 19 ) and granarie in Acorn Woodpecker (Koenig and Mumme 
1987) appear to be critical for breeder and nonbreeder. alike; wh n limited, off pring 
that eith r attempt to et up a territory or float will do poorly. When the critical re ource 
i important only for br eding (e.g., nest cavitie. ), thi d e. not con train floating, and 
ome oth r planati n for d layed di per al mu t be invok d. When br eding , pace 

it elf i · in some way limited, a has been uggested for the cooperativeAphelocorna jays, 
it is more difficult to pin-p int the resourc s that mak ·pace r oth r habitat f atures 
criti al f r nonbr ed r . H we r, a c mp! te th or f r gr up Ii in 0 in any . pecie: mu , t 
include an c planati n of what ecological factor~ mak adja ent habitat unsuitable for 
floating by nonbr eder. . 

Ac e s to high-quality habitat hould re ·ult in high float r survivor hip, but actual 
floater survivor hip i unknown. Data on relative age-sp cific . urvivor hip of juvenile. , 
adult nonbreeder , and territorial jay are particularly crucial for resolving que tion · con
cerning th co t and benefit of floating. In many cooperatively breeding , pecie, , non
br eding h lper have higher urvivor hip than breeder (e.g., male Florida S rub-Jay. 
[Woolfenden and Fitzpatrick 1 84], Acorn Woodpe ker [Ko nig and Mumme 1987]). 
In contra t, nonbreeder urvivor hip in nonco perative . pecie · is thought to be lower 
than that of breeder , du tori k of di per. al (Brown 1974, Emlen 1982) being forced 
into marginal habitat (Wat on 19 5), or not having the benefit of unre trict d acce. to 
critical re, ource, and microhabitat. (Ekman and A kenmo 19 4). Howe er, Ekman and 
A ken mo ( 19 6) found that non breeding adult male Willow Tit (Parus montanus) had 
higher urvivorship than adult male breeder.. 

In Aphelocoma jay', the type. of habitat available to nonbreeder are trongly influ
enced by the territorial behavior of breeder.. In Florida Scrub-Jay , juvenile wander 
and are tolerated on all territorie prior to their po t-juvenile molt (Woolfenden and 
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Fitzpatrick 1984). Later, however, they ar not tolerated on non-natal territorie , and 
eith r r turn to their natal teJTitorie (the preferred option), or mo e to unoccupi d area., 
u ually non-breeding habitat . Survivor. hip of helper do not tabilize at adult breeder 
I vel until age two, but thi eem to be cau ed primarily by the ri k of di. per al foray 
(Wo lfenden and Fitzpatrick 19 4 Fitzpatri k and Woolfenden 19 ). onbreeder in 
Florida mu t tre pa occupi d, ho tile territorie in earch of breeding a ancie , or 
float in un ccupied habitat with high predation rate (Woolfenden and Fitzpatrick 19 4, 
1990) and po ibly al o a paucity of acorn . 

At Ha ting , scrub-jay breeders tolerated both off pring and unrelated floaters of all 
ag on their territorie. except in May and June, and the floater aggregated primarily 
wher acorn were in good . upply. Mo t remained edentary throughout the winter and 
earl pring, toring and reco ering acorn a did the re ident te1Titorial breeder.. By late 
April in mo t year , aggregation di olved and floater were rarely een until early July 
wh n ome of the ame indi idual returned and joined independent ju enile . Their di -
appearance coincided with increa ed aggre. i n by territorial jay , but th y al o di ap
peared from areas unoccupied by breeder . In all month but May and June, floater had 
unre tricted acce to the b t habitat , aggregated in loo e flock , and did not inve t time 
and energy in territory def n e or reproduction and it i po. sibl that their urvivor hip 
may b near (ore en exce d) that of bre der . 

In contra. t, ju enile I land Scrub-Jay mo e to unoccupied area by arly Augu ta 
br d r aggre ively e elude them, including th ir own ffspring, from th ir territorie 
(Atwood 19 Oa; J. Atwood, per . comm.). Yet, they do well ev n though they mu t 

ncroa h on territorie to gain acce to acorn (Atwood 19 Oa). F w d tail are avail
able n di . per al in Mexi an Jay , but young r tain juvenile charact ri tic for · veral 
year. (Brown 1963), whi h may extend th p riod of tol ranee and Jes. en the aggre ion 
of adults (Lawton and Lawt n 19 6). Degr e of . ociality varie. within th range of th 
M ican Jay (Brown and Brown 1990); th y occur primarily in montane oak-woodland, 
but n b iou habitat or veg tation feature( ), separat high- and low-qualit habitat, 
either f r breeder or potential ft ater (Edwards 1986). 

Hahitat variabilit) 

It i ' n ce ary t alt mpt to separate v riability n a per-te1Titory ba is from ph nom
ena that ccur on a larger . cale. For exampl , at Ha ting , territory quality (occupancy 
rate) a. correlated with egetation chara t ri . tics, including th numb r f oak p cie 
and ar a of oak canopy. B th of the. e variabl . ar indicator f reliable a orn produc
ti n n a p r territory ba. i ·. H nee on the local cal , t rritory quality i predictabl 
and th r lati e ranking f territorie. probably doe. not ar great) fr m year to year. 
Howev r, on a broader r gional cale in ali fornia, acorn pr du ti on i highly ariabl 
and . trongly affect · rub-jay population d n ity and <lisper al option . This may be a 
key p int in the econdary los of cooperation in We. tern Scrub-Jay . . 

A orn production in high-quality crub-jay habitat in Florida how little annual 
nd . patial variation r lati e to that in California. In Florida, rub oak form continu

ou ·, :hrub-like stand · co ering many hectare and each crub oak produ e few eed . 
E timat d production n th average territory wa L2 ,000 acorn., and ranged from 
14,0 0 to 331,000 (DeGange et al. 1989). Group ize range from 2 to 10 jay in Florida, 
and each jay eats and cache approximately ,700 acorn per year. It seem probable that 
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in the poor t acorn year demand may xceed production for ome large group , but 
during their 25 year of tudy , no complete acorn crop failure occurred on the . tud tract 
(G. Woolfenden and J. Fitzpatrick, pers. comm.). Whether acorn production declines 
with tim . ince last burning in Florida crub oak pecie a in ome other crub-oak. 
(Wolga. t and tout 1977) i not kn wn, but thi would contribut to low uitability 
of long unburned ar a in Florida for both floater and breeder . Relatively uniform 
production of acorn contribute to a ' ituation where nonbreeders would gain little by 
intruding on neighboring territorie , intruder pre ure i light, and territory defen. e is 
economical (0 Gange et al. 19 9). Th rarity of acorn crop failure in Florida would 
al o prev nt th local population era h s that occur in California, thereby eliminating 
the ben fit of the wid -ranging mo m nt by floater (i.e. locating area where acorn 
er p era h ha e er at d low p pulati n den itie and territory vacancie ) ob er ed in 
We tern crub-Jay . 

Mexican Jay and We tern Scrub-Jay co-occur throughout much of their range, and 
although M i an Jay · locally exclude . crub-jay from their preferred habitat, both can 
b found in oak woodland that are gen rally more typical of tho e in California than 
tho. e in Florida, that i. , with highly variable acorn production (Bock and Bock 1974, 
Stacey and B ck 1978). However, pecific detail on acorn production pattern. and acorn 
u e and dep ndency by jay in Arizona are not known. 

On the crub-jay study area at Ha ·ting. , the three common peci of oak are di . -
tributed a: i olated individual., e ten . i monotypic tands, and mi d clo ed-can py 
f re t. The ak ar gen rally quit large and a ingle tr can produ e well o er 400,0 0 
acorn. (W. Carmen, unpubl. data). An a rage crub-jay t rritor at Ha ting. include 
0.55 ha f oak anopy and two oak specie. , and although ac rn production pert rrit ry 
wa not mea ured , acorn. are probably produced far in c ss of jay d mand in all but 
the poor :t year . . Acorn producti n wa highly variable am ng year , ' ith r latively 
fr qu nt er p failures n a lo al habitat l vel and more rarely n a r gi nal I I. Ac rn 

rop failur s result d in territ r aband mm nt, hi gh mortalit , migration b br der 
and floater:-., and p r r pr ductiv sue . the foll wing br dings a. n. Earl disp r-
at and floating allow. nonbr ed r · to re ·pond m t effici ntly to ·patial an t mporal 
ariation in ac rn production patt rns and to locate br eding vacan ·i ' . Thes ta tic 

yield thr e patterns: (1) I calized home-range mov m nts by float rs during the fall 
early . pring period in mo. t year ; (2) migration to locate acorn , during local acorn ere p 
era he ; and (3) ither local or wid -ranging movement in early pring to locate breed
ing vacancies, parti ularly to areas wh r population d nsity has been reduced by a rn 
crop failure . 

Y OP l 

The fundamental r ult of this tudy is that floating should be con. idered an important 
trategy for acquiring breeding spac , ju t a. i delayed disper al and helping. When 

floating i ignor d or tr ated a a one-dimensional ph nom non, not only do theorie f r 
the evolution of delay d di per al and cooperative br eding fall hort, but a intere. ting 
and comple part of the ocial beha i r of a pecie i verlooked. Factor that l ad to 
delayed di per. al in c operati e pe ie. are known t be comple and may differ sub-
tantially among pecie. and populations, nd even among indi idual within populati n · 

and group . . Condition leading to arly di . per al and floating may be equally comp! x, 
as are the varied re. pon e of floater. · to he e condition . ]early, opportunitie for in-


