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When fledglings forego parental protection and 
provisioning to explore nests other than their own, 
they take a behavioral risk. In species whose young 

3 Present address: Department of Birds, Transvaal 
Museum, P.O. Box 413, Pretoria, South Africa. E- 
mail: gilson@tm.up. ac.za 

4 Address correspondence to this author. E-mail: 
corvid@u.washington.edu 

generally cannot leave the nest prior to developing 
flight, such movements among nests are unlikely to 
occur. Yet, this facultative behavior, which we refer 
to as "nest switching," has been noted in a variety 
of semialtricial species (e.g. Poole 1982, Gonzalez et 
al. 1986, Newton 1986, Bustamante and Hiraldo 
1989, Donazar and Ceballos 1989, Kenward et al. 
1993). 

Two models may explain facultative nest switch- 
ing in semialtricial species: (1) switching may arise 
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purely from random predispersal movements of 
fledglings; or (2) switching may be a nonrandom, de- 
terministic behavior that is influenced by conditions 
that fledglings encounter in their natal nest. The de- 
terministic model predicts that some fledglings are 
more likely to switch than others, based on parental 
provisioning and individual food intake prior to 
fledging, both of which may be affected by brood 
size. The random-movements model predicts no as- 
sociation between brood size or conditions within a 

nest and frequency of nest switching; rather, nest 
switching is influenced by opportunities available to 
a potential switcher (e.g. proximity and occupancy 
of nearby nests). The two models are not mutually 
exclusive, because spatial factors may influence the 
outcome of a behaviorally motivated switching at- 
tempt. However, the suite of predictions for each 
model should indicate whether the operant mecha- 
nism underlying nest switching is random or deter- 
ministic. 

Facultative nest switching has been documented in 
several populations of Ospreys (Pandion haliaetus; 
Fernandez and Fernandez 1977, Judge 1981, Poole 
1982). Through natural experiments and manipula- 
tions of Osprey broods in the field, we examined (1) 
the frequency of nest switching; (2) the effects ot 
brood size on parental provisioning, nestling food 
intake, and nest switching; and (3) the influence of 
population density and dispersion on frequency of 
nest switching. Our objectives were to determine 
which fledglings switch nests and to assess factors 
that may explain why some fledglings switch while 
others do not. 

Study area and methods.--We observed 20 pairs of 
Ospreys that nested on artificial platforms in three 
areas of Cascade Reservoir, west-central Idaho, dur- 

ing 1993 and 1994. To monitor food intake and in- 
dividual behavior, we dyed the head feathers (ran- 
dom assignment of colors within broods) of 32 nest- 
lings as soon as the nestlings were visible above the 
nest rim (10 days or older) and banded all young at 
23 to 35 days of age using standard USGS bands and 
anodized numerical bands. We equipped 28 of 30 
fledglings (two nestlings died) with necklace- 
mounted radio transmitters and fitted all fledglings 
in 1994 with both a transmitter and a color-coded pa- 
tagial marker of rip-stop nylon (Gilson 1996). 

To test the effects of brood size on food intake, pa- 
rental provisioning, and ultimately on switching be- 
havior, we augmented the number of three-young 
(3Y) broods in our sample by translocating nestlings 
among similarly aged broods (see Spitzer 1984). We 
observed three 3Y broods and seven one-young (1Y) 
broods in each year of study. We created two of the 
3Y broods through translocation in 1993 and one in 
1994. Translocated nestlings were chosen at random 
from a donor 2Y brood and placed into the nearest 
recipient 2Y brood (œ = 1.07 + SE of 0.41 km between 
nests) of similar age. We fostered young into recipi- 

ent broods at 10 to 21 days of age to allow for a nat- 
ural age / size range among new brood mates (Forbes 
1991). Details of observations and measurements are 
provided in Gilson (1996). 

To determine whether switching was a random 
movement, we used analysis of variance (ANOVA) to 
compare internest distances, nearest-neighbor dis- 
tances, and number of occupied nests and vacant 
platform nests within a 2-km radius of nests that 
produced switchers with those of nests that did not 
produce switchers. We analyzed the use of perches 
by fledglings from 1Y versus 3Y broods using mul- 
tivariate analysis of variance (MANOVA). 

To assess whether switching behavior was deter- 
mined by conditions at the nest prior to fledging (i.e. 
leaving the nest), we recorded parental provisioning 
rates and individual food intake (defined as bites per 
observation) of all juveniles in their nests. We as- 
sessed differences on two levels: 1Y versus 3Y 

broods, and among siblings (brood mates where ma- 
nipulated) within 3Y broods. We assessed how brood 
size affected parental provisioning using a one- 
tailed ANOVA, with the expectation that nestlings in 
larger broods receive lower per capita provisioning 
than those in single-chick broods. To describe how 
individual food intake varied among the two exper- 
imental brood sizes, we compared mean food intake, 
variance in intake, and average minimum daily in- 
take during the two weeks prior to fledging using 
MANOVA and assessed statistical significance of the 
MANOVA results with a Bonferroni-adjusted ot 
based on the number of dependent variables. We 
used a Wilcoxon matched-pairs signed-rank test to 
assess whether the food intake of switchers differed 

from that of nonswitchers within 3Y broods; all 

food-intake measures were log•0 transformed. 
To assess the effect of brood-size manipulation on 

relocation of individual nestlings, we compared 
switching frequencies of unmanipulated to manip- 
ulated broods and of resident to translocated nest- 

lings using contingency analyses with Yates' correc- 
tion for continuity. All analyses used data from both 
years to compare 1Y and 3Y broods. We used Mann- 
Whitney tests to assess factors at nests that affected 
the occurrence of switching. All tests were per- 
formed with SAS (1989) and are two-tailed unless 
stated otherwise; all means are reported ___ SE. 

Results.--Nest switching was observed nine times 
among marked broods (Table 1) and four times in- 
volving unmarked individuals that joined marked 
broods. Switches occurred 0 to 23 days postfledging 
when juveniles were 54 to 72 days old (œ = 66 + 4.1 
days). Switchers moved an average of 1.82 km overall 
(œ = 0.92 + 0.2 km between platform nests in local 
breeding areas, n = 7; œ = 4.9 + 1.7 km between plat- 
forms and remote nests, n = 2) and remained at re- 
cipient nests from 10 min to 21 days. Of the seven 
switches within local nesting areas, three resulted in 
stays of more than 24 h (•? = 8.32 + 6.4 days, n = 3), 
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TABLE 1. Summary of nest-switching events by Ospreys in west-central Idaho, 1993-1994. 

Distance Allopar- 
Nest Natal Recipient Days moved Duration Stay ental 

switcher brood size brood size postfledging (km) of stay over night a care a 
PBP 3 I 0 1.49 25 min N N 
GBG 3 I I 0.53 <24 h Y Y 
PGY I I 3 1.37 90 min N N 

WC3Y 3 3 4 1.51 21 days Y Y 
YGY 3 0 6 0.26 3 days Y Y 
SL1P 3 2 ->14 0.96 10 min N N 

SL1Y 3 2 15 6.70 -<6 days U U 
WC3P 3 0 23 0.35 2 min N N 

SE6 1 U 33 3.25 >-3 days U U 

yes, N = no, U = unknown. 

and four resulted in toleration at the nest for less 

than 24 h (• = 5.04 _+ h, n = 4). 
Five fledglings switched nests within one week af- 

ter fledging (early season, • = 2.2 ___ 0.7 days), moved 
an average of 1.03 ___ 0.3 km from their natal nests, 
and remained at recipient nests for an average of 
125.7 + 98.3 h. The remaining four fledglings 
switched nests more than two weeks after fledging 
(late season, œ = 20.7 _+ 4.7 days), moved an average 
of 2.8 + 1.4 km, and remained in recipient nests an 
average of 54 _+ 34.4 h (Table 1). Both long-distance 
switches to remote nests (SL1Y and SE6; Table 1) oc- 
curred late in the season. All fledglings that switched 
nests shortly after fledging and remained at their re- 
cipient nests for close to 24 h or more received allo- 
parental feeding (Table 1). 

Nest switching arose consistently (5 of 6 times) 
from 3Y broods and infrequently (2 of 14 times) from 
1Y broods (Fisher exact test, P = 0.001). In two cases, 
nests produced two switchers (both 3Y broods). The 
3Y brood that did not produce a switcher only 
fledged one bird due to nestling mortality. Switchers 
from 3Y broods consistently moved into broods 
smaller than their natal broods, whereas single 
young moved into broods of the same or undeter- 
minable size (Mann-Whitney test, S = 10.5, P = 0.03; 
Table 1). Switching events among unmarked but 
monitored natural broods similarly involved move- 
ment from 2Y or 3Y broods into broods where adults 

were still feeding dependent young. 

Mean internest distances and nearest-neighbor 
distances were similar between nest platforms that 
produced switchers and those that did not (Table 2). 
The number of potential recipient nests (occupied 
platforms) within a 2-km radius of each brood did 
not vary significantly around nests that produced 
switchers versus those that did not (Table 2), nor was 
the number of potential recipient nests within a 2-km 
radius correlated with the number of switchers pro- 
duced by a brood (no switchers, œ = 5.5 ___ 0.45 nests, 
n = 14; one switcher, • = 5.8 + 0.8 nests, n = 5; two 
switchers œ = 5.0 _+ 3.0 nests, n = 2; univariate F = 
0.02, df = 1 and 19, P = 0.9). Platform densities (G 
= 0.34, df = 2, P = 0.85) and platform occupancy (G 
= 2.90, df = 5, P = 0.72) were roughly equivalent in 
each of the three local nesting areas that we moni- 
tored. 

The perching behavior of fledglings from 1Y 
broods differed from that of fledglings from 3Y 
broods in only one respect: single fledglings ex- 
plored more sites that were unused by other Ospreys 
during the breeding season than did 3Y groups. Sin- 
gleton fledglings and sibling groups did not differ 
significantly in the number of days postfledging to 
first perching away from the nest, the number of 
perches used per individual, or the number of perch- 
es used per brood (Table 3). The number of post- 
fledging observations of each juvenile did not affect 
the significance of any of the above results. 

Individuals in 1Y broods tended to receive more 

TABLE 2. Factors around Osprey nests expected to affect the occurrence of switching if switching results 
from simple random movements of fledglings from nests. Values are œ + SE; Z-scores and P-values are 
from Mann-Whitney tests comparing nests that produced switchers with nests that did not produce 
switchers. 

Switchers No switchers 

Factor (n = 7) (n = 13) Z P 

Internest distance (km) 
Nearest-neighbor distance (km) 
No. potential recipients (nests) 
No. vacant sites (platforms) 

0.07 + 0.52 0.30 -+ 0.07 1.15 0.25 
0.04 + 0.10 0.60 --- 0.08 -0.93 0.25 
5.57 + 0.86 5.50 + 0.45 0.27 0.78 
4.57 + 0.86 5.85 + 0.55 -1.22 0.22 



January 2000] Short Communications 263 

TABLE 3. Attributes of Osprey fledglings from 1Y (rarely switch) and 3Y (usually switch) broods (values 
are œ _+ SE). Attributes expected to be associated with increased switching from 3Y versus 1Y broods are 
separated into those consistent with the random-movements or the deterministic model. 

Fledgling behavior 1Y broods 3Y broods F P 
Random-movements model (df = 1 and 18) 

2.15 _+ 1.40 0.93 _+ 0.96 No. novel sites used 4.83 0.04 

Total no. perches used per individual 3.29 _+ 1.53 3.56 _+ 1.29 0.05 0.84 
No. days postfledging to first perch 0.07 + 0.52 0.94 + 1.34 2.41 0.14 
Total no. perches used per brood 4.57 -+ 0.86 3.56 -+ 1.47 0.43 0.52 

Deterministic model (df = 1 and 16) 

No. prey deliveries per observation 1.30 _+ 0.13 2.63 _+ 0.68 7.82 0.005* 
Per capita provisioning • 1.30 - 0.13 0.88 - 0.22 3.14 0.05 
Individual mean intake b 137.5 _+ 27.8 78.0 _+ 8.7 1.37 0.12 

Average daily minimum intake b 78.9 _+ 27.2 29.7 _+ 12.5 3.56 0.004* 
Variance in food intake b 60.2 _+ 30.1 50.1 + 5.3 0.9 0.18 

* P < 0.01 (Bonferroni adjusted). 
* Number of feeding visits per individual. 
b Number of bites per observation (see Methods). 

food than those in 3Y broods (Table 3). Small sample 
sizes precluded statistical significance in many cases, 
but the average daily food intake level in 3Y broods 
was roughly equivalent to the minimum in 1Y 
broods. Variance in food intake did not differ signif- 
icantly with brood size (Table 3). 

The dominance rank of nestlings that subsequent- 
ly switched nests after fledging was significantly 
lower than that of nestlings that did not subsequent- 
ly switch nests (Wilcoxon test, S = -7.5, P = 0.03). 
This difference in social status did not affect food in- 

take regardless of brood size (MANOVA, F = 0.09, df 
= 4 and 20, P = 0.98). 

Manipulation of brood size did not significantly 
affect prey delivery rates (univariate F = 0.72, df = 
1 and 17, P = 0.40) or switching frequencies (Fisher 
exact test, P = 0.52), nor did translocation of a nes- 
tling to a new nest increase its likelihood of switch- 
ing above that of birds that were not translocated 
(Fisher exact test, P = 1.00). 

Discussion.--We found evidence of both energetic 
and social influences on nest switching in juvenile 
Ospreys. Per capita parental provisioning resulted in 
lower levels of food availability within 3Y broods, 
and switching was mostly limited to 3Y broods. 
Within 3Y broods, no dominant siblings switched 
nests, yet high rank did not appear to bias access to 
food in favor of dominant individuals (Gilson 1996). 
Instead, subtle competition among brood mates may 
motivate switching by subordinates early in the 
postfledging period, or dominant nestlings may be 
able to avoid energetically costly food contests 
(Mock et al. 1990). The two episodes of nest switch- 
ing by single fledglings cannot be explained by social 
factors. However, both singletons that switched nests 
received suboptimal feeding during the early nes- 
tling period. 

We observed two distinct types of switching 

events: those occurring shortly after fledging, and 
those occurring just prior to dispersal. Switches that 
arose within one week of fledging involved moves of 
1.5 km or less and usually (3 of 5) resulted in switch- 
ers being fed by adults at the recipient nest. All early 
switchers that received food remained at recipient 
nests overnight. Ospreys that switched nests later 
than one week after fledging (n = 2) did not receive 
alloparental feeding. Based on the behavior of 
switchers, we interpret the two types of switching 
events of Ospreys as follows. Early switchers are mo- 
tivated by subordination and suboptimal food in- 
take; they switch to small broods and remain at re- 
cipient nests long enough to secure food. Late 
switchers are not actively seeking to increase their 
food intake. Rather, they are simply initiating normal 
dispersal movements. 

Patterns of use of the postfledging area fail to sup- 
port the random-movements hypothesis. Single 
fledglings explored more novel perches, yet were less 
likely to switch nests than were fledglings from sib- 
ling groups. Switchers had neither more opportuni- 
ties to switch (in the form of more neighbors or closer 
occupied nests) nor fewer alternate perches that 
might have forced them to visit occupied nests. 

Four lines of evidence suggest that switching was 
not an artifact of experimental manipulation. First, 
one of the two 1Y switchers received no manipula- 
tion and only minimal handling as a nestling. Sec- 
ond, five successful switches and three attempts at 
switching were made by fledglings from unmarked 
(hence unmanipulated) broods. Third, translocated 
nestlings were not more likely to become switchers. 
Last, controlling for manipulation of brood size did 
not reduce error in statistical testing. 

Switching at different times of the nesting cycle 
may have different explanations. For fledglings in 
the early stages of dispersal, arrival at and toleration 
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in a recipient nest appears to be a fortunate accident 
for the switcher, although potentially a maladaptive 
reproductive error for the host pair. For subordinate 
siblings and single nestlings with low food intake 
prior to fledging, nest switching with alloparental 
feeding early in the postfledging period may be an 
effective behavioral tactic through which they can in- 
crease food intake prior to dispersal. Variable food 
availability, low aggression, and poor or absent dis- 
crimination against foreign juveniles make nest 
switching a low-risk and potentially adaptive behav- 
ioral tactic for juvenile Ospreys. 
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