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Abstract. We describe age-related differences in return dates in the colonial Purple Martin
(Progne subis). Adults >4 years of age returned earlier than Age 3 adults which returned
earlier than first-time breeders. Males tended to return slightly earlier than females in birds
Age 3 and older. The arrival schedule results from competitive asymmetries over secondary
cavity nest sites and predation pressure but not from the timing of reproduction. Older and
earlier returning birds select higher nests. Nests located in higher levels suffer significantly
less predation from climbing predators. The return dates of mates are not correlated but
mated pairs do tend to be similar in age. Egg-laying date is not related to arrival date.

Greatly reduced certainty of paternity is correlated with a reduction in reproductive effort
in first-time breeding males. The variable subadult plumage in Age 2 males provides for
individual recognition, which benefits them in within age-class nest-site competition.

Key words:  Purple Martin; arrival schedule; coloniality; mixed-reproductive strategy; su-

badult plumage; predation,; Progne subis.

INTRODUCTION

In passerine birds, first-time breeders are well-
known to arrive later and lay smaller clutches
than older age classes (e.g., Hill 1989, Sacther
1990). Hypotheses relating these patterns to life
history strategy suggest that first-time breeders
may be constrained because they lack skills as-
sociated with breeding and/or restrained because
reduced reproductive effort in their initial breed-
ing season will increase lifetime reproduction
(Curio 1983). However, the theoretical under-
pinning of these hypotheses, that optimal life
history is a balance between the allocation of
resources to survival vs. reproduction (Williams
1966, Roughgarden 1979, Charlesworth 1980),
is not well supported for short-lived species.
Saether (1990) found only slight evidence that
reproductive effort one year might influence re-
productive performance at future ages.

We discuss age- and sex-related differences in
return dates to breeding sites and nesting-cavity
selection in the Purple Martin (Progne subis).
Return dates are readily obtainable for martins
because they nest colonially in human-provided
“martin houses.” Previous work on these life
history traits did not consider age-specific dif-
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ferences in paternity and maternity assurance.
This omission is probably because the majority
of bird species are socially monogamous (Lack
1968, Ford 1983). However, with new molecular
techniques it is clear that social monogamy does
not always coincide with parental assurance (Go-
waty 1985, Westneat et al. 1990). Morton et al.
(1990) showed in Purple Martins that paternity
rates of first-time breeding males averaged only
29% whereas paternity rates of broods cared for
by older males averaged 96%. Thus, an age-spe-
cific difference in paternity or maternity assur-
ance may contribute to lowered reproductive ef-
fort in first-time breeders whether or not their
lowered reproductive effort relates to lifetime re-
productive success.

We describe the significance of arrival sched-
ules at breeding sites for martins of known age
in reference to both observed social behavior and
genetic results of the male martin’s mixed-re-
productive strategy (Morton 1987). Arrival dates
were analyzed for differences among age classes
and between sexes, and arrival dates and ages of
birds forming breeding pairs were compared. We
also analyzed these data for differences among
the tier heights (one of four levels in each house)
used for nesting in relation to age, return date,
and predation. We focus our attention on the
return calendar to our study site but place this
in the context of the continent-wide pattern of
first arrival date at breeding sites.
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METHODS

Return dates were recorded at a breeding site in
Severna Park, Maryland, consisting of three 24-
compartment aluminum martin houses (Trio
Manufacturing Co.) positioned 9 m from Mor-
ton’s house. Each house contained four tiers with
six compartments on each tier. Birds were ob-
served with a 40-power telescope from a second-
story window. Breeding adults had been indi-
vidually color-banded since 1979, and all young
banded since 1976, the year the colony was es-
tablished. Additional data were collected at three
smaller colonies, located 5-10 km from the main
colony, and were included in the analyses when
appropriate information was available.

We recorded the dates of arrival at the colony
from 1982-1989 and consider these accurate to
within 3 days for previously banded adults. Mi-
grating martins rarely used the site for in-transit
roosting, thus our data refer only to the arrival
of breeding birds. Arrival dates of first-time
breeders, most of which were new to the colony
and unbanded, were recognized through their
distinctive subadult plumage (Niles 1972); most
subadult males could be individually identified
due to distinctive plumage markings (Rohwer
and Niles 1979). We restricted return date anal-
yses to the more accurate data for subadults that
were color-banded as fledglings in the main col-
ony (returning to their natal colony to breed) or
nearby colonies. Our data comprised birds from
two (subadults in their second calendar year) to
10 years of age.

STATISTICAL ANALYSIS

Most analyses used the Statistical Analysis Sys-
tems (PC-SAS) package (SAS Institute 1985). The
General Linear Model (GLM) procedure was used
1o examine variation in return date among dif-
ferent age classes, between sexes, among years,
and among tiers, and variation in tier selection
among age classes and between sexes. Ray (1982)
recommended using GLM when the data are un-
balanced (unequal cell sample sizes), which was
the case in this study. Return dates were not
normally distributed (entire data set; W = 0.89,
n = 205, P < 0.001), however tests performed
on all the age classes separately (except Age 2)
could not be distinguished from a normal dis-
tribution. To be cautious, all parametric analyses
of variance were done on both nontransformed
and rank-transformed data (see Conover and
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Iman 1981 for use of parametric tests on ranked
data). For clarity, the results from the unranked
data are presented. In all comparisons between
these approaches, the results were nearly iden-
tical with insignificant changes in the F-values.
In most instances, the proportion of the variance
explained was greater when using ranked data.
Thus, the reported values are probably conser-
vative.

Tukey’s studentized range test was used to
compare means of return date or tier selection
between the sexes, among age classes, or between
years. The Tukey procedure in SAS is a powerful
procedure and is recommended for analyses with
unequal cell sizes (Ray 1982). As mentioned
above, this procedure was done on both non-
transformed and rank-transformed data with no
differences in outcome. Contingency tables were
analyzed using x2 or G-test for independence (So-
kal and Rohlif 1969).

RESULTS
GENERAL PATTERN OF ARRIVAL

Purple Martins winter in South America largely
east of the Andes, and are abundant in south-
eastern Brazil (AOU 1983, pers. observ.). Adults
first appear at breeding colony sites in mid-Jan-
uary in southern Florida and progress northward
ca. 3-5 degrees latitude (330-550 km) each half
month until ca. 1 May, when they reach the
northern limits of the current breeding range in
North America (Fig. 1). Formerly they bred north
to Great Bear Lake, Northwest Territories (65°N)
and arrived there about 17 May while snow still
partially covered the ground, and the rivers and
lakes were still ice-covered (Wilson and Bona-
parte 1832).

The first arrivals at a colony are males in adult
plumage. These are followed closely by adult fe-
males, and often females first appear at the same
time as males. Subadults of both sexes arrive
several weeks later. This age-related pattern is
typical throughout the breeding range (Allen and
Nice 1952) except for martins breeding nonco-
lonially in saguaro deserts in southwestern U.S.
These noncolonial birds first arrive at breeding
sites in early May (Phillips et al. 1964), 22 months
after martins arrive at colonies at the same lat-
itude in the eastern U.S. Whether this arrival
difference is due to the food limitation of the
desert habitat or the difference in coloniality be-
tween the populations is unknown.
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FIGURE 1. Average first return dates to breeding colonies throughout the Purple Martin’s breeding range,
based on returns to four or five colonies per state or province having arrival dates covering 10-50 years. The

isobars connect colonies with similar return dates.

Eastern birds arrive during normal or above
normal temperatures but often suffer high mor-
tality if cold and stormy weather ensues (Bent
1942, Allen and Nice 1952, Mayfield 1969, Stew-
ard 1972). We later discuss hypotheses offered
to explain the dangerously early arrival of adults
to northern latitudes but now focus on our study
site at latitude 38°N in Maryland.

CORRELATES OF RETURN DATES TO A
SINGLE COLONY

Return dates to our study site (Fig. 2) showed
the common passerine pattern of first-time
breeders (Age 2) returning significantly later than
all older age classes. Additionally, Age 3 birds
returned significantly earlier (27 days on average)
than Age 2 birds, and significantly later (11 days
on average) than all older age classes (Tukey’s
studentized range test). Return dates differed sig-
nificantly among age classes (ANOVA; F=71.44,

P < 0.0001) and age explained 75% of the vari-
ation in return date. Age 2 differed significantly
from all other ages and Age 3 differed from Ages
2, 4,5, 6, and 7 (Tukey’s). Ages 4 and greater
could not be distinguished statistically from one
another and were pooled in some subsequent
analyses. Return dates did not differ among years
(F = 0.98, P = 0.32) or between the sexes (F =
0.02, P > 0.9) in one-way ANOVAs.

Within age classes, males and females differed
significantly in return date for Ages 3, 5, and 7,
with males arriving earlier than females (Fig. 2).
The tendency for males to arrive earlier than
females was found in all age classes except Age
2. On average females arrived 5.2 days earlier
than males in Age 2, and males arrived 4.8, 2.5,
7.1,2.6, and 8.8 days earlier than females in Ages
3 through 7, respectively.

A two-way ANOVA indicated that return dates
were influenced by age and sex (F = 65.44, P <



0.0001, 2 = 0.75), but sex was significant only
after age had entered into the model (F = 5.2, P
< 0.024); there was no significant age by sex
interaction. As expected, when the analyses were
repeated using grouped age classes (grouped as
2, 3, and =4; see above) both age and sex con-
tinued to affect return date (F = 124.8, P <
0.0001). However, the influence of females ar-
riving earlier than males in Age 2 and later in
the other two age-class groupings now produced
a significant interaction (F = 4.95, P < 0.008).

AGES AND RETURN DATES OF MATES

There is a significant association between the ages
of mates (Table 1; x2 = 170.7,df =9, P < 0.0001),
with older females being paired with older males.
In fact, 78% of Age 2 females were mated to Age
2 males, and less than 3% mated with males older
than 3 years of age (Table 1). In contrast, none
of the oldest (=5 years) females mated with Age
2 males and 75% mated with males older than
3 years of age. Females of Ages 3 and 4 were
intermediate, with 27% and 49% pairing with
males greater than 3 years of age, respectively.
This pattern occurred in all the colonies. Such a
pattern could arise from pairs forming lifetime
pair-bonds, but the same individual martins
rarely remated. For example, of 15 pairs that
were mated in 1984 and for which both members
were present at the colony in 1985, only two pairs
(13%) remated. It is also not simply an artifact
of the correlation of arrival times between age
classes because there is no correlation between
the return dates of mates (F = 1.39, P < 0.25)
for all birds =3 (Age 2 excluded from analyses
because of the low sample size for accurate ar-
rival time data). There was also no correlation
between the return dates of Age 3 and Age =4
females and their mates when analyzed sepa-
rately (F = 0.38, P = 0.56; F = 1.13, P = 0.30).
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FIGURE 2. Return dates of males and females of
different ages at the main study colony in Maryland
(38°N). Day 90 = 31 March. Horizontal lines represent
means, boxes SEs, and vertical lines the ranges. Ages
in which the sexes differ significantly are denoted by
*. Sample sizes recorded directly above the age classes
for both males and females. Significant differences
among age classes discussed in the text.

DIFFERENTIAL NEST-SITE SELECTION BY
AGE CLASSES

The tiers selected for nesting did not differ among
years (F = 1.55, P = 0.13) or between colony
locations (F = 1.25, P = 0.26), and therefore,
these data were pooled for subsequent analyses.
Tier selection did differ significantly among the
age classes (F = 7.60, P < 0.0001), but age ex-
plained only 7% of the variance (Fig. 3). Ap-
proximately 25% of the Age 2 birds managed to
nest in the top tier (Fig. 3). The proportion of
individuals nesting in the top tiers increased with
age, with Age 3 birds displaying the population’s

TABLE 1. Ages of females and their mates in four colonies in Maryland. The expected cell values (rounded)

given in parentheses.

Age of female

Age of mate (years)

(years) 2 3 4 =5 Total
2 88 (42 22 (44y 317y 0(11)y 113
3 19 (45) 71 (47) 16 (19) 17(11) 123
4 4 (159 17 (16) 15 (6) S@) 41
=5 09 6(9) 12 (4 6 (2 24
Total 111 116 46 28 301

* Observed cell value significantly higher or lower than expected.
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FIGURE 3. Percentage of males and females of dif-
ferent ages nesting in the four tiers. Tiers are arranged

from top (black) to bottom (heavy horizontal lines).
Sample sizes given at top of each bar.
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average and older birds being over-represented,
exceedingly so for the oldest age classes. Age 2
differed from Ages 3, 4, 5, and 6 (Fig. 3). All
other ages could not be distinguished from one
another, especially because individual peculiar-
ities in a few older birds, especially males, in-
creased the variance in age classes 6 and =7.
The results changed slightly when age classes
were grouped into Ages 2, 3, and =4. Tier se-
lection still differed among the three age cate-
gories (F = 29.31, P < 0.0001), but now all three
age categories differed from one another (Tu-
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key’s) with Age 3 being intermediate. Each sex
showed the same pattern, with a larger propor-
tion of Age 2 individuals nesting in lower tiers
(females, n =417, x> = 34.3, df = 6, P < 0.0001;
males, n =403, x> = 33.52, df = 6, P < 0.0001).
Because older birds return earlier than young birds
and older birds select compartments in the upper
tiers we assume that nesting cavities in the upper
tiers are favored.

RETURN DATE AND NEST-SITE SELECTION

The return dates of individuals nesting in differ-
ent tiers differ (Fig. 4; F=9.10, P < 0.0001) and
tier level explains 15% of the variance in return
date. The four levels differed significantly from
each other in mean return date (Tukey’s), with
the earlier returning birds, on average, securing
nesting cavities in the upper tiers. This is ex-
pected because age is correlated with both return
date and tier choice. The sexes do not differ in
their return dates within a tier (Fig. 4; P = 0.23
for all tiers) and the return dates of mates were
not correlated within tiers (top two tiers and bot-
tom two tiers combined to maintain adequate
sample sizes).

NEST-SITE QUALITY

Differential predation among nests situated in
the different tiers is one possible explanation for
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FIGURE 4. Histograms of the return dates for males and females in each tier (1 = top tier, 4 = bottom tier).
Mean and SE are given to the right of each histogram. Total sample sizes given above mean and SE.



why adults prefer to nest in compartments in the
top tiers. The proportion of nests taken by pred-
ators, including the deaths of three adults, de-
creased significantly from top to bottom (G, =
26.1, df = 3, P < 0.0001). Predation by raccoons
(Procyon lotor) and black rat snakes (Elaphe ob-
soleta) on nesting martins was recorded in 1981
and 1982, before guards against climbing pred-
ators were installed. None of the 22 nests in tier
1 (the highest tier) were taken, while one (5.9%)
of 17 nests in tier 2, three (20%) of 15 nests in
tier 3, and 13 (54%) of 24 nests in the lowest tier
were destroyed by these predators. Climbing
predators appear to start at the bottom and con-
tinue to search horizontally among other com-
partments in the lower tier. Occasionally, pred-
ators will proceed to higher levels by moving
vertically up a column of compartments. A single
occurrence of this latter pattern accounted for
the only depredated nest in tier 2 and one of the
three nests taken in tier 3.

EARLY RETURN DATES OF OLDER
FEMALES: TIER SELECTION OR
EARLY EGG LAYING?

We asked if tier selection or date of laying the
first egg was influenced by return date or age of
female, and whether this differed among years.
These analyses were restricted to females older
than Age 2 for which all of the above variables
were known (n = 55). As expected age affected
tier selection, even in this restricted subsample
(Ages 3, 4-5, =6; Tiers 1-2, 3—4; x2 = 15.02, P
< 0.001). Tier selection did not differ among
years (1984-1986, 1987-1988, 1989; Tiers 1-2,
3-4; x> = 1.66, P > 0.15). Return date, in a one-
way ANOVA, was correlated with tier selection
(F = 4.70, P < 0.035), but this result is highly
influenced by age.

The mean date of first egg laid did not differ
among the age classes (F = 0.95, P < 0.47). It
did differ significantly among years (F = 3.91, P
< 0.005), with the mean first egg appearing sig-
nificantly earlier in 1987, than in 1985 and 1986
(Tukey’s). In a one-way ANOVA return date did
not affect the mean date of first egg (F = 2.50, P
< 0.12). However, in an analysis of covariance
in which year effects were controlled, return date
was a significant factor (F = 9.69, P < 0.003).
The regression between return date and the date
of first egg laid was positive in all 6 years and
significantly different (P < 0.05) from a slope of
zero in two (1986, 1988) of the six (1984, slope
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FIGURE 5. The interval between return date and
first egg date vs. return date for age =3 females. Day
95 = 5 April. Points with two observations so labeled.
All regressions were significant (P < 0.009), except for
1986 (P < 0.07) [1984, slope = —0.84, F = 23.78, n
= 6; 1985, slope = —0.74, F = 15.84, n = 8; 1986,
slope = —0.32, F=5.11, n=7; 1987, slope = —0.86,
F=23.16, n = 10; 1988, slope = —0.70, F = 34.01,
n=11; 1989, slope = —0.90, F = 25.12, n = 13].

=(.162, F = 0.89, n = 6; 1985, slope = 0.264,
F=204,n=8; 1986, slope = 0.68, F= 23.77,
n =17, 1987, slope = 0.14, F = 0.64, n = 10;
1988, slope = 0.30, F=6.28, n=11; 1989, slope
= 0.10, F = 0.29, n = 13). There was much
variation around the regression line, such that in
most years it was not uncommon for a female
that returned late to lay her first egg at the same
time as the majority of other birds or for a female
that returned early to lay her first egg at the same
time as the majority of other birds.

If the relationship between return date and date
of first egg laid is robust, then we would expect
that the number of days between arrival and first
egg laid (delay period) and return date would be
independent of one another and the regression
should have a slope of zero. In contrast, if the
date of first egg was determined by extrinsic fac-
tors, which vary from year to year, we would
expect a negative correlation between delay pe-
riod and return date. This would occur because
the earliest arriving females would wait until the
extrinsic conditions were favorable whereas fe-
males arriving closer to this environmentally de-
termined date would have to wait for a shorter
period for appropriate conditions. Females ar-
riving after this date should begin laying eggs as
soon as possible. The latter scenario appears to
be the case (Fig. 5). The duration of the delay
period differed among years (F = 5.07, P <
0.0008), with the delay period in 1988 being sig-
nificantly shorter than 1984, 1985, and 1986
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(Tukey’s). In an analysis of covariance, year ef-
fects (df = 5, sum of squares = 1,544, F = 15.97,
P < 0.0001) and return date (df = 1, sum of
squares = 2,054, F = 106.26, P < 0.0001) both
significantly affected the duration of the delay
period and together explained 79.5% of the vari-
ation. Further, there was much less variation
around the regression lines calculated for each
year. All regressions were significant (P < 0.009),
except for 1986 (P < 0.07).

In sum, the mean date of first egg laid fluc-
tuates from year to year and is relatively inde-
pendent of return date. In contrast, the early re-
turn date of older females seems to be related to
securing a nest site in a high tier which is cor-
related with a reduced likelihood of predation,
and mating with an older male.

DISCUSSION
EARLY ARRIVAL BY OLD ADULTS

Dangerously early spring arrival has been noted
in several secondary cavity-nesting species. That
early arrival may be driven by competition for
limited nesting sites is a viable hypothesis (John-
ston and Hardy 1962, Brown 1978a), and often
there is no direct relationship between settlement
and egg-laying date (Stutchbury and Robertson
1987, this study). However, this does not ade-
quately explain early arrival patterns in martins.
Adults Age 4 and older arrived at breeding sites
before Age 3 adults, even though the latter had
bred at the colony previously. Age 3 males, in
adult plumage for the first time, did not reclaim
the nesting cavity they used when breeding in
subadult plumage at Age 2 (Morton et al. 1990).
Therefore, Age 3 males lack dominance over a
particular cavity and are at a disadvantage when
competing against older males, which reclaim
cavities. Arrival after older birds have settled
would enable Age 3 birds to identify undefended
cavities, particularly because older males ini-
tially defend many cavities in addition to their
nesting cavity (Brown 1979a, Rohwer and Niles
1979). Milder weather with higher food avail-
ability (Finlay 1976) and longer day length might
also support the likely higher energetic cost of
initial nest-site acquisition. Thus, we view the
intermediate arrival of Age 3 birds as a conse-
quence of severe nest-site competition in a sec-
ondary cavity-nesting species with the additional
factors that the species is colonial and older birds
have site dominance.
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The extreme early arrival of Age 4 and older
birds may, in turn, be viewed as escape from
competition with Age 3 birds for cavities in the
higher tiers, which are safer from predators that
climb, especially if lower nest sites are occupied.
A relatively high nest cavity was undoubtedly
important to escape predation in natural nest
sites as well (Rendell and Robertson 1989, dis-
cuss this factor for Tree Swallows, Tachycineta
bicolor). Tier levels in martin houses are a feature
shared with natural cavity arrays, in which the
age-related separation evolved. In fact, vertical
separation in natural cavities is even greater than
in artificial martin houses and might have pro-
vided more safety from predators than do the
closely packed compartments of martin houses.
However, compartments in martin houses are
identical in such qualities as cavity size whereas
natural cavities were likely to differ in these as-
pects. Thus, at times, quality differences in nat-
ural cavities may override the single advantage
of height as we documented in martin houses.
But, on average, a higher nesting cavity within
a colony should be preferred and early arrival
may be related to competition to procure them.
Early arrival was correlated with relatively safe
burrow sites in Bank Swallows (Riparia riparia),
with higher burrows suffering less predation from
climbing Beech Martens (Martes foina) (Sieber
1980, Jones 1987). This shows that, even without
competition for secondary cavities, predation can
cause selection that favors early arrival in colo-
nial species.

Early arrival was not consistently correlated
with early egg-laying date in females nor were
the arrival dates of mates correlated in Ages =3.
As in Tree Swallows (Stutchbury and Robertson
1987), later arriving female martins began nest-
ing more quickly after arrival than did early ar-
riving females (Fig. 5). Nest building begins in
early May for both Age 3 and older females, even
though most older females have arrived by 22
April and some as early as 10 April. Egg laying
in Age 3 and older females peaks on 28 May
(range 16 May-2 June) and for Age 2 females is
evenly distributed between 28 May and 14 June
(Morton et al. 1990). This separation between
the egg-laying periods of Age 2 and older females
is important to the mixed reproductive strategy
employed by adult male martins (Morton 1987,
Morton et al. 1990).

To sum up, extreme early arrival by Age 4 and
older males and females is favored due to com-



petition for safe (high tier) nest sites. Age 3 males
and females arrive between 25 April and 5 May
to avoid competition with older birds with site
dominance and to take advantage of greater and
more predictable food availability while also
avoiding competition for mates and nest sites
with Age 2 birds.

Although this general schedule underlies the
concordance of mate ages (Table 1), the lack of
correlation in arrival dates of mates suggests mate
choice mechanisms are important, perhaps based
on a nesting resource: in this case, high tier level.
Lyon and Montgomerie (1986) list the Purple
Martin in their category B species, territories are
nest sites only, and predict that mate choice is
based on plumage color rather than territory
quality. However, predation pressure may intro-
duce a quality difference in territories, even in
B-type territoriality, in a colonial species.

LATE ARRIVAL BY AGE 2 MARTINS

Age 2, the largest breeding age class (45% on
average, Morton et al. 1990), arrives from mid-
May until ca. 7 June. While wintering in Brazil,
Age 2 martins lag behind older birds in molt
(Hill, Levy, Morton, and Stutchbury, pers. ob-
serv.). It is doubtful that Age 2 birds would begin
migration until the molt is complete, because it
involves flight feathers and contour feathers (i.e.,
it is a complete prenuptial molt, contra Rohwer
and Butcher 1988, table 1). However, we prefer
the hypothesis that the later molt is a result of,
rather than a cause of, late arrival at breeding
sites.

Age 2 birds likely return later than older birds,
including Age 3 birds, for two reasons. First, by
returning later they avoid the intense competi-
tion for nest sites. The reasoning here is identical
to that posited above for Age 3 birds. However,
because Age 2 males are newcomers they would
lose in contests with Age 3 males, which have
gained dominance over nesting cavities by early
May. Age 2 males avoid competition with the
older males and Age 3 males, by returning later
than all older age classes. Second, by returning
late, Age 2 males may secure a high tier com-
partment and/or an older female due to spring
mortality of adults (Age 3 and older males). The
reasoning for this possible advantage is given
below.

Two factors explain why adults should tolerate
and even actively attract Age 2 birds to nest in
martin “houses” and, previously, in the wood-
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pecker hole-ridden snag colony sites. First, adult
males gain a large genetic advantage by the pres-
ence of Age 2 males. On average, each adult male
gained 3.6 additional offspring through forced
extra-pair copulations with Age 2 females paired
with Age 2 males (Morton et al. 1990). Second,
because Age 2 nests are in lower nesting cavities,
adult pairs gain additional protection against
climbing predators by having active nests below
their nests.

SIGNIFICANCE OF AGE 2 MALE PLUMAGE

The presence of mostly femalelike ventral feath-
ers grown in the spring molt by Age 2 males, and
the recognizable Age 2 plumage in most females
(Anonymous 1977), suggests that their subadult
plumage is specifically adapted to their first
breeding season (Rohwer and Butcher 1988). The
Status Signaling Hypothesis (Lyon and Mont-
gomerie 1986) might explain this for colonial
martins because adult martins recognize Age 2
males and do not confuse them with females,
even momentarily. Recognition is easily tested
by observing adult males waiting at favorite nest
material collecting sites to attempt forced extra-
pair copulations (Morton 1987, Morton et al.
1990). Single or mate-guarding Age 2 males that
land at such sites are ignored by adult males,
which focus forced copulation attempts only on
females.

However, the advantage of a subadult plumage
in Age 2 males is that they are recognized as
subadults rather than as both subadult and sub-
ordinate in the sense implied by the Lyon and
Montgomerie (1986) hypothesis. Nor does the
subadult plumage of males reduce their proba-
bility of obtaining a mate (Table 1). The iden-
tification through plumage and the timing of Age
2 arrival are simultaneously advantageous in in-
creasing their chances for breeding. First, adult
males whose mates are egg laying advertise the
presence of unoccupied nesting cavities through
dawn singing (Morton et al. 1990). This begins
ca. 15 May at our Maryland colony and is highly
correlated with an influx of Age 2 males and
females. It is important for Age 2 birds to find
a nest site within a colony and pair quickly, be-
cause the 64-day nesting cycle and early migra-
tion departure constrain martins to a single an-
nual breeding attempt. Age 2 males that have
not paired before 10 June rarely have bred suc-
cessfully at our site. Second, defense of nesting
cavities by adult males may decrease once their
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mates begin incubation. Females are the same
size as males and defend the nest site during the
16-day incubation period. We suggest that Age
2 arrival time and their recognizable appearance
contribute to their success in settling after the
peak in male intrasexual aggression. Hill (1989)
has shown a similar pattern in the Black-headed
Grosbeak (Pheucticus melanocephalus).

The highly variable Age 2 male plumage pat-
terns suggest they may play a role in individual
recognition, especially among competing Age 2
birds, as well as permitting age-class recognition
during settlement. Indeed, highly variable Age 2
plumage in male martins may benefit individual
winners in contests over nest sites. Age 2 males
differ from older males in having no previous
site dominance or breeding experience. Adult
males have experience with each other and have
asymmetries in site dominance easily recognized
by site position and, possibly, through individual
vocal recognition. In contrast, Age 2 males have
no previous experience with one another and are
not returning to a specific site. Thus, the varia-
tion in Age 2 male plumage may facilitate rapid
recognition of asymmetries during the develop-
ment of site dominance within this age class. This
hypothesis, which we call the “individual rec-
ognition in subadults hypothesis” (IRISH) pro-
duces a functional explanation for the highly
variable plumage in Age 2 males. It is identical
to the Individual Recognition Hypothesis pre-
sented by Shields (1977) and Whitfield (1986),
but is restricted to subadults in martins. IRISH
explains the enigmatic complete prenuptial molt
and incorporates those attributes peculiar to the
life cycle of Age 2: severe within age-class com-
petition combined with an initial symmetry in
site dominance. Whitfield (1986) documented
extensive plumage variation among territorial
Ruddy Turnstones (Arenaria interpres), a long-
lived shorebird with strong year-to-year site fi-
delity. He rejected the Status Signaling Hypoth-
esis through several correlative tests and, using
model-presentation experiments, found sup-
porting evidence consistent with the Individual
Recognition Hypothesis.

ARRIVAL TIMES BY LATITUDE

How does the arrival timing at our site relate to
continentwide patterns (Fig. 1)? The question of
late arrival by Age 2 birds at this scale is partic-
ularly important to the points made above. Adults
with previous breeding experience that return to
their colonies gain advantages as discussed above.
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In contrast, the relationship between natal col-
ony latitude and the latitude of their first breed-
ing attempt of most Age 2 birds is unknown.
There is evidence suggesting that Age 2 birds do
not search for nesting sites before or during their
first migration south (Morton and Patterson
1983), although this remains a possibility (Brown
and Bitterbaum 1980). Thus, the latitudinal
breeding ““target” of Age 2 birds may be more
plastic compared to adults. Because they repre-
sent the largest breeding age class, nest-site com-
petition among Age 2 birds may lead to wide
latitudinal dispersal relative to their natal lati-
tude. Possibly, northward dispersal from the na-
tal latitude prevails because early spring mor-
tality of adults is more likely in the north and
thus more likely to free up extra nest sites at
colonies. Therefore, an additional benefit of late
Age 2 arrival is the increased likelihood of nest-
ing cavities freed up by adult weather-related
deaths. Late arrival allows them to “test” poten-
tial nest-site availability at colonies along a gen-
erally northward latitudinal transect after weath-
er-related deaths have occurred in adults. Age 2
females may obtain an older male, whose mate
has died. This would be advantageous because
adult males provision young more than Age 2
males (Morton et al. 1990). Late arrival by Age
2 males may gain them an older, “widowed”
female for a mate (Table 1). Older females afford
higher fecundity because they lay a larger clutch
than Age 2 females (Allen and Nice 1952), al-
though the paternity of those eggs is not guar-
anteed for an Age 2 male (Morton et al. 1990).
One way to test this hypothesis would be by com-
paring colony age-class composition and arrival
times by latitude.

AGE-RELATED PATERNITY ASSURANCE:
CONSTRAINTS AND RESTRAINTS

Age-related differences in paternity assurance may
be widespread but have been, to date, littie stud-
ied. Extra-pair copulations (EPC) in Barn Swal-
lows (Hirundo rustica) are most frequent be-
tween early nesting, older males and late nesting,
first-time breeding females (Moller 1985). EPC
success in fertilizing eggs is highly skewed in fa-
vor of older males in the Purple Martin (Morton
et al. 1990). This asymmetry apparently cannot
be overcome by earlier arrival in Age 2 males
for reasons discussed above.

Are Age 2 males able to assess their paternity
rate and respond to lowered paternity by reduc-
ing parental effort (a proximate adjustment) or



has selection fashioned a lower parental effort as
a result of their lower average probability of pa-
ternity (in an ultimate sense)? Proximate ad-
justment of parental care to paternity probability
has been suggested for the Barn Swallow, a fac-
ultatively colonial species (Moller 1988). In the
obligate colonial-nesting Purple Martin, the Age
2 male population is regularly subjected to lost
parentage via EPCs. Mate-guarding intensity by
Age 2 males does not reflect parental assurance
and their parental effort is not related to mate-
guarding intensity (Morton 1987, Morton et al.
1990). Age 2 males may have only two options,
adjust parental effort to their average paternity
rate, and use behaviors to increase paternity as-
surance. One such behavior is to mate frequently
with their females. Age 2 males that follow mates
to nest material-gathering sites, apparently
guarding them against EPCs (Brown 1978b), also
force copulations upon their mates as they return
with nesting material (Morton and S. Beissinger,
pers. observ.). The females attempt to escape by
flying upwards, often dropping the nest material
they were carrying. We have not observed adult
males forcing copulations upon their females.
Adjustment away from the average paternity rate
could be made if males could recognize their
genetic offspring and nourish them preferential-
ly. However, this appears not to occur in martins
(Brown 1979b).

Age 2 females lay fewer eggs than older fe-
males, perhaps as a response to lowered Age 2
male parental effort. There is little difference in
egg-laying periods between the age classes and
food may increase throughout the summer
(Johnston 1967). Thus the reduced reproductive
effort by both sexes during their first breeding
attempt can be related to the decreased paternity
assurance for Age 2 males. Moller’s (1988) prox-
imate adjustment hypothesis, whereby parental
effort is adjusted to EPC frequency, seems an
unlikely mechanism for many species. For ex-
ample, Age 2 males defending all-purpose ter-
ritories in dense habitat may not have the op-
portunity to observe EPCs (Westneat et al. 1990).
The extent to which lowered paternity assurance
in other species may be related to constraints
and/or restraints in reproductive effort deserves
further study.
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