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Al•sTR•CT.--Morphological and territorial factors that influence female mate choice were 
examined in the monogamous Middendorff's Grasshopper-Warbler (Locustella ochotensis) on 
an islet near Fukuoka, Japan. I assumed that pairing date corresponded with female mate 
choice. Pairing date was correlated with both territory size and food abundance but was not 
correlated with selected morphological characteristics of males. Territorial quality was as- 
sumed to be correlated with territory size because preferable food resources and nest sites 
were distributed randomly. I conclude that female mate choice was influenced by territory 
quality rather than by the morphological characteristics of males. Received 8 July 1985, accepted 
28 January 1986. 

MORE than 90% of all songbird species are 
monogamous (Lack 1968), but monogamy only 
recently has received detailed attention by in- 
vestigators. Several models of female choice ex- 
ist for polygynous species (Verner 1964, Orians 
1969, Weatherhead and Robertson 1979, Ala- 
talo et al. 1981). The "male deception" hypoth- 
esis (Alatalo et al. 1981) cannot be applied to 
female choice in monogamous species, how- 
ever, because it explains only why females se- 
lect already-mated males. The "sexy son" hy- 
pothesis (Weatherhead and Robertson 1979) and 
the "polygyny threshold" model (Verner 1964, 
Orians 1969) may be potentially applicable. 
Mating success among males is influenced by 
male quality in the former model and by ter- 
ritory qualities in the latter. Female choice is 
expected to play an important role in monog- 
amous species if there are differences in fitness 
among females. Monogamous females will 
choose the male with the best territorial or 

physical characteristics at the time, because de- 
layed mating decreases reproductive success 
(Perrins and Birkhead 1983). Female choice is 
difficult to detect, however, in resident monog~ 
amous species that have high mate fidelity. Lit- 
tle attention has been paid to mate choice in 
monogamous species. 

I investigated female choice in a monoga- 
mous species, Middendorff's Grasshopper-War- 
bler (Locustella ochotensis). The work was de- 
signed to assess the relative importance of 
territorial characteristics that might influence 
female choice in this species. 

STUDY AREA AND METHODS 

Middendorff's Grasshopper-Warbler breeds on only 
six islets in northern Kyushu, Japan. Four (Ohtsukue- 
jima, Kotsukue-jima, Hashira-jima, and Okitsu-jima) 
of the six islets are located at the mouth of Hakata 

Bay. The study was conducted on Okitsu-jima about 
10 km north of Fukuoka (130ø18'E, 33ø41'N) in the 
vicinity of Shikanoshima Island. A small hill, 16 m 
high and 0.31 ha in area, is located at the center of 
the island and is covered with coastal vegetation. The 
coastal vegetation is divided into a coastal evergreen 
dwarf-forest, about 4 m in height, dominated by Pit- 
tosporum tobira, Lista japonica, and Eurya emarginata; a 
thicket consisting of Arundo donax; and scrub. There 
are also patches of Pseudosasa japonica shoots. The 
marginal vegetation is halo-xerophyte dominated by 
Angelica kiusiana, Carex kobomugi, and Boehmeria sp. (Fig. 
1). 

There were no predators and no competitors on 
the islet, and only the Pacific Reef Egret (Egretta sa- 
cra) and Rufous Turtle-Dove (Streptopelia orientalis) 
bred in the study area. The Great Tit (Parus major), 
Japanese Pygmy Woodpecker (Dendrocopos kizuki), and 
Blue Rockthrush (Monticola solitarius) occasionally 
visited the study area. 

The study was conducted from 1981 to 1984. Birds 
were captured with a mist net and uniquely color- 
ringed. Twelve males, 9 females, 1 juvenile, and 38 
nestlings were banded. The wing length, tail length, 
culmen length, tarsus length, and lengths of the tenth 
primary and the second phalange of each banded 
bird were measured. Nestlings were measured every 
1-2 days. Sex was determined by individual behavior 
after release. Males were identified by their advertis- 
ing on a song post. Females were identified when 
they mated with males or carried nest materials. Only 
females built nests. 
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Fig. 1. Vegetation map of Okitsu-jima islet. 

I assumed that early pairing leads to increased re- 
productive success. Therefore, I used pairing date as 
a measure of mate preference of females. Censuses 
by line transect were made every 1-2 days beginning 
in late April of each year. Initiation of pair formation 
was readily identified by the males' intense courtship 
and females' solicitation displays. 

Territories were determined by the "time mapping 
method" (Nakamura 1969). Territory was defined in 
this study as any area defended by advertising, i.e. 
territory was the convex polygon connecting outer 
singing points of the owner. The times of observa- 
tion, locations of individuals, specific behaviors, and 
vocalizations were recorded. 

The abundance of insects and other arthropods was 
measured at the main study site by the sweep-net 
method and quadrat sampling of a 25 x 25-cm area, 
respectively. Twenty strokes of a sweep net in an area 
of about 1 m 2 comprised a single sample. All samples 
were taken on two consecutive days at approximately 
the same hour. Sampling was conducted every two 
weeks from May to August in each year. Sampling 
sites were selected to include representative amounts 
of each type of vegetation. All arthropod specimens 
were preserved in 80% ethanol and then sorted, iden- 
tified to the level of order, and their body lengths 
measured. 

Food items fed to nestlings and fledglings were 
observed at the sites near the nest through 8 x bin- 
oculars. To evaluate the quality of territories in terms 
of food availability, each food item was scored on the 
basis of Ivlev's electivity index (E; Ivlev 1961): 

E = (r, - pi)/(r, + pi), 

TABLE 1. Site fidelity and return ratio of returning 
birds, 1981-1984. 

Distance (m) shifted 
Return ratio between years 

(%) (• + SD) 

Adults 

Males 12/22 (59.1) 7.3 + 1.54 (n = 12) 
Females 7/13 (54.5) 22.5 + 4.39 (n = 7) 

Juveniles 5/24 (20.8) -- 

where r, = the relative content of any element in the 
food items and p, = the relative value of the same 
element in the food complex of the environment (as 
a percentage of the whole sweep and quadrat sam- 
pies). Positive preference was expressed by an index 
value from + 1 to 0, absence of preference by an in- 
dex value of 0, and negative preference by an index 
value between 0 and - 1. Each food item was scored 

on the basis of one-half point awarded for each 0.2 
interval of an index value, 0 points for no available 
items (E = -1), and 1-5 points for items with an 
index value between -1 and + 1. The food score as- 

sociated with each territory was calculated by the 
formula: 

food score = • (point i) x (density i) 
x (size of territory), 

where point i = the point value of item i and density 
i = the density of item i. 

RESULTS 

Middendorff's Grasshopper-Warbler arrives 
in late spring at northern Kyushu from a win- 
tering area in Southeast Asia. The first influx 
of males occurred 28 April in 1981, 4 May in 
1982, 30 April in 1983, and 8 May in 1984. Fe- 
males arrived at the breeding site 20 (1983) to 
26 days (1984) after the males (for males n = 6 
in 1983 and 3 in 1984, for females n = 6 in 1983 

and 7 in 1984). Older birds continued to arrive 
until mid-June. Yearling males returned to the 
breeding site around late June. Fifty-seven per- 
cent of the adults banded were recovered at 

breeding sites used in the previous year. There 
were no differences between the sexes in rates 

of return (Table I). 
Males established territories shortly after ar- 

rival and generally returned to the same terri- 
tory in consecutive years (Fig. 2). Females usu- 
ally paired within two days of their arrival. 
Yearling males did not establish territories in 
1982 or 1983, and they disappeared by early 
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Fig. 2. Territorial arrangement of individual males, 1981-1984. Triangles indicate nest sites. Axes are the 
same as in Fig. 1. 

July. In 1984, however, two yearling males oc- 
cupied territories in vacant areas between ter- 
ritories of older males. Territorial fidelity was 
measured as the distance between the center of 

territories in consecutive years. The annual shift 
in the ranges for females was significantly larg- 
er than that for males (t•7 = 3.91, P < 0.05). 
Hence, females returned to different territories 
on the islet, suggesting less strict territorial fi- 
delity (Table 1). Eight banded birds that re- 
turned to the same sites in consecutive years 
changed mates. Mate fidelity was low; only 1 
of 7 pairs in which both sexes returned in con- 
secutive years maintained the pair bond. Ter- 
ritory size averaged 310.6 _+ 27.5 m 2 (-+SE, n = 
30) over 4 yr. Territory size increased as pop- 
ulation size decreased (r = -0.83, n = 4, P < 
0.20). The mean territory size in May 1984, 
when only three males established territories, 
was 710.7 _+ 69.1 m 2 (_+SE, n = 3). The mean 
territory size in 1984 was significantly larger 
than in other years (273 _+ 25.3 m 2, -+SE, n = 
25; t26 = 5.78, P < 0.001). 

Fledging occurred between late June and 
early August. Lepidopterans and chilopods (e.g. 
millipedes and centipedes) were preferred food 
items in the breeding season (Table 2). These 
taxa, with homopterans and orthopterans, com- 
prised about 80% of total food items (Table 2). 
The numbers of lepidopterans collected by 
sweep sampling were lower than homopterans 
but were stable throughout the seasons (Fig. 3). 
The density of soil arthropods (spiders, mil- 
lipedes, and centipedes) estimated by quadrat 
sampling fluctuated, but soil arthropods were 
abundant (Fig. 3). Orthopteran nymphs (grass- 
hoppers, mantids, and cockroaches) appeared 
in late July, but they were less abundant than 
lepidopterans and homopterans (Fig. 3). The 
patterns of changes in food abundance were 
similar among the three vegetation types (Fig. 
3). The preferred dietary items (lepidopterans, 
orthopterans, and chilopods) were distributed 
randomly in late May 1984 (Table 2). 

The food score for each territory in 1983 in- 
creased gradually until late June and decreased 
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thereafter (Fig. 4). The seasonal change in this 
derived measure was bimodal in 1984, with 

peaks in late May and early July. The first peak 
appeared to be the consequence of large terri- 
tories because almost the entire area was oc- 

cupied by only three males. Each possessed a 
large territory during May 1984. The nestling 
period started when food abundance became 
high. 

Morphological variation among mates was 
tested with respect to several characters, but no 
significant correlations were found (wing 
length: r = 0.47, n = 12; tail length: r = 0.29, 
n = 12; culmen length: r = -0.25, n = 12; tarsus 

length: r = 0.05, n = 12; body mass: r = 0.29, 
n = 7). I conclude that there was no assortative 
mating in this species. There was no correla- 
tion between the pairing date and wing length 
(Kendall's rank correlation coefficient, r = 
-0.44, n = 9, NS), tail length (r = -0.33, n = 
9, NS), culmen length (r = 0.06, n = 9, NS), 
tarsus length (r = 0.17, n = 9, NS), and body 
mass (r = 0.22, n = 9, NS). There was no sig- 
nificant correlation between the pairing date 
and time spent by males feeding fledglings (r = 
-0.38, n = 8, NS). Thus, females did not em- 
ploy these physical characters as relevant cues 
in mate choice and did not always select dili- 

TABLE 2. Diet of Locustella ochotensis and its food preference. Asterisks indicate significant clump patterns 
(P < 0.05). 

Percentage Percentage 
of dietary of sweep Preference Index of dis- 

items sample (Ivlev's index, persion in late 
Food item (n = 73) (n = 4,771) E,) Food point May 

Lepidopterans 32.9 1.8 0.90 5.0 0.82 
Homopterans 15.1 30.3 -0.34 2.0 37.87* 
Orthopterans 9.6 2.1 0.64 4.5 1.00 
Dipterans 6.8 20.1 - 0.49 1.5 2.96' 
Ephemeropterans 2.7 0.3 0.78 4.5 -- 
Chilopods 21.9 0.7 0.94 5.0 0.71 
Wood lice 5.5 14.7 -0.46 1.5 9.55* 

Spiders 5.5 6.1 - 0.06 2.5 4.46' 
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gent males. There was also no correlation be- 
tween pairing date and the age of males (; = 
-0.11, n = 9, NS). Yearling males, however, 
were excluded from breeding because they ar- 
rived after all the females had mated. 

Correlations were tested among pairing date, 
fledging date, territory size, food score, arrival 
date, and the area of bamboo bush that consti- 

tuted the main nesting site. To combine data 
from different years, arrival and pairing dates 
were standardized by using the median dates. 
There was a weak correlation between the ar- 

rival date of males and pairing date (• = 0.56, 
n = 9, P < 0.05) (Table 3). There was no cor- 
relation between arrival date and departure date 
in the previous season (• = -0.13, n = 14, NS). 

Pairing date was associated significantly with 
territory size (• = -0.78, n = 9, P < 0.01) and 
food score (• = -0.69, n = 9, P < 0.05). Food 
scores in late May were associated with those 

in mid-July (r = 0.67, n = 9, P < 0.05). Hence, 
relative territory rank did not change through- 
out the breeding season, because the feeding 
areas were not different between the periods. 
The area of bamboo bush was not correlated 

with pairing date (r = -0.47, n = 9, NS). When 
food score was held constant, territory size 
showed a weak correlation with pairing date 
(Kendall's partial rank correlation coefficient, 
q5 = -0.55). When the area of bamboo bush was 
held constant, territory size showed a stronger 
correlation with pairing date (q5 = -0.71). When 
territory size was held constant, however, pair- 
ing date showed weaker correlations with food 
score (q5 = -0.28) and the area of bamboo bush 
(q5 = 0.15). These partial correlations suggest 
that pairing date was correlated primarily with 
territory size. In accordance with a step-wise 
multiple regression, variations in territory size 
accounted for 77% of the variance in pairing 
dates, variations in male arrival date accounted 
for 8%, and variations in food score accounted 

for only 2% of the residual variance (Table 4). 
Pairing date was highly correlated with the 

fledging date of the first brood (r = 0.78, n = 9, 
P < 0.01). Female departure date was correlated 
closely with fledging dates (r = 0.56, n = 9, P 
- 0.05). Thus, early breeding and early depar- 
ture followed early pairing. Young that fledged 
before August received care for longer periods 
than those that fledged in August [early fledg- 
lings: 20.3 + 5.1 days (œ + SE), n = 10; late 
fledglings: 12.0 _+ 2.8 days, n = 5; Mann-Whit- 
ney U-test, P < 0.01]. 

DISCUSSION 

Generally, it is assumed that males with good 
territories or good physical attributes acquire a 
mate early in the breeding season. Early mat- 
ing enhances reproductive success for two tea- 

TABLE 3. Correlation between six variables potentially affecting breeding. Kendall's rank correlation coef- 
ficients (•') are below the diagonal and correlation coefficients (r) are above the diagonal." 

Territory Area of 
Pairing date Arrival date Fledging date size Food score bamboo bush 

Pairing -- 0.73* 0.89** -0.88** -0.86** -0.44 
Arrival 0.56* -- 0.79** -0.58 -0.67* -0.26 

Fledging 0.78** 0.51 -- -0.84** -0.78** -0.34 
Territory -0.78** -0.38 -0.64* -- 0.83** 0.57 
Food score -0.69* -0.38 -0.56* 0.73** -- 0.46 
Bamboo bush -0.47 -0.07 -0.33 0.69* 0.51 -- 

a, =p_ 0.05,** =P < 0.01(n=9). 
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TABLœ 4. Step-wise multiple regression using pair- 
ing date as a dependent variable (n = 10). 

In- 

Step Independent crease 
no. variable r r 2 in r • 

I Territory size 0.88 0.77 0.77 
2 Male arrival date 0.92 0.85 0.08 
3 Food score 0.93 0.87 0.02 
4 Area of bamboo 0.93 0.87 0.00 

bush 

sons. First, early pair formation leads to early 
fledging. If young fledge in June, then females 
may rear additional clutches. Indeed, pairs with 
successful nestings in late June in 1984 started 
a second clutch, although Middendorff's Grass- 
hopper-Warbler rears only one brood in most 
years. Second, early fledglings were cared for 
longer. This results in larger and better-devel- 
oped fledglings and reduced offspring mortal- 
ity. The duration of parental care depended on 
the onset of breeding, and all males fed nest- 
lings and fledglings. Therefore, the duration of 
parental care did not correlate with the starting 
date of pair formation. 

If the difference in mating success among 
males is large, females will choose "sexy" males 
(Weatherhead and Robertson 1979). This is not 
the case in L. ochotensis because most territorial 

males acquired females. 
Mating success was correlated with body size 

in Cetti's Warblers (Cettia cetti; Bibby 1982), but 
I found no correlation between body size and 
pairing date in Middendorff's Grasshopper- 
Warbler. Hence, female mate choice was not 

influenced by physical attributes of male qual- 
ity. 

Based on the strong partial correlation be- 
tween territory size and pairing date, I con- 
clude that females preferentially choose males 
with larger territories. Females apparently use 
territory quality, not age, as a cue for mate 
choice. Older males acquire more females in 
Pied Flycatchers (Ficedula hypoleuca; Alatalo et 
al. 1984) and Red-winged Blackbirds (Agelaius 
pheoniceus; Yasukawa et al. 1980). Female Mid- 
dendorff's Grasshopper-Warblers did not choose 
older males, however, as indicated by the lack 
of correlation between pairing date and the age 
of adult male. 

A large territory contains many potential nest 
sites and abundant food resources. Vegetation 
structure affects nest sites, especially light pen- 

etration to ground level, and may be an im- 
portant factor (Pleszczynska 1978) in female 
choice. It was not in L. ochotensis, however, as 

there was only a weak correlation between the 
area of bamboo bush and pairing date (Table 
4). Nest sites were not constrained on Okitsu- 
jima islet, because Middendorff's Grasshopper- 
Warbler inhabited a laurel forest and built cup- 
shaped nests on the twigs. Moreover, nests were 
free from predation in the absence of predators 
on this islet. The abundance of food resources 

correlated highly with territory sizes in Mid- 
dendorff's Grasshopper-Warbler, because the 
spatial distribution of preferable dietary items 
was relatively random (Table 2). Female choice 
was influenced more by food resources than by 
nest sites. Apparently, it is a better strategy for 
female warblers to mate with males on large 
territories soon after arrival and to breed early. 
Females thereby maximize their reproductive 
success in one season. 
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