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Abstract

In small, isolated or fragmented bird populations, past studies have shown
that there can be a high proportion of unpaired males. Low male pairing
success is suggested to be the result of female-biased natal dispersal and low
female recruitment. Indirect evidence indicates that such an effect operates
among populations with different degrees of isolation, but little is known of
how isolation affects male pairing success within populations. The Norwegian
population of Ortolan Buntings (Emberiza hortulana) is distributed in about
50 discrete patches in an area of nearly 500 km?. In this study, we examined
whether patch isolation and individual male isolation affected male pairing
success. The population has a strongly male-biased sex ratio, with almost
half of all males being unpaired. We found that male pairing successs was
negatively related to isolation of patches and isolation of individual males
in most analyses, and with significant effects in particular in some analyses
of individual isolation. Patch population size was measured as the total
number of males observed in a particular patch in a specific year and did
not have an effect on male pairing success, and was not related to patch
isolation. Even though some tests were statistically significant, the magnitude
of effects were small and there was large variance in male pairing success.
Variance in success suggests that other factors than isolation such as male
age or experience may be just as important for male fitness within our study
population. Furthermore, we suggest that small effects of isolation were due
to the ability of Ortolan Buntings to move large distances within the breeding
season, and that isolation effects on small spatial scales are more likely for
species with restricted dispersal, such as resident species or species with high
population density.

INTRODUCTION

Small, isolated or fragmented populations are exposed
to a number of threats that can make them vulnerable
to extinction, including the loss of genetic variation,
demographic and environmental stochasticity, and
natural catastrophes (Shaffer 1981, Young & Clarke
2000, Beissinger & McCullough 2002). In addition,
population persistence depends on the balance between
emigration and immigration. The effects of both
processes on population viability are well documented
theoretically and empirically, although the relative role
of each process is often debated (Lande 1993, Allendorf

& Ryman 2002). The factors affecting recruitment
of new individuals into the population are essential
in understanding population dynamics of small and
isolated populations. Insufficient recruitment is usually
assumed to be the result of either poor reproductive
success or high mortality rates, but a skewed operational
sex ratio may be just as important (Dale 2001la,
Steifetten & Dale 2006). A skewed operational sex ratio
is equivalent, at least in socially monogamous species,
to a high proportion of unpaired individuals of one sex.
As a result, the reproductive output of the population
will decrease, which again will reduce population size.
Thus, knowledge of the patterns of pairing success in

Copyright: 2023 The Author(s). This is an open access article distributed under the terms of
the Creative Commons Attribution License CC-BY 4.0. http://creativecommons.org/licenses/by/4.0

12



13 Ornis Norvegica, Vol 46, 2023

small and isolated populations may help understand
the proximate causes underlying population declines.

In small, isolated or fragmented bird populations,
past studies have often shown that there can be a
high proportion of unpaired males (reviewed by Dale
2001a, see also Walters et al. 1999, Dale 2001b, Bayne
& Hobson 2001, Zanette 2001, Fraser & Stutchbury
2004, Steifetten & Dale 2006, Donald 2007, Dale 2011,
Morrison et al. 2016). Dale (2001a) argued that small
and isolated bird populations are particularly prone to
skewed sex ratios due to female-biased natal dispersal.
Sex-biased dispersal can have consequences for small
populations that are restricted in range because females
that emigrate during natal dispersal may be lost from
the breeding pool (Dale 2001a). Moreover, population
isolation may make it difficult for females to disperse
among local populations, especially if large stretches of
unsuitable habitat separate patches of suitable habitat.
Habitat fragmentation can result in a high proportion
of unpaired males, due to a lack of female immigration
(Cooper & Walters 2002).

In natural populations, female mate search may be
restricted because of energetic costs, time constraints,
female-female competition or predation risk (Alatalo et
al. 1988, Slagsvold et al. 1988, Dale et al. 1992, Milinski
& Bakker 1992, Berglund 1993). In fragmented
populations, females also face the problem of locating
males distributed over a wide area which can reduce
the probability of encountering a potential mate. As
a result, the more isolated a habitat patch is, the less
likely it is to be visited by a female. In addition, because
female mate search is typically done by locating singing
or displaying males (Eriksson & Wallin 1986), small
habitat patches with few males are less likely to be heard
by females than large habitat patches with more males.
Thus, the probability of locating a mate should be higher
in large and continuous populations, or in the centre of
small or fragmented populations (Dale 2001a). Indirect
evidence indicates that such an effect operates between
populations with different degrees of isolation within a
species’ distributional range (Dale 2001a), but little is
known of how isolation affects pairing success within
populations, either among patches or individuals.
Pairing success is a vital demographic parameter for
population growth (Steifetten & Dale 2006), and it
should be given more attention in studies trying to
elucidate the proximate causes for population declines,
especially for populations that are small, isolated or
fragmented.

The Norwegian population of Ortolan Buntings
(Emberiza hortulana) is highly isolated and fragmented.
In addition, it is characterized by a strongly skewed
operational sex ratio, with almost half of all males being
unpaired (Steifetten & Dale 2006, Dale 2011). The
population contains less than 150 singing males, with
nearly all individuals distributed in an area of nearly
500 km? The birds occur in several well-defined habitat
patches differing in the degree of isolation and patch
population size. In this study, we examined whether

patch isolation or patch population size affected the
probability of attracting females. We expected that
males in larger and less isolated patches would have
higher pairing success than males in smaller and more
isolated patches. In addition, we tested whether the
degree of isolation at an individual level affected male
pairing success. Last, we examined whether patch
isolation affected patch population size. Based on the
above predictions, we expected that patch population
size would decrease towards the edge of the study area
as a negative effect of isolation.

METHODS

Study area and population

The Norwegian population of Ortolan Buntings is
located in central Hedmark in Innlandet County
(60°29°-60°53'N, 11°40°-12°18 E), but up until 2004
a minor sub-population was also found ~60 km further
south in Akershus County. The population lies at the
edge of the species’ range, and the nearest neighbouring
population is located around 250 km further east, in
Sweden. The study area consists mainly of farmland
habitat, with interspersed elements of forests and bogs.
Breeding habitats include raised peat bogs, forest clear-
cuts on poor sand, land being cleared for cultivation,
and a forest burn and all of the habitats are patchily
distributed (Figure 1; Dale & Christiansen 2010). Many
patches were surrounded by farmland on most sides,
or they were situated at the edge between farmland
and continuous boreal forest, and were well-defined
against surrounding matrix and easy to identify both
on the ground and from the air. Males move frequently
between patches during breeding dispersal, and
movements occurred freely in relation to habitat type
so that most males switched among habitat types one or
more times during their lifespan (Dale & Christiansen
2010). A total of about 50 different patches have been
used by Ortolan Buntings during the study period. All
patches are located close to arable land due to the use
of cereal fields during foraging by breeding birds (Dale
2000, Dale & Olsen 2002).

Data collection and procedures

Data on male pairing success were collected during the
breeding seasons (May-June) of the 7-year period of
1999 to 2005. For individual identification, males were
ringed with a unique combination of three colour-rings
and one numbered metal ring, and in each year between
55-87% of all males had colour-rings. To record the
spatial position of individual males, we performed
regular visits of 1-3 days interval to all patches which
have been used by Ortolan Buntings. In addition, we
visited all other potentially suitable patches within the
study area. Due to the possibility of counting unmarked
males twice because of extensive within-breeding season
and between-patch dispersal by adult males (Dale et al.
2005, 2006), only unmarked males that were observed
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Figure 1. A schematic representation of the spatial configuration of the main study area showing all patches (dark areas) that were used
by Ortolan Buntings at least once during 1999-2005. Outlying patches located more than 15 km from the nearest neighbouring patch in

the main population are not shown.

five days or more in the same territory were included
in our analyses (Steifetten & Dale 2006). Based on the
position of males recorded every 1-3 days in the field,
we used the centre of all positions as the location of
territories. We plotted male territories on a digital map
as a basis for calculating the degree of isolation between
individuals and between patches (see below for details
of how isolation was calculated). The pairing status
of each male in the population was identified based
on the presence of females together with the males,
singing activity, and/or feeding behaviour (Steifetten &
Dale 2006), and males were classified as either paired
or unpaired. Males of uncertain status were excluded
from analyses of pairing success, but were included in
calculations of degrees of isolation.

Habitat patches were well-defined against the
matrix of farmland or forest and some patches were
close to each other. Thus, if male territories were less
than 500 m apart, we defined them as belonging to the

same patch. Territories located more than 500 m away
from the nearest neighbouring territory were classified
as belonging to different patches. Distances between
patches were measured as the shortest distance from
one patch to another, measured as the distance from
the outer boundaries of each male’s territory, which is
roughly 100 m in diameter (Cramp & Perrins 1994,
personal observations). A threshold distance of 500 m
was used because females searching for a mate within
one patch are unlikely to hear the songs of other males
beyond this distance (personal observations). The
number of patches differed from year to year due to some
patches lost due to clear-cuts becoming overgrown, or
cultivation projects being completed so that disturbed
habitats useful for Ortolan Buntings disappeared, but
with creation and colonization of some new patches due
to logging creating new clear-cuts. Thus, the number
of patches used for analyses were based on the overall
distribution of male territories for all years combined.
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Figure 2. Relationship between male pairing success (unpaired =
0, paired = 1) and patch isolation measured as distances to: a) the
nearest neighbouring patch, b) the three closest patches, and c)
to all other patches in the population. Overlapping data points are
indicated by larger symbols where the largest symbols represent 8,
7, 7 observations in a, b and c, respectively. Data shown are based
on the entire dataset of 37 patches, 7 years, and 169 patch-years.

Total patches were used because they better reflected
the general spatial distribution of Ortolan Buntings
in the focal population, and are therefore likely to be
a better indicator for patch isolation. Hence, the same
patches were used for all years. A total of 37 patches
were used, but they were included in analyses only in

years in which males were present (mean 4.6 years out
of the study duration of 7 years). The number of males
in occupied patches varied from 1 to 52 (mean = 7.2,
median = 4, n = 169 patch-years).

We used three different measures of the degree
of isolation among patches and among individual
males to capture isolation at different spatial scales
(from the scale of nearest neighbours up to the scale
of the Norwegian population). At the patch level, we
measured the distance from a specific patch to the
nearest neighbouring patch, the distances to the three
closest patches (including the nearest neighbouring
patch), and also to all other patches in the population to
capture variation at the landscape level up to the national
level. At the individual level, we measured the distance
from a specific male to the nearest neighbouring male,
distances to the three closest males, and to the five closest
males to capture variation in isolation at a more local
level, both within patches for males inhabiting patches
with several males, and among neighbouring patches
for males that were alone or with few neighbours within
patches. Distances among patches and males were
measured based on the outer boundaries of patches and
male territories. Summed distance values were used
in analyses involving distances to several patches or
males. Patch population size was measured as the total
number of males observed in a particular patch during
the breeding season in each year, whereas the pairing
success within a patch was measured as the proportion
of males which successfully attracted a female. At an
individual level, pairing success of males was defined as
either paired or unpaired.

Statistical analysis

Annual variation in male pairing success was initially
analysed with non-parametric tests (Kruskal-Wallis
rank sum test and Spearman rank correlation). To test
whether patch isolation, individual male isolation or
patch population size affected male pairing success,
we used generalized linear mixed models (GLMM) to
control for dependencies in the dataset. We included
patch as a random variable to control for the effect of
repeated measurements. The population of buntings
was declining annually (Dale 2001b, Steifetten & Dale
2006), and isolation measures could change over time.
Year was therefore included as a continuous variable.
At the patch level, pairing success was measured
as the proportion of the males present that became
paired. Thus, the main models of how patch isolation
affected pairing success included pairing success as the
response variable, one measure of patch isolation as a
fixed variable, year as a fixed variable, and patch ID as
a random variable. In the analyses of individual male
isolation, male pairing success was modelled with a
binomial distribution (unpaired = 0, paired = 1). Male
ID could not be included as a random factor in this
analysis because 13-45% of the males were unmarked
in each year. For the model analysing the effect of
patch isolation on patch population size we assumed
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Table 1. Generalized linear mixed models of the effect of patch isolation on pairing success of male Ortolan Buntings. Patch isolation was
measured as the distance to the nearest neighbouring patch, the three closest patches, and to all other patches in the population. Analyses
were based on the entire dataset (37 patches, 7 years, 169 patch-years), or a reduced dataset which excluded six spatially outlying patches
(31 patches, 7 years, 153 patch-years). Patch was included as a random effect.

Data set/variables Estimate SE P
Isolation = distance to nearest patch
Full data set
Patch isolation -0.632 0.332 0.065
Year -0.070 0.027 0.012
Reduced data set
Patch isolation -0.415 0.309 0.19
Year -0.065 0.028 0.021
Isolation = distance to three closest patches
Full data set
Patch isolation -0.750 0.370 0.050
Year -0.070 0.027 0.012
Reduced data set
Patch isolation -0.544 0.334 0.11
Year -0.066 0.028 0.020
Isolation = distance to all patches
Full data set
Patch isolation -1.337 1.107 0.24
Year -0.071 0.027 0.011
Reduced data set
Patch isolation 1.413 2.027 0.49
Year -0.066 0.028 0.020

a Poisson distribution. The dataset on patch isolation
included six spatial outliers that were likely to bias the
results: one patch 18 km to the northeast, one patch-
year; one patch 23 km to the south, two patch-years;
three patches 52 km to the southwest, twelve patch-
years; and one patch 71 km to the south-southwest,
one patch-year. Thus, our main conclusions are based
on a reduced dataset excluding these outliers. However,
we report results from both analyses with and without
spatial outliers. We used cross-validation estimates to
assess the predictive accuracy of models with binomial
distribution (Maindonald & Braun 2007). Model
assumptions and fit were evaluated using analysis of
Pearson residuals versus fitted values and each of the
predictor variables, and overdispersal was checked. We
used the statistical software R version 4.2.2. (http://
www.R-project.org). The Ime4 package (Bates et al.
2015) was used for GLMM-analyses.

RESULTS

Mean yearly male pairing success was 52.4% (range
= 45-63%). There was no difference among years
(Kruskal-Wallis rank sum test, x> = 6.00, df = 6, p =
0.42), nor was there a trend that male pairing success
changed during the study period (Spearman rank
correlation, r, = 0.04,n = 7, p = 0.93).

Male pairing success was significantly negatively
affected by patch isolation in only one out of six
analyses when measured as the distance to the three
closest patches, but five out of six analyses indicated
negative relationships (Table 1; Fig. 2). Patch isolation
and year had a predictive accuracy of only 24-29%. At
an individual level, isolation had significant negative
effects on male pairing success in three out of six
analyses when measured as the distance to the three
closest males and five closest males (Table 2; Fig. 3).
Individual isolation and year had a predictive accuracy
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Figure 3. Distribution of paired and unpaired males in relation
to male isolation measured as distances to: a) the nearest
neighbouring male, b) the three closest males, and c) the five
closest males. Data shown are based on the entire dataset of 37
patches, 7 years, and 1238 male-years.

of 53-57%.

Male pairing success was not related to patch
population size (Table 3; Fig. 4). Moreover, patch
isolation did not affect patch population size (Table 4;
Fig. 5). For most analyses, year had a significant effect
on male pairing success, suggesting that the annual
declines in population size might increase the effects
of isolation.

DISCUSSION

Limited effects of patch isolation

In the focal population of Ortolan Buntings, low
male pairing success has been suggested to be the
result of female-biased natal dispersal and low female
recruitment (Dale 2001a, b). Females might be expected
to have difficulties in locating males far apart because
patches are distributed over wide areas. Moreover, it is
reasonable to assume that patches that are small and
isolated are harder to locate than patches that are larger
and less isolated. There were statistically significant
effects of isolation in some of the analyses, and it is
possible that effects of isolation are scale-dependent.
However, the observed distributions of pairing success
suggest that the absolute magnitude of the changes in
pairing success from low to high isolation were small.
Furthermore, the proportion of variance in pairing
success explained by the models was moderate, but
higher in analyses of individual isolation than in
analyses of patch isolation. Thus, although isolation
had negative effects on pairing success, the combined
effect of other factors may be just as important for
male pairing success as isolation within the study
population. The degree of patch isolation measured as
the distance to all other patches in the population and
patch population size had little or no effect on male
pairing success, which was also consistent with a lack
of a relationship between patch isolation and patch
population size. Negative effects of isolation on male
pairing success may therefore be more likely to operate
at larger spatial scales between separate breeding
populations with larger barriers to movements of
females (Dale 2001a).

The analyses of patch isolation (Tables 1, 3 and 4)
and individual male isolation (Table 2) gave relatively
similar results. However, we could not include male ID
as a random factor in the analyses of individual male
isolation because some of the males were not colour-
ringed. Thus, there could be some pseudoreplication in
the analyses of male isolation if some unmarked males
were included with data from several different years.
Consistent individual variation in pairing success could
arise if females returning one year select the same male
as they were paired to in the previous year. However,
for most males there is no between-years correlation
in pairing success for the two first years of their lives
because first-year males are often unpaired whereas
older males have much higher pairing success (Dale
2011). Age-specific variation in pairing success was
relevant for a large proportion of our repeated measures
of individual males, thereby removing some of the
potential effect of pseudoreplication. Furthermore, if
individual differences in pairing success were related to
patch quality, our use of patch ID as a random factor
controlled for the effect. Thus, we do not believe our
analyses of individual male isolation are affected by
pseudoreplication to any substantial degree.
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Table 2. Generalized linear mixed models of the effect of male isolation on pairing success of male Ortolan Buntings. Male isolation was
measured as the distance to the nearest neighbouring male, the three closest males, and the five closest males. Analyses were based on
the entire dataset (37 patches, 7 years, 1238 male-years), or a reduced dataset which excluded six spatially outlying patches (31 patches,

7 years, 1210 male-years). Patch was included as a random effect.

Data set/variables Estimate SE P
Isolation = distance to nearest male

Full data set

Male isolation -0.155 0.142 0.27
Year -0.105 0.029 <0.001
Reduced data set

Male isolation -0.014 0.152 0.93
Year -0.100 0.029 0.001
Isolation = distance to three closest males

Full data set

Male isolation -0.525 0.160 0.001
Year -0.105 0.029 <0.001
Reduced data set

Male isolation -0.443 0.174 0.011
Year -0.103 0.029 <0.001
Isolation = distance to five closest males

Full data set

Male isolation -0.621 0.174 <0.001
Year -0.107 0.029 <0.001
Reduced data set

Male isolation -0.025 0.164 0.88
Year -0.015 0.029 0.61

Male strategies

Based on our findings that isolation had only a
moderate effect on male pairing success, males should
not pay too much attention to the degree of isolation
in settlement decisions about where to establish a
territory within the landscape. Thus, males should
also use other cues to enhance individual fitness.
For example, differences in habitat quality may
differentially attract females to settle, subsequently
leading to differences in male pairing success between
patches. Habitat quality was not investigated in our
field study, but does not seem to affect pairing success
(S. Dale and Q. Steifetten, unpublished data). Another
possibility is that individual male perception of habitat
suitability or the probability of attracting a female may
be based on the presence of conspecifics (Danchin et
al. 2001, Stamps 2001), a phenomenon which has been
documented in Ortolan Buntings (Darrud 2006), but
male age structure within a habitat patch might also be
important. However, available data on dispersal and
settlement decisions in Ortolan Buntings have shown
that males did not base their decisions to settle on male

density or on male age structure, indicating that the
number of males present within a patch are of minor
importance for males’ perception of the probability of
acquiring a female (Steifetten & Dale 2012). Previous
results support the findings in the current study in
which we found no effect of patch population size
or male density on male pairing success. In the focal
population, several patches had small and intermediate
population sizes that annually fluctuated with regard to
male pairing success from 0 to 1. Patches with larger
population sizes are more stable between years with
male pairing success of around 0.5, but males should
experience the same probability of acquiring a female
in whichever patch regardless of population size. On
the other hand, dispersing males have been shown to
leave breeding sites with lower female density and a
more male-biased sex ratio (Steifetten & Dale 2012),
indicating that males evaluate the number of females
present within a patch as the most important factor
in order to increase the chances of pairing success.
However, males that dispersed were less likely to acquire
a female than males that were site faithful (Steifetten
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Table 3. Generalized linear mixed models of the effect of patch population size on pairing success of male Ortolan Buntings. Patch
population size was measured as the total number of males observed in a particular patch in a specific year. Analyses were based on the
entire dataset (37 patches, 7 years, 169 patch-years), or a reduced dataset which excluded six spatially outlying patches (31 patches, 7

years, 153 patch-years). Patch was included as a random effect.

Data set/variables Estimate SE P
Full data set
Patch population size -0.002 0.008 0.85
Year -0.070 0.028 0.012
Reduced data set
Patch population size -0.003 0.008 0.70
Year -0.066 0.028 0.019

Table 4. Generalized linear mixed models of the effect of patch isolation on patch population size of Ortolan Buntings. Patch population
size was the total number of males observed in a particular patch in a specific years. Analyses were based on the entire dataset (37
patches, 7 years, 169 patch-years), or a reduced dataset which excluded six spatially outlying patches (31 patches, 7 years, 153 patch-

years). Patch was included as a random effect.

Data set/variables Estimate SE P
Full data set
Patch isolation -1.985 1.223 0.11
Year -0.017 0.013 0.18
Reduced data set
Patch isolation 0.026 3.870 0.99
Year -0.015 0.013 0.25

& Dale 2012). Thus, the best strategy to increase the
probability of acquiring a female would be to stay in the
same area during the breeding season, which indirectly
supports the conclusion that the degree of isolation
does not affect male pairing success.

Female mate search

In the focal population, female mate search is expected
to be restricted due to habitat fragmentation. Although
the overall pairing success in the population was low,
and there was some evidence that individual isolation
affected male pairing success, even highly isolated males
had some chance of attracting a female. Thus, it seems
that females are able to locate potential mates despite
the isolation of some males and some patches. We
have little data on female movements within the focal
population, but a substantial amount of data is available
on male dispersal within the breeding season (Dale et
al. 2005, 2006). The general pattern is that males are
capable of moving extraordinary long distances of up
to 45 km, and often in just a few days, and will then, in
principle, also be able to cover the entire length of the
main study area in whichever direction. In addition,
males often visit several patches during dispersal before
final settlement (Dale et al. 2006). If females have the
same ability as males to move long distances in just a
few days, and the same ability to locate several habitat

patches during dispersal, females are then likely to be
part of an inter-connected patch system, and the effect
of isolation on male pairing success should be low.
Another possibility is that female mate search is limited
to within patches or between patches in close proximity.
A limited female mate search has been found in the Pied
Flycatcher (Dale et al. 1992) and several other species
(Gibson & Langen 1996). Tracking female movements
is much more difficult than for males which establish
territories and sing, and a better understanding of
the spatial extent of female mate search in Ortolan
Buntings would require use of radio telemetry or other
tracking systems.

When may isolation effects be expected?

Several previous studies (see references in Introduction)
have shown that pairing success is often low in small
and isolated bird populations. Most of these studies
were conducted at large spatial scales. In the present
study, we found relatively small effects of isolation and
fragmentation within a smaller-scale study area where
most patches were within an area which at least males
could cover within a few days. Thus, the relatively small
effects of isolation can be interpreted as a consequence
of a good ability of Ortolan Buntings to move among
patches (Dale et al. 2006). We are not aware of any
other detailed studies that have investigated pairing
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Figure 4. Relationship between patch population size measured
as the total number of males observed in a particular patch in a
specific year and male pairing success (unpaired = 0, paired = 1).
Males of uncertain mating status are excluded in calculating male
pairing success, but included in patch population size. Overlapping
data points are indicated by larger symbols where the largest
symbol represents 25 observations. Data shown are based on the
entire dataset of 37 patches, 7 years, and 169 patch-years.

success in relation to isolation at small scales. The
long breeding dispersal distances of males may be
a consequence of the general lack of females in the
Norwegian population of Ortolan Buntings, but may
also be related to the species typically having a patchy
distribution (Cramp & Perrins 1994, Dale et al. 2005,
2006). Thus, we predict that isolation effects at small
spatial scales may be more common in species that
have more restricted dispersal, such as resident species
or species with high population density (Paradis et
al. 1998). In general, isolation effects might be more
likely if distances among patches are longer than the
typical distances moved by individuals within breeding
seasons.

Conclusions

In this study, we have shown that there were some effects
of isolation at the patch level and at the individual level
but the magnitude of effects were small. Moreover,
patch population size was not related to pairing success
or patch isolation. Our results suggest that within the
study population there are probably other factors such
as male age or experience that are just as important
as isolation for determining male pairing success.
However, the effect of isolation on male pairing
success is likely to be important at a larger spatial
scale. In particular, the extremely male-biased sex ratio
observed in the declining and isolated population in
Norway is likely to differ from a less biased sex ratio
in stable populations of Ortolan Buntings in the core
of the species’ range (Dale 2001a, Donald 2007), but
geographic variation in sex ratios has not been tested

yet.
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Figure 5. Relationship between patch isolation and patch
population size measured as the total number of males observed
in a particular patch in a specific year. Overlapping data points are
indicated by larger symbols where the largest symbol represents
7 observations. Data shown are based on the entire dataset of 37
patches, 7 years, and 169 patch-years.
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