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Captive Population Projections for the Okinawa Rail
CBSG Kathy Traylor-Holzer

There was a general consensus by members of the ex situ working group regarding the need for a
healthy, viable captive population of Okinawa rails (Gallirallus okinawae) for multiple purposes,
including serving as an insurance population against extinction in the wild and to provide birds
for reintroduction efforts in the future. The software program Population Management 2000, or
PM2000 (v1.211) was used to examine factors such as the number of wild-caught founders and
the number of individuals needed to establish and maintain such a population.

Input Parameters

The following factors are considered by PM2000 in assessing population viability. Following is a
description of each parameter as well as values that were considered plausible by working group
participants. As there is no captive breeding population of Okinawa rails, several values were
taken from the captive Guam rail (Rallus owstoni) population, which has been maintained and
bred in captivity since 1984 starting from 21 wild-caught birds. These two species are similar in
habitat preferences, food preferences, breeding biology and behavior (Harato and Ozaki, 1993),
making the Guam rail a reasonable model species for parameter estimation.

Mean generation time (T): The average age of reproduction (in years).

The Guam rail is sexually mature at about 3-4 months and can breed up to about 11 years of age
in captivity. Mean generation time reported in the 2004 Guam Rail Species Survival Plan®
breeding plan is 2.77 years, although analysis of studbook data since 1984 suggests a longer
generation time (3.46 years). Generation time can be lengthened by preferential breeding of
older birds, which slows the loss of genetic diversity from the population. A reasonable estimate
of generation time for Okinawa rails may be 2.8 years.

Projected annual growth rate (A): Proportional change in the population size from year to year.
Lambda (A) = 1.00 means no growth; A < 1.00 indicates population decline; A > 1.00 indicates
population growth (e.g., A = 1.05 indicates 5% growth per year). In captivity, population growth
rate is influenced both by the biological traits of the species (e.g., number of eggs per clutch,
number of clutches per year) and also by captive management constraints (e.g., available
enclosure space for breeding, rearing and holding birds). Annual growth rates for captive Guam
rails have varied widely, from 0.90 (population decline) to 2.83 (very rapid growth), depending
upon these factors. Guam rails reproduce year-round, unlike the Okinawa rail, which has been
observed to generally produce only one clutch per year in the wild. This high fecundity can
produce very high growth rates in Guam rails that may not be possible in Okinawa rails. The
mean growth rate for Guam rails since 1997 has been 1.14 (14% growth per year) and projected
growth rate is 1.25, which represents limited reproduction of 1 - 2 clutches per year per pair.
Working group participants felt that under optimal captive conditions it may be possible to
produce more than one clutch per year from breeding pairs of Okinawa rails. An annual growth
rate of 1.25 was chosen as an optimistic yet achievable growth rate for the captive population.

Ratio of effective population size over actual population size (N./N): A measure of the rate of
loss of genetic diversity from a population due to genetic drift, and is influenced by the percent
of breeders in the population and the sex ratio of these breeders. This parameter can be
influenced by the intensity of careful genetic management of the population designed to
equalize the genetic representation of each founder line. Estimated N¢/N for the Guam rail
population is 0.25, and N¢/N = 0.3 is the average value across species for Species Survival Plans
(SSPs) in North America. Intensive genetic management can raise this value higher. The working
group chose Ne/N = 0.3 as a reasonable value for this parameter, which assumes a commitment to
manage rail reproduction to equalize founder representation and minimize inbreeding.

Current population size (N): There is currently no organized captive program for the Okinawa rail.
In this analysis, N represents the initial number of wild-caught founders used to establish the
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captive population at the beginning of the program. The working group chose 20 founders (10
pairs) as an initial target for establishing a captive Okinawa rail population.

Current gene diversity (GD): The proportional gene diversity in relation to the source (wild)
population and is the probability that two alleles from the same locus sampled at random from
the population will not be identical by descent. Gene diversity is influenced by the number of
alleles (and therefore the number of founders) and by the relative proportions of those alleles.
For this analysis, the current (starting) gene diversity is directly related to the number of
wild-caught founders used to establish the population. This assumes that the founders are
unrelated (or equally related) to each other and that they reproduce in captivity. If birds are
captured but do not produce viable offspring, they make no genetic contribution to the captive
population.

If 20 birds are used to initiate the captive population, this represents an estimated 97.5% of the
gene diversity from the sampled wild population. However, it is likely that all of the founder
genomes will not be retained due to limited and uneven reproduction. The overall average
retention of founder genomes in North American SSPs is 40%. If 40% of 20 founder genomes are
retained, this would translate into 8 founder genome equivalents, or 93.8% gene diversity. As
shown in Figure 1, at low numbers of founders, the addition of only a few founders can greatly
increase gene diversity; this benefit diminishes as the number of founders grows. The benefit of
additional founders is more pronounced with low levels of retention (few surviving offspring from

1.00
@ 100% retention Figure 1. Percent gene
m 40% retention diversity of sampled wild
population represented by
0.95 various  numbers

represents 90% GD.
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0.85

Percent gene diversity
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the founders). More founders will be needed to achieve the same genetic result if successful
reproduction by those founders is low.

Maximum population size (Nmax): This is the maximum carrying capacity (number of birds) for the
captive population based on available enclosure space. This includes all available spaces, which
may include rescue centers and zoos in and outside of Okinawa. The working group suggested the
goal of ultimately providing long-term space for 200 Okinawa rails in captivity.

Capture of additional founders: Additional founders may be added to the population over time
after the initial establishment of the program with 20 founders. The working group estimated
the addition of 4 founders (2 pairs) each year for the first 10 years of the program; after this time,
it is estimated that the wild population will decline to the point that it will be genetically
impoverished and unable to sustain the loss of birds for the captive population.
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Population Goals

In order to evaluate the population projections results, it is necessary to define what is
considered to be a healthy, viable captive population that is able to meet the goals of providing
an insurance policy against extinction and the ability to provide sufficient rails for future
reintroduction efforts.

Many captive populations worldwide are managed with the goal to preserve 90% gene diversity
for 100 years. As gene diversity falls below 90%, reproduction may be increasingly compromised
by lower hatch weights, smaller clutch sizes, and greater chick mortality. The working group
chose to set the goal of retaining 90% gene diversity in the captive rail population for 100 years
in order to provide for long-term management options. However, the participants also realized
that this goal may not be achievable, which may limit the usefulness of this population for
reintroduction decades into the future.

Recovery through reintroduction is an expected future use of this captive population, as the
wild population is currently declining at a rate that may lead to extinction in about 15-20 years.
Based upon advice and experience from the Guam rail reintroduction project, it is estimated
that a minimum of 70 birds should be released each year in the initial phase of such a
reintroduction program. Therefore, a demographic goal of the captive population is the ability
to produce enough birds each year to maintain a stable captive population size and produce an
additional 70+ birds available for release by the time that the wild population is estimated to
disappear.

Projection Results

Using the agreed upon values (T = 2.8 yrs; A = 1.25; No/N = 0.3; N (initial founders) = 20; Npyax =
200; additional founders = 4/year for 10 years), the Okinawa rail captive population is projected
to maintain 90% gene diversity for only 25 years, falling to 72% gene diversity after 100 years.
Gene diversity equal to 72% represents a relatively high level of inbreeding in the population,
with all birds being more closely related on average than full siblings.

Figure 2 shows the PM2000 projection under these conditions, with the red line indicating
population growth and the blue line indicating gene diversity. This graph illustrates the
importance of adding additional founders to the population. New founders, if bred successfully,
can lead to an increase in gene diversity, as seen during the first 10 years when new founders
are added; when supplementation stops, gene diversity declines. Figure 3 illustrates the same
scenario but with no additional founders added over time. Note in Figure 3 that gene diversity is
lost at a faster rate when population size is small, and slows as the population reaches 200.

The periodic addition of new founders can make a significant difference in how long a captive
population can maintain the goal of 90% GD, from 25 years with the addition of 4 founders per
year to only 2 years if no founders are added. PM2000 results suggest that at least 2 founders (1
pair) are needed per year to maintain 90% GD past the projected time of species extinction in
the wild (Fig. 4). This effect is partially due to the initial small population and inability of the
population to capture all of the initial founder genetic diversity, so adding founders in
subsequent years is beneficial. High levels of equal reproduction across all founders through
effective genetic management will slow the loss of gene diversity no matter when founders are
added.

More intense genetic management of the population (modeled by increasing N./N) slows the
rates of loss of gene diversity and therefore enables the population to retain 90% gene diversity
for a much longer period of time (Fig. 4). This again emphasizes the importance of careful
selection of breeding pairs and successful reproduction in maintaining a genetically healthy
captive population.
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Figure 2. PM2000 screen
indicating population size
(red) and gene diversity
(blue) with the addition of
4 founders per year for 10
years. Dashed line indi-
cates 90% GD (minimum
target GD).

Figure 3. PM2000 screen
indicating population size
(red) and gene diversity
(blue) with no additional
founders after establish-
ment of the captive
population. Dashed line
indicates 90% GD (mini-
mum target GD).

Figure 4. Projected number
of years that the rail popu-
lation will maintain 90%
GD, with different rates of
additional founders (at Ne/N
= 0.3) and with different
Ne/N  management levels
(with 4 founders per year).



Population growth rate (A) not only influences genetic diversity (by capturing and maintaining
the genetic contribution of wild-caught founders) but also affects demographic goals related to
providing birds for reintroduction. Growth rate is determined by biological characteristics of the
species, such as clutch size and chick survival, and also by management restrictions, such as
available enclosure space. A stable population of 200 rails with an annual growth rate of 25% (A
= 1.25) could produce about 50 birds per year for reintroduction, which is below the minimum
number recommended for release. At A = 1.25, a population of 280 birds would be needed
during the reintroduction phase to produce 70 additional birds per year for release. Higher
growth rates would enable the population to reach capacity more quickly, retain higher initial
levels of gene diversity, and have the capability to produce more birds annually; conversely,
slower growth rates will lead to fewer birds for release (Table 1). Effective husbandry, adequate
facilities, and the availability of space for quick expansion will heavily influence the growth rate
of the captive Okinawa rail population.

Table 1. Effect of annual growth rate on time to reach capacity (200 birds) and number of birds
available each year for release while maintaining population at 200.

Annual growth rate (A) | Time to reach Nyax No. of birds available
1.40 7 years 80
1.35 8 years 70
1.30 9 years 60
1.25 11 years 50
1.20 13 years 40
1.15 17 years 30
1.10 25 years 20

Summary

All of the variables used by PM2000 - generation time, population growth rate, N./N, number of
founders, and carrying capacity - interact to determine the future demographic and genetic
status of a captive population. The capture of wild-caught birds alone will not meet the goals of
the proposed rail population; this strategy is only useful if the intent is to return all of those
birds to the wild without maintaining a viable captive population long-term through captive
breeding. Expansion of the population through successful reproduction of the founders and
subsequent strong genetic management of captive-bred birds are essential to maintain genetic
diversity. To achieve these, sufficient captive space will be necessary in the short-term to
produce many offspring from each founder and to grow the population quickly. Additional space
may be needed as the plans for reintroduction develop in order to produce the number of birds
necessary to promote reintroduction success.

The continued rapid decline of the Okinawa rail population in the wild emphasizes the urgent
need for quick action. The development of a viable, genetically healthy captive population
depends upon the immediate acquisition AND the successful breeding of at least a few wild-
caught founders to ensure the safeguarding of sufficient genetic diversity to maintain an
insurance population against extinction and as a potential source for reintroduction.
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2 VORTEX

Input Data Required for VORTEX

1) Do you want to incorporate inbreeding depression? Yes or No
Yes, if you think inbreeding might cause a reduction in fertility or survival
No, if you think inbreeding would not cause any negative impact

If you answered “Yes” to Question 1), then we need to specify the severity of the
impacts of inbreeding by answering the following two questions:

1A)How many lethal equivalents exist in your population?
“Lethal equivalents” is a measure of the severity of effects of inbreeding on juvenile
survival. The median value reported by Ralls et al. (1988) for 40 mammal populations
was 3.14. The range for mammals reported in the literature is from 0.0 (no effect of
inbreeding on survival) to about 15 (most inbred progeny die).

1B)What proportion of the total lethal equivalents is due to recessive lethal alleles?

This question relates to how easily natural selection would remove deleterious genes if
inbreeding persisted for many generations (and the population did not become extinct).
In other words, how well does the population adapt to inbreeding? The question is really
asking this: what fraction of the genes responsible for inbreeding depression would be
removed by selection over many generations? Unfortunately, little data exist for
mammals regarding this question; data on fruit flies and rodents, however, suggest that
about 50% of the total suite of inbreeding effects are, on average, due to lethal alleles.

2) Do you want environmental variation in reproduction to be correlated with
environmental variation in survival? Yes or No
Answering “Yes” would indicate that good years for breeding are also good years for
survival, and bad years for breeding are also bad years for survival. “No” would indicate
that annual fluctuations in breeding and survival are independent.

3) Breeding system: Monogamous or Polygynous?

4) At what age do females begin breeding?

5) At what age do males begin breeding?
For each sex, we need to specify the age at which the typical animal produces its first
litter. The age at which they “begin breeding” refers to their age when the offspring are
actually born, and not when the parents mate.

6) Maximum breeding age?
When do they become reproductively senescent? VORTEX will allow them to breed (if
they happen to live this long) up to this maximum age.

7) What is the sex ratio of offspring at birth?
What proportion of the year’s offspring are males?

8) What is the maximum litter/clutch size?
9) In the average year, what proportion of adult females produces a litter/clutch?
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10)How much does the proportion of females that breed vary across years?
Ideally, we need this value specified as a standard deviation (SD) of the proportion
breeding. If long-term quantitative data are lacking, we can estimate this variation in
several ways. At the simplest intuitive level, in about 67% of the years the proportion of
adult females breeding would fall within 1 SD of the mean, so (mean value) + SD might
represent the breeding rate in a typically “good” year, and (mean value) - SD might be
the breeding rate in a typically “bad” year.

11) Of litters that are born in a given year, what percentage have litters/clutches of ...
1 offspring?
2 offspring?
3 offspring?
4 offspring?
(and so on to the maximum litter size).

12)What is the percent survival of females ...
from birth to 1 year of age?
from age 1 to age 2?
from age 2 to age 37 (no need to answer this if they begin breeding at age 2)
from age x to age x+1, for adults?

13)What is the percent survival of males ...
from birth to 1 year of age?
from age 1 to age 2?
from age 2 to age 3? (no need to answer this if they begin breeding at age 2)
from age x to age x+1, for adults?

14)For each of the survival rates listed above, enter the variation across years as a
standard deviation:
For females, what is the standard deviation in the survival rate
from birth to 1 year of age?
from age 1 to age 2?7
from age 2 to age 37 (no need to answer this if they begin breeding at age 2)
from age x to age x+1, for adults?

For males, what is the standard deviation in the survival rate

from birth to 1 year of age?

from age 1 to age 2?

from age 2 to age 3? (no need to answer this if they begin breeding at age 2)
from age x to age x+1, for adults?

15)How many types of catastrophes should be included in the models?
You can model disease epidemics, or any other type of disaster, which might kill many
individuals or cause major breeding failure in sporadic years.

16)For each type of catastrophe considered in Question 15,
What is the probability of occurrence?
(i.e., how often does the catastrophe occur in a given time period, say, 100 years?)
What is the reproductive rate in a catastrophe year relative to reproduction in normal
years?
(i.e., 1.00 = no reduction in breeding; 0.75 = 25% reduction; 0.00 = no breeding)
What is the survival rate in a catastrophe year relative to survival in normal years?
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(i.e., 1.00 = no reduction in survival; 0.75 = 25% reduction; 0.00 = no survival: population
extinction)

17)Are all adult males in the “pool” of potential breeders each year? Yes or No
(Are there some males that are excluded from the group of available breeders because
they are socially prevented from holding territories, are sterile, or otherwise prevented
from having access to mates?)

18)If you answered “No” to Question 17), then answer at least one of the following:
What percentage of adult males is available for breeding each year?
or
What percentage of adult males typically sires a litter each year?
or
How many litters are sired by the average breeding male (of those that sired at least one
litter)?

19)What is the current population size?
(We will assume that the population starts at a “stable age distribution”, rather than
specifying ages of individual animals in the current population.)

20)What is the habitat carrying capacity?
How many animals could be supported in the existing habitat?
(We will assume that the habitat is not fluctuating randomly in quality over time.)

21)Will habitat be lost or gained over time? Yes or No
If you answered Yes to Question 21), then ...

22)0Over how many years will habitat be lost or gained?

23)What percentage of habitat will be lost or gained each year?

24)Will animals be removed from the wild population (to bolster captive stocks or for
other reasons)? Yes or No
If “Yes”, then,
At what annual interval?
For how many years?

How many female juveniles? 1-2 year old females? 2-3 year old

females? adult females? will be removed each time.

How many male juveniles? 1-2 year old males? 2-3 year old males?
adult males? will be removed each time.

25)Will animals be added to the population (from captive stocks, etc.)? Yes or No

If “Yes”, then,
At what annual interval?
For how many years?

How many female juveniles? 1-2 year old females? 2-3 year old

females? adult females? will be added each time.

How many male juveniles? 1-2 year old males? 2-3 year old males?
adult males? will be added each time

Note: VORTEX has the capability to model even more complex demographic rates, if a user
thinks that greater specificity is needed. For example, breeding or survival rates could be
specified as functions of age. Contact Philip Miller or Kathy Traylor-Holzer, Program Officers
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with CBSG, if you would like to learn more about this additional flexibility.
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